Cilt 11, Say1 3, Sayfa 186-194, 2022

Volume 11, Issue 3, Page 186-194, 2022

https://doi.org/10.46810/tdfd.1027978 Review

Derleme
g
-
2

Tiirk Doga ve Fen Dergisi Pz
Turkish Journal of Nature and Science :

i 3
B ¢ 5
el
www.dergipark.gov. tr/tdfd ERLS

&
<
4

Sweet Plant Proteins and Their Recombinant Production

Shokoufeh Yazdaman ASR! Nergiz YUKSEL?® Seyhan iCiER? Burcu KAPLAN TURKOZ**

'Ege University, Graduate School of Natural and Applied Sciences, Department of Food Engineering, izmir, Tiirkiye
2Aydin Adnan Menderes University Germencik Yamantiirk Vocational School Aydin, Tirkiye
3Ege University, Graduate School of Natural and Applied Sciences, Department of Biotechnology, izmir, Tiirkiye

“Ege University, Faculty of Engineering, Department of Food Engineering, izmir, Tiirkiye

Shokoufeh Yazdanian ASR ORCID No: 0000-0002-3468-7045
Nergiz YUKSEL ORCID No: 0000-0002-1334-051X
Seyhan ICIER ORCID No: 0000-0002-0627-733X
Burcu KAPLAN TURKOZ ORCID No: 0000-0003-3040-3321

*Corresponding author: burcu.kaplan.turkoz@ege.edu.tr

(Received: 26.11.2021, Accepted: 22.06.2022, Online Publication: 29.09.2022)

Keywords
Natural
sweeteners,
Recombinant
production,
Sweet plant
proteins

Abstract: There is a growing interest and increasing awareness of consumers towards natural food
products, therefore there is a shift in food industry to produce foods with natural ingredients. On
the other hand, high amount of sweetener use in food industry is another health concern. An
interesting group of natural sweeteners are sweet proteins, which have hundreds/thousands times
higher sweetness than sucrose. Sweet proteins have high sweetness but low calorie values and are
of interest as they can be used as healthy alternatives to natural or artificial sweeteners. Known
plant sweet proteins are produced by tropical plants and this limits the amount of protein that can
be obtained. In order to increase the amount of protein, many studies have been carried out on the
recombinant production of plant sweet proteins using different expression systems. In this article,
sources, types, physicochemical and structural properties of sweet plant proteins and studies on
their recombinant production are reviewed with insights to future studies.

Tath Bitkisel Proteinler ve Rekombinant Uretimleri

Anahtar
Kelimeler
Dogal
tatlandiricilar,
Rekombinant
uretim,

Tatl bitkisel
proteinler

Oz: Tiiketicilerin dogal gida iiriinlerine karsi olan ilgisi ve artan bilingleri nedeniyle, gida
endiistrisi dogal igeriklere sahip gidalar iiretmeye yonelmistir. Ote yandan gida endiistrisinde
yiiksek miktarda tatlandirici kullanimi da bir diger saglik sorunudur. Tath proteinler, sakkarozdan
yiizlerce/binlerce kat daha fazla tatliliga sahip ilgi ¢ekici dogal tatlandiricilardir. Tatli proteinler,
yiiksek tatliliga ancak diigiik kalori degerlerine sahiptir ve dogal veya yapay tatlandiricilara sagliklt
alternatifler olarak kullanim potansiyelleri yiiksektir. Bilinen bitki tatli proteinleri tropik bitkiler
tarafindan tiretilir ve bu, elde edilebilecek protein miktarint sinirlar. Protein miktarint arttirmak igin
farkli ekspresyon sistemleri kullanilarak bitkisel tatli proteinlerin rekombinant iiretimi iizerine
bircok c¢alisma yapilmistir. Bu makalede, tatli bitki proteinlerinin kaynaklari, tiirleri,
fizikokimyasal ve yapisal 6zellikleri ve rekombinant {iretimi ile ilgili caligmalar derlenmis ve yeni
yapilabilecek ¢alismalar {izerinde durulmustur.

Attempts to reduce the sugar content in food products

1. INTRODUCTION

Nowadays, the importance of nutrition and a balanced
diet for protection of public health is increasing. In
recent years, there has been a growing interest in
reducing the sugar content in food products by both
consumers and producers with the increase in health
problems caused by high amounts of sugar consumption.

led the food industry to use artificial sweeteners
however, there are still discussions about the negative
health effects of those; including toxic and carcinogenic
effects of aspartame and acesulfame K [1], [2]. Although
some synthetic sweeteners derived from cyclamic acid
and cyclamate are still allowed in USA, but not in EU
due to consumer demands. Market research results in
developed countries show that many consumers prefer
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natural foods [3]. Following these, studies have focused
on finding alternatives obtained from natural sources
such as sweeteners from plants [4] and sweet plant
proteins, which were discovered many years ago have
gained importance again. These sweet plant proteins
with naturally sweet or taste-modifying properties are
seen as natural and healthy alternatives to existing
synthetic low-calorie sweeteners.

To date, six sweet plant proteins have been identified all
from tropical plants; brazzein, curculin (neoculin),
mabinlin, miraculin, monellin and thaumatin [5]. The
main advantage of these proteins over carbohydrate
based sweeteners is that, they have extremely high
sweetness index with an insignificant amount of calories.
Several research studies showed that sweet plant proteins
do not have allergic or toxic effects [6].In this article, the
physicochemical and structural properties of sweet plant
proteins, their interactions with the human taste receptor,
their current production strategies with an emphasis on
recombinant production are reviewed.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

1.1. Sweet Plant Proteins

All known sweet plant proteins have been discovered
from tropical plants (Figure 1); mabinlin from China,
curculin from Malaysia, and other sweet plant proteins
are isolated from fruits of plants growing in the
rainforests of Africa [5]. The comparison of amino acid
sequences of these proteins show that there is no
considerable sequence similarity [7]; these proteins have
different number of amino acid sequences with almost
no homology. The three-dimensional atomic structures
of all sweet plant proteins were solved by X -ray
crystallography or NMR and it was revealed that there
are also no structural similarities among sweet plant
proteins. In addition the level of sweetness of sweet
plant proteins are also different from each other (Table
1).

/." " Curculin ; was first isolated from the seeds of the fruits of the
3 :" 3 Curculingo latifolia [8].
L Monellin_; was first isolated from the seeds of the fruits of the
) Digscoreophyllum cumminsii diels [9).
Mabinlin : was first 1solated from the seeds of the fruits of the
*’\ a Cavnaris masakai Lvl [10)
Brazzein . was first isolated from the seeds of the fruits of the
Pentadiplandra brazzeana baillon [11].

Thaumatin ; was first isolated from the seeds of the fruits of the
3 Thaumatococcus danielli Beath [12).

Miraculin : was first isolated from the seeds of the fruits of the
& Richadella dulcifica [13].

Figure 1. Plant sources of sweet proteins and initial isolation studies[8]-[13]

1.1. 1. Thaumatin

The sweet protein thaumatin, obtained from the
Thaumatococcus danielli Benth fruit is the first approved
and commercialized sweet plant protein. Thaumatin is
metabolized similarly to other proteins, this protein is
suitable for use by patients with diabetes due to its very

low caloric value. Several studies showed that thaumatin
does not have any toxic, allergic or other harmful effects
in the amounts used as sweetener [14].

Thaumatin has been approved for use as a food additive
(E957) by European Union since 1984 [21]. The use of
thaumatin for modification and enhancing of flavors has
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Table 1. Structural features of sweet proteins

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

Protein Source Comparison of sucrose Molecular weight Three-dimensional structure
with sweetness on a molar (kDa) and amino and PDB code
basis acid content
[15]

Brazzein Pentadiplvera 17,000 6.5 kDa

brazzeana 54 aa
-
2BRZ[16]

Curculin Curculigo - 24,9 kDa

latifolia 114 aa
2DPF[17]
Mabinlin 11 Capparis ~400 12.4 kDa
masaikai 105 aa
2DS2[18]
/)D
| | 7//;
Monellin Dioscoreophyllu 100,000 10.7 kDa !
m cumminsii 94 aa /4
K>
3MON[19]
M
IL.
Thaumatin Thaumatococcu 100,000 22.2 kDa
s daniellii 207 aa
s
¢ N
3WOuU [20]
also been approved by the Food and Drug reason, it is usually used in combination with other

Administration (FDA) (FEMA GRAS Number 3732)
and is marketed in the USA under the trade name Talin.
Thaumatin is used as a sweetener and flavor enhancer in
candies, chewing gums, soft drinks, dairy products and
ice cream in the food industry in Europe and Japan [7],
[21]. Furthermore, thaumatin is used as a sweetener in
toothpastes and to suppress the bitter taste of some drugs
and food supplements. Although thaumatin has a very
high sweetness level, its taste is different and more
dominant than sucrose and fructose, so it leaves an
undesirable sweetness effect in the mouth. For this

sweeteners [14]. Thaumatin has two isoforms; | and I,
and commercial thaumatin extracted from the plant
consists of a mixture of these two isoforms [14].
Thaumatin isoforms differ only at four amino acid
positions, and their three-dimensional structures are
almost identical. There are 16 cysteine amino acids in
the thaumatin amino acid sequence, resulting in eight
intramolecular disulfide bridges. The high number of
disulfide bridges give thaumatin high thermal stability
[22]. Thaumatin has been shown to be resistant to
pasteurization, cooking, and other similar high-
temperature processes when pH is 5.5 and lower [23].
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However, at neutral pH and above, thaumatin loses its
stability and sweetness [14], due to its basic nature with
an isoelectric point of around 7.5.

1.1. 2. Brazzein

Brazzein is obtained from fruits of Pentadiplandra
brazzeana Baillo and is the smallest of sweet plant
proteins. Brazzein has a high degree of heat stability due
to presence of four disulfide bridges in its structure [11],
[24]. Brazzein has high potential in different food
applications as it is water-soluble and retains its
sweetness in a wide pH range [25]. Brazzein is ready to
be commercialized as a sugar replacer and awaits
approval from FDA [3].

1.1. 3. Monellin

Monellin, obtained from the fruit of Dioscoreophyllum
cumminsii diels, consists of two polypeptide chains.
These polypeptide chains fold into two different
domains, one completely helical and one formed by beta
sheets (Table 1). These two domains are held together
by noncovalent bonds, therefore the structure of
monellin is highly unstable. Monellin denatures at
temperatures above 50°C, and loses its sweetness
completely[15].

1.1. 4. Mabinlin

The sweet plant protein mabinlin, obtained from the fruit
of Capparis masakai Levl, consists of two polypeptides,
similar to monellin. However, unlike monellin, the
mabinlin structure has completely alpha helix folding. In
addition, strong disulfide bonds hold the two chains
together, and therefore mabinlin has high thermal
stability. There are four types of mabinlin isoforms in
nature; I, 11, 11l and 1V. Among them, the sweetness of
mabinlin 11 has been shown to be around 400 times
higher than sucrose [26]. It has been reported in studies
that the sweetness of mabinlin-111 and -1V did not change
after 1 hour at 80 °C, and mabinlin-1l did not change
even after 48 hours of incubation at the boiling point [2],
[11]. Mabinlin does not yet have legal status with the
European Food Safety or FDA and is not commercially
used as a sweetener in food production.

1.1.5. Curculin and Miraculin

Curculin, isolated from the fruit of Curculingo latifolia,
is not directly sweet, but at acid pH values have the
ability to transform sour flavors into sweet ones [5].
Curculin's sweetness is almost equal to sucrose on a
molar basis and is not durable to temperatures above
50°C [27]. There are two isoforms of curculin, and these
two isoforms come together to form a heterodimeric
structure, called neoculin. While neoculin has very little
sweetness at neutral pH values, its sweetness effect
increases at acidic pH values and becomes a sweet
protein. Therefore, neoculin has important potential use,
especially in fruit juices and nectars with low pH and
soft drinks.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

Miraculin, a sweet plant protein derived from the fruit of
Richadella dulcifica, is a taste modifying protein, similar
to curculin, that can change the sour taste to sweet taste
in acidic pH environments. The structure of the
miraculin protein is not yet resolved [28].

1.2. Interactions of Sweet Proteins with The Taste
Receptor T1IR2/T1R3

Humans can detect five basic tastes: sweet, salty, umami,
bitter (bitter) and sour. Taste processing takes place first
at the level of taste receptor cells. There are four types of
taste receptor cells, including the immature Type IV.
Mature cells Type I, Type I, Type Ill; detect salty,
sweet-umami-bitter taste and sour taste; respectively[29].
Class C G protein receptors (GPCR) in type 1l taste cells
initiate the molecular pathway that enables the detection
of sweet, umami and bitter taste. Sweet taste receptors
have been shown to exist in heterodimeric form and the
receptor has been identified as TIR2 / T1R3 [30].

When the T1R2/T1R3 receptor binds to the sugar
molecule, taste is perceived with the initiation of signal
transduction within the cell, and sweet plant proteins
create the same effect when they bind to the receptor [5].
In studies examining the three-dimensional structures of
known sweet proteins, it has been observed that all of
them, except mabinlin, contain beta sheets (Table 1).
However, a common "sweet" structural region could not
be identified in [15]. For this reason, studies are still
ongoing to understand how exactly sweet proteins bind
to the receptor in order to mimic sugar molecules at the
molecular level [5].

1.3. Recombinant Sweet Plant Proteins Production
Studies

The importance of using sweet plants proteins instead of
carbohydrate or artificial sweeteners in designing healthy
foods is clear. However, due to the fact that these
proteins are produced by tropical plants, access to these
plants is limited, and the amount of protein obtained
from the plant depends on the plant quality[14].
Therefore alternative methods have been investigated
and attempts have been made to produce sweet plant
proteins using various transgenic plants. Recombinant
protein production levels have been observed to be quite
low from genetically modified plants [15]. Although
studies on recombinant production with transgenic plants
or animals have increased in recent years [31]-[34],
these approaches are still controversial in terms of
economics, sustainability and ethical terms. Numerous
studies have been conducted on recombinant production
of sweet plant proteins from microorganisms [14].
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Table 2. Sweet plant proteins produced recombinantly from different expression systems

Protein Microorganism Protein production efficiency Reference
Brazzein Picha pastoris 44-345 mg/L [36]
Brazzein Kluyveromyces lactis 238.9 g/L [37]
Brazzein Kluyveromyces lactis 170 mg/L [38]
Brazzein Bacillus licheniformis 5mg/L [39]
Brazzein Kluyveromyces lactis 107 mg/L [40]
Brazzein Escherichia coliBL21(DE3) 1.8-2.3mg/L [41]
Escherichia coliSHuffle T7 7.2 -8.4mg/L
Brazzein Kluyveromyces lactis 30-100 mg/L [42]
Brazzein Lactococcus lactis 1,20-1,65- mg/L [43]-[45]
Brazzein Lactobacillus spp N.D [46]
Brazzein Pichia pastoris 90 mg/L [47]
Mabinlin 11 Lactococcus lactis 32,5-59,1 mg/L [48]
Monellin Escherichia coli 500 mg/L [49]
Monellin Pichia pastoris 262~271 mg/L [50]
Monellin Lactococus lactis 0,40 mg /L [51]
Monellin Pichia pastoris 150 mg/L [52]
Monellin Saccharomyces cerevisiae 675 mg/L [53].
Monellin Saccharomyces cerevisiae 410 mg/L [54].
Thaumatin Picha pastoris 5,6 mg/L [55]
Thaumatin Pichia pastoris 0.129- 0.399 mg/L [56]
Thaumatin Aspergillus awamori 5-25 mg/L [57]
Thaumatin Picha pastoris 100 mg/L [58]
Thaumatin Escherichia coli 40 mg/L [59]

Although progress has been made in the production and
purification of thaumatin, problems have been
encountered in adequate production of other proteins in
bacteria, yeast and mold cells [35]. Almost 50 years have
passed since the discovery of these proteins, yet
optimization studies for recombinant production are still
ongoing.

The selection of the expression system in the production
of recombinant proteins is very important in terms of
protein quality, functionality, productivity and yield.
Studies have been carried out on the recombinant
production of sweet plant proteins using different
microorganisms and expression systems and these are
summarized in Table 2.

In studies using Escherichia coli, one of the organisms
most used in recombinant protein production, it has been
observed that sweet plant proteins are generally
produced in small amounts, similarly, the efficiency of
protein production with Lactococcus species is low.
Higher recombinant protein amounts are achieved using
yeast expression systems.

A great deal of research has been done on the
recombinant production and engineering of sweet plant
proteins. Among these proteins, thaumatin is the most
studied protein, whose sweetness and heat stability have
been improved by different methods [2], [14]. In most of
the studies conducted before 2000 on recombinant
thaumatin [60]-[64]protein yield was reported to be low.
In a study conducted in 2000, protein production
efficiency was increased by optimizing the gene
encoding thaumatin Il according to E.coli codon usage.

In this study, the produced recombinant thaumatin
protein was indistinguishable from natural thaumatin in
terms of biochemical, spectroscopic and organoleptic
properties [59].Very successful results have been
obtained from Pichia pastoris expression system for the
recombinant production of thaumatin. It has been shown
that protein production efficiency is increased by cloning
with the extracellular secretion signal naturally found in
thaumatin protein sequence and transferring three gene
copies instead of one [58]. In another study, protein
disulfide isomerase enzyme was also cloned together
with thaumatin and it was shown that the production
efficiency of recombinant thaumatin increased in the
presence of this chaperone [55].

Due to the difficulties and limitations of obtaining
brazzein protein from its natural source, numerous
attempts have also been made to produce brazzein from
microorganisms. Studies on brazzein expression in E.
coli showed that recombinant brazzein is localized in the
insoluble fraction and requires denaturing conditions for
purification [7], [65]. In subsequent studies, recombinant
brazzein gene was synthesized by optimizing Bacillus
subtilis codon preference, and recombinant protein was
successfully produced from E. coli and Bacillus
licheniformis cells with this synthetic gene, and both
recombinant proteins were shown to have sweetness
properties. A purification procedure was established for
recombinant brazzein produced by B. licheniformis, and
approximately 5 mg/L brazzein of high purity was
obtained [39]. In another, in order to optimize the
expression of brazzein protein from E. coli, codon-
optimized gene was cloned into two different strains and
results showed that the strain used had an effect on
protein yield [41]. Use of different lactic acid bacteria
were also investigated for expression of recombinant
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brazzein, but low amounts of recombinant protein were
produced[43], [46], [66].

Studies using Pichia pastoris show that recombinant
brazzein is obtained in active form with a yield of
approximately 30—90 mg/L [67]. In a study examining
the extracellular secretion of recombinant brazzein from
P. pastoris, brazzein was cloned with seven different
signal peptides and three of these tested signal peptides
increased the protein production efficiency. These signal
peptides have been reported to be natural signal peptides
of chicken lysozyme, Aspergillus niger alpha-amylase
and Saccharomyces cerevisiae alpha-mating factor
proteins [36]. In the study with Kluyveromyces lactis,
which is used as a different yeast expression system, 107
mg/L of recombinant brazzein was obtained [40]. In
another study using K. lactis, the effect of co-expression
of chaperones involved in the formation of disulfide
bonds with brazzein was examined and recombinant
brazzein was produced in the range of 30-100 mg / L
[42].

In another study performed on the K. lactis expression
system, conditions such as pH, temperature, expression
time, concentration of the inducer and carbon source,
and induction time were optimized to increase brazzein
production, and 1:2 (w/w) glucose: galactose induction
at 25°C was resulted in an 2.5 fold increase in protein
production [38]. Therefore, K. lactis will be a suitable
expression system for recombinant brazzein by
optimizing the pH, temperature, ratio of carbon source
and nitrogen source, time of induction, as well as
inducer, yeast extract and glycerol concentration [40].
Among the sweet plant proteins, the least studied protein
is mabinlin. Mabinlin has less sweetness than other
proteins and therefore has attracted less attention.
Mabinlin  structure consists of two independent
polypeptides, and chain B was shown to be adequate for
the sweetness of mabinlin [68]. The recombinant
mabinlin 1l chain B produced from E.coli expression
system has a sweet taste; however, it has been reported
that the protein can only be purified from the inclusion
body by the denaturation/renaturation method. In
experiments using L. lactis expression system,
recombinant mabinlin was produced and secreted out of
the cell, albeit in very low amounts. This study is the
first step towards the production of mabinlin 11 from the
food grade L. lactis system[48].

Different studies have been carried out using E.coli,
L.lactis, P.pastoris and S.cerevisiae expression systems
for the production of recombinant monellin. In a study
with L.lactis, it was shown that the use of codon-
optimized gene produced a low amount of monellin [51].
In studies with S. cerevisiae, another microorganism
with a safe expression system for use in foods, 410-675
mg/L recombinant monellin could be produced with low
yields [53], [54]. The tendency of monellin to denature
at high temperatures limits the use of recombinant
protein in food applications [7]. To overcome this
situation, amino acid mutations were made in monellin
sequence and 150 mg/L protein could be produced using
the P. pastoris expression system [52]. In another study
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using P. pastoris, the effect of cell density on monellin
production was examined and highest protein levels; 270
mg/L; were obtained with lower cell density
fermentations [50].

2. CONCLUSION

Sweet proteins have been the focus of attention of food
industry for many years. However, they have not been
widely used due to their limited availability. The
successful transformation of these proteins for
recombinant production will increase their use in food
industry as a low calorie replacer for sweeteners and
sugars. Apart from the six sweet plant proteins that have
been studied so far, the identification of other similar
plant proteins is one of the current research topics. By
using bioinformatic tools and databases, the
identification of new proteins that are similar to sweet
proteins both in terms of primary sequence and tertiary
structure will accelerate and enlarge the studies in this
field. In addition, studies on increasing the sweetness
level and recombinant production yields of these
proteins with protein engineering approaches are still
ongoing. In addition to all these, determining the
physicochemical, functional, textural and sensory effects
of sweet proteins on the food matrix to which they are
added are important research topics in terms of creating
new food formulations. It is predicted that in the coming
years, sweet proteins will be produced on large scale and
used more widely in the food industry as natural
sweeteners.

REFERENCES

[1] Carocho M, Morales P, and Ferreira I. C. F. R.
Natural food additives: Quo vadis? Trends Food
Sci. Technol.2015;45,(2):284-295.

[2] Kant R. Sweet proteins - Potential replacement for
artificial low calorie sweeteners.Nutr.J., 2005; 4 :1—
6.

[3] Saraiva A, Carrascosa C, Raheem D, Ramos F, and
Raposo A. Natural sweeteners: The relevance of
food naturalness for consumers, food security
aspects, sustainability and health impacts. Int. J.
Environ. Res. Public Health.2020; 17(17):1-22.

[4] Khan T. A, Sievenpiper]. L.Controversies about
sugars: results from systematic reviews and meta-
analyses on obesity, cardiometabolic disease and
diabetes,” Eur. J.Nutr.2016;55( s2):25-43.

[5] Zhao X, Wang C, ZhengY, Liu B . New Insight
Into the Structure-Activity Relationship of Sweet-
Tasting Proteins: Protein Sector and Its Role
forSweet Properties. Front. Nutr.2021;8(June):1-7.

[6] Gwak M, Chung S, KimY. J., LimC. S.Relative
Sweetness and Sensory Characteristicsof Bulk and
Intense Sweeteners,2012; 21(3):889-894.

[7] Faus I. Recent developments in the characterization
and biotechnological production of sweet-tasting
proteins. Appl. Microbiol. Biotechnol.2000;53(
2):145-151.

191




Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 186-194, 2022

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Harada S, Otani H, Maeda S, Kai Y, Kasai N,
Kurihara Y. Crystallization and Preliminary X-ray
Diffraction Studies of Curculin: A New Type of
Sweet Protein Having Taste-modifying Action, J.
Mol. Biol. Apr. 1994;238(2):286-287.

Inglett G. E, May J.F. Serendipity Berries—Source
of a New Intense Sweetener. J. Food Sci.1969;
34(5):408-411.

Liu X, Maeda S, Z. Hu, AiuchiT, Nakaya K,
Kurihara Y. Purification complete amino acid
sequence and structural characterization of the heat-
stable sweet protein. mabinlin Il. Eur. J.
Biochem.1993; 211( 1-2): 281-287.

Ming D, Hellekant G . Brazzein, a new high-

potency thermostable sweet protein  from
Pentadiplandra brazzeana B.FEBS Lett. Nov.
1994; 355(1):106-108.

Van der wel H, Loeve K. Isolation and

Characterization of Thaumatin I and 11. the Sweet -
Tasting Proteins from Thaumatococcus daniellii
Bent h. Eur. J. Biochem.1972;31( 1972):221-221.
Takahashi N, Hitotsuya H, Hanzawa H, Arata Y,
Kurihara Y. Structural study of asparagine-linked
oligosaccharide moiety of taste-modifying protein,
miraculin. J. Biol. Chem.1990;265(14):7793-7798.
Joseph J. A, Akkermans A, Nimmegeers P, Van
Impe J. F. M. Bioproduction of the recombinant
Sweet protein thaumatin: Current state of the art
and perspectives. Front. Microbiol.2019;
10(APR):1-19.

Picone D, Temussi P. A. Dissimilar sweet proteins
from plants: Oddities or normal components? Plant
Sci. 2012;195:135-142.

[16] Caldwell J, Abildgaard F, Dzakula Z, et al. Solution

[17]

[18]

[19]

[20]

[21]

[22]

structure of the thermostable sweet-tasting protein
brazzein. Nat Struct Mol Biol. 1998; 5: 427-431.
Kurimoto E, Suzuki M, Amemiya E, Yamaguchi,
Y, Nirasawa S, Shimba N, Kato. Curculin exhibits
sweet-tasting and taste-modifying activities through
its distinct molecular surfaces. Journal of
Biological Chemistry. 2007; 282(46): 33252-
33256.

Li D F, Jiang P, Zhu D Y, Hu Y, Max M, Wang D
C. Crystal structure of Mabinlin Il: A novel
structural type of sweet proteins and the main
structural basis for its sweetness. Journal of
Structural Biology. 2008; 162(1): 50-62.

Kim S H, de Vos A, Ogata C.. Crystal structures of
two intensely sweet proteins. Trends in
Biochemical Sciences. 1998; 13(1): 13-15.

Masuda T, Mikami B, Tani F. Atomic structure of
recombinant thaumatin Il reveals flexible
conformations in two residues critical for sweetness
and three consecutive glycine residues. Biochimie.
2014; 106:33-38.

Mortensen A. Sweeteners permitted in the
European Union: Safety aspects. Scand. J. Food
Nutr., 2006; 50(3) :104-116.

Masuda T, Mikami B, Tani F, Atomic structure of
recombinant  thaumatin Il reveals flexible
conformations in two residues critical for sweetness
and three consecutive glycine residues. Biochimie.
2014; 106; 33-38.

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

Gibbs B. F, Alli I, Mulligan C.Sweet and taste-
modifying proteins: A review.Nutr.
Res.1996;16(9):1619-1630.

Izawa H, Ota M, Kohmura M, Ariyoshi
Y.Synthesis and characterization of the sweet
protein brazzein. Biopolymers.1996; 39( 1):95-
101.

Tang C. H.Assembly of food proteins for nano-
encapsulation and delivery of nutraceuticals (a
mini-review).  Food  Hydrocoll.  2021;117(
December 2020):106710.

Kohmura M, Ariyoshi Y. Chemical synthesis and
characterization of the sweet protein mabinlin Il
.Biopolymers. 1998; 46(4): 215-223.1998.

Fawibe, 0.0., Ogunyale, O.G. Ajiboye, A.A. and
Agboola, D.A. Botanical and protein sweetener.J.
Advanced Lab, Res. in Biology V(iv), 2014; 169-
187.

Wintjens R, Melody T, Ngoc V, Mbosso E, Huet J
.Plant Science Hypothesis / review : The structural
basis of sweetness perception of sweet-tasting plant
proteins can be deduced from sequence analysis.
2011; 181:347-354.

Lee A. A, Owyang C. Sugars, Sweet Taste
Receptors, and Brain Responses. Nutrients.
2017;9(7):653.

Liu B, Jiang H, Wang H, Yang L. Removal of the
N-terminal methionine improves the sweetness of
the recombinant expressed sweet-tasting protein
brazzein and its mutants in Escherichia coli. J. Food
Biochem.2021; 45(3):1-6.

Kelada K. D, Tusé D, Gleba Y, McDonald K. A,
Nandi S. Process simulation and techno-economic
analysis of large-scale bioproduction of sweet
protein Thaumatin Il. Foods. 2021; 10(4): 1-17.

Lu R, Li X, Wang Y, Jin L. Expression of
functional plant sweet protein thaumatin Il in the
milk of transgenic mice. Food Bioprod.
Process.2021,125:222-227.

Park Y.J,HanJ. E, LeeH, LeeJ. Y,Ho T. T, Park
S. Y. Production of recombinant miraculin protein
in carrot callus via Agrobacterium-mediated
transformation. Plant Cell. Tissue Organ Cult.
Feb.2021; 1-9.

Yamamoto T et al. Improvement of the transient
expression system for production of recombinant
proteins in plants. Sci. Rep.2018; 8(1);1-10.
Masuda T, Kitabatake N. Developments in
biotechnological production of sweet proteins. J.
Biosci. Bioeng.2006;102(5): 375-389.

Neiers F, Belloir C, Poirier N, Naumer C, Krohn
M, Briand L,Comparison of different signal
peptides for the efficient secretion of the sweet-
tasting plant protein brazzein in Pichia pastoris.
Life.2021;11( 1): 1-12.

Han J. E, Park Y. J.,, Lee H., Jeong Y. J, Park S.
Y.Increased brazzein expression by abiotic stress
and bioreactor culture system for the production of
sweet protein, brazzein, Plant Biotechnol.
Rep.2020;14(4): 459-466.

Lee H. M., Park S. W,, Lee S. J,, Kong K. H.
Optimized production and quantification of the
tryptophan-deficient sweet-tasting protein brazzein

192




Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 186-194, 2022

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

in  Kluyveromyces lactis. Prep. Biochem.
Biotechnol.2019; 49( 8): 790-799.

Hung C.Y, Cheng L. H, Yeh C. M. Functional
expression of recombinant sweet tasting protein
brazzein by Escherichia coli and Bacillus
licheniformis.Food Biotechnol. 2019; 33( 3): 251-
271.

ParkS. W.et al. Efficient brazzein production in

yeast (Kluyveromyces lactis) using a chemically

defined medium .Bioprocess Biosyst.
Eng.2021;44(4): 913-925.

Jafarian 'V, Bagheri K, Zarei J, Karami S,
Ghanavatian ~P.  Improved expression  of

recombinant sweet-tasting brazzein using codon
optimization and host change as new strategies.
Food Biotechnol. 2020; 34(1): 62—76.2020.

Yun C. R, Kong J. N, Chung J. H., Kim M. C,
Kong K. H. Improved Secretory Production of the
Sweet-Tasting Protein. Brazzein, in Kluyveromyces
lactis,” J. Agric. Food Chem. 2016; 64( 32): 6312-
6316.

Berlec A, Jevnikar Z, Majhenic A. C, RogeljA. C.,
Strukelj B .Expression of the sweet-tasting plant
protein  brazzein in Escherichia coli and
Lactococcus lactis: A path toward sweet lactic acid
bacteria.Appl. Microbiol. Biotechnol.2006; 73(1)
:158-165.

Berlec A, Strukelj B. Large increase in brazzein
expression achieved by changing the plasmid/strain
combination of the NICE system in Lactococcus
lactis. Lett. Appl. Microbiol. 2009; 48( 6): 750-
755.

Berlec A, Strukelj B. Generating a custom TA-
cloning expression plasmid for Lactococcus lactis.
Biotechniques.2021; 52(1) :51-53.

LeeY. W., KimK. Y., HanS. H., KangC. H., SoJ.
S.Expression of the sweet-tasting protein brazzein
in Lactobacillus spp. Food Sci. Biotechnol. 2012;
21( 3):895-898.

Poirier N, Roudnitzky N, Brockhoff A, Belloir C,
Maison M, Thomas-Danguin T, et al. Efficient
production and characterization of the sweet-tasting
brazzein secreted by the yeast pichia pastoris. J
Agric Food Chem. 2012;60(39):9807-14.

Gu W, Xia Q, Yao J, Fu S, Guo J, Hu X
Recombinant expressions of sweet plant protein
mabinlin Il in Escherichia coli and food-grade
Lactococcus  lactis.  World J.  Microbiol.
Biotechnol.2015; 31(4): 557-567.

Rega, M.F., Siciliano, A., Gesuele, R. et al.
Ecotoxicological survey of MNEI and Y65R-MNEI
proteins as new potential high-intensity sweeteners.
Environ Sci Pollut Res. 2017; 24: 9734-9740.

Jia L, Tu T, Huai Q, Sun J, Chen S, Li X, et al.
Enhancing monellin production by Pichia pastoris
at low cell induction concentration via effectively
regulating methanol metabolism patterns and
energy utilization efficiency. PLoS ONE. 2018;
13(7): €0201085

Boumaiza M, Colarusso A, Parrilli E, Garcia-
Fruités E, Casillo A, Aris A, et al. Getting value
from the waste: Recombinant production of a sweet

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

protein by Lactococcus lactis grown on cheese
whey. Microb Cell Fact. 2018;17(1):126.

Cai C, Li L, Lu N, Zheng W, Yang L, Liu B.
Expression of a high sweetness and heat-resistant
mutant of sweet-tasting protein, monellin, in Pichia
pastoris with a constitutive GAPDH promoter and
modified N-terminus. Biotechnol. Lett.2016; 38
(11):1941-1946.

Liu J, zhong Yan D, jun Zhao S. Expression of
monellin in a food-grade delivery system in
Saccharomyces cerevisiae. J. Sci. Food Agric.2015;
95(13): 2646-2651.

Chen Z, Li Z, YuN, Yan N. Expression and
secretion of a single-chain sweet protein, monellin,
in Saccharomyces cerevisiae by an a-factor signal
peptide. Biotechnol. Lett.2011; 33(4):721-725.
Healey R. D., Lebhar R. D., Hornung S,
Thordarson P, Marquis C. P. An improved process
for the production of highly purified recombinant
thaumatin tagged-variants .Food Chem.. 2017; 237:
825-832. 2017.

Torres P, Saa P. A, Albiol P. A., Ferrer P, Agosin
E. Contextualized genome-scale model unveils
high-order metabolic effects of the specific growth
rate and oxygenation level in recombinant Pichia
pastoris,” Metab. Eng. Commun., 2019;
9(July):e00103.

Lombrafia M, Moralejo P. A., Pinto R, Martin J.
F. Modulation of Aspergillus awamori thaumatin
secretion by modification of bipA gene expression.
Appl. Environ. Microbiol. 2004; 70(9): 5145-5152.
Masuda T, Ide L, Ohta K, Kitabatake. High-yield
secretion of the recombinant sweet-tasting protein
thaumatin 1. Food Sci. Technol. Res.2010;16(6):
585-592.

Daniell S, Mellits K. H, Faus I, Connerton I.
Refolding the sweet-tasting protein thaumatin |1
from insoluble inclusion bodies synthesised in
Escherichia coli. Food Chem.2000; 71 (1):105-
110.

Edens L, van der Wel H. Microbial synthesis of the
sweet-tasting plant protein thaumatin. Trends
Biotechnol.1985; 3( 3) :61-64 1985.

[61] Hlingworth C, Larson G, Hellekant G. Secretion of

[62]

[63]

[64]

[65]

the sweet-tasting plant protein thaumatin by
Bacillus subtilis. Biotechnol. Lett.1988; 10(8):587—
592.

Lee J et al. Expression of Synthetic Thaumatin
Genes in Yeast. Biochemistry, 1988;27(14):5101—
5107.

Hahm Y. T, Batt C. A. Expression and secretion of
thaumatin from Aspergillus oryzae.Agric. Biol.
Chem.1990; 54(10):2513-2520 .

Faus | et al. Expression of a synthetic gene
encoding the sweet-tasting protein thaumatin in the
filamentous fungus Penicillium
roquefortii.Biotechnol.  Lett.1997;19 (12):1185-
1191.

Assadi-Porter F. M. Aceti D. J., Cheng H., Markley
J. L. Efficient Production of Recombinant
Brazzein, a Small, Heat-Stable, Sweet-Tasting
Protein of Plant Origin. Arch. Biochem. Biophys.
Apr. 2000; 376(2):252-258.

193




Tr. Doga ve Fen Derg. Cilt 11, Say1 3, Sayfa 186-194, 2022 Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

[66] De Ruyter P. G. G. A,, Kuipers O. P. De Vos W.
M. Controlled gene expression systems for
Lactococcus lactis with the food- grade inducer
nisin.  Appl. Environ. Microbiol. 1996; 62
(10):3662-3667.

[67] Poirier N et al. E ffi cient Production and
Characterization of the Sweet-Tasting Brazzein
Secreted by the Yeast Pichia pastoris.2012.

[68] LiD. F, Jiang P, Zhu D. Y, Hu Y, Max M, Wang D.
C. Crystal structure of Mabinlin 1I: A novel
structural type of sweet proteins and the main
structural basis for its sweetness. J. Struct. Biol.
Apr. 2008;162(1): 50-62.

194




