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ABSTRACT: Cost reduction in animal production has generated wide discussion, especially
because of the frequent use of foods containing anti-nutritional factors such as phytate, which
impair the bioavailability of nutrients in non-ruminant animals. Addressing this challenge is
crucial to ensure efficient and sustainable production. In this context, phytase enzymes stand
out as essential tools, catalyzing the breakdown of phytate and increasing the availability
of crucial minerals, such as phosphorus, thus improving the absorption of these nutrients
by animals. This approach not only benefits the health of animals but also contributes to
the economic efficiency of production operations by promoting more sustainable practices.
This study aims to highlight the importance of phytase enzymes, covering their production,
purification, biochemical characterization, and catalytic properties, providing valuable insights
for implementing these enzymes in animal diets and, thus, promoting more sustainable and
economically efficient production practices.

KEYWORDS: Exogenous enzymes, Animal production, Phytate.

PROPRIEDADES CATALITICAS DE FITASES PARA INCLUSAO EM DIETAS DE
AVES E SUINOS

RESUMO: A reducdo de custos na producdo animal tem gerado ampla discusséo,
especialmente devido ao uso frequente de alimentos contendo fatores antinutricionais como o
fitato, prejudicando a biodisponibilidade de nutrientes em animais nao-ruminantes. Enfrentar
esse desafio é crucial para garantir uma producgéo eficiente e sustentavel. Nesse contexto, as
enzimas fitases destacam-se como ferramentas essenciais, catalisando a quebra do fitato e
aumentando a disponibilidade de minerais cruciais, como o fosforo, melhorando a absor¢éo
desses nutrientes pelos animais. Essa abordagem néo apenas beneficia a satde dos animais,
mas também contribui para a eficiéncia econémica das opera¢des de producéo, promovendo
praticas mais sustentaveis. Este estudo visa ressaltar a importancia das enzimas fitases,
abrangendo sua producéo, purificacdo, caracterizacao bioquimica e propriedades cataliticas,
proporcionando entendimentos valiosos para a implementacdo dessas enzimas em dietas
animais e, assim, promovendo praticas de produ¢éo mais sustentaveis e economicamente
eficientes.

PALAVRAS-CHAVE: Enzimas exdgenas, Producéo animal, Fitato.

INTRODUCTION

Reducing production costs has been a widely discussed issue in the context of
animal production. Diet formulations often use foods that contain antinutritional factors,
such as phytate, which reduce the bioavailability of nutrients and make digestion difficult for
non-ruminant animals (Nascimento et al., 2023).

The importance of facing this challenge becomes even more evident when we consider
the need to guarantee efficient and sustainable production (Nascimento et al., 2023). In
this context, phytase enzymes have emerged as essential tools to mitigate the negative
effects of phytate. By catalyzing the breakdown of this compound, phytases increase the
availability of crucial minerals, such as phosphorus, thus improving the absorption and use
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of these nutrients by animals (Nezhad et al., 2020). This approach not only favors animal
health but also contributes to the economic efficiency of production operations (Rodrigues
et al., 2023), promoting more sustainable practices aligned with contemporary demands.

Based on the above, this study aimed to address the relevance of phytase enzymes,
covering the production, purification, and biochemical characterization of these enzymes,
as well as the catalytic properties associated with them.

PHYTASE

Phytase was discovered by Suzuki et al. (1908) and further researched in 1960.
The first commercial phytase was produced by Aspergillus niger with the ability to release
phosphorus linked to phytate and reduce its excretion (Gourley et al., 2018). This enzyme
was commercialized in 1991, known as Natuphos®, produced and introduced to the market
by BASF® (Engelen et al., 1994; Selle and Ravindran, 2007).

Phytases form a group of enzymes, generically called myo-inositol hexaphosphate
phosphohydrolase, and are classified as specific monoester phosphatases that can be
differentiated according to the position of hydrolysis in the phytic acid molecule (Selle and
Ravindran, 2007).

According to the International Union of Pure and Applied Chemistry and the
International Union of Biochemistry (IUPAC-IUB), two categories of phytases are recognized
according to the position where phytate hydrolysis is initiated: 3-phytase (EC 3.1.3.8), which
initiates the removal of an orthophosphate group from carbon 3, however 6-phytase (EC
3.1.3.26) carries out the reaction at carbon 6 of the myo-inositol hexaphosphate molecule,
and 3-phytase is mainly of microbial origin (bacterial or fungal) and 6-phytase is derived from
vegetables, associated with breaking dormancy in plant seeds, releasing orthophosphate
groups from phytate for plant growth (Pandey et al., 2001; Konietzny and Greiner, 2002).

3-phytases (EC 3.1.3.8) are systematically called myo-inositol hexakisphosphate-3-
phosphohydrolases that act on the hydrolysis of the ester bond in the third position of IP6 in
IP5 and free orthophosphate (Vats and Banerjee, 2004). However, 6-phytases (EC 3.1.3.26)
are chemically designated as myo-inositol hexakisphosphate-6-phosphohydrolase, which
promotes the hydrolytic catalysis of the ester bond in the sixth position of IP6. Recently, this
was reported for phytase produced by A. niger, which shows 3-phytase activity, whereas
Peniophora lycii and Escherichia coli show 6-phytase activity (Selle et al., 2003).

The dephosphorylation reaction catalyzed by phytases is illustrated in Figure 1. In
this reaction, phytic acid is transformed into phosphoric acid, inositol, and intermediate
compounds (inositol phosphatides) including mono-, bi-, tri-, tetra-, inositol esters, and
pentaphosphate (IP1-1P5) depending on the degree of dephosphorylation catalyzed by the
enzyme (Konietzny and Greiner, 2002).
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The catabolism pathway for the degradation of phytic acid follows a model of gradual
dephosphorylation: IP6 = IP5 — IP4 - IP3 —» IP2 - IP1 — inositol. Phytate has six groups
that can be released, depending on the phytase used, at different speeds and in different
orders. Phytases synthesized by filamentous fungi and the bacterium Escherichia coli can
release only five of the six orthophosphate groups, with the final product being myo-inositol
2-monophosphate (Dasgupta et al., 1996).

0OPOsHy OPO3H,
H OPO3H,
HyPO50 H
H OPO3H,

C6H13024P6 MW = 659.86

Figure 1. Enzymatic hydrolysis is catalyzed by phytase in the phytic acid molecule (Reproduced from
Krishna and Nokes, 2001).

The determination of enzymatic activity using phytic acid salts, such as sodium
phytate, allows the separation of phytases from other acid phosphatases, which are
inefficient in hydrolyzing phytic acid. However, substrate specificity for phytase may vary
because of differences in the molecular characteristics of enzymes purified from different
sources (Ries, 2010). The released inorganic phosphate is measured by a colorimetric
method, and reversed-phase high-performance liquid chromatography methodology has
been well developed for the separation and determination of phytic acid and minor inositol
phosphatides resulting from reactions catalyzed by phytases (Ries, 2010).

Colorimetric methods for determining inorganic orthophosphates are mainly based
on the reduction of a phosphomolybdate complex by ferrous sulfate or ascorbic acid,
which generates “blue molybdenum” (Engelen, et al., 1994). The colorimetric method
for determining phosphorus, known as the ascorbic acid method of Fiske and Subbarow
(1925), as well as adaptations arising from it, has been used for decades by several authors
to determine the activity of phytases (Bindu et al., 1998).

Phytase activity can also be measured through the activity of acid phosphatases
using synthetic substrates, such as p-nitrophenyl phosphate, as described by Ullah and
Gibson (1986) and is widely used by several authors, according to Ries (2010).

Phytase activity is measured by the amount of inorganic phosphate released by the
catalytic action of the enzyme. One unit of phytase enzyme activity can be defined as the
amount of enzyme required to release one (1.0) umol of inorganic phosphate per minute
of reaction under conditions of pH, temperature, and phytate concentration in which the
experiments were carried out (Selle and Ravindran, 2007).
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Phytases have already been found in several plant sources, such as wheat, corn,
some herbs, shrubs, lettuce, rye, and oilseeds, with the highest activities being found in
wheat (Triticum aestivum), rye (Secale cereale) and in barley (Hordeum vulgare). Phytases
obtained from germinating seeds and pollen were purified and characterized. Alkaline
phytases have also been identified in the pollen of Lilium longiflorum and Typha latifolia and
in legume seeds (Ramachandran et al., 2005). Vegetables are generally attributed to low
values of phytase activity; however, Mroz et al. (1994) demonstrated that wheat phytase
can improve phosphorus digestibility from 27 to 50%. Furthermore, Kornegay (1996)
demonstrated that wheat phytase acts at a much lower pH limit than fungal phytase (Figure
2) and highlighted some advantages, such as greater substrate specificity and therefore a
lower affinity constant (Km) of fungal phytase when compared with plant origin (Fireman
and Fireman, 1998).

Figure 2. Molecular structure of phytase produced by Aspergillus niger (Oakley, 2010).
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Although animal and plant sources represent important scientific advances, their
practical applications in phytase production are limited. On the other hand, microbial
sources have more desirable characteristics, which allow high yield and scale expansion
and are thus widely and effectively used in the animal feed industry. Several species of fungi,
bacteria, and yeast have been used in the production of phytases, genetically modified or
not (Joudaki et al. 2023).

Some wild species of bacteria are used to produce phytase, mainly because of
their enzyme production values and because they have an optimal pH range that is not
suitable for the digestive system of non-ruminant animals. The activity of phytases can
be intracellular or extracellular. When studied in Enterobacter sp., 81.7% of activity was
detected in the extracellular fraction, 4.4% in the periplasmic fraction, and the remainder in
the intracellular portion (Roopesh et al., 2006).

PRODUCTION, PURIFICATION, AND BIOCHEMICAL CHARACTERIZATION OF
PHYTASES

Fermentation is greatly influenced by several physicochemical variables in the
biomolecule production medium. Cultivation conditions, microbial species and strain, nature
of the substrate, and nutrient availability are important factors that affect the production
and secretion of phytases, which are obtained from the addition of sodium phytate to the
medium as a source of inorganic phosphorus (Ries, 2010).

The production of phytase has already been well cited in liquid media, i.e., through
submerged fermentation; however, the use of agro-industrial residues for the production
of phytase by fungi of the genus Aspergillus has been reported (Meta et al., 2009). Some
studies have shown the use of alternative cultivation media in the production of phytases:
oats in the production of phytase by Kodamaea ohmeri (Li et al., 2008), olive residues in the
production of phytase by Aspergillus niger (Vassilev et al., 2007), and sugarcane molasses
in the production of phytase by Sporotrichum thermophile (Singh and Satyanarayana, 2008)
and by Pichia anomala (Vohra and Satyanarayana, 2004). Table 1 lists the main commercial
phytases available on the world market.
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Product Company Microorganism Fermentation

Natuphos ® BASF ® A. niger Liquid
Allzyme phytase ® Alltech ® A. niger Solid
Phyzame ® Femic ® A. oryzae Liquid
Ronozyme ® Novozyme ® A. oryzae Liquid
Finase ® AB Enzyme ® A. awamori Liquid
Amaferm ® Biozyme ® A. oryzae Liquid
Bio-Feed Phytase ® DSM ® Peniophora lycii Liquid

Table 1. Examples of commercial phytases available on the world market

The next stage in production is purification, which involves a set of processes that
remove contaminants to obtain a product with a high degree of purity. Enzymes are purified
by successive physicochemical methods, and the purification of phytases normally involves
ultrafiltration, centrifugation, gel filtration, separation by chromatographic column, or even
partial purification by ammonium sulfate precipitation. Fractionation according to solubility
in ammonium sulfate solutions is widely used in protein isolation because it provides
preparations with a lower degree of contamination and is more concentrated in proteins of
interest (Ries, 2010).

The recovery of microbial enzymes, whether from plants or animals, is a complex
step in the process of obtaining a biotechnological product because purification techniques
depend on the specific molecular characteristics of each enzyme. During the purification
process, enzymatic stability, purification efficiency, activity yield, and degree of purity must
be considered. However, there are industrial enzymes whose application does not require
a high degree of purity; therefore, chromatographic operations are not necessary because
a simple concentration of the fermentation medium is sufficient for the commercialization of
the bioproduct (Salmon, 2011).

Several methods for purifying phytases have been described in the literature, such as
Spieretal. (2011), who used ion exchange chromatography followed by chromatofocalization.
Greiner et al. (2009) used the following phytase purification methods: ammonium sulfate
precipitation, molecular exclusion chromatography, ion exchange chromatography, and
gel filtration chromatography. Guo et al. (2007) performed microfiltration and ion exchange
chromatography.

Described in the literature are studies on the purification and characterization of
phytases from different sources of origin, such as Aspergillus ficcum NRRL 3135 (Ullah and
Gibson, 1986); Schwanniomyces castelli (Segueilha et al., 1992); Bacillus subtilis (Shimizu,
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1993); Bacillus sp. DS11 (Kim et al., 1998); Arxula adeninivorans (Sano et al., 1999);
Peniophora lycci, Agrocybe pediades, Ceriporia sp. and Trametes pubescens (Lassen, et
al., 2001); Pichia anomala (Vohra and Satyanarayana, 2002); Rhyzopus oligosporus (Casey
and Walsh, 2003); Lilium longiflorum (Garchow et al., 2006); Aspergillus niger (Casey and
Walsh, 2003; Vats and Banerjee, 2006); and Yersinia intermedia (Huang et al., 2006).

Phytases generally have a molecular mass between 40 and 100 KDa and an optimal
activity temperature between 45° - 60°C (Pandey et al., 2001). Most plant enzymes are
denatured at temperatures above 70°C, whereas enzymes of microbial origin remain with
significant activity after incubation periods of more than 3 hours (Konietzny and Greiner,
2002). Phytases isolated from A. fumigatus (Pasamontes et al., 1997) and S. castellii
(Segueilha et al., 1992) have been reported to be resistant to high temperatures, i.e., they
are thermotolerant (Ries, 2010). Table 2 describes the in vitro properties of some phytases
of microbial origin.

Origin Commercial pH stability (% optimal Optimum Reference
name activity) pH temperature
(°C)

- Natuphos ® 2.5-6 (50 — 100%) 5.5 50 Igbasan et al., 2000
- Ronozyme ® 3.5-5.0 (80%) 4.5 50 Igbasan et al., 2000
- Ronozyme ® 4.0—-4.5 (100%) - - Brejnholt et al., 2011
- Ronozyme ® 3.0 (35%) - - Brejnholt et al., 2011
- HiPhos ® 3.0 - 5.0 (70%) 3.5 - Brejnholt et al., 2011
- HiPhos ® 3.0 — 4.5 (90%) 3.5 - Brejnholt et al., 2011
E.coli - 3.5-5.5(60%) 4.5 60 Igbasan et al., 2000
Bacillus sp. - 5.5-7.5(70%) 7.0 60 Igbasan et al., 2000

Table 2. In vitro properties and biochemical characteristics of commercial phytases of microbial origin

Among the phytases, most are active within the pH range 4.5-6.0 and can be
classified according to the optimum pH for enzymatic activity, and act at pH around 5.0
(acidic) or 8.0 (alkaline). The stability of plant phytases decreases at pH values below 4 or
above 7.5, whereas most phytases of microbial origin maintain activity between pH values
below 3.0 and above 8.0. This large difference in their optimum pH values can be partially
or fully reflected in the variation of the molecular structure or stereospecificity of the enzyme
depending on the source of origin (Konietzny and Greiner, 2002).

Despite the availability of different commercial phytases, work must be developed
to investigate the existence of new microbial sources that produce phytases, without the
need for gene alteration, becoming frequent in the search for characteristics such as
thermostability and acid stability.
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CATALYTIC PROPERTIES OF PHYTASES

Phytases have been isolated and characterized from plants and various
microorganisms, and depending on the optimum pH of the enzyme, they can be classified
into acidic phytases and alkaline (basic) phytases. Owing to the acidic environment in the
GIT of non-ruminant animals, there is a greater interest in phytases with an acidic profile.
Acidic phytases are subdivided into 3 (three) structurally different groups: acidic histidine
phosphatases, B-propeller phytases, and purple acidic phosphatases (Lei et al., 2007).

Phytases can recognize phytic acid as a substrate, which coincides with the non-
hydrolyzing properties of non-specific phosphatases. In general, most enzymes belong to
the histidine acid phosphatase (HAP) family, which is characterized by a conserved active
site RHGXRXP and a catalytically active dipeptide HD (Ries, 2010). These phosphatase
enzymes rarely have a similar structure, and the cleavage of phosphate groups is not
performed by the same mechanism. This group of enzymes catalyzes the hydrolysis of
phytic acid in two steps: nucleophilic attack of histidine from the active site of the enzyme
on the phosphoester bond of phytic acid, which is easier to hydrolyze, and protonation of the
remaining group by the aspartic acid residue of HD (Ostanin et al., 1992).

Xiang et al. (2004) determined the three-dimensional structure of phytase produced
by Aspergillus fumigatus by crystallography. The enzyme has a small a domain and a large
a/B domain in its molecular structure. The small a-helical domain consists of a central
a-helical structure surrounded by seven a-helices. Relative to the large a/f domain, the
B-sandwich filament forms the core structure, with two long a-helices on the opposite side.
The conserved amino acid residues, the catalytic motif 58RHGARXP64, and the substrate
binding motif 338HD339 are located between the large a/B domain and the small a domain.

It is worth highlighting another group of acid phytases, the B-propeller phytases,
which have a three-dimensional conformation called B-propeller, which are dependent on
calcium for their catalytic activity, such as the phytases produced by Bacillus subtillis and B.
amyloliquefaciens. These phytases have two binding sites with the substrate, and hydrolysis
is performed in the catalytic site itself (Monteiro, 2011).

Purple acid phosphatases are phytases classified as metalloenzymes with an iron or
zinc atom in their catalytic site. There are examples of phytases from this group, including
the phytases isolated from soybean (Glycine max) and the phytase produced by A. niger
NRRL 3135. This group of phytases has lower catalytic activity than the group of acidic
histidine phytases (Monteiro, 2011).
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CONCLUSION

In short, the potential of phytase enzymes for application in the animal nutrition
industry, especially in poultry and pig diets, is remarkable. The results presented in this
literature review point to the feasibility of producing phytases in various industrial processes
using microorganisms to improve nutritional efficiency, especially in the use of phytic
phosphorus for non-ruminant animals.
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