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Structural Properties, Production, and Commercialisation of Invertase
(Sifat Struktur, Pengeluaran dan Pengkomersialan Invertase)
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ABSTRACT

The knowledge gained from yeast fermentation made invertase one of the earliest exploited enzymes in human history.
Invertase functions as carbohydrases by hydrolysing sucrose into its simplest unit. Extensive studies on invertase have
made it well-characterised through the discovery of its existence in a variety of living organisms. It is interesting to
study the different types of invertase from either the same or different origins as they might have distinct properties and
could possess unique characteristics. With the advancement in technology, the three-dimensional structure, catalytic
domain, and mechanism of invertase action have been discovered. Furthermore, it is important to understand how this
enzyme has been produced via fermentation or recombinant technology methods. Finally, invertase has been employed
in several important industries and its future commercialisation is promising.
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ABSTRAK

Pengetahuan yang diperoleh daripada penapaian ragi telah menjadikan invertase sebagai salah satu enzim yang paling
awal dieksploitasi di dalam sejarah manusia. Invertase berfungsi sebagai karbohidrase dengan menghidrolisis sukrosa
kepada glukosa dan fruktosa. Pelbagai kajian mengenai invertase dan penemuannya dalam pelbagai organisma telah
mendalamkan pemahaman tentang invertase. Kajian mengenai invertase daripada punca yang sama atau berlainan adalah
menarik kerana ia terdapat ciri-ciri yang berbeza dan unik. Dengan kemajuan bidang teknologi, struktur tiga dimensi,
domain pemangkin dan mekanisme tindakan invertase telah dikaji. Tambahan pula, pengetahuan tentang bagaimana
enzim ini dihasilkan melalui kaedah penapaian atau kaedah rekombinan juga sangat penting. Akhirnya, invertase telah

digunakan dalam pelbagai sektor industri dan pengkomersilannya adalah sangat baik.

Kata kunci: Analisis struktur; invertase, pemasaran, pengeluaran

INTRODUCTION

Enzymes are biological molecules which are responsible
for several biochemical metabolisms in living organisms
(Gurung et al. 2013). Enzymes act as biological catalysts
which can speed up biochemical reactions up to 10 million
folds when introduced in minute quantities (Shinde et al.
2015). The industrial understanding of enzymes revolves
around yeasts and malt, a terrain currently been explored
by the baking and brewing industries (Kulshrestha et al.
2013). Early studies using Saccharomyces made yeast
enzymes such as invertase a well-studied and commonly
used model in enzyme kinetic analysis (Lincoln & More
2017; Sainz-Polo et al. 2013).

Invertase or B-fructofuranosidase (EC 3.2.1.26) is one
of the simplest carbohydrases found in nature (Kotwal
& Shankar 2009). The term ‘invertase’ is derived from
the observed inversion of right handed rotation plane of
polarised light through sucrose solution to the left handed
rotation plane through invert sugar solution (Nadeem et al.
2015). Other than B-D-fructofuranoside, other synonym for
invertase include (-D-fructofuranoside fructohydrolase,
sucrase, invertin, and saccharase (Kotwal & Shankar 2009;
Nadeem et al. 2015). Invertase is a highly polymorphic

protein classified into the glycoside hydrolases (GH)
families 32 (Benkeblia et al. 2004; Mohandesi et al.
2016). It catalyses the hydrolysis of sucrose, forming
an equimolar of D-glucose and D-fructose irreversibly
(Alves et al. 2013; Chandra et al. 2012). The product is
termed invert sugar and is sweeter than sucrose due to their
high degree sweetness of fructose (Shankar et al. 2014b).
Interestingly, invertase can also catalyse the hydrolysis of
oligosaccharides, raffinose and stachyose (Belcarz et al.
2002).

Invertase has been discovered from a wide range of
living organisms such as microorganisms, plants, and
animals (Kumar & Kesavapillai 2012). Extensive studies
on invertase, including its biochemical properties (Lincoln
& More 2017), production (Madhanasundareswari &
Jeyachitra 2015; Raju et al. 2016), purification techniques
(Marepally 2017; Zouaoui et al. 2016) and immobilisation
(Kotwal & Shankar 2009) have boosted its potential for
biotechnological applications. For instance, invertase has
made its mark in the sugar market, such as in the beverage
industries, baking, and confectionaries (Lincoln & More
2017) due to its ability to produce non-crystallisable sugar
syrup from sucrose (Shankar et al. 2014b). Moreover,
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the confectionary’s preference for invert sugar hovers
around its ability to keep the products fresh and soft
for prolonged periods (Kumar & Kesavapillai 2012). In
addition, invertase also play a major role in pharmaceutical
applications, and in other industries. Therefore, the
prospects of invertase is promising.

Further studies on invertase will provide the latest
information on invertase that are necessary. Hence, the
purpose of this review is to provide an in-depth summary
of the current findings on invertase, in terms of its sources,
types, sequence, and structural properties, as well as their
production strategies, including the use of recombinant
technology. Finally, a review of the literature on the
commercialisation of invertase was also be conducted. It
is hoped that this review will offer relevant and useful data
for further studies on invertase.

SOURCES AND TYPES OF INVERTASE

Microbial invertase is isolated from a wide range of
sources, including bacteria, yeasts, and fungi (i.e. S.
cerevisiae, Aspergillus niger, Arthrobacter sp., and Bacillus
macerans). Among all, extensive studies have made S.
cerevisiae the best model for invertase study. Microbial
invertase is classified into intracellular and extracellular;
the latter is a glycosylated glycoprotein containing 50%
carbohydrate, 5% mannose, and 3% glucosamine, while
the former is a non-glycosylated protein without any
carbohydrate content (Lincoln & More 2017).

Plant invertase (classified based on their subcellular
localisation, solubility, isoelectric point, and optimum
pH), are grouped into soluble acid invertase, insoluble
acid invertase, and insoluble alkaline/neutral invertase
(Hsiao et al. 2002; Kulshrestha et al. 2013). Both soluble
and insoluble invertase are glycosylated proteins usually
found in vacuoles and cell wall, respectively. In addition,
alkaline/neutral invertase is a non-glycosylated protein
mostly present in cytosols, mitochondria, and/or plastids
(Chandraet al. 2012; Fotopoulos 2005; Tauzin & Giardina
2014). These isoforms of invertase are involved in
osmoregulation, sugar metabolism, sucrose allocation,
development, and defence action in plants (Kulshrestha et
al. 2013). Moreover, alkaline/neutral invertase is the only
invertase classified into the GH family 100 (Lammens et
al. 2009) due to its catalytic ability in limited substrate
(which is only sucrose) (Kulshrestha et al. 2013), and its
possession of different structural components compared to
the acid invertase. These differences will be subsequently
explained in detail.

Although invertase has been characterised extensively
among microorganisms and plants, there are few studies
on invertase from animal sources. This might be due to
the higher active carbohydrate metabolism in animals,
causing difficulty in the quantification of animal-sourced
invertase (Heil et al. 2005; Marepally 2017). The earliest
research on animal-sourced invertase was reported by
Carnie and Porteous (1962). They reported an invertase
with an a-glucosidase property and optimum pH at 6.7.

This invertase which was isolated from the small intestine
of arabbit exhibited kinetic parameters of Km and Vmax in
the range of 6.2 mM and 3.2 pmoles/hr/mg, respectively.
Other animal-sourced invertase studies, including those
of ants (Ayre 1967; Ricks & Vinson 1972), birds (Carlos
Martinez 1990), cockroach (Zhang et al. 1993) and larvae
of Anthereae mylitta Drury (Marepally 2017) have been
reported.

Until now, three types of invertase, namely,
a-glucosidase, p-fructosidase, and fructosyltransferase
have been discovered with differences in their modes of
action. It was found that yeast produce (-fructosidase
type of invertase while fungal/mold invertase is classified
as a-glucosidase (EC 3.2.1.20) (Kotwal & Shankar 2009;
Nadeem et al. 2015). The a-glucosidase catalyse the
hydrolysis of sucrose by cleaving a-1 4-glycosidic linkages
(Shankar et al. 2014a) compared to B-fructosidase which
act on the [3-1,2- glycosidic bond of sucrose. In addition,
certain invertases from wheat (Schroeven et al. 2008),
Aspergillus (Kurakake et al. 2010) and Saccharomyces
(Khandekar et al. 2014) possess transfructosylating activity
which can serve as an alternative to fructosyltransferase
(E.C.2.4.1.9). This ability allows invertase to produce
fructooligosaccharides (FOS) through the process of
transfructosilation (Rashad & Nooman 2009) by cleaving
B-(2—1) bonds and transferring the resulting fructosyl
group from one sucrose unit to another (Alméciga-Diaz
etal.2011). FOS are fructose oligomers such as 1-kestose,
1-nystose, and 1-f-fructofuranosyl nystose (Michel et al.
2016).

SEQUENCE AND STRUCTURAL ANALYSIS OF INVERTASE

Multiple sequence alignment showed that amino acid
sequences of homologous invertase contain three
conserved amino acid regions, each consisting of NDPN,
EC and RDP, which are highly conserved among the
invertase and may constitute their catalytic domain (Hsieh
et al. 2006; Niu et al. 2014; Yao et al. 2014). These three
conserved motifs are responsible for the catalytic action
of invertase. It was found that the NDPN residues are near
to N-terminus while EC residues are near to C-terminus
region (Kulshrestha et al. 2013).

On the other hand, the three-dimensional (3D)
structural information of invertase has been obtained
through different experimental procedures such as X-ray
diffraction, electron microscopy, and nuclear magnetic
resonance (NMR) (Dorn et al. 2014). The 3D structure of
invertase from bacteria (Alberto et al. 2004; Bujacz et
al. 2011) and plants (Chen et al. 2009; Yao et al. 2014)
depicted that the N-terminus region of invertase consists
of five bladed B-propeller module, while the C-terminus is
formed by two six-stranded 3-sheets known as [3-sandwich
module. Three major conserved motifs are located in
the active site of the B-propeller domain. Besides, each
of the B-propeller blades consist of four antiparallel
[-strands assembly with “W’ topology around the central
axis, which is the negatively charged cavity of the active



site. Thus, invertase is grouped into GH-J clan with other
GH-32 families which share this bimodular arrangement
(Lammens et al. 2009; Sainz-Polo et al. 2013). A 1.8 A
crystal structure of the B-fructofuranosidase complex with
B-D-fructose from Bifidobacterium longum KN29.1 (PDB
code: 3PN) is shown in Figure 1.

FIGURE 1. Crystal structure of the p-fructofuranosidase complex

with B-D-fructose from Bifidobacterium longum KN29 (PDB

code: 3PIJ) .1. All the three conserved amino acid regions of
NDPN, EC and RDP are represented as balls and sticks

Recently, Xie et al. (2016) demonstrated that alkaline/
neutral invertase which belongs to GH-100 family exhibits
different structural properties compared to GH-32 invertase.
In this study, they reported the first structure of alkaline
invertase. The alkaline invertase obtained from Anabaena,
a genus of cyanobacteria with nitrogen-fixing ability, was
found to be acting on the a-1,2-glycosidic bond in sucrose.
The crystal structure of alkaline/neutral invertase exists as a
hexamer with (o/at) 6 barrel core structure in addition to an
insertion of three helices. The core (a/a) 6 barrel structure
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is mainly composed of 12 a-helices and arranged in two
concentric layers to form six helical hairpins. They also
proposed that Asp188 and Glu414 are putative catalytic
residues of the invertase in this family.

The modelling of the 3D structure of invertase
assisted in discovering its catalytic mechanism. The
available literature suggests that the mechanism of action
of invertase involves acting as a retaining enzyme (which
is via a two-step reaction known as double-displacement
mechanism) (Alberto et al. 2006; Sainz-Polo et al. 2013).
This mechanism uses aspartate from NDPN motif as a
nucleophile, while glutamate is used as an acid/base
catalyst. Furthermore, aspartate residue from RDP motif is
used as a transition state stabiliser (Van Wyk et al. 2013).
This process involves the protonation of the glycosidic
oxygen by the acid/base catalyst, followed by a nucleophile
attack on the anomeric carbon of the sugar substrate by a
carboxylate group (Figure 2(a)). This subsequently leads to
the formation of a covalent fructose—enzyme intermediate
(Figure 2(b)). Subsequently, the fructose-enzyme
intermediate is hydrolysed which will release fructose and
the free invertase (Altenbach & Ritsema 2007; Lammens
et al. 2008) (Figure 2(c) & 2(d)). Due to the different 3D
structures, it was found that heavy metals can inhibit acid
invertases but not alkaline/neutral invertases. However,
both acid and alkaline/neutral invertases are inhibited by
their own end products (Kulshrestha et al. 2013).

PRODUCTION OF INVERTASE

Nowadays, microorganisms are preferable for invertase
production compared to plants and animals due to the less
harmful materials released during the production process
(Zouaoui et al. 2016). Currently, most invertase production
processes are performed via submerged state fermentation
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FIGURE 2. Catalytic mechanism of invertase: (a) Protonation and nucleophilic attack on sucrose by invertase,
(b) Formation of glucose and fructose-invertase intermediate, (c. & d.) Hydrolysis of fructose-invertase
intermediate resulting fructose as the end product
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(SmF), followed by solid-state fermentation (SSF) (Kumar
& Kesavapillai 2012; Lincoln & More 2017; Rashad &
Nooman 2009).

SmPF is a traditional fermentation strategy (Sundarram
& Murthy 2014) for a large-scale production of invertase
(Ravindran & Jaiswal 2016). It is a cost-effective
technology with high productivity per reactor volume, and
can be easily subjected to culture control and down-stream
processing (Nadeem et al. 2015). In SmF production,
the selected microorganisms are grown in closed vessels
containing nutrients broth and oxygen. These invertase
producers utilise the nutrients to produce invertase and
release into the fermentation medium (Renge et al. 2012).
The advantages of using SmF production are the suitability
for the use of genetically modified organisms, as well as the
ease of sterilising the medium and purifying the produced
invertase (Sundarram & Murthy 2014).

On the other hand, SSF cultivate microorganisms on
a solid substrate rather than a liquid medium (Renge et
al. 2012). This approach provides an environment which
is more similar to the microbe’s native environment
(Guimardes 2012) and suitable for the growth of organisms
that require less moisture (Sundarram & Murthy 2014).
SSF is not used in large-scale production of invertase due
to its limitations, including difficulty to standardise the
processes, as well as being less reproducible (Ravindran &
Jaiswal 2016). However, SSF has been proposed to replace
SmF as it has several advantages over SmF such as high
volumetric productivity, relatively higher concentration
of products, less effluent generated, and use of simple
fermentation equipment (Renge et al. 2012).

The increasing concern on pollution and the search
for cost effectiveness have increased the interest on
using waste materials for invertase production (Qureshi
et al. 2017). Different waste materials and fermentation
strategies have been reported for use in the production of
invertase, as shown in Table 1. However, it is difficult to
determine the type of waste material or the fermentation
approach suitable for commercial production of invertase
since these studies are only conducted in lab scale using
bioreactors. The use of the same/similar approach in future
will provide more necessary information.

RECOMBINANT INVERTASE

Recombinant technology or heterologous expression is
referred to a series of processes in the identification of
genes of interest and their transfer into a desired host for
the synthesis of targeted proteins (Yesilirmak & Sayers
2009). It is an efficient strategy towards meeting market
commercialisation requirements such as high production
efficiency and low cost of final products (Palomares et
al. 2004). The advancements in recombinant technology
have enable enzyme production across species carriers
since there is no single biological system that can
meet all the ideal criteria for the synthesis of proteins,
including the production of the required protein at the
right conformation, high productivity, ease of handling and

maintenance, safe and economic, and ease of downstream
processing (Desai et al. 2010).

The heterologous expression of invertase is usually
performed using a yeast/fungal as the host-producing
organism due to the glycosylated structure of invertase.
For instance, S. cerevisiae is used in the recombinant
expression of the invertase gene isolated from Ceratocystis
moniliformis (Van Wyk et al. 2013). The advantages of
using S. cerevisiae as an invertase production system
includes the ease of characterisation due to the lower
number of extracellular proteins produced throughout the
production process. As a result, additional purification
method is not necessary for subsequent characterisation
of the recombinant invertase. Besides, it satisfies the
economic efficiency and biosafety regulations for human
application (Gomes et al. 2016). However, several
problems like hyperglycosylation, less secretion of
recombinant proteins and a low level of expression reduce
the potential of S. cerevisiae in biotechnological industries
(Mohandesi et al. 2016). Thus, several efforts have been
made in searching for new host organism as an alternative
to S. cerevisiae for recombinant invertase production.

In addition, Schizosaccharomyces pombe has been
earlier used for the heterologous expression of invertase.
S. pombe is a fission yeast which share many molecular,
genetic, and biochemical features with multicellular
organisms, making it a suitable expression host for proteins
with complex structures (Takegawa et al. 2009). In a study
reported by Zarate and Belda (1996), a heterologous
invertase gene isolated from S. cerevisiae was cloned and
expressed in S. pombe at an optimum pH of 4.5 (stabilised
at a pH range of 4.0-7.0). This recombinant invertase
was also found to be stable at temperature less than 50°C
and a Km of 0.026 mol/L. This study further signified
the capability of S. pombe to hyperglycosylate the gene
product due to the high carbohydrates content (65%) of
the recombinant invertase.

Recently, several studies have used Pichia pastoris
for the production of recombinant invertase from plants,
Elsholtzia haichowensis, and baker yeast (S. cerevisiae)
(Liu et al. 2015; Mohandesi et al. 2016). The advantages
of using P. pastoris include a high production yield
(Yesilirmak & Sayers 2009), good glycosylation capability
(Gomes et al. 2016), and a superior performance for the
expression of secreted proteins (Voegele et al. 2006).
Comparing the heterologous invertases of E. haichowensis
and S. cerevisiae, the latter has a slightly higher optimum
pH and temperature (4.8 and 60°C, respectively) compared
to the former (pH4.0 and 50°C, respectively).

Among all the invertase cloning studies, two
interesting studies reported the expression of invertase
gene from S. cerevisiae in a higher eukaryotic organism
(mouse fibroblasts) (Bergh et al. 1987) and a plant
(Solanum tuberosum) (Deryabin et al. 2014). Both
studies showed positive recombinant invertase production
outcomes. It was found that the mouse fibroblasts produced
glycosylated invertase which was secreted efficiently and
enzymatically active. On the other hand, the recombinant
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TABLE 1. Overview of invertase production through submerged and solid state fermentation in different studies

Submerged state fermentation

Source Substrate Optimum production Yield Reference
condition
Fusarium solani Molasses pHS5.0 at 30°C for four days 9.90 U/mL Bhatti et al. (2006)
Cladosporium Pomegranate peel pH4.0 at 30°C for four days ~45.0 IU/mL Uma et al. (2012)
cladosporioides
A. niger Fruits peel pHS5.0 at 30°C for four days 16.25+0.60 uM  Mehta and Duhan (2014)
Unknown bacteria isolated Waste jiggery pH6.0 at 37°C 263U Shah et al. (2016)
from sugarcane juice
A. nidulans and Emericela Rye flour pH4.8 - 5.6 at 54°C - 62°C 92704353 U Alves et al. (2013)
nidulans
A. flavus Agriculture-based by-  pH6.5 at 40°C for two days 741 U/mL Ahmed et al. (2015)
products
A. niger Agro-industrial wastes pH6.5 at 25°C for six days 15.9+2.44 u/g Al-Hagar et al. (2015)
Solid state fermentation
Source Substrate Production Condition Yield/Enzyme Reference
activity
S. cerevisiae Red carrot residue 30°Cfor 72 h 2725 U/g Rashad and Nooman
(2009)
S. cerevisiae Sugarcane press mud ~ pHS.0 at 40°C for three days 430 U/mg Kumar and Kesavapillai
(2012)
A. niger Wheat bran pHS.5 at 30°C for three days ~ 194.71 U/g Esawy et al. (2014)
Aspergillus sp. Carrot peel pH7.0 at room temperature 6.2 U/mL/min Madhanasundareswari
for five days and Jeyachitra (2015)
A. niger Agro-industrial wastes  30°C and 50% moisture for 154.27+9.38 pg!  Ohara et al. (2015)
three days

A. niger Fruits peels pHS5.0 at 30°C for four days 51 U/mL Raju et al. (2016)

invertase produced by the potato plant was found in the
extracellular space in a soluble form where it was weakly
adsorbed to the cell wall. These results provide an insight
on the alternative sources for invertase production other
than microorganisms. However, there is a need for more
studies on recombinant invertase production using higher
eukaryotes since the available information in this regard
is still limited.

COMMERCIALISATION OF INVERTASE

Enzymes have been largely employed in industrial
processes due to their mild operating conditions such as pH
and temperature (Nisha et al. 2012), non-toxicity, readily
degradable with less formation of by-products, as well
as requiring a simple purification process to be separated
from the final products (Kulshrestha et al. 2013). Today,
almost 75% of industrial enzymes are hydrolytic enzymes
in which carbohydrases, proteases, and lipases account for
more than 70% of the enzyme market share (Chaudhary et
al. 2015; Li et al. 2012). Nowadays, invertase has found
application in several industries such as food, beverages,
pharmaceuticals and biosensor.

INVERTASE IN THE FOOD AND BEVERAGE INDUSTRIES

In the food and beverage industries, invertase has been
largely employed in the production of invert syrup and
high fructose syrup (Addezio et al. 2014; Ashraf & Bilal
2015). Invertase is used as an alternative to the traditional
acid hydrolysis method which might produce undesirable
by-products, unfavourable colour, and bitter taste; could
also result in low conversion efficiencies and high ash
contents (Aburigal et al. 2014). Due to the hygroscopic
nature and low crystallisable properties of invert sugar, it
is largely used as a humectant in the production of soft-
centered candies, fondants (Kotwal & Shankar 2009),
artificial honey (Kumar & Kesavapillai 2012), calf feed
preparation, jams, and chocolates (Lincoln & More 2017).

INVERTASE IN THE PHARMACEUTICAL INDUSTRY

On the other hand, invertases are important in the
pharmaceutical industry for the formulation of drugs,
cough syrup, digestive aid tablets, nutraceuticals, and infant
foods (Lincoln & More 2017). Besides, the commercial
value of invertase in the pharmaceutical industry is
further increased by the discovery of invertase with
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transfructosylating activity which produces FOS. FOS is
oligosaccharides compose of short fructose chains which is
less sweet than sucrose, and low in calories, making them
preferable for diabetic patients (Dominguez et al. 2013). In
addition, FOS have been reported to have beneficial effects
on human health as they serve as prebiotics, involved in the
production of short-chain fatty acids, prevent constipation
and colon cancer, help in mineral absorption, as well as
regulate sugar and lipid metabolism (Maiorano et al. 2008).

INVERTASE AS A BIOSENSOR

The commercial potential of invertase is further expanded
as it serves as a biosensor for the detection of sucrose
(Shankar et al. 2014a) in an easy and rapid way compared
to the conventional methods such as chromatography and
electrophoresis (Galant et al. 2015). Bagal-Kestwal et
al. (2015) reported the fabrication of invertase-mediated
nano-gold clusters synthesised on onion membranes.
The proposed design can be used as fluorescence-based
sucrose biosensors. They suggested that this invention can
be used for glucose detection with some modifications
in the future.

INVERTASE IN OTHER INDUSTRIES

Invertase also plays a major role in the fermentation
processes of ethanol, glycerol, and lactic acid production
(Kotwal & Shankar 2009). Invertase aids in hydrolysing
the sucrose from the provided carbon source such as cane
molasses into glucose and fructose, thereby, increasing the
yield of the final products (Aksu & Kutsal 1986; Ueno et
al. 2003; Uma et al. 2010). Finally, invertase has potential
application in the cosmetic and paper industries (Kotwal
& Shankar 2009; Kulshrestha et al. 2013).

CONCLUSION

Invertase, an enzyme found in a wide range of organisms,
possesses a high commercial value, especially in the
food and pharmaceutical industries. Various studies have
previously provided a full characterisation of this enzyme
but the current studies which focus on using different
waste materials as production media can reduce the cost
of invertase production. Furthermore, structural studies
have exploited the catalytic mechanism of invertase and
this might be useful in artificial enzymes development in
the future. Through recombinant technology, the potential
of invertase in the biotechnology industries can be further
enhanced through a search for more suitable host organisms
that will serve as alternatives to the current producers. In
the future, the screening for potential invertase producers
from extremophiles might lead to the production of
invertase under extreme industrial conditions. It is also
expected that invertase will be isolated from more different
sources and might have unique characteristics such as
transfructosylating activities that will boost the commercial
value of invertase.
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