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Abstract
Environmental variation has a significant impact on how organisms, including cyanobacteria, respond physiologically and 
biochemically. Salinity and ultraviolet radiation (UVR)-induced variations in the photopigments of the rice-field cyanobac-
terium Nostochopsis lobatus HKAR-21 and its photosynthetic performance was studied. We observed that excessive energy 
dissipation after UVR is mostly caused by Non-Photochemical Quenching (NPQ), whereas photochemical quenching is 
important for preventing photoinhibition. These findings suggest that ROS production may play an important role in the 
UVR-induced injury. To reduce ROS-induced oxidative stress, Nostochopsis lobatus HKAR-21 induces the effective antioxi-
dant systems, which includes different antioxidant compounds like carotenoids and enzymes such as superoxide dismutase 
(SOD), peroxidase (POD), catalase (CAT), and ascorbate peroxidase (APX). The study indicates that Nostochopsis lobatus 
HKAR-21 exposed to photosynthetically active radiation + UV-A + UV-B (PAB) and PAB + NaCl (PABN) had significantly 
reduced photosynthetic efficiency. Furthermore, maximum ROS was detected in PAB exposed cyanobacterial cells. The 
induction of lipid peroxidation (LPO) has been investigated to evaluate the impact of UVR on the cyanobacterial membrane 
in addition to enzymatic defensive systems. The maximal LPO level was found in PABN treated cells. Based on the findings 
of this research, it was concluded that salinity and UVR had collegial effects on the major macromolecular components of 
the rice-field cyanobacterium Nostochopsis lobatus HKAR-21.
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1 Introduction

Cyanobacteria are a unique group of prokaryotes that stand 
out for their contribution to the worldwide fixation of nitro-
gen and carbon dioxide [1, 2]. Regarding overall biomass 
and production in both aquatic and terrestrial environments, 
cyanobacteria are an essential component of microflora [3]. 
As food, fuel, and biofertilizers in paddy fields, they offer 
enormous potential for biotechnological uses [4]. In tropical 
paddy fields, the paramount importance of cyanobacteria in 
sustaining rice production has been recognized for a long 
time [5]. The adaptability of cyanobacteria to the physical, 
chemical and biological changes occurring in the rice eco-
system and their ability to fix nitrogen justifies the impor-
tance of the cyanobacteria. A special feature of cyanobacte-
ria resides in the fact that they constitute a self-supporting 
system where the energy required for  N2 fixation is directly 
obtained through photosynthesis [6]. The independence of 

cyanobacteria in relation to carbon and nitrogen, coupled 
with their great potential to withstand climatic variations, 
permits them to be ubiquitous and to make considerable 
contributions to the productivity of agricultural and other 
ecological habitats [7].

In the current world, climate changes and agricultural 
land degradation pose major challenges to crop productiv-
ity. Ultraviolet radiation (UVR) and rising salt stress are two 
of the main abiotic factors that significantly impact plant 
survival and growth. Currently, salt affects more than 1.2 
billion hectares of land or around 6% of the world's total 
land surface [8]. Salt stress can cause more than $12 billion 
in annual economic losses worldwide [9]. Similar to how 
ozone depletion in the stratosphere is strongly influenced 
by climate change, rising greenhouse gas concentrations 
are also one of the major reasons behind increased influx 
of ultraviolet radiation (UVR), which harms photosynthetic 
ecosystems. Chlorofluorocarbons (CFCs) have dropped as a 
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result of the Montreal Protocol, but the ozone layer will not 
fully recover within this century [10, 11]. In recent times, 
salinization and climate change have affected almost all bio-
logical processes, including plant growth, photosynthesis, 
protein synthesis, and the metabolism of protein and phos-
pholipids [12]. Similarly, the photosynthetic apparatus of 
cyanobacteria is comparable to that of higher plants, as the 
lipid content and overall membrane assembly of their thy-
lakoid membranes and light-harvesting apparatus [13, 14]. 
Therefore, in order to research the processes of photosyn-
thesis, membrane lipids, and signal transduction under abi-
otic stress, cyanobacteria might well be utilized as a model 
organism, which may also provide a useful model for higher 
plants [15].

Photosynthesis and nitrogen fixation are energy-intensive, 
ecologically significant processes that depend on captur-
ing solar light [16]. In order to power both the photosys-
tem (PS) PSI and PSII in cyanobacteria, the phycobilisome 
(PBS) (light-harvesting complex) of cyanobacteria gathers 
photosynthetically active radiation (PAR; 400–700 nm) 
of the solar spectrum [17]. Cyanobacteria are frequently 
exposed to deadly amounts of UV radiation (280–400 nm), 
which harms their photosynthetic apparatus because solar 
energy is a necessity for maintaining normal biochemistry 
and physiology of the cell [18]. To reduce the exposure of 
photopigments with UVR, cyanobacteria have a comple-
mentary chromatic adaptation, an ecologically significant 
phenomenon in which cyanobacteria may modify their pig-
ment content in the PBS in response to ambient light quality 
[17, 19]. Cyanobacteria are damaged by UVR, particularly 
UV–B (280–315 nm), in a number of ways [20]. Direct 
consequences include DNA strand breakage, lipid peroxi-
dation, thymine dimer formation-induced DNA damage, 
and impairment of orientation and motility [21–23]. Free 
radicals or reactive oxygen species (ROS) like hydroxyl radi-
cals  (HO·), hydroperoxyl radicals  (HO2

·), hydrogen peroxide 
 (H2O2), and superoxide anion radicals  (O2

−) are responsible 
for these changes [24, 25]. There are few publications on the 
impact of UVR on cyanobacteria's photosynthetic ability, 
despite the fact that several researches have demonstrated 
that UVR destroys photosynthetic components [26]. By 
causing photo-sensitizing reactions in the presence of Chl a 
and phycobilins, UV-A radiation indirectly impacts cells [27, 
28]. UVR often targets PSII in photosynthetic species [29]. 
By photo-inactivating the oxygen-evolving complex or the 
D1 protein, UVR can directly harm PSII [30, 31].

Numerous studies have shown that the effects of UV-B 
radiation on photosynthetic species are detrimental and 
exceedingly diverse, affecting processes at all stages, from 
the molecular to the ecophysiological level [32]. Accord-
ing to certain studies, while largely harmful, UV-A and 
UV-B radiations appeared to have some beneficial effects in 
reducing photoinhibition or aiding the recovery of hindered 

photosynthesis. In vivo Chl a fluorescence is a useful bioin-
dicator for assessing the physiological condition of cyano-
bacteria during UVR. Also, maximum quantum yield and 
electron transport rate can be used as physiological stress 
markers in cyanobacteria [33, 34]. In the present study, we 
have assessed the variation in photopigments, their photo-
synthetic performance under UVR, and the effect of increas-
ing salt concentration on total proteins, lipids, carbohydrate 
composition and phycobiliproteins (PBPs). The maximum 
quantum yield of dark-acclimated samples (optimum quan-
tum yield:  FV/FM), Non-Photochemical Quenching (NPQ), 
relative electron transport rate (rETR), the quantum yield 
of regulated energy dissipation in PSII (Y(NPQ)), and the 
quantum yield of non-regulated energy dissipation in PSII 
(Y(NO)), as determined by pulse amplitude modulated fluo-
rescence (PAM) measurements, were monitored in order to 
study the photosynthetic performance of the cyanobacte-
rium under different UV stress conditions. Thereafter, in 
UV treated cells, in vivo ROS was detected with the help 
of 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA). 
During the organisms' exposure to UVR, the antioxidative 
enzymes such as superoxide dismutase (SOD), peroxidase 
(POD), catalase (CAT), and ascorbate peroxidase (APX) 
were examined. In addition to enzymatic defense systems, 
lipid peroxidation induction has been analyzed to see how 
UV radiation affects the cyanobacterial membrane.

2  Materials and methods

2.1  Experimental organism and growth conditions

The cyanobacterium Nostochopsis lobatus strain HKAR-21 
(Accession no. OP656310) was isolated from rice-fields of 
Mau, Uttar Pradesh, India. Using a light microscope (Olym-
pus CX21i, USA), the cyanobacterium's morphology was 
investigated. Cultures of Nostochopsis lobatus strain HKAR-
21 were routinely cultivated photo autotrophically and axeni-
cally at 25 ± 2 °C in an autoclaved BG-110 medium [35]. 
Fluorescent tubes were used to illuminate cultures at a pho-
ton flux density of 55.08 ± 9.18 μmol  m−2  s−1 for 14 h, fol-
lowed by 10 h of darkness. To prevent contamination, the 
cultures have been subcultured at regular intervals. Every 
experiment was carried out in cultures that grew exponen-
tially or logarithmically over a period of 17 days.

2.2  Sequencing and phylogenetic analyses

The 16S rDNA gene was amplified for molecular charac-
terization, and the maximum likelihood approach was 
applied to evaluate phylogenetic tree mapping. The align-
ment of 16S rDNA gene fragment sequences with known 
sequences obtained in the GenBank database was done using 
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the BLAST software of the NCBI search [36]. ClustalW 
software was used to accomplish multiple alignments. The 
16S rDNA gene sequence of the cyanobacterium was then 
classified into a phylogenetic group in accordance with Desi-
kachary's [37] taxonomy in order to examine the genetic 
diversity both within and between the groupings. After that, 
a phylogenetic tree was created using MEGA-11's neigh-
bour-joining technique [38, 39].

2.3  Experimental setup

Initially, several exogenous NaCl concentrations (0 (con-
trol), 20, 40, 60, 80, 100, and 200 mM) were applied in 
the BG-110  medium for screening purposes. For  LD50 
determination, the experiment was conducted under a light 
intensity of 55.08 ± 9.18 μmol photons  m−2  s−1 at 25 ± 2 °C 
with 14:10 light/dark cycles for 21 days. NaCl (200 mM 
concentration) was found to be lethal for the development 
of the rice-field cyanobacterium Nostochopsis lobatus strain 
HKAR-21. Therefore, it was used together with UVR for 
the further experiments. Afterwards, in sterile glass Petri 
dishes (120 mm in diameter), the uniform cultures of the 
exponentially growing Nostochopsis lobatus strain HKAR-
21 (150 mL of culture with OD 750 nm = 0.72 ± 0.02; Path 
length 1 cm) were taken and subjected to artificial photo-
chemical active radiation (PAR), PAR + UV-A (PA), and 
PAR + UV-A + UV-B (PAB) radiation in a UV chamber 
with and without exogenous addition of 200 mM NaCl 
(PABN) (Merck, S9888). The cells were transferred and then 
exposed to a consistent amount of PAR (55.08 ± 9.18 μmol 
photon  m−2  s−1) (OSRAM L 36 W: 32 Lumilux de luxe 
warm white and Radium NL 36 W: 26 Universal white, 
Germany), UV-A (15 μmol photon  m−2  s−1) (Philips Ultra-
violet-A TL 15 W:12, Holland), and UV-B (6.5 μmol pho-
ton  m−2  s−1) (Philips Ultraviolet-B TL 15 W:12, Holland) 
lights for 72 h at a temperature of about 25 ± 2 °C to avoid 
excessive heating of cells. Different cut-off filter foils, such 
as 320 nm (Folex, Dreieich, Munich, Germany), 395 nm, 
and 295 nm (Ultraphan, Digefra, Munich, Germany), were 
placed on the Petri dishes in order to obtain transmittance 
of the appropriate wavebands of PAR (400–700 nm), UV-A 
(315–400 nm), and UV-B (280–315 nm), respectively. For 
the analysis, equal triplicate samples were taken from each 
filter treatment at predetermined intervals of 0 (control), 6, 
12, 24, 36, 48, 60, and 72 h.

2.4  Determination of total protein and pigment 
contents

The colorimetric approach given by Lowry et al. (1951) was 
used to assess the total protein concentration [40]. Samples 
(2 mL) were taken and centrifuged for 10 min at 10,000 rpm 
at 4 °C. After being washed twice with sterile, double-distilled 

water, the pellets underwent additional processing to extract 
and measure the total proteins. Pellets were treated with 
1.8 mL of alkaline reagent C, which was prepared by com-
bining reagents A and B in a 50:1 ratio (Reagent A: 0.1 N 
NaOH + 2%  Na2CO3; Reagent B: 0.5%  CuSO4.5H2O in 1% 
sodium potassium tartrate) and 200 μL of 50% Folin–Ciocal-
teau reagent in water (Merck, 109,001). Then, solutions were 
mixed properly with the help of a vortex. After that, the sam-
ples were left at room temperature in the dark for 30 min. The 
color intensity was quantified at 660 nm, and the concentra-
tion of the protein content was estimated by using 1 mg  mL−1 
standard of bovine serum albumin (BSA) (Himedia, India).

To determine the pigment concentration, samples were 
homogenized in 100% methanol (Merck, 106,009). The 
samples were kept at 4 °C overnight and then centrifuged at 
10,000 rpm for 10 min. Using quartz cuvettes and a double-
beam spectrophotometer (UV-2900, Schimadzu, Tokyo, 
Japan), the absorption spectra of the supernatants were 
detected over the wavelength range of 200–700 nm. Maxi-
mum absorbance was seen for both Chl a and total carotenes 
at 666 nm and 470 nm, respectively. The procedures outlined 
by Şükran et al. [41] were used to determine Chl a and total 
carotene levels.

By using the following equation,

where Ca = Chl a, Cb = Chl b,  Cx+c = Total carotene and Chl 
b = 0 (In cyanobacteria Chl b is absent).

2.5  Isolation and quantification of PBPs

Cell samples were centrifuged at 10,000 rpm for 10 min at 
4 °C. The pellets were then re-suspended in the same buffer 
with a reaction mixture consisting of 1 mM EDTA,1 mM phe-
nylmethanesulfonylfluoride fluoride (PMSF), and 5% (w/v) 
sucrose after being rinsed twice with phosphate buffer (PB, 
50 mM). Thereafter, cells were periodically sonicated for 
three cycles of 2 min at the brake of 1 min (130W, 20 kHz, 
50% amplitude) respectively. Suspended aliquots were repeat-
edly frozen and thawed at -20 °C and 4 °C, respectively, for 
successful PBPs extraction [42]. The amount of PBP was esti-
mated by UV–Vis spectrophotometer (UV-2900, Schimadzu, 
Tokyo, Japan) by using an equation described by Bennett and 
Bogorad, 1973 [43].

Chl a = 15.65 A666 − 7.340 A653

Cx+c = 1000 A470 − 2.860 Ca − 129.2 Cb∕245

PC
(

mg mL−1
)

=
(

A615 − 0.474 ∗ A652

)

∕5.34

APC
(

mg mL−1
)

=
(

A652 − 0.208 ∗ A615

)

∕5.09

PE
(

mg mL−1
)

= [(A562 − (2.41(PC) − (0.849 ∗ APC)]∕9.62

Total PBP = PC + APC + PE
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2.6  Lipids and carbohydrate estimation

Total lipid from the samples was extracted by using a 
modified Bligh and Dyer extraction method [44]. The salt-
treated cyanobacterial culture (50 mL) was centrifuged for 
10 min at 6500 rpm. After removing the supernatant, the 
cyanobacterial biomass was separated, rinsed with dou-
ble distilled water, and centrifuged once more. Then pellet 
was oven-dried overnight at 70ºC, and the weight of the 
biomass was measured. After that, cyanobacterial biomass 
(g), methanol (mL) and chloroform (mL) were mixed in a 
ratio of 1:2:1 and incubated for 18 h at 25 ± 1ºC. The mix-
ture was then vortexed for 2 min and again for 1 min after 
adding 1 mL of chloroform. After that, 1 mL of double 
distilled water was added to the mixture and quickly vor-
texed again for 2 min. Different layers were separated by 
centrifugation at 3000 rpm for 10 min, and the lowest lipid 
layer that contained the chloroform was gently removed and 
transferred to a sterile, preweighed centrifuge tube (W1). 
Then the chloroform phase was evaporated in a water bath 
at 70ºC for 20 min. Once more, the centrifuge tube's weight 
was taken (W2), W1 and W2 were subtracted and divided 
by dried cyanobacterial biomass to calculate the lipid con-
tent. Finally, the result was multiplied by 100 before being 
represented as % dry cell weight (dcw). The amount of total 
carbohydrates was analyzed by using the Dubois phenol–sul-
furic acid method [45]. For that, 5 mL salt-treated cultures 
were taken and centrifuged for 10 min at 10,000 rpm at 
room temperature, followed by washing with double distilled 
water. Then after, 50 μL of phenol (80%) (Merck, India) and 
5.0 mL of concentrated sulfuric acid were added to the sam-
ples and mixed vigorously before incubation in a water bath 
at 25–30 °C. The color intensity was measured at 490 nm 
using a UV–Visible spectrophotometer, and quantification 
of the carbohydrate was done by using 1 mg  mL−1 glucose 
as a standard (Millipore, 108,337).

2.7  Photosynthetic performance measurements

Using a pulse-amplitude-modulation (PAM) fluorometer 
(PAM-2500, Walz, Effeltrich, Germany), the photosynthetic 
efficiency of Nostochopsis lobatus HKAR-21 under PAR, 
PA, PAB, and PABN-treated samples was assessed after 0, 6, 
12, 24, 36, 48, 60, and 72 h of exposure. Firstly, 2 mL sam-
ples were subjected to modulated light (0.1 μmol  m−2  s−1) 
after being dark-adapted for 15 min at room temperature. 
Then, a light-emitting diode was used to measure the mini-
mal fluorescence yield  (FO). By delivering a saturating 
pulse of 3000 μmol photons  m−2  s−1 for 0.3 s, the maximum 
fluorescence yield  (FM) was determined. After that, photo-
chemistry was induced, and the steady-state condition  (FS) 
was obtained using red actinic light of 101 μmol photons 
 m−2  s−1. To assess the light-adapted maximum fluorescence 

yield  (FM
′), a second saturating pulse at 3000 μmol pho-

tons  m−2  s−1 was administered during the induction phase. 
Furthermore, the minimum fluorescence generation in the 
light-adapted state  (FO′) was quantified under 5 μmol pho-
tons  m−2  s−1 of far-red irradiation at the conclusion of the 
induction phase, immediately following the switching off of 
the actinic light. Based on the measured values of  FO,  FM, 
 FO

′,  FM
′ and  FS, the PamWin 3.20 program automatically cal-

culated the effective quantum yield of photochemical energy 
conversion in PSII (Y(II)), relative electron transport rate 
(rETR), the quantum yield of regulated energy dissipation 
in PSII (Y(NPQ)), and the quantum yield of nonregulated 
energy dissipation in PSII (Y(NO)). In order to calculate 
these parameters, PamWin software uses the following 
equations- [46–50].

where  FV/FM represents the effective quantum yield of pho-
tochemical energy conversion in PSII.

rETR = ɸPSII × irradiance × 0.5,
Relative electron transport rate (rETR) was measured 

according to  Rascher et al. [51]   and Klughammer and 
Schreiber [52].

2.8  Estimation of antioxidant enzymes activity

After the desired intervals of UV exposure, cyanobacte-
rial cell suspensions were collected and centrifuged at 
12,000 rpm for 20 min at 4 °C and with the aid of sonica-
tion (Sonic and Materials, USA) pellet was homogenized 
in extraction buffer (consisting of 50 mM PB (pH 7.5), 
2.5 mM phenylmethyl sulfonyl fluoride (PMSF), 1 mM 
ethylenediaminetetraacetic acid (EDTA), 1% (w/v) poly-
vinyl polypyrollidone (PVP). After that, the homogenate 
was centrifuged again for 10 min at 10,000 rpm at 4 °C 
and the supernatant was used as the reaction mixture for 
the enzyme test [53]. Initially, after incubation in darkness 
for 1 min, the  O2 released and  H2O2 absorbance at 240 nm 
(ε = 39.4  mM−1  cm−1) were measured to assess the cata-
lase (CAT, EC 1.11.1.6) activity [54, 55]. The activity of 
superoxide dismutase (SOD, EC 1.15.1.1) was assessed by 
measuring the inhibition of nitro blue tetrazolium (NBT) 
at 560 nm [56]. Peroxidase activity (POD, EC 1.11.1.7) 
was measured by assessing the production of purpuro-
gallin from pyrogallol by taking absorbance at 420 nm 
at 20 °C [57]. The conversion of ascorbate into mono-
dehydroascorbate at 290 nm (ε = 2.8   mM−1   cm−1) was 
analyzed to determine the ascorbate peroxidase's (APX, 
EC 1.11.1.11) activity [58]. Then, a spectrophotometric 

Y(II) or FV∕FM = FM− FO∕ FM

Y(NPQ) =
(

FS∕FM�
)

− FS∕FM),

Y(NO) = FS∕FM
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technique described by Kampfenkel in 1995 was used to 
determine the ascorbate content [59].

2.9  Estimation of lipid peroxidation

Cyanobacterial samples were homogenized in 100 mM 
phosphate buffer (pH = 7.0) and centrifuged at 15,000 rpm 
for 10 min. Lipid peroxidation level was estimated in terms 
of malondialdehyde (MDA) content as given by Heath and 
Packer (1968) [60]. Four mL of 0.5% Thiobarbituric acid 
(TBA) in 20% Trichloroacetic acid (TCA) and 2.0 mL of 
the supernatant were mixed. Then the mixture was heated 
at 95 °C for 30 min and immediately cooled in an ice 
bath. After that, the mixture was centrifuged for 10 min at 
10,000 rpm to measure the absorbance of the supernatant 
at 532 nm. The value of non-specific absorbance at 600 nm 
was subtracted. Finally, using its 155  nmol−1  cm−1 absorp-
tion coefficients, the MDA concentration was determined 
and represented as nmol (MDA)  g−1 fresh weight.

2.10  Reactive oxygen species (ROS) measurement

ROS measurement was done using a fluorescence micro-
scope and a DCFH-DA dye (Sigma-Aldrich, India). Ini-
tially, a 2 mM stock solution of DCFH-DA in ethanol was 
prepared, which was stored at -20 °C in the dark. Then, 
samples were treated with a 15 µM final concentration of 
dye; after that, all samples were incubated for 1 h in the 
dark at room temperature with continuous shaking. The 
fluorescence of the samples was measured using a fluo-
rescence spectrophotometer (Cary eclipse, Agilent Tech-
nologies) with an excitation wavelength of 485 nm and 
an emission band of 525 nm at room temperature. Fluo-
rescence was assessed in terms of emitted fluorescence 
intensity following various periods of stress exposure [25]. 
Thereafter, imaging was done using the Nikon 90i Eclipse 
microscope. The image was acquired in epifluorescence 
mode using a 20 × and 100 × objectives in a dark room 
equipped with blue (FITC) and green (TRITC) filters. 
Then, NIS elements AR software 4.0 was used for image 
analysis. To avoid photooxidation of the dye, the whole 
ROS estimate process, from sample collection to imaging, 
was carefully carried out in low light. The red autofluo-
rescence of photosynthetic pigments (Chl a and PC) and 
the green fluorescence of dichlorofluorescein (DCF) were 
measured using TRITC and FITC, respectively. Finally, 
green and red fluorescence originating from cells (3 repli-
cates for each treatment) were used to measure ROS levels. 
Green/red (G/R) ratios were used to depict ROS levels, 
with a larger G/R ratio signifying increased ROS produc-
tion [61, 62].

2.11  Statistical analysis

The sum of the mean values ± standard deviation (SD) of 
three biological replicates (n = 3) is used to represent all 
data. Each replicate microscope picture of a total cells was 
evaluated for ROS estimate. The data are displayed as means 
of total cells' measurement ± SD. When a significant differ-
ence was found, all data were subjected to a two-way Analy-
sis of variance (ANOVA) analysis, and a post-hoc multiple 
comparisons analysis using the Tukey test was carried out 
(IBM SPSS statistics version 16.3, Chicago, IL, USA). The 
degree of significance (α) for each test was set at 0.05.

3  Results

Based on microscopic examination, morphological identi-
fication, molecular characterization and phylogenetic tree 
mapping, the cyanobacterium was identified as Nostochop-
sis lobatus HKAR-21. The cyanobacterium's 16S rDNA 
gene sequence was submitted to the NCBI database under 
accession number OP656310. The phylogenetic tree showed 
that Westiellopsis prolifica GBBB09 (accession number 
MT792729) is the closest homologue of Nostochopsis loba-
tus HKAR-21 (Fig. 1). It is found to be a filamentous and 
heterocystous cyanobacterium, a member of the order Nos-
tocales and family Hepalosiphonaceae.

3.1  Total protein and pigment

The salt stress negatively influences the photopigments and 
productivity of rice-field cyanobacterium Nostochopsis loba-
tus HKAR-21. The effects of different salt concentrations on 
pigments and total proteins are shown in the Supplementary 
Table S1. As compared to the control, Chl a, carotenoids, 
and total protein content of Nostochopsis lobatus HKAR-21 
showed 66%, 64.3% and 56.4% depletion (p < 0.05) after 
21 days of 200 mM NaCl treatment, respectively (Supple-
mentary Table S1).

Thereafter, the effect of different radiation conditions 
(i.e., PAR, PA, PAB and PAB + NaCl (200 mM) (PABN)) on 
the photopigments and protein content of Nostochopsis loba-
tus HKAR-21 was measured, which has been summarized in 
Table 1. PAR and PA irradiated cells showed the optimum 
increment in Chl a, carotene and total protein concentration; 
however, in PAB and PABN irradiated cells, a significant 
decrease was observed with the highest inhibition in PABN. 
The Chl a and total protein content of Nostochopsis lobatus 
HKAR-21 showed 72% and 58% depletion after 72 h of PAB 
and PABN treatment, respectively, compared to the controls. 
A two-fold increase in Chl a was observed after 72 h of PAR 
treatment, as well as 33.5% increase in protein content, was 
also determined. Subsequently, in PA-treated cells, 66% and 
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Fig. 1  Phylogenetic relationship 
of the rice-field cyanobacterium 
Nostochopsis lobatus HKAR-
21. The maximum composite 
likelihood approach was used 
to calculate the evolutionary 
distances of isolated cyano-
bacterium. The cyanobacterial 
species shown in green belongs 
to Stigonematales order and all 
the other species shown in black 
were member of Nostocales 
order. The isolated rice-field 
cyanobacterium is shown in red 
color

Table 1  Chl a, total carotene and total protein contents of rice field cyanobacterium Nostochopsis lobatus HKAR-21exposed to PAR, 
PAR + UV-A (PA), PAR + UV-A + UV-B (PAB) and PAR + UV-A + UV-B + NaCl (200 mM) (PABN)

Time (h) Chl a (µg  mL−1) (mean ± SD) Total Carotene (µg  mL−1) (mean ± SD)

PAR PA PAB PABN PAR PA PAB PABN

0 9.19 ± 0.053 9.19 ± 0.053 9.19 ± 0.053 9.19 ± 0.053 641.05 ± 3.64 641.05 ± 3.64 641.05 ± 3.64 641.05 ± 3.64
6 9.94 ± 0.037 9.60 ± 0.021 9.33 ± 0.0370 8.95 ± 0.0161 694.57 ± 3.05 641.54 ± 0.94 752.81 ± 33.14 739.84 ± 3.77
12 10.34 ± 0.029 10.22 ± 0.191 9.60 ± 0.0214 8.43 ± 0.0147 683.74 ± 2.44 683.44 ± 2.05 826.53 ± 13.83 805.71 ± 3.45
24 10.67 ± 0.036 11.03 ± 0.024 8.77 ± 0.0265 8.48 ± 0.021 720.82 ± 1.07 589.45 ± 1.07 973.92 ± 15.54 877.28 ± 1.88
36 11.41 ± 0.029 11.79 ± 0.064 7.39 ± 0.0595 6.55 ± 0.053 874.71 ± 2.97 847.61 ± 1.52 1027.46 ± 11.46 957.09 ± 2.96
48 14.10 ± 0.030 12.49 ± 0.028 6.04 ± 0.0661 4.94 ± 0.1184 905.89 ± 2.56 802.94 ± 1.51 1099.15 ± 9.75 1011.43 ± 8.26
60 16.67 ± 0.034 14.13 ± 0.013 4.16 ± 0.0096 3.32 ± 0.1502 932.35 ± 2.97 1095.92 ± 1.50 1055.92 ± 6.71 1026.73 ± 5.17
72 18.67 ± 0.074 15.24 ± 0.302 2.60 ± 0.0096 1.27 ± 0.0244 1080.07 ± 6.0 1199.98 ± 3.42 1074.43 ± 1.48 908.16 ± 4.62

Time (h) Total Protein (µg  mL−1) (mean ± SD)

PAR PA PAB PABN

0 203.87 ± 3.05 203.87 ± 3.05 203.87 ± 3.05 203.87 ± 3.05
6 212.6 ± 1.25 208.6 ± 5.30 201.73 ± 1.15 184.07 ± 1.15
12 217.47 ± 9.02 213.2 ± 3.46 189.13 ± 2.31 179.6 ± 2.0
24 223.67 ± 4.62 217.87 ± 1.10 172.73 ± 8.33 175.2 ± 4.0
36 241.47 ± 5.03 221.73 ± 1.15 158 ± 3.46 165.73 ± 4.16
48 258.33 ± 4.62 224.67 ± 5.03 142.93 ± 3.05 147.07 ± 2.31
60 261.87 ± 3.05 241.2 ± 3.46 110.2 ± 3.46 104.4 ± 5.30
72 271.8 ± 3.46 246.53 ± 8.08 85 ± 2.02 61.13 ± 3.05
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21% increment was found in Chl a and total protein after 
72 h of treatment, respectively. However, the total carotene 
content was found to be increased by 68% and 87% after 
72 h of PAR and PA treatment, respectively. Nevertheless, 
in PAB-irradiated cells, carotene level was increased by 68% 
after 72 h of irradiation. Similarly, in PABN irradiated cells, 
the carotene level was increased up to 60% after 60 h of irra-
diation; after that, it depleted slightly, as shown in Table 1.

3.2  Total carbohydrate, lipid and PBP content

All three macromolecular components of the cells were 
found to have increased significantly after 21 days of 
growth under control conditions. However, a small 

difference was observed in 20 and 40 mM NaCl-treated 
cells, but all three components were reduced significantly 
in the 200 mM NaCl-treated samples (Fig. 2). Notably, as 
shown in Supplementary Table S2, after 21 days of treat-
ment, a decrease of 48.5% was found in the carbohydrate 
content of 200 mM NaCl treated sample, as well as total 
lipid was also deprived by 63%, as compared to the con-
trol. Similarly, about a 50% decrease in phycobiliproteins 
(PBPs) content was observed after 21 days of treatment 
(Fig. 2).

Fig. 2  Percentage composition 
of phycobiliproteins (PBPs), 
carbohydrate and lipid in 
the biomass of Nostochopsis 
lobatus HKR-21 under different 
salt (NaCl) concentrations. 
The percentage composition of 
PBPs, carbohydrate and lipid in 
the biomass was calculated at 
0 days and after 10 and 21 days 
of growth under different salt 
(NaCl) concentrations
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3.3  Photosynthetic performance and quenching 
coefficients

As indicated in Table 2, the variations in the maximum 
quantum yield of the photosynthetic apparatus  (FV/FM) of 
the Nostochopsis lobatus HKAR-21 were measured under 
PAR, PA, PAB, and PABN stress conditions. A substantial 
reduction in  FV/FM was found in both PAB and PABN irra-
diated samples, with exposure to PABN causing maximum 
inhibition.  FV/FM decreased significantly (p < 0.05) by 91% 
and 99% under PAB and PABN irradiation, respectively, 
after 72 h. However, after 72 h of PAR and PA irradiation, 
respectively, it was discovered that the maximum quantum 
yield of the photosynthetic apparatus  (FV/FM) had risen 
(p < 0.05) concurrently by 40% and 35% (Table 2).

In all samples, the rETR rose with rising light levels until 
it eventually reached a saturation threshold before decreas-
ing at higher light levels. Under various lighting conditions, 
the rETR behaved in a manner resembling the maximum 
quantum yield of the photosynthetic apparatus  (FV/FM). The 
relative electron transport rate (rETR) in cells exposed to 
PAR radiation peaked 72 h after exposure (Fig. 3a), and 
following exposure to PA radiation, a nearly identical pat-
tern was seen (Fig. 3b). Although rETR was found to be the 
highest after 6 h of PAB induction, it decreased sharply with 
the time period (Fig. 3c). Similarly, the PABN treated cells 
showed the maximum value of rETR after 24 h of induction, 
but it dropped quickly to the lowest after 48 h of induction 
(Fig. 3d).

Curves of quenching coefficients, Y(NPQ) and Y(NO), 
showed variations with different irradiations (i.e., under 
PAR, PA, PAB and PABN) and with enhanced levels of 
actinic irradiance, the sample's Y(NPQ) values decreased 
linearly (Fig. 3e–h). Although, the maximum drop was 
observed in the PABN irradiated samples (Fig. 3h). Con-
trastingly, the Y(NO) was found to be increased with time 
as well as different irradiation conditions. In PAR and PA 
irradiated cells, Y(NO) was continuously increased from 0 to 

72 h (Fig. 3i, j). However, in PAB and PABN irradiated cells, 
the value of Y(NO) increased very sharply (Fig. 3k, l). PAB 
radiation led to a significant increase in Y(NO) values which 
increased continuously up to 72 h. However, the maximum 
effect was observed in PABN irradiated cells after 72 h in 
comparison to the control.

3.4  In vivo detection of ROS

Fluorescence microscopy and spectrophotometry were used 
to detect in vivo free radical generation in the cells of the fil-
amentous cyanobacterium Nostochopsis lobatus HKAR-21 
after varying exposure times to PAR, PA, PAB, and PABN 
radiations. Figure 4a shows that, in comparison to the con-
trols, there were substantial variations in the PA, PAB, and 
PABN radiations, which led to an increase in the produc-
tion of free radicals as evidenced by green fluorescence. The 
emission spectra of samples incubated with DCFH-DA after 
varying exposure times to PAR, PA, PAB, and PABN are 
shown in Fig. 4b. The highest levels of ROS were observed 
in the samples that had been exposed to PAB. As compare to 
PAR, 6.5-fold (p < 0.05) increase was found in the DCF-flu-
orescence after 60 h of PAB-treatment (Fig. 4b). Although, 
there was a slight difference in DCF fluorescence observed 
between samples treated with PAR and PA (Fig. 4b). Similar 
to this, as shown in Fig. 4a, under the PABN stress condi-
tion, the production of free radicals increased along with the 
duration of the stress up to 48 h. Following that, a decrease 
in fluorescence was found as a result of the salt's effects on 
the cyanobacterium's photopigments activity (Fig. 4a).

Additionally, Supplementary Fig. S1 shows the DCF and 
chlorophyll auto-fluorescence, green and red ratio (G/R) of 
cyanobacterium treated with PAR and different radiations of 
UVR (i.e., PA, PAB, PABN). Furthermore, similar trend was 
observed in G/R ratio of the cyanobacterium. PAB treated 
cells showed significant increase of 23-fold (p < 0.05) in G/R 
ratio as compared to control. However, PABN treated cell 
showed significant upliftment of 21-fold (p < 0.05) up to 

Table 2  FV/FM of rice field cyanobacterium Nostochopsis lobatus HKAR-21 exposed to PAR, PA, PAB and PABN irradiation at different time 
intervals up to 72 h

Time (h) PAR FV/FM (mean ± SD)

PA PAB PABN

0 0.415 ± 0.0025 0.415 ± 0.0025 0.415 ± 0.0025 0.415 ± 0.0025
6 0.435 ± 0.0055 0.443 ± 0.0055 0.410 ± 0.0065 0.380 ± 0.0031
12 0.451 ± 0.0015 0.474 ± 0.0045 0.375 ± 0.006 0.343 ± 0.0012
24 0.462 ± 0.0045 0.490 ± 0.0015 0.294 ± 0.0031 0.296 ± 0.0044
36 0.511 ± 0.0021 0.495 ± 0.0038 0.238 ± 0.0025 0.188 ± 0.0058
48 0.530 ± 0.0070 0.525 ± 0.0057 0.181 ± 0.0075 0.093 ± 0.0025
60 0.554 ± 0.0036 0.543 ± 0.006 0.099 ± 0.0017 0.024 ± 0.0021
72 0.582 ± 0.0021 0.560 ± 0.0057 0.037 ± 0.0027 0.003 ± 0.0052
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48 h of irradiation. Thereafter, G/R ratio was decreased due 
to impairment of the cells. Thus, it can be concluded from 
the fluorescence spectroscopy and microscopy results that 
PAB radiation had a far greater impact on ROS formation 
than PAR and PA radiations. ROS levels dramatically rose 
under PABN stress conditions, but were soon declined due 
to cell damage.

3.5  Antioxidant enzyme activity estimation

Cyanobacterium exposed to PAR, PA, PAB and PABN 
showed substantial changes in the activity of SOD, POD, 
CAT and APX (Fig.  5). In PAR irradiation, the SOD 
activity increased slightly at the beginning (6 h) and then 
went down continuously to 0.223 ± 0.006. Similarly, SOD 
activity increased 1.8-fold (p < 0.05) after 72 h of PA 
administration compared to the control. However, PAB 
significantly enhanced the SOD activity and was stimu-
lated for up to 72 h. In PAB-treated samples compared 

to controls, its activity increases by 4 times (p < 0.05). 
However, maximum SOD activity was found up to 60 h; 
after that, it decreased to at 72 h. Like PAB-treated cells, 
the SOD activity of the PABN-treated sample was found 
to be increased by 3.6 folds. Although the maximum SOD 
activity was observed after 60 h of treatment, after that it 
decreased sharply. As shown in Fig. 5a.

POD activity was 0.0176 ± 0.0004 U  mg−1 of protein in 
control. It increased 2.17-folds after 72 h of PAR exposure 
(Fig. 5b). After 24 h of PAR exposure, there was a mod-
est decline in POD activity. But following that, it keeps 
rising. In the case of PA exposure, POD activity steadily 
increased, and after 72 h of treatment, induction of up 
to 2.4-fold (p < 0.05) was seen. However, the significant 
rise in response to PAB exposure reached a maximum 
induction of 2.8 (p < 0.05) fold after 60 h of treatment. 
A decrease in POD activity resulted from more irradia-
tion. Similarly, PABN-treated cells showed a continuous 

Fig. 3  Variability in relative electron transfer rate (rETR), the quan-
tum yield of regulated energy dissipation in PSII (Y(NPQ)) and the 
quantum yield of nonregulated energy dissipation in PSII (Y(NO)) of 

Nostochopsis lobatus HKAR-21 cultures exposed to PAR, PA, PAB 
and PABN irradiation for varying time periods (in hours). The error 
bar indicates the standard deviation of mean (means ± SD, n = 3)
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Fig. 4  Fluorescence images of PAR, PA, PAB, and PABN treated 
cells showing intracellular green 2′,7′-dichlorodihydrofluorescein 
(DCF) fluorescence following a different duration of exposure as a 
result of ROS production. The 0  h DCF fluorescence images were 
used as a control (a); Emission spectra of DCF fluorescence inten-
sities following exposure to PAR, PA, PAB, and PABN during vari-

ous exposure times (b). The standard deviation of the mean is shown 
by the error bar (means ± SD, n = 3). The presence of a horizontal 
line over the bars over treatments denotes no significant difference 
(p > 0.05). Tukey test in the range of p < 0.05 was used to evaluate 
the significance of data. Homogeneous mean groups are indicated by 
similar letters across the bars
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increase of 2.3-fold after 48 h of exposure. After 48 h, 
POD activity started to decline (Fig. 5b).

I n  c o n t r o l ,  C A T  a c t i v i t y  w a s 
0.0135 ± 0.0004 µmol  min−1  mg−1 protein; after 72 h of 
PAR exposure, this value marginally rose up to 1.6-fold 
(Fig. 5c). After 72 h of PA administration, there was a 2.5-
fold (p < 0.05) induction of CAT activity, which increased 
steadily in response to PA exposure. Similar to how CAT 
activity increased after PAB exposure, maximal induction 
was seen at 60 h (i.e., 5 times) (p < 0.05) after treatment. A 
decrease in CAT activity resulted in more irradiation. How-
ever, only a slight increase in the CAT activity was observed 
(twofold) after 72 h of PABN treatment (Fig. 5c).

After 72 h of treatment, APX activity in samples that 
had received PAR rose but not significantly, and it remained 
nearly at the same level as in control samples (Fig. 5d). When 
compared to the control, APX activity increased consider-
ably after exposure to PA and PAB. Up to 72 h of stimula-
tion in PA, it was enhanced by 7.8-fold (p < 0.05). The APX 
activity under PAB also increased significantly (p < 0.05), 
peaking 10.6-fold after 60 h of treatment in comparison to 
the control. After exposure to PAB for 60 h, the activity was 
observed to have decreased. After 72 h of PABN administra-
tion, no appreciable rise in APX activity was seen; instead, 
it stayed at the same level as the control (Fig. 5d). Under 
UVR (PAB) stress, the examined cyanobacterium showed a 

Fig. 5  Activity of antioxidative enzymes. SOD (U mg  protein−1) (a); 
POD (U POD  mg−1 protein) (b); CAT (μ mol  min−1  mg  protein−1) 
(c); APX (μ mol.min−1  mg  protein−1) (d), in Nostochopsis lobatus 
HKAR-21 subjected to PAR, PA, PAB, and PABN irradiation for var-
ied time periods. The standard deviation of the mean is shown by the 

error bar (means ± SD, n = 3). The presence of a horizontal line and 
the bars over treatments denotes no significant difference (p > 0.05). 
Tukey test in the range of p < 0.05 was used to evaluate the signifi-
cance of data. Homogeneous mean groups are indicated by similar 
letters across the bars
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positive correlation between exposure time and physiologi-
cal processes such as ROS production, SOD, POD, CAT, and 
APX activities. The action of SOD, POD, CAT, and APX 
against ROS production also showed a favorable connection. 
This could be the result of enhanced antioxidant enzyme 
activity in response to rising UVR exposure.

3.6  Lipid peroxidation

Lipid peroxidation measured as MDA content of Nosto-
chopsis lobatus HKAR-21 irradiated with different periods 
of PAR, UV-A, UV-B and UVBN irradiation are shown 
in Fig. 6. The results high-lighted that after 72 h of PAR 
and PA irradiation, the MDA contents were increased by 
0.209 (1.57 times) and 0.252 (1.69 times) nmol  g−1fresh 
weight respectively, as compared to the control. However, 
in PAB-irradiated samples, the highest increment of 1.73-
fold in MDA content was found after 60 h of treatment as 
compared to the unirradiated control culture, but after 60 h, 
there was a slight decrease. Similarly, in PABN treated cul-
ture, the MDA contents were increased by 1.70-fold, as com-
pared to the control but after 48 h of the incubation period, 
it decreased sharply (Fig. 6).

4  Discussion

Physiological and biochemical responses of organisms 
including those of cyanobacteria, are profoundly influenced 
by environmental variation. Incoming sun radiation is essen-
tial for cyanobacteria to carry out the processes of nitrogen 

fixation and photosynthesis. Increasing salinity and UV-radi-
ation are the two major abiotic factors that severely affect the 
photosynthetic efficiency and photopigments accessibility of 
many chlorophyllous organisms. The present study focused 
on studying the combined effect of salt (NaCl) and UV-
radiation in rice field cyanobacterium Nostochopsis loba-
tus strain HKAR-21. The extensive salinity increment sup-
pressed the photopigments activity and negatively affected 
the production of many other macromolecules of Nostochop-
sis lobatus strain HKAR-21. However, the inhibiting effect 
of NaCl was more pronounced at 200 mM concentration. In 
addition to salt, UV light causes photosynthetic pigments 
to fade while also impairing cyanobacterial photosynthesis 
quickly [63]. Additionally, it has a negative impact on the 
productivity, yields, and protein composition of many cyano-
bacterial species [64]. Because of the protein's absorbance 
range, it can be easily damaged by UV light [65]. Thus, these 
findings demonstrate that proteins are more vulnerable to 
PAB radiation than PAR and PA radiation. Numerous reports 
have highlighted that exposure to UV radiation decreases the 
effectiveness of the photosynthetic activity of cyanobacteria 
[18, 66]. Chronic photoinhibition is increased by the break-
down of PSII structural D1 proteins in response to strong 
UV light. [67].

The current study focuses on modifications in total pro-
teins and photosynthetic pigments caused by PAR, PA, 
PAB, and PABN (Table 1). It has also been determined how 
changes in rETR, Y(NPQ), and Y(NO) (Fig. 3), as well as 
the activity of antioxidant enzymes (Fig. 5) like CAT, SOD, 
POD, and APX have affected the maximum quantum yield 
of PSII  (FV/FM) of the cyanobacterium, as shown in Table 2. 
Additionally, the lipid peroxidation activity and free radi-
cals (ROS) in living cells have been measured with the help 
of DCFH-DA dye. As shown in Table 1, UVR exposure 
time had a substantial impact on the photosynthetic pigment 
damage in Nostochopsis. It was also noted that the amount 
of the photosynthetic pigment Chl a changed depending on 
how long it was exposed to PAR, PA, PAB, and PABN. In 
contrast to PA, where Chl a increased more slowly, a large 
rise in Chl a was seen in PAR. However, cells exposed to 
PAB and PABN radiation showed a considerable reduc-
tion. Intense PAB and PABN exposure to photosynthetic 
pigments causes fast bleaching and suppresses photosyn-
thetic activity in cyanobacteria [63]. This effect was more 
enhanced in PABN-irradiated cells due to the presence of 
salt, which increases the fluidity of the membrane and sig-
nificantly helps UV-B radiation to breach the cyanobacte-
rial cells. In terms of the overall carotene content, it can 
be shown that cells maintained under various exposure 
conditions produce much more carotene. As indicated in 
the Table 1, biggest rise in carotene level was seen in cells 
exposed to PA; Although, in PAB treated cells total carotene 
synthesis was significantly increased up to 48 h, after that 

Fig. 6  Effect of different exposure time of UV radiation on MDA 
content (nmol.  g−1fresh weight) of Rice-field cyanobacterium Nos-
tochopsis lobatus HKAR-21. The standard deviation of the mean is 
shown by the error bar (means ± SD, n = 3). The presence of a hori-
zontal line and the bars over treatments denotes no significant differ-
ence (p > 0.05). Tukey test in the range of p < 0.05 was used to evalu-
ate the significance of data. Homogeneous mean groups are indicated 
by similar letters across the bars
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it begins to decline. This increment in the carotenes con-
centration was highlighted that carotenes are well-known 
photoprotective molecules having a strong capacity to scav-
enge ROS [68]. Similar results were found by Vincent and 
Quesada 1994 in Aphanothece sp., increased total carotene 
content as a result of UV-B exposure because of their func-
tion as singlet oxygen scavengers [69].

This study discovered that Nostochopsis exposed to PAB 
and PABN had significantly reduced photosynthetic effi-
ciency (Table 2). The observed decline in Nostochopsis' pho-
tosynthetic capacity under UVR was consistent with other 
results that noted a decline in  FV/FM under UVR in a number 
of cyanobacterial species [64, 70]. Although both UV-B and 
UV-A damage to PSII has similar effects, UV-A damage is 
often less severe [71]. Additionally, exposure to UV-B radia-
tion can alleviate the stress and enhance the turnover of D1 
and D2 proteins in the reaction center of PSII in cyanobac-
teria [72]. A few studies have shown the negative effects of 
UVR (long-term exposure with modest PAR and UVR) on 
photosynthetic performance and its recovery after damage 
[65]. Furthermore, our findings demonstrate that rETR in 
cells exposed to PAR, PA, PAB, and PABN differs consid-
erably. rETR values rise with radiation exposure until they 
reach a saturation point, and they were lower in the samples 
exposed to PAB and PABN than those treated with PAR and 
PA, as shown in (Fig. 3a–d). The rETR increased steadily 
as exposure time to PAR and PA increased, showing a con-
siderable improvement in the photosynthetic system's abil-
ity to transport electrons. However, when the actinic light 
irradiance of PAM rises, the cyanobacterium Nostochopsis 
lobatus HKAR-21 electron transport system becomes satu-
rable, causing PAM to abruptly down-regulate. The quantum 
yield of PSII and rETR both responded similarly. However, 
in samples exposed to PAB radiation, rETR levels spiked for 
up to 6 h before steadily falling to their lowest point. After 
60 h of irradiation, samples stored in PABN exhibited a con-
siderable reduction in rETR, and it was discovered that cells' 
ability to transport electrons was entirely stopped.

Our study indicates that constant exposure to UV-radia-
tion with salt shows a synergistic effect on the photosystem 
of cyanobacterium, and the electron transport channels of 
cells were affected severely, which results in the unsystem-
atic or random movement of electrons [70]. Furthermore, 
in this study, increased Y(NO) (Fig. 3i-l) and decreased 
Y(NPQ) (Fig. 3e–h) of Nostochopsis lobatus HKAR-21 
indicated that more absorbed energy flux was dissipated 
through non-regulated quenching mechanisms in PSII to 
prevent the over reduction of ETC in stressed Nostochopsis 
lobatus HKAR-21. This suggests that non-regulated heat 
dissipation plays an important acclimatory role in rice field 
cyanobacterium Nostochopsis lobatus HKAR-21 to pro-
tect the photosynthetic machinery from photo-inhibition 
under higher doses of UV-radiation and salt stress, with the 

regulated heat dissipation playing possibly a less important 
role. Very similar findings in six cyanobacterial species were 
also reported by [73] under high-light conditions.

Continuous exposure to PAR, PA, PAB, and PABN 
revealed a considerable rise in the antioxidant enzymes 
needed to counteract the harmful effects of free radi-
cals (Fig. 5) [74]. As reported earlier, In Nostoc sp. strain 
HKAR-2, it was discovered that the CAT, SOD, and APX 
activities were increased during the daily transient light and 
dark phases of PAR, UV-B, and PAR + UV-B [63]. The 
activity of CAT, SOD, and POD increased continuously 
during the light phase of PAR, PA, and PAB irradiation 
in Anabaena siamensis TISTR-8012, according to a simi-
lar finding by Rastogi et al. [26]. Similar to this, as shown 
in Fig. 5, our research discovered a multifold increase in 
antioxidative enzyme activity (i.e., SOD, POD, CAT, and 
APX) following PAB and PABN irradiation as compared 
to PAR. However, PAB-treated samples showed the great-
est induction of all examined antioxidative enzymes. Our 
results agree with other studies on Anabaena doliolum by 
Singh et al. (2013) [70]. Additionally, prior research has 
demonstrated that UV-B radiation induces the transcripts 
of antioxidant enzyme systems [75]. Three cyanobacteria 
were shown to have increased SOD, CAT, and POD activity 
after being exposed to UV-B light for 15 and 60 min [76, 
77]. The cyanobacterial cells are protected by the larger rise 
in the activity of the SOD, CAT, and POD defence mecha-
nisms, which scavenge excessive ROS and protect PSII from 
increased UVR. By reducing Chl a bleaching, photoinhibi-
tion of photosynthesis, lipid peroxidation, and DNA damage 
after UVR exposure, exogenous antioxidant supplementation 
improved the survival rates of Anabaena sp. [27] and Nos-
toc sp. [78]. These results of antioxidant enzyme activity 
were clearly reinforced by the in vivo ROS increment in the 
cyanobacterial cells, which was clearly observed in fluo-
rescence microscopy, (Fig. 4a) spectroscopy (Fig. 4b) and 
G/R ratio (Supplementary Fig. S1) of the cyanobacterium. 
There was an increase in MDA content after UV radiations 
in Nostochopsis lobatus HKAR-21 (Fig. 6). An increase in 
MDA contents is similar to results obtained by other inves-
tigators on Chlorococcum sp. [79] and Anabaena sp. [80]. 
This increase in MDA contents is due to the peroxidation of 
the membrane lipids due to increased ROS production dur-
ing UV radiation [81].

5  Conclusion

Based on the findings of this research, it was demonstrated 
that salinity and UV-irradiation severely affect the major 
macromolecular components of the rice-field cyanobacte-
rium Nostochopsis lobatus HKAR-21. Salt stress mainly 
causes impairment in the membrane, which negatively 
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impacts the cyanobacterial cell's osmotic balance. Results 
in depletion of major protein components and photopigments 
activity. UV radiation primarily affects the photosynthetic 
pigments, damages the electron transport rate, as well as 
negatively impacts the composition of the lipid membrane 
of the cyanobacterium. Compared with PAR, UV radiation 
significantly changes the flow of energy and the cyanobac-
terium dissipates electrons in a non-regulated manner. In 
PSII exposed to UVR, NPQ may be the primary mechanism 
for excessive energy dissipation, whereas photochemical 
quenching is essential in avoiding photoinhibition. These 
findings suggest that ROS production may play a role in 
the UVR-induced injury. To reduce ROS-induced oxida-
tive stress, cyanobacteria have evolved effective antioxidant 
systems, which include antioxidant compounds like carot-
enoids and antioxidant enzymes like SOD, POD, CAT, and 
APX. Our study indicated that the cyanobacterium has many 
enzymatic and non-enzymatic strategies to cope with these 
increasing abiotic stresses. But, if this scenario continues 
to be like that, then it will severely impact the productivity 
of photosynthetic organisms like cyanobacteria. As cyano-
bacteria are the major contributors in rice production, their 
growth impairment will adversely impact the productivity 
of one of the most important crops on which more than a 
billion people are dependent. Therefore, extensive research 
is required in the field of abiotic stresses and their impacts 
on the photosynthetic ability of organisms like cyanobacte-
ria. The molecular exploration of different genes involved 
in the resilience of stresses such as UVR are still a research 
area to be explored. Hence, efforts are required to reduce the 
soil salinity together with climate shift for the sustainable 
development of organisms.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s43630- 023- 00517-y.
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