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ABSTRACT

From 26 isolated strains of microalgae were selected eight strains and studied for their antimicrobial (antifungal and anibacterian)
and enzymatic activity (amylase, catalase, cellulase, lipase), there are: Oscillatoria acutissima; O. planktonica; O. brevis; O. Acutissima;
Spirulina major; A. variabilis; Nostoc verrucosum and microalgae Chlorella vulgaris. Thus, Chlorella vulgaris, Oscillatoria acutissima and
Spirulina major has more significant inhibition effect at phytopathogen Alt. alternate with zones in the range of 24 - 25 mm. Four cultures O.
planktonica, C. vulgaris, O. brevis and O. acutissima demonstrated antifungal activity at A. niger, it is worth to mention that definite action
demonstrated cyanobacteria O. brevis, inhibition zone being 40 mm. Also strains O. planktonica, C. vulgaris, O. acutissima, S. major and A.
variabilis showed active inhibition effect of phytopathogen B. cinerea, where O. acutissima being the most active (24 mm zone).Growth
inhibition zones of phytopathogen F. solani have been determined to strains O. planktonica, C. vulgaris, O. acutissima, S. major, A.
variabilis and N. verrucosum (20-24 mm). Most of the studied strains of microalgae posses a high enzymatic activity to 4 mentioned

enzymes.
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Introduction

Algae are photosynthetic organisms that
grow in a range of aquatic habitats, including lakes,
rivers, oceans, and even in wastewater. They can
tolerate a wide range of temperatures, salinities and
pH values; different light intensities; and conditions
in reservoirs or deserts and can grow alone or in
symbiosis with other organisms [Muhammad Imran,
2018].

Microalgae can be a rich source of carbon
compounds, which can be used in biofuels, health
supplements, pharmaceuticals and cosmetics [Das,
2011]. They also have applications in wastewater
treatment and CO2 attenuation in the atmosphere.
Microalgae produce a wide range of bioproducts,
including  polysaccharides, lipids, pigments,
proteins, vitamins, bioactive compounds and
antioxidants [Brennan, 2010]. So microalgae are
small factories and renewable, sustainable and
economical sources of biofuels, bioactive medicines
and food ingredients, may be useful in mitigating
high CO2 levels and treating wastewater

Pollution of surface or groundwater or the
environment in general is a matter of great concern
to mankind, having detrimental effects on human
health, altering the natural state of the environment
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and causing serious imbalances in life. In recent
decades, microalgae have been a growing topic in
research and technological development studies,
projects, mainly focused on their resilience to grow
on different types of wastewater. Due to their ability

to proliferate in nutrient-rich environments and to
bio-sequester heavy metal ions, they are ideal
organisms for use in bioremediation strategies
[Mathimani, 2019].

Bioremediation processes by cultivating
microalgae have been used since the late 1950s.
Since then, microalgae have gained attention in the
treatment of urban industrial and agricultural
wastewater using Chlorella sp., Scenedesmus sp. and
Muriellopsis sp. A study by Wang et al. (2010)
showed the ability of microalgae to remove from
wastewater, from 56-100% of metals such as iron,
aluminum, manganese, magnesium and zinc
[Ramirez, 2018]

A recent study showed a reduction in Cr
(VI) in wastewater by the microalga C. vulgaris,
through the enzyme chromeductase and the use of
the scavenger glutathione molecule (GSH). [Yen,
2017]. Nitrilases from Tetraselmis suecica (enzymes
that catalyze the hydrolysis of nitriles into
carboxylic acids and ammonia) have recently been



used for bioremediation of cyanide wastewater
[Park, 2017].

Another study showed that the consortium
between microalgae and Dbacteria, present in
biofilms, was able to remove nitrogen, phosphorus
and the herbicide atrazine from an effluent, with
elimination rates of 91%, 85% and 84%,
respectively [Wang, 2018].

Microalgae metabolize nutrients such as
carbon, nitrogen and phosphorus and use them as
micronutrients. Carbon metabolism is necessary for
the growth of microalgae and for cellular respiration
[Jais, 2017, Almomani, 2016] and nitrogen and
phosphorus are processed to synthesize essential
amino acids and DNA. Microalgae also have the
potential to be used as a biosorbent agent to remove
metals from wastewater. Microalgal polysaccharides
are responsible for the adsorption of metals,
however, this adsorption capacity depends on the
species and the growing conditions. In addition, the
success of bioremediation technologies using
microalgae depends on their ability to tolerate the
concentration of pollutants in the growing
environment. [Pacheco, 2020]

The results of one study showed that the
microalgae Chlorella minutissima, Scendesmus spp
& BGA (Nostoc) and their consortium were very
effective in reducing BODS5, COD, NO3, - NH4,
PO43- and TDS in sewage. Moreover, it was
observed that Chlorella had the best phyto-remedial
potential. [Gulshan, 2013]

Therefore, various enzymatic complexes of
algae have interesting properties for industry,
biological = remediation and  biomonitoring,
representing an opportunity for biotechnological
development. Bioprospecting of algae enzymes
opens the way for the discovery of new biocatalysts.
The use of algae for the production of enzymes has
the advantage that they can be grown without carbon
or nitrogen sources and can consume small amounts
of toxic compounds or heavy metals. Despite the
potential of algae as a source of new enzymes, there
is a lack of knowledge in this field. In the future,
algae enzymes could be useful in various industrial
activities and could serve to protect the environment.

Currently, microalgae and cyanobacteria
are attracting the attention of researchers due to their
use as an alternative source of antibiotics. Among
the first isolated antimicrobial compounds is
chlorelin, from Chlorella sp. which is a mixture of
fatty acids that inhibits the growth of both gram-
positive and gram-negative bacteria (Pratt et al.,
1944). Eicosapentaenoic acid (EPA),
hexadecatrienoic acid, and palmitoleic acid isolated
from Phaeodactylum tricornutum have been shown
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to possess antimicrobial activity against methicillin-
resistant Staphylococcus aureus gram-positive strain
[Benkendorff et al., 2005].

Similarly, unsaturated fatty acids from
Scenedesmus intermedius, Chaetoceros muelleri,
Haematococcus pluvialis, Chlorococcum sp. and
Skeletonema kastum possesses antimicrobial effects
against a wide range of gram-positive and gram-
negative bacteria. In addition, organic extracts of
Euglena viridis and S. kastum showed inhibitory
activity against Pseudomonas sp. and Listeria
monocytogenes [Das, 2005; Terekhova, 2009].
Microalgae and cyanobacteria have also shown
antifungal and antiviral activity against a wide range
of microorganisms. Ghasemi et al. (2007) reported
that methanol and hexane extracts from
Chlamydomonas reinhardtii, Chlorella vulgaris,
Scenedesmus obliqguus and Qocystic sp. prevents the
growth of Aspergillus niger, Candida kefyr and
Aspergillus  fumigatus. Other studies have shown
that biologically active compounds in microalgae
inhibit the growth of viruses. For example, sulfated
polysaccharide compounds isolated from Navicula
and Chlorella autotrophica inhibit the replication of
the enzyme hyaluronidase VHSV, ASFV, HSV 1
and 2 and influenza A virus [Yi Zheng, 2001], and
calcium spirulan (Ca-SP) - sulfulated polysaccharide
isolated from Spirulina platensis which has
properties to inhibit the replication of several
encapsulated viruses, including herpes simplex virus
type 1, human cytomegalovirus, measles virus,
mumps virus, influenza A virus and HIV- infection.
The antiviral effect of Ca-SP is due to the chelation
of calcium ion with sulfate groups. [Toshimitsu,
1996]

Thus, the aim of the research was to
determine the antimicrobial and enzymatic activity
(amylase, catalase, cellulase and lipase) of some
microalgae isolated from the water of the lake "La
Izvor"

Material and methods

From the water of "La Izvor" lake, 8 strains
of microalgae that are of interest for biotechnology
due to their biochemical characteristics and
properties were selected for study and research. The
cultures were isolated by inoculation on liquid
mineral nutrients and agar on Petri dishes.
Hydroalcoholic extracts (60-70%) from microalgae
biomass were used to determine the antimicrobial
activity against phytopathogenic cultures of bacteria
and fungi from the National Collection of Non-
Pathogenic Microorganisms of the Institute of
Microbiology and Biotechnology.



Wells were formed on agar medium
distributed on Petri dishes with an inoculated
phytopathogenic culture, where alcoholic extracts
(60-70%) from the cultures studied by microalgae
and cyanobacteria were added. Petri dishes were
incubated for 48-72 hours at 30 © C. The diameter of
the arecas of inhibition of crop growth was
determined - phytopathogenic test [Gritskevich,
2017].

Results and discussions

Thus, following the experiments, it was
established that the 8 selected microalgae strains
showed antifungal activity against Alternaria
alternate, especially Oscillatoria acutissima and
Spirulina major showed a clear inhibitory effect
presenting (inhibition zones more -24mm and 25mm
diameter, respectively). Cyanobacterial biomass
extracts of O. planctonica, O. brevis O. Acutissima
and from microalgae Chlorella vulgaris, have shown
an inhibitory effect on the growth of Aspergillus
niger, of which a very pronounced action
demonstrated cyanobacterium O. brevis, having a
diameter of the inhibition zone of 40 mm.

It should be noted that the biomass extracts
of cyanobacteria Oscillatoria planctonica, O.
acutissima, Chlorella vulgaris, Spirulina major and
Anabaena variabilis suppressed the growth of
pathogenic fungi of Botrytis cinerea, and O.
acutissima showed a larger area of inhibition (24
mm). An inhibitory action on the growth of the
pathogenic fungus Fusarium solani, have presented
extracts from  Oscillatoria  planktonica, O.
acutissima, Spirulina major, Anabaena variabilis
and Nostoc verrucosum. Chlorella vulgaris showed
a more pronounced action (24 mm). Only the
cyanobacterium Oscillatoria acutissima (30mm
inhibition zone) showed inhibitory action on the
growth of the fungus Fusarium oxysporum.

Table 1. - Antifungal activity of microalgae isolated
from the water of La Izvor lake

Fungus culture test, @ zone
of inhibition (mm)
» = s
Microalgae sp. § <| 5 SIS § 2 § g
DHEE 25535 Y
SESSS§ |25 2
< =8 ~ |~ 3
| Osczllatogfza 21 | 20 2 20 | 0
planctonica
2 Chiorella | 5o | 31| 23 |24 0
vulgaris
3. Nostoc 0122 o |21]0
verrucosum
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4 Oscillatgria 40 | 20 0 0 0
brevis

5| Oscillatoria 1) 10| 94 | 20 | 30
acutissima

6. | Spirulina major | 0 | 25 22 211 0

7 Anabaena 0 |20 21 [22] 0
variabilis

3. Aphanizomenon 0 | 2 0 0 0
flos aquae

The photos below show the areas of growth
inhibition of the reference strains listed in Table 1.

When studying the antifungal properties, a
key element became the analysis of the enzymatic
activity of the microlalge strains isolated from the
water of the lake "La Izvor". So the next step in the
research was to determine the enzymatic activity of
these algae strains.

Fig. 1 - Antagonistic activity of cyanobacterial
strains against Botrytis cinerea and Fusarium solani

Enzymes are considered the most efficient
catalysts for industrial processes. Nowadays,
microbial and fungal enzymes are widely used in the
food industry (amylase, protease, lipase, gluco
oxidase, pectinase, tanase) due to their high
specificity. Algae have interesting metabolic
pathways related to the biogeochemical cycles of
nitrogen, phosphorus and carbon, which could serve
as sources of enzymes with industrial, biomonitoring
and bioremediation applications. [Chandrakant,
2011]. Some studies have reported the ability of
cyanobacteria to produce numerous biological
catalysts for example, amylase, cellulase, lipase,
urease, lactamase, L-asparaginase, L-glutaminase,
arylsulfatase and chitinase [Chakdar, 2012]. Easy
cultivation and simple growing conditions led to the
application of algae in the process of aquatic




bioremediation. [De la Noue 1991; Forootanfaret,
2013]. While enzymes isolated from plants and
animals are less stable than microbial enzymes,
algae appear to be a good alternative source of
enzymes because they can be grown in large
quantities in a short time by fermentation and
because they are susceptible to gene manipulation.
For example, superoxide dismutase, an essential
component in defense against oxygen toxicity, has
been isolated from red and blue-green algae, such as
Porphyridium cruentum and Plectonema boryanum
[Asada, 1975, Misra, 1977]. Carbonic anhydrase
activity has been reported in four species of blue-
green algae, including Anabaena flos-aquae,
Anacystis nidulans, Coccochloris peniocystis and
Oscillatoria  sp. (Ingle, 1975). Cyanobacterial
species and some single-celled green algae are able
to use urea as a nitrogen source that leads to the
activity of urease and urea amidolysis. Urease
activity is depending on the nickel concentration
observed in the cyanobacterium Anabaena
cylindrica [Mackerras, 1986]. Although laccases are
usually found in higher plants, fungi, and insects
[Forootanfar, 2011], the production of a laccase-like
extracellular enzyme has been reported in green
ground cocoid alga Tetracystis aeria [Otto, 2010].

It can be said that algae are important
sources of biomass that can grow in various
environments and  have enzyme-mediated
metabolisms, which makes them good candidates for
enzyme production and could be explored for large-
scale production as future biocatalyst factories with
industrial applications and in bioremediation of the
environment.

Therefore, the enzymatic activity was
performed using express methods for determining
the enzymatic properties, namely amylolytic activity
[Joldas, 2016], catalase activity [Gritskevich, 2017]
lipase activity, [Aly, 2012; Nikitin, 1986,] and
cellulase activity. [Maslak, 2015; Myamin, 2016].

As a result of the experiments on the
enzymatic properties (table 3) it can be mentioned
that the cyanobacterium Nostoc verrucosum had a
high enzymatic activity (+++). Spirulina major
showed a high cellulase activity (+++), and the
amylolytic, catalase, lipase activity was more
decreased (+). In the case of Chlorella vulgaris,
increased activities (+++) of catalase, cellulase and
lipase were expressed. Oscillatoria brevis showed
catalase, cellulose and lipase activity (++), and O.
planktonica - cellulose and lipase activity (++). It
should also be noted that Anabaena variabilis
expressed a high cellulase and lipase activity (+++),
and Aphanizomenon flos-aquae showed lower

enzymatic activities compared to the other
microalgae strains studied.

Table 2 - Enzymatic activity of microalgae isolated
from the water of the lake system "La Izvor"

32 2| ¢
Microalge E = e E.
<3| 38|~
Oscillatoria planctonica | +++ | 0 | +++ | ++
Chlorella vulgaris + ++ | |
Nostoc verrucosum +++ | | |
Oscillatoria brevis 0 ++ | |
Oscillatoria acutissima 0 0 ++ | ++
Spirulina major + + ||+
Anabaena variabilis 0 |[+++ |+ | O
Aphanizomenon flos 0 N n 0
aquae

Fig. 9 - Lipase activity of isolated microalgae strains

(Chlorella vulgaris, O. planktonica, O.acutissima,

Spirulina major) from La izvor lake water
0

Fig 10 - Amylase activity of microalgae strains
isolated from La Izvor lake water (Chlorella
vulgaris, O. planctonica, Nostoc verrucosum, O.
brevis, O.acutissima, Spirulina major)




Fig. 11 - Cellulase activity of microalgae isolated
from lake water La izvor
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Fig. 12 - Catalase activity of microalgae isolated
from lake water La izvor

Conclusions

Thus, as a result of the experiments
performed, we can say that microalgae strains
isolated from lake water showed obvious antifungal
activity against pathogenic strains, and such strains
as: Chlorella vulgaris, Oscillatoria planktonica,
Oscillatoria acutissima and Spirulina major showed
greater areas of inhibition. These strains of
microalgae also showed good indices of enzymatic
activity (amylose, cellulase, lipase and catalase),
among which can be noted Nostoc verrucosum,
Oscillatoria  planktonica, Spirulina major,
Oscillatoria brevis.

The research was funded out within the
project 20.80009.7007.09 (ANCD).
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