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“Некоторые спрашивают, ежели-де на планетах есть 
живущие нам подобные люди, то какой они веры? Ежели 
кто про то знать … хочет, … то после пусть поедет для 
того же и на Венеру.” 

M.	W.	Lomonosow	

Lomonosov, M.V., 1761a. The Appearance of Venus On The Sun, Observed At The St. Petersburg 
Imperial Academy Of Sciences On May 26, 1761. St. Petersburg, St. Petersburg Imperial Academy of 

Sciences (in Russian). 

“Some ask if there are similar to us humans living on 
planets… If one wants to know about that, … that 
one should go for the same to Venus as well”.
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•  Metallosphaera	sedula	
•  Metallosphaera	hakonensis	
•  Sulfolobus	acidocaldarius	
•  Sulfolobus	metallicus	
•  Acidianus	brierleyi	
•  Acidianus	manzaensis	

Thermophiles	à	growth	at	high	
temperatures	–	op5mal	between	65-75°C	
	
Acidophiles	à	growth	at	low	pH	–	op5mal	
between	1.0	–	3.0	
	
Metallophiles	à	u5lize	metals	e.g.	Fe,	S	for	
energe5c	needs	&	resistant	to	high	metal	
concentra5ons	in	the	environment	
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Metallophilic extreme thermoacidophiles
Archaeal order Sulfolobales	



Polyextremophily of metal-mobilizing 
archaeon Metallosphaera sedula

Metallosphaera 
sedula  

G. Wheaton, 2015 
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Kölbl D., 2017; Milojevic T., 2019; Blazevic A., 2019



M. sedula cells grown on 
terrestrial mineral materials 
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FIGURE 2 | Scanning electron microscope images of M. sedula cells and ESI-MS patters after 21 days of cultivation with W-POM. (A–E) SEM images showing
various assemblages of dividing M. sedula cells and cells forming budding vesicles. (F) Experimental ESI-MS analysis of biogenic cultures of M. sedula (red pattern)
and corresponding abiotic control comprised of non-inoculated growth medium (black patter) at the “0” time point and after 21 days of cultivation with W-POM.

(3) intracellular accumulates of tungsten of cluster size
(couple of atoms) were associated with the round-shaped
granules (storage bodies and depots) of nanometer-range
size and were distributed through the cell;

(4) oxygen and carbon were evenly represented giving strong
intracellular signals which likely arose from organic
content (e.g., proteins) present inM. sedula cells;

(5) phosphorus signal was more pronounced in the area of
membrane localization (S-layer);

(6) no iron and sulfur signal was detected across the whole
cell ofM. sedula, which is in conjunction with the applied
cultivation medium where W-POM was used as the sole
energy source (Supplementary Figure 8).

Tungsten Deposits in M. sedula

The electron energy loss (EEL) spectra of W-M4,5, and
W-M3 edges were acquired from W-POM, crystalline S-layer
deposits and intracellular nanoparticles (Figure 6G). The
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Nanoanalytical spectroscopy 
investigations
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FIGURE 8 | Analytical spectroscopy of biogenic tungsten deposits in the cells of M. sedula after 21 days of cultivation with W-POM. (A) High-resolution TEM
(HR-TEM) image of S-layer fragment of M. sedula cell. (B) HR-TEM and Fast Fourier Transform (FFT) acquired from the tungsten crystalline cell surface deposits
labeled in panel (A). (C) HR-TEM image of the intracellular part of M. sedula cell; inlet represents magnified labeled area showing that intracellular nanoparticle is
surrounded by electron dense layer which may suggest the presence of membrane; (D) HR-TEM and FFT obtained from intracellular nanoparticle labeled in panel
(C). Insets in panel (B,D) represent diffraction patterns consistent with the tungsten carbide WC and W2C phases. (E) Comparison of Energy Los Near Edge
Spectra (ELNES) recorded from W-M4,5 edge with the reference spectra from a WC phase (pink line) and simulations of W-containing phases of W-POM (brown
line) and of the areas depicted in Figure 5F (black and green lines).
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Blazevic et al. Tungsten Encrustation of Metallosphaera sedula

FIGURE 7 | High-resolution TEM (HR-TEM) and Fast Fourier Transforms (FFTs) of biogenic tungsten deposits on the cell surface of M. sedula grown on scheelite.
(A,C) High-resolution TEM (HR-TEM) images of S-layer fragments of M. sedula cell. (B) Fast Fourier Transform (FFT) acquired from the tungsten crystalline cell
surface deposits square-labeled in panel (A). (D–F) FFTs obtained from the tungsten crystalline cell surface deposits square-labeled in panel (1–3,
correspondingly) (C).

CONCLUSION

In conclusion, we have shown the biotransformation of
tungsten mineral scheelite by M. sedula accompanied
by (1) tungsten solubilization in the leachate solution

and (2) biomineralization of M. sedula S-layer with
crystalline nanoparticles containing carbide-like tungsten.
This phenomenon can be attributed to the highly
ordered proteinaceous S-layer of M. sedula which
promoted the sorption of the metal ions serving as
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Biotransformation of the stony 
meteorite NWA 1172 by M. sedula
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Biotransformation of the stony 
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M. sedula grown on meteorite 
materials

Venera-D, Moscow, 2019 
Milojevic T., under review, 2019 

 

 

Supplementary Fig. 8. Analytical nanospectroscopy of M. sedula grown on NWA 

1172.  

a, The high angular annular dark field (HAADF) scanning TEM (STEM) image of a 

cell fragment of M. sedula used for electron	 energy	 loss	 spectra (EELS) 

measurements presented in Fig. 3. b, Energy-dispersive X-ray (EDS) spectra acquired 

from the point indicated on the HAADF-STEM image in (a). c, HAADF-STEM 

image of heavily encrusted mineralized cell remnants used for EELS measurements. 

d, Energy-dispersive X-ray (EDS) spectra acquired from the crust of the cell in (c).  
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Astromaterials for Venus???
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Conclusions/Future Outlook
-  Cultivation of the metallophilic extreme thermoacidophiles on 

Venusian relevant astromaterials; 
-  The aerosolization of these microorganisms followed by the 

study of metal-microbial interface of the aerosolized 
samples. 

-  We propose to focus on metalloorganic signatures of the 
afore-mentioned chemolithotrophs, including nanoscale iron/
sulfur microbial interfaces and sulfur-bearing specific organic 
biomarkers (thiophenes from Sulfolobus quinons). 

-  Such investigations may provide a guiding point for in-situ 
measurements to analyze collected Venusian aerosol 
samples. Furthermore, the performed studies may pave the 
way to the efficient nanoanalytical spectroscopy of collected 
and returned samples captured in Venus clouds in order to 
assess their biogenicity.  
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