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Abstract 
Mycosporine-like amino acids (MAAs) are ultraviolet-absorbing 
compound, synthesized by several organisms including cyanobacteria, 
having photoprotective and antioxidant functions. MAAs were partially 
characterized and investigated from Lyngbya sp. and Scytonema sp. 
HKAR-3, inhabiting trees, collected from different sites in the B.H.U. 
(Varanasi) campus. Lyngbya sp. is predominant on trees such as Madhuca 
indica, Azadirachta indica and Tamarindus indicus, while Scytonema sp. 
HKAR-3 was collected from Azadirachta indica. Based on the high-
performance liquid chromatography coupled with diode array detector 
and ion trap liquid chromatography/ mass spectrometry analysis, the 
compounds were identified as shinorine (RT- 2.2, UVλmax - 334 nm), 
mycosporine-glycine (RT- 5.05 min, UVλmax- 310 nm) and porphyra-334 
(RT- 3.40 min, UVλmax - 334 nm). These photoprotective compounds 
isolated from cyanobacteria may protect them from deleterious effects of 
harmful UV radiation and also have biotechnological applications. 
Key words: Cyanobacteria; Lyngbya sp.; Scytonema sp.; High performance 
liquid chromatography; photoprotective compounds. 

Abbreviations:  MAAs- Mycosporine-like amino acids 
RT- Retention time 
UVλmax - Absorption maxima 

INTRODUCTION 
Cyanobacteria, cosmopolitan in distribution ranging from hot springs to Arctic and 

Antarctic regions, is phylogenetically a primitive group of Gram-negative prokaryotes 

having higher plant-type oxygenic photosynthesis. They are the first organism to 

release oxygen into the oxygen-free atmosphere. Thus, cyanobacteria were responsible 

for a major global evolutionary transformation leading to the development of aerobic 

metabolism and the subsequent rise of higher plant and animal forms [1]. They can be 
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used as a model organism for studying the adverse effects of UV-B because they were 

exposed early in their evolution to UV-B fluxes much higher than present UV-B levels 

[2]. They play important role in successional processes, global photosynthetic biomass 

production, nutrient cycling [3] and as a natural biofertilizer [4]. TOMS (Total Ozone 

Mapping Spectrometer) data indicate Antarctic ozone ‘hole’, which is three times larger 

than the entire land mass of United States, due to continued depletion of stratospheric 

ozone layer, mainly due to anthropogenically released atmospheric pollutants such as 

chlorofluorocarbons (CFCs), which is responsible for the increase in solar ultraviolet 

radiation, mainly UV-B (280-315 nm) reaching the Earth's surface [5,6]. The ‘hole’ had 

expanded to a record size of approximately 28.3 million square kilometers, which may 

continue throughout this century [7]. Because of the public and scientific concern about 

the potential increase in UV-B fluxes, the assessment of the potential harmful effects of 

solar UV-B radiation on aquatic and terrestrial ecosystems has received considerable 

attention during recent years. UV-B has wide range of effects such as destruction of 

proteins, DNA and other biologically relevant molecules, chronic depression of key 

physiological processes, acute physiological stress, consequently the productivity of 

ecosystems [8-10]. However, in spite of, all these deleterious effects, cyanobacteria are 

still surviving in such environment because they have developed certain mechanisms to 

counteract the deleterious effects of UV-B such as repair of DNA damage 

(photoreactivation and excision repair) [11,12], accumulation of carotenoids and free 

radical scavenging enzymes such as superoxide dismutase [13,14] and the synthesis of 

UV-absorbing compounds [15-19]. Certain cyanobacteria synthesize colourless, water-

soluble compound, mycosporine-like amino acids [15, 20-23]. Mycosporines were first 

identified in fungi as having a role in UV-induced sporulation [24-27]. MAAs has also 

been characterized in Antarctic and halophilic cyanobacteria [28,29], heterotrophic 

bacteria [30], red algae [22] and lichens [31]. Based on their retention times (HPLC 

analysis) and characteristic absorption maxima approximately 20 MAAs have been 

identified from diverse organisms [9,32]. Asterina-330, porphyra-334, shinorine 

(absorption peak at 334 nm) and mycosporine-glycine are common types of MAAs [20]. 

MAAs act as a UV-absorbing sunscreen in marine organisms exposed to high level of 

solar radiation [33]. Other than protection, they play an important role in 

osmoregulation [28,34] and there is also probability that it transfers radiant energy to 

the photosynthetic reaction centre [35]. MAAs were failed to provide complete 
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protection to the photosynthetic pigments, chlorophyll and the accessory light 

harvesting pigments such as phycocyanin. The antioxidant properties are limited to 

oxo-carbonyl MAAs. The screening efficiency may increase in colony and mat-forming 

cyanobacteria [36]. Accumulation of MAAs in the cell is osmotically regulated. 

Halotolerant cyanobacteria in field population contain unusually high concentrations of 

MAAs [28]. UV-A has been found to be more effective than UV-B for the MAAs induction 

in red alga Chondrus crispus [37].  Porphyra-334 was UV-B induced in three strains of 

the cyanobacteria Nodularia [38]. Euhalothece-362 (2-(E)-3-(E)-2,3-dihydroxyprop-1-

enylimino-mycosporine-alanine) having absorption maxima at 362 nm is reported from 

Euhalothece sp. [39]. Mycosporine-like amino acids act as antioxidant against active 

oxygen sp. synthesized by UV-induction to prevent cellular damage [33]. Mycosporine-

like amino acids may prevent 3 out of 10 photons from hitting cytoplasmic targets and 

cells with high concentration of mycosporine-like amino acids is protected from 

photodamage 25 % more than the cells with low concentration of mycosporine-like 

amino acids [16]. MAAs can dispel energy as heat without generating ROS [40]. Mostly 

MAAs are steady over temperatures up to 60 °C and high pH i.e., up to 11 [41].  

 

MATERIALS AND METHODS 

BIOLOGICAL MATERIAL 

Random sampling was done from the bark of the trees from different sites in the BHU 

campus (Varanasi). Lyngbya sp. (trichome with firm sheath, heterocyst absent) was 

predominant but Scytonema sp. HKAR-3 (filaments false branched, heterocyst present) 

was also present on some of the trees. 

EXTRACTION OF MAAS 

Cyanobacterial mats (0.5 g) were extracted in 2 ml of 100 % HPLC grade methanol for 

overnight at 4 oC. Next morning the aliquots were centrifuged at 5000 rpm for 15 min 

(GP centrifuge, Beckman, Palo Alto, USA) and supernatants were subjected to 

spectroscopic analysis between 250 to 700 nm in a single beam spectrophotometer (DU 

70, Beckman, Palo Alto, USA). After scanning of methanolic extracts, supernatant was 

evaporated to dryness at 45 oC and the extract were redissolved in 1 ml of double 

distilled water. To this suspension few drops of chloroform were added and water 

phase were taken in new Eppendorf tubes to get rid of lipophyllic compounds. 
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ABSORPTION SPECTROSCOPY  

The spectroscopic analysis of this suspension containing only water-soluble compounds 

was made again in the range of 250 to 500 nm. The raw spectra were transferred to a 

microcomputer and peaks were analysed for both solvents (methanol and water) using 

the software provided by the manufacturer. Finally, the samples were filtered through 

0.2 µm pore-sized microcentrifuge filters (Mikro-Spin Zentrifugenfilter, Roth, 

Karlsruhe, Germany) in order to partially purify the mycosporine-like amino acid 

(MAA) and subjected to HPLC analysis. 

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

Analysis of water-soluble compounds was done by using a HPLC system (Merck Hitachi; 

Interface D-7000, UV-Detector L-7400, pump L-7100, Darmstadt, Germany) equipped 

with a Licrospher RP 18 column and guard (5 µm packing; 250 × 4 mm I.D.) The 

samples were injected with a Hamilton syringe into the HPLC column through a 

Rheodyne injection valve equipped with a sample loop. The wavelength for detection 

was 330 nm with a flow rate of 1 ml/min. A mobile phase of solvent A (0.02 % acetic 

acid v/v in double distilled water) and solvent B (100 % acetonitrile) was used with a 

0-15 min solvent A and solvent B for next 15-30 min in order to get better resolution 

instead of only using 0.02 % acetic acid as mobile phase. 

RESULTS AND DISCUSSION 

Table 1 shows a number of cyanobacteria growing as thick yellow-brown leathery mats 

on different trees as Madhuca indica, Azadirachta indica, Tamarindus indicus etc. (Fig. 

1). The cyanobacterial strains isolated were mainly Lyngbya sp. (trichome with firm 

sheath, heterocyst absent) and Scytonema sp. HKAR-3 (filaments false branched, 

heterocyst present) (Fig. 2). High performance liquid chromatography (HPLC) (Fig. 3) 

studies revealed that the MAAs having retention time of 2.2 min and absorption 

maxima of 334 nm that was identified as shinorine, commonly found in these species. 

But the MAAs such as mycosporine-glycine (RT- 5.05 min, ABS- 310 nm) and porphyra-

334 (RT- 3.40 min, ABS- 334 nm) (Fig. 4) were also reported from Scytonema ap. HKAR-

3 inhabiting Azadirachta indica, Kabir colony, IT girls hostel road, Post office road, 

Karaundi gate, Jodhpur colony, B.H.U. and Lyngbya sp. inhabiting Tamarindus indicus, 

Botanical Garden Road, Institute of technology road, B.H.U., Varanasi respectively.    

             Cells with higher concentration of MAAs has been described to provide 

protection as a UV-absorbing/ screening compound [17]. It was also suggested that 
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MAAs may also act as antioxidant [33]. The antioxidant properties are limited to oxo-

carbonyl MAAs. The screening efficiency may increase in colony- and mat-forming 

cyanobacteria [36]. In some organisms MAAs accumulation is stimulated by UV-A 

radiation [42]. UV-A has been found to be more effective than UV-B for the MAAs 

induction in red alga Chondrus crispus [37]. Studies revealed that the compound 

commonly found in the Lyngbya sp. having absorption maxima at 320 nm and retention 

time around 4.05 is palythine which was reported on Madhuca indica, Azadirachta 

indica and Tamarindus indicus. In addition to palythine, another unidentified water-

soluble, brownish compound having absorption maxima at 315 nm and retention time 

around 2.59 min was reported only from the Scytonema sp. HKAR-3 inhabiting Madhuca 

indica, Indoor Stadium Road; Azadirachta indica, Kabir colony. It is a novel compound 

because its absorption and other properties neither matches with MAAs nor with lipid-

soluble scytonemin [17]. Scytonemin was extracted mainly from Lyngbya sp. (on a rock 

at the shore near Sao Fransisco do Sul, Brasil) in 100 % acetone and the organism was 

recultivated and again scytonemin was extracted after three weeks [43]. Scytonema sp. 

is more tolerant to UV-B radiation than other cyanobacteria [44]. Porphyra-334 (RT- 

3.40 min, ABS- 334 nm) was reported from the Lyngbya sp. inhabiting Azadirachta 

indica, post office road. Mycosporine-glycine (RT- 5.05 min, ABS- 310 nm) was reported 

from Lyngbya sp. inhabiting Azadirachta indica, Jodhpur colony; Tamarindus indicus, IT 

side road and from Aphanothece sp. inhabiting Madhuca indica, Jodhpur colony. 

Asterina-330, porphyra-334, shinorine (absorption peak at 334 nm) and mycosporine-

glycine are common types of MAAs [20]. It was suggested that MAAs in Nostoc commune 

was located extracellularly and linked to oligosaccharides in sheath which may act as a 

true sunscreen [21,45]. UV and osmotic stress have been reported to induce MAAs 

synthesis in Chlorogloeopsis sp. under laboratory conditions [28, 34]. The adverse 

effects of UV-B radiation on the phycobilisomes of Nostoc sp. HKAR-2 is observed, 

despite all these, the cyanobacterial species survives in the shifting environments [46]. 

There is also probability that it transfers radiant energy to the photosynthetic reaction 

centre [35]. However, the synthesis of type of MAAs is light quality dependent such as 

blue light favored the accumulation of porhpyra-334, palythine and asterina-330 and 

white, green, yellow and red lights favored the accumulation of shinorine [47]. UV-B-

treated cells, in all strains of Nodularia spumigena showed a significant accumulation of 

total MAAs, indicating that UV-B had an important role in the induction of MAAs [48]. 
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Conde et al. [40] suggested that palythine is highly photostable in aqueous solution. The 

synthesis of UV-absorbing/screening compounds is an important mechanism to 

prevent UV-induced photodamage [49,50]. Recently, Oyamada et al. [51] investigated 

the effect of three MAAs, (shinorine, porphyra-334 and mycosporine-glycine) extracted 

from scallop ovaries, on human fibroblast cells and found that these three MAAs act as 

UV protector. Thus, MAAs play a significant role as photoprotective compound [52] 

suggested that cyanobacteria play a crucial role as biofertilizer, have developed a 

sequence of strategies to defend against environmental stresses. MAAs are chiefly 

cytoplasmic due to their high-water solubility that enables MAAs to be easily dispersed 

in the cytoplasm [53].  The photoprotective role of MAAs is due to their absorption 

spectra and molar extinction coefficients. Their absorption gradient (268-362 nm) is in 

the ultraviolet radiation spectrum (approx. 295-400 nm) that reaches the Earth’s 

surface, while their high molar extinction coefficients (ε = 12.400-58.800 M-1 .cm-1) 

validate how strongly MAAs absorb light at this wavelength range. The MAAs 

concentration is directly proportional to their level of ultraviolet radiation exposure, 

which be contingent on latitude, altitude, seasonality and water depth [54-57]. MAAs 

now have commercial attention as they can provide a varied range of protection against 

ultraviolet rays. They can conjugate with biopolymers or nanoparticles, increasing their 

steadiness and efficacy [58].  

Table 1. Cyanobacteria inhabiting different trees and presence of various MAAs  

S.No. Name of the Tree Cyanobacteria RT 

(min) 

λmax 

(nm) 

MAAs Collection site 

1 Madhuca indica Lyngbya sp. 2.2 334 Shinorine Indoor stadium 

road, Jodhpur 

colony, B.H.U., 

Varanasi 

2 Azadirachta 

indica 

Lyngbya sp., 

Scytonema sp. 

HKAR-3 

2.2 

5.05 

334 

310 

Shinorine 

Mycosporine-

glycine 

Kabir colony, IT 

girls hostel road, 

Post office road, 

Karaundi gate, 

Jodhpur colony, 

B.H.U., Varanasi 

3 Tamarindus 

indicus 

Lyngbya sp. 2.2 

3.4 

334 

334 

Shinorine 

Porphyra-334 

Botanical garden 

road, Institute of 

technology road, 

B.H.U., Varanasi 
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Madhuca indica Azadirachta indica Tamarindus indicus 

Fig. 1: Cyanobacterial mats on the bark of different trees 

  
Lyngbya sp. Scytonema sp. 

Fig. 2: Photographs of different cyanobacteria collected from different trees (10X) 

 

 
Fig. 3: HPLC chromatograms of various MAAs 
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CONCLUSION 

Continued depletion of ozone layer resultant in higher level of UV-B radiation having an 

adversative effect on cyanobacterial populations (potential biofertilizer) consequently, 

on the productivity of the ecosystem. Stability of the ecosystems is also affected. 

Photoprotective compounds (MAAs) synthesized by cyanobacteria helps them to 

survive with the deleterious effects of radiations and these compounds also have 

biotechnological applications in cosmetic industry, biomedical research and 

pharmaceuticals [59]. 
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