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Tea extract as an inexpensive inducer of pectin lyase in
Penicillium griseoroseum cultured on sucrose
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Extracts of tea, coffee, cocoa, and yeast induced pectin lyase (PL) in Penicillium griseoroseum cultured in a mineral
medium with sucrose as the carbon source. PL activity and fungal growth were similar in the treatments with 0.5%
tea extract, the highest concentration tested, and 0.03% yeast extract. When tea extract was added singly to the
culture medium, P. griseoroseum produced 59% and 17% of the PL activity and mycelial mass, respectively, obtained
in a treatment with tea extract and sucrose. These results suggest that the production of the enzyme was not
proportional to mycelial growth. No PL was produced in the medium with sucrose and without inducers. The small
amounts of pectic substances present in the tea extract could not be responsible for PL induction. PL activity was
detected after 12 h of growth in the medium containing sucrose and tea extract added at time zero, and after 48 h
of growth when tea extract was added at times 12 and 24 h. Mycelial mass in all treatments was similar after 48 h
of incubation. However, the addition of tea extract at time zero increased PL activity by 20–25%. Cyclic AMP at 5
and 10 mM in the culture medium induced 20 and 30%, respectively, of the PL activity obtained with 0.03% yeast
extract, suggesting that PL induction brought about by either yeast extract or tea extract might involve the intracellu-
lar metabolism of cAMP.
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Introduction [6]. The mineral medium used for cultivation consisted of
(g L−1): KH2PO4, 8.0; K2HPO4, 2.48; MgSO4·7H2O, 1.1The action of pectic enzymes on plants results in the rapidand (NH4)2SO4, 1.0, pH 6.3. Sucrose (0.4%) and 0.03%loss of tissue coherence and the separation of plant cellsyeast extract (Merck, Rio de Janeiro, RJ, Brazil) or extracts[8], a phenomenon that has been studied for the degummingof tea, coffee or cocoa were added at different concen-of natural fibres in the textile industry [10,16]. Pectin lyasetrations to 50 ml of mineral medium contained in 125-ml(E.C. 4.2.2.10) (PL) is important for degumming since it is Erlenmeyer flasks. Extracts (5% wt/vol) were obtained bythe only pectic enzyme that can cleave thea-1,4 bonds of boiling 5 g of tea (Matte Lea˜o, Curitiba, PR, Brazil), coffee,highly esterified pectins without the previous action of and cocoa (Garoto, Vito´ria, ES, Brazil) powder for 10 minother enzymes [1]. in water. The extracts were then filtered with qualitativeSince purified pectin is an expensive substrate for thefilter paper and the volume was made up to 100 ml withproduction of cellulase-free pectinases, alternative carbondistilled water. Cyclic AMP was added to the culturesources and inducers have been tested to produce thesemedium at 5, 10, 15, and 20 mM to verify whether PLenzymes. In earlier studies in our laboratory, we observedcould be induced by the exogenous addition of this nucleo-that P. griseoroseumwas capable of producing PL in a tide.medium containing the non-pectic substances, sucrose andAfter inoculating the medium with 5× 104 spores ml−1,yeast extract [4]. cultures were incubated at 25°C and 150 rpm for 48 h onThe objective of this study was to investigate the effecta rotary shaker. Cultures were then harvested by filteringof inexpensive inducers on the production of PL byP. gri- them through a 400-mesh sieve, and the filtrates were used

seoroseum. for enzyme determinations. The experiments were carried
out with three replications.

Materials and methods
Growth determination and enzyme assayMicroorganism, inoculum production and culture Growth was measured by estimating cell dry weightconditions according to Calam [7]. PL activity was determined accord-Penicillium griseoroseumstrain (Dierckx), originally iso- ing to Albersheim [2] by adding 0.5 ml of culture filtratelated from forest tree seeds at the Departamento de Fitopa-to 3.0 ml of 50 mM phosphate buffer, pH 6.0, containingtologia, Universidade Federal de Vic¸osa, was cultured on 0.25% citric pectin (Sigma, St Louis, MO, USA). Afterslants of oatmeal-agar for 9 days at 25°C and stored at 4°C incubation at 40°C for 30 min, 0.2 ml of 1 M HCl was
added to the reaction mixture. One unit of PL activity (U)
was defined as that amount of enzyme which produced oneCorrespondence: Dr DO Silva, Departamento de Microbiologia, Bioagro,
nmol of unsaturated uronides per ml of culture filtrateUniversidade Federal de Vic¸osa, 36571–000 Vic¸osa-MG, Brazil
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Pectin concentration in tea extract more expensive than tea, tea extract was used as an inducer

in our studies.Tea extract was treated with a commercial pectinolytic
complex for 12 h. At the beginning and at the end of each The addition of 0.3% tea extract to the culture medium

at 0, 12 or 24 h of cultivation showed that tea extract hadreaction, reducing sugars and glucose were determined by
the dinitrosalicyclic acid [14] and glucose oxidase [9] a real inducing effect on PL activity (Figure 2). When no

tea extract was added to the medium, no PL activity wasmethods, respectively. To determine pectin concentration
in tea extract, glucose content was subtracted from the total detected. However, after 48 h of cultivation, mycelial mass

reached 72% of the value obtained when tea extract wasreducing sugars.
added at the beginning of incubation. Mycelial mass was
similar for all cultures to which tea extract was added. TheResults and discussion addition of tea extract at time zero induced PL activity after
12 h of incubation and an increase of 20–25% in PL activityPenicillium griseoroseumproduced pectin lyase (PL) when

cultured in mineral medium with sucrose supplemented was obtained after 48 h of growth. When tea extract was
added to the cultures at other times, PL activity waswith yeast, tea, coffee or cocoa extracts (Figure 1).

Tea contains 1.5–4.0% caffeine, 0.2–0.4% theobromine detected only after 48 h of incubation (Figure 2).
The fungus also produced PL in the presence of teaand about 0.02% theophylline [11]. The caffeine content of

roasted coffee beans varies from 1 to 5% according to the extract in medium with no sucrose (Figure 3). In the
medium with sucrose but without tea extract, the fungusblend and yield. Other methylxanthines, theobromine and

theophylline, are present at low concentrations [3]. Caffeine was able to grow but did not produce PL. The higher the
concentrations of tea extract added to the medium, theis the main physiologically active component of tea and

coffee. Cocoa powder is used for chocolate production and higher the amounts of PL synthesised by the fungus
(Figure 3). The use of sucrose and 0.5% tea extract yieldedcontains purines, theobromine, and caffeine [12].

In Thermomonospora curvata, theophylline and caffeine levels of PL activity that were similar to those obtained
with sucrose and 0.03% yeast extract (Figure 3), which isinhibit cyclic phosphodiesterase, an enzyme that degrades

cAMP [19]. Tröger and Meyer [18] have also reported that in accordance with results we described [4] under similar
conditions. Mycelial growth did not increase proportionallytheophylline is an inhibitor of phosphodiesterase in animal

cells. Cyclic AMP acts as a second messenger in the cell, to PL activity as a function of tea extract concentration.
Thus, tea extract was really an inducer since the additionstarting a cascade of protein kinases that influence many

processes by means of protein-phosphorylations. The
enzyme cascade sequence up to the generation of phospho-
protein is well understood, but the signal transmission that
follows and leads to the triggering of a biological effect is
not [18]. There are many isolated reports that cAMP is
involved in the regulation of a host of cellular processes in
bacteria, including the synthesis of induced enzymes such
as cellulases [5]. InNeurospora crassa, Terenziet al [17]
showed that cAMP enhances invertase production. We sug-
gest that the alkaloids present in tea, coffee, and cocoa
extracts probably act as inducers of PL inP. griseoroseum
(Figure 1) by promoting increases in the intracellular level
of cAMP.

The highest PL activity was obtained with the addition
of coffee extract to the medium (Figure 1). Since coffee is

Figure 1 Pectin lyase (PL) activity (j) and mycelial dry weight ( ) Figure 2 (a) Pectin lyase (PL) activity and (b) mycelial dry weight of
P. griseoroseumcultured for 48 h on sucrose, in the absence () or pres-of P. griseoroseumcultured on sucrose and yeast (YE), tea, coffee or

cocoa extract. ence of 0.3% tea extract added at zero (j), 12 (h) or 24 h ( ) of growth.
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Figure 3 Pectin lyase (PL) activity (j) and mycelial dry weight ( ) of
P. griseoroseumcultured on medium containing (+S) or lacking (−S)
sucrose and yeast extract (YE) or different concentrations of tea extract
(TE).

of either 0.01 or 0.1% tea extract induced PL and promoted
mycelial growth similarly to sucrose in the absence of tea
extract (no PL induced). Despite the reduced growth
obtained when the fungus was grown in a medium with
0.5% tea extract alone (17% of the mycelial mass produced
in a medium with sucrose), the fungus produced 59% of
the PL activity observed with 0.4% sucrose and 0.5% tea
extract (Figure 3). In this case, the PL activity determined
per g of dry mycelium weight was 3.5 times that deter-Figure 4 Pectin lyase (PL) activity (j) and mycelial dry weight ( ) of
mined with sucrose and 0.5% tea extract, and 4.7 times thatP. griseoroseumcultured on sucrose and (a) tea extract from zero to 0.5%

or (b) citric pectin (Sigma) from zero to 0.0050%.obtained with sucrose and 0.03% yeast extract. In this way,
we concluded that PL production was affected by the con-
centration of tea extract and that the induction by tea extract
differed from that obtained with yeast extract since it did
not require the presence of sucrose.

Since tea extract was obtained by boiling plant material,cAMP (5–10 mM) are required to obtain only partial phos-
pectic substances in the solution could act as inducers. Thephodiesterase inhibition as a result of the low permeability
action of a commercial pectinase on tea extract showed thatof cells to cAMP and of its fast intracellular turnover.
it contains only 0.05% pectic substances (data not shown).Exogenous concentrations of 5 and 10 mM cAMP induced
Therefore when 0.5% tea extract was added to 50 ml of20 and 30%, respectively, of the PL activity obtained by
mineral medium, the amount of pectic substances presentcultivating P. griseoroseum in 0.03% yeast extract
was 0.005%. The addition of 0.0001–0.005% citric pectin(Figure 5), suggesting the occurrence of partial phosphodie-to the culture medium promoted no significant inductionsterase inhibition. Higher concentrations of cAMP (15 andof PL (Figure 4b). Increasing amounts of the enzyme were

20 mM) also induced PL, albeit at lower levels than thoseinduced by the addition of 0.01–0.5% tea extract
obtained with 10 mM cAMP. Cyclic AMP at 15 and(Figure 4a) that contained amounts of pectic substances,
20 mM induced 80 and 50%, respectively, of the PLequivalent to 0.0001 and 0.005%, respectively. Therefore,
activity induced by 10 mM cAMP (data not shown).PL was not induced by pectic substances present in the

We suggest that methylxanthines present in tea extracttea extract.
may induce PL by inhibition of phosphodiesterases with aSince tea constituents contain high concentrations of caf-
consequent increase in the levels of endogenous cAMP.feine, theobromine, and theophylline [11], and such
Our results indicate that tea extract is a good substitute formethylxanthines act as phosphodiesterase inhibitors which
yeast extract as a PL inducer inP. griseoroseum. Addition-increase the levels of endogenous cAMP [15], these com-
ally, tea extract is inexpensive and is therefore an economi-ponds could be inducing PL activity via cAMP metabolism
cal substrate for the industrial production of PL.[13]. Pall [15] reported that very high concentrations of
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