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Lichen metabolites from the immobilized bionts 

isolated from Cladonia salzmannii. A study of 

their antioxidant and antimicrobial activities  
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Abstract 
Bionts isolated from Cladonia salzmannii, immobilized in calcium alginate, were used to assay their 

ability to produce barbatic acid and other orcinol derivatives, as well as other active soluble substances, 

and to test their antioxidant and antimicrobial activities. Immobilisates were supplied with sodium or 

calcium acetate as precursors for phenol biosynthesis. Barbatic acid was actively produced during 

incubation of immobilisates, although cell vitality progressively decreased on calcium acetate, producing 

cell plasmolysis of phycobionts. Thamnolic acid and other orcinol derivates also were secreted to the 

medium, the concentration of each one depending on the time of immobilization, exogenous acetate 

supply and the type of biont isolated. The role of lichen algae in phenolic metabolism was also studied.  

Antioxidant capacity of acetone and chloroform extracts of C. salzmannii was also reported (89.56 and 

80.92 % oxidation inhibition, respectively). The soluble extract of the products secreted by lichen 

immobilisates incubated on sodium acetate during 15 days, contained only proteins and exhibited a 

potent antioxidant capacity (96.35%). The soluble extract of the products secreted by from fungal 

immobilisates during 6 and 18 days of incubation showed ranges of 90-94% inhibition. Similar values 

were found for the soluble extracts of algal immobilisates incubated during 8 and 11 days. On the other 

hand, the growth of Staphylococcus aureus, Escherichia coli and Klebsiella pneumoniae was inhibited by 

barbatic acid secreted from immobilisates, although organic lichen extracts showed highest antimicrobial 

activity due to a possible synergism between their different components. Thus, substances produced by 

immobilized bionts of C. salzmannii are a potential source of different natural antioxidant and 

antimicrobial compounds. 

 

Keywords: Antioxidant activity, antibacterial activity, Cladonia, lichen compounds, biorreactor, isolated 

bionts. 

 

Introduction 

Lichens are fungi well known by the diversity of secondary metabolites that they produce. 

Compounds isolated from various lichen species display diverse biological activities. Lichens 

are valuable resources for these substances and they are used as medicals, foods, fodder, 

perfume, spices, dyes and for miscellaneous purposes in the world. Pharmacological and other 

biological activities of lichen substances could be divided into different categories: 

antimicrobial [1], antineoplastic [2], antioxidant [3], insecticide [4], teratogenic [5, 6], and 

molluscicide [7] among others. 

Two different ch emotypes of Cladonia salzmannii have been described: (I) one usually 

produced only barbatic acid (BAR) and traces of 4-O-demethylbarbatic acid, and (II), rare, 

which produced thamnolic acid (THA) and traces of decarboxythamnolic acid [8]. Traces of 

other unknown compounds occur in both chemotypes. Some lichen species strongly depend on 

climatic and/or microclimatic conditions to produce different compounds, from phenolics to 

pigments [9]. This polymorphism is able to produce morphotypes that depend on the 

environmental conditions. 

The lichen C. salzmannii is endemic from Brazil (Bahia, Paraiba, Pernambuco and Sergipe). 

Its distribution area occurs, primarily, in some uncultivated woodlands in Bahia, as well as on 

sandy “tabuleiros” in Paraiba, Pernambuco, and Sergipe. “Tabuleiros costeiros” (coastal 

tableland) are one among the twenty major landscape units established in Brazil, determined 

from the morphostructural, geomorphological and geographical characteristics of the area in  
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which they appear [10].  

Sometimes, the occurrence of phenolic derivatives in lichens 

is determinant for their antimicrobial activity. These 

substances generally acidify the bacterial cell and, 

consequently, cause plasma membrane rupture, inactivate 

several enzymes, and interfere in the electrons transport 

processes and in the oxidative phosphorylation [11, 13]. BAR is 

reported as very efficient against microorganisms, cancer cells 

and schistosomiasis [7, 14, 16]. In this sense, the demand for new 

antimicrobial agents with high efficiency and low toxicity to 

the host cells is currently increasing. In paralell, much 

attention has been paid to several lichen species as resources 

of natural antioxidants [3]. Considering the oxidative stress as 

a primary factor in chronic human diseases, studies of natural 

antioxidants derived from plants are essential in order to 

neutralize cell damage caused by reactive oxygen species.  

In view of the enormous potential of lichens to produce these 

compounds, several biotechnological techniques have been 

developed to solve the problem caused by the use of large 

amounts of lichen biomass collected to isolate active 

substances, especially when many of the species studied are 

endemic. Cell immobilization focuses the continuos 

production of lichen metabolites for a large time-period using 

few amount of thallus [17, 18]. In experimental lichenology, on 

the other hand, it is necessary to understand the different roles 

of bionts to elucidate potencial of all lichen compounds 

formed. Lichens are described as a set of two organisms in 

symbiosis. It has been accepted this association as mutualistic 

in which the mycobiont partner uses the photoassimilates 

produced by the phycobiont, whereas the fungus offers to the 

alga water and physical protection against extreme 

environments. However, this is a too simplistic vision about 

the functionality of this association. Some studies propose 

that the phycobionts are able to regulate [19, 20] or modify [21] 

fungal phenol production. In this way, different alternatives to 

immobilization could affect lichen metabolism by altering the 

amount of phenolic produced and/or producing other 

biological metabolites that did not occur in nature. 

Based on previous studies of other Cladonia species, this 

research aim to use immobilisates bionts, isolated from 

recently collected thalli, to reveal if the phycobionts regulate 

the synthesis of BAR and other phenolic compounds in C. 

salzmannii. At the same time, new biotechnological 

approaches have been established in order to produce 

lipophilic and soluble bioactive compounds with antioxidant 

and antimicrobial activity. 

 

Material and methods 

Biological material: C. salzmannii samples were collected 

from sandy soils of cerrado, in Mamanguape-PB (Paraiba, 

NE of Brazil, Latitude 06º44´27´´S, Longitude 35º08´24´´W). 

All the samples were collected from a unique environment to 

avoid changes in the initial concentration of bioactive 

compounds derived from the different soils or exposure 

degrees. In the laboratory, the lichen material was separated 

from its substrate and stored in paper bags in the dark at room 

temperature. Determination of the lichen species was 

accomplished using standard methods, including chemical 

and morphological thallus characters. Dried specimens were 

deposited in the Herbarium UFPE, Dept. of Botany, 

Universidade Federal de Pernambuco (Brazil), register Nº: 

UFP 82994. Different assays were used to monitorize the 

physiological status of lichen. The loss of plasma membrane 

integrity was evaluated by use of Evans blue stain, as 

described by Baker and Mock [22], and red vitality reagent was 

used to determine the number of living cells. Chloroplast 

pigments, extracted with dimethylsulphoxide, were quantified 

according to Pompelli et al. [23]. 

 

Bionts isolation: Bionts were isolated from thalli of C. 

salzmannii thalli according to Fontaniella et al. [24] with 

modifications. Isolated phycobionts and mycobionts were 

observed under light microscopy. Both myco and phycobionts 

were separated by centrifugation in a density gradient of 

sucrose-potassium iodide and phosphate buffer-sucrose, as 

described. Sufficiently rehydrated thalli (1.0 g) were ground 

to a fine powder in a mortar. Powder was resuspended in 15 

mL of 10 mM phosphate buffer, pH 7.2. Homogenates were 

filtered through four-layered cheese-cloth and centrifuged at 

1500 rpm for 1 min. The pellet obtained was resuspended in 5 

mL of phosphate buffer, the mixture was strongly stirred, and 

the centrifugation was repeated. This step was four times 

carried out. All the supernants were mixed and centrifugation 

at 5000 rpm for 10 min, the pellet was resuspended in 4 mL 

0.25 M sucrose, recovered with a micropipete and then this 

suspension was gently overlayed on the top of 5.0 mL of 80 

% 178 (w/v) potassium iodide, which was centrifuged at 1500 

rpm for 45 s. The layer containing algal cells and hyphal 

fragments was recovered with a micropipette and placed on 

5.0 mL KI solution. Then, 2.0 mL of 10 mM phosphate buffer 

were added and centrifuged at 3000 rpm for 90 s. The 

interphase containing algal cells was recovered with a 

micropipette, deposited on 5 mL KI and, then, 3.0 mL of 

phosphate buffer were added and centrifuged then at 3200 

rpm for 3 min. This last step was repeated until yielding a 

pure preparation of algal cells. The fungal fraction obtained as 

a pellet during the last centrifugation was also recovered and 

80 % KI was added to a final volume of 4.0 mL. The mixture 

was strongly stirred and 4.0 mL 10 mM potassium phosphate 

buffer, pH 7.2, was added. The gradient was then centrifuged 

at 3200 rpm for 3 min. Algal contaminations were removed 

with a micropipette and added to the algal preparation. The 

protocol was repeated until get a pure preparation of fungal 

cells. Isolated phycobiont and mycobiont was monitorized 

under light microscopy.  

 

Bionts immobilization: Mechanicallly disgregated thalli (100 

μg), or isolated phyco- or mycobionts (100 μg) were 

dispersed in autoclaved 5.0 mL 4% (w/v) sodium alginate and 

the different cell supensions were added drop-to-drop, by 

means of a syringe, on autoclaved 25 mL of a 20 mM calcium 

chloride solution. After 24 h, the calcium alginate spheres 

(immobilisates) were ready for their use [25]. The beads of 

calcium alginate were supplemented with 20 mL 1.0 mM 

sodium acetate (NaOAc) and maintained, gently stirred, at 25 

± 1 °C for 32 days in the light at a photon flux rate of 125 

μmol m-2·s-1. A second series of immobilized cells were 

prepared and maintained in the same conditions but 1.0 mM 

calcium acetate (CaOAc) was used as the bath solution. 

Aliquots of 5.0 mL from these bath solutions were collected 

at different times (on alternate days) to extract lichen 

metabolites and replaced with the same volume of fresh 

medium. Four types immobilisates were designed as isolated 

phycobionts, isolated mycobionts, whole thallus and 

immobilized phycobionts co-incubated with the mycobionts 

ones. For this type of bioreactor, 80 μg of mycobiont and 20 

μg of phycobiont were used according to their proportion 

found in thalli. Bioreactors washes of immobilization systems 

were employed to evaluate phenolic, proteins, carbohydrates 

content and in vitro antioxidant and antimicrobial activity. 
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The analysis of immobilisates was performed by immersion 

of alginate spheres in 10 mL 40 mM sodium chloride solution 

to liberate cells. Viability of immobilisates was estimated by 

measuring the stability of chlorophylls and vitality of cells 

stained with red reagent.  

 

Phenolics extraction from immobilized samples: Phenolics 

were extracted by mixing aliquots of the bath solutions with 

organic solvents. Samples were placed in separation funnels 

and treated with two-solvent systems: 5.0 mL of diethyl 

ether/ethyl acetate (60:40, v/v) for the first extraction and 5.0 

mL of chloroform/acetonitrile (65:35, v/v) for a second 

extraction. Organic phases were mixed when indicated and 

dried in vacuum. Phenolic content of extracts was analyzed 

and quantified by high performance liquid chromatography 

(HPLC). 

 

Phenolic quantitation by HPLC: The organic extracts from 

immobilization were dried in air-flow. The residue was 

redissolved in 250 μL ether and analyzed by HPLC according 

to Legaz and Vicente [26] using a Hitachi Chromatograph (655 

A-11, Tokyo, Japan) coupled to a CG437-B UV detector. For 

the separation, a C-18 reverse phase column MicroPack 

MCH-18 de 300 mm × 4 mm, (Merck® KGaA, Darmstadt, 

Germany) was used. Organic extracts from cell 

immobilization and standard BAR and THA were separated in 

an isocratic mode using as mobile phase methanol/deionized 

water/acetic acid, 80:19.5:0.5 (v/v/v). Detection was carried 

out by a UV set at 268 nm. Other analytical parameters were: 

volume of injection, 10 μL; attenuation, 0.16; pressure, 90 

atm; flow rate, 1.0 mL·min-1 at room temperature (28 °C ± 3 

°C). The results were analyzed by comparing the retention 

time and peak area of each substance in the column with those 

of the standars.  

 

Preparation of organic extracts and extraction-

purification of BAR: Thalli of C. salzmannii (50g) were 

successively extracted with diethyl ether, chloroform and 

acetone in a Soxhlet apparatus, at 40 ºC for 8h. The extracts 

were concentrated, weighed and kept in dissecator [14]. Thalli 

of C. aggregata (50g) were extracted in a Soxhlet apparatus at 

40 ºC with diethyl ether for 8h for BAR isolation. The ether 

extract was washed four times in a G4 funnel with chloroform 

until BAR crystals formation [27]. 

 

Protein and carbohydrate quantification from 

immobilized samples: Bioreactors washes from 

immobilization systems were employed to quantify protein 

and carbohydrate content. A mixture of solvents, as described 

above, was required to extract phenolics acids whereas the 

remaining aqueous phases were used to estimate proteins [28] 

and carbohydrates [29].  

 

Antioxidant and antimicrobial capacity: Aqueous phases 

collected at different times from immobilisates were frozen at 

-20 °C, lyophilised at -80 °C and 10 mbars vacuum and stored 

at -20 °C until determining antioxidant and antimicrobial 

capacity. Lichen acids (FUM, PRO and ATR) detected in bath 

solution and organic extract of lichen were also employed to 

determination of biological activities. The lyophilized 

samples and phenolic standars were redissolved in destilled 

water and methanol, repectively, to antioxidant assay or in 

0.9% DMSO to antimicrobial assay. The method of free 

radicals elimination by ABTS was used for antioxidant assay, 

according to Uchôa et al. [30]. The ABTS+ solution (3 mL) 

was added to the aqueous sample of immobilisates or lichen 

phenolic standars (30 μL of 1 mg·mL-1 solution) and reacted 

at different time intervals (6, 15, 30, 45, 60 and 120 min) 

before reading at 734 nm, room temperature. Trolox (6-

hydroxy-2,5,7,8-tetramethylchroman 2-carboxylic acid) was 

used as a reference standard. The values of oxidative 

inhibition percentage were calculated and plotted as a 

function of the reference antioxidant concentration (Trolox) 

and expressed as Trolox equivalent antioxidant capacity 

(TEAC, 267 μM). All determinations were carried out in 

triplicate. The antimicrobial activity of lyophilized samples 

from immobilisates of C. salzmannii, the phenolic acids, 

FUM, PRO and ATR, and organic extracts were tested against 

Staphylococcus aureus, Escherichia coli and Klebsiella 

pneumoniae. Strains were provided by Department of 

Antibiotics of Pernambuco Federal University, Brazil, and 

maintained in Nutrient Agar and stored at 4 ºC. Minimum 

inhibitory concentration (MIC) was determined by the 

microdilution method following the protocol established by 

the CLSI (2011) for bacteria. A two fold serial dilution of the 

lichen samples (at concentrations ranging from 0.02 to 5.0 

mg·mL-1) was prepared in Mueller Hinton Broth and 10 µL of 

bacterial suspension was added. Inoculates were prepared in 

the same medium at a density adjusted to a 0.5 McFarland 

turbidity standard [108 colony forming units (CFU) mL-1] and 

diluted 1:10 for the broth microdilution procedure. Microtiter 

plates were incubated at 37 ºC and the MICs were recorded 

after 24 h of incubation. MIC corresponded to the minimum 

sample concentration that inhibited visible bacterial growth. 

Resazurin solution (0.01% w/v) was used as an indicator by 

color change visualization: any color changes from purple to 

pink were recorded as bacterial growth. Afterwards, cultures 

were seeded onto Mueller Hinton Agar and incubated for 24 h 

at 37 °C to determine the minimum bactericidal concentration 

(MBC) which corresponded to the minimum concentration of 

samples that caused the bacteria elimination. The assay was 

performed in quadruplicate.  

 

Statistical analysis: Statistical analysis of the differences 

between the mean values measured from control (non-

immobilized) and different immobilization conditions was 

performed using the Student’s t-test. Differences were 

considered to be significant at (p<0.05).  

 

Results and discussion 

Analysis of phenolic acids production during bionts-

isolated immobilization: The chemical profiles of the 

immobilized mycobiont, phycobiont, whole thallus, and 

immobilisates of co-incubated bionts as well as the lichen 

thallus in natura were analyzed by HPLC. Fig. 1 shows 

chromatograms of the lichen extract before immobilization 

and the whases of immobilisates from the isolated C. 

salzmannii mycobionts. Two main metabolites, BAR and 

THA were detected. The identification of these compounds 

was achieved by comparing their tR
0 values with those of the 

standard substances previously isolated from lichens. Thallus 

of C. salzmannii in natura produced BAR (tR
0 = 17.9) as the 

major polyketide (Fig. 1A) whereas the washes of 

immobilisates contain BAR (tR
0 = 17.3) and THA (tR

0 = 12.7) 

acid as a satellite compound, besides two unidentified 

compounds detected at 5.6 and 7.6 min (Fig. 1B). Isolation of 

bionts and their subsequent immobilization resulted in a 

strong activation of the biosynthesis of other phenolics, in 

addition to BAR. According to previous studies (unpublished 

data), different conditions of immobilization induced changes 
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in the pattern of the secondary metabolite production by the 

lichen C. salzmannii. Isolated and immobilized bionts 

synthesized different secondary metabolites that were 

different from the metabolites found in symbiosis, before 

immobilization, as occurred with bionts and/or thalli cultures 
[31, 33]. 

 

 
 

Fig 1: The HPLC chromatograms acquired at 268 nm from organic extract of Cladonia substellata thallus (A) and from alginate-immobilized 

phycobionts co-incubated with mycobionts during 6 days of incubation supplemented with 1.0 mM NaAcO (B). BAR (barbatic acid) and THA 

(tamnolic acid) were identificated; IS represents internal standard and * represents two unidentified peaks. 
 

All bioreactors washes from immobilisates were employed to 

evaluate lichen phenolic acids by HPLC. For extracting 

organic compounds from the bioreactor washes, diethyl 

ether/ethyl acetate and chloroform/acetonitrile were used. The 

samples of the two extraction systems were separately 

analyzed in order to confirm the occurrence of different 

compounds according to the eluotropic capacity of the 

solvents. However, similar compounds and patterns of 

phenolic acids accumulation were detected in both extraction 

systems. So that, results shown are the sum of the values. The 

time-course of phenolic accumulation showed differences 

between the types immobilisates (isolated phycobionts, 

isolated mycobionts, lichen and phycobionts immobilisates 

co-incubated with the mycobionts ones), according to the time 

of incubation and the type of precursor used (NaAcO or 

CaAcO). Results are shown in Figs. 2 and 3. BAR and THA 

acids were found (Fig. 2) but, after immobilization, the 

presence of two unidentified compounds was also detected at 

5.6 and 7.6 min (Fig. 1B), the time-course of which also 

showed differences depending on time, type of immobilized 

biont and precursor used (Fig 3). 

Amounts of BAR were higher than those of THA. The 

concentration range of the major phenolic secreted from the 

immobilisates was 2.7-1135.30 mg·g-1 dry weight for BAR 

and 0-2.61 
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Fig 2: Time-course of BAR (A, C, E, G) and THA (B, D, F, H) acids by alginate-immobilized phycobionts (A-B), mycobionts (C-

D), lichen (E-F) and mycobionts co-incubated with algal immobilisates (G-H), supplemented with 1.0 mM NaAcO (♦) or 1.0 mM 

CaAcO (■). Values are the mean of three replicates, vertical bars give standard error where larger than the symbols. 

 

Mg·g-1 dry weight for THA. The maximum amount of BAR 

recovery from the bath medium was obtained at 6 days of 

phycobiont immobilization in NaAcO, but a tenth part of this 

was detected in CaAcO after 15 days (Fig. 2A). In the 

immobilisates of isolated phycobionts, THA was also detected 

in lower concentrations (~3 mg·g-1 dry weight) with maxima 

at 6, 15 and 20 days of incubation in NaAcO, maintained 

during 6 to 15 days and recovered again after 20 days in 

CaAcO (Fig. 2B).  

Previous research also confirmed that photobionts might have 

an influence on the secondary metabolism of the mycobiont 
[20, 31, 34]. Phenolic acids from lichens are produced by the 

fungal partner. However, new studies have revealed that algal 

biont could use fungal enzymes secreted during isolation to 

modify the production of lichen substances (unpublished 

data). Most of the diffusible mycobiont enzymes (eg. aromatic 

synthase, orsellinate depside hydrolase, orsellinate 

descarboxylase) could be co-entrapped as free molecules with 

the isolated phycobionts in alginate beads. Under these 

conditions, the stabilized fungal enzymes could have a 

continuous source of acetyl-CoA and malonyl-CoA from the 

phycobionts and/or the type of precursor used (NaAcO, 

CaAcO). The production of BAR by immobilisates of isolated 

phycobionts would be explained in this way.  

Entrapment of enzymes in calcium alginate is one of the 

important further studies. Immobilized enzymes find several 

biotechnological applications due to their inherent properties, 

such as stability, reusability and specificity. Many researchs 

have shown the stability of immobilized enzymes in alginate 

is better preserved than that of the the free enzymes during the 

storage in solution [35-39]. 

Immobilisates of mycobionts, and phycobionts co-incubated 

with mycobionts on NaAcO secreted to the medium high 

amounts of BAR at the beginning of immobilization (1-6 

days) (Fig. 2C and G). An opposite time-course of 

accumulation was found for thalli incubated on NaAcO (Fig. 

2E). However, the maximum accumulation of BAR in CaAcO 

was achieved during the last days of all types of 

immobilisates (Fig. 2A-G).  

THA was secreted from the immobilisates to the medium at 

an amount lower than that of BAR. High levels of THA were 

obtained and maintained during 1 to 13 days of mycobionts 

co-incubation with phycobionts in NaAcO (Fig. 2H), 

However, THA concentration in thallus and mycobiont 

immobilisates decayed after 1 day of immobilization and it 

was only recovered 11 days later (Figs. 2D and F). The 

amount of THA secreted from CaAcO bioreactors also 

showed unstable pattern of accumulation depending on the 

different immobilized bionts. However, the range of 

concentration was similar than that found for NaAcO 
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bioreactors. It is important to highlight the maintenance of 

THA concentration after 8 days for the four types 

immobilisates (Fig. 2B-H). 

Two unknowns lichen substances were detected on bath 

media from all immobilisates. However, their time-course of 

peak area values was different for NaAcO immobilisates. 

Peak area of lichen substance detected at 7.5 min were higher 

than detected at 5.6 min. The highest peak area was detected 

for isolated phycobionts and thallus immobilisates at 6 and 11 

days and after 4 and 11 days for co-incubated isolated bionts 

immobilisates (Fig. 3A and B). The accumulation pattern of 

this unknown phenolic was similar to that observed for 

CaAcO bioreactors, and the area of detected peak was lowest 

than that from biorrectors suplemented with NaAcO (Fig. 3B 

and D). According to eluotropic capacity of the mobile phase, 

peaks detected at 5.6 and 7.5 min could be smaller 

monocyclic phenols more polar than THA and BAR, perhaps 

precursors such as β-orcinol metabolites or their derivatives 

(methyl-3-orsellinate, methyl β-orcinol) that would 

accumulate depending on the needs of the symbiosystem. 

 

 
 

 
 

Fig 3: Time-course of unidentified acid compounds (A-B peak registered at 5.6 min in HPLC; C-D peak registered at 7.5 min in 

HPLC) by alginate-immobilized phycobionts (♦), mycobionts (■), lichen (▲) and mycobionts co-incubated with algal 

immobilisates (●). Figures A and C represented cells supplemented with 1.0 mM NaAcO; B and D cells supplemented with 1.0 

mM CaAcO. Values are the mean of three replicates, vertical bars give standard error where larger than the symbols. 

 

Immobilization of mycobionts, isolated or co-incubated with 

phycobionts, changes the chemotype of C. salzmannii. It is 

probable that the main compound (BAR), synthesized by 

bionts cells, shoud be used to produce other derivatives, such 

as the substances revealed by the peaks detected at 5.6 and 7.5 

min. Another possibility is that separation/immobilization 

processes alter the metabolism in order to produce other 

compounds that benefit the survival of bionts in the new 

external conditions. Martins et al. [17] observed the presence of 

two depsidones (STI and NTI) in C. substellata thalli 

immobilized in kaolinite-NaAcO, which were not found in 

thalli before immobilization. The time of immobilization of 

bionts isolated, or whole thallus, caused a general decrease in 

BAR formation in NaAcO bioreactors. However, an CaAcO 

supply resulted in a strong activation of BAR biosynthesis 

after 20 days of bionts immobilization. Hager et al. [40] 

observed the negative effect of BAR on the growth of the 

symbiotic photobiont from Trebouxia jamesii in the lichen 

Heterodea muelleri. BAR strongly inhibited growth of 

phycobionts and resulted in cell death. This is one example of 

how polymalonyl pathway seems to be modified depending 

on the physiological requirements to guarantee the survival of 

the symbiosis and/or bionts.  

 

Stability of immobilisates: Fungal, algal partners and whole 

lichen thalli were immobilized in calcium alginate as a matrix 

and mixed with aqueous solutions of a precursor: 1.0 mM 

NaAcO or CaAcO, during 20 days. Biotechnological method 
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used herein demonstrated to be an alternative to obtain lichen 

active compounds. Calcium alginate beads are one of the most 

commonly used supports for the immobilization of cells, 

which preserves cell vitality [41]. They offer several 

advantages as a support, such as good biocompatibility, low 

cost, easy availability, and easily preparation.  

 

 
 

 
 

Fig 4: Monitoring of the physiological status of Cladonia salzmannii 

symbionts as a function of inmoblization. (A) represents % mortality 

(line) and chloroplastidic pigments (bars), calculated before and after 

cell immobilization (20 days). B and C visualization of phycobionts 

isolated: (B) Control before immobilization and (C) after 

immobilization stained with red vitality reagent. *Indicates values 

that differ at p˂0.05 from control (before immobilization). Bar = 5.0 

μm. 
 

Cell vitality of the isolated cells was evaluated during 

immobilization process. Results are shown in Figure 4. The 

integrity of the plasma membrane (monitored with Evans 

Blue dye) in the thallus before immobilization shows a good 

physiological status. Optical density at 600 nm was very low 

(0.0128 ± 0.0006), and stain is only retained by dead cells. 

This fact was also observed with the other techniques 

employed such as vital stain (neutral red) and amount of 

chlorophyll. The integrity of mycobionts was examined by 

light microscopy, before and after immobilization. Fungal 

hyphae did not show morphological anomalies.  

Cell vitality progressively decreased during incubation of the 

different immobilisates. Survival of phycobiont cells before 

immobilization was high (87.4% of survival cells), but 

decreased after 20 days of immobilization in biorreactors 

suplemented with CaAcO (42.7% of survival cells). However, 

lower cell death value was detected in NaAcO ones (78.7% of 

survival cells), such as it hapenss in thallus immobilisates 

(Fig. 4A). In this case, the type of precursor influences cell 

vitality.  

These data are in agree with previous researchs using 

immobilisates of Cladonia substellata (unpublished results) as 

well as with those described by Vivas et al. [25]. These authors 

observed that CaAcO increased the rigidity and mechanical 

resistance of immobilisates of Cladonia miniata and produce 

cell plasmolysis, effect that was also observed for 

phycobionts of C. salzmannii after immobilization, compared 

with non immobilized phycobionts, the cytoplasm of which 

occupied the complete volume of algal cell (Fig. 4B and C). 

Plasmolysis may be due to increase in the viscosity of alginate 

beads when the immobilizates are in continuous contact with 

calcium ions [42]. 

 

 
 

Fig 5: Micrographs of crystals produced by immobilized cells of 

Cladonia salzmannii (A: mycobiont isolated; B: thallus) maintained 

at 1.0 mM precursor calcium acetate (CaAcO). 

 

On the other hand, chlorophyll content was also monitorized 

by spectrophotometry. The amount of total chlorophylls on 

NaAcO was 5 times lower than control and 6 times lower on 

CaAcO, when phycobionts were isolated and immobilized 

during 20 days, while only a significant decrease was 

observed for thallus immobilized on CaAcO (Fig. 4A). Both 

techniques provided similar results indicating that cell death 

preferently occurred in CaAcO bioreactors. The precursos 

could provide a cationic interaction with the surface of the 

spheres that contain the isolated cells. In the present assay, the 

presence of crystals produced by immobilized cells of C. 

salzmannii maintained at 1.0 mM CaAcO was observed (Fig. 

5). Precursors containing monovalent cations must be avoided 

in order to impede calcium replacement and the 

disaggregation of the immobilisate[25]. However, Torres et al. 
[43] detected that water did not damaged the Ca-alginate 

structure in the presence or absence of Ca2+. There may also 

be a certain degree of heterogeneity with respect to the ability 

to use acetate as precursor. Based on these hypotheses, it is 

clear that the isolation and maintenance of bionts on CaAcO 

or NaAcO will influence their vitality.  

 

Antioxidant and antimicrobial capacity of organic and 

soluble metabolites secreted to the bath medium of 

immobilizates. 

Bath media of immobilization systems were used to evaluate 

two biological activities in vitro. Free radicals elimination by 

ABTS was used for antioxidant assay. Antioxidant activity, 

measured as the Trolox equivalent antioxidant capacity 

(TEAC) is based on scavenging of ABTS by the Trolox. Fig. 

6 shows those samples that have antioxidant activity (˃50% 

oxidation inhibition), data corresponding to values lower than 

50% oxidation inhibition don not show. 

Products obtained from biorreactors (1.0 mg·mL-1) using 

NaAcO as precursor had potent antioxidant capacity (Fig. 6A-

E), higher than those from bioreactors supplemented with 

CaAcO (Fig. 6F and G). The soluble extract obtained from all 

types of immobilisates showed the strongest antioxidant 

activity during the first 15 days of incubation. In this context, 

lichen immobilization exhibited the highest antioxidant 
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capacity with an oxidation inhibition rate of 96.35 ± 0.73% 

after 6 min equivalent to TEAC of 2130.00 ± 21.23 μM of 

Trolox (Fig. 6D). The soluble extract of fungal cells 

immobilized during 6 and 18 days of incubation showed 

ranges of 90-94% inhibition with range of TEAC, 1990-2070 

μM of Trolox (Fig. 6A and E). Similar values were found for 

soluble extracts of algal immobilizates during 8 and 11 days 

(Fig. 6B and C). The accumulation of proteins and 

carbohydrates in the media was maintained over time by 

NaAcO immobilisates, except after 15 days of incubation. In 

this case, both proteins and carbohydrates were detected (Fig. 

7A and C). It is important to point out that calcium ions 

provide a cationic interaction with the beads. Bath medium 

from immobilizates maintained in CaAcO contained only 

proteins in absence of carbohydrates (Fig. 7B).  

The results showed that immobilisates of bionts isolated of C. 

salzmannii have antioxidant activity and it seems to be related 

to the production of diffusible and soluble metabolites. These 

results mostly agree with the literature, where we can find a 

number of reports for the antioxidant activity of lichen 

compounds [3]. Some authors suggesting that the antioxidant 

activity of different lichens may also depend on other, non-

phenol components [43].  
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Fig 6: ABTS cation radical scavenging activity of metabolites produced by immobilized bionts-isolated of Cladonia salzmannii. A-E 

corresponding to soluble extract of immobilizates maintained in NaAcOafter: (A) 6 days, (B) 8 days; (C) 11 days; (D) 15 days; (E) 18 days of 

immobilization. F-G corresponding to soluble extract of immobilizates maintained in CaAcO after: (F) 4 days; (G) 8 days of immobilization. 

Symbols represent different immobilized bionts: phycobionts (♦), mycobionts (■), lichen (▲) and mycobionts co-incubated with algal 

immobilisates (●). H-I: corresponding to organic extract: (H) chloroform abd (I) acetone. Figure also shows the effect of the incubation time on 

antioxidant activity in ABTS assay. Values are the mean of three replicates. Vertical bars give standar error where larger than the symbols. 
 

The production of other types of biomolecules bylichens 

remains poorly characterized, but an expanding literature 

indicates that lichens produce enzymes as antioxidant proteins 
[44]. Enzymatic antioxidants of C. salzmannii could be their 

response to stress conditions after isolation and 

immobilization of bionts. Weissman et al. [44] detected 

superoxide dismutase and catalases synthesized by the 

phycobionts and/or mycobionts. In addition, the authors also 

detected glutathion reductase and glucose-6-phosphate 

dehydrogenase activities in response to rehydration. Previous 

reports suggest that certain carbohydrate polymers possess 

free radical-scavenging activity [45]. Amino acid residues can 

also scavenge free radicals and chelate pro-oxidative metals 
[46]. In terms of scavenging of hydrosoluble radicals, de la 

Coba et al. [47] found that antioxidant activity of mycosporine-

like amino acids isolated from three red macroalgae and one 

marine lichen species showed to be dose-dependent and it 

increased with the alkalinity of the medium. 
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Fig 7: Proteins (A and B) and carbohydrates (C) profiles of the different immobilized bionts: phycobionts (♦), mycobionts (■), lichen (▲) and 

mycobionts co-incubated with algal immobilisates (●). A and C corresponding to immobilizates maintained in NaAcO; B corresponding to 

immobilizates maintained in CaAcO. Values are the mean of three replicates. Vertical bars give standar error where larger than the symbols. 

 

However, most of the reports relate the antioxidant activity of 

extracts with high content of phenolic compounds [48]. 

According to Brewer [49], the effectiveness of a large number 

of antioxidant agents is proportional to the number of 

hydroxyl groups present in their aromatic ring(s). In this 

study, BAR did not show to have antioxidant capacity in 

vitro, contrary to organic extract of C. salzmannii at the same 

concentration (1.0 mg·mL-1). Chloroform extract of C. 

salzmannii in natura showed an oxidation inhibition rate of 

80.92±0.93%, equivalent to TEAC of 1776.66 ± 21.33 μM of 

Trolox (Fig. 6H) and acetone extract showed similar values 

(89.56 ± 0.78%, 1953.33 ± 21.33 μM of Trolox). However, 

ether extract did not show oxidation capacity (˂40%). 

According to Martins et al. [15],ether extract of Cladia 

aggregata shows the highest content of BAR and the lowest 

in chloroform and acetone extracts. It seems that BAR 

molecular conformation affects antioxidant capacity, 

intrinsically related to ABTS. 

The antimicrobial activities of the lichen of BAR and soluble 

metabolites produced by immobilized isolated-bionts against 

the test microorganisms (S. aureus, E. coli and K. 

pneumoniae) are shown in Table 1. The organic extract of C. 

salzmannii showed bacteriostatic activity. They inhibited the 

growth of microorganisms tested at concentrations from 0.039 

to 0.625 mg·mL-1. BAR, at higher concentrations (2.5 to 5 

mg·mL-1), also inhibited growth of the tested microoganisms. 

Other soluble compounds secreted to the medium of 

immobilization showed neither bacteriostatic nor bactericidal 

activity of the microoganisms tested. In the negative control, 

DMSO had no inhibitory effect on the tested organisms.  

Often, the activity of the extracts may be the result of 

synergistic or antagonistic effects between several 

compounds. In this work, the lichen extract shows relatively 

strong bacteriostatic activity but this same activity of their 

isolated compounds was less strong. The antimicrobial 

activity of lichen extracts is not only the result of the different 

activities of individual components but it may be the result of 

their interactions, which can have different effects on the 

overall activity of extracts (data unpublished). Ribeiro et al. 
[50] also reported the action of an ether extract from C. 

substellata against human and plant pathogenic bacteria and 

supposed a synergic action between their components. 

Martins et al. [15] also showed a synergic action of organic 

extract of C. aggregata against S. auresus. Similar results of 

synergism between lichen substances have been observed for 

ether extract of Heterodermia leucomela against B. subtilis 

that contained high content of atranorin and zeorin as an 

accessory substance. 

Numerous lichen compounds were screened for antimicrobial 

activity in search of the new antimicrobial agents [51, 52]. The 

antibiotic properties of lichens have greatly increased its 

medicinal importance. Lichens produce secondary metabolites 
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that provide defense against most of the pathogens in nature 

and several examples from the other lichens showed relatively 

strong antimicrobial effects against human pathogen [53]. The 

action mechanism of lichen phenolic compounds against 

microorganisms it could be based on their capacity to H+ 

dissociation which can lead to an acidification of plasma 

membrane surface of microorganisms, resulting in H+-ATPase 

rupture that is required for ATP synthesis [54], causing an 

intracellular coagulation of cytoplasm constituents. 

 

Table 1: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the organic extract 

Cladonia salzmannii, barbatic acid (BAR) standard and soluble extract of immobilisates. Negative control was DMSO 0.9%. 
 

Bioactive fraction from C. 

salzmannii 

Mean of MIC and MBC in 

Staphylococcus aureus 

Mean of MIC and MBC in 

Escherichia coli 

Mean of MIC Klebsiella 

pneumoniae 

 MIC (mg mL-1) MBC (mg mL-1) MIC (mg mL-1) MBC (mg mL-1) MIC (mg mL-1) MBC (mg mL-1) 

Organic extract 0.625 2.5 0.039 2.5 ? ? 

BAR 5.0 ‒ 2.5 5.0 ‒ ‒ 

Soluble extract from immobilizates ‒ ‒ ‒ ‒ ‒ ‒ 

 

Conclusions 

The physiological, biochemical and biological activities 

assayed in this work reveals the role of each biont of C. 

salzmannii. Production of BAR, THA and other derivates 

compounds from orcinol depends on types of bionts-isolated 

immobilizates. BAR showed to be the main phenol produced 

by all type of immobilizates of C. salzmanni using acetate as a 

precursor. However, cell vitality was significatively lost when 

immobilization cells was achivied using CaAcO as an 

exogenous nutritional supply. This fact also influences time-

course of accumulation of BAR and THA. Bionts isolated and 

immobilizated on NaAcO seem to be stable bioreactor to their 

production. Soluble metabolites produced by this type of  

bioreactor and acetone and/or chloroform extrac have 

antioxidant capacity. Our findings also nindicate that organic 

extracts of C. salzmannii and BAR could be used as 

bacteriostatic and/or bactericid agent. Therefore, bionts-

isolated immobilization could be an alternative technique to 

obtain promissory active compounds.  
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