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Abstract: 2023 was the hottest year ever recorded, global warming accelerates its rising, we witness a series of 
extreme weather events, more frequent and more intense, climate refugees, infrastructure harmed, forests 
burning, “meteorological tsunamis”. We failed to meet the main goals of the Kyoto protocol; we are very close 
to fail in meeting the Paris agreement’s slowing global warming goal. Greenhouse gases emissions are at rise 
and, even if completely halt, temperatures would keep rising, enhancing the global average. Carbon capture 
and storage technologies are being developed to counterbalance these emissions by removing such gases from 
the atmosphere and physically storing or transforming them into useful molecules for the society. In this work 
we prospect microorganisms that can serve as a platform for developing carbon capture technologies. We 
process samples from the seabed of Brainsfield Strait region, Antarctica, prospecting for an organism capable 
of fixing carbon dioxide without light (chemoautotrophic bacterias) and capable of enduring extreme 
conditions of pressure (100 bar) under 100% supercritical state carbon dioxide atmosphere (scCO2), conditions 
like those found in oil deposits, where the technology can be of particular use. 

Keywords: chemoautotrophic bacteria; CCS; thioacetate; carbon fixation; supercritical state carbon 
dioxide 
 

1. Introduction 

In an announcement by the Secretary General of the United Nations, António Guterres in July 
2023: “The era of global warming has ended. The era of global boiling has arrived.”[1] 

2023 was the hottest year ever recorded in history, CO2 levels are 50% higher than in the pre-
industrial era (considered the period from 1850 to 1900), the rate of sea level rise between 2013 and 
2022 is more than double the rate of the first decade of the satellite record (1993-2002), we witness 
more and more intense forest fires, droughts, floods, extreme weather episodes, in general. 
Biodiversity is jeopardized, people became climate refugees across the globe, severe socioeconomic 
impacts are imposed.[2] 

Despite being indicative of a global effort to mitigate global warming, global agreements failed 
to achieve their main goals related to the climate crisis. 

Data collected until October 2023 shows that this year will end 1.4°C, with a margin of error of 
± 0.12°C, above the global average temperature of the pre-industrial era (1855 to 1900) taken as 
reference, as presented by the world meteorological organization.[3] 

The intergovernmental panel on climate change, IPCC, in its summary report on climate change, 
in addition to presenting data related to emissions, temperature and climate, reaffirms human 
responsibility for the increase in greenhouse gases emission, describes other damages related to 
climate change as effects on the biome, putting species at risk of extinction and effects on agriculture, 
increasing pressure on food security. It also states that the regions that contributed least to the 
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increase in greenhouse gas emissions and benefited least from the progress generated are the regions 
that suffer most from the consequences of the extreme climate events that ravage the planet.[4] 

Not only we failed in complying with the agreements to reduce greenhouse gas emissions, we 
did the opposite, accelerating the increase in emissions to such an extent that, even if we quit all 
emissions now, the climate crisis has already set in and will enhance the damage. Given such 
scenario, even if it is possible to reduce emissions, it is necessary to remove greenhouse gases from 
the atmosphere, developing carbon capture and storage technologies (CCS).[5], [6] 

The fossil fuels – coal, gas and oil – play the main role in global climate change, responsible for 
more than 75% of greenhouse gas emissions and approximately 90% if we only evaluate total CO2 
emissions. The CCS concept has been technically developed in this sector since 1996. In 2020, 39 Mt 
of CO2 per year was removed from the atmosphere by CCS technologies, less than 0.1% of the total 
~45 Gt of CO2 emitted that year.[4], [7], [8] 

Carbon capture and storage technologies have the potential to meet sustainable development 
goals (SDGs) 9th and 13th, which are, respectively, “Industry, innovation and infrastructure” and 
“Take urgent action to combat climate change and its impacts” among the 17 SDGs listed by the 
United Nations in 2015 in its action plan proposal called “Agenda 2030” which launched goals related 
to combating the climate crisis.[8]  

In this work, we prospected key microorganisms with the potential to counter climate change, 
which consume CO2 from the atmosphere without the presence of light, they are the 
chemoautotrophic microorganisms [9], to constitute a platform to develop carbon capture and 
storage technologies. Chemoautotrophic organisms are more likely to be found in environments with 
low availability of organic carbon, as prospected here in seabed samples collected surrounding the 
Brainsfield Strait of the Antarctic continent [10], [11], [12], we selected the chemoautotrophs by 
incubation in a medium without the presence of organic carbon (artificial seawater – ASW) and 
without the presence of light, after isolating strains of interest, we subjected the microorganisms to 
incubation in the same liquid medium but under more extreme conditions, under 100 bar of pressure 
and supercritical state carbon dioxide (scCO2) without the presence of light – conditions similar to 
those found in oil deposits, where this technology is intended to be developed. 

We succeeded in finding a microorganism that remained viable under given conditions and 
observed that its colonies presented a polymeric structure after being recovered from reactors under 
high pressure. The structure was subjected to Raman spectroscopy to identify candidate molecules. 

2. Materials and Methods 

2.1. Sampling 

44 marine sediment samples were received from three sampling points from the marine area of 
Bransfield Strait, Antarctica, collected on the Antarctic expeditions OPERANTAR XXXIV and 
OPERANTAR XXXV during the summers of 2015 and 2016, respectively [13], as shown in Table 1. 

Table 1. Samples collection points. 

Sedimentary 
environment Core  Latitud  Longitud  depth (m) 

Upper slope GC06A  -58.3362 -63.1086 840 
Plataform GC12  -59.3807 -62.5393 760 

Base AM10  -59.0015 -62.7545 1463 
Tablel 1: identification of samples collected in Bransfield Strait where the first column describes the marine 
macroenvironment, the second column the name of the sample set, the third column the latitude, the fourth 
column the longitude and the fifth column the sampling depth. 

Each set of samples was sliced horizontally into 17 sub samples for point GC06A, 22 sub samples 
for point GC12, and 5 sub samples for point AM10 and lyophilized prior to shipping. The samples 
were then stored at – 20ºC prior to processing. 
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2.2. Activation 

An aliquot of each sample was taken into a sterile microtube, recovering approximately volume 
of 200 µl, weighing each sample. 

The samples were suspended in 30 ml of “artificial sea water” medium (ASW) devoid of any 
organic or inorganic carbon source and incubated under atmosphere of 20% CO2, at 36ºC, without 
agitation, without light for 15 days. 

After 15 days, the samples were centrifuged at 8 krpm for 5 min, supernatant discarded, the 
precipitate was resuspended in 30 ml of artificial seawater (ASW) and subjected to the 
aforementioned conditions for a 7-day incubation period. 

2.3. Selection 

An aliquot (100 µl) of each suspension was plated in Tryptic Soy Agar (TSA) medium 
supplemented with 2% NaCl (with organic carbon source and osmotic pressure set to marine) and 
incubated at the same conditions as above for 7 days. 

The different colonies were collected and seeded on 2 plates, with TSA supplemented with 2% 
NaCl and ASW agar (ASW medium agar solidifyed ) and incubated for 7 days. 

Using 50 times magnifying microscope lens, 6 samples groups were showed the same colony 
morphology, and these were called G1, G2, G3, G4, G5 and G6. G1 to G5 were identified as bacteria 
and G6 was identified as a fungus and its manipulation ended. 

2.4. High-pressure, scCO2 incubation 

Colonies G1, G2, G3, G4 and G5 were inoculated in 30 ml of ASW and incubated under 
atmosphere of 20% CO2, at 36ºC, without shaking, without light for 7 days. 

Afterwards, they were centrifuged at 8 krpm for 5 min, the supernatant was discarded, and 
precipitate resuspended in a new 15 ml of ASW. 3 aliquots were separated: 
 One of 3 ml was transferred to the high-pressure stainless-steel reactor and incubated for 8 days 

under 100 bar pressure, 100% CO2 atmosphere in supercritical state (scCO2), 36ºC, without light, 
without agitation; 

 One of 100 µL for counting colony forming units (CFU) in TSA supplemented by 2% NaCl, these 
pre-inoculation samples in extreme conditions were called time 0 (T0) samples; and 

 One of 1.5 ml for subsequent comparative analysis - stored at -80ºC. 
The aliquot for UFC counting was serially diluted in 100, 10-1 and 10-2 and 100 µl of each 

dilution was inoculated in its respective plate and incubated in an oven with an atmosphere of 20% 
CO2, 36ºC, without agitation, without light. 7 days. After 7 days, the CFU were counted. 

After incubation, samples called final time (TF) were retrieved: (i) 100 µL for counting colony 
forming units (CFU) in TSA supplemented by 2% NaCl; and (ii) 1.5 ml for subsequent comparative 
analysis - stored at -80ºC. 

The aliquot for UFC counting was serially diluted in 100, 10-1 and 10-2 and 10 µl of each dilution 
was inoculated in its respective plate and under atmosphere of 20% CO2, at 36ºC, without agitation, 
without light. 7 days. After 7 days, the number of CFU were counted. 

The sample G5 displaying growth colony after extreme conditions incubation was incubated 
under the same conditions and time (in triplicate), similarly removing the samples at T0 and TF for 
storage and CFU counting. We also incubated in triplicate, 3 ml of the control under 1 bar pressure, 
20% CO2 atmosphere, at 36ºC, without light, without agitation. 

2.5. MALDI – TOF 

G5 was inoculated in 30 ml of ASW liquid medium and in solid ASW agar medium, both 
incubated at 20% CO2, 36ºC, without light. 

The liquid medium was centrifuged at 10 krpm for 10 min, the supernatant was discarded, 
washed 3 times with 80% ethanol in cycles of adding ethanol, shaking, centrifuging, and discarding 
the supernatant, after washing, drying was carried out by centrifugation. under vacuum for 3 h, the 
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proteins were extracted with 70% formic acid, sonicated for 1 h, derived by reaction with acetronitrile 
and centrifuged at 10 krpm for 1 min. 

The matrix and supernatant were pipetted onto the equipment's reading plate and allowed to 
dry under laminar flow. 

The colony sample from ASW agar was collected using a sterile toothpick and passed onto the 
equipment's reading plate. The matrix was pipetted on top and allowed to dry under laminar flow. 

The reading card was inserted into the equipment and read. 
Equipment brand “Bruker Daltonics”, model “UltrafleXtreme” and software “Biotyper” was 

used. 

2.6. Raman spectroscopy 

Samples from T0 and TF triplicate stored at -80ºC were retrieved and subjected to dry under 
vacuum centrifugation for 6 h. 

Fragments from the resulting dry material and from fresh colonies in ASW agar were subjected 
to analysis by laser Raman spectroscopy at wavelengths from 101 to 4002 nm, generating files with 
data for each spectrum. 

Equipment brand “Renishaw”, model “INVIA” and software “WIRE” was used. 

2.7. Statistical analysis 

The generated files were grouped into a file and prepared by the R Project software.12 Packages 
corrr, ggcorrplot, FactoMineR and RamanMP13  were loaded in the R Project software. The spectra 
were normalized by the min-max method and the main components were calculated. 

The sample presenting different colony morphology was confirmed to be an outlier in PCA and 
its spectrum was compared against “KnowItAll” software database [14]. 

3. Results 

3.1. Activation and selection 

The samples weight showed variation among the sampling points and within the sampling 
points as shown in Table 2. 

Table 2. Samples average weight. 

Sampling point average weight (mg) standard deviation 
GC06A 54.69 20.85 
GC12 259.26 77.33 
AM10 79.98 11.6 

The variation in the samples average weight among sampling collection points is due to the 
variation in the composition of the sediment among the points. The standard deviation indicates 
variation in composition within the same collection point and reflects the pattern of temporal 
sedimentation as studied by Martins. [13] 

From the 44 samples, 15 of them presented viable cells. Although the medium was devoid of 
carbon source, the result does not imply that the microorganisms activated are chemioautotrophics 
at this step since the sample material may have carried some source of carbon along, but it implies 
that they are not photosynthetic. 

3.2. Selection 

The colony morphology presented in the 15 samples could be divided into 6 groups (Figure 1): 
1. G1: smooth aspect, white, uniform. Isolated from AM10 and GC06A sampling points; 
2. G2: rough aspect, cream in color, irregular boundaries. Isolated from AM10, GC06A, and GC12 

sampling points; 
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3. G3: tiny colonies, transparent. Isolated from GC06A sampling point; 
4. G4: smooth aspect, yellow, uniform. Isolated from GC06A and GC12 sampling points; 
5. G5: lumpy, white, multinucleated colonies. Isolated from GC12 sampling point; and 
6. G6: cotton like filamentous aspect. Isolated from GC06A and GC12 sampling points. 

 

Figure 1. Colonies aspect. A: G1; B: G2; C: G3; D: G4; E: G5; F: G6. 

G6 was identified as fungus and retrieved from next experiments since fungus can not fix carbon 
dioxide. 

3.3. High-pressure, scCO2 incubation 

During the pre-inoculation step in ASW, its control did not present growth at T0 CFU counting, 
thus indicating that this microorganism needs organic carbon for its metabolism. Its growth in 
previous stages may indicate the presence of organic carbon carried along from the initial sample. 
With the exception of G4, all showed growth at T0, indicating that the reactor was inoculated with 
viable microorganisms. G3 presented the highest concentration of UFC at this stage (Figure 2). 

 

Figure 2. 50-fold magnitude photos of G3 CFU colonies after inoculation in TSA supplemented with 
2% NaCl. A: Dilution 100 (no dilution); B: dilution 10-1; and C: dilution 10-2.. 

CFU counting I showed that 1. G4 did not grow in ASW; 2. G1 and G3 did not cope with the 
extreme conditions; and 3. G2 and G5 presented viable cells after incubation, keeping their 
concentration on the same order of magnitude, neither really thriving nor dying (Table 3). 

Table 3. CFU counting I. 

  T0 TF 
G1 9.00E+02 0.00E+00 
G2 7.00E+02 7.00E+02 
G3 1.32E+05 0.00E+00 
G4 0.00E+00 0.00E+00 
G5 6.50E+02 9.00E+02 
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Table 3. T0 and TF CFU counting I in concentration of cells per ml. 

This section may be divided by subheadings. It should provide a concise and precise description 
of the experimental results, their interpretation, as well as the experimental conclusions that can be 
drawn. 

Upon verification that G2 and G5 remained viable at this stage, the experiment was carried out 
in triplicate with their respective controls. After the experiment, CFU counting II showed that G2 
controls (G2CI, G2CII, and G2CIII) remained stable at a cell concentration of 103 per ml, however it 
was observed that the microorganism did not resist a second incubation in the reactor under 100 bar 
and scCO2. G5 controls (G5CI, G5CII, and G5CIII) throve rising by one order of magnitude their 
initial cells concentration, whilst their counterparts incubated under extreme conditions, displayed 
the cells concentration slight lower, but at the same order of magnitude as the initial cells 
concentration (T0) (table 4). 

Table 4. CFU counting II. 

  T0 TF 
G2I 2.80E+03 0.00E+00 
G2II 2.80E+03 0.00E+00 
G2III 2.80E+03 0.00E+00 
G2CI 2.80E+03 1.55E+03 
G2CII 2.80E+03 1.00E+03 
G2CIII 2.80E+03 2.25E+03 

G5I 7.50E+04 6.00E+04 
G5II 7.50E+04 2.00E+04 
G5III 7.50E+04 3.05E+04 
G5CI 7.50E+04 4.40E+05 
G5CII 7.50E+04 6.10E+05 
G5CIII 7.50E+04 5.00E+05 

Table 4. T0 and TF CFU counting II in concentration of cells per ml. 

Only G5 remained active after the experiment. G5 bacteria were isolated from samples collected 
from the Platform (GC12 collection point), 760 m depth, low biogenic content, characterized as 
diamicton formation. [13], [15] 

Most remarkably, after the high pressure, high CO2 atmospheric experiment, G5 presented a 
change in colony morphology, the colonies had a crystalline appearance (Figure 3), while the control 
and T0 colonies maintained their original dewdrop appearance. 

 

Figure 3. Photos from the colonies incubated after scCO2 incubation under 50 times magnitude 
microscope. A: a colony presenting a crystal appearance; B: five colonies on black background; C: 
comparison between colony size and ruler (smaller division corresponds to a tenth of a millimetre). 

3.4. MALDI - TOF 

While the spectrum was observed, no identification could be considered since there was no 
corresponding profile in Biotyper database. The result is coherent to the nature of the environmental 
microorganism isolated that might be way different from the database profiles. 
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3.5. RAMAN spectroscopy 

With the sample positioned under the microscope coupled to the Raman spectroscopy 
equipment, we took some illustrative photos (Figure 4). 

 
Figure 4. Photos from the samples positioned in the Raman spectroscopy microscope, magnitude 100 
times. A: Sample T0; B: control sample; and C: fragment from colony after incubation in the reactor. 

Spectra were collected and stored in a file for statistical analysis. 

3.6. Statistical analysis 

We verified that not only its colony morphology differs from samples that were not subjected to 
incubation under extreme conditions, but also its composition, as indicated in the PCA analysis for 
the spectra profiles (Figure 5). 

 

Figure 5. Graphical representation of the PCA analysis. Horizontal axis = dimension 1, in parentheses 
the percentage of explanation; vertical axis = dimension 2, in parentheses the percentage of 
explanation, the color scale on the right indicates the quality of representation of the variables and the 
samples are in the form of vectors indicating their strength in the analysis. Ellipse indicates position 
of the colony sample on the UFC counting plate after incubation in the reactor (G5_agar100bar). 

Once PCA supporting that the chemical profile from the sample grown on ASW agar was 
substantially different from the other samples, it was analysed by “KnowItAll” software and the 
match with higher score possible in the sample was potassium thioacetate (Figure 6). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 February 2024                   doi:10.20944/preprints202402.0036.v1

https://doi.org/10.20944/preprints202402.0036.v1


 8 

 

 

Figure 6. Piece from the report chart generated by “KnowItAll” software. Horizontal axis is 
wavelength in cm-1; vertical axis is intensity; black spectrum is G5_agar100bar sample; red spectrum 
is potassium thioacetate spectrum (Figure A1). 

The program pointed to potassium thioacetate as the closest possible match to the sample profile 
with a correlation of 83.29% between the spectra. 

The incubation high-pressure system was preliminarily evaluated for its sterility and 
functionality prior to the beginning of the experiments. The incubation proceeded with the ASW 
medium, temperature and pressure identical to the experiment, without the inoculation of any 
sample. The system was verified to be sterile and functional. No artifact formation was observed in 
the afterwards sample, nor was observed any growth either appearance of crystals on the ASW agar 
plates where sterility was assessed. 

Therefore, thioacetate is necessarily related to sample G5 after its incubation at 100 bar and 100% 
scCO2 atmosphere. 

The accumulation of thioacetate after extreme incubation conditions may indicate the activation 
of an alternative metabolic route, viable in anaerobiosis, derived from the organisms that inhabited 
the planet before the great oxygenation event [16], with binding energy enough to promote 
biosynthesis, fixing CO2 [17], [18], [19].The accumulation of thioacetate after extreme conditions 
incubation may surge from the thioester reactive group cleavage from acetyl-SCoA[20] or an 
alternatively ancient intermediate form CO2 fixation [17], [18], [19], either way, it seems to play a 
major rule in carbon fixation in the experiment, indicating an active biosynthesis under extreme 
conditions. 

4. Conclusion 

The solution to the climate crisis, triggered by global warming, necessarily involves national and 
transnational environmental policies to implement GHG emission limits. However, even if a 
complete balance of GHG emissions and fixation is achieved, global warming is already at alarming 
levels and will only decline with the development of CCS. 

We corroborate to the studies indicating Antarctica as a source of microorganisms with unique 
metabolisms and characteristics that can help both in elucidating questions about life and evolution 
as well as developing new technologies. 

In this work, we were successful in prospecting for an Antarctic marine microorganism adapted 
to marine osmotic pressure, a chemoautotroph capable of fixing CO2 under conditions of high 
pressure and an harsh solvent scCO2 atmosphere. 

The bacteria isolated here has the potential to be used in active or deactivated oil and gas 
deposits, consuming CO2 from tertiary recovery or even serving as a platform for genetic 
improvement or a source of genes of interest for the development of a (bio)technology that adds 
forces to combat the climate crisis through carbon sequestration (CCS). 

Appendix A 
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