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Introduction

Due to the impact of greenhouse effect on the Earth’s climate, biomass originated

alternative fuels have gained remarkable attention during the past decades. Ethanol

seems to be a potential substitute of gasoline in internal combustion engines due to

its advantageous physical properties. As it is presented in Figure 1, ethanol produced

from biomass does not increase the carbon-dioxide concentration in the air, since the

released CO2 is consumed by photosynthesizing plants. Furthermore, ethanol

production from biomass has several other advantages. For instance, new fuel

ethanol plants can reduce unemployment and dependency on fuel import.

        Figure 1 Closed carbon-dioxide circle

Lignocellulosics are ideal raw materials that could support large-scale fuel ethanol

production, since vast quantities of lignocelluloses are produced every year,

constituting the most abundant renewable natural resource available on this planet.

One of the process alternatives suggested for the production of fuel ethanol from

lignocellulosic materials is based on the enzymatic saccharification of cellulose by

cellulase enzymes (see Figure 2).



Figure 2 Ethanol production from lignocelluloses

For good conversion of the cellulose fraction, suitable and efficiently pretreated

lignocellulosic raw material and optimal cellulase enzyme composition have to be

applied. Suitable raw materials should be cheap, available in vast quantities and

easily hydrolysable by cellulase enzymes. In addition, it is also an advantage if the

lignocellulosic raw material is good carbon source for enzyme production, since

several technological and economical benefits can be obtained if cellulolytic enzymes

are produced on site.

It has been shown, that cellulase complexes have the highest hydrolysis potential if

the ratio of β-glucosidase and the overall cellulase activity (FPA) is between 1.0 and

1.5. In fact, the considerably low β-glucosidase activity : FPA ratio of 0.5-0.6

represented by the enzyme complex of the most extensively studied hypercellulolytic

filamentous fungus i.e. Trichoderma reesei  RUT C30 results in poor hydrolysis

potential.

Therefore, the first aim of my work was to develop culture conditions in Trichoderma

fermentations to elevate β-glucosidase activity in order to achieve higher hydrolysis

potential. pH is one of the most important factor that affects β-glucosidase

production. Thus, I searched for a buffer system that enabled more or less constant

pH throughout shake flask fermentation, while it also increased β-glucosidase

production.
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My second aim was to find suitable pretreated lignocellulosic carbon sources that can

also be used as substrates for hydrolysis. Therefore, the developed fermentation

condition was tested on steam pretreated corn stover, spruce and willow carbon

sources and the produced enzymes were evaluated by hydrolysis experiments.

Finally, a new approach to β-glucosidase production was studied. Mixed cultivations

of Trichoderma reesei and Aspergillus niger were used to produce β-glucosidase

enzyme on relatively cheap waste paper carbon source. The produced β-glucosidase

could be added to Trichoderma reesei cellulase enzymes to improve hydrolysis

potential.



New scientific results

1. 0.1 M tris-maleate buffer could keep pH in the range of 5.8 and 6.1 (initial pH:

6.0) throughout shake flask fermentations by Trichoderma reesei RUT C30 on

Solka Floc, glucose, lactose, steam pretreated corn stover, spruce and willow.

2. In cultivations with tris-maleate buffer β-glucosidase activities increased more

than 100% compared to non-buffered cultures on Solka Floc, glucose and

lactose. Moreover, the obtained β-glucosidase activity : FPA ratios were

around the optimal in buffered cultures on all three carbon sources.

3. Steam pretreated corn stover was an excellent carbon source for cellulase

fermentation and ideal substrate for hydrolysis. In tris-maleate buffered

cultures of Trichoderma reesei RUT C30 10-40% higher cellulase activities

(FPA, endo- and exoglucanase) could be obtained on steam pretreated corn

stover than on Solka Floc that was used as reference. However, the reached

β-glucosidase activity was higher on Solka Floc compared to steam

pretreated corn stover, which was probably due to enzyme adsorption onto

lignin.

4.  Two industrial and the four produced enzymes were tested on the four

substrates that were used as carbon source for enzyme production (steam

pretreated corn stover, spruce and willow and Solka Floc). The highest yields

were obtained using the enzyme produced on steam pretreated corn stover.

Moreover, the highest sugar yield among all experiments was reached on

steam pretreated corn stover using the “own enzyme” i.e. the enzyme

produced on steam pretreated corn stover. It might be advantageous, at least

in the case of some substrates (for instance corn stover and corn fiber), to

use the “own enzyme” for hydrolysis. This observation is also supported by

results obtained in the case of chemically pretreated corn fiber. Significantly

higher sugar yields were reached in the hydrolysis of corn fiber using the

“own enzyme” than applying commercial cellulases. This observation shows

one benefit of on site enzyme production.



5. It was found that mannanase and endoglucanase expressed coordinatedly on

the examined carbon sources, since a good correlation was observed

between the two enzyme activities. This observation might be valuable

information to understand the regulation mechanism of hemicellulase genes

in Trichoderma reesei. However, to confirm this observation more

experiments are needed.

6. Approximately the same amount of β-glucosidase enzyme could be produced

by mixed fermentations of Aspergillus niger and Trichoderma reesei on cheap

waste paper carbon source compared to fermentation of Aspergillus niger on

glucose.  The produced β-glucosidase can be added to cellulase complex to

elevate its hydrolysis potential.
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