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Abstract. Cellulase enzyme complexes derived from a number of bacterial and fungal sources are widely used for the
industrial enzymatic hydrolysis of cellulose-containing raw materials. Recently, cellulase enzyme complexes have been
increasingly applied in the textile, pulp and paper, food, and other industries. In this study, we investigated the possibility
of using three commercial enzyme complexes for the enzymatic hydrolysis of cotton cellulose.

Keywords: cellulose, cellulase, selloviridine, pectophoedine, pectinase.

Annotatsiya. Bir qator bakterial va zamburug' manbalaridan olingan sellyulaza ferment komplekslari sellyuloza saglovchi
xom ashyolarni sanoat miqyosida fermentativ gidroliz gilishda keng qo‘llaniladi. So‘nggi vagtlarda sellyulaza ferment
komplekslari to‘gimachilik, sellyuloza va qog‘oz ishlab chigarish, ozig-ovgat hamda boshga sanoat tarmoglarida tobora
keng qo'llaniimogda. Ushbu tadgigotda paxta sellyulozasini fermentativ gidroliz qilish uchun uch turdagi ferment
kompleksidan foydalanish imkoniyati o‘rganildi.

Kalit so'zlar: sellyuloza, sellyulaza, selloviridin, pektofoedin, pektinaza.

AHHOTauus. LenntonasHble KOMNeKkcbl (bepMeHTOoB, nony4yeHHble 13 paga 6aKTepVIaJ'IbeIX n I'pVI6KOBbIX NCTOYHUKOB,
LUMPOKO MCNOJIb3YKTCA B MPOMbILLUNEHHOCTUN ONA (bepMeHTaATUBHOIO rMaponmn3a Cblipbs, codepKallero Lennonoasy. B
nocrniegHee BpeMs (PepMeEHTHbIEe KOMMMEKChbl Lenmnonasbl Bce Yalle NPUMEHSITCA B TEKCTUIbHOW, LENoNo3HOo-
6yMa)KHOI7I, NALLEBON W Apyrmx otpacnax npoMbILWIIEHHOCTH. B paHHOM wuccnegoBaHum n3y4yeHa BO3MOXHOCTb
NCMOMb30BaHUA TPeX KOMMEPYECKUX (PEPMEHTHbIX KOMMMEKCOB AN ()epMEeHTaTMBHOIO T[MAPONM3a XIOMKOBOW
Lensionosbl.

KrtoyveBble crioBa: Lensnonosa, Lennonasa, cennosnpuavH, I'IeKTO(*)OC-)[J,I/IH, NeKTnHasa.

INTRODUCTION

Important characteristics of cellulase enzyme preparations include their activity toward various substrates,
the composition of the enzyme complex, and their hydrolytic ability in the bioconversion of cellulose-containing
raw materials. The study of the properties of different cellulase enzymes and their effects on the molecular
structure of cellulose is essential for achieving efficient industrial bioconversion.

A comparative evaluation of thermostability, enzymatic hydrolysis efficiency, catalytic activity, and
adsorption capacity makes it possible to determine the variation limits among cellulolytic enzymes obtained
from different sources, to identify optimal properties, and, if necessary, to provide a basis for the genetic
modification of industrial strains.

LITERATURE REVIEW

Cellulase enzyme complexes derived from various bacterial and fungal sources are widely used for the
industrial enzymatic hydrolysis of cellulose-containing raw materials [1]. These complexes typically include
endo-3-1,4-glucanase (EC 3.2.1.4), exocellobiohydrolase (EC 3.2.1.91), and B-glucosidase (EC 3.2.1.21) [2;
3].

In recent years, cellulase enzyme complexes have been increasingly applied in the textile, pulp and paper,
food, and other industries. One of the key criteria for evaluating the effectiveness of enzyme preparations used
in the bioconversion of cellulose-containing raw materials is their specific activity toward different substrates.
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These substrates include soluble and insoluble polysaccharides, such as microcrystalline cellulose (MCC,
Avicel), carboxymethyl cellulose (CMC), xylan, as well as oligosaccharides (e.g., cellobiose) [4].

In this study, the possibility of using three commercial enzyme complexes for the enzymatic hydrolysis of
cotton cellulose was investigated: Celloviridin G3x, Pectophoedin G3x, and Pectinase 500.

The cellulase preparation Celloviridin G3x, produced by the Privozhsky Biochemical Plant from Trichoderma
viride, has an activity of 83 U/g (C activity), 65 U/g (endoglucanase), and 3000 U/g (cellobiase).

The pectinase preparation Pectophoedin G3x, obtained from Aspergillus foetidus and produced by the
Privozhsky Biochemical Plant, has an activity of 90 U/g and 37 U/g of cellobiase activity.

The enzyme preparation “Pectinase 500,” produced by the Moscow Experimental Plant of Enzyme
Preparations from Aspergillus foetidus, exhibits a pectolytic activity of 800 U/g and a cellobiase activity of 3200
U/g (actual data).

In large-scale testing of enzyme preparations or cellulose-containing raw materials, activity is typically
determined using a “single-point” method, i.e., at a fixed substrate and enzyme concentration, temperature,
medium composition, pH, and hydrolysis time. To establish these optimal conditions, preliminary studies of
hydrolysis using the given enzyme complex on a specific substrate are conducted.

Furthermore, when determining enzyme activity using insoluble cellulose, such as cotton fiber, it is
necessary to consider the possible nonlinear relationship between the initial rate of hydrolysis and substrate
concentration.

RESEARCH METHODOLOGY

A comparative study of the activity of three polyfermentative preparations on cotton fiber of the F-108
cotton variety was conducted. The activity was determined based on the formation of glucose and reducing
sugars using the Somogyi—Nelson method [3]. One unit of enzyme activity was defined as the amount of
enzyme required to produce 1 uM of reducing sugars from the corresponding substrate within 1 minute.

The results of the experiments (Figures 2 and 3) indicate that a mixture of Celloviridin G3x and
Pectophoedin G3x in a ratio of 3:1 exhibited the highest activity. Therefore, this mixture was used in all
subsequent experiments.

To determine the optimal hydrolysis conditions, experiments were carried out at different pH levels
and temperatures. As shown in Figure 1, the hydrolysis process proceeded most efficiently at pH 5.0 and a
temperature range of 55-60 °C.

The initial rate of enzymatic hydrolysis significantly depends on the degree of enzyme adsorption onto
the substrate. In certain cases, the initial reaction rate can be enhanced by the addition of surfactants, which
improve the wettability of cellulose and, consequently, increase its bioavailability for enzymes.

ANALYSIS AND RESULTS

At the next stage of the study, the following optimal conditions were determined: a 3:1 ratio of the cellulase
enzyme preparations Celloviridin G3x and Pectophoedin G3x, pH 5.0, a temperature of 55 °C, and the addition
of 0.5% Triton X. These conditions were found to be favorable for the enzymatic degradation of cellulose
samples.

The obtained results were subsequently applied to investigate the properties of enzymatic hydrolysis of
cotton fiber (Figure 1).
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Figure 1. Dependence of cellulase activity on the pH (a) and temperature (b) of the medium. Substrate: cotton fiber
(F-108). Hydrolysis time: 12 h.
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Glucose Production During Hydrolysis
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Figure 2. Glucose production during enzymatic hydrolysis of cotton fiber (F-108) under different enzyme treatment
conditions.

Yield of reducing sugars (RS, g/L) during the enzymatic hydrolysis of cotton fiber (F-108) using different
enzyme preparations: Celloviridin G3x, Pectophoedin G3x, and Pectinase 500 in various ratios.

1 — Pectinase 500

2 — Pectophoedin G3x

3 — Celloviridin G3x

4 — Celloviridin G3x and Pectophoedin G3x (1:1)

5 — Celloviridin G3x and Pectophoedin G3x (2:1)

6 — Celloviridin G3x and Pectophoedin G3x (4:1)

7 — Celloviridin G3x and Pectophoedin G3x (3:1)

CONCLUSIONS AND RECOMMENDATIONS

Based on the results obtained in this study, it can be concluded that the optimal conditions for the enzymatic
degradation of cellulose samples include a 3:1 ratio of the cellulase enzyme preparations Celloviridin G3x and
Pectophoedin G3x, pH 5.0, a temperature of 55 °C, and the addition of 0.5% Triton X.

Furthermore, the obtained results demonstrate that the synergistic interaction between different enzyme
components plays a crucial role in enhancing the efficiency of cellulose hydrolysis. The use of optimized
enzyme compositions and process parameters not only increases the yield of reducing sugars but also
improves the overall efficiency of bioconversion processes. These findings may serve as a scientific basis for
the development of more efficient industrial technologies for cotton cellulose processing, as well as for further
research aimed at improving enzyme formulations and optimizing hydrolysis conditions.
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