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The Antarctic region has significant potential to study the biodiversity of microorganisms and to search 
for bacterial producers of glycolytic and proteolytic enzymes with new properties. The aim was to study 
the extracellular glycosidase and proteolytic activity of four bacteria strains isolated from black lichens 
of the cliffs of Galindez Island in the Antarctic. Methods. Cultures of bacteria were grown in submerged 
conditions at a temperature of 15 and 26 oC for 48 h. The synthetic and natural substrates such as 
p-nitrophenyl-glycosides, soluble starch, gelatin, casein and Elastin-Congo red were used to study the 
enzymatic activity of bacteria. Results. All studied strains showed α-fucosidase activity. Microbacterium 
foliorum, Sporosarcina aquimarina and Rothia sp. exhibited α-, β-xylosidase, β-glucosidase or  
β-N-acetylglucosaminidase activity in different ratios. That may indicate the presence of the enzymatic 
complex of hydrolysis of lichenan and xylan, which are part of polysaccharides of plants and lichens.  
P. fluorescens and M. foliorum also showed gelatinase activity. The enzymatic activity of bacteria was 
noted to be higher in the case of cultivating at 15 oC compared to 26 oC. The α-xylosidase of M. foliorum 
was optimally active at pH 6.0 and 35 oC, the α-xylosidase of Rothia sp. – at pH 6.5 and 35 oC. High 
level of stability was shown for these enzymes in the pH range from 4.0 to 7.0 and temperature from 15 to  
35 оС during 24 h. Conclusions. Antarctic lichens can be a source of bacterial producers of polysaccharide 
degrading enzymes with new properties and low temperature optimum. The Antarctic cold environment 
provides the great opportunities to study the adaptive mechanisms of microorganisms and their enzymatic 
systems in order to develop new biotechnologies.
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The Antarctic is a unique region in terms of 
climatic conditions. It is characterize by low 
temperature and sharp fluctuations of temperature 
range, low availability of nutrients, lack of soil 
cover, high levels of solar radiation and limited 
anthropogenic impact [1–3]. The remoteness of 
the Antarctic and the harshness of its climate are 
the major obstacles to study of the continent’s 
ecosystems. However, more and more research on 
the diversity and the role of marine and terrestrial 
microorganisms in the formation and functioning of 
the Antarctic ecosystem appears in recent years [4, 
5]. To date, hundreds of species of bacteria, yeast, 
micromycetes isolated from various ecological 
niches in the Antarctic have been described. They 
include cosmopolitan, circular and endophytic 
species, but all of them share the ability to adapt to 
the harsh living conditions in the region.

Despite the geographical remoteness of the 
Antarctic islands and the extreme climatic con-

di tions there, the most of the isolated Antarctic 
microorganisms belong to the traditional classical 
taxa distributed in different regions of the Earth 
with a temperate climate. It is possible that most 
of them were brought to the Antarctic via the 
migration of birds, as a result of anthropogenic 
pollution at existing stations, etc. In addition, 
bacterial communities in the Antarctic at the level 
of high taxonomic ranks (classes) were shown 
to be characterized by high stability. They were 
represented by microorganisms typical for the soils 
of the globe [6, 7]. 

Cliffs are an extremely interesting ecosystem 
formed on the continent and adjacent islands. They 
are never covered with snow. This fact is their 
distinct feature. Therefore, their biocenoses are 
affected by extreme factors throughout the year, 
which contributes to the formation of specific groups 
of extremophilic microorganisms. These bacteria 
and fungi play a key role in the polar ecosystem and 



ISSN 1028-0987. Мікробіол. журн., 2021, Т. 83, № 24

are major components of the Antarctic biomass [8]. 
The stability of the functioning of psychrophilic 
and psychrotolerant microorganisms under the 
influence of extreme factors is one of their key 
characteristics. The complex range of structural and 
functional adaptations provides successful growth 
of extremophiles under the conditions of low 
temperature and humidity [9–12]. There are also 
data on the isolation of bacteria adapted to extreme 
conditions from the Antarctic. They are adapted to 
temperature fluctuations in a wide range, which has 
considerable advantages for their colonization of 
various ecological niches [13].

The specific conditions of the Antarctic are of 
the particular interest to search for new strains of 
microorganisms that have high biotechnological 
potential and unique biochemical properties [14]. 
Microorganisms distributed in low-temperature 
regions may have certain biotechnological 
advantages over mesophilic producers of 
industrially important bioactive compounds [15]. 
Adaptation to low temperatures is accompanied 
by the synthesis of enzymes being active at lower 
temperatures, which has a significant economic 
effect. Today there are data on a wide range 
of hydrolytic enzymes of extremophiles in the 
literature: lipase, protease, amylase, cellulase, 
xylanase, pectinase, chitinase [16, 17]. The unique 
biochemical properties, wide range of activity and 

stability of such enzymes contribute to the active 
search for the producers of biologically active 
compounds among the Antarctic microorganisms. 
In addition, extremophile enzymes are often 
resistant to several critical factors. This property 
greatly expands their application in various 
industrial biotechnologies, especially in the 
medical, pharmaceutical, cosmetic industries, as 
well as in food technologies for biotransformation 
of raw materials of various origins.

The goal of this study was to investigate the 
extracellular glycosidase and proteolytic activity of 
four strains of bacteria isolated from black lichens 
of the cliffs of Galindez island in the Antarctic.

Materials and methods. The objects of the 
study were glycosidase and protease activity of 
Pseudomonas fluorescens 180n1, Microbacte rium 
foliorum181n2, Sporosarcina aquimarina 188n2 
and Rothia sp. 190n2, that were isolated from black 
lichens of the climbing wall of Galindez Island 
during seasonal biological research at the Ukrainian 
Antarctic Station “Academik Vernadsky”. The 
strains are stored in the collection of live cultures 
of the Zabolotny Institute of Microbiology and 
Virology of the National Academy of Sciences 
of Ukraine. They are aerobic, chemo orga-
notrophic, psychro- and halotolerant bacteria  
(Table 1).

Table 1
The microorganisms isolated from the terrestrial ecosystems of Galindez Island  

of Western Antarctica 

Strain Isolation source Observation 
points

Pigmentation  
of colonies

Growth in  
a range T, oC

Growth in  
a range NaCl, %

Pseudomonas 
fluorescens 180n1

Black lichens of 
the climbing wall

Тsk-1 Non-pigmented 1–30 2.5

Microbacterium 
foliorum181n2 Tsk-2 Lemon-yellow 1–30 4.0

Sporosarcina 
aquimarina 188n2 Tsk-9 Pale pink 1–30 5.0

Rothia sp. 190n2 Tsk-11 White 5–30 10.0

The spectrum of glycosidase and proteolytic 
activities was studied in the supernatant of the 
culture fluid of bacteria. The strains were grown 
under submerged conditions at a temperature of 15 
and 26 oC for 48 h on medium 1 and medium 2 
of the following compositions (g/l): 1) rhamnose –  
5.0; urea – 1.0; yeast autolysate – 0.3; KH2PO4 –  
0.5; MgSO4×7H2O – 0.25; KCl – 0.3; pH 6.0;  
2) soy flour – 20.0; urea – 1.0; yeast autolysate –  
0.3; KH2PO4 – 0.5; MgSO4×7H2O – 0.25; KCl –  

0.3; pH 6.0. Medium 3 was used to study the 
proteolytic activity (g/l): maltose – 1.0; gelatin – 
10.0; urea – 1.0; yeast autolysate – 0.3; KH2PO4 –  
0.5; MgSO4×7H2O – 0.25; KCl – 0.3; pH 6.0. After 
the fermentation, the biomass was separated by 
centrifugation at 5000 g, 30 min. 

Upon examining the glycosidase activi-
ties appropriate synthetic substrates were used: 
p-nitrophenyl-2-acetamido-2-deoxy-α-D-ga-
lactopyranoside, p-nitrophenyl-2-aceta mido-2-
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deoxy-β-D-galactopyranoside, p-nitro phenyl-2-
acetamido-2-deoxy-α- and β-D-gluco pyranoside 
(“Koch-Light”, Great Britain), p-nitro phenyl-α- 
and β-D-galactopyranoside, p-nitro phenyl-α- 
and β-D-glucopyranoside, p-nitrophenyl-α- and 
-β-D-xylopyranoside, p-nitrophenyl-α-D-manopy-
ranoside, p-nitrophenyl-α-D-fucopyranoside, and 
p-nitrophenyl-β-glucuronoside (“Sigma”, USA). To 
determine the activity 0.1 ml of the enzyme solu-
tion was mixed with 0.2 ml 0.1 M phosphate-citrate 
buffer (PCB), pH 5.2 and 0.1 ml 0.01М substrates 
solution in PCB. The reaction mixture was incubat-
ed for 10 min at 37 °C. The reaction was stopped 
by adding 2 ml of 1 M sodium bicarbonate. The 
control sample was mixed with the same reaction 
components, but in the reverse order. The amount 
of released nitrophenol as a result of hydrolysis 
was determined using colorimetric analysis by the 
absorption at 400 nm. One unit of enzyme activi-
ty (U) was defined as the amount of enzyme that 
releases 1 µM of p-nitrophenol per min at 37 °C in 
0.1 M PCB, pH 6.0.

To determine the amylolytic activity the strains 
were grown on solid agar medium with soluble 
starch for 24–48 h. The amylolytic activity was 
evaluated after staining of the plates with iodine 
solution to reveal the zones of starch hydrolysis. 
The efficiency of starch hydrolysis was determined 
by the ratio of the colony diameter to the diameter 
of the enlightenment zone.

The proteolytic activity was determined by the 
Anson’s method, modified by Petrova with casein 
as the substrate [18]. The elastase activity was 
evaluated using colorimetric analysis according 
to the intensity of staining of the solution after the 
enzymatic hydrolysis of the Elastin-Congo red 
[19]. Screening of the strains for the gelatinase 
activity was carried out by growing bacteria in 
gelatin plates at 20 °C for 48 h. The activity of the 
strains was evaluated by their ability to decompose 
gelatin.

Culture filtrates of M. foliorum 181n2 and 
Rothia sp. 190n2 grown on medium 2 for 48 h at  
15 and 26 oС were mixed with dry ammonium 
sulfate salt up to 90 % saturation under pH 
control. The mixture was incubated for 24 h at  
4 oC followed by centrifugation at 5000 g, 30 min. 
Precipitate was dialyzed against 0.1 M PCB, pH 
6.0 and was applied to the column (1.3×50 cm) 
with Sepharose 6B. The fractions with α-xylosidase 
activity were combined and dialyzed against  
0.1 M PCB (pH 6.0). The dialysate was used as 
crude enzyme preparation for other studies.

The optimum pH for the activities of α-xy-
losidase was determined by incubating the 
enzyme preparation with p-nitrophenyl-α-D-
xylopyranoside in 0.1 M PCB and 0.01 M Tris-
HCl buffers at the pH range from 3 to 9. The pH 
stability was evaluated by preincubation of the 
enzymes in PCB over a pH range from 4 to 7 at 20–
30 °C. Activities were measured after 24 h using 
the standard protocol. The optimum temperature 
of α-xylosidase was determined by incubating the 
assay mixture for 10 min at temperature ranging 
from 5 to 60 oC. Thermal stability was measured 
by preincubation of the enzymes at the optimum 
pH at different temperatures (10, 15, 20, 25, 30, 40,  
50 °C) with the exposition time of 90 min.

All experiments were replicated 3–5 times. 
Analysis of the data was done using Student’s 
t-criterion. Values were considered significant at  
Р < 0.05.

Results. We used bacteria previously isolated 
from phytocenoses of Galindez Island. Recent 
studies have demonstrated that lichens are a 
stable microenvironment for diverse communities 
of different bacteria [3, 4]. Lichen species in 
Antarctica are components of surface lithobiontic 
communities or colonize of lithic substrata. Va-
rious bacterial genera were found distributed 
among the different lichens studied, suggesting 
there is no required and/or specific association 
between lichens and bacteria. As reported [10, 11], 
lichens represent an extremely rich reservoir for 
the isolation of a wide diversity of bacteria, many 
of them representing a rich source of secondary 
metabolites. Pseudomonas, Microbacterium, Spo-
ro sarcina and Rothia are abundant species in the 
rhizosphere of plant, they are frequently found in 
a variety of Antarctic biotopes and substrates. We 
investigated the spectrum of 13 exoglycosidase 
activities in deep culture of bacteria. P. fluorescens 
180n1 was characterized only by the α-fucosidase 
activity, and Rothia sp. 190n2 – α-fucosidase, 
α-xy losidase and β-glucosidase activities (Fig. 1).  
Five different activities were observed in the 
supernatant of the culture fluid of M. foliorum 
181n2 and S. aquimarina 188n2. It should be 
noted that the α-fucosidase activity was detected 
in all studied bacterial strains. The presence of 
α-xylosidase was noted in three strains. M. foliorum 
181n2 and Rothia sp. 190n2 were characterized by 
its level of 3.9 and 4.1 U/ml (Fig. 3).

The presence of α- and β-xylosidase, as well 
as β-glucosidase and β-N-acetylglucosaminidase 
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activity in these bacteria may indicate the presence 
of the enzymatic complex of lichenans and xylans 
hydrolysis, which are part of polysaccharides of 
plants and lichens. Thus, due to these activities 
microorganisms might be provided by the sources 
of nutrients and energy existing on rocky surfaces 
overgrown with lichen. Amylase activity was 
absent in all studied bacteria.

High gelatinase activity was observed in P. fluo-
rescens 180n1 and Rothia sp. 190n2, the diameter 
of the hydrolysis zone was 15 and 35 mm after 
incubation for 24 h, 15 °C (Fig. 2), but the elastase 
and caseinolytic activity were absent. M. foliorum 
181n2 and S. aquimarina 188n2 showed a very low 
ability to hydrolyze all provided protein substrates. 
This activity can be explained by the source of 

F i g. 2. The hydrolysis of gelatin: A) M. foliorum 181n2, B) P. fluorescens 180n1  
(incubation for 24 h, 16 °C)

F i g. 1. The spectrum of enzymatic activity of Antarctic bacteria at 15 °C compared to 26 °C

A B
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F i g. 3. The effects of pH on α-xylosidase activity of Antarctic bacteria

F i g. 4. The effect of pH on stability of α-xylosidases of M. foliorum 181n2 at 20 and 30 oC

isolation of all four bacteria. The extracellular 
proteases are mainly inducible enzymes, and 
the rocky surfaces from which the cultures were 
isolated could contain very small amounts of 
protein substrates.

It should also be noted that the enzymatic 
activity of all strains depended on the growing 

temperature, and was 20–42% higher at 15 °C 
compared to 26 °C (Fig. 1).

Since the two strains (M. foliorum 181n2 and 
Ro thia sp. 190n2) exhibited high α-xylosidase 
acti vity, we studied some of the physical pro-
perties of their enzymes. The partially purified 
α-xylosidases of M. foliorum 181n2 and Rothia sp. 
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F i g. 5. The effect of temperature on the α-xylosidase activity of Antarctic bacteria

190n2 showed high activity in pH diapason 5–7. 
Optimum pH for the hydrolysis of p-nitrophenyl-
α-D-xylopyranoside by M. foliorum 181n2 enzyme 
preparation was 6.0 at 37 оС, optimum pH for 
α-xylosidases of Rothia sp. 190n2 was found to 
be 6.5 (Fig. 3). Similar results were also reported 
for the other bacterial xylanases, where optimum 
pH range was 5–7 [12, 15]. The stability of the 
α-xylosidases of M. foliorum 181n2 and Rothia 
sp. 190n2 was determined by the preincubation 
of the preparations in various buffers at different 
pH for 24 h at 20 and 30 oC. The enzymes were 
relatively stable a pH range from 4 to 7 (retained 
90–100 % of activity at 20 oC and 75–90 % –  
at 30 oC) (Fig. 4). In addition, high level of stability 

was shown for these enzymes if stored as 3 M 
solution of ammonium sulfate. Specifically, during 
6 month of storage at 4 оС no reduction of activity 
was determined. 

The activity of α-xylosidases of M. foliorum 
181n2 and Rothia sp. 190n2 was determined at 
different temperatures 10–50 oC (Fig. 5). The 
optimum temperature for enzyme activity was 
noted at 35 oC. The enzymes showed the same 
activity in temperature range from 15 to 35 oC. 
Beyond this temperature, activity quickly reduced.

Thus, our preliminary results indicate the 
psychrotolerance of studied bacterial α-xylosidases 
and the prospects for their use for various 
biotechnological applications at low temperatures.

Discussion. The number of studies of the 
Antarctic microbiome is growing steadily in recent 
years. Both the biodiversity of microorganisms 
inhabiting the Antarctica continent and the 
surrounding coastal microcenoses, which are under 
the influence of the world’s oceans, are studied. 

The role of lichens in the formation of 
biogeocenoses of Antarctica is difficult to 
overestimate. Due to their sensitivity to changes 
in the balance of natural cycles and high adaptive 
potential at the same time, lichens are not only 
bioindicators of the ecological state of the 
environment, but they are also able to master 
ecotopes and substrates inaccessible to higher life 
forms. Due to the dominance of lichens, mosses 
and cyanobacteria, unique ecological niches for 
the growth of microorganisms in the Antarctic are 
being created.

The Antarctic microbiome is considered a source 
of extremophilic microorganisms with the ability to 

survive in extreme conditions, which means they 
can have huge biotechnological potential. 

We study psychrotolerant (temperature range 
of growth 1–5 – 30 оС) and halophilic (growth 
in a medium containing 2.5–5% NaCl) Antarctic 
strains of bacteria. Extracellular hydrolase activity 
is an integral part of the adaptation of such 
microorganisms to the colonization of terrestrial 
and aquatic ecosystems [14–16]. Glycosidases and 
proteases combine a large and complex group of 
enzymes that play important trophic and regulatory 
roles both at the cellular level and the ecosystem 
as a whole [17, 20]. They are a physiologically 
integral element of cell function that allows 
adapting and surviving in different conditions 
including trophically limited ones. The range of 
enzymatic activity of a microorganism may depend 
on many factors, primarily on the genetic and 
physiological characteristics of the bacterium. The 
study of the extracellular glycosidase activity of 
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bacteria isolated from one ecological niche showed 
their ability to produce a number of glycosidases, 
but the spectrum of glycosidase activities of the 
studied strains differed significantly.

Despite the different taxonomic origins of the 
studied bacteria, they have some common features. 
Thus, all strains showed α-fucosidase, and three 
of the four – α-xylosidase activity. P. fluorescens 
180n1 strain was the least active. But together with 
the low glycosidase activity this strain showed the 
highest activity to hydrolyze gelatin. In general, all 
strains isolated from black lichens showed some 
activity of the cellulase and hemicellulase com p lex 
and revealed almost no proteolytic activity. These 
data once more confirm modern ideas about the 
inducible nature of the synthesis of extracellular 
hydrolases and the need for targeted search for 
enzyme producers in sources rich with the relevant 
substrates [21]. The strains of M. foliorum 181n2 
and Rothia sp. 190n2 showed a high level of 
α-xylosidase activity comparable to the activity 
of such producers as Cellvibrio japonicas, Sul-

folobus solfataricus, Aspergillus niger [22, 23].  
The enzymatic activity of the strains was higher 
when growing at lower temperatures. This 
property opens wide prospects for the involvement 
of psychrotolerant strains in the technological 
processes of enzymes obtaining. In addition to 
the more cost-effective process of obtaining, these 
enzymes may have other advantages such as high 
activity at low temperatures. This property can be 
widely used in temperate climate for efficient waste 
treatment.

Thus, the isolation and study of new bacterial 
strains from different ecotopes of the Antarctic 
region expand our understanding of the limits of 
adaptation of microorganisms, their biodiversity 
and biotechnological potential. Antarctic lichens 
can be a source of bacterial producers of poly-
saccharide degrading enzymes with new properties 
and low thermal optimum. That will optimize the 
conditions of the hydrolysis process and expand the 
application of such biocatalysts.

ЕНЗИМАТИЧНА АКТИВНІСТЬ  
АНТАРКТИЧНИХ БАКТЕРІЙ 

Н.В. Борзова, Г.В. Гладка, O.В. Гудзенко,  
В.М. Говоруха, О.Б. Таширєв

Інститут мікробіології і вірусології  
ім. Д. К. Заболотного НАН України, 

вул. Академіка Заболотного, 154,  
Київ, 03143, Україна

Ре зюме
Антарктичний регіон має значний потенціал 

для вивчення біорізноманіття мікроорганізмів та 
пошуку бактеріальних продуцентів гліколітич-
них та протеолітичних ензимів з новими влас-
тивостями. Метою дослідження було вивчення 
позаклітинної глікозидазної та протеолітичної 
активності чотирьох штамів бактерій, виділених 
із чорних лишайників скель острова Ґаліндез 
в Антарктиці. Методи. Культури бактерій ви-
рощували у глибинних умовах при 15 та 26 оС 
протягом 48 год. Для дослідження глікозидазної 
активності використовували середовища наступ-
ного складу (у г/л): 1) рамноза – 5,0; сечови-
на – 1,0; дріжджовий автолізат – 0,3; KH2PO4 –  
0,5; MgSO4×7H2O – 0,25; KCl – 0,3; pH 6,0; 2) со-
єве борошно – 20,0; сечовина – 1,0; дріжджовий 
автолізат – 0,3; KH2PO4 – 0,5; MgSO4×7H2O –  
0,25; KCl – 0,3; pH 6,0. Вивчення протеолітич-
ної активності проводили після вирощування на 

середовищі з желатином. Для визначення ензи-
матичної активності бактерій використовували 
синтетичні та природні субстрати: п-нітрофеніл-
глікозиди, розчинний крохмаль, желатин, казеїн 
та конго-род еластин. Виділення ензимних препа-
ратів M. foliorum та Rothia sp. проводили шляхом 
осадження 90 % сульфатом амонію з фільтрата 
культуральної рідини продуцента після культи-
вування. Визначення термооптимуму проводили 
в діапазоні температур 10–50 оС, рН-оптимуму –  
в діапазоні рН від 3,0 до 9,0. Результати. Всі 
досліджені штами проявляли α-фукозидазну ак-
тивність. M. foliorum, S. aquimarina та Rothia sp. 
проявляли α- та β-ксилозидазну, β-глюкозидазну 
та(або) β-N-ацетилглюкозамінідазну активності 
у різних співвідношеннях. Відмічена активність 
може свідчити про присутність у цих бактерій 
ензиматичного комплексу гідролізу ліхенанів та 
ксиланів, які є складовою полісахаридів рослин та 
лишайників. Культури P. fluorescens та M. foliorum 
також ефективно гідролізували желатин. Висо-
ка α-ксилозидазна активність M. foliorum 181n2  
(3,9 од/мл) та Rothia sp. 190n2 (4,1 од/мл) дозволяє 
розглядати ці штами в якості нових продуцентів 
α-ксилозидази для гідролізу ксиланів та ксилоглю-
канів. Слід зазначити, що ензиматична активність 
всіх досліджених штамів була вище на 20–42 % за 
культивування при 15 oC у порівнянні з вирошу-
ванням при 26 oC. Було досліджено деякі фізичні 
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властивості ензимних препаратів грубої очистки 
з α-ксилозидазною активністю, виділених із куль-
туральної рідини M. foliorum та Rothia sp. Термо-
оптимум α-ксилозидазної активності M. foliorum 
та Rothia sp. спостерігався при 35 оС, а рН опти-
мум складав 6,0 та 6,5 відповідно. Обидва ензимні 
препарати показали високий рівень стабільності 
в діапазоні рН від 4,0 до 7,0 та термостабільність 
при температурі 15–35 оС. Було відмічено збере-
ження активності на рівні 75–100 % за цих умов 
протягом 24-х годин інкубування. Обидва ензимні 
препарати проявляли високу стабільність під час 
збереження при 4 оС. Висновки.  Антарктичні ли-

шайники можуть бути джерелом бактеріальних 
продуцентів полісахарид-деградувальних ензимів 
з новими властивостями та низьким температур-
ним оптимумом дії.  Низькотемпературний ан-
тарктичний регіон відкриває широкі можливості 
для дослідження адаптивних механізмів мікро-
організмів та їхніх ензиматичних систем з метою 
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