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Abstract: The capacity to synthesize cellulolytic enzymes is widely met in microorganisms; however a
very limited number is capable of producing high quantities of cellulases. A number of 22 cellulolytic bacterial
strains were isolated from different natural media (forest soil, straw, sawdust and manure). By quantitative
screening, three highly-productive exo-p-1,4-glucanase strains were isolated.

INTRODUCTION

The increasing importance paid nowadays to cellulases is due to their use in zootechny, agriculture and
various fermentation industries using cellulose waste as raw material. Because of the major role played by the
enzymes of cellulolytic complex in different industrial fields, the current research studies are oriented towards
the isolation and selection of some active microorganisms from natural media and the improvement of
biosynthesis results by optimization of the growth conditions or by mutagenesis.

The natural degradation of the cellulose substances is carried out by microorganisms using different
strategies, according to their characteristics. The capacity to synthesize cellulolytic enzymes is widely met in
microorganisms; however a very limited number is capable of producing high quantities of cellulases (Luiza
Jescu, 1995), thus contributing to a non-polluting recycling of cellulose waste (G. Mencinicopschi, 1980).

Numerous data on microorganisms causing the hydrolysis of cellulose show that a multiple enzyme system
is involved in this process, with various modes of action (endo- and exo) and different dimensions which reflect
the heterogeneity of cellulose structure and organization. Literature data specify that cellulases are produced by
various microorganisms, particularly by bacteria and filamentous fungi. Despite the fact that the cellulosolytic
bacteria (belonging to the genera Clostridium, Cellulomonas, Bacillus, Bacteroides, Thermomonospora,
Erwinia and Acetivibrio) synthesize smaller amounts of enzymes than the fungi, they are more and more used
both because of the simple growth conditions, and of the genetic manipulation facilities (Luiza Jescu, 1995).

AIM OF INVESTIGATIONS

This paper contains data on the isolation of cellulolytic bacteria from various natural media and the study
on the exo-f-1,4-glucanase activity with a view to selecting the highly cellulase-productive strains.

MATERIALS AND METHODS

In order to isolate cellulase-producing bacterial strains, samples were collected from various natural media:
forest soil, straw, sawdust and manure. Sampling was performed in aseptic conditions in July and September
2003. Using the collected samples, successive dilution-suspensions in sterile water were prepared, with a
dilution coefficient of 10. Using the last five dilutions (10™ — 10™'°) inoculations of the media distributed in Petri
dishes (three dishes per each dilution) were carried out, by spreading the inoculum on the surface. Two types of
culture media were used, differentiated by the carbon source (enzyme inductor) as follows: gelose with
cellulose powder 1% and gelose with carboxymehtylcellulose 1%. The inoculated dishes were incubated at 28°
C for 5-7 days. After 7 days, the bacterial colonies started to appear on the surface of culture medium; the
colonies with cellulosolytic activity (the ones exhibiting a clear, transparent area around due to cellulose
enzymatic hydrolysis) were recorded. The isolated strains were purified and conventionally marked with the
letters S (for those isolated from soil), P (for those isolated from straw), R (sawdust) and B (manure).

The microscopic examination of coloured smears using Gram method consisted in establishing the
morphology of the isolated strain.



With a view to selecting the best cellulase-producing strains, exo-p-1,4-glucanase activity was determined
in the isolated strains. For the determination, the bacteria under examination were grown in submerged cultures
under stationary conditions, at 28° C for 48 hours, using a liquid medium containing 1% of cellulose powder.
Of the enzymes of the cellulolytic complex, exo-glucanase (1,4-B-cellobiohydrolase) E.C.3.2.1.9.1. was
determined, an enzyme which catalyzes the hydrolysis of the 1,4-B-D-glucosidic links from cellulose, releasing
cellobiose from the non-reducing ends of the chain. The method of determination involves mainly the dosing of
the reducing sugars resulted from the hydrolytic action of the enzymatic preparation on Whatman paper no. 1
(Pettersson method). The results are expressed as U/ml/h (mg of glucose released by the action of the enzyme
on the substrate for one hour at 50° C). The specific activity was also calculated by referring the enzymatic
activity to the quantity of protein determined by the Lowry method.

RESULTS AND DISCUSSIONS

A number of 22 bacterial strains were isolated in pure cultures from the examined
samples (forest soil, straw, sawdust and manures) (Photo 1-4). Most strains were isolated
from sawdust (10), 8 from straw, and 7 from manure and garden soil (Fig.1).

Fig. 1 - Cellulolytic bacterial strains
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Photo 1-4 — Appearance of colonies grown on
cellulose powder 1% medium



In what concerns the growth of the strains on the two types of medium (gelose with 1
% cellulose powder, and, respectively with 1 % carboxymehtylcellulose), a much better
growth was noted on the cellulose powder medium, which proves that insoluble cellulose
is the best carbon source, acting as an inductor in cellulase synthesis.

The microscopic examination revealed that most of the strains examined are
morphologically Gram-positive sporulated bacilli (the spores have different sizes, sub-
terminal, terminal or central position, and are isolated, grouped in short or long chains) —
Photo 5-8. Gram-negative baciltli and actinomycetes were also identified.

photo 5~ £ = ~ photd 6 i
- o ;, i 3 IQ‘L
. ot o A
i Ve »
; ' -
o 0. TN .
3 PO | R
- i L]
[ e ..:"fﬁ. . 2 5
- \( g _d' "..:_‘ ' -& 7 '1..' . b ;
e SRR R «‘?!
Tl £ L : R - o
B 5 1 o . - &
: 8 "
¢ s 5 %
¥ v
(.6 3, B At Y o i ah y
P"hﬂt(; AN s photo 8

Photo 5-8 — Micro-morphological appearance
of some of cellulolytic strains isolated

The results obtained for the exo-B-1,4-glucanase activity are indicated in the Table I

and Fig. 2-5.
Table I — Exo-B-1,4-glucanase activity (U/ml/h) in the isolated strains
Strain exo-p-1,4-glucanase Total protein(mg Specific activity
activity (U/ml/h) protein/ml) (U/mg protein x 10 )

P, 0,0240 2,852 8,415
P 0 2,744 0
P, 0,0222 2,765 8,028
Ps 0 2,687 0
P, 0,0226 2,777 8,138
Py 0,0409 2,833 14,437
S, 0 2,576 0
S; 0,0047 2,682 1,752
S4 0,0233 2,722 8,560
Ss 0,0029 2,886 1,012
S, 0,0262 2,965 8,836
B, 0,1087 2,792 37,704
Bs 0,0136 2,883 4,717
B, 0,0057 2,851 1,999




Strain exo-p-1,4-glucanase Total protein(mg Specific activity
activity (U/ml/h) protein/ml) (U/mg protein x 10 )
R, 0,0258 2,865 9,005
R, 0,0032 2,799 1,143
R; 0 2,906 0
R; 0,0086 2,635 3,263
R4 0 2,674 0
Rs 0 2,637 0
R, 0,0079 2,745 2,878
Rg 0,0352 2,494 14,114
Fig. 2 - Exo-B-1,4-glucanase activity (%) of the
cellulolytic strains isolated from straw
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Fig. 3 - Exo--1,4-glucanase activity (%) of the
cellulolytic strains isolated from forest soil
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Fig. 4 - Exo--1,4-glucanase activity (%) of the
cellulolytic strains isolated from manure
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Fig. 5 - Exo-8-1,4-glucanase activity (%) of the
cellulolytic strains isolated from sawdust
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The data exhibit significant differences in the activity of the 22 strains subjected to
examination. Except a number of six strains in which this enzymatic activity was not
identified all other strains synthesized the enzyme differently, depending on the strain.
Thus, B; was remarked by the highest exo-f3-1,4-glucanase activity (37.704 U/mg protein
x 10-3). Strains Pg and Rg are also quite highly exo-B-1,4-glucanase-producing, with
activities of 14.437 and 14.114 U/mg protein x 10~ respectively. The rest of the strains
were arbitrarily classified by us as low-producing, their activities ranging between 1.012

—9.005 U/mg protein x 107,

Our future research studies aim at testing the other components of the cellulosolytic
enzymatic system (endo-fB-1,4-glucanase and B-glucosidase) in the three selected strains,
their taxonomic classification, isolation of new microorganisms exhibiting high

cellulosolytic activity as well as the testing of some new cellulose material sources.




CONCLUSIONS

A number of 22 cellulolytic bacterial strains were isolated from different natural
media (forest soil, straw, sawdust and manure).

By quantitative screening, three highly-productive exo-p-1,4-glucanase strains were
isolated.
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