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Abstract: The enzymatic activity (chitinolytic, proteolytic, pectolytic and cellulolytic) of twenty strains of
Streptomyces isolated from soil and rhizosphere of Scots pine was analyzed. Most strains produced chitinases,
catalyzing the degradation of chitin, the main component of fungal cell walls including fungi pathogenic for
plants. This activity was about 4 times higher in the presence of Fusarium oxysporum than Rhizoctonia solani my-
celium or chitin flakes. The number of the proteolytic strains was also significant. In general, rhizosphere and
soil organisms synthesized comparable amounts of these enzymes. Over half of the analyzed Streptomyces
strains produced pectolytic enzymes (polygalacturonase, pectin lyase and pectate lyase). This property was
more common among rhizosphere than among soil strains. The Streptomyces strains also showed cellulolytic
activity (endocellulases, exocellulases) – enzymes decomposing basic components of cell walls of plant and
lower fungi (cellulose). The cellulolytic activity was differentiated and depended on the Streptomyces strain.
Conclusion of our studies is that Streptomyces are the microorganisms more chitinolytic and proteolytic than
pectolytic and cellulolytic.
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Introduction
Actinomycetes inhabiting forest soils are still

poorly known in comparison with actinomycetes of
cultivated soils. Most of these microorganisms
(approx. 90%) belong to the genus Streptomyces.
These microorganisms are numerous in this environ-
ment and participate in the decomposition of various
complex compounds (chitin, pectins, cellulose) using
them as carbon and energy sources.

Cellulose and pectins are compounds commonly
occurring in the natural habitat in considerable
amounts as they are the main components of plant
wall. Therefore enzymes degrading these components

(pectinases, cellulases) play an important role in the
mineralization of these organic materials and in com-
petition of microorganisms for nutrients. Another
important problem is the participation of cellulases
and pectinases in plant pathogenesis. Microorgan-
isms which produce enzymes may be potential causes
of plant diseases (Gołębiowska 1975; Dahm et al.
1987; Dahm and Strzelczyk 1995; Redlak et al. 2001).

Chitynolytic microorganisms on the other hand
may play the role of biological plant protection fac-
tors, hydrolyzing the cell wall of most fungi, which
are the main cause of plant diseases. A similar role
may be played by cellulases degrading cellulose in the
cell wall of some lower fungi (Mahadevan and Craw-
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ford 1997; Manucharova 2004; Trejo-Estrada et al.
1998).

Proteinases also participate in the mineralization
of organic substances of plant and animal origin. Pro-
teins are the main nitrogen component of plant and
animal remains and organic fertilizers leaching into
the soil. The protein is also contained in cells of soil
microorganisms and in metabolites released by them
(Rodziewicz and Sobieszczański 1988; Januszek
1999). Proteinases may participate in the degradation
of live cells, including fungi pathogenic for plants, in-
teracting with chitinases and cellulases.

The aim of the present work was to analyze the
ability of Streptomyces isolated from the soil and rhizo-
sphere of forest trees to produce some enzymes par-
ticipating in the mineralization of high molecular
weight compounds of great importance in this habi-
tat.

It was also decided to stress the significance of
some enzymes (mainly chitinases) in the biological
protection of trees from fungal pathogens.

Materials and Methods
The analyzed actinomycetes from the genus Strep-

tomyces were isolated from root-free soil and the rhi-
zosphere of the Scots pine (Pinus sylvestris L.) (Lat
53°01'46"; Long 18°42'24"). The trees grew on sandy
soils; C:N = 24; pH = 4.1.

Chitinolytic activity (EC 3.2.1.14)
To study chitinolytic enzyme production, strepto-

mycetes strains were grown in Petri dishes containing
medium with colloidal chitin according to Chen and
Lee (1994). After 14 days of incubation at 26°C width
of the zone of chitin hydrolysis was measured.

Chitinolytic activity was analyzed on N medium
according to Nawani and Kapadnis (2004) with chitin
flakes (Sigma) (2 g/l) and Rhizoctonia solani or Fusa-
rium oxysporum mycelium (2.5 g dry mass/l) as chiti-
nase inducers.

Fusarium oxysporum and Rhizoctonia solani mycelium
– as a chitin source was grown on Czapek – Dox me-
dium (Johnson et al., 1960). 200 ml medium were in-
oculated with 1 ml wash obtained from a 10-day fun-
gal culture on slants with Potato Dextrose Agar
(Difco). The thus prepared Erlenmeyer flasks were
placed on a shaker for a period of 5 days for F. oxy-
sporum and 12–14 days for R. solani. The cultures were
centrifuged (3000 rpm for 20 minutes). The super-
natant was removed and the mycelium was washed 2
times with distilled water. The thus obtained myce-
lium was transferred to a small amount of water
(50–100 ml) and homogenized. The mycelial suspen-
sion was poured into 50 ml flasks and sterilized in an
autoclave (121°C, 1 atm). The dry mass of mycelium
in 1 ml suspension was determined.

Erlenmeyer flasks with N medium were inoculated
with actinomycetes using a wire loop. The cultures
were grown in a shaker for 7 days at 26°C. After incu-
bation the cultures were centrifuged in a centrifuge
with cooling at 4°C for 15 minutes at 8000 rpm. In the
obtained post-culture liquid the chitinolytic activity
of actinomycetes was determined.

The reaction mixture contained: 1 ml post-culture
liquid, 1 ml 1% colloidal chitin in 0.05 M acetate
buffer pH 5.5. Chitinolytic activity was determined by
measuring reducing sugars by the method of Miller
(1959). The enzymatic reaction was performed for 3
hours at 37°C. The produced N-acetyl-D-glucosamine
was assayed in a spectrophotometer (UV-1202, SHI-
MADZU) at 530 nm. The amount of enzyme which
under the experimental conditions released 1 µmol
N-acetyl-D-glucosamine per 1 minute from the sub-
strate was taken as the unit of activity.

Proteolytic activity
Studying proteolytic enzyme production the iso-

lates were grown in Petri dishes with medium accord-
ing to Rodina (1968) – modified (8-fold lower con-
centration of gelatin). After 7 days of incubation at
26oC the Petri dishes were flooded with Frazier’s re-
agent for 5 minutes. The width of zone of protein hy-
drolysis was measured.

The activity of acid (EC. 3.4.23) and neutral (EC
3.4.24) proteinases was determined according to Ha-
zen (1965). Microorganisms were grown for 7 days in
liquid medium according to Nascimento et al. (2005),
using 5 g/l yeast extract as a substrate.

The reaction mixture were 750 µl post-culture liq-
uid and 750 µl 2% azocasein (Sulfanilamide Azo-
casein, Sigma) in 0.2 M acetate buffer pH 4.5 (for acid
proteinases) or 750 µl 2% azocasein (Sulfanilamide
Azocasein, Sigma) in 0.2 M Tris-HCl buffer pH 7.5
(for neutral proteinases).

The reaction mixes were placed in a water bath at
37°C for 4 hours of incubation. The reaction was
stopped by adding 1.6 ml 7% perchloric acid (HClO4).
Then the samples were centrifuged at 15,000 rpm for
10 minutes at 4°C. 3 ml of thesupernatant were added
to 450 µl 10 N NaOH. The proteolytic activity was de-
termined spectrophotometrically at 440 nm.

The amount of enzyme which under the experi-
mental conditions released 1 µmol tyrosine per 1
minute from the substrate was taken as the unit of
acid and neutral proteinase activity.

Pectolytic activity
In order to determine pectolytic activity actino-

mycetes were grown in Minimal medium, Beg et al.
(2000).

100 ml medium were inoculated with actinomy-
cetes using a wire loop. The cultures were grown for
14 days at 26°C. After this time the cultures were cen-
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trifuged at 15000 rpm for 10 minutes at 4°C, and sub-
sequently pectolytic activity was determined for 10
strains which had shown pectolytic activity in qualita-
tive analysis. In preliminary studies on pectolytic en-
zyme production, strains were grown in Petri dishes
with medium according to Strzelczyk and Szpotański
(1989). After 7 days of incubation at 26°C the Petri
dishes were flooded with 1% aqueous solution of
“Cetrimide” (alkyltrimethyloammonium bromide)
and the width of zone of pectin hydrolysis was mea-
sured.

Polygalacturonase (EC 3.2.1.15; PG), pectate
lyase (EC 3.1.1.11; PGL) and pectin lyase (EC
4.2.2.10; PL) – were determined by the thiobarbitu-
rate method (TBA) of Sherwood (1969 cf. Johansson
1988).

The reaction mixture contained 2 ml post-culture
liquid and 2 ml of 1% citrus pectin solution in 0.05 M
Tris-HCl buffer pH 8.0 (for PL), 2 ml of 1% sodium
polypectate solution in 0.05 M acetate buffer pH 5.0
(for PG) or 2 ml of 1% sodium polypectate solution in
0.05 M Tris-HCl buffer pH 8.0 (for PGL) and also 0.5
ml 0.01 M CaCl2 (for PL and PGL).

After 3h incubation at 30°C the reaction was stop-
ped by adding 0.3 ml 9% ZnSO4 × 7H2O and 0.3 ml
0.5 M NaOH. The samples were centrifuged at 14000
rpm for 10 minutes. Next 1 ml supernatant was added
to a mixture of 0.6 ml 0.04 M thiobarbituric acid with
0.1 ml distilled H2O. Finally 0.3 ml 1 M HCl was
added.

The samples were incubated in a boiling water
bath for 30 minutes. After cooling measurements
were performed in a Shimadzu UV VIS-1202 spectro-
photometer at 515 nm for PG and 548 nm for PL and
PGL.

The amount of enzyme which under the experi-
mental conditions released 1 µmol galacturonic acid
per 1 minute from the substrate was taken as the unit
of pectolytic enzyme activity.

Cellulolytic activity
In studies on cellulolytic enzyme production the

isolates were grown in Petri dishes with medium ac-
cording to Berg and Pettersson (1977). After 7 days of
incubation the Petri dishes were flooded with 0.1%
solution of Congo red for 15 minutes and the next 1
M NaCl for 15 minutes. The width of zone of carboxy-
methylcellulose hydrolysis was measured.

Analysis of cellulolytic activity was performed us-
ing a method according to Cai et al. (1999).

Actinomycetes strains were grown in liquid me-
dium according to Grigorevski de Lima et al. (2005),
enriched in carboxymethylcellulose (CMC, Sigma),
and modified by the addition of yeast extract. The
yeast extract content was decreased from 0.3% to
0.1%. 50 ml of medium was inoculated with actino-
mycetes (using a wire loop). The cultures were grown

at 26°C for 9 days. After this time the cultures were
centrifuged at 15000 rpm for 10 minutes at 4°C, and
then the activity of cellulolytic enzymes was mea-
sured in the supernatant.

Endo- -1,4-glucanase (EC 3.2.1.4) and
exo- -1,4-glucanase (EC 3.2.1.91)

The reaction mixture contained 0.5 ml post-cul-
ture supernatant and 1.7 ml 0.01 M acetate buffer pH
5.5 and 0.8 ml 2% carboxymethylcellulose in 0.01 M
acetate buffer pH 5.5 (for endo- -1,4-glucanases) or
1% Awicel (microcrystalline cellulose 0.1 mm, Serva)
(for exo- -1,4-glucanases).

The samples were incubated in a water bath at
50°C for 50 minutes. The enzymatic reaction was
stopped by placing the tubes in a boiling water bath
for 10 minutes. In order to deproteinize the samples 1
ml of the incubation mix (1 ml 1% ZnSO4, 1 ml 0.06
M Ba(OH)2) was added to each test tube. The test
tube contents were mixed and centrifuged.

Reducing sugars were determined colorimetrically
by the method of Somogyi and Nelson (1944, cf.
Deng and Tabatabai 1994).

Table 1. Actinomycete strains isolated from root-free soil
and the rhizosphere of the Scots pine (Pinus sylvestris L.)
used in the experiment

Strain symbol Species

SG1 Streptomyces griseoviridis

SG2 Streptomyces cyaneus

SG3 Streptoverticillium olivovertici*

SG4 Streptomyces cyaneus

SG5 Streptomyces varsoviensis

SG6 Streptomyces griseoviridis

SG7 Streptomyces exfoliatus

SG8 Streptomyces griseoviridis

SG9 Streptomyces cyaneus

SG10 Streptomyces chromogenus

SR1 Streptomyces exfoliatus

SR2 Streptomyces xanthochromogenes

SR3 Streptomyces phaeochromogenes

SR4 Streptomyces anulatus

SR5 Streptomyces exfoliatus

SR6 Streptoverticillium olivovertici*

SR7 Streptomyces griseoviridis

SR8 Streptomyces exfoliatus

SR9 Streptomyces exfoliatus

SR10 Streptomyces exfoliatus

SG – bulk soil of Scots pine; SR – rhizosphere of Scots pine
*the genus Streptoverticillium is currently included in the genus
Streptomyces
The analyzed strains were isolated and assigned to genus on the ba-
sis of 16S rRNA sequence analysis and species according to meth-
ods proposed by Shirling and Gottlieb (1966), Kutzner (1981) and
Williams et al. (1983) by Golińska (2008, unpublished data).
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The liberated reducing sugars were measured in a
Shimadzu spectrophotometer UV VIS-1202 at 520
nm.

The amount of enzyme which under the experi-
mental conditions released 1 µmol glucose per 1 min-
ute from the substrate was taken as the unit of endo-
and exoglucanase activity.

-glucosidase (EC 3.2.1.21)
-glucosidase activity was determined in homo-

genates of actinomycete mycelium. For this purpose
actinomycete cultures were centrifuged three times in
a centrifuge with cooling (4°C), washed two times
with 20 ml of distilled H2O and once with 20 ml of
0.01 M acetate buffer pH 5.5. Then the pseudo-
mycelium was homogenized in a glass homogenizer
in the presence of 30 ml of 0.01 M acetate buffer pH
5.5 and added to 5 ml 0.01 M acetate buffer pH 5.5.
The obtained extract was centrifuged at 15000 rpm
for 10 minutes at 4°C.

To 50 µl supernatant 0.9 ml of 0.01 M acetate
buffer pH 5.5 and 50 µl of 40 mM p-nitrophenyl
-D-glucopyranoside (Sigma) were added.

The mixture was incubated at 40°C for 30 minutes.
The reaction was stopped by adding 3 ml of 1 M
Na2CO3 to the test tubes.

The presence of p-nitrophenol was measured in a
Shimadzu UV VIS-1202 spectrophotometer at 400
nm. The amount of enzyme which under the experi-
mental conditions released 1 µmol of p-nitrophenol
per 1minute from the substrate was taken as a unit of
-glucosidase activity.

Statistical analysis
Data were analyzed using analysis of variance in

the Statistica 5.1. package (StatSoft). Significance of
differences between means were evaluated using
Newman-Keuls multiple range test and Student’s
t-test (p=0.05).

Results
Chitinolytic activity was found in strains of Strep-

tomyces isolated both from root-free soil and from the
rhizosphere. In both groups of Streptomyces, strains
showing high chitinolytic activity (10–20 units) as
well as those showing low activity (approx. 1 unit)
were found. One of the analyzed strains (SG9) was
not chitinolytic at all (independently on the chitin
source). The most active strains belonged mainly to
the species Streptomyces exfoliatus, and the least active
ones to the species S. cyaneus. Some strains of S.
exfoliatus were also characterized by a very low activ-
ity. This activity may thus be considered as the prop-
erty of a strain (Fig. 1).

The type of enzymatic substrate also affected the
chitinolytic activity of the analyzed actinomycetes.
The highest activity was found in the presence of
Fusarium oxysporum mycelium. This activity was about
4 times higher than in the presence of Rhizoctonia
solani mycelium or chitin flakes (Table 2).

Almost all studied actinomycetes (with the excep-
tion of three) produced proteolytic enzymes. Depen-
ding on the strain, this activity was from about 10
units to 40 units (neutral proteinases) and from
about 1 unit to 5 units (acid proteinases). Among the
most proteolytic active strains were the species: Strep-
tomyces anulatus, S. phaeochromogenes, S. xanthochromo-

Fig. 1. Total chitinolytic activity of Streptomyces sp. strains isolated from bulk soil and rhizosphere of Scots pine (U/ml –
µmol N-acetyl-D-glucosamine/ml per 1 minute) – average values (n=6) ± standard deviations

SG1-10 Streptomyces sp. strains isolated from bulk soil of Scots pine; SR1-10 Streptomyces sp. strains isolated from rhizosphere of Scots pine
(Table 1)
values marked with the same letter do not differ significantly (p<0.05; Newman-Keuls multiple range test)
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genes (rhizosphere) and S. olivovertici and S. cyaneus
(soil). One strain among the analyzed ones (S. exfo-
liatus) did not produce any proteinases.

Investigations of proteolytic activity showed statis-
tically significant differences between the analyzed
strains of Streptomyces. However, in general rhizo-
sphere and soil organisms synthesized comparable
amounts of these enzymes (Fig. 2).

Over half of the analyzed Streptomyces strains pro-
duced pectolytic enzymes. This property was more

common among rhizosphere strains than among soil
strains. The enzyme produced by actinomycetes the
most commonly and in the greatest amounts was
pectate lyase (PGL) (1.4 units), and the least com-
monly and in the smallest amounts polygalacturonase
(max approx. 0.03 units). However, some strains syn-
thesized all three analyzed pectolytic enzymes (PG,
PL, PGL) and they belonged to different species: Stre-
ptomyces exfoliatus (the most active), S. olivovertici, S.
cyaneus.

Fig. 2. Total proteolytic activity (U/ml - µmol tyrosine/ml per 1 minute) of neutral (A) and acid (B) proteinases from
Streptomyces sp. strains isolated from bulk soil and rhizosphere of Scots pine – average values (n=8) ± standard devia-
tions

SG1-10 Streptomyces sp. strains isolated from bulk soil of Scots pine; SR1-10 Streptomyces sp. strains isolated from rhizosphere of Scots pine
(Table 1)
Values marked with the same letter do not differ significantly (p<0.05; Newman-Keuls multiple range test).

Table 2. Two-factor analysis of variance (ANOVA), comparing the effect of strains and chitin sources on chitinolytic activity
(U/ml – µmol N-acetyl-D-glucosamine/ml per 1 minute) of Streptomyces sp. strains isolated from bulk soil and rhizo-
sphere of Scots pine

Source of variation Variance Df
(degrees of freedom) F parametr p

(significance level)

1. strains

2. chitin sources

Interaction

448.13

2453.33

198.85

19

1

38

2597.31

14219.11

1152.53

0,0000*

0,0000*

0,0000*

Error 0,1725 300

Newman-Keuls multiple range test (p 0,05)

1. strains

SG1

7.6811 i

SG6

7.2561 h

SR1

20.1122 m

SR6

8.3186 j

SG2

1.0963 b

SG7

12.0251 l

SR2

2.0769 c

SR7

6.3056 g

SG3

4.5482 f

SG8

9.0577 j

SR3

2.2342 c

SR8

6.8579 g

SG4

1.1859 b

SG9

0 a

SR4

2.6707 g

SR9

1.2373 b

SG5

11.7749 l

SG10

3.0591 e

SR5

10.6239 k

SR10

8.8250 j

2. chitin sources

Fusarium oxysporum Rhizoctonia solani chitin flakes

11.5601 c                                                   3.4860 a                                                  3.9960 b

SG1-10 Streptomyces sp. strains isolated from bulk soil of Scots pine; SR1-10 Streptomyces sp. strains isolated from rhizosphere of Scots pine
(Table 1)
*indicate the experimental factors, which affected significantly the chitinase activity
**mean values marked with the same letter do not differ significantly (p 0.05)
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Half of the analyzed strains (both from the soil and
from the rhizosphere) produced exo- and endocellu-
lases (Table 3), but none of the strains synthesized
-glucosidase.

However, the cellulolytic activity of these microor-
ganisms was low, from 0.011–0.1539 units/ml for
exocellulases and 0.0072–0.1280 units/ml for endo-
cellulases. Some strains produced both exocellulases
as well as endocellulases, some, however, produced
only one of these enzymes. The highest cellulolytic ac-
tivity was found in the rhizosphere strain Streptomyces
exfoliatus and the soil strain S. varsoviensis (Table 3).

Summing up the investigations on the enzymatic
activity of the analyzed Streptomyces it can be stated
that these organisms were characterized by a higher
chitinolytic and proteolytic activity than a pectolytic
and cellulolytic one. They were cellulolytic to a very
small degree.

Discussion
So far the ability of actinomycetes to form pharma-

ceutical compounds used in medicine and veterinary
medicine has been the focus of investigations. Studies
on the physiology and enzymatic activity are less nu-
merous, however some of the enzymes had a great
ecological importance (Mehta et al. 2006).

Chitinases and proteases produced by actinomy-
cetes, are considered as factors which may participate
in the biological control of plant pathogens, mainly
fungal pathogens (Ordentlich et al. 1988, cf. Strzel-
czyk et al. 1990).

The analysis of chitinolytic, cellulolytic and proteo-
lytic activities in actinomycetes performed by us also
concerned these aspects.

Chitinases are a group of complex chitinolytic en-
zyme systems capable of degrading chitin to its oligo-
mers (chitooligosaccharides) and/or nanomers
(N-acetyloglucosamine) directly. Chitinolytic en-
zymes have been identified in various streptomycetes
including Streptomyces plicatus (Robbins et al. 1988),
S. lividans (Miyashita et al. 1995), S. virdificans (Gupta
et al. 1995).

Many factors affect enzymatic activity, the most
important ones being temperature, pH and the type of
enzymatic substrate. For this reason numerous scien-
tists take such factors into consideration in their ex-
periments. Similarly in our experiments the chitino-
lytic activity was analyzed in the presence of such sub-
strates as colloidal chitin, chitin flakes of crab cara-
paces, mycelium or by enriching the chitin substrates
with a small amount of glucose.

Only a few species of the genus Streptomyces are be-
lieved to be able to utilize cellulose, but many can use

Table 3. Total cellulolytic activity (U/ml – µmol glucose/ml per 1 minute) Streptomyces sp. strains isolated from bulk soil and
rhizoplane of Scots pine – average values (n=8) ± standard deviations

Strain Species Exocellulases U/ml Endocellulases U/ml

SR1

SR2

SR3

SR4

SR5

SR6

SR7

SR8

SR9

SR10

S. exfoliatus

S. xanthochromogenes

S. phaeochromogenes

S. anulatus

S. exfoliatus

St. olivovertici

S. griseoviridis

S. exfoliatus

S. exfoliatus

S. exfoliatus

0.0064 ± 0.0063 a

0 a

0.0245 ± 0.0337 ab

0 a

0.1539 ± 0.0056 d

0 a

0.016000 ± 0.006746 ab

0.0099 ± 0.0016 ab

0 a

0 a

0 a

0 a

0.0077 ± 0.0108 a

0.1128 ± 0.0887 b

0.1280 ± 0.0294 b

0 a

0.0363 ± 0.0365 a

0.0072 ± 0.0065 a

0 a

0 a

SG1

SG2

SG3

SG4

SG5

SG6

SG7

SG8

SG9

SG10

S. griseoviridis

S. cyaneus

St. olivovertici

S. cyaneus

S. varsoviensis

S. griseoviridis

S. exfoliates

S. griseoviridis

S. cyaneus

S. chromogenus

0.0501 ± 0.0790 c

0 a

0 a

0.0285 ± 0.0191 b

0.1509 ± 0.0120 d

0 a

0.0011 ± 0.0011 a

0 a

0 a

0 a

0 a

0 a

0 a

0.0909 ± 0.0418 b

0.1096 ± 0.0554 b

0.0227 ± 0.0093 a

0.0117 ± 0.0149 a

0.0109 ± 0.0101 a

0 a

0 a

SG1-10 Streptomyces sp. strains isolated from bulk soil of Scots pine; SR1-10 Streptomyces sp. strains isolated from rhizosphere of Scots pine
(Table 1)
Values marked with the same letter do not differ significantly (p 0.05; Newman-Keuls multiple range test)
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chitin. Chitin, which also contains nitrogen, may be
both a valuable carbon source and a nitrogen source
for these microorganisms. The Streptomyces coelicolor
genome contains 8 genes encoding enzymes which
degrade cellulose and as many as 13 responsible for
chitin degradation (Hopwood 2007).

Detailed analysis of chitinase gene promoters in
Streptomyces indicated that glucose as a preferred car-
bon source inhibits the expression of these genes,
whereas chitin, presumably via a soluble breakdown
products induced it (Hopwood 2007).

The highest chitinolytic activity was most com-
monly observed in the presence of Fusarium oxysporum
mycelium and in the presence of colloidal chitin and
glucose as a starter (Strzelczyk et al. 1990; Tre-
jo-Estrada et al. 1998; Joo et al. 2005).

The higher chitinolytic activity observed by us in
the presence of F. oxysporum mycelium than in the
presence of R. solani mycelium may be due to a differ-
ent meshing of chitin and the presence of other sub-
stances in the mycelium of both species.

The marine chitinase-producing Streptomyces sp.
were isolated (El-Dein et al. 2010) on the selective
medium containing colloidal chitin. Isolates forming
the largest clear zone around the well developed colo-
nies on the chitin agar plate was selected for further
study. The strains produced up to 2.689 U/ml at 144
h incubation time. The secretion of chitinases was
significantly influenced by nitrogen source incorpo-
rated into the growth medium.

Chitinases were highly increased in the presence of
6.9% chitin as a sole C and N source but inorganic N
source (NH4)2SO4 was not suitable for enzyme pro-
duction (El-Dein et al. 2010).

In our studies the most active strain produced ca.
ten times more chitinases, 28.38 U/ml per 1 minute.

The role of chitinolytic enzymes in antifungal ac-
tivity and the capacity for biocontrol is underlined by
many authors (Mahadevan and Crawford 1997). Such
enzymes, besides antibiotics commonly produced by
actinomycetes, increase the biocontrolling activity of
these organisms. For biological control of diseases
caused by Phytophthora infestans, Streptomyces viola-
ceusniger (strainYCED-9) has been used, which shows
a strong antagonism in vitro in respect to these fungal
pathogens. This strain of S. violaceusniger may produce
several compounds with an antibiotic character: AFA
(with activity against Fusarium), a fungicidal polyene
complex similar to guanidylfungin A or nigericin and
geldanamycin, which strongly inhibit the growth of
the Pythium and Phytophthora spp.

Our investigations on chitinolytic properties have
shown that some strains isolated both from the rhizo-
sphere of forest trees and bulk soil are characterized
by a high chitynolytic activity and may play an active
biocontrolling role in the forest environment.

Proteinases are the most common hydrolytic en-
zymes in nature. Localized in cells or secreted outside
they play an important role both in the process of deg-
radation of trophic proteins and in the changes in cel-
lular proteins. Extracellular proteinases which depo-
lymerize protein macromolecules play a significant
role in interactions among organisms in natural habi-
tats (Rodziewicz and Sobieszczański 1988). The sci-
entific literature indicates that actinomycetes are
proteolytic organisms, whose activity depends on ma-

Fig. 3. Total pectolytic activity (polygalacturonase-PG; pec-
tin lyase-PL; pectate lyase-PGL) of Streptomyces sp.
strains isolated from bulk soil and rhizosphere of Scots
pine (U/ml – µmol galacturonic acid/ml per 1 minute) –
average values (n=9) ± standard deviations

SG1-10 Streptomyces sp. strains isolated from bulk soil of Scots
pine; SR1-10 Streptomyces sp. strains isolated from rhizosphere of
Scots pine (Table1)
Values marked with the same letter do not differ significantly
(p<0.05; Newman-Keuls multiple range test)
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ny environmental factors, mainly the temperature,
pH and availability and type of nutrients, even though
proteinases of microorganisms are believed to lack a
distinct substrate specificity and are active over a
broad range of pH (from pH 2-11) (Rodziewicz and
Sobieszczański 1988; Strzelczyk et al. 1990; Kumar
and Takagi 1999; Nascimento et al. 2005).

Our investigations have shown that even though
most of the analyzed Streptomyces produced both neu-
tral and acid proteinases, some were noted which
were not proteolytic. Neutral proteinases showed a
several times higher activity than acid ones, even
though the actinomycetes were isolated from acid for-
est soils.

Strzelczyk et al. (1990) observed the ability to hy-
drolyze gelatin and sodium caseinate by all analyzed
strains of Streptomyces spp. isolated from root-free
soil, the rhizosphere and the mycorrhizosphere of the
Scots pine. Enrichment of media in glucose and
NH4NO3 caused a considerable stimulation of the
proteolytic activity of soil strains and a strong inhibi-
tion of the activity of rhizosphere strains. In the con-
ditions of our experiments proteolytic activity of the
rhizosphere and soil actinomycetes was similar and
this was a property of strains.

Apart from chitinases, cellulases are the enzymes
most intensively studied in soil Streptomyces.

Cellulose and pectins are the main components of
plant cell walls, therefore microorganisms with cellu-
lolytic and pectolytic properties are important in nat-
ural environments, including forest ones, in mineral-
izing dead plant mass. Enzymes decomposing these
linkages also are important in plant pathogenesis.
Moreover, cellulases formed by soil microorganisms
may also be a factor important for the biocontrol of
fungal pathogens containing cellulose in their cell
wall (Phycomycetes) (Jennings and Lysek 1996).

However, our investigations have shown a low
cellulolytic activity of Streptomyces. Grigorevski de Li-
ma et al. (2005) noted the activity of the cellulases in
analysed actinomycetes in the presence of 1% CMC
and 0.3% yeast extract. An increase in yeast extract
concentration to 1% caused a decrease of this activity.

Enzymatic cellulose hydrolysis is a complicated
process in which a complex of cellulolytic enzymes
participate (endo-, exocellulases, -glucosidases)
(Wachinger et al. 1989, Bhat and Bhat 1997, Criquet
2002). The ability to synthesize -glucosidase is the
least common among bacteria.

None of the strains of actinomycetes analyzed by
us produced this enzyme. Similarly Gierasimiuk and
Strzelczyk (2003) analyzing cellulolytic activity of
bacteria isolated from the bulk soil and rhizosphere of
forest trees noted a trace activity of -glucosidases.
However, Pérez-Pons et al. (1995) have demonstra-
ted -glucosidase activity in Streptomyces strain
QM-B814 in the presence of cellobiose.

Wachinger et al. (1989) noted formation of high
levels of Avicellulase during growth of streptomyces
on citrate as the carbon source. This indicates that
cellulolytic enzymes can be formed constitutively and
the strong inhibition of enzyme production in the
presence of glucose can be interpreted in terms of
catabolite repression.

Pectolytic activity has been demonstrated in nu-
merous bacteria and pathogenic, saprophytic and
ectomycorrhizal fungi (Dahm and Strzelczyk 1995;
Dahm et al. 1997; Redlak et al. 2001). Pectinases par-
ticipate in the decomposition of dead organic plant
matter and are important in interactions between mi-
croorganisms and living plants. They may participate
both in pathogenesis and in establishment of symbio-
sis between micro- and macroorganisms.

The total decomposition of pectin compounds re-
quires the activity of a complex of pectolytic enzymes.
In general pectin lyases are synthesized mainly by
fungi and pectate lyases by bacteria (Favela-Torres et
al. 2006).

However, Gierasimiuk and Strzelczyk (2003) have
demonstrated the activity of the pectinase complex
(PG, PGL, PL) in the cultures of some strains of bacte-
ria from the genus Bacillus. Similarly Dahm et al.
(1987) noted the synthesis of pectolytic enzymes by
actinomycetes, but their activity was low. Some re-
searchers (Strzelczyk and Szpotański 1989) suggest
that strains of rhizosphere actinomycetes are charac-
terized by a higher pectolytic activity from those in-
habiting root-free soil. Similarly in our investigations
actinomycetes isolated from the pine rhizosphere
were more pectolytic than those from bulk soil.
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