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Microbial adaptation to extreme environments

Temperature

Acidophiles рН<5        Alcaliphiles рН>9

Psychrophiles < 10С

“Chemical” extremes

Halophiles: NaCl up to saturation

Тhermophiles > 50С



Desulfurococcus kamchatkensis
Thermococcus sibiricus
Acidilobus saccharovorans
Vulcanisaeta moutnovskya
Thermoproteus uzoniensis
Fervidicoccus fontis
Geoglobus acetivorans
Thermogladius cellulolyticus
Thermofilum carboxydotrophus
Pyrobaculum sp. 1860
Melioribacter roseus
Thermosyntropha lipolytica
Chitinivibrio alkaliphilus

Extremophilic microorganims – genomes sequenced by 
Centre “Bioengineering” RAS



Genome sequencing as a basis for metabolic 
reconstruction

Example: Thermococcus sibiricus –
archaeon isolated form an oil well

Described as anaerobic organotroph, fermenting 
peptides 

Isolated by E.A. Bonch-Osmolovskaya 
from formation water of high-
temperature oil reservoir (Western 
Siberia, 2350m depth)

temperature 85°C pH: 5.8 - 9.0 



Metabolic analysis based on complete genome 

initial 
microbiological 
data

predicted by 
genome analysis: 
metabolic 
pathways for 
different 
polysaccharides 
including that of 
algal origin



Cellobiose phosphorylase, endo-1,4-beta-glucanases, agarase, 
laminarinase, beta-galactosidase, beta-glucosidase and transporters

Mechanism of acquisition: saccharolytic 
gene island laterally transferred from 

thermophilic bacteria

Genes, coloured in blue, are conserved in all three Thermococcus genomes. Non-conserved genes 
irrelevant to polysaccharide degradation or with unknown functions are shown in yellow. Genes, 
encoding saccharolytic enzymes, are shown in light green; genes for ABC transport system are 
shown in dark green.



Desulfurococcus kamchatkensis
Anaerobe, growing on different 
proteinaceous substrates and some 
sugars
Temperature 65-87C,  pH 5.5 - 7.5

Activity of extracellular proteases
at 90oC and pH 9.0

New hydrolytic enzymes: examples



Thermoalcalophylic bacterium 
Thermosyntropha lipolytica
Isolated from alcaline sods lake Bororia (Kenya)

Growth range: 52-70С, рН 7.15 - 9.5

Grows on lipids due to the activity of extracellulr 
lipases

Hydrolysis of vegetable 
oils by TSLip1: from 
soybean (1), olive (2), 
corn (3) and sunflower (4)

Genome size 2,2 Mb

Functional characterization of new lipase



Melioribacter roseus – facultatively anaerobic 
organotrophic bacterium representing the deepest 

branch of Chlorobi
•Non photosynthetic
•Substrates utilized: different polysaccharides  
including starch, microcrystalline and 
carboxymethyl cellulose.
•Motile
•Temperature: from 35 to 60°С 
•рН from 6.0 to 8.7 
•NaCl concentrations 0-60 g/l (optimum 6 g/l)
•Did not grow photo- or chemoautotrophically
•Under anaerobic conditions grow by fermentation 
or anaerobic respiration with Fe(III), nitrite or 
arsenate

Zymographic analysis of hydrolytic activities 
against carboxymethyl cellulose

Isolated from a microbial mat 
covering a piece of wood in a 
hot spring



Carbohydrate active enzymes encoded by
Melioribacter roseus genome

Glycoside Hydrolases (Σ 74)

25 family

no SignalP

24

yes SignalP

50

Carbohydrate 
Binding Modules

4

Carbohydrate Esterases
2 pectin methylesterase (CE8)

yes SignalP

Polysaccharide Lyases
5 pectate lyase 

1 poly(beta-D-mannuronate) lyase

yes SignalP 5

no SignalP 1
Carbohydrate Binding Modules not in 
hydrolases (Σ 4)

CBM 6, 4, 9
yes SignalP 1
no SignalP 3

Glycosyl transferase (GT) genes (Σ 36)
5 family

yes SignalP – 3
no SignalP - 1



Carbohydrate active enzymes encoded by Melioribacter 
roseus genome

Gene

•Cellulosomes not encoded
•None of putative cellulase genes contain CBMs of families 2 or 3, associated 
with binding to crystaline cellulose
•Cellulolytic activity is associated with cell surface

Cellulose degradation presumably depends on action of the protein complex, located on 
the surface of the outer membrane, able to remove individual cellulose molecules from 
cellulose fibers and transport them through the outer membrane into the periplasmic 
space, where they would be cleaved by endoglucanases



Functional characterization of xylanases encoded by
Melioribacter roseus genome

Analysis of xylan hydrolysis products

Xyl2090             Xyl2091               Xyl2495   



Centre «Bioengineering» RAS
Ecole Polytechnique Federale de Lausanne

From structure to enzyme engineering: DNA ligase from thermophilic 
archaeon Thermococcus sp 1519 - increase of thermostability

LigTh1519 crystal structure Molecular modelling: 
root mean square deviation (RMSF) of 
NBD residues in different temperatures. 

The most thermosencitive region: 
a.a. 300-333



Centre «Bioengineering» RAS
Ecole Polytechnique Federale de Lausanne

From structure to enzyme engineering: DNA ligase from thermophilic 
archaeon Thermococcus sp 1519 - increase of thermostability

Mutations predicted to increase the 
thermostability: 
A287K, G304D, S364I и A387K

LigTh1519

LigTh1519mut

Enzyme half-life at 94С:
LigTh1519 - 8 min
LigTh1519mut - 50 min



Other candidates: short chain alcohol dehydrogenase 
fromThermococcus sibiricus

One of the most thermostable ADH:
Enzyme half life at 90С - 2h, at 100C - 1h

Institute of Biochemistry RAS
Centre «Bioengineering» RAS



Protein structure at 1.68 A resolution

The goal is to change the 
cofactor specificity from NAD to 
NADP 

Other candidates: short chain alcohol dehydrogenase 
fromThermococcus sibiricus

Institute of Biochemistry RAS
Centre «Bioengineering» RAS
NRC «Kurchatov institute»



Multifunctional thermostable beta-glucosidase ASAC_1390
from Acidilobus saccharovorans

• Thermostability
• Broad substrate specificity

beta-glucosidase
beta-galactosidase
beta-xylosidase
beta-mannosidase

Glycosyl hydrolase family 1



Structure with 1.7А resolution

Multifunctional thermostable beta-glucosidase ASAC_1390
from Acidilobus saccharovorans

Institute of Biochemistry RAS
Centre «Bioengineering» RAS
NRC «Kurchatov institute»



Chitinivibrio alkaliphilus ACht1 - haloalcaliphilic chitinolytic bacterium 
isolated by Dr. Dmitry Sorokin from soda lake
The first cultured representative of the candidate phylum TG3

Anaerobe, grows at pH 8.5 - 10.6 (optimum pH 9.5-10), Na+ 0.6 -3.5 M (optimum 
1-1.5 M), temperature up to 45С

Sorokin, D.Y., Tourova, T.P., Mardanov, A.V., and Ravin, N.V. (2012) Microbial chitin 
utilization at extremely haloalkaline conditions. Extremophiles 16: 883-894

Biocatalytic processes based on strains of extremophilic 
microorganisms



Grow exclusively on insoluble chitin by fermentation

Genome sequenced

Figure S2. Amorphous chitin degradation starts and proceeds almost to completion entirely in the solid 
phase by cells attached to chitin globules. It is evident from the appearance of trenches in the chitin layer 
and its gradual clearing. At the same time no cells are visible in the culture supernatant. They appear only 
after substantial chitin hydrolysis and visible cell turbidity becomes evident after homogenization of the 
culture. When all chitin is hydrolyzed, the biomass lyzes very rapidly.

Chitinivibrio alkaliphilus ACht1 - haloalcaliphilic chitinolytic 
bacterium



Chitinivibrio alkaliphilus ACht1 – mechanisms of chitin 
degradation

Influence of pH and salt concentration on endochitinase activity 
of whole cells of strain ACht1. 

Specific mechanisms of chitin hydrolysis:

1) Chitinolytic activity is cell-linked. No 
activity upon cell lysis

2) Extracellular chitinases contains no known 
chitin-binding domains

Extracellular hydrolysis: GH18 and GH19 
chitinases
Periplasmic GH19 chitinase

Enzymes are unable to substitute the whole cells !
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