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*The cell counts are based on fluorescent staining of nucleic acids and typically include micrometre-sized bacteria and archaea. Numbers 
were obtained by filtering the cells in melted ice and have been scaled to the original volume of ice. ‡Areas from National and Snow Ice 
Data Center (accessed in February, 2015). §Volumes from National Snow and Ice Data Center (NSIDC) and United States Geological Survey 
(USGS; accessed in February, 2015). ||Based on an estimated average depth of 1 metre. ¶Data from REF. 156. 
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Biogeoche-

mical

processes 

in frozen 

water 

ecosystems 

Supraglacial 

and 

subglacial 

microbial 

processes. 

Diverse 

microbial 

communities 

inhabit 

criogenic

habitats and 

use different 

strategies to 

fulfil their 

energy 

requirements
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A low variety of 
bacterial 16S rRNA
genes is closely 
related to the 
sequences of Alfa-
and 
Betaproteobacteria



Freeze-thaw cycles: a combination of many stresses

Delort, A. M., Vaïtilingom, M., Joly, M., Amato, P., Wirgot, N., Lallement, A., ... & Deguillaume, L. (2017). 

Clouds: A Transient and Stressing Habitat for Microorganisms. In Microbial Ecology of Extreme Environments 
(pp. 215-245). Springer International Publishing.



PLFA (Phospholipid fatty acids) composition
(% of total) of the microbial biomass of organic
(A) and mineral (B) soils of a frost-boil tundra
incubated at three different temperatures.

‘Gram-negative bacteria’ include monounsaturated, straight-
chain PLFAs and cyclopropane, ‘Grampositive bacteria’
saturated, terminally branched PLFAs, ‘Fungi’ polyunsaturated,
straight-chain PLFAs, ‘Bacteria and Fungi’ saturated, straight-
chain PLFAs and ‘Plants and Eukaryotes’ long, saturated,
straight-chain PLFAs. Values represent means SE (n ¼ 3).
Within each group, different letters denote statistically
significant differences (ANOVA, LSD, p < 0.05).

Biasi, C., Rusalimova, O., Meyer, H., Kaiser, C., Wanek, W., Barsukov, P., ... & Richter, A. (2005). 
Temperature‐dependent shift from labile to recalcitrant carbon sources of arctic heterotrophs. 
Rapid Communications in Mass Spectrometry: An International Journal Devoted to the Rapid 
Dissemination of Up‐to‐the‐Minute Research in Mass Spectrometry, 19(11), 1401-1408.

Metabolic indications of adaptation



Groups of samples and their characteristics as determined by co-inertia analysis.

Larose C, Prestat E, Cecillon S, Berger S, Malandain C, et al. (2013) Interactions between Snow Chemistry, Mercury Inputs and Microbial 
Population Dynamics in an Arctic Snowpack. PLOS ONE 8(11): e79972. https://doi.org/10.1371/journal.pone.0079972
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079972

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079972


Comparison of metabolic profiles for the 
Arctic (combined MIS-WHI samples) and 
Antarctic (MCM sample) metagenomes. 
Scatter plot of metabolic profiles 
of Arctic and Antarctic subsystems. 

Blue dots represent Arctic subsystems, and green dots 
represent Antarctic subsystems. Dots on either side of the
dashed trend line are enriched in one of the two samples. 
Labeled dots indicate subsystems with the greatest 
distances from the dashed trend line; these subsystems
had the greatest proportional differences (%) between 
Arctic and Antarctic metagenomes. 
The green bar graph (right) indicates the numbers of 
Antarctic subsystems as proportions of the total number 
of sequences in the Antarctic metagenome. The blue bar 
graph (top) indicates the numbers of Arctic subsystems as 
proportions of the Arctic metagenome, indicating that 
most subsystems represent a low proportion of the total 
number of sequences. The point in the upper right-hand 
corner is the tRNA aminoacylation subsystem, which 
accounted for a relatively high proportion of identified
subsystems; however, since this was the same in both 
metagenomes, it was not labeled.



Schematic representation 

of the CRISPR / Cas

system 

(Annual Review of Genetics)

Comparison of a set of spacer clusters (Venn 

diagram) in snow samples from the 

Druzhnaya, Progress and Leningradskaya

From:
Lopatina, A., Medvedeva, S., Shmakov, S., Logacheva, M., 
Krylenkov, V., and Severinov, K. (2016) Metagenomic
analysis of bacterial communities of Antarctic surface snow. 
Frontiers in Microbiology 7(106)·March 2016 DOI: 
10.3389/fmicb.2016.00398.



The biofilm life cycle structures) and detachment in clumps. In three steps: attachment, growth of colonies (micro-

colony formation and formation of three dimensional structures.

From: Jamal, M., Tasneem, U., Hussain, T., & Andleeb, S. (2015). Bacterial biofilm: its composition, formation and role in human infections. RRJMB, 4(3), 1-15.

Protective role of biofilms and cell membranes



A generalized 

summary of the 

mechanisms of 

lateral gene transfer. 

Each of the series of 

physical events that 

result in the 

successful transfer 

of DNA 

between cells is 

schematized.

The first step involves the 

production of transferable units 

(LHSblue arrows). This could 

involve the excision of DNA 

elements from the chromosome, 

DNA fragmentation, or 

expression of genes resulting in 

the assembly of phage or gene 

transfer agents. The processes 

involved in physical transfer 

(dotted red lines) include

transport via a pilus, nanotube, or 

vesicle or release into the 

environment via cell lysis 

followed by transformation or 

phage attachment



Acinetobacter baumannii cells (indicated by an arrow) in 

the Acanthamoeba castellanii cyst.

Electron micrograph of Yersinia pseudotuberculosis 

IP32637 culture cultivated at 4°C. White arrows 

indicate "bridges" between bacterial cells.



The variety of microbial 

mats and microorganisms 

that form their structure 

on the Ward Hunt and 

Markham ice shelves (the 

Canadian Arctic).

(A) "orange" mat (> 0.5 

cm thick) with a 

characteristic thin layer 

of orange pigmentation;

(B) nitrogen-fixing 

filamentous 

cyanobacteria of the 

genus Nostoc sp .;

(C) epifluorescent

micrograph of 

filamentous 

cyanobacteria (the order 

of Oscillatoriales);

(D) filamentous 

cyanobacteria.

The formation of mats and the manifestation of symbiosis



Risks of invasion of alien microorganisms into polar regions

*Resistance was determined by antibacterial disk diffusion in accordance with recommendations from The European Committee on Antimicrobial
Susceptibility Testing (EUCAST) (www.eucast.org). For antibacterial drugs lacking defined breakpoints for E. coli (tetracycline and streptomycin), the normalized resistance
interpretation method (1) used by EUCAST, was implemented to define a local breakpoint.
†Total number of randomly selected E. coli was 137, isolated from 150 viable samples.
‡Denotes number of simultaneous antibacterial resistance phenotypes in each isolate.

Resistance profile of randomly selected Escherichia coli isolates*



 Люди имеют возможность нарушить и изменить
холодные экосистемы и, соответственно, запустить
интенсивный отбор выгодных фенотипов
микроорганизмов, которые вследствие такого
экологического возмущения генерируют гибкие,
мозаичные геномы.

 Отдельные клетки эволюционно быстро
приобретают адаптивные фенотипы и выживают в
суровых или искусственных условиях.

 Практика лабораторного воскрешения загадочных
вирусов представляет собой новую угрозу,
исходящую от микробов из мерзлой среды,
поскольку до сих пор неясна вирулентность
вирусных частиц, пребывавших сотни лет в
криосфере.

 Отмирание интродуцируемых или воссозданных
микроорганизмов не приводит к самоочищению
природных полярных экосистем, поскольку их ДНК
способна к длительному сохранению в условиях
низких температур.

 People have the opportunity to disturb and change
cold ecosystems and, accordingly, to launch an
intensive selection of beneficial phenotypes of
microorganisms that, due to this ecological
disturbance, generate flexible, mosaic genomes.

 Singly cells quickly evolve adaptive phenotypes and
survive in harsh or artificial conditions.

 The practice of laboratory reconstruction of cryptic
viruses is a new threat emanating from freezed
microbes, since the virulence of viral particles that
have been hundreds of years in the cryosphere is
still unclear.

 The death of introduced or reconstituted
microorganisms does not lead to self-purification of
natural polar ecosystems, since their DNA is capable
of long-term preservation under low-temperature
conditions.


