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Sweet Proteins — Technology Introduction
Sweet proteins bind to taste receptors and elicit or enhances the sweetness of products
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http://www.thaumatinnaturally.com/
https://www.tateandlyle.com/ingredient/sta-lite-polydextrose
http://www.cweet.com/index.html
https://miraburst.com/
http://www.isweetch.com/
http://alkinnov.com/
http://www.joywellfoods.com/
http://www.magellanlifesciences.com/
https://industryinsider.futurebridge.com/company/details/5cdd3ddf857ad8c066b263ed
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Sweet Proteins — Product Formulation Snapshot (Jan 2015 to Nov 2020)
Sweet protein thaumatin is the major commercialized protein due to regulatory approvals and no adverse health effects
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https://www.flormel.com.br/
https://www.morinaga.co.jp/company/english/
https://cellgenix.com/
http://www.thaumatinnaturally.com/
https://www.tateandlyle.com/ingredient/sta-lite-polydextrose
http://www.cweet.com/index.html
https://miraburst.com/
http://www.isweetch.com/
http://alkinnov.com/
http://www.joywellfoods.com/
http://www.magellanlifesciences.com/
http://www.saneigen.com/
http://alkinnov.com/
https://www.t-bev.com/
http://www.star-cup.net/en/index.html
http://www.joywellfoods.com/
http://www.wuyiu.edu.cn/english/225/list.htm
https://www.u-tokyo.ac.jp/en/
https://www.mizkanholdings.com/en/
http://www.catas.cn/en/
https://www.iff.com/
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Patents in the sweet protein segment are focused on reducing challenges such as increasing yield and lowering the cost of production

Published Patents

‘Q
S0
2o 75 73
g5 63 61
5 2 50
g3 35
P4
2015 2016 2017 2018 2019 2020
Top 3 companies with technical paper published
Suntory 15
PureCircls PureCircle 14
E ] nc. San-Ei Gen FFI 9
°samyang”®
Corporation Samyang 9
3 .
=24 PEPSICO PepsiCo 8

Total patents published from (2015-2019)
Top 5 countries with technical papers published

Canada- 50
Europe-71
Listie £ China- 184
Japan- 65

Source: Commercial patent database & FutureBridge analysis

Patents in the sweet
protein segment
are focused on
reducing
challenges such as
high cost of
extraction and
higher yield

Sweet proteins are
being utilized in
blend format to
reduce the bitter
after taste of high-
intensity
sweeteners and
ingredients such as
glycine

Asia and North
America are at the
forefront for
patenting due to
regulatory
approvals in the
region

Insider Pick — Provides a method to improve the taste San-Ei Gen F.F.L, Inc.

Passion Compassion for people.

of glycine utilizing thaumatin

Patent: JP2020014458A

Title: Taste improver for glycine

Assignee: San-Ei Gen FFI

Inventors: Hasegawa Jun, Kondo Akane et.al.

Claim: The patent describes a method to improve the taste of the glycine-containing
product. The taste improver contains Momordicae grosvenori extract and thaumatin. The
ingredient contains 0.00625 parts by mass of mogroside V and at least 0.00025 parts by mass
of thaumatin. The thaumatin content can improve bitter taste.

Insider Pick — Provides a method to extract thaumatin with
lower extraction cost

Patent: CN111574607A

IE: II\H

L]
HuaSweet *

Title: Method for extracting thaumatin from African arrowroot based on microbial fermentation
Assignee: WuHan HuaSweet
Inventors: Chen Pengfei, Hu Sigian et.al.

Claim: The patent describes a method to extract thaumatin from African arrowroot by
microbial fermentation technology. Arrowroot fruits contain thaumatin crosslinked with
cellulose. The cellulose can be degraded using cellulase and amylase enzymes from
microbes. The yield of thaumatin is increased by 22-31%. The method can reduce the
extraction cost and reduces loss of seed and kernel, which is present in traditional method.

Search string: Brazzein OR Thaumatin OR Monelin OR Curculin OR Mabinlin OR Miraculin OR Pentadin OR "Thaumatococcus danielli Benth” OR "Dioscoreophyllum cumminsii Diels” OR "Capparis masakai Levl” OR "Pentadiplandra
brazzeana Baillon” OR “Curculingo latifolia” OR “Richadella dulcifica” OR “Thaumatococcus danielli” OR "Dioscoreophyllum cumminsii” OR "Capparis masakai” OR "Pentadiplandra brazzeana” OR “Sweet protein” OR "sweet proteins”
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http://worldwide.espacenet.com/publicationDetails/biblio?CC=JP&NR=2020014458A&KC=A&FT=D
http://worldwide.espacenet.com/publicationDetails/biblio?CC=CN&NR=111574607A&KC=A&FT=D
https://www.suntory.com/
https://purecircle.com/
https://www.samyangcorp.com/eng
https://www.pepsico.com/
http://www.saneigen.com/
http://www.huasweet.com/index_en.html
http://www.saneigen.com/
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Sweet Proteins — Technical Paper Analysis (Jan 2015 to Nov 2020)
Research in the sweet protein segment is focused on utilizing genetic modification and fermentation technology

No. of published

papers

210

2015

STATE UNIVERSITY

Published Technical Papers

246

247 273

227 204

2016 2017 2018 2019 2020

Top 3 companies with technical paper published

Chinese Academy of Agricultural Sciences 56

C. S| C Consejo Superior de Investigaciones Cientificas 32

State University System of Florida 30

SYSTEM OF FLORIDA

UF
~p

UNIVERSITY of

FLORIDA University of Florida 29
A University of North Carolina 28
Total patents published from (2015-2019)
Top 5 countries with technical papers published
Germany- 78
Coagicse China- 345
India- 88

Brazil- 89

The research
segment is focused
on increasing the
yield of sweet
protein by genetic
modification of
microbes and
plants

Universities are
focused on
increasing the
yield of thaumatin
protein. Companies
such as BRAIN are
also focused on the
commercialization
of brazzein protein
by using the GMO
technique

The genetically
modified microbial
technology
increases yield and
reduces the cost of
production. GMO
plants may have
higher regulatory
restrictions and
may not be suitable

Insider Pick — Utilizing genetic modification to produce sweeter

brazzein protein

Title: Removal of the N-terminal methionine improves the sweetness of the recombinant
expressed sweet-tasting protein brazzein and its mutants in Escherichia coli

Researchers: Bo Liu, Hua Jiang, et.al.
Key takeaways

» Overexpression of brazzein protein in a heterogeneous host — E.coli is an essential way
for its mass production in the food industry

* The recombinant protein in the absence of the N-terminal methionine displayed a
sweetness threshold of about 1.5 pg/ml, which is the sweetest brazzein protein reported

Insider Pick — Utilizing genetic modification to produce mass-produce

thaumatin protein

Title: Expression of thaumatin, a new type of alternative sweetener in rice

Researchers: Shahina Akter, Md. Amdadul Hug, et.al.
Key takeaways:

* Thaumatin gene was introduced in duel cauliflower mosaic virus 35S promoter into rice
(Oryza sativa L. var. Japonica cv. ‘Dongjinbyeo’) by Agrobacterium-mediated
transformation to produces transgenic plants

» Expression of thaumatin gene in transgenic rice resulted in the accumulation of
thaumatin protein in the leaves and is also present in T1 generation of the plant

Source: Commercial research database & FutureBridge analysis Search string: Brazzein OR Thaumatin OR Monelin OR Curculin OR Mabinlin OR Miraculin OR Pentadin OR sweet protein
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https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://pubmed.ncbi.nlm.nih.gov/32614080/
https://www.notulaebotanicae.ro/index.php/nbha/article/view/11676/8995
https://www.notulaebotanicae.ro/index.php/nbha/article/view/11676/8995
https://www.notulaebotanicae.ro/index.php/nbha/article/view/11676/8995
https://www.notulaebotanicae.ro/index.php/nbha/article/view/11676/8995
http://english.cas.cn/
https://www.csic.es/
https://www.flbog.edu/
http://www.ufl.edu/
https://www.northcarolina.edu/
https://www.hknu.ac.kr/eng/index.do
http://english.sdas.org/
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Sweet Proteins — Recent Development Trends (2018 to 2020)
Companies are partnering, investing, and researching, which is focused on the commercialization of sweet proteins such as thaumatin, miraculin,
and brazzein

Partnership
» Ocean Spray partners with Amai Proteins to create protein-sweetened cranberry juice. Under the partnership, Ocean Spray and Amai Proteins plan to develop the
product with at least a 40% sugar reduction.

Investment
Q\, ® » Joywell Foods (previously known as Miraculex) received USD 6.9 Mn in a Series A round. The funding was led by Evolv Ventures, which is backed by Kraft Heinz.
= Other investors include previous seed-round investors such as Khosla Ventures, SOSV, Alumni Ventures Group, and other investors.

Research
* BRAIN's initiative PepDancer Project is working on taste modulation of Brazzein protein after a single amino acid substitution
& « Amai Proteins have developed a novel computerized 'designer’ sweet protein. The product is developed using Computational Product Design (Al-CPD) that

designs sweet proteins with 70-100% similarity to sweet proteins

FutureBridge Viewpoint
* Amai Proteins is highly active with its designer sweet proteins that are produced via fermentation. Amai Proteins partnership with Ocean Spray is expected to increase its market presence
* The Joywell Foods investment is expected to aid in the commercialization of miraculin sweet protein. BRAIN’s project is expected to help in the commercialization of brazzein protein

* The high cost of extraction of sweet protein has allowed its use in smaller quantities in blend format. The industry is currently focused on reducing the challenges by using genetic modification
and fermentation technology
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https://www.prnewswire.com/news-releases/ocean-spray-and-amai-proteins-partner-to-create-the-first-protein-sweetened-reduced-sugar-cranberry-juice-301186671.html
https://www.brain-biotech.com/de/news/kleines-protein-mit-grossem-potenzial
https://en.globes.co.il/en/article-israeli-co-offers-sweet-protein-as-sugar-substitute-1001241000
https://www.prnewswire.com/news-releases/joywell-foods-closes-6-9m-series-a-financing-led-by-evolv-ventures-301096477.html

futurebridge.com

North America

55 Madison Ave, Suite 400
Morristown, NJ 07960
USA

T:+1 212 835 1590

Europe
328-334 Graadt van Roggenweg
4th Floor, Utrecht, 3531 AH
Netherlands

T: +31 30 298 2108

United Kingdom
5 Chancery Lane
London EC4A 1BL
United Kingdom

T: +44 207 406 7548

Asia Pacific

Millennium Business Park
Sector 3, Building # 4, Mahape
Navi Mumbai 400 710

India

T: +91 22 6772 5700

FutureBridge



