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Abstract 
Secondary metabolites are the bioactive compounds of plants which are synthesized 
during primary metabolism, have no role in the development process but are needed for 
defense and other special purposes. These secondary metabolites, such as flavonoids, 
terpenes, alkaloids, anthraquinones and carotenoids, are found in Xanthoria genus li-
chens. These lichens are known as lichenized fungi in the family Teloschistaceae, which 
grows on rock and produce bioactive compounds. A lot of secondary compounds in 
plants are induced by UV (100-400 nm) spectra. The present review showcases the 
present identified bioactive compounds in Xanthoria elegans and Xanthoria parietina 
lichens, which are stimulated by different amounts of UV-B light (280-320 nm), as well 
as the biochemistry of the UV-B absorbing compounds. 
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Introduction     
 
     UV-B light plays an important role in 
nature, yet it may cause adverse effects    
in high amounts of it. Chlorofluorocarbons 
are mainly responsible for the depletion   
of ozone layer which results in an increase   
of UV-B (280 to 320 nm) irradiation of 
earth’s environment and cause adverse ef-
fects on flora and crops (Yavaş et al. 
2020). Though according to NASA, the 
ozone hole is on its way to recovery, it will 
still be a considerable time before UV-B 
levels reach pre-industrial limits (Takshak 
and Agrawal 2019). Moreover, UV-B ra-
diation is harmful to plants, animals and hu-
mans, specifically to their proteins, lipids, 

membranes and DNA (Gu et al. 2010, 
Yavaş et al. 2020). For example, enhanced 
concentrations of the indole 1-methoxy-3-
indolylmethyl glucosinolate were reported 
to result in the formation of DNA adducts 
(Glatt et al. 2011). However, the synthe-
sized plant secondary metabolites (PSMs) 
can provide benefits for both ends of the 
bio- based food chain – humans and plants 
alike (Schreiner et al. 2012). 
     Many secondary metabolites, like flavo-
noids, alkaloids, terpenoids, phenolics, ca-
rotenoids, glucoseinolates, anthraquinones, 
sterols, lignin, etc., are UV-B absorbing 
compounds (Gu et al. 2010, Takshak and 
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Agrawal 2019, Yavaş et al. 2020). The 
amount of UV-B radiation plants were ex-
posed to plays a big role in synthesis of 
secondary metabolites. A sufficient amount 
of UV-B may increase the amount of sec-
ondary metabolites; however, an overex-
posure usually decreases their amount. 

     This review is focused on secondary 
metabolites that absorb UV-B radiation in 
Xanthoria elegans and Xanthoria pari-
etina. The two species are reported to be 
rich in UV-B screening compounds (see 
e.g. Al-Amoody et al. 2000, Goga et al. 
2020).  

 
 
Geographical distribution of Xanthoria elegans and Xanthoria parietina in Polar 
Regions of the Earth 
 
     The differences between lichen species 
growing in Polar and in Alpine Regions 
can be looked at in two ways: UV irradi-
ance and temperature. The Alpine popu-
lations receive 3–5 times higher UV-B 
irradiance than their Arctic counterparts 
from Arctic Svalbard (Norway) because  
of latitudinal and altitudinal gradients in 
UV-B irradiance (Nybakken et al. 2004). 
     Temperature also has a significant ef-
fect on relative growth rate (RGR) such 
that of X. elegans. Originating from sites 
with lower mean annual temperatures,     
X. elegans had significantly higher RGRs 
at all test temperatures between 2 and 
18°C (Murtagh et al. 2002). The parietin 
synthesis in these parietin-deficient sam-

ples increased with decreasing latitude of 
their sampling location, which may imply 
that the synthesis of pigments is habitat 
specific. Arctic populations therefore main-
tain a high level of screening pigments in 
spite of low ambient UV-B, and the stud-
ied lichen species presumably may tolerate 
an increase in UV-B radiation due to the 
predicted thinning of the ozone layer over 
polar areas (Nybakken et al. 2004). En-
hanced metabolic activity might also be an 
adaptation for growth in colder climates 
(Murtagh et al. 2002). Antarctic higher 
plants and autotrophic organisms have a 
high capacity to synthetize photoprotective 
secondary compounds when exposed to in-
creased levels of UV-B (Estêvao 2015). 

 
 
UV-B irradiation in vitro 
 
     The existence of a specific UV-B pho-
toreceptor, which detects UV-B radiation 
and initiates a signaling cascade, was pro-
posed several decades ago by Wellmann 
(1983). However, it is only in recent years 
that substantial progress was made in 
identifying this photoreceptor and compo-
nents of the downstream signaling path-
way (Schreiner et al. 2012). 
     Many factors are involved in secondary 
metabolite synthesis under UV-B expo-
sure. The intensity and time (for which  
the sample is exposed to UV-B radiation)  
plays an important role. In the study of 
Estêvao (2015), algal lichen X. elegans 

samples were exposed to different doses of 
UV-B (280–320 nm) - low (0.7 W m-2), 
medium (1.5 W m-2) and high (3.0 W m-2) 
for 5 days. Results showed that when ex-
posed to a low dose of UV-B radiation or a 
short-term treatment, lichen species exhib-
ited an increase in UV-B screening pig-
ments in order to protect the lichen pho-
tobiont against UV-B damage (Estêvao 
2015). Thus, photosynthetic secondary me-
tabolites (PSMs) are increasingly recog-
nized and made for the use of sunscreens 
and cosmetics (Takshak and Agrawal 2019). 
However, Estêvao’s study has shown that a 
decrease of UV-B screening compounds 
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occurred after exposition to a high dose of 
UV-B radiation or a long-term treatment. 
It is also important to be mindful of UV 
light exposure, because it is useful in opti-
mizing total biomass and metabolite pro-
duction in controlled environments. Brech-
ner et al. (2011) preformed dose treat-
ments with 55- day-old Hypericum perfo-
ratum grown under 400 µmol·m-2·s-1 PAR 
for 16 h a day. Three UV light treatments 
were evaluated: a single dose, a daily dose 
and an increasing daily dose. A daily dose 
and an increasing daily dose did not pro-
duce significantly higher increase in sec-
ondary metabolites compared to the single 
dose treatments. (Brechner et  al.  2011). 
In another study, basil (Ocimum basilicum) 
was exposed to UV-B radiation dose of  
16 µmol·m-2·s-1 (equal to 18.7 kJ·m-2·h-1). 
Concentrations of anthocyanin, phenolics, 
and flavonoids in green basil leaves in-

creased under all UV-B treatments by  
9%–18%, 28%–126%, and 80%–169%, 
respectively, where 1 h·day-1 for 2 days 
UV-B radiation was the optimal condition 
(Dou et al. 2019). Strong positive correla-
tions between the concentrations of phe-
nolic compounds under the highest UV-B 
dose (102 kJ·m-2·day-1) in sub-chronic ex-
periments were shown, where four differ-
ent UV-B doses (8.5, 34, 68, 102 kJ·m-2· 
day-1) were used over 6 days (Mosadegh et 
al. 2018). 
     In natural environment of the Hima-
layan region, X. elegans was exposed to 
natural radiation over the time of 120 h. 
The maximum average UV-B irradiance 
(4.38 MED/h – Minimal Erythemal Dose 
per hour) was recorded at 72 h, whereas 
minimum was 1.72 MED/h at 120 h. The 
average was 3.426 MED/h.  

 
 
Use of UV-B radiation treatments 
 
     Targeted low dosage UV-B radiation 
treatments as emerging technology may  
be used to generate fruit, vegetables, and 
herbs enriched with secondary plant me-
tabolites for either fresh consumption or as 
a source for functional foods and nu-
traceuticals, resulting in increased inges-
tion of these health-promoting substances 
(Schreiner et al. 2012, Takshak and Agra-
wal 2019). The UV-B induced secondary 
metabolites are active components of herb-
al drugs (Gu et al. 2010). For example, 
increased concentrations of the aliphatic  
4-methylsulfinylbutyl glucosinolate is as-
sociated with anti-carcinogenic properties 
due to this metabolite’s effect on the  up-
regulation of phase II detoxification en-
zymes and inhibition of cell proliferation 
by either inducing apoptosis or cell cycle 

arrest (Glatt et al. 2011). 
     One of the dominant compounds in the 
Xanthoria genus is parietin. Parietin, ex-
tracted from X. parietina while dissolved 
in ethanol, strongly absorbs UV-B radia-
tion (absorption peak at 288 nm), followed 
by a minimum absorption in the UV-A 
range, and a second peak at blue wave-
lengths (431 nm) (Gauslaa and Ustvedt 
2003). Field experiments with extracted 
(parietin deficient) X. elegans thalli culti-
vated under various filters showed that 
UV-B was essential for the induction of 
parietin synthesis – only 12% of the orig-
inal content of parietin was resynthesized 
with the PAR (photosynthetically active 
radiation) treatment, whereas as much as 
35% was resynthesized with the PAR + 
UV treatment (Nybakken et al. 2004). 
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Biochemistry of UV-induction of UV-B absorbing compounds 
 
     The synthesis of compounds that are 
UV-B absorbing (flavonoids, flavanol glu-
cosides and hydrocycinnamates) share the 
phenylpropanoid biosynthesis pathway. 
The pathway has the amino acid phenyl-
alanine as the substrate. The enzyme phen-
ylalanine ammonia lyase (PAL) catalyses 
the formation of the cinnamic acid by  
non-oxidative deamination of the amino 
acid. Then, the hydroxylation of the cin-
namic acid is catalyzed by cinnamate       
4-hydroxylase (C4H) to p-coumaric acid 
which then is ligated with coenzyme A by 
4-coumarate: CoA ligase (4CL) to provide 
the first precursor of the flavonoid bio-
synthetic pathway. For entry into the fla-
vonoid biosynthetic pathway, 4-coumarate-
CoA is conjugated with 3 molecules of 
malonyl-CoA by chalcone isomerase (CHI; 
TT5, and then flavanone 3-hydroxylase 
(F3H; TT6) turns naringenin into dihy-
drokaempferol. Flavanol synthase (FLS) 
converts dihydrokaempferol into kaemp-
ferol, the enzyme flavonoid 3’-hydroxy-
lase (F3’H; TT7) hydroxylates its B ring  
in the 3’ position to have dihydroquercetin. 
In the end, FLS changes dihydroquercetin 
to quercetin. Glycocylation is then carried 
out by different sugar-specific flavanol   
O-glycosyl transferases to form kaemferol 
3- or 7-Orhamnosyls or quercetin 3-        
O-glucosyls (Jordan 2017). 
     Often when there is a question of how 
does UV-B induction of secondary metab-
olites works, the role of glucosinolates 
(GS) comes up (Mewis et al. 2012, Schrei-
ner et al. 2012, Zu et al. 2010). Glucosino-
lates are sulfur-rich secondary metabolites 
characteristic to the Brassicales order with 
important biological and economic roles  
in plant defense. They are sulfonated thio-
glycosides sharing a common glycone moi-
ety with a variable aglycone side chain. 
Based on the side chain structure, GS are 
divided into three classes: aliphatic GS de-
rived principally from methionine, indolyl 

GS from tryptophan, and aromatic GS 
from phenylalanine (Zu et al. 2010). Ali-
phatic 4-methylsulfinylbutyl glucosinolate 
is associated with anticarcinogenic proper-
ties due to this metabolite’s effect on the 
upregulation of phase II detoxification en-
zymes and inhibition of cell proliferation 
by either inducing apoptosis or cell cy-   
cle alteration. GS biosynthesis proceeds 
through three independent steps: (i) chain 
elongation of selected precursor amino ac-
ids; (ii) formation of the core GS structure; 
and (iii) side chain modifications (Mewis 
et al. 2012). It was shown that inter- 
specific induction of GS in broccoli 
sprouts was affected by UV-B pre-treat-
ment (Schreiner et al. 2012). UV-B-medi-
ated induction of glucosinolates (GS), 
especially of 4-methylsulfinylbutyl GS and 
4-methoxy-indol-3- ylmethyl GS, while ca-
rotenoids and Chl levels remained unaf-
fected (Mewis et al. 2012). 
     There are other biochemical factors that 
may contribute to the UV-B induction of 
secondary metabolites, which are not di-
rectly correlated to these compounds’ syn-
thesis. Several antioxidants, such as e.g. 
SOD, POD, APX and CAT activities had 
been associated with UV-B exposure, as 
these enzymes acted as antioxidant com-
pounds to help reduce photooxidative dam-
age in plant leaves. When the accumula-
tion of active oxygen exceeded the scav-
enging activity of antioxidant systems, ac-
tive oxygen accumulation could lead to the 
depression of antioxidant enzyme activity 
and an increase in the degree of membrane 
lipid peroxidation (Zu et al. 2010). UV-B 
effect of inhibition of the down-regulation 
of chloroplast diatoxanthin epoxidation 
was seen as well in the diatom Phaeo-
dactylum tricornutum (Mewes and Richter 
2002). This process is normally controlled 
by the high ∆pH. There is an increase of 
diatoxanthin epoxidation, which results in 
the plants membrane permeabilisation. 
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Plant use of UV-B induced secondary metabolites 
 
     UV-B radiation activates the self-pro-
tective secondary metabolism defense sys-
tem from harmful UV-B radiation, which 
protects the genetic material of plants (Gu 
et al. 2010, Schreiner et al. 2012). UV-B 

induced secondary metabolites also alter 
reproductive ability, early ripening, and 
trophic interactions, such as plant herbi-
vore, fungi and bacteria resistance (Schrei-
ner et al. 2012, Yavaş et al. 2020). 

 

 
Phenolic compounds 
 
     Phenolic compounds are commonly 
known as plant secondary metabolites that 
hold an aromatic ring bearing at least one 
hydroxyl groups. There are many types   
of phenolic compounds, such as isoflavo-
noids, flavonols, flavones, anthocyanins, 
anthraquinones and phenolic acids. Total 
soluble phenols were extracted with 80% 
methanol and measured using Folin–Cio-
calteu (gallic acid as standard, 750 nm). 
Phenolic acids contributed to the observed 
increase in total soluble phenols. Further 
on, using LC system, it was shown,       
that among lichen specific metabolites, 
vulpinic acid and ergosterol increased 
while usnic acid and atranorin decreased 
after UV exposure. The accumulation of 
parientin was not affected (Kováčik et al. 
2011). Atranorin is produced by esterifica-
tion of two different precursors, methyl   
β-orcinol carboxylate and haematommic 
acid. Atranorin and usnic acid possess 
antifungal activity, are strong inhibitors of 
ornithine decarboxylase and arginine de-

carboxylase that affect the polyamine me-
tabolism. Atranorin alone was also re-
ported for trypsin inhibition and moderate 
antioxidant activity (Zambare and Chris-
topher 2012). Usnic acid has been used for 
pharmaceutical and cosmetic product de-
velopment. For example, usnic acid was 
used in anticeptic products in Germany 
(Camillen 60 Fudes spray and nail oil) and 
Italy (Gessato shaving) (Elkhateeb and Da-
ba 2019). Strong antimicrobial, antitumor 
and anti- insecticidal activity is present    
in usnic acid. It inhibits the growth of         
the Gram-positive bacteria Staphylococcus 
aureus, Bacillus subtilis and Bacillus mega-
terium, but has no effect on the Gram-
negative bacteria. It shows inhibitory ef-
fects on the cell growth and proliferation 
of two different human cancer cell lines – 
the breast cancer cell line T-47D and the 
pancreatic cancer cell line Capan-2. Bio-
assay of Culex pipiens larvae revealed that 
the LC50 value was 0.9 ppm (Zambare 
and Christopher 2012). 

 

 
Flavanoids 
 
     Flavonoids (or bioflavonoids) are a 
class of polyphenolic plant and fungus 
secondary metabolites. Flavonoids have 
the general structure of a 15-carbon skele-
ton, which consists of two phenyl rings (A 
and B) and a heterocyclic ring (C). There 
are not a lot of papers exemplifying fla-
vonoid content in X. elegans. However,   
in the study done by Kováčik et al. (2011), 
total soluble flavonoids were extracted    
with 80% methanol and measured using 

AlCl3 method (using quercetin as standard, 
420 nm measurement with spectropho-
tometer), which is a common method to 
identify total flavonoids. Composition of 
flavonoids in X. parietina was not signifi-
cant. Flavonoids formed a small part of 
total soluble phenols, which could be ex-
plained by a low volume of photobiont 
cells in lichen’s thalli (up to 10% in aver-
age) (Kováčik et al. 2011). 
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Anthraquinones 
 
     Anthraquinones (also known as anthra-
quinonoids) are a class of naturally oc-
curring phenolic aromatic organic com-
pounds with formula C14H8O2. The term 
anthraquinone, however, refers to the iso-
mer (9,10- anthraquinone), wherein the 
keto groups are located on the central ring. 
X. elegans has cortical UV-B absorbing 
anthraquinone pigments, mainly the or-
ange parietin (physcion) (Nybakken et al. 
2004). An isolated X. parietina mycobiont 
produces parietin on culturing media con-
taining ribitol. Ribitol, the carbohydrate 
delivered from the photobiont, increases 
the parietin resynthesis substantially (Sol-
haug and Gauslaa 2004). However, where-
as aposymbiotically cultured X. parietina  
mycobiont needs ribitol for anthraqui- 
none production, aposymbiotically cultured 
mycobionts of other Xanthoria species 
might produce anthraquinones on a wider 
range of carbon sources. For example, a 
type II polyketide synthase (PKSs) is also 
responsible for anthraquinone biosynthe-

sis. Among polyketide- type lichen sub-
stances, polyketide synthase is a secondary 
metabolite recently considered an impor-
tant factor to understanding the architec-
ture of PKS enzymes (Stocker-Wörgötter 
et al. 2013). Another anthraquinone, struc-
turally similar to parietin and present in   
X. elegans, is emodin (Brunauer et al. 
2007). The analyses of samples from 
general northern area of two species of         
the genus Xanthoria (X. candelaria and   
X. parietina) revealed the almost continual  
presence of emodin, at quantitative domi-
nation (10 000 ng/g and more), as well as 
traces of alternariol (Burkin and Kono-
nenko 2015). Other anthraquinones, like  
1-O-methylemodin, 1-O-methylphyscion-
bisanthrone, teloschistin monoacetate, or 
physcion-bisanthrone derivatives are prob-
able precursor steps in the production of 
the end-product anthraquinone parietin in 
X. elegans species mycobiont (Brunauer et 
al. 2007, Stocker-Wörgötter et al. 2013). 

 
 
Alkaloids 
 
     Alkaloids are biologically active hetero-
cyclic chemical compounds containing ni-
trogen. They are categorized as true alka-
loids, protoalkaloids and pseudoalkaloids, 
and have pharmacological properties and 

significant ecological functions (Takshak 
and Agrawal 2019). Composition of alka-
loids in Xanthoria genus is not well known 
and their presence has not been showcased 
in scientific papers yet. 

 
 
Terpenes 
 
     Terpenes (or terpenoids) are 5-carbon 
compounds give rise to terpene precursors 
such as geranyl, farnesyl, squalene, phy-
toene, etc. via condensation reactions in-

volving prenyltransferases. Composition of 
terpenes in Xanthoria genus is not well 
known and their presence has not been 
showcased in scientific papers yet. 
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Caratenoids 
 
     Carotenoids, also called tetraterpenoids, 
are yellow, orange, and red organic pig-
ments that are produced by plants and al-
gae, as well as by several bacteria and 
fungi. The structure of carotenoids imparts 
biological abilities, including photosynthe-
sis, photoprotection, plant coloration, and 
cell signaling. The general structure of the 
carotenoid is a polyene chain consisting of 

9-11 double bonds and possibly terminat-
ing in rings. Mutatoxanthin was found to 
be the dominant carotenoid in lichen; its 
content varied up to 42.2% (X. elegans)  of 
total carotenoids. Total carotenoid content 
of the lichen thalli investigated varied from 
16.3 mg/g (X. elegans) to 94.7 mg/g dry 
weight (X. parietina) (Dembitsky 1992). 

 
 
Conclusion 
   
     The present review brings the summary 
information about UV-B absorbing bio-
active compounds in lichens X. elegans 
and X. parietina. The review focuses on 
their use in industry, protective qualities, 
pretreatment and identification techniques. 
It is reported that the main bioactive com-

ponents are anthraquinones, such as pari-
etin, emodin, physcion-bisanthrone, carote-
noid muthatoxanin, and traces of flavo-
noids. Most of the anthraquinones were 
mainly identified in X. elegans lichen. Phe-
nolic substances other than antraquinones 
were mostly identified in X. parietina. 
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Compound Secondary 
metabolite 

type 

Presence in 
lichens 

Chemical structure Reference 

Parientin  anthraquinone X. elegans,  
X. parientina 

 

Nybakken et 
al. (2004), 
 

Solhaug and 
Gauslaa (2004) 

Emodin  anthraquinone X. elegans 

 

Brunauer et al. 
(2007) 

Physcion-
bisanthrone 

 anthraquinone X. elegans 

(structure presented is 
of bisanthrone) 

Brunauer et al. 
(2007) 

Telochistin  anthraquinone X. elegans Brunauer et al. 
(2007), 
 

Zambare and 
Christopher 
(2012) 

1-O-
methylemodin 

 anthraquinone X. elegans Stocker-
Wörgötter et 
al. (2013) 

Brassicasterol  sterol X. parientina 

 

Cleary (2019) 
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Bioactive 
compound 

Secondary 
metabolite 
type 

Presence in 
lichens 

Chemical structure Reference 

Lichesterol sterol X. parientina 

 

Cleary 
(2019) 

Mutatoxanthin caratenoid X. parientina Dembitsky  
(1992) 

Atranorin phenolic 
compound 

X. parientina 

 

Dias and 
Urban 
(2009) 

Sekikaic acid phenolic 
compound 

X. parientina 

 

Dias and 
Urban 
(2009) 

(+)-usnic acid phenolic 
compound 

X. parientina 

 

Dias and 
Urban 
(2009) 

Vulpinic acid phenolic 
compound 

X. parientina 

 

Kováčik 
et al. 
(2011) 

 
Table 1. UV-B absorbing secondary metabolites in X. parientina and X. elegans (complied fom 
the referenced scientific papers. The structural chemical formulas are taken from chemspider.com 
website [1]. 
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