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Isolation, identification, and antimicrobial activity
of psychrophilic freshwater microalgae Monoraphidium sp.
from Almaty region

Abstract. Microalgae is one of the potential biotechnologically valuable groups of photosynthetic
microorganisms and represent the most promising resource for new products and applications. In this
study, our efforts were focused on identification, isolation, and characterization of psychrophilic microalgae
from the underinvestigated extreme environment. Three new isolates were isolated from the frozen Big
Almaty Lake, but only for one of them the attempt to clean from bacteria and fungus was successful and it
was obtained in algologically and bacteriologically pure form. The taxonomy and phylogeny of the green
microalgae, was examined based on morphological (light and scanning electron microscopy) and sequence-
based approach using universal molecular markers of ITS region and rbcL gene. Morphological and
molecular characterization showed that this green microalgae is Monoraphidium sp. (strain ZBD-06). The
antibacterial activity of the isolate was determined as well and 60% methanol extract of Monoraphidium
sp. was used for antibacterial activity by disk diffusion assay and minimum inhibitory concentration using
eleven different types of pathogenic bacteria including Gram positive (Bacillus subtilis ATCC 6633,
Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis
ATCC 12228) and Gram negative bacteria (Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC
13883, Pseudomonas aeruginosa ATCC 27853, Proteus vulgaris ATCC 13315, Salmonella typhimurium
ATCC 14028, Yersinia pseudotuberculosis ATCC 911, and Enterobacter cloacae ATCC 13047). The zone
of inhibition (10£2 mm in diameter with 10ul of extract and 20+2 mm in diameter with 30uL) was observed
against Klebsiella pneumoniae ATCC 13883.

Key words: Almaty region, psychrophilic, microalgae, Monoraphidium, phylogenetic analysis,
antimicrobial assay.
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Introduction

Microalgae is one of the potential biotechnologi-
cally valuable groups of photosynthetic microorgan-
isms and represent the most promising resource for
new products and applications [1]. Recent decades
have witnessed an increased appreciation of the role
of microalgal diversity in ecosystem function and
their significant value as source for important bio-
logical materials such as antibiotics, drugs, enzymes,
herbicides, growth promoters and source of energy
[2]. For transition toward a modern and sustainable
bio-based economy, the researchers are harnessing
the maximum potential of microalgae for providing
solutions for addressing the diverse global challenges
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of the twenty-first century. Being instrumental for ef-
ficient nutrient recycling for modern agriculture and
wastewater treatment systems [3], a viable alterna-
tive source of energy to replace the fossil fuels [4-5],
valuable additive for food and animal feed products
[6], serving as a raw material for amino acids, vi-
tamins and productions of valuable bioactive com-
pounds [7; 8], the unique attributes of microalgae has
widened the scope of their utilization in nearly every
research field.

Despite the widely acknowledged value of mi-
croalgae virtually in all fields of biotechnology,
studies about their diversity, various ecological func-
tions and properties from understudied environment
are still scarce. Speculation that the number of still
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undiscovered microalgal species exceeds such of
known species has led researchers globally to search
and collect new strains of microalgae, preserve, and
explore their biotechnological potentials [9].

Owing to their extraordinary physiological, eco-
logical, molecular and regulatory mechanisms, mi-
croalgae can be found in number of environments
and are capable of surviving in extreme conditions
[10]. Thus, the novel natural products with diverse
biological activities, notably antibacterial, are ex-
pected to be obtained from microalgae, thriving in
extreme conditions. It is important to understand the
molecular and regulatory mechanism of such mi-
croalgae in order to use their biochemical, ecologi-
cal, evolutionary and industrial potential. Therefore,
over the past few decades, new strains of microalgae
thriving in extreme conditions have been extensively
studied through various culture-dependent and inde-
pendent approaches in pursuit of novel biologically
active molecules [11; 12].

The precise identification of microalgae is of
great practical importance to unlock their possible
biochemical potential and aid in understanding the
basis of their biological activity. Studies of micro-
algae diversity have traditionally relied on morpho-
logical traits and various valuable and highly descrip-
tive taxonomic identifiers, web-based guides, keys,
manuals and manuscripts for microalgae [13-19].
Nevertheless, the misleading similarities of charac-
teristic morphological features within microalgae do
not enable a reliable identification of microalgae.

The recent advancement in molecular biology
has revolutionized the taxonomic studies and offer a
more consistently reliable and accurate method for
identification. However, there is also a mounting evi-
dence that sequence similarity-based approach alone
is not superior to morphological taxonomy [20].
Therefore, reliable identification to species level can
only be achieved using hybrid approaches, traditional
taxonomic methods complemented with molecular
diagnostic markers.

In the present study, investigations were focused
on finding new strain of microalgae from extreme
cold environment, able to demonstrate antimicrobial
activity. Here we describe the discovery of a novel
strain of Monoraphidium sp. The present study aims
to report the morphological and molecular character-
ization of a psychrophilic green microalgae collected
from glacial freshwater site, Big Almaty Lake in Al-
maty region of Kazakhstan, and examine the antibac-
terial activity of methanol extract of the isolate by
performing disk diffusion and minimum inhibitory
concentration (MIC) assays.

Int. j. biol. chem. (Online)

Materials and methods

Isolation and growth conditions. The microal-
gae was isolated from Big Almaty Lake by separat-
ing single microalgal cells from the mixed microbial
suspension using capillary pipettes (repeated until
single cell isolation) and cultivated in culture dishes
containing BG-11 growth medium [21], with follow-
ingcomposition(gL-'):NaNO[1,1.5; K THPO[ 1,0.04;
MgSO'1-7H,0,0.076;CaCll"-2H"10,0.036;citricacid,
0.006; EDTA, 0.001; Nal[1CO[1,0.02; FeSO1, 0.006;
traceelementssolution: H[1BO[1,2.86;MnCl[1-4H[10
1.81;ZnSOL1-7HI"0,0.222;CuSO, - 5H”0,0.08;M00 ™,
0.015;NaBO[".4H10,2.63;(NH 1) IMo 101 [1-4H[10,1;
FeSO!'.7H[10,2.3;CaCl! |-2H[10,1.2;Co(NOL ))[ -2H[ 1O,
0.02; EDTA, 10; and distilled water, 1.0 L.

To enumerate the growth of microalgae after
successful direct isolation procedure and observ-
able growth, the microalgae culture was transferred
to separate 250-mL flask containing 100 mL of lig-
uid BG-11 medium. The enrichment culture was
kept at 22°C +2 for about 20 days under fluorescent
light with a photoperiod of 12 h, with shaker speed
100£10 rpm.

Later the microalgaec were plated onto BG-11
agar medium (supplemented with antibiotics), which
was placed at 22°C £2 until single colonies of same
size and similar appearance emerged. The isolate was
further purified by selecting a single colony and re-
streaked, followed by microscopic examination, and
individual pure colony was placed in autoclaved lig-
uid medium to obtain axenic monoculture.

Identification of microalgal species. Light micro-
scopic examination. The preliminary morphological
identification was done under a light microscope,
with a system of image capturing (MicroOptix OP-
TIX C600, Austria). Morphological identification
was carried out based on some prominent morpho-
logical features for differentiation such as cell size
(length to width ratio) and shape, solitary or colonial,
presence or absence of mucilage etc., mentioned in
the guidelines of description keys, taxonomic litera-
ture, manuals, manuscript and photo gallery available
for microalgae species identification [15; 19; 21-24].

Sample preparation for scanning electron mi-
croscopy. After determination of the genera accord-
ing to the microscopic features, the SEM technique
was carried out at Electron Microscope Laboratory,
Gazi University, Ankara, Turkey. The cells were
washed with phosphate buffered saline (PBS) to re-
move culture medium and then they were collected
by centrifugation at 1000xg for 5 min. After that,
cells were fixed with 5% glutaraldehyde, dehydrat-
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ed in ascending order of 20, 40, 60, 80 and 100%
ethanol. After critical point drying with CO[" (Polar-
on CPD 7501), samples were coated with gold in a
Polaron SC 502 sputer coater. The coated specimen
was observed with JEOL JSM 6060 LV at acceler-
ating voltage 10kV and SEM images were digitally
produced.

Molecular identification of algal species. For
molecular identification, the microalgal cell pel-
let (approximately 30mg) was obtained from cul-
ture medium by centrifugation at 6,000 rpm for 10
min and genomic DNA of strain was extracted us-
ing Quick-DNA™ Fungal/Bacterial Miniprep Kit
(Zymo Research, D6005), according to the manu-
facturer instructions. The quality and quantity of
DNA samples were measured with the Spectropho-

tometer Thermo Scientific™ NanoDrop 2000. DNA
extracts were stored at -20 °C. The ribosomal ITS
region and rbcL gene sequences were amplified us-
ing the universal primer pair, listed in Table 1, cho-
sen from published studies with microalgae from
class Chlorophyceae.

The 50 uL PCR reaction mixture was composed
of 27.75 pL of dH,0, 10 uL of GoTaq 5X PCR buf-
fer, 6 uL MgCl, 25 mM, 1 pL ANTPs 10 mM, 0.25
uL of GoTaq DNA polymerase (5 U/uL) (Promega,
USA), 1 pL of each primer (10 uM) and 3.0 pl of
DNA template (30-50 ng/uL). The PCR amplifica-
tion protocol used for both markers was: 95 °C for 2
min, 35 cycles of 95 °C for 50 sec, primer-annealing
temperature 49 °C for 30 sec and 72°C for 1 min,
with a final extension at 72 °C for 10 min.

Table 1 — List of Primer Sequences used for amplification of rbcL and ribosomal ITS region of Isolate

Primer Sequence (5'-3") Type Source
ITS1 TCCGTAGGTGAACCTGCGG Forward [25]
1TS4 TCCTCCGCTTATTGATATGC Reverse
ITS1 AGGAGAAGTCGTAACAAGGT Forward [25]
1TS4 TCCTCCGCTTATTGATATGC Reverse
1TSS GGAAGTAAAAGTCGTAACAAG Forward [25]
1TS4 TCCTCCGCTTATTGATATGC Reverse
rbeL GCTGGWGTAAAAGATTAYCG Forward [26]

TCACGCCAACGCATRAASGG Reverse

Each PCR product of about 600 bp was cloned us-
ing a pUCm-T cloning vector (Bio Labs) and cDNA
of strain was sequenced in both directions by Sanger
sequencing (Macrogen Europe, Amsterdam, Nether-
land). The resulting ITS1/ITS4, ITS5/ITS4 and rbcL
forward and reverse DNA sequences of ZBD-06 18S
were aligned using sequence alignment editor Bioed-
it version 6.0 and search for similar sequences was
carried out with the Basic Local Alignment Search
Tool in the GenBank database of the National Center
for Biotechnology Information (NCBI). Fifteen se-
quences having the highest similarity to each query
sequence were obtained and used for phylogenetic
analyses with Isochrysis galbana strain (JX393298)
as an outgroup (accession numbers of these sequenc-
es are indicated before the name of each strain on
Figure 4). Multiple sequence alignment was carried
out using the MUSCLE program with default pa-
rameters integrated in Molecular Genetics Analysis
(MEGA) 6.06. The Phylogenetic tree was built by the
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Neighbor-Joining method (Kimura-2-Parameter al-
gorithm) using bootstrap value (n = 1000 replicates)
to determine the statistical reliability of the obtained
topologies.

The resulting sequences were deposited in the
GenBank database for accession number. A living
axenic culture of ZBD-06 was deposited in the Col-
lection for Microalgae Cultures at the Biotechnology
Lab, Al-Farabi Kazakh National University.

Antibacterial assay. Preparation of crude extract.
The microalgae crude extract was obtained accord-
ing to the method reported in previous study [27].
The cell density was counted with hemocytometer
for quantifying the biomass and microalgal cells was
harvested from 5 mL axenic monoculture by spun at
3500 rpm for 30 min. Subsequently, the pellet was
washed with phosphate-buffered saline (PBS). In the
next step, the solution was sonicated (twenty cycles
of 30 s each) with a Soniprep Ultrasonicator (Sarto-
rius Labsonic), and re-centrifuged at 3500 rpm for 30
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min to remove cell debris. Afterwards, 60% metha-
nol was added to the pellet in 1:5 w/w ratio of the ini-
tial biomass concentration. The resulting sample was
re-centrifuged at 3500 rpm for 20 min. The obtained
supernatant was utilized to assess the antimicrobial
activity, and cell suspension density (number of algal
cells in one mL) at the start of the extraction process.

Evaluation of antimicrobial activity. Antibacte-
rial activity of microalgae crude extract against elev-
en bacterial strains, namely, Gram-positive (Bacillus
subtilis ATCC 6633, Enterococcus faecalis ATCC
29212, Staphylococcus aureus ATCC 25923, Staph-
vlococcus epidermidis ATCC 12228) and Gram-
negative (Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 13883, Pseudomonas aerugino-
sa ATCC 27853, Proteus vulgaris ATCC 13315, Sal-
monella typhimurium ATCC 14028, Yersinia pseu-
dotuberculosis ATCC 911, and Enterobacter cloacae
ATCC 13047) were examined by disk diffusion as-
say. Pure colonies of test bacteria were obtained from
the Microbiology Laboratory, Karadeniz Technical
University. Turkey. The Mueller-Hinton agar (pH
7.2-7.4) plates were inoculated with broth cultures
diluted to 0.5 turbidity (~1.5x 1007 cells-mL™). Discs
containing 10 pL of methanol extract of the isolate
were placed on filter paper disc on the surface of an
agar plate, pre-inoculated with bacterial suspension
to be tested. Paper discs with only methanol and

antibiotic (rifampicin) were used as negative con-
trols. Finally, the plates were incubated at 37 °C for
16-24 h. The inhibition zones were measured in mm.
All experiments were carried out three times with
similar results.

Determination of minimum inhibitory concen-
tration (MIC). The crude extract were then added
in serial dilution to Mueller-Hinton Broth culture in
test tubes and bacterial strains were inoculated at the
same concentration used for disk diffusion method.
The tubes were incubated at 37°C for 24-48h and
then examined for bacterial growth. The MIC values
were obtained from the lowest concentration of the
extract where the tubes remained clear, indicating
that the bacterial growth was completely inhibited at
this concentration.

Results and discussion

Isolation of new strain of microalgae. Microalgal
strain ZBD-06 was isolated from water samples col-
lected from Big Almaty Lake (43°0506' N 76°9850
E), a natural alpine reservoir, located in the Trans-Ili
Alatau mountains, on south of Almaty, a city in the
southeastern region of Kazakhstan. The glacial wa-
ter reservoir lake, extended approximately 1.6 km in
length and 1 km in width, is used for drinking water
needs of the Almaty city.

Figure 1 — Map and location of sampling site of the isolate — Big Almaty Lake

Int. j. biol. chem. (Online)
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Six algological samples were taken from this
lake, the water temperature at the time of sampling
was + 2 °C, pH 7.3. Water samples were taken from
the coast of lake directly from the surface and from
the water column (depth — 20 cm).

As a result, 4 accumulative cultures were ob-
tained from the selected samples, of which 2 micro-
algae cultures were isolated by successive reseeding.
Various concentrations of mixture antibiotics from
wide-spectrum antibiotics against Gram-positive and
Gram-negative bacteria and antifungal antibiotics
was used to clean the isolated cultures from bacteria,
because the concomitant microflora reacted differ-
ently to different antibiotics. Thus by treatment with
a mixture of antibiotics, only 1 strain of microalgae
was obtained in a bacteriologically pure form.

Morphological characterization. The light mi-
croscopy and scanning electron microscopy visual-
ization of single cell of microalgal strain ZBD-06
revealed the cell size (Figure 2) varying from 4-6 pm
in length and 0.78-1.23 um in diameter. Solitary cells
were predominantly observed having croissant shape
to crescent shape with varying degree of curvature,

18kV X108, 006

rounded ends, occasionally appearing colonial in ir-
regular arrangement. Solitary cells exhibited muci-
lage and wrinkled cell surface but no mucilaginous
colonies were observed. Chloroplast occupied the
majority of the cell volume. Such cell morphology
shows that the ZBD-06 resembles the characteriza-
tion of genus Monoraphidium and Ankistrodesmus.
However, the strain was preliminarily identified
as member of the genus Monoraphidium, for dem-
onstrating cells dimensions and shape variations
similar to Monoraphidium subclavatum as described
in previous studies [15; 21; 28]. Both genus, classi-
fied under the family Selenastraceae, are similar in
morphology, however the Ankistrodesmus differs by
having larger cell dimensions, more or less straight
cells, joined by mucilage to form colonies of vari-
ous shapes, while cells of Monoraphidium are distin-
guished from other genera in the family being strong-
ly curved and lacking mucilage [23]. By assessment
of all the morphological characteristic of the isolated
microalgae, as illustrated in the microphotograph of
the specimen under 40x magnifications (Figure 2) the
suspected species was Monoraphidium subclavatum.

<

18kU

K3, 500

Figure 2 — The Light and Scanning Electron Microscope images of ZBD-06

Nevertheless, the morphological characteristics
of the strain investigated in this study doesn’t com-
pletely fit with the typical description of Monoraph-
idium at species level and, therefore, species-level
identification could not be achieved based merely
on morphological and ultrastructural characters. The
identification results from the cell morphology were
then verified by molecular identification through se-
quencing of the rbcL genes, ITS1-5.8S-ITS2 and 18S
rDNA targeted region and alignment with sequences
from the Genbank (NCBI).

Molecular identification and phylogenetic analy-
sis. To perform the molecular identification of the

Int. j. biol. chem. (Online)

isolate, the desired DNA fragments (~600 — bp) of
isolate, amplified with universal primers of rbcL gene
and ITS region were compared with the similar se-
quences in the database using BLAST online (http://
www.NCBLnim.nih.gov/). The similarity searches
of the obtained amplicon sequences in the GenBank
database were observed for the universal primer sets
of ITS1/ITS4 and ITS5/ITS4, whereas the amplicon
sequences generated from rbcL could not retrieved
any blast match.

The blast result of only first set of primer ITS1/
ITS4 was supportive and useful in species discrimina-
tion, while second set of primer ITS1/ITS4 and ITS5/
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ITS4 resulted in database mismatches with macro
algae, uncultured microorganism and microalgae
completely conflicting with morphological descrip-
tion. As the results with the second set of primers
were not satisfactory to infer generic identity, there-
fore, the phylogenetic analysis was performed only
with the first set of ITS/ITS4 primer. This reduced
success in retrieving accurate sequence matches can
be attributed to the fact that the number of well-de-
scribed microalgae species are still not significantly
represented in Genbank. The limitations in molecular
identification of some microalgae at the species-level
implied that further work is required to establish ef-
ficient DNA barcode markers for revealing sufficient
heterogeneity for species identification, maximizing
the gene database, as well as employing combination
of molecular and morphological methods for accu-

rate identification of species with extreme morpho-
logical plasticity.

The fifteen sequence entries with highest simi-
larity to the obtained sequence of isolate ITS region
were observed and multiple alignment of the se-
quences were generated with the MUSCLE program.
The phylogenetic tree was constructed with MEGA
software version 6 [29] based on the evolutionary dis-
tances that were calculated by the Neighbor-Joining
method [30] using Kimura-2-Parameter algorithm.
Statistical evaluation of the tree topologies was per-
formed by bootstrap analysis with 1000 re-samplings
[31]. Isochrysis galbana strain (JX393298) was used
as an outgroup. Figure 4 represents the Neighbour-
Joining showing phylogenetic position of strain and
related taxa based on ITS1-5.8S-ITS2 region se-
quence comparisons.

KP728255. Monoraphidium grifithii strain KLL-G017 clone

_: KPT28254. Monoraphidium grifithii strain KLL-G017 clone ¢

MH201167. Ankistrodesmus Slcatus strain J 67
AB917131. Nephrochlamys subsolitria

MH201172. Monomphidium minutum strain 44

HQ191425. Uncultured Chiomphyta clone PA2003830
_|: HQ191424. Uncultured Chiomphyta clone PA2003C28

MH202028. Ankistrodesmus bemardii strain
JX452424, Coelastrum astoideum

{ KPT717760. Coslastrum sp. ABT202

Z8D405
KX671910. Monoraphidium sp. B LP-2016

_: KX871911. Monoraphidium sp. CCALA 1094

ABS17035. Ankistrodesmus gracilis

MH201170. Messastum gracile strain 14310

MH208970. Monosphidium subclavatum strain U 5-14
_|: KF£03353. Ankistrodesmus sp. 7 (FA)

J(383298.1 lsochnysis galbana stain

Figure 3 — Phylogenetic tree of the isolated microalgae and
the closely related strains based on ITS1-5.8S-ITS2 region sequence comparisons

Phylogenetic tree consisted of basically three ma-
jor clusters and one outgroup, each of which mostly
contained different species of genus Monoraphidium
and Ankistrodesmus. The phylogram shows that the
ZBD-06 strain is closely related to Monoraphid-
ium sp. B LP-2016 (score = 911; ident. = 93.33%)),
Monoraphidium sp. CCALA 1094 (score = 900,
ident. = 93.28%) isolated from ice-covered lakes on
James Ross Island (northeastern Antarctic Peninsula)
[32].

Int. j. biol. chem. (Online)

The clustering of Monoraohidium sp. from Al-
maty region with Monoaphidium sp. from Antarctic
region determines the presence of closely related ex-
termophilic species of microalgae in geographically
far distinct location (continental level). The phylo-
gram also depicts the relatedness of the newly isolated
native strain to Coelastrum astroideum (JX456464),
however, both strains are morphologically differ-
ent [33]. Other closely related species were from
the genus of Ankistrodesmus and Monoraphidium
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representing a polyphyletic group [34]. The overall
morphological features and sequence-based phyloge-
netic analysis of ZBD-06 with one of the primers of
ITS1 region presented a good correlation and served
as important molecular target for identification and
taxonomical position of the isolate to great extent
based on the availability of sequence database. The
obtained molecular result suggests the consideration
of ZBD-06 strain as Monoraphidium sp. that was also
based on light and SEM microscopic observation and
the genus belongs to the family Selenastracaceae
(Cholorophyceae). The ITS sequence of the isolate
was submitted with accession number of MT178772
in NCBI database, respectively. The relative phylo-
genetic position based on the ITS1/ITS4 primer se-
quence might not determine species-level resolution
for this species, but when matched with the results
of morphological studies, it provided more reliable
identification of the isolate.

Antibacterial assay. In this study, the 60% meth-
anol extract of ZBD-06 was tested for antimicrobial
activity against eleven bacterial strains, including
Gram-positive (Bacillus subtilis ATCC 6633, En-
terococcus faecalis ATCC 29212, Staphylococcus
aureus ATCC 25923, Staphylococcus epidermidis
ATCC 12228) and Gram-negative (Escherichia coli

(10 uh)

ATCC 25922, Enterobacter cloacae ATCC 13047,
Klebsiella pneumoniae ATCC 13883, Pseudomonas
aeruginosa ATCC 27853, Proteus vulgaris ATCC
13315, Salmonella typhimurium ATCC 14028, and
Yersinia pseudotuberculosis ATCC 911). The bacte-
rial cultures in petri plates were incubated along with
filter paper discs containing 10 and 30 pL of metha-
nol extract of specimen (initial cell number 5.0 x 107
cells/mL before extraction), for 16-24 h to determine
the growth inhibitory effect in the form of inhibition
zone.

The most susceptible microbes to specimen
methanol extract were Gram-positive bacteria than
Gram-negative bacteria. However, surprisingly the
methanol extracts of Monoraphidium sp. ZBD-06
exhibited the notable antibacterial activity against
Klebsiella pneumoniae ATCC 13883. The strain
showed a positive response in an inhibition zone as-
say (10£2 mm with 10pul and 20£2 mm in diameter
with 30uL) against Gram-negative bacteria Klebsi-
ella pneumoniae ATCC 13883 (Figure 4, a and b).
In order to confirm the antimicrobial action of strain,
the Minimum Inhibitory Concentration (MIC) of the
methanol extract was performed against the same
bacterial isolate. The MIC value of the extract of
ZBD-06 was observed at the first well (2-1).

(0 L)

Figure 4 — The disk diffusion assay indicating antibacterial activity of
methanol extract of Monoraphidium sp. ZBD-06

The results showed the potential presence of cer-
tain metabolites like phenols, flavonoids, terpenes or
carbohydrates, which are responsible for antibacte-
rial activity of the extract against Gram-negative
bacteria. Earlier, the presence of phenols, tannins,

Int. j. biol. chem. (Online)

and anthraquinones was determined in the methanol
crude extract of Monoraphidium contortum [35].0ne
previous study on assessment of antimicrobial poten-
tial of marine green microalgae Desmococcus (D.)
olivaceus and Chlorella (C.) vulgaris, revealed that
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the solvent choice influence the physical and chemi-
cal properties of the extract, such as high phenol con-
tent was only found in methanol extract, and amount
of falvonoids, terpenes, carbohydrates and alkaloids
differed when extracted with different solvents such
as ethanol, methanol and chloroform and diethyl
ether extract [36].

The multilayered and complex cell envelope of
the Gram-negative bacteria is one of the major ob-
stacles, which restrict the entrance of antibacterial
agents [37]. However, certain biomolecules can dam-
age the bacterial membrane component, such as ter-
penoid and phenolic compounds [38]. Antibacterial
action of Monoraphidium sp. ZBD-06 against Kleb-
siella pneumoniae is possibly related with presence
of high content of key molecule, which was specific
in action for growth inhibition of the bacterium. Tak-
ing into account the isolation of the strain from the
freezing lake and continued growth at 24 °C retaining
optimal functionality of their macromolecules sug-
gests that adaptation to extreme environment (low
temperature) in this strain confers a particular abil-
ity to produce unique antifreeze proteins, intracel-
lular molecule or membrane structure to protect the
cell from freezing damage, and bioactive compounds
of potential antibacterial activity [39; 40]. Another
possible explanation of the antimicrobial activity of
the studied microalgal extract can be attributed to its
potential contents of fatty acids, as the psychrophilic
microalgae maintain their membrane fluidity at low
temperature by incorporating a higher level of poly-
unsaturated fatty acids (PUFAs) in membrane lipids
[41], thereby making them a potential source of poly-
unsaturated fatty acids for antibacterial product.

The obtained result invokes the necessity of fur-
ther exploring this great potential and specific ac-
tion of the Monoraphidium sp. strain ZBD-06 by
screening biotechnologically appealing bioactive
molecules, investigating its source in the cell (chlo-
roplast, cytoplasm, mitochondria, etc.) and decipher-
ing the main biosynthetic pathways of the bioactive
molecules. Because antimicrobial activity against
Klebsiella pneumoniae have, to our knowledge, not
previously been reported for Monoraphidium genus,
the identification of novel bioactive metabolites may
be possible in this strain, which probably either inde-
pendently or synergistically act together against the
bacterium.

Conclusion

A new strain of green microalgae was isolated
from the Big Almaty Lake. This strain was identified

Int. j. biol. chem. (Online)

using scanning electron microscopy and molecular
identification as Monoraphidium sp. ZBD-06. Ac-
cording to morphology, these are single cells having
the shape of a croissant or the shape of a crescent with
varying degrees of curvature, rounded ends. Cells of
algae with mucus and a wrinkled cell surface, with
chloroplast, which occupies most of the cell volume.

The molecular analysis of this study highlighted
the on-going challenge in identification of microal-
gae strains due to lack of availability of taxonomi-
cally curated DNA databases. For improving success
in accurate specific or infra-specific identification
of microalgae strain, more systematic studies using
combined approach of morpho-taxonomy and me-
tabarcoding using different molecular markers and
deposition of more taxonomically accurate reference
barcodes in curated databases are needed.

A study of the antibacterial activity of this mi-
croalgae culture showed that the extract of a new
strain of psychrophilic microalgae Monoraphidium
sp. ZBD-06 can yield pharmaceutically promising
bioactive substances provided with antibacterial ac-
tivity useful against Gram-negative bacteria Klebsi-
ella pneumonia. However, further studies are needed
to better evaluate the presence of antibacterial com-
pounds in the isolated microalgae, and potential ef-
fectiveness of the crude extract as the antibacterial
agent. It is also expected that additional screening of
this under-explored strain may reveal a novel anti-
microbial substance that have not yet described and
identify yet more useful characteristics for biotech-
nology.
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