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ABSTRACT

The lichen Cladonia verticillaris lives on quartzarenic neosols of
Pernambuco (Brazil) in which sugar cane cultures are often established
and fertilized by urea. The thalli of the above mentioned lichen are ex-

perimentally maintained on different concentrations of ureain light or in chromatography;
darkness, conditions that simulate agricultural uses. The capture of the Protocetraric acid;
external urea by the thalli was higher in light than in the dark depending Urea;

on the urea concentration. Urea inside the thallus is hydrolyzed by in- Secreted proteins.
duced urease to produce both carbon dioxide and ammonia. Thisimplies

an increase of the protein production, a part of which is secreted to the

media whereas another part is retained by the thallus. Both secretion and

retention of proteins are increased by light. Production of lichen pheno-

lics, protocetraric and fumarprotocetraric acids, increases in light and

fumarprotocetraric acid mainly migrates to the cortex. Both production

and migration are dightly effected by urea.

© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

The terricolous lichen Cladonia verticillarisis
an endemic species of the east coast of Brazil and
also occurs in some habitats at the interior of
Pernambuco state™. This lichen colonized the so-
called “Tabuleiros costeiros” (coastal tableland) in
which quartzareni c neosol s are the main component
of the sail. In these soils, several species of the

Cladoniaceae family, including C. verticillaris,
commonly appear!3. This species produces bioactive
secondary metabolites, mainly the depsidones
fumarprotocetraric (FUM) and protocetraric (PRO)
acidgy.

Quartzarenic neosols are very homogeneous
soilsand the only differences between horizons are
dueto the accumulation of organic matter in the up-
permost 10-15 cm. They cover about 15% of the
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“Cerrado” area supporting savannah-like vegeta-
tion®. In some part of this area sugarcane is cul-
tured. Theintensive culture of sugar canerequiresa
continuous contribution of nitrogen fertilizers and
ureais commonly used for this purpose.

Many studies demonstrated a close relationship
between lichens and their habitatsin the NE of Bra-
zil™9 Some species of lichens spontaneously grow
on soilsenriched with ureain thelimitsof fertilized
cropsor inthevicinity of farmswhere urea appears
in the excrement and urine of animals®. Since li-
chens are one of the most sensitive groups of living
organisms to nitrogen pollution™, those growing
closeto asource of organic nitrogen must necessar-
ily be nitrogen-tolerant species. Theinfluence of an
excess of ureaon the lichen population growing on
the periphery of crops and farms has been usually
associated to the rel ease of ammonium produced by
bacterial hydrolysisof urea. Sincelichenslack roots
and take up water, solutes and gases through the en-
tire thallus surface, these organisms respond more
sensitively than vascular plantsto changes of the at-
mospheric purity. Thetoleranceto high levels of at-
mospheric ammonia depends, among other factors,
on the capability of the photobiont to provide suffi-
cient amounts of carbon skeletons for anmoniaas-
similationt®.

However, many lichen species are able to cap-
ture directly ureathat is hydrolyzed by thalline ure-
ase®*, The hydrolysis of urea produces carbon di-
oxide which is mainly used to synthesize pheno-
lics*2. In Evernia prunasti, phenolics produce a
feed-back inhibition of urease activity by blocking
their active thiol groups™®. When these phenolics
are secreted to cortex, urease activity increasesagain
and agreater amount of ureacan be metabolized™.
Sincediscrete amounts of these cortical phenolscan
be washed by rainfall and accumulated in the soil,
their biological activities as bioherbicides¥ can al-
ter the growth and occurrence of many plant species
in the affected geographical area.

The aim of thiswork was to study the ability of
absorption and accumulation of urea and the pro-
duction and mobilization of PRO and FUM by C.
verticillarias grown near sugarcane plantations,
when lichenthalli directly floated on ureaare main-
tained in darkness or white light conditions as an
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experimental approximation to the agraecol ogical
actionsof lichens.

MATERIALSAND METHODS

Biological material

Cladonia verticillaris (Raddi) Fr., was col-
lected from sandy soils in the microarea of the
“tabuleiro” (broad) of Mamanguape (Paraiba, Bra-
zil). Thalli were dried in air flow and stored in the
dark, at room temperature, no more than two weeks.
Voucher specimen has been deposited in the
Herbario-UFP-Geraldo Mariz, Universidade Fed-
eral de Pernambuco (Brazil), register number 65726.

Quantation of urearetained by lichen thallusor
remaininginthemedia

C. verticillaris thalli (1.0 g dry weight) were
washed twice with distilled water and floated on
20 mL of different urea solutions (20, 40 and 60
mM) in 75 mM sodium phosphate buffer, pH 6.9, in
the dark or under whitelight (100 umol m2s?) from
Oto24hat 25°C. Asacontrol, 1.0 g dry thalli were
incubated in the same buffer and conditions in ab-
sence of urea. At the indicated times, thalli were
dried with filter paper and macerated in a mortar
with liquid nitrogen. Powderswere dispersed in 10
mL distilled water and centrifuged at 12,000 x g for
15minat 4 °C. To each supernatant, 5 mL 10% (w/
v) TCA were added and newly centrifuged in the
same conditions. Acidified supernatants were neu-
tralized with 10 mM NaOH and used to quantify urea
with diacetyl monoxime according to the method
described by Rahmatullah and Boyde™ with modi-
fications. Media after incubation were also treated
with TCA and remaining urea was quantified as
above. Experiments were achieved in triplicate.

Quantitation of proteins, PRO and FUM in thalli

Similar samples of C. verticillaristhalli (1.0 g
dry weight) were incubated in the same experimen-
tal conditionsasabove. At theindicated times, thalli
were dried with filter paper and secreted PRO and
FUM were quantified in the media containing urea.
Then, thethalli were extracted with 10 mL distilled
water for 3 h at 35 °C. The aqueous extract was
centrifuged at 12,000 x g for 15 min at 4 °C, the
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precipitate discarded and the supernatant used to
determine secreted proteins and water-soluble PRO
and FUM. Then, thethalli were macerated in amor-
tar with liquid nitrogen. Powder was extracted with
10 mL of distilled water for 20 min, centrifuged as
above, and the supernatant was used to estimate
soluble proteinsin the thallus. The solid precipitate
was then extracted with 20 mL pure acetone for 15
min at 30°C and continuous shaking, and centrifuged
as above. Then, the precipitate was discarded and
the acetonic extract was evaporated to drynessin a
speedvac concentrator. To the dry residue, 5 mL of
distillate water were added and the homogenate was
centrifuged in the same conditions. The supernatant
was used for quantitation of both PRO and FUM.
Quantification of proteins in the extracts was per-
formed by the method of Lowry et al.* after pre-
cipitation with trichloroacetic acid”. Quantifica-
tion of PRO and FUM was performed after separa-
tion by HPLC. Experimentswere achieved intripli-
cate.

HPL C analysisof PRO and FUM

High performanceliquid chromatography sepa-
ration of lichen phenolics was carried out using a
liquid chromatograph (Spectra Physics 8810) as
described by Santiago et al.,[*® but using anisocratic,
instead of agradient, elution profileAnalytical con-
ditions were as follows: column, Tracer Excel 120
ODSB (25 cmx4.6mm internal diameter); injection,
10 uL; mobilephase, solvent A: acetonitrile (100%)
and solvent B: acetic acid/water (2 : 98, v/v), A:B,
70:30vl/v, at aflow of 1 mL-min’, temperature, 25°C;
absorbance unit full scale, 0.005; detector, UV-Vis
SP3490 (A=270 nm); internal standard, salicylic acid,
0.5 mg/mL. Quantitation of each phenol was done
by using the slope of the straight line obtained by
linear regression from different injected mass of the
standard phenol and their corresponding areacounts.
FUM standard was isolated and purified from C.
verticilliaris as was described by Pereird®d. PRO

standard was isolated and purified from C.
verticillaris as described by Tigre et al.,[%.

Satistical analysis.

Statistical analysis was performed using the
multiple ANOVA test followed by post hoc analysis
with Tukey’s honest significant differences test. Dif-
ferenceswereconsidered to besignificant at P<0.05.

RESULTSAND DISCUSSION

Ureauptakeby lichen thalli

Thalli of C. verticillaris used in this work ini-
tially contained an amount of urea of about 36.54
ng-g* fresh weight (0.61 nmoles-g?). The incuba
tion of thethalli on different ureaconcentrationswas
followed by the disappearance of thisureafrom the
media. Whenincubation was carried out in the dark,
therate of ureaconsumption diminished with thein-
crease of the concentration of thesupplied compound.
Thisis, therate of urea consumption from an exter-
nal solution of 20 mM was 1.02 mg h'%, 0.96 for 40
mM ureaand 0.56 mg h* for 60 mM urea(Figure 1A
and TABLE 1). Nevertheless, light accelerated the
uptake of urea, from 0.76 mg h* for 20 MM ureaup
to1.34 mgh*for 60 mM urea(Figure 1B and TABLE
1). Thiscompound compl etely disappeared from the
mediaonly during the incubation of lichen thalli in
the dark on 20 mM urea for 24 h, wheress the re-
maining urearepresented a considerable amount in
the other treatments.

Itisnot easy to explain the action of light onthe
uptake of urea by thelichen thalli. In freeliving al-
gae, urea uptake seemed to be independent on the
availability of energy provided by light®. On this
basis, it has been proposed the occurrence of
aquaporinsto regulate the permeability of plant mem-
branes to water and small, uncharged mol ecules?Y.
However, Prado et al .22 found that the conductivity
of the aguaporin water channelsincreased inthedark
and decreased in light due to the phosphoryl ation of

TABLE 1 : Uptake and accumulation of external urea by Cladonia verticillaris thalli

Condition Dar k Light

[Urea] mM Uptake (mgh™) Accumulation (ug ht) Uptake (mgh™) Accumulation (ug h™)
20 1.02+ 0.08 1.66+ 0.11 0.76+ 0.06 0.51+ 0.04
40 0.96+0.10 7.3+ 0.55 1.06+0.13 1.34+0.15
60 0.56+0.04 570+ 317 1.34+0.11 28.31 + 3.02
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Figure 1 : Remaining urea in the media after incubation of C. verticillaris thalli in the dark (A) or in light (B). (®)
0 mM urea; () 20 mM urea, y = -0.051x + 23.32; r2=0.92 in thedark and y = -0.038x + 0.91; r2=0.84 in light; (A)
40 mM urea, y =-0.048x + 2.26; r2=0.97 in thedark and y = -0.053x + 2.13; r2=0.87 in light; (@) 60 mM urea, y =
-0.028x + 0.99; r2=0.85in thedark and y = -0.067x + 3.27; r2=0.91 in light. Values are the mean of threereplicates
+ standard error and adjusted to a straight line by linear regression

two serine residues in one of the membrane intrin-
sic proteins. In fact, Cladonia sandstedei thalli ef-
ficiently internalized ureain the dark!®!, but, accord-
ing to the results showed herein, the uptake of urea
by C. verticillaris was positively effected by light.
This seemed to indicate apassive diffusion process
rather than afacilitated transport. Light could sim-
ply increasethe disorder degree of the bilayer mem-
branes asa consequence of warmingto facilitate the
entry of thiscompound into thelichen cells.

C. verticillaris thalli metabolized or accumu-
lated ureafollowing its disappearance from the in-
cubation media, depending on its concentration and
on the darkness or light conditions. In the dark, the
kinetic of ureaaccumulationinthalli wasvery simi-
lar to the kinetic of urea disappearance from the
media(Figure 2A) during thefirst 4 h of incubation.
Inlight, adifferent behaviour was observed (Figure

2B). When lichen thalli were floated on 20 and 40
mM urea, total urea internalized by the thalli was
amost metabolized sincetheremaining ureain thalli
was similar to that found for the control in absence
of exogenous urea. Only those thalli floated on 60
mM urea accumulated this compound in a similar
way to that found during darkness incubation, al-
though at lower values.

Accumulation and secr etion of proteins

C. verticillaris synthesized an induced urease
that hydrolyzed urea to produce NH, and CO,. The
enzymewas partially secreted to themediaalthough
this secretion was nullified after 24 h incubation on
urea. Enzymeinduction by ureawasnullified at this
timevalueinthe dark but continuously increased in
light™. Thus, it could be concluded that the hydroly-
sisof ureawas mainly carried out inside thethallus.
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Figure 2 : Accumulated urea in the thallus after incubation of C. verticillaris thalli in the dark (A) or in light (B).
(¢®) 0mM urea; () 20mM urea, y = 1.66x + 50.0; r2=0.84 in thedark and y = 0.51x + 36.68; r2=0.81in light; (&)
40 mM ureay =-0.60x2 + 16.81x + 48.24; r2=0.91 in thedark and y = 1.34x + 43.30; r2=0.78 in light; (@) 60 mM
urea, y = 58.54x + 36.54; r2 = 1.0 (initial segment from 0 to 4h in the dark) and y = 28.31x + 36.54; r2 = 1.0 (initial
segment from O to 4h in light). Values are the mean of three replicates + standard error and adjusted to a straight

line by linear regression

Carbon dioxide and ammoniawould be used for the
synthesis of nitrogen compounds (mainly amino ac-
ids and proteins) and to produce the carbon skel-
etons of secondary lichen metabolites*2.

The incubation of the thalli on urea always in-
creased the amount of proteins secreted to the me-
diainthedark, though only theincubation on 20 mM
urea promoted a level of protein secretion higher
than that observed in the controlsincubated without
urea (Figure 3A). However, thelight raised the lev-
els of secreted protein and, in this case, all the con-
centrations of urea assayed herein induced a level
of secretion higher than that observed in the con-
trols without urea. Nevertheless, the highest level
of secretion of protein in light was induced by 20
mM urea(Figure3B). Theamount of protein retained
by the thalli remained more or less constant during
24 hincubation but 60 mM ureadlightly diminished
theaccumulation of proteininthelichenthalus(Fig-
ure4A). On the contrary, the amount of proteinsre-

tained by thethalli inlight became maximum for 40-
60 mM urea, being lower those reached by thalli
incubated in 20 mM urea (Figure 4B). It can then
concluded that the liberation of ammoniaby the hy-
drolysisof ureacould be used toincrease the amount
of protein, mainly inlight conditions.

Production and distribution of phenolicacids

When ureais hydrolyzed inside the thallus, the
lichen also produced phenolic substances which
migrates in part from the medulla to the cortex to
protect the lichen thallus against the excessive ra-
diation®* 2% and sometime they are leached by rain-
falll?¢l, The main phenolics produced by C.
veticillaris are PRO and FUM®!, The accumulation
of these phenolicsin thethallus, secreted to the cor-
tex and the amount of those dissolved in the media
for each experimental condition are shown in Fig-
ures 5-7.

Fresh thalli initially contained a small amount
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Figure 3 : Secreted protein to the media after incubation of C. verticillaris thalli in the dark (A) or in light (B).
(white) 0 mM urea; (ruled) 20 mM urea; (grey) 40 mM urea, and (black) 60 mM urea. Values are the mean of three
replicates + standard error Different letters indicate significant differences (P < 0.05)

of PRO (6,7 ng-g* dry weight, 0.018 pmol-gt), and
ahigh amount of FUM (0.66 mg-g* dry weight, 1.38
umol-g1), approximately 100 timesmore FUM than
PRO. During thefirst 4 h of incubation on phosphate
buffer, pH 6.9, in the dark, the metabolism of lichen
phenolics was activated and the amount of
intrathalline PRO increased to decrease later (Fig-
ure 5 A and B). This decrease was more rapid in
light than in the dark. In contrast, the accumulation
of FUM in the dark decreased in absence of urea
(Figure 5C) but it was efficiently recovered after
24h of thalli incubation of the thalli on 40 mM. In
light, thelevelsof FUM accumul ation werekept more
or less constant with independence on the time of
incubation and on the concentration of ureaused (Fig-
ure5D).

The amount of PRO adhered to the cortex and
released after awater wash was higher in light (Fig-
ure 6B) than in darkness (Figure 6A), without ap-
preciable differences in the amounts of this phenol
obtained for different ureaconcentrations. The high-

est values of cortical PRO were obtained at 24 h
incubation (Figure 5B). Thisisin agree with that
described by Legaz et al.?and Stark et a.® in
relation to the superficial deposition of lichen phe-
nolicin order to produce a protective screen against
irradiation. In the dark, thetiter of FUM adhered to
the cortex increased after 4hincubation on urea. From
4 to 15 h, the concentration of FUM in the cortex
increased without significant differencesfor the dif-
ferent concentrations of urea. The highest amount of
FUM superficialy deposited on the cortex was ob-
tained at 24 h of incubation on the buffer alone or 20
mM urea (Figure 6C). In light, the amount of corti-
ca FUM increased with theincubation timeon buffer.
Nevertheless, urea aways diminished the deposi-
tion of this depsidone on the cortex with respect to
the values obtained in absence of urea (Figure 6D).

Lichen thalli incubated on phosphate buffer in
the dark leached small amounts of PRO at any time
(Figure 7A). Ureaextensively impeded this|eachate
since only a small amount of this depsidone was
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Figure 4 : Retained protein by the thallus after incubation of C. verticillaris thalli in the dark (A) or in light (B).
(White) 0 mM urea; (ruled) 20 mM urea; (grey) 40 mM urea, and (black) 60 mM urea. Values are the mean of three
replicates + standard error. Different letters indicate significant differences (P < 0.05)

rel eased to the medium containing 60 mM ureaat 24
h incubation. In the same condition, small amounts
of FUM were found in the buffer and very similar
amounts of thisdepsidonewerefoundin mediacon-
taining ureafrom 15to 24 hincubation (Figure 7C).
Light accel erated the rel ease of both PRO and FUM
to the media in light but the recovery of both
depsidonesfrom theincubation mediain these con-
ditionswasan inverse function of the concentration
of ureasupplied. Control treatment in light leached
less PRO than in the dark but incubations on urea
significantly increased the amount of PRO |leached
to the mediaafter 24h incubation (Figure 7B and D)
but FUM decreased when urea concentration was
increased. The highest amounts of FUM leached to
the mediawerefound during thalli incubation onthe
buffer alone (Figure 7D).

The results showed in the Figure 5 are in agree
to that found by Blanco et al.'2 (1984), which af-
firm that the carbon dioxide produced by the hydroly-
sis of the urea inside the lichen thali is preferably
used for the synthesis of phenolsin thedark whereas

in light, the use of this CO, must be distributed be-
tween the synthesis of phenolsand its photosynthetic
assimilation by the alga partner. This effect of the
light is more visible for FUM than for PRO, since
thislatter depsidoneistransformed into FUM by the
combined action of two enzymatic systemsthat use
succinyl-CoA asaprecursor of the4C adduct to the
FUM8, Comparing the results showed in the Fig-
ures5and 6, it can be deduced that the PRO is pref-
erably retained by the lichen thallus whereas the
FUM migrateseasier to the cortex, inwhichit settles.
This deposition seems to be independent from the
concentration of ureasupplied but positively affected
by light, as previously found by Mateos et al.[?
(1993). The low concentration of both depsidones
found in the water leachates is the consequence of
the scanty solubility of these phenolsin water®,
The agroecological consequences of the facts
found here are clear. The use of urea as afertilizer
in cultures of sugar cane involves the partial use of
this nitrogenous compound by terricolous lichens
growin who grow in the boundaries of the cultures.
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Figure 6 : Cortical protocetraric acid (A,B) and fumarprotocetraric acid (C,D) in the thallus after incubation of C,
verticillaris thalli in the dark (A,C) or in light (B,D), (White) 0 mM urea; (ruled) 20 mM urea, (grey) 40 mM urea,
and (black) 60 mM urea, Values are the mean of three replicates + standard error, Different lettersindicate signifi-
cant differences (P < 0.05)

Urea then can be used by these lichens increasing the production lichen phenolics that are washed by
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Figure 7 : Protocetraric acid (A,B) and fumarprotocetraric acid (C,D) leachated from the thallus to the media
after incubation of C, verticillaristhalli in the dark (A,C) or in light (B,D), (White) 0 mM urea; (ruled) 20 mM urea;
(grey) 40 mM urea, and (black) 60 mM urea, Values are the mean of three replicates + standard error, Different

letters indicate significant differences (P < 0.05)

rainor irrigation and retained in the soil. The chemi-
cal stability of these phenols in the soil, joined to
their potential activity as bioherbicides could inter-
fere with the growth of the cultured plants or pre-
ventsthe growth of bad grasses.

ACKNOWLEDGEMENTS

T.L. deVasconcelos and E.C. Pereiraare grate-
ful to the Coordenadoira de Aperfegioamento de
Pessoal de Ensino Superior (CAPES, Brazil) and to
the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (VNPq, Brazil) for the
scholarships and felllowships granted. This work
was supported by a grant from the Ministerio de
Ciencia e Innovacion (Spain), BFU2009-11983 to
C. Vicenteand M.E. Legaz.

REFERENCES

[1] R.C.Tigre, N.H.Silva, M.G.Santos, N.K.Honda,
E.PS.Facio, E.C.Pereira; Ecotoxicol. Environ.Saf.,
84, 125 (2012).

[2] T.AhtiT., S.Stenroos, L.Xavier-Filho; Trop.Bryoal.,
7,55 (1993).

[3] Embrapa; “IIl Embrapa director plan 2004-2007 on
coastal Tableland”, Embrapa, Brazilia, (In Portu-
guese), (2005).

[4] FPSilva; Master thesis, Universidade federal de
pernambuco, Recife, (In Portuguese), (2007).

[5] R.F.Silva, PMelo, F.O.Mota-Filho, N.H.Silva,
E.C.Pereira; Camin.Geogr., 13, 50 (2012).

[6] F.Bermudez de Castro, A.Miiller, M.F.Schmitz;
Ecologia, 4, 131 (1990).

[7] S.Jovan; General technical report PNW-GTR-737,
U.S.Department of Agriculture, Portland OR, (2008).

[8] M.Hauck; Environ.Pollut., 158, 1127 (2010).

[9] S.Hugron, M Poulin, L.Rochefort; Boreal
Environ.Res., 18, 317 (2013).

[10] M.Rodriguez, C.Vicente; Symbiosis, 11, 255 (1991).

[11] E.Schofield, V.Ahmadjian; Antar.Res.Series, 20, 97
(1972).

[12] M.J.Blanco, C.Suarez, C.Vicente; Planta, 162, 305
(1984).

[13] C.Vicente A.Azpiroz, M.PEstévez, M.L.Gonzélez;
Plant, Cell Environ, 1, 29 (1978).

[14] T.L.Vasconcelos, E.C.Pereira, N.H.da Silva,
C.Vicente, M.E.L egaz; Ecotoxicol .Environ.Saf., 98,
310(2013).

[15] M.Rahmatullah, T.C.R.Boyde; Clin.Chim.Acta, 107,
3(1980).

[16] O.H.Lowry, N.J.Rosebrough, A.L.Farr, R.J.Randall;



JOSSR, 1(1) 2016

Carlos Vicenteet al. 41

J.Biol.Chem., 193, 265 (1951).

[17] V.H.Potty; Anal.Biochem., 29, 535 (1969).

[18] R.Santiago, R.De Armas, M.E.Legaz, C.Vicente;
J.Plant Pathol., 90, 87 (2008).

[19] E.C.Pereira; Production of metabolites by
cladoniaceae speciesfrom cell immobilization, PhD
Thesis, Universidade Federal de Pernambuco,
Recife, (In Portuguese), (1998).

[20] R.C.Hodson, J.F.Thompson; Plant Physiol, 44, 691
(1969).

[21] M.Dynowski, M.Mayer, O.Moran, U.Ludewiga;
FEBS Lett., 582, 2458 (2008).

[22] K.Prado, Y.Boursiac, C.Tournaire-Roux,
J.M.Monneuse, O.Postaire, O.Da Ines,
A.R.Schiffner, S.Hem, V.Santoni, C.Maurel; Plant
Cdll, 25, 1029 (2013).

[23] C.Vicente, M.E.Legaz, E.C.Arruda, L.Xavier Filho;
J.Plant Physiol., 115, 397 (1984).

> [FUl] Paper

[24] S.Sark, M.M.Kytéviita, A.B.Neumann; Oecologia,
152, 299 (2007).

[25] R.F.Silva, E.C.Pereira; XVI congresso deiniciagao
cientifica da universidade federal de pernambuco,
Abstracts, Recife, (2008).

[26] M.E.Legaz, C.Vicente, C.Ascaso, E.C., Pereira,
L.Xavier Filho; Biochem.System.Ecol., 14, 575
(1986).

[27] B.Fontaniella, M.E.Legaz, E.C.Pereira, B.Sebastian,
C.Vicente; Biotechnol.Lett., 22, 813 (2000).

[28] J.L.Mateos, M.M.Pedrosa, M.C., Molina, E.C.,
Pereira, C.Vicente, M.E.Legaz; Plant
Physiol .Biochem., 31, 667 (1993).

[29] N.V.Zagoskin, T.N.Nikolaev, P.V.Lapshin,
A.A.Zavarzin,A.GZavarzinac;, Microbiol ., 82, 445
(2013).



