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INTRODUCTION AND AIM OF THE WORK

Fermentation is a long-established process which has expanded
over the years to become the basis of biotechnology and
biochemical engineering. Enzymes are of supreme importance in
biology, since life depends on a complex network of chemical
reactions brought about by specific enzymes.

Thermophilic micro-organisms are known for a long time,
especially the enhanced heat stability of their spores. They are
potentially good sources of extracellular enzymes which are stable
against thermal and chemical inactivation.

Microbial proteolytic enzymes play én important role as reagent
in laboratory and clinical analysis. They are also find a wide
variety of applications in brewing, detergents, food processes, as
well as leather industries.

The combination of microbiological and biochemical science with
modern technology has made possible the microbial enzymes more
attractive candidate in biotechnology.

This research work is therefore focused on the possibility to
produce a thermostable alkaline proteinase by local isolate. In
order to cover this subject, the scope was given to some aspects

as follows:

L. Screening for thermophiles and proteolytic enzymes.
II. Optimization for thermostable proteinase production.
III. Kinetics of bacterial growth in batch fermentation.
Iv. Microbial behavior in continuous cultivation.

V. Kinetics of enzymatic caseinolysis.



1. REVIEW OF LITERATURE

1.1. OCCURRENCE OF THERMOPHILIC BACTERIA
Thermophilic microorganisms are wide-spread in nature. They are

extensively recorded and studied in different sources as follows:

1.1.1. Food

Thermophilic bacteria are an important group which cause
spoilage in the dairy industry particularly in tropical countries
where high ambient temperatures provide an environment conductive
to their growth. As the protease from thermophilic microbes cause
degradation of casein resulting in proteolytic spoilage of
heat-treated milk and milk products (Chopra and Mathur, 1984).

Atwal et al. (1974) have reported a higher thermophilic count in
pasteurized milk than in raw one. The presence of thermophiles in
dried milks has also been reported by Mossel et al. (1974).
Further, a heat stable protease was obtained by bacterial group
isolated from cooled raw milk as observed by Poffe and Mertens
(1988)

From the economic point of view, the proteolytic enzymes has
significant role in the industrial field with reference to canned
food. The studies of Montville (1983) on the physiology of
Clostridium botulinum proved that the activity of extracellular
proteinase has an important role in the detection of botulinal

toxin.

1.1.2. Sel-heating Materials

A large variety of thermophilic microorganisms, actinomycetes,
fungi, and bacteria have been reported in composting and other
self-heating organic materials (Rothbaum, 1961 and Strom, 1985).
Numerous authors have reported the presence of microbiota of
solid-waste composting, with major emphasis on Bacillus spp. They
also stated that, those bacteria are predominate during the
earlier thermophilic stages because of its important role as a
ma jor active organisms in the composting process (Okafor, 1966;

Stutzenberger et al., 1970; Suzuki et al., 1981 and Strom, 1985).



1.1.3. Soil

The microorganisms community; bacteria, algae, fungi, yeast, and
protozoa play an important role in recycling the organic matter in
soil. They are also sharing in recovering of the soil fertility
throughout biodegradation processes for the crop residues because
they are having many of enzymatic groups, which can do that,
alkaline proteinse (Souter at al., 1992), amylase (Babu and
Satyanarayana, 1992), lipase (Sigurgisladottir et al., 1992),
xylanase (Dahlberg et al., 1992), cellulase (Jones 1992), and
hemicellulase (De et al., 1992).

Many research work have been adopted on the microorganisms from
soil. Ramesh and Lonsane (1989) isolated thermophilic bacteria
from soil samples collected from municipal waste dump area. Sunna
and Hashwa (1990) and Debette (1991) isolated thermophilic

bacteria from soil at 60°C on starch nutrient agar.

1.1.4. Hot Spring _

In the term of the ecological point of view, the thermophilic
bacteria have been studied in the hydrothermal springs in the
course of several years ago. Many works have been examined and
showed the role of thermophiles in the process of reworking the
gas component volcanic area as well as to describe the role of
microbiological process in the genesis of native sulfur in the
hydrothermal springs (Kuzyakina, 1992).

Because of the importance of these group for the
biotechnological applications, numerous works have been carried
out in the hot springs, Furuya et al. (1977) and Kristjansson et
al. (1986). Takiguchi and Shimahara (1989) and Suzuki et al.
(1981) isolated Bacillus licheniformis from hot spring in Japan.
AEvarsson et al. (1991) isolated a thermophilic Thermus strain in
a hot spring in Iceland.

Thermophilic bacteria were found in man-made and natural thermal
gradients as reported by Brock and Darland (1970), Brock (1967)
and Ramaley and Bitzinger (1975). Heinritz et al. (1990) isolated
a thermophilic B. stearothermophilus from a man-made hot water

reservoir.



1.2. MEDIUM FORMULATION FOR ENZYME PRODUCTION
In a microbial culture the individual cells increase in mass by
growth and in number by reproduction when the appropriate

nutritional and environmental requirements have been met.

1.2.1. Nutritional Parameters

Since the cellular composition and biochemical activities of
microbes are function of the growth environments, the composition
and concentration of culture media greatly affect the growth and
production of extracellular enzymes (Chandra et al., 1980, Okada
et al., 1984, Cho et al., 1987, and Fujiwara and Yamamoto, 1987).

Wikstrom (1983) studied the effect of culture medium components
on the enzyme production and reported that both microbial protease
and their activities are regulated by cultivation factors such as
medium composition. The growth medium was modified to increase the
level of free Ca2+ to be available in the culture during growth of
the bacterium when Janssen et al. (1991) studied the effect of
medium composition on extracellular proteinase production.

In order to obtain optimum growth of the microorganisms, the
most adequate medium, oxygen tension, temperature, and pH must be
provided. At the same time the enzyme required may be not
constitutive, therefore the necessary inducing agent must be added
to the culture media.

The microorganisms have a wide range of carbon and energy source
utilization pattern and growth characteristics. In general, low
cost, readily bioassimilable carbon and nitrogen sources should be
selected. On the other hand, these substrates has to be available
at relatively wide range of geographical regions, however,
seasonal availability may be a problem in temperate zone regions
for those substrates obtained from agricultural crops.

Raw material have been used for growing microorganisms for
different purposes, photosynthetic bacteria of genus
Rhodopseudomonas have been grown on agricultural and industrial
wastes (Shipman et al., 1975and Kobayashi & Kurata, 1978). Neutral
proteases were also produced using rice bran by B. megaterium and

Serratia marcescens (El-Fadaly, 1985).



1.2.2. Physical Parameters
1.2.2.1. Temperature

Temperature is one of the most important environmental factor
controlling and evaluating the activities of microorganisms. The
high temperature reduces water density, surface tension, and it
also reduced the dielectric constant, viscosity and gas (02)
solubility of the media. It is also increased water vapour,
ionization, solubility of most organic and inorganic compound and
diffusion of reactants which make the process more economical. The
increased solubility enables a greater amount of reactants to be
processed in a given volume shorten the reaction time and leads to
higher productivity (Tsuchida et al., 1986, Manachini et al.,
1988, and Takami et al., 1989).

On the other hand, the process at high temperature reduced risk

of mesophilic microbial contamination (Brock, 1986).

1.2.2.2. Agitation and aeration

In shake flask, because of their operational simplicity,
convenience, and low cost, these reactor are widely used. At the
same time, oxygen is absorbed primarily in the thin film of liquid
thrown up on the flask walls by the centrifugal force generated by
the rotation of the shaking machine. So the overall absorption
rate is dependent on the frequency of replacement of this layer
(Gaden, 1962).

On the other hand, when oxygen concentration is low and the
agitation rates is little leads to low mass transfer coefficient.
Agitation and aeration therefore have to provide adequate mass and
heat transfer and to keep the respective concentration and energy
profiles for the growing organisms. These processes is to suspend
the cells uniformly throughout the working volume in order to
prevent sedimentation and/or flotation, to regulate the
temperature and components concentration in the bulk of liquid as
well as to maintain high mass transfer rates by the uniform
distribution of all reactants.

Many of the culture media contain solid particles (soybean
and starch such like the medium used in this study) which must be
suspended and dispersed by the mixing action. For example starch
containing media have initial viscosity which need high impeller

than the others. On the other hand, the assumption of perfect



mixing is generally taken also to imply that the reactor behaves
as a single vessel, in distribution of cell ages, and in balance
of cell constituents under the rapid growth rate (short time

fermentation).

1.3. DEFINITION OF THERMOPHILY

Thermophilic microorganisms have all of the metabolic
properties; pathways, metabolic rates, and regulatory mechanisms
of mesophilic ones as reported by Ljundahl (1979).

Although there is little supportive evidence for explanation of
microorganisms to survive at a high temperature that kill other
life form , many theories have been advanced to demonstrate this

phenomenon as follows:

1.3.1. Cell membrane

There has been considerable speculation as to the components of
the microbial cell that are critical in determining the maximum
temperature at which the microorganisms can survive (Farrell and
Rose, 1967; Campbell and Pace, 1968). Since thermal death is a
first order process, the loss of membrane integrity at a high
temperature could be a limiting factor in establishing the upper

limit for the growth of microorganisms (Brock, 1967).

1.3.2. Cellular fatty acids

There 1is a direct relationship between cellular fatty acids
composition and growth temperature. Regarding the gram positive
bacteria, experimental data of the following workers showed that
lowering the incubation temperature for growth generally resulting
in an increased proportion of unsaturated fatty acids (Heinen et
al., 1970; Yao et al., 1970; and Ray et al., 1971).

In successful trials of Furuya et al. (1977), they found that
the lipid constituents are based on ether-linked compounds not to
the ester-linked compounds of thermophilic acidophilic bacterium
isolated from hot springs. The membrane 1lipids of extreme
thermophiles contain more saturated and straight chain fatty acids
than mesophiles which allows the microbe to grow at high
temperature by providing the correct degree of fluidity required

for membrane function (Zeikus, 1979 and Nordstrom & Laakso 1992).



1.3.3. Cellular protein

Numerous investigations have established that proteins, highly
purified enzymes, and protein synthesizing system from
thermophilic bacteria are more thermostable than comparable
preparation from mesophilic one. These finding suggests that the
ability of thermophilic microbes to grow at high temperature is a
results of the inherent thermostability of the individual cellular
components and 1is not dependent on any stabilizing factors
(Koffler, 1957; Manning et al., 1961; Amelunxen, 1966; and
Friedman, 1968).

In addition, extreme thermophiles 'produce unique polyamines,
thermine and thermospermine, which function both to stabilize the
protein synthesizing apparatus and to protect macromolecules from
high temperature. Increasing the intramolecular interaction in
thermophilic enzymes as a results of greater hydrogen bonding and
greater hydrophobic and ionic bond interactions, make these

proteins more resistant to both thermal and chemical denaturation.

1.3.4. Ribosomes

Studies of the base composition of the ribosomal RNA molecules
showed a higher guanine plus cytosine content in B.
stearothermophilus RNA. On the other hand, the analysis of amino
acid composition of total ribosomal protein of 30S subunit
ribosomes of E. coli and B. stearothermophilus showed no
appreciable difference between each other. Regarding these
results, Saunder and Campbell (1966) and Ansley et al. (1969)
pointed out that the differences in thermal stability of isolated
intact ribosomes could due be to difference in primary structure
of the ribosomal protein or in the interaction between the
ribosomal RNA and protein.

The same conclusion was came by Kawai et al. (1980) when they
examined 70S sub wunit ribosomes in suspending medium with
different concentration of Mg2+ prepared from E. coli and B.
stearothermophilus as well. In the results of Friedman and
Yamamoto (1990) they found good correlation between stability of

ribosomes with the maximum growth temperature of bacteria.



















































































































































































































































































































































