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Summary. Fungal strains naturally occurring on the wood and leaves of the salt-excreting desert tree Tamarix were isolated 
and characterized for their ability to produce cellulose- and starch-degrading enzymes. Of the 100 isolates, six fungal species 
were identified by ITS1 sequence analysis. No significant differences were observed among taxa isolated from wood samples 
of different Tamarix species, while highly salt-tolerant forms related to the genus Scopulariopsis (an anamorphic ascomycete) 
occurred only on the phylloplane of T. aphylla. All strains had cellulase and amylase activities, but the production of these 
enzymes was highest in strain D, a Schizophyllum-commune-related form. This strain, when grown on pretreated Tamarix 
biomass, produced an enzymatic complex containing levels of filter paperase (414 ± 16 IU/ml) that were higher than those of 
other S. commune strains. The enzyme complex was used to hydrolyze different lignocellulosic substrates, resulting in a saccha-
rification rate of pretreated milk thistle (73.5 ± 1.2 %) that was only 10 % lower than that obtained with commercial cellulases. 
Our results support the use of Tamarix biomass as a useful source of cellulolytic and amylolytic fungi and as a good feedstock 
for the economical production of commercially relevant cellulases and amylases. [Int Microbiol 2014; 17(1):41-48]
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Introduction

Over the last few decades, shortages of fossil fuels and the 
increasing demand for renewable energy sources have led to a 
strong interest in biomass-based products such as biofuels, 
chemicals, and biomaterials [4]. For example, there is strong 
market demand for cellulases, given that the production costs 
for this class of enzymes have a major impact on ethanol pro-

duction (40–49 % of net production costs) [Technical report 
NREL/TP-580-28893, National Renewable Energy Labora-
tory, Golden, CO, USA: http://www.nrel.gov/docs/fy01os-
ti/28893.pdf] and pose a bottleneck for the commercialization 
of cellulosic ethanol [11,20]. One of the limiting factors in the 
development of an economical process for cellulase produc-
tion is the paucity of inexpensive substrates [12,17]. At pre-
sent, commercial cellulases are mainly produced, as a multi-
enzyme complex, by both Aspergillus niger and mutant 
strains of Tri choderma including T. reesei, T. viride, and T. lon-
gi brachium [25]. The hydrolytic efficiency of these enzymes 
in the saccharification of lignocellulosic material is strongly 
dependent on the relative ratios of the enzymatic components, 
endo-b-1,4-glucanase (EG, EC 3.2.1.4), cellobiohydrolase 
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(CBH, EC 3.2.1.91) and b-glucosidase (BG, EC 3.2.1.21), 
and the synergism among them [8,15].

Commercially available cellulase preparations from T. ree-
sei (i.e., Celluclast 1.5L from Novozymes) are generally char-
acterized by their very low b-glucosidase activity, such that 
their use results in incomplete saccharification of the substrate 
due to the accumulation of cellobiose, an inhibitor of both 
CBH and EG [18]. Hence, the use of commercial enzyme 
mixtures for specific substrate hydrolysis (e.g., different types 
of biomass) is conditioned and limited by the difficulty in 
varying the ratio of each specific hydrolase in order to obtain 
an optimized biomass-degrading enzyme system. An impor-
tant advantage of optimizing the cellulase enzyme system for 
specific types of pretreated biomass is a significant reduction 
in enzyme loading without sacrificing hydrolysis yield [2].

Among feedstocks for biofuel production, higher plant 
species able to grow on marginal soils in arid or semiarid envi-
ronments are of particular interest [5,30,35]. Tamarix (Tamari-
caceae) species, which include small trees or shrubs, are desert 
halophytes adapted to grow on non-arable soils and highly to-
lerant of abiotic stresses, including salinity, drought, and defo-
liation [5,13]. These plants have several salinity tolerance 
mechanisms, one of which is their ability to secrete solutes 
onto the leaf surface through specialized salt glands [28].

Microorganisms living on Tamarix leaves are likewise ex-
posed to multiple concurrent stresses, including high and fluc-
tuating salinity, periodic desiccation, high temperatures, high 
levels of UV radiation, and high alkalinity [21,31]. However, 
the development of a diverse microbial community, even un-
der extreme desert environments, is supported by the phyllo-
plane of Tamarix spp., which provides a habitat that is rich in 
organic carbon (>3 g C/l) [21], phosphorus, and nitrogen 
(mostly available as phosphate and nitrate, respectively), and 
characterized by adequate moisture levels [7].

The aim of this study was to identify biomass-degrading 
fungi from leaves and wood of high-biomass-yielding ge-
notypes of Tamarix aphylla “Erect” type and Tamarix jorda-
nis, and to use these strains to produce a multi-enzyme system 
consisting of cellulases and amylases.

Materials and methods

Plant biomass. Tamarix aphylla “Erect” type and T. jordanis biomass 
(wood and leaves) were kindly provided by Prof. Amram Eshel, Dept. of 
Plant Sciences, Tel Aviv University, Israel, and were grown in the southern 
Aravah Valley in the Negev Desert in Israel. The material was sun dried and 
mechanically ground to yield particles within the 0.5- to 2.0-mm range and 
then stored in gunny bags. Poplar (Populus nigra L.) wood was kindly provi-
ded by Prof. Paolo De Angelis, DIBAF, University of Tuscia (Viterbo, Italy). 

Hazelnut (Coriolus avellana) shell waste and milk thistle (Silybum maria-
num) biomass were provided by Stelliferi SpA (Caprarola, Italy) and Nova-
mont SpA (Novara, Italy), respectively.

Isolation of fungi. All chemicals were reagent grade and were purcha-
sed from Sigma–Aldrich (St. Louis, MO, USA) unless otherwise stated. Ta-
marix wood and leaf pieces were incubated at 30 °C and 180 rpm in 200 ml 
of sterile saline solution containing 100 mg chloramphenicol/l. After 24 h, 
appropriate dilutions were inoculated onto potato dextrose agar (PDA, BD 
Difco Lab., Detroit, MI, USA) and incubated at 25 °C for 7–10 days. Each 
fungal strain was isolated to obtain a pure culture, as determined on the basis 
of the microscopic and macroscopic features of the colonies, which were sub-
sequently maintained and transferred every month in malt extract agar. 
Trichoderma viride DIBAF-10, used as the reference strain in comparisons of 
the hydrolytic activities of cellulose, was maintained in the same way.

Fungal DNA extraction. Agar plugs (1 cm2) from 15-day-old cultures 
were transferred into 500-ml Erlenmeyer flasks containing 100 ml of potato 
dextrose broth medium (PDB, Difco). After 72 h of growth at 30 °C, the 
mycelium was recovered by filtration and ca. 100 mg dry weight was used for 
DNA extraction as described by Cassago et al. [3].

PCR and sequencing. The internal transcribed spacer (ITS) sequence 
was PCR-amplified using the primers ITS1 (5′-TCCGTAGGTGAACCT 
CGG-3′) and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) [1,35]. Amplifica-
tion was carried out using the GeneAmp PCR system 9700 (Life Techn., 
Monza, Italy) with the following thermal conditions: 95 °C for 5 min, follo-
wed by 35 cycles of 30 s at 95 °C, 1 min at 55 °C, and 1.5 min at 72 °C, with 
a final extension for 10 min. The PCR product was cloned into the pGEM-T-
easy vector (Promega, Madison, WI, USA) and the resultant recombinant 
plasmid DNA was sequenced.

Identification and phylogenetic analysis of fungal strains. 
The ITS sequences were compared with those of all known fungal species 
available in the GenBank database [http://www.ncbi.nlm.nih.gov] to identify 
potential phylogenetic relationships. All sequences were aligned using the 
multiple sequence alignment program ClustalW2 [14]. An unrooted phyloge-
netic tree was constructed using the neighbor-joining program contained in 
the PHYLIP phylogeny inference package, version 3.6, and the confidence 
values of the branches were determined by performing a bootstrap analysis 
based on 100 replicates [http://evolution.gs.washington.edu/phylip.html]. 
Mol ecular characterization of strain A and strain B indicated that these strains 
were virtually identical; thus only strain B was further characterized.

Substrate pretreatment. The Tamarix jordanis suspension (16 %) 
was pretreated under acidic conditions (H2SO4 0.5 %) at 120 °C for 30 min. 
Solid material was recovered by centrifugation (6000 rpm, 10 min), neutrali-
zed, and used for media preparation. Milk thistle dry biomass was pretreated 
using the lab-scale direct steam apparatus described by Santi et al [23]. 
Ground Tamarix wood was pretreated with sodium hydroxide (NaOH) before 
enzymatic hydrolysis. Briefly, a mixture of the Tamarix particles (0.5–2 mm) 
and NaOH (0.8 % w/v) was incubated at room temperature for 18 h under a 
solid loading condition of 5 % w/v. The pretreated solids were washed with 
800 ml of hot deionized water and total solids were then determined. The 
solids were dried at 55 ºC and weighed.

Carbohydrates in biomass feedstocks and in pretreated biomass samples 
were analyzed by hydrolyzing 500 mg of dried material with 72 % sulfuric 
acid at 121 °C for 60 min, which allowed complete carbohydrate hydrolysis. 
The monomeric sugars (glucose and xylose) from completely acid-hydrolyzed 
biomass were analyzed quantitatively using the Enzytec d-Glucose (R-Bio-
pharm AG, Darmstadt, Germany), and K-xylose (Megazyme International 
Ireland Ltd, Wicklow, Ireland) kits following the manufacturers’ instructions.
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Culture media, inoculum preparation, and culture conditi-
ons. Preliminary screening for the selection of cellulolytic fungal isolates 
was performed in the following medium (g/l): NH4H2PO4, 2; KH2PO4, 0.6; 
K2HPO4, 0.4; MgSO4·7H2O, 0.8; thiamine, 0.01; adenine, 0.004; yeast ex-
tract, 0.5; Avicel PH-101, 5. The pH of the medium was adjusted to 6.0 prior 
to sterilization (121 °C, 15 min).

The cellulase production medium had the following composition (g/l): 
NaNO3, 3; KCl, 0.5; KH2PO4, 1; MgSO4·7H2O, 0.5; FeSO4·7H2O, 0.01; 
CaCl2, 0.1; yeast extract, 5; Avicel PH-101, 5. Before the medium was steri-
lized (121°C for 15 min), the pH was adjusted to 7.0. Pre-culture was carried 
out by inoculating 15-day-old mycelium fragments into 500 ml baffled flasks 
containing 100 ml of PDB. After 72 h of incubation at 30 °C under orbital 
shaking (180 rpm), 10 ml of pre-culture (ca. 0.13 g dry biomass) was trans-
ferred to 200 ml of production medium.

To evaluate the stimulatory effect of Tamarix biomass on the production 
of specific cellulases, Avicel was replaced with T.-jordanis-pretreated bio-
mass at a concentration of 1 % (w/v). Parallel experiments, under the same 
culture conditions, were carried out using T. viride DIBAF-10 as the referen-
ce strain. All experiments were done in triplicate at 30 °C and 180 rpm. The 
results are reported as the mean values. Significant differences (P < 0.05) 
were analyzed using Tukey’s honestly significant difference (HSD) test.

Enzymatic assay. Filter-paper-degrading activity (FPase), exocellulase 
(avicelase), endocellulase active against carboxymethylcellulose (CMC), and 
α-amylase activities were determined using Whatman filter paper no.1 (1 × 6 
cm strip, 50 mg), Avicel PH-101, CMC, and starch as the respective substra-
tes according to the methods described by Ghose [9]. Activities of a- and b-
glucosidase were measured by monitoring the formation of glucose from 
maltose and cellobiose, respectively; glucose was quantified using an analy-
sis kit (d-glucose) based on the enzymes glucose oxidase and peroxidase (R-
Biopharm Roche, Darmstadt, Germany). Activities were expressed in inter-
national units (IU), defined as the amount of enzyme activity releasing 1 mi-
cromole of glucose reducing-sugar equivalents per ml of the sample per min 
under standard conditions.

Determination of temperature-dependent activity profile 
and storage stability. The effect of temperature on FPase activity was 
determined by incubating the crude extract in citrate buffer (0.05 M, pH 4.8) 
within a 30–70 °C range and the standard assay was performed as described 
above. The results were expressed as percent relative activity with respect to 
the optimum (50 °C), taken as 100. To determine storage stability, residual 
FPase, b-glucosidase, a-amylase, and a-glucosidase activities in the crude 
preparation were measured after incubation of the enzymes at 4 °C for 30 
days. The amount of retained activity was expressed as a percentage of the 
zero-time control.

Enzymatic hydrolysis of cellulosic substrates. To evaluate the 
performance of the S. commune cellulolytic enzyme system in the hydrolysis 
of lignocellulosic substrates, saccharification experiments were conducted 
using Tamarix wood (untreated and alkaline-treated), poplar wood (untrea-
ted), hazelnut shell wastes (untreated), and milk thistle biomass (untreated 
and steam-exploded) as substrates. Substrate hydrolysis was catalyzed using 
the supernatant collected from S. commune strain D cultures grown on acid-
pretreated Tamarix biomass (FPase activity, 96.1 IU/ml; CMCase activity, 
180 IU/ml). An enzyme cocktail (Novozymes’ cellulosic ethanol enzyme kit) 
containing cellulase complex (NS22086), xylanase (NS22083), β-glucosidase 
(NS22118), hemicellulase (NS22002), and glucoamylase (NS22035) was 
used for comparison (FPase activity, 1500 IU/ml; CMCase activity, 2900 IU/
ml). Enzyme preparations were diluted in 50 mM sodium citrate buffer at pH 
4.8 with 1 mM sodium azide to prevent microbial contamination and loaded 
at a rate of 5 IU/g of dry material. The hydrolysis experiments were perfor-

med using a substrate concentration of 3 % (w/v) in citrate buffer (0.05 M, pH 
4.8), incubating the samples at 50 °C on an orbital shaker (180 rpm), for 24–
48 h. Negative controls were produced by replacing enzyme preparations 
with the buffer. Samples were collected after defined time intervals, and the 
total reducing groups were quantified according to the DNS method [10]. 
Hydrolysis experiments with the addition of xylanases were conducted in the 
same way, except that a combination of two xylanase preparations (NS22083 
and NS22002; Novozymes) was added to the reaction mix. Enzyme loading 
of the different xylanase preparations was the same used in control experi-
ments carried out with Novozymes’ cellulosic ethanol enzyme kit. The sacc-
harification yield (%), i.e., the amount of substrate converted to reducing su-
gars, was calculated as follows: yield (%) = reducing sugar concentration 
(g/l) × working volume (l) × 0.9 × 100/dry substrate wt (g) × cellulose in 
bio mass (%) [9].

Nucleotide sequence accession numbers. The ITS sequences 
obtained in this study were deposited in GenBank under the sequential acces-
sion numbers KF028368 through KF028373.

Results

Molecular and biochemical characterization. 
More than 100 isolates were obtained from wood and leaf 
samples from T. aphylla “Erect” type and T. jordanis. Based 
on colony morphology, hyphal morphology, and spore charac-
teristics, these isolates were classified into six different mor-
phological taxa, with one isolate from each group characteri-
zed at the molecular level using the ITS rRNA region as the 
DNA barcode (see Materials and methods). Sequence data of 
ITS fragments were used to generate a phylogenetic tree for 
comparison of the relatedness among these fungi and known 
species. The results of this analysis indicated that five of these 
isolates belonged to the Ascomycota phylum and one, clo-
sely-related to Schizophyllum commune, belonged to the Basi-
diomycota (Fig. 1). Major forms isolated from wood and lea-
ves were assigned to different taxa, based on their high boots-
trap values (Fig. 1). All forms from decaying wood occurred 
on both T. aphylla “Erect” type and T. jordanis. Penicillium-
related form (strain F) occurred on leaves of both Tamarix 
species, while a Scopuraliopsis-related form (strain G) occur-
red only on T. aphylla “Erect” type leaves (Fig. 1).

The ability of single isolates to produce extracellular 
hydrolytic enzymes involved in cellulose and starch degrada-
tion was evaluated in cultures grown in liquid synthetic medi-
um containing Avicel PH-101 as the sole carbon source. As 
shown in Table 1, all strains were able to produce cellulose-
degrading enzymes in secreted form, but they differed gre-
atly in the total amounts of β-glucosidase (which varied 
from 30 ± 1 to 2640 ± 40 IU/ml) and FPase (from 10 ± 2 to 
400 ± 8 IU/ml) activity. Under the same culture conditions, 
all strains produced a basal level of α-amylase activity, ran-
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ging from 150 ± 11 to 410 ± 20 IU/ml (Table 1). Among the 
tested isolates, strain D was the best producer of FPase, b-glu-
cosidase, and a-amylase activities (400, 2640, and 410 IU/ml, 
respectively).

Optimization of enzyme activity production on 
pretreated Tamarix biomass. To determine whether 
Tamarix biomass could be used as feedstock for the producti-

on of cellulose-degrading enzymes, further experiments were 
conducted with S. commune strain D on medium containing 
steam-acid pretreated T. jordanis biomass (1.6 % w/v) and 
glucose (0.5 % w/v) as carbon sources.

Under this condition, significant levels of cellulolytic and 
amylolytic enzymes were produced by strain D. The onset of 
all activities occurred 72 h after the inoculation, except for 
α-glucosidase activity, which was detected earlier (Fig. 2). 
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Fig. 1. Molecular identification of the six morphotypes isolated from leaves and wood of Tamarix aphylla “Erect” type (Ta) 
and T. jordanis (Tj) based on ITS rDNA sequence analysis. The source of each strain is indicated on the right. Phylogenetic 
analysis was performed using the neighbor-joining method, with 100 bootstrap replicates. Full-length ITS nucleotide se-
quences were retrieved from the NCBI database (GenBank Acc. Nos. in parentheses). Phyla are indicated by parentheses 
on the right. Numbers at nodes represent bootstrap values >70 %; values for some terminal nodes were omitted for clarity.
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Effect of temperature on activity and stability 
of cellulase complex. The extracellular cellulase com-
plex from S. commune strain D grown on Tamarix biomass 
showed maximal FPase activity (100 %) at 50 °C. Enzyme 
activity decreased in samples incubated at higher or lower 
temperatures but 59 % (60°C) to 47 % (70 °C) of the maximal 

activity was retained at the higher temperature and 62 % (30 °C) 
to 90 % (40 °C) at the lower temperature (data not shown). To 
assess the storage stability of both the cellulase and the amyla-
se complex from S. commune strain D, the crude preparation 
was kept at 4 °C and residual activity was determined after 1 
month. Table 2 shows that the amylase complex retained al-

Table 1. Maximal avicelase, FPase, β-glucosidase, and α-amylase activities of fungal strains isolated from Tamarix aphylla “Erect” 
type and T. jordanis wood and leaves. Strains were grown on synthetic medium containing Avicel PH-101 microcrystalline cellulose. 
Tamarix viride DIBAF-10 was included as a reference strain

Strain
Enzymatic activity* (IU/l)

Avicelase FPase b-glucosidase a-amylase

Aspergillum niger strain B 60 ± 22a 70 ± 11b 180 ± 8b 250 ± 21ab

Fusarium spp. strain C 60 ± 10a 120 ± 9c 160 ± 10b 250 ± 12ab

Schizophyllum commune strain D 60 ± 19a 400 ± 8f 2640 ± 40f 410 ± 20c

Gibberella spp. strain E 60 ± 12a 100 ± 13bc 250 ± 12c 210 ± 20a

Schizophyllum commune strain F 60 ± 8a 250 ± 20e 460 ± 20d 150 ± 11a

Scopulariopsis spp. strain G 60 ± 21a 10 ± 2a 30 ± 1a 170 ± 9a

T. viride DIBAF-10 80 ± 30a 200 ± 10d 1170 ± 7e 430 ± 21c

*Data are the mean ± standard deviation of three replicates.
a–eColumn means followed by the same superscript letter are not significantly different. (P < 0.05) according to Tukey’s HSD test.
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Fig. 2. Time courses of glycosyl hydrolases from 
Schizophyllum commune strain D grown on pretrea-
ted Tamarix jordanis biomass. (A) Endocellulase 
(CMCase, closed diamond); exocellulase (avicelase, 
open diamond); b-glucosidase (open triangle); FPase 
activity (closed circle). (B) a-glucosidase (closed 
triangle); a-amylase (open circle).
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most full activity (96–100 % residual activity) while the cellu-
lase complex  lost about 20 % of its activity under the same 
conditions. 

Enzymatic hydrolysis of cellulosic biomass. 
Schizophyllum commune’s multienzyme complex produced 
on pretreated Tamarix biomass was then used to hydrolyze 
different untreated and pretreated lignocellulosic substrates. 
The amount of reducing sugars released during 24–48 h of 
saccharification, using an enzyme load of 5 IU/g of biomass, 
ranged from 3.2 ± 0.1 to 8.6 ± 0.3 mg/g of biomass (Table 3), 
corresponding to less than 2.0 % cellulose hydrolysis when 

untreated biomass was used as the substrate. As expected, bio-
mass hydrolysis significantly increased upon pretreatment, 
reaching a saccharification yield of 48.7 ± 1.2 % when pretre-
ated milk thistle was the substrate and 14.5 ± 1.0 % in the case 
of alkaline-pretreated Tamarix wood. Comparable values for 
the Novozymes multienzyme mixture were 81.9 ± 2.3 % and 
47.8 ± 1.8 %, respectively. However, the differences in the 
performances of S. commune and commercial cellulase prepa-
rations on pretreated herbaceous biomass (milk thistle) were 
markedly lower when the multienzyme complex from S. com-
mune strain D was supplemented with commercial xylanases 
commonly used to improve cellulase performance (Table 3).

Table 2. Residual cellulolytic and amylolytic activities of the multi-enzyme 
complex system from S. commune strain D after storage at 4 °C for 30 days

Enzyme Residual activity* (%)

α-amylase 100 ± 1a

α-glucosidase 96 ± 1a

FPase 81 ± 2b

β-glucosidase 81 ± 1b

*Data are the mean ± SD of three replicates.
a,bValues with the same superscript letter are not significantly different (P < 0.05) 
according to Tukey’s HSD test.

Table 3. Reducing-sugar release and saccharification rate from different lignocellulosic substrates by the supernatant collected from 
Schizophyllum commune strain D cultures grown on acid-pretreated Tamarix biomass

Source Enzyme mix
(5 FPU/g biomass) Pretreatment Glucose equivalent*

(mg/g biomass)
Saccharification rate*

(% g glucose equivalent/g cellulose)

Milk thistle S. commune None 8.3 ± 0.4 1.9 ±0.1a2

Hazelnut S. commune None 3.2 ± 0.1 1.4 ± 0.1

Poplar S. commune None 8.6 ± 0.3 1.7 ± 0.1

Tamarix S. commune None 7.4 ± 0.1 1.9 ± 0.1a1

Milk thistle S. commune Steam-explosion 222.6 ± 2.4 48.7 ± 1.2b2

Tamarix S. commune Alkaline 63.5 ± 1.2 14.5 ± 1.0b1

Milk thistle Commercial1 Steam-explosion 373.8 ± 4.2 81.9 ± 2.3c2

Tamarix Commercial1 Alkaline 207.6 ± 5.5 47.8 ± 1.8c1

Milk thistle S. commune + 
xylanases2

Steam-explosion 335.6 ± 2.2 73.5 ± 1.2d2

*Average ± SD from three replicates.
a–dValues with the same superscript letter are not significantly different (P < 0.05) according to Tukey’s HSD test: a1– c1Tamarix biomass; 
a2–d2Milk thistle biomass.
Enzyme components in the commercial cocktail1 and xylanases2 were from Novozymes (see Materials and methods).
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Discussion

In this study, fungi occurring on the wood and leaves of two 
Tamarix species cultivated in the Negev Desert (Israel), na-
mely, T. aphylla “Erect” type and T. jordanis, were studied for 
their phylogenetic affinities and their ability to produce extra-
cellular cellulolytic and amylolytic enzymes. Six species were 
identified by phylogenetic analysis of ITS sequences of nuclear 
ribosomal DNA: five ascomycetes and one basidiomycete 
(Fig. 1). The prevalence of Ascomycota in the phyllosphere 
microbial community of T. aphylla was also reported by Fin-
kel et al. [7], who analyzed the effect of geographic location 
on the structure of the microbial community on leaf surfaces. 
Our data also showed that Ascomycota occurred on both the 
plant’s woody material and its leaves, whereas the basidi-
omycete S. commune (strain D; Fig. 1) was found only on 
decaying wood.

In both Tamarix species, the wood and leaves were diffe-
rentially colonized by fungal strains belonging to different 
taxa, which might explain the observed differences in fungal 
activity. There were no significant differences among taxa iso-
lated from wood samples from T. aphylla “Erect” type and T. 
jor danis, in agreement with the observation that the microbial 
communities on different Tamarix species grown in the same 
location are highly similar [8]. Quite different results were 
obtained in our analysis of the leaves of the two Tamarix spe-
cies, where moulds belonging to Penicillium genus (strain F) 
were found on the leaf surfaces of both species, whereas fungi 
belonging to Scopulariopsis genus (strain G) occurred only on 
T. aphylla “Erect” type leaves (Fig. 1). The latter data are in 
agreement with the observation that stems and leaves of ma-
ture T. aphylla “Erect” type plants secrete higher amounts of 
salt than those of T. jordanis [Abbruzzese and Kuzminsky, 
http://hdl.handle.net/2067/2366], which may generate a more 
favorable environment for slow-growing, highly salt-tolerant 
fungal genera such as Scopulariopsis [16,27].

Biochemical data indicated that all strains produced exo-
glucanase (avicelase), total cellulase (FPase), b-glucosidase, 
and a-amylase activities (Table 1). These enzyme activities 
were highest in S. commune strain D, as determined in its cul-
ture broth, in which enzyme activity was twice as high as in 
the cellulase-producing reference strain T. viride DIBAF-10 
(Table 1).

Schizophyllum commune, a ubiquitous wood-degrading 
white-rot fungus with a worldwide distribution [24], is not 
known to be a pathogen for Tamarix species. This fungal spe-

cies is considered to be both a genetically tractable model for 
studying mushroom development [34] and a likely source of 
enzymes capable of efficiently degrading lignocellulosic bio-
mass [6,33]. Comparative analyses of the 38.5-Mb genome of 
S. commune have shown that, among basidiomycetes, this 
fungus has one of the most extensive enzymatic machineries 
for the degradation of cellulose and hemicellulose [19]. In our 
study, S. commune strain D produced significant amounts of 
cellulolytic and amylolytic activities on medium containing 
either Avicel or pretreated Tamarix biomass. Induction of cel-
lulase production in fungi is usually mediated by low-molecu-
lar-weight soluble oligosaccharides that are released from 
complex substrates as a result of hydrolysis. These metaboli-
tes enter the cell, where they signal the presence of extracellu-
lar substrates and stimulate the accelerated synthesis of cons-
tituent enzymes of the cellulase complex [26]. Various mono-, 
oligo-, and polysaccharides have been shown to enhance the 
production of cellulase by S. commune [12,24]. 

The efficacy of cellulases from S. commune strain D in the 
hydrolysis of pretreated biomass from both woody and herba-
ceous crops and, when supplemented with extraneous com-
mercial β-xylanase, the enhanced hydrolytic performance of 
these enzymes on pretreated biomass were shown in the 
enzymatic hydrolysis assay using untreated, alkaline (NaOH)-
pretreated, and steam-explosion-pretreated lignocellulosic 
substrates (Table 3). When the hydrolytic capacities of the 
cel lulase complex from S. commune strain D and a commerci-
al cellulase mixture were investigated at the same enzyme 
loading on milk thistle, the glucose yield correlated with the 
β-xylanase level in the mixture (Table 3). These data are in 
agreement with the observation that cellulose digestion gene-
rally improves following xylan and lignin removal by chemi-
cal or enzymatic treatment. In conclusion, Tamarix biomass is 
a useful source to isolate novel fungal strains able to produce 
enzymes for biomass saccharification. Using S. commune 
strain D and pretreated Tamarix biomass, cellulases and 
amylases can be obtained with the potential to compete with 
commercial enzymes.
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