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ABSTRACT

The existence of naturally occurring, very small enzymes (<10 kDa, microenzymes) has
been established with the findings that some enzyme activities are associated with
proteins smaller than 10 kDa. This work investigated the extracellular esterase

activities observed in some thermophilic fungi, and purified and characterised three

novel thermostable microenzymes with esterase activities.

Among the nine thermophilic fungi studied, two esterase-positive organisms,
Emericella nidulans and Talaromyces emersonii, exhibited the enzyme activities in less

than 10 kDa fraction when grown in either malt extract medium or a synthetic medium.

Two small enzymes (E40 and E32) from E. nidulans and one (T40) from 7. emersonii
were 1dentified, and purified to homogeneity by ultrafiltration, gel filtration and

reverse-phase HPLC.

Nondenaturing gel filtration showed that MWs of E40 and T40 were 1.6 kDa, and E32
was 4.1 kDa, while electrospray and MALDI mass spectrometry indicated monomeric
MWs of 510.3, 609.3 and 1424.7 Da for E40, T40 and E32 respectively. This was
consistent with a trimer structure in solution. Sequence analysis revealed that all the
three esterases had the (Gly-Pro-Hyp), repeating unit, the characteristic of collagen.
The esterase activities were associated with small diffusible factor(s). X-ray

microanalysis indicated the esterases contained Zn and Al.
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The esterases exhibited extremely high thermostability and unusual pH stability. They
were more active against short chain-length fatty acids than long ones and hydrolysed

glycerol esters with 1, 3 specificity.

An attempt at chemical synthesis of the enzymes showed that the synthetic peptide
itself was 1nactive. Circular dichroism spectra showed that the native esterase

possessed more triple-helical conformation than the synthetic peptide.
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CHAPTER 1. INTRODUCTION

1.1 THERMOPHILIC MICROORGANISMS AND THERMOPHILIC ENZYMES

1.1.1 Thermophilic microorganisms

Microbiologists have long appreciated that temperature profoundly affects the
activities and distribution of microorganisms in natural environments. The temperature
range of growth has been used to classify groups of organisms. The commonly used
divisions are psychrophiles (-5 to +20°C), mesophiles (15-40°C) and thermophiles (45-

100°C or more) (Herbert, 1992).

It 1s with this latter group that the most exciting developments have occurred n recent
years. Research in this area was originally stimulated by the isolation of the
thermophilic eubacterium Thermus by Brock and Freeze (1969). Subsequent to this
discovery, and following the pioneering work of Woese and Fox (1977), the traditional
division of the biological world into Prokaryotes and Eukaryotes was re-structured to
include a third primary kingdom, the Archaebacteria. In addition to the methanogens
and extreme halophiles, this new kingdom includes some 19 genera of thermophuilic,

extremely thermophilic and hyperthermophilic bacteria. The hyperthermophiles
(growth-temperature optimum ~100°C) have attracted the most attention following the

unequivocal demonstration that they not only survive but also grow optimally at

temperatures above the boiling point of water (Huber ef al., 1987; Fiala and Stetter,



1986).

Eukaryotic microorganisms are much more restricted in their distribution than

prokaryotic microorganisms; the upper temperature limit for eukaryotes seems to be
about 60°C (Tansey and Brock, 1972). Thus, above 60°C only prokaryotic organisms

are found. It seems likely that structural characteristics of eukaryotes, perhaps in

nuclear membrane systems, are incompatible with thermostability (Brock, 1985).

1.1.2 Biotechnological Application of Thermophilic microorganisms

Thermophilic microorganisms offer some major advantages for microbial technology,
and a considerable amount of research on thermophiles is motivated by these potential
applications. The most attractive attribute of thermophiles is that they produce
enzymes capable of catalyzing biochemical reactions at temperatures markedly higher
than those of conventional organisms. In addition, enzymes from thermophiles are
more stable at conventional temperatures than are enzymes from mesophules,

prolonging the shelf life of commercial products.

1.1.2.1 Biocatalysts for biotechnology

Since many industrial enzymes are used at temperatures in excess of 50°C, there 1s

considerable commercial pressure to develop thermostable forms as biocatalysts 1n

modemn biotechnology.

Thermophilic organisms have been shown to produce a variety of extracellular



enzymes, however, In varying amounts. Enzymes that are produced in large quantities
primarily include proteases, amylases (including glucoamylase) and glucose 1somerase.
These are added to detergents, employed in the production of natural sweeteners and
used in the manufacture of pharmaceuticals. More than 80% of thermostable enzymes
are used in the detergent and starch industries and they have been identified as having
the greatest growth potential. Data presented in Table 1 shows the applications of

currently available thermostable enzymes (Herbert, 1992).



Table 1.1 Currently available thermostable enzymes and their applications.

Enzyme

Carbohydrates

a-Amylase (bactenal)

a-Amylase (fungal)
Glucoamylase

Pullulanase

Xylose isomerase

B-Galactosidase
Cellulase

Pectinase

Proteases

Acid proteases

Neutral proteases (fungal)

Alkaline proteases

Lipases

Process Temperature (°C)

90-100

50-60

50-60

50-60

50-60

30-50

45-60

30-350

30-50

40-60

40-60

30-70

Application

Starch hydrolysts, brewing

Maltose

Maltodextrin hydrolysis
High glucose syrups
High fructose syrups

Lactose hydrolysis

Cellulose hydrolysis

Clanfication of fruit juices

Food processing
Baking, brewing

Detergents

Detergents, food processing



1.1.2.2 A place in PCR technology

The use of thermostable DNA polymerases, many of which are now obtained from
hyperthermophilic microorganisms (Perler ef al., 1996), for the polymerase chain
reaction (PCR) has been at the heart of the biotechnology revolution. The PCR
technique has major applications in diagnostic medicine, taxonomy and molecular
biology. The major advantage of using Taq polymerase in PCR reaction i1s 1ts enhanced
thermostability. At the denaturing temperature used (95°C), its half-life 1s 40 min and
so the enzyme does not need to be added repeatedly as in the earlier procedures using
the Klenow polymerase (Berquist and Morgan, 1992). This procedure has, in many
instances, superseded cloning and has provided a much simpler method for the
production of recombinant genes and plasmuds which would have been much more

tedious to be produced by conventional means.

1.1.2.3 Advantages of using thermophiles and their enZymes

Based on the first quantitative data on the kinetics of a number of thermophilic
organisms, but especially because of the high temperature gradients and the expected
acceleration of all reactions (according to the ‘golden rule’ that an increase of
temperature by 10°C would double the reaction rate), it was assumed that the technical
applications of thermophilic microorganisms could be highly advantageous, as
compared with classic bioprocesses which require temperatures ranging between room

temperature and/or about 37°C.



The tollowing summary lists the advantages of using themophiles and their enzymes

(Zeikus et al., 1980; Amelunxen and Murdoch, 1978):

-- Productivity would be increased as the reaction rates (of organisms and enzymes)

INcrease.

-- Mass cultivation of thermophiles would be cheaper than that of mesophilic

microorgansims due to reduced investment required for heat exchange equipment.

-- Mass cultivation of thermophiles would be cheaper than that of mesophiles due to

greatly reduced contamination problems.

-- Higher enzyme yields would result due to greater enzyme stability. This is of

particular significance for enzyme recovery from the cultures and for enzyme

purification.

-- Thermostable enzymes generally seem to be more resistant to the denaturing effects

of detergents and organic solvents.

-- Volatilization of products might be valuable for two reasons: as a recovery or as a

means for removing potentially inhibitory products.

Undoubtedly themophiles and their enzymes will play an important role in future

biotechnological developments, particularly in processes which can benefit from the



use of more stable biocatalysts.

1.1.3 Molecular Basis of Thermophily

In conventional organisms macromolecules such as proteins and nucleic acids are
inactivated irreversibly by heat, but in thermophiles these components are more stable
(Langworthy et al., 1979). Supramolecular structures such as ribosomes and
membranes are also thermostable in thermophiles, although nactivated by heat in
mesophiles. Further, the catalytic activity of thermophilic enzymes 1s low or absent at
moderate temperatures at which conventional enzymes of similar function are optimally

active. The temperature optima of thermophilic enzymes are frequently at or above the

optima for the growth of the organisms.

Perutz and Raidt (1978) analyzed the factors involved in the thermostability of
protemns. Comparisons were made of amino acid sequences and the three-dimensional
structures of ferredoxins, hemoglobins and glyceraldehyde phosphate dehydrogenases
exhibiting different degrees of thermostability. The results showed that the greater heat

stability of the thermostable proteins was due to extra salt bridges between portions of

the folded molecules.

But salt bridges may not fully explain protein thermostability. Yutani et al. (1977)
studied the effect of single amino acid substitutions on the stability of the alpha subunit

of the tryptophan synthetase of Escherichia coli. They found that a single amino acid

change increased the stability of the molecule without a gross change in conformation.



The stability of the enzyme was greatly increased by an increase in hydrophobicity

brought about by the substitution of a few suitable amino acid residues.

Matsumura et al. (1984) determined the nucleotide sequences of the gene encoded by
the plasmud carrying a kanamycin-inactivation enzyme (kanamycin
nucleotidyltransferase) in a thermophilic bacterium (Bacillus stearothermophilus) as
compared with the same enzyme in a mesophilic bacterium (Staphylococcus aureus).
Despite the fact that the plasmuds coding these two enzymes had completely separate
ongins, the nucleotide sequences were 1dentical except for only one base in the midst
of the structural gene. This base change resulted in the substitution of a threonine
residue with a lysine residue. The position of this lysine substituent was such that the
protein surface could acquire increased electrostatic bridging without any significant

change in three-dimensional structure, a situation consistent with the conclusion of

Perutz and Raidt (1978).

Direct sequence comparisons show that thermophilic and mesophilic versions of the
same enzyme typically have about 30-50% identity, but systematic analyses, even with
small proteins, give no clue as to why one should be so much more stable than the
other (Adams, 1993). Moreover, the first crystal structure for a thermophilic protein
(which contained only 53 amino acids) showed that it was virtually superimposable on
its mesophilic counterpart (Day et al., 1992). To date, crystal structures have been

reported for three enzymes and for one DNA-binding protein obtained from an
organism that can grow at 100°C (Chan et al., 1995; Russell et al., 1997); although 1t

is clear that protein thermostability is a result of relatively minor changes in protein



structure, there is as yet no consensus on the nature of these changes. Enhanced
packing, additional salt bridges and hydrogen bonds, extended secondary structures,
and abbreviated loops all appear to play a role in some (but not all) cases. The
mechanisms involved appear to be unique to each enzyme type. It 1s apparent,
however, that such stability 1s an intrinsic property of the protein. Thermophilic
proteins are stabilized by the same types of intramolecular forces that stabilise

mesophilic ones, although exactly how remains unclear.

Studies so far indicate two salient facts: first, amino acid sequence analyses do not
indicate stabilising mechanisms, and so structural data are an absolute prerequisite;
second, there does not appear to be a general strategy for converting, via site-directed-
mutagenesis techniques, a mesophilic enzyme into a thermophilic one. Thus, for the
foreseeable future, the only source of thermophilic enzymes will be the organisms

themselves, or genes derived from them (Adam and Kelly, 1998).

1.2 MICROBIAL EXTRACELLULAR ESTERASES AND THEIR

APPLICATIONS

1.2.1 Secretion and regulation of extracellular enzymes

The key feature of an extracellular enzyme is that it is transported across the

cytoplasmic membrane. Proteins that traverse membranes typically possess an NH,-

terminal peptide extension of about 25 amino acid residues; the signal peptide. As the

signal peptide emerges from the ribosome, it interacts with the inner surface of the



cytoplasmic membrane in bacteria or the endoplasmic reticulum in eukaryotes. As the
polypeptide 1s elongated it passes through the membrane (cotranslational secretion)
and a processing enzyme (signal peptidase) removes the signal peptide on the outer
side. This allows the protein to assume its normal configuration on the outside of the
membrane. Genetic studies have shown that there is a secretory machinery in the £

coli envelope that appears to transport the protein actively (Priest, 1984).

The secretion of proteins is remarkably similar in eukaryotic and prokaryotic cells to
the extent that eukaryotic signal sequences are recognized and processed by

prokaryotic cells and vice versa. However, the additional complexity of the eukaryotic

cell requires that a series of membrane bounded vacuoles are needed to transport the
enzyme from the endoplasmic reticulum to the outside of the cell. Cotranslational
secretion 1s not universal, however, and some proteins are incorporated into, or
transported through membranes, after they have been synthesised (post-translational

secretion), again through the involvement of a signal peptide.

The synthesis of extracellular enzymes is regulated by the environment in the same way
as cytoplasmic enzymes. If inducible, they are generally induced by a product from the
substrate rather than the substrate itself since the latter i1s usually too large to enter the
cell. Accumulation of the products generally leads to repression of the enzyme. Present
evidence suggests that the control 1s exerted primarily at transcription and i1t seems
probable that inducible extracellular enzymes are governed by repressor or activator
proteins. Thus the operon model for gene regulation 1s applicable to these systems and

has been confirmed 1n the case of penicillinase synthesis in B. licheniformis.
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Extracellular enzyme synthesis is repressed by rapidly metabohized carbon sources
(catabolic repression). Similarly, an ample supply of nitrogen as amino acids or

ammonium represses the synthesis of proteases and related enzymes (Priest, 1984).

1.2.2 Microbial extracellular esterases

Esterases belong to the group of hydrolases (carboxylesterhydrolases; EC 3.1.1.1)
which catalyse the formation or cleavage of ester bonds of water-soluble substrates.
Esterases can be distinguished from lipases (EC 3.1.1.3) 1n that the catalytic activities

of the former are generally restricted to short-chain fatty acid esters (Krisch, 1971).

The physiological functions of many esterases are not clear. Some of these enzymes are
known to be involved in metabolic pathways that provide access to carbon sources;
such enzymes include the acetyl- and cinnamoyl esterases that are involved in
degradation of hemicellulose (Dalrymple ef al., 1996; Ferreira et al., 1993). In some
plant-pathogenic bacterial and fungal strains these cell-wall degrading esterase
activities are believed to be pathogenic factors (McQueen and Schottel, 1987).
Detoxification of biocides may be another important role. Insecticide resistance often
results from amplification of genes for esterases that hydrolyze the insecticides
(Blackman et al., 1995). The fusidic acid resistance of Streptomyces lividans is due to
a specific esterase which inactivates the antibiotic (Von den Haar ef al., 1997), and a

Bacillus subtilis esterase that hydrolyzes the phytotoxin brefeldin A has been described

(Wie et al., 1996).
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Esterases occur widely not only in animals and plants but also in microorganisms
(Wilhamson, 1991; Higerd and Spizizen, 1973). They show a wide range of positional
specificity, fatty acid specificity, thermostability, pH optimum, etc. This suggests that

one could probably find a suitable esterase from nature that would be suitable for any

desired application.

Esterases from mammalian origin have been extensively studied and characterised
(Long ef al., 1988; Winkler ef al., 1990). More recently, a great deal of interest has
been devoted to microbial esterases which could be a good alternative to the expensive
mammalian enzymes. In addition, since microbial esterases are usually more
thermostable than animal or plant esterases, they have received much attention for their
potential use in industry and diagnostics. A large number of microbial esterases have
been descnibed, including esterases from Escherichia (Pacaud, 1982), Bacillus (Wood
et al., 1995), Pseudomonas (Nakagawa et al., 1984), Thermoanaerobacterium (Shao
and Wiegel, 1995), Caldocellum (Luthi et al., 1990), Aspergillus (Okumura et al. .

1983), and Sulfolobus species (Sobek and Gorisch, 1988).

Most of the microbial esterases are extracellular, being excreted through the external
membrane into the culture medium. Optimisation of fermentation conditions for these
enzymes 1s of great importance, since culture conditions influence the properties of the
enzyme producer as well as the ratio of extracellular to intracellular enzymes. The
amount of enzyme produced 1s dependent on several environmental factors, such as

cultivation temperature, pH, nitrogen composition, carbon and lipid sources,
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concentration of inorganic salts and the availability of oxygen.

Many microbial esterases and lipases are only produced in the presence of an inducer.
This may be a triglycende, a fatty acid, or another lipid (Kroon et al., 1996, Shimada et
al., 1992). Lipids or fatty acids do not appear to be required for the production of
esterase (lipase) activity in a second group of microorganisms, but incorporation of
these compounds increased the level of enzyme activity produced (Yoshida ef al.,

1968, Chen et al., 1992). In a third group of microorganisms, the enzymes are only

produced constitutively (Chander and Klostermeyer, 1983).

1.2.3 Applications of esterases

Both esterases and lipases are very diverse in their enzymatic properties and substrate
specificities, which makes them attractive for industnal applications (Gandhi, 1997,
Boland ef al., 1991). In the application of biocatalysts, esterases, lipases and proteases

account for more than half of all reported biotransformations.

A large number of lipases and esterases have been screened for application as food
additives (flavour-modifying enzymes), industrial reagents (glyceride-hydrolysing
enzymes) and stain removers (detergent additives), as well as for medical applications

(digestive drugs; diagnostic enzymes).

Furthermore, in the presence of suitable organic solvents, esterases and lipases may

also be used to effect stereoselective esterification, interesterifications and

13



transesterification of substrates (Cambou and Klibanov, 1984; Margolin, 1993).

The fact that different enantiomers interact differently in an organism and may even
have hazardous effects, has led to a growing demand for enantiomerically pure
compounds (Schofhiers ef al., 1996). Lipases and esterases have been used successfully
In organic synthesis of optically pure substances. For instance, an esterase from
Arthrobacter globiformis was used in the resolution of ethyl chrysanthemate
derivatives (Nishizawa ef al., 1995), which are key compounds during the synthesis of
pyrethrin nsecticides. A heroin-specific esterase can selectively convert heroin into
morphine; this 1s followed by further degradation to morphinone by a morphine
dehydrogenase (Rathbone er al., 1997). A Bacillus carboxyl esterase has been used for
stereospecific resolution of R, S-naproxen esters to S-naproxen (Quax and
Broekhuizen, 1994), which i1s an important anti-inflammatory drug, and a p-nitrobenzyl
esterase was genetically engineered in order to synthesize cephalosporin-derived

antibiotics (Moore and Arnold, 1996).

Apart from their industnal importance, the medical and therapeutic applications of this
class of enzymes are obvious. The manipulation of lipolytic activities plays a part in the
methods for treating malfunctions of fat metabolism and thus control cardiovascular
diseases. Pancreatic lipase 1s necessary for the absorption of fat, cholesterol esterases
for the absorption of cholesterol esters and perhaps of cholesterol, hormone-sensitive
lipase for the mobilization of fat from adipose tissue, and pancreatic and intracellular

phospholipases for the absorption and metabolism of polyunsaturated fatty acids.

14



The lipase level in blood serum is a diagnostic indicator for conditions such as acute
pancreatitis and pancreatic injury (Lott and Lu, 1991). Lipase activity determination is
also important in the diagnosis of heart ailments (Schnatz ef al., 1963) and blood
cholesterol determinations (Imamura ef al., 1989). Lipid-storage diseases have been

connected with cholesterol esterase and sphingomyelinase.

Lipase, being an activator of the tumour necrosis factor, can be also used in the

treatment of malignant tumours (Kato ef al., 1989).

1.2.4 Molecular weight of esterases

A lot of esterases have been 1solated, purified and sequenced with different molecular
weights. Their molecular weight 1s usually in the range of 20-160 kDa. The mammalian
esterases reported by Krisch (1971) was about 160 kDa, the esterase from beef liver
1solated by Bauminger and Levine (1971) was 54 kDa, the molecular weight of the
esterase from B. stearothermophilus was estimated to be 42-47 kDa (Matsunaga et al.,
1974) and the gene of a 44 kDa esterase from Pseudomonas fluorescens has been

sequenced and characterized (Khalameyzer ef al., 1999).

Some esterases and lipases with molecular weight less than 20 kDa have also been

reported. An intracellular esterase of 16.7 kDa was 1solated from Arthrobacter

viscosus NRRL B-1973 and purified to homogeneity (Cui ef al., 1999). The 16 kDa

lipase (BTL-1) was purified directly from the culture broth of a thermophile Bacillus

thermocatenulatus and characterized. As expected for a thermophilic enzyme, the

BTL-1 showed maximum activity at elevated temperatures of 60-70°C, a good
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temperature stability (50% residual activity after 30 min at 60°C) and a good stability
toward different organic solvents and detergents (Schmidt-Dannert ef al., 1997). The
animal PLA; (phosphatide 2-acylhydrolase, EC 3.1.1.4) are a diverse family of well-
studied enzymes in which several distinct groups belong to a class of small (13-18
kDa), secretory, and extremely heat-stable enzymes having between five and eight
disulfide bonds and requiring millimolar concentrations of Ca®>" for maximum activity
(Dennis, 1994); a plant phospholipase A, with MW 13.9 kDa was purified and
characterized from developing seeds of elm (Stéhl et al., 1998). The purified enzyme
had an alkaline pH optimum and required Ca** for activity. It was stable both in
organic solvents and at extreme pH conditions, it was not denatured under the
condition of 40-55% of acetonitrile with 0.1% TFA gradient elution during the reverse
phase HPLC purification, and was also extremely heat stable: incubations with the
purified enzyme at 100°C for 5 min did not affect activity, whereas a 30-min incubation

at that temperature caused only a 40% decrease 1n activity.

Apart from these low molecular weight ester hydrolases, a very few even smaller
esterases with MW less than 10 kDa have also been reported. An esterase of 5.7 kDa

from Candida lipolytica was i1solated and characterized by Adoga and Mattey (1979,
1985). The enzyme had 56 amino acid residues, with a high percentage of proline (11

residues) and the activity of the enzyme was related to the presence of Fe’*. A small

lipase of 7.0 kDa was also isolated by Chadan and Shaham (1963). And recently,
another extremely thermostable esterase was 1solated from Bacillus

stearothermophilus by Simdes ef al. (1997, 1995), the MW of which is only 1566Da
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by MALDI-TOF spectrometry, and it retains more than 90% activity after incubation

at 90°C for 2 hr.

1.3 MICROENZYMES, THEIR PURIFICATION AND CHARACTERIZATION

1.3.1 Microenzymes

Microenzymes are defined as enzymes, including monomer or subunit forms, with
molecular weights below 10 kDa (Schenk and Bjorksten, 1973). The study of
microenzymes was initiated at Bjorksten Research Laboratory in U. S. A. from the
early 1970’s as a result of aging research which indicated a possible therapeutic utihity

for such enzymes (Bjorksten, 1968).

In the aging process, amorphous ‘hyalin’ materials accumulate in and around cells and
gradually impede the functionality of the cells and consequently of the body. These
hyalin materials are mostly proteinaceous, and appear to be highly cross-linked, dense,
insoluble, and resistant to dissolution by the body’s enzymes. The insolubility and high
density of the materials suggest that inability to penetrate the hyalin matrix may explain
why normal body enzymes do not eliminate this matenal. Since these matenals are
broken down naturally after death, enzymes for achieving such dissolution clearly do
exist. If the high density of these hyalin matenals prevents their dissolution by the
body’s enzymes, then a very low molecular weight proteolytic enzyme - a

microenzyme - seems called for. The search for such enzymes in that laboratory had

centred around spore-forming microorganisms whose spores also have extremely dense

17



walls, which they obviously must at least partially dissolve in order to germunate.

The resuilts from Schenk and Bjorksten (Schenk and Bjorksten, 1973) showed that a
single exogenous microenzyme with proteolytic activity was found to exist in
equilibrium with oligomers 1n a strain of Bacillus cereus (BRL-70). The monomer of
this enzyme, which still gave the enzyme activity, has a MW only 2.5 kDa, and calcium

ions were found to stabilize and to activate the enzyme.

Despite this, it seems that the study of microenzymes has not recetved much attention
since then as among the great number of enzymes found and studied over the past 30
years, only a very few have been reported with MW smaller than 10 kDa. In addition

to the 5.7 kDa esterase from Candida lipolitica and the 1.57 kDa esterase from
Bacillus stearothermophilus mentioned in Section 1. 2. 4, a microenzyme of which the
amino acid composition has been investigated was a rennin of 9.7 kDa from a
thermophilic actinomycete (Laxer ef al., 1981): again a high proline content was
found. The enzyme was thermostable: 70°C for 90 min resulted in no loss of activity,

and it required calcium ions for activity. Steele ef al. (1992) isolated a novel spiral-

shaped bacterium which produced a 8 kDa alkaline-active, thermostable protease with
optimum activity at pH 11.0 and 60°C. A disulfide bond-forming enzyme from
archaebacterium Sulfolobus solfataricus (Guaglardi et al., 1992), with MW 6.2 kDa,
was highly thermostable, heating to 90°C for 2 hr did not cause loss of activity. The
extracellular amylase produced by Bacillus caldolyticus at 70°C was a Ca-dependent

enzyme and had been shown to consist of subuits with a MW of less than 10 kDa,

which were enzymatically active in the low temperature range (Heinen and Lauwers,
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1976). It was also found that the subunits associate to a higher MW form when
divalent Ca cation was bound to the subunits. The 10-13 kDa phytase described by
Tambe et al. (1994) was shown to be the fragment of the native enzyme of 700 kDa.
The two enzymes differed in their Km, pH optima, pl values and temperature

sensitivity, and the small enzyme peptide retained a full complement of enzyme activity.

Apart from these microenzymes found in microorganisms, more recently a 30 amino
acid survival-promoting peptide Y-P30 in medium conditioned by neural cell lines

treated with hydrogen peroxide has been identified and found to possess phosphatase

activity (Cunningham ef al., 1998).

The peptide Y-P30 supports neural cells and their processes in vitro and in vivo, and it
was shown to inhibit neuronal atrophy and the response of microgha 7 days after direct
application to cerebral cortex lesions. Its amino acid sequence has been determined as
YDPEA ASAPG SGNPC HEASA AQCEN AGEDP. A very stable synthetic peptide

made on the basis of sequences obtained during purification of this molecule 1s fully

active when delivered to such lesions.

Y -P30 was found to be also able to catalyse the hydrolysis of para-nitrophenyl

phosphate to nitrophenol in the presence of manganese i1ons. The reaction 1s inhibited
by the phosphatase inhibitor sodium vanadate. These particular properties are simular
to those displayed by much larger molecules belonging to the family of calcineurin-type

phosphatases. The phosphatase activity of this peptide might be attributed to 1ts amino
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acid sequence where residues 12-17 of this peptide (Gly-Asp-Pro-Cys-His-) resemble a

motif found in several phosphatases.

Interestingly, a cancer cachectic factor identified by Todorov ef al. (1996) has the
same sequence in N-terminal 20 amino acids as Y-P30 and contains the motif in the

phosphatases as well. But if this peptide also exhibited phosphatase activity has not

been investigated yet.

1.3.2 Importance of small enzyme studies

Of reported small enzymes, most are thermostable and require the presence of a metal
(Ca, Fe or Mn) for optimum stability and activity. Such small enzymes offer a unique
opportunity for the study of thermostability and are potentially useful in industry.
Possible applications include use in organic synthesis reactions, and improved, more

efficient immobilized enzyme systems.

Although speculation as to the mechanism of thermal stability 1s premature, decreased
size may allow less structural and conformational options (1.e. less folding, hydrogen

bonding, etc.) that would be labile to high temperatures (Steele et al., 1992). In fact,

most microenzymes reported have higher thermostability than their larger counterparts

(Adoga, 1980; Guaghardi et al., 1992; Simdes et al., 1997).

That decreasing molecular weight results 1n increasing thermostability has been

indicated by some authors (Singleton and Ameluxen, 1973; Stellwagen and Wilgus,

1978). They studied the relationship between thermostability and protein molecular
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weight. Their screening of a large number of globular proteins obtained from

mesophilic organisms has revealed that a decrease in molecular weight was correlated

with an increase in thermostability .

Another example is that an a-amylase was crystallized from B. stearothermophilus by
Campbell and co-workers (Singleton and Ameluxen, 1973) and found to be heat stable.

There was no loss of enzymatic activity after 24 h of incubation at 65 or 70 °C, and

only a 29% loss of activity occurred after 20 h at 85°C. The enzyme was found to have
a low molecular weight of 16 kDa and contain 15% proline, and to be nonspherical. It

was proposed that this unique structure was solely responsible for its thermostabulity.

Decreasing protein size may be a strategy for increasing stability by increasing
globularity due to an increase 1n intramolecular packing and deletion of surface loops
(Hubbard and Argos, 1994; Jaenicke, 1991, 1991a). When a low molecular mass of
protein 1s too small to provide the necessary size of a co-operative unit, the structure
may be stabilised by covalent crosslinking or ligand binding which will improve the

stability of the entire molecule.

Low molecular weight enzymes will occupy less space in an immobilised bioreactor
system, which means that, in the same volume, the number of enzyme molecules will
be larger than when compared with large enzymes, thus increasing the rate of reaction
when other factors being equal (Gacesa and Hubble, 1987). Moreover, small enzymes
are more easily made by chemical synthesis and could provide opportunities for the

development of novel biocatalysts. In addition, enzymes with a lower MW may be
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more readily cloned and expressed in heterologous systems and are, thus, of special

interest (Adney et al., 1995).

1.3.3 Other biologically important low MW proteins — bioactive peptides

Peptides play a number of important roles in organisms. These short polymers of amino
acids can function as the basic recognition unit for receptors and other biological
binding proteins, and are thus used for studying and affecting a very wide range of

biochemical interactions. Some peptides themselves are biologically important, serving

as hormones, neurotransmitters, growth factors, etc. Peptides are also important
structural and functional elements of proteins, and the analysis of peptides from

enzymatic digests of proteins 1s a critical tool in understanding protein structure.

Peptides are obtained from several quite distinct sources. Some peptides are separated

from natural biological extracts such as serum, cell lysates, organ extracts, etc.
Peptides with biological activities produced by several bacteral and fungal species
belong to large and diverse family of natural products that includes antibiotics, enzyme
inhibitors, plant or animal toxins and immunosuppressants. They are therefore of great

benefit to medicine, agriculture, biological research and industry.

Microenzymes are the peptides with catalytic activities and have similarity to bioactive

peptides with regard to their biosynthesis, purification and characterization.

1.3.4 Biosynthesis of peptides
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There exist two biosynthesis pathways for peptide synthesis: nbosomal and non-

ribosomal.

Some peptides are synthesized rnibosomally, are gene-coded, but often undergo
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