Ve ’
(N —] W=y
Caring | Connecting | Creating | Happiness

URIINYIAYYOULLN

Khon Kaen University

-~

\

In vitro cattle stem cell cultivation to serve the

generation of a cell-based cultured meat

/

Kulthida Vaeteewoottacharn, Ph.D., M.D.

Department of Biochemistry

Faculty of Medicine, Khon Kaen University,

HAILAND

Kulthidava@kku.ac.th




‘& [

—

(N—] A= ua
—

Caring | Connecting | Creating | Happiness

[ 6 _ ) '
O t l. S AMINEIAUYOULNL
u I n e Q@;, Khon Kaen University

» Background
« Research design
« Current activities

e Future direction



S

“aring | Connecting | Creating | Happines

ARIIMYUIASYOULLN

World population, production and waste &> Knon Keen uriverit

of the major consumable products (million tons)
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Source: United Nations Department of Economic and Social Affairs,

Population Division, World Population Prospects: The 2017 Revision (@) SUSTAINABLE G:::“':: ALS
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Produced by: United Nations Department of Public Information [ CEVELORER

FAO 2012. World agriculture towards 2030/2050: the 2012 revision. The Food and Agriculture Organization (FAO),

The United Nation, retrieved on 15 May 2022 from http://www.fao.org/docrep/016/ap106e/ap106e.pd and
1 June 2022 from https://news.un.org/en/story/2017/06/560022-world-population-hit-98-billion-2050-despite-nearly-universal-lower-fertility @
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Global meat demand
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Warner RD. Animal. 2019
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Impact of animal agriculture on the

environment

METHANE GAS
DEFORESTATION il s
:5 OPork

‘ ,
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j "D DEGRADAT'ON Energy use GHG emissions Land use Water use

GHG = green house gas

On humans

- Health-related issues, e.g., transmissible diseases,
hormone/drug/chemical usage

On animals

- Animal right/health
www.colorado.edu, Tuomisto HL, et. al., Environ. Sci. Technol. 2011 @
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THAI-FRENCH MEAT
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Served at APEC 2022 summit Thai-French hybrid beef cattle Tender and juicy meat

Charolais (male) + Local cow (female) with marbling pattern

“Geographical Indication” or Gl in 2016

High quality meat with high production cost =2 the annual net return of production per
head of cattle was THB 25,984.81. (Wiwatthanapornchai S, Modern Applied Science, 2019.)

https://thaishanghai.thaiembassy.org www.thailand.go.th www.bangkokbanksme.com @
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Fatty acid composition of Pon Yang Kham Beef tallow

Table 1 Fatty acids composition of Pon Yang Kham beef tallow

Fatty acid Percentage
12:0, Lauric acid 0.22 +0.00
14:0, Myristic acid 4.60 +0.03
14:1, Myristoleic acid 1.71 £ 0.02
15:0, Pentadecanoic acid 0.36 = 0.00
16:0, Palmitic acid 2439 +0.13
16:1, Palmitoleic acid 528 £0.03
17:0, Heptadecanoic acid 0.55 = 0.01
17:1, Heptadecenoic acid 0.59 + 0.00
18:0, Stearic acid 10.81 + 0.07
18:1, n-9 Oleic acid 4005 £ 0.23
18:2, n-6t Linolelaidic acid 1.55 + 0.01
18:2, n-6¢ Linoleic acid 0.85 +0.01
20:1, Eicosenoic acid 0.23 = 0.00
22:1, n-9 Erucic acid 0.06 + 0.00
20:4. n-6 Arachidonic acid 0.04 + 0.00
Unidentified 8.70 + 0.47
Saturated fatty acids (SFA) 4094 +0.19
Unsaturated fatty acids (USFA) 50.36 = 0.29
Monounsaturated fatty acids (MUFA) 47.91 + 0.28
Polyunsaturated fatty acids (PUFA) 2.45 +0.02
Fatty acids are reported as percentages of total fatty acids.
Pongpaew P, et al. Agricultural and Food Sciences, 2018 @
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Alternative protein General workflow
Pluripotent cell source Muscle-resident
SOurces

Differentiate towards progenitor cells
skeletal muscle
Ifsolate cells % g
rom tissue
80
V. ‘*r

(r Sort for cell types of interest

Muscle biopsy \ Satellite cells FAPs MSCs )

0

Bioreactor
expansion

1. Cultured Meat or
Cultivated Meat

Cell reprogramming

2. Plant-based Meat

Seed cells
in scaffold

3. Fermentation-enable

Meat

ESC = embryonic stem cells

FAP = fibro-adipogenic progenitor cell, or

. . meat product ‘/l\‘
adipocyte-derived stem cells P N

iPSCs = induced-pluripotent stem cells k %

_ Decellularized Plant-based
MSCs = mesenchymal stem cells ity i

Polymer scaffold

Good Food Institute, retrieved on 1 June 2022 from https://gfi.org/

Reiss J, et. al. Int J Mol Sci. 2021
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(Derivation of cell lines)

1. Selection of spontaneous immortalized cells; SIC

: Chicken
The World's First

Cultivated Meat Lamb
Production Line :

Pork
Beef

2. Induction of telomerase act|V|t|es

3. Modulation of cell cycle control proteins

4. Combined techniques (2+3) r g o

THE UPSIDE
0F C'HIC'I(EN

cccccccccccccccccccccccccccccccc

Soice E. and Johnston J., Int J Mol Sci, 2021
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Development of cultivated meat T

Require development &

- Materials Process Materials
optimization
ZI Establishment of primary cell
line from animal tissues 1
\/ Optimization for primary culture — Cell lines ‘ Stem cells ‘

Z Cell bank maintenance// Culture media

Chemical-induced pluripotency Propagatlon
ZI Cell immortalization Scaffolding and
leferentlatlon structure
v satellite cells: myoblast E——
i maturation
v fibro-adipogenic progenitor cells (FAP) Bloreactor ] \
Comparison of primary cell and
Supply chain for Cell—based meat Additives for health,
immortalize cell properties — —
safety and quality product taste, and texture

Warner RD. Animal. 2019
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Simple scheme of current project on Kaen Unierit

|mmortaI|zat|on @@ !
satellite cells immortalized satellite cells muscle cells
v *
Comparison Comparison of
N - proliferative properties nutritional content
- - differentiation capacities compared to the

cells from orginal

/\ sources
T

cattle meat ( h
O
|mmortaI|zat|on >/WM/ )
mesenchymal stem cells immortalized mesenchymal adipocytes
or adipose-derived stem stem cells or
cells adipose-derived stem cells

)
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® Scale-up technology; requirement of system and culture condition
(harvesting, nutrient and oxygen delivery) —> Bioreactor-based cell
culture system

® Modification of nutritional content required for cell culture

* Scaffolding and multi-cellular culture system (adipocyte and ECM
adding)

® Biodegradable materials with proper texture and nutritional content

®* Cell organization; biomimicry

®* Additives for flavor, health, and texture @
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