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Food and Food Chemistry Introduction

Concepts

Food

any nourishing substance eaten or drunk to sustain life, provide energy and promote growth

any substance containing nutrients that can be ingested by a living organism and metabolized into energy and body tissue

country
social act

culture

pleasure

election

It is fundamental for our life



Food and Food Chemistry Introduction

Concepts

Food

any nourishing substance eaten or drunk to sustain life, provide energy and promote growth

any substance containing nutrients that can be ingested by a living organism and metabolized into energy and body tissue
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Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

¢

biological substances areas food processing techniques

de Man, J. M. Principles of Food Chemistry 1999, Springer Science
Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

3

biological substances areas food processing techniques
carbo- .
hydrates water minerals
lipids flavors vitamins protein
food colors
additive

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

4

biological substances areas food processing techniques

water
major component of food

reduce for food

o
50% meat preservation

up to 95% vegetables

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

4

biological substances areas food processing techniques

80% food intake

provide enerrgy

carbo-

hydrates minerals

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc

mostly from
vegetables

important role
blood pressure regulation

bones, muscular and
nervous function



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

3

biological substances areas food processing techniques

fatty acids phospholipids

50% dry weight of a
triglycerides living cell

ﬂ lipids protein
essential for growth

energy and survival

metabolism regulation

satiety and satiation

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

3

biological substances areas food processing techniques

preserve or improve sensory analysis purposes

flavour taste

appearance

food

additive colors

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

3

biological substances areas food processing techniques
Ivsi nutrients for essential
sensory analysis metabolic reactions

flavors vitamins

taste  smell prevent diseases

Fennema, O. R. Food Chemistry. 1985, 2nd edition New York: Marcel Dekker, Inc



Food and Food Chemistry Introduction

Concepts

Food Chemistry

the study of chemical processes and interactions of all biological and non-biological components of foods

¢

biological substances areas food processing techniques

Important to obtain food

suitable for consumption
carbo-

hydrates water minerals
Rules and food control regulation
(FDA and EU normatives)
lipids flavors vitamins protein
Why is this important?
f oqr_:l colors
additive

Food can be altered as a weapon



Food as a Weapon

Historical Perspective

dead animals or toxic plants ~ wine with poison in water livestock  salmonella in tbeff oo
into the water supplies Mandragora the food  contamination diseases salad bars contaminate
with nicotine
| | @ @ @ @ @ @ @ @
Middles Ages 600 BC 200BC 1623 American World War | 1984 2003
Carthaginias Jamestown Civil War
colonist
High control to detect bio- and chemical agents development of new techniques

analysis and understanding of the

based on the natural detections
mammals nature

SENSORY SYSTEM

Armstrong, D. J. Advances in Microbial Food Safety 2006, Chapter 21



Sensory System

A sensory system is a part of the nervous system responsible for processing sensory information

The sensing organs associated with each sense send information to the brain to help us understand and perceive the
world around us

touch sight hearing
pressure, pain and _ _ . sound (pressure waves),
perception of images of visible
temperature. _ _ frequency.
, _ light (electomagneticc waves) o ,
Receptors in the skin Vibration receptors in the ears

responsive to physical parameters easily quantified and described



Sensory System

sight

hearing

> 300 different receptors
bind a molecule

smell

chemical senses

taste

detection of chemicals by nose or tongue

5 taste sensation
up to 10000 taste receptors

Olfatory system, Thom Brewer Group Meeting




Sense of Taste or Gustatory System

Introduction and Basic Tastes

Gustatory system is the sensory system that is partially responsible for the perception of flavor of food and other substances
along with smell and trigeminal nerve stimulation (registering texture, pain, and temperature).

Taste is the perception produced or stimulated when a substance in the mouth reacts chemically with taste receptor cells
located mostly in the tongue.

to evaluate the make nutritionally
food quality decisions
Spicy fatty
astringenc temperature
gency salty umami bitter P
sweet sour
calcium metallic
maintain electrolyte obtain energy avoid toxic
balance substances

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Anatomy and Physiology of Taste

Process Perception. From the Mouth to the Brain

Amygdala

Insula / Operculum* Hypothalamus

Orbitofrontal
Cortex

1) Stimulus (OFC)
Oral Guiricasiy

o

Fungiform Papillae

Nucleus of the
Solitary Tract

2

Reception

Cranial Nerve VI
Cranial Nerve IX

Cranial Nerve X

Hypothalamus

: ( o\ \ 7—— Taste -Ligand Receptor Cell
. H\ J 5 Amygdala

Afferent Nerve Fibers

Taste Bud 3
Transduction Central Nervous System
[ng“s 55{.2355 Cranial Nerve
G-Protein Coupled RIS Rl Vil
Transduction Receptor Taste buds Cranial Nerve
mechanism {pasterior one-third of tongue) IX
Cell and Molecular ion channel receptor Tast; buds Cranial Nerve
(=piglottis) x

Ventral Posterior Medial
Nucleus of the Thalamus
(Parvicellular Subdivision)

Orbitofrontal
Cortex

Insular Cortex
Opercular Vortex

VPM ;- of Thalamus

Nucleus
of
Solitary
Tract

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11

Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Menella, J. A. et al. Clinical Therapeutics. 2013, 35, 1225-1246

Gustatory cortex

4

Perception

taste detected



Anatomy and Physiology of Taste

Papillae and taste buds

Papillae

visible protuberances located on the
surface of the tongue

Taste buds

Circumvallate papilla

Four major types
rounded

different number
and sizes

Taste hairs Taste pore
N / up to 10000 taste buds
50-150 taste
' f | receptor cell (TRC)
1% . J o = N | ‘j
iE o890
2\ Taste buds . ' ’ M
il ‘” e type I, Il, and Il
Fungiform papilla Filiform papilla Foliate papilla / y | \ tran SdUCtI onm eCh anism
fib . .
mushroom-like thread-like fold-like Basal cell e-:-::nsit?;im il to identify a taste
Gustatory cell

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Anatomy and Physiology of Taste

Transduction in the Taste Cells

Type ll: Sweet, Bitter and Umami

—— G-Protein-Coupled Receptor (GPCR) ——

bind to receptor

activate PLC

PIP2

IP3 DAG

ER PKC

Ca2t ion channels
activation

depolarization/activation/stimulation nerve

Umaml i

/ stimulus 1

stimulus ‘

DAG | tRrpMms
channe

Membrane
depolarization

VOltage-gated
Ca®* channel

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



[ Sugars: J [Artlﬂcial sweeteners:]
sucrose, fructose | | saccharin, aspartame
Anatomy and Physiology of Taste \ )
Transduction in the Taste Cells
il (i T
il JLIL I
Type II: Sweet, Bitter and Umami Surost rocepor: | (1
PLC
—— G-Protein-Coupled Receptor (GPCR) ——
2R Umami
Sweet stimulus [~ / stimulus
sugars (mono-, polysaccharides), Bitter
artificial sweeteneres, sweet profeins, stimulus
D-aminoacids
( \ Gustducin
OH Ph
L L
o)
HO
HO ~\ Hooc/\Hk” CO,Me
TRPM5
OH NH> P KA channe
Ca?* \ Membrane
larizal
Receptor TRz T1R; \ /[ po it
P (heterodimer) (homodimer) @ OQ @
Voltage-gated AA
i Sucrose (10 mM) Lactose (30 mM) Ca®* channel
Detection
threshold

5-nitro-2-propoxyaniline (2 uM)

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



quinine, denatonium,
salicin

Anatomy and Physiology of Taste

Transduction in the Taste Cells N
T
Type II: Sweet, Bitter and Umami Bitter receptor: )

PLC

—— G-Protein-Coupled Receptor (GPCR) ——
Bitter

many organic molecules: Quinine, caffeine, acetaminophen
(foods: cocoa, mate, chicory, olives)

= ( \ Gustducin

O Me
HO Me\ N
MeO
=z )\ TRPMS5
N ‘ ®_ channe
Ca®* Membrane
. depolarization
Receptor T2R or TAS2R () S —
Voltage-gated
inin M Brucin A uM C h |
Detection Quinine (8 uM) ucine (0.7 uM) a* channe
threshold

amarogentin (8 nM)

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Amino acids:
L-glutamate, glycine

Anatomy and Physiology of Taste N )
Transduction in the Taste Cells
m T M
1l 1 LIl
Type II: Sweet, Bitter and Umami Drnsied Seceptor: ) (W

PLC

—— G-Protein-Coupled Receptor (GPCR) ——

Umami

L-Amino acids, nucleotide enhancer (AMP, IMP)

| \ Gustducin
N NH :
<1
o a N N 3
COONa b
HO)J\/Y HO |=|> 0 0
OH

NH,

OH OH ""‘,:f_"_ | _L-TRPMS
Q | channe
2 ,
Co™ Membrane
depolarization
Receptor T1R4~T1R3 (heterodimer)

‘3’0@&

Voltage-gated

Ca®* channel
Detection

Glutamate (0.7 mM)
threshold

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Taste cell

Salty
stimulus |

ENaC

Anatomy and Physiology of Taste

Transduction in the Taste Cells

Type I: Salty Type lll: Sour

H* ‘Sour
stimulus

Na*

PKD1L3/TRPP3
channel complex

Memtgrane depolari

zation

Voltage-gated
Ca®* channel

2

%

ion channel receptors

Na* openHhdlock potassium
ion channel channels

O increase lon concentration

Ca?*ions

activation/stimulation nerve

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11

Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Cations:
Na*, K*, NH,*, Ca%,

TTTTTTTITTTTT

T

Salt receptor
(candidate)
ENaC or
VR-1 variant ?

474

Il

VY] Transduction in the Taste Cells

Type I: Salty Type lll: Sour

Taste cell

H+* Sour
stimulus

Na*

Salty
stimulus

PKD1L3/TRPP3
channel complex

Receptor
Voltage-gated Detection
Ca®* channel threshold

Anatomy and Physiology of Taste

ion channel receptors

Salty

NaCl, other salts (LiCl, KCI, NH,CI)

Epitelial sodium channel
(ENaC)

NaCl (10 mM) KCI (6 mM)

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348

Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



[ citric acid, tartaric acid,

acetic acid
( Anatomy and Physiology of Taste
\
: Transduction in the Taste Cells
I
Sour receptor ) (
(candidate) € ; Type I: Salty Type lll: Sour
PKD1L3/PKD2L1
ion channel receptors
Taste cell
H* Sc_)ur
Salty stimulus Sour
stimulus Na*
acid molecules

PKD1L3/TRPP3
channel complex

Membrane depolarization

Receptor
Voltage- ]
Caz*%hagnnel Detection

threshold

HCI, citric acid, tartaric acid, carbonic acid

PKD2L1 or PKD1L3
Proton-elective ion channel otopetrin
(Otop 1)

HCI (0.9 mM) citric acid (0.41 mM)

carbonic acid (54 uM)

Téle, J. C.; Behrens, M.; Meyerhof, W. Handbook of Clinical Neurology. 2019, 164, Chapter 11
Yamamoto, T. et al. Jpn. J. Pharmacol. 1998, 76, 325-348
Doty, R. L. WIREs Cogn. Sci. 2012, 3, 29-46



Coding channels for taste perception

Tier 1 Tier 2 Tier 3
“What” Reward/affective Decision-making
value Joutput
Lateral PFC

Top-down affective modulation
Medial PFC area 10

Vision
Inferior temporal Choice value
V1 V2 V4 visual cortex PreGen Decision-making
——————— <@------<@------<@----- i .
L L L < @ . Cingulate cortex
Behavior:
Action—-Outcome
Striatum
< Behavior:
\ Habit
¥ ~
Taste "D'. :
opamine
Taste Nucleus of the ~ Thalamus
receptors solitary tract VPMpc nucleus Lateral
<@ <@ hypothalamus .
and endocrine
Frontal operculum/Insula | function responses
(primary taste cortex)
Hunger neuron controlled
/ by, e.g.,glucose utilization,
‘ 2y stomach distension, or body
& o p weight
LA
. R /
Olfaction A A
' ’o I
‘ J ] /
------------------------------ <@ L G
Olfactory Olfactory (pyriform) / :
bulb cortex : !
!
;!
;!
;!
;!
;!
;!
Touch ! /,
o
———————————— Q===
Primary somatosensory cortex (1.2.3
Thalamus VPL st ¥ (123)

Rolls, E. T. Handbook of Clinical Neurology 2019, 164, Chapter 7



Coding channels for taste perception

How can we understand the transmission from TRC to higher neural centres?

Rolls, E. T. Handbook of Clinical Neurology 2019, 164, Chapter 7



Coding channels for taste perception

synapsis in
Taste buds (TRC) Nerves brainstem and Primary cortex
thalamus

simple model
one taste—one set of neurons

Focused on genicculate ganglion e

Microscope
objective

neurons innervate all taste buds Microendoscope

two-photon calcium imaging
to monitore tastant activity in vivo

31 neuronal classes: 5 tuned to single taste qualities, 10 doubly tuned
10 respond 3 tastes, fove to four tastes and one all tastes.

Barretto, R. P. J. Nature 2015, 517, 373-376



Coding channels for taste perception

synapsis in
Taste buds (TRC) Nerves brainstem and Primary cortex
thalamus

simple model
one taste—one set of neurons

pre-stimulus + tastant + stimulus wash

— other combinations?
A binary combinations
B A . inconsistent results?
. same behavior
& & & %&e} @Q,@ 26 “multi-tuned” combinations:
s 10 doubly tuned, 10 respond 3 tastes,
5 to four tastes and one all tastes. mostly single neurons

1000 neurons )
1% multi-tuned neurons

strongly activated by only one taste

Barretto, R. P. J. Nature 2015, 517, 373-376



Coding channels for taste perception

synapsis in
Taste buds (TRC) Nerves brainstem and Primary cortex
thalamus

simple model
one taste—one set of neurons

one TRC TRC TRC TRC

one neuron neuron neuron neuron

Barretto, R. P. J. Nature 2015, 517, 373-376



Coding channels for taste perception

synapsis in
Taste buds (TRC) Nerves brainstem and Primary cortex
thalamus

simple model
one taste—one set of neurons

bitter sour Control
PKD2L1-TeNT el
supresion
TR2 PKD2L1 P @ 20 & 8
PKD2L1 3 8
ks ks
2 10 2 10
= 3
bitter-sour neuron & Z
0 0 =
N ¢ "oo& %oé Q?\y{'@ /900
T/ @
¥ >
@\

Barretto, R. P. J. Nature 2015, 517, 373-376



Coding logic for bitter taste

Genetic, behavioural and physiological studies

Genetically engineered mice to Modified mice lacking a specific T2R
express Human T2R receptors

expand the bitter taste repertoire? responses to bitter compound?

T2Rs
(~ 30 GPC Receptors)
Mices and Humans

Supresion of sweet, umami and bitter Ectopically expressing a T2R bitter taste
taste function restoring only T2R receptor in sweet-sensing cells
expressing cells

specificity of bitter taste response Role of cells and receptors

Mueller, E. T. Nature 2005 434, 225-229



Lick response (%)

-100 —

Human bitter receptors in mice

Genetic, behavioural and physiological studies

B-glucopyranosides (hT2R16) and phenylthiocarbamide (PTC) (hT2R38) evoke strong bitter
taste in humans and indifferent for mice

two-bottle intake preferences assays

Evaluation Methods

o

o~ Mmice control

o
o
|

5
|

2
|

Lick response (%)

s
|

transgenic mice
hT2R16

|

-100 —

TTT1T] T e e i i 1 K

0.1 1
Phenyl-3-D-glucopyranoside (mM)

Mueller, E. T. Nature 2005 434, 225-229

T T e e P R E i E | T T

100
PTC (uM)

counting of licking responses in a multi-channel gustometer

mice control

transgenic mice
hT2R38



Normalized response (%)

Lacking a specific T2R receptor

Genetic, behavioural and physiological studies

animals lacking mT2RS (principal Cycloheximide receptor, Cyx)

mice control Knockout mice

Cycloheximide

mT2R5 knockout only affects
this taste receptor T2R5

b 20— ® T2R57-
g _& g ® Control
0 I """"" ? """"""" " o PLC+
X 204 I
) \
1]
| o= \
8 \
o —-40-—
(]
o
S
<5 =60—
-80 — *
At
g .
-100 I [ I I
1 10 100 1,000
Cycloheximide (uUM)

mT2R5 knockout animals with

no aversion to Cyx

Mueller, E. T. Nature 2005 434, 225-229



Lacking a specific T2R receptor

Genetic, behavioural and physiological studies

animals lacking mT2RS (principal Cycloheximide receptor, Cyx)

0] s§--. « T2R57- 1 !
* g ® T2R57- S 11 i » Control 0< RF - 4
® Control & 1 s
c | N i ?
0— i ------- @ """""" i i l o PLC- 2 " 1 =40 L
(%2}
o J , J
s | S -80- T -80- U
@ = Ly i -
- \ 0.01 0.1 1 10 0.01 0.1 1 10
% =40 — \ Denatonium (mM) PROP (mM)
m \
S
0. i . ?
-80 — o ] 1 5
. el i : . =
- - - -- - -40 - \ o
-100 I I I I | \ 2
1 10 100 1,000 -80] S _» 3
Cycloheximide (uM) , . =
001 0.1 1 10 S, ‘% Y. O
Quinine (MM) O’b\s\ e O %
e O/O’
mT2Rb5 knockout only affects this taste receptor T2R5 any other tastants (bitter, sweet, salty...)
no bitter taste signalling (PLC) completely loss of Cyx sensitivity are not affected

Mueller, E. T. Nature 2005 434, 225-229



T2R expressing cells as mediators of bitter taste

Genetic, behavioural and physiological studies

Mice deficient in sweet, umami and bitter taste by Phodpholipase C 52 knockout (PLC/2)

a mm Control (SWR) == mT2R32-rescue
140 — mm PLC/- 3 mT2R19 rescue (non-induced)
e 120 i mT2R5-rescue == mMmT2R19-rescue (induced)
© 100 -
1)) .
S 80 -
2 e All rescued animals showed completely
o 4
o 40 normal bitter taste
= 20 -
o 10 i | | |
o : ]
=20 -
i .«(-\\60 ‘(\\Qo {\\o@ < QQQ Q\QG e}\(\z c}\(\o -\o\&
4 N o R © N & e
) G o xS > & NS
N oS o R N o
F o Q ¢ &
)

Bitter taste circuitry can be established without bitter sensory input, and demonstrate an individual T2R
cell operate as broadly tuned bitter sensor.

Mueller, E. T. Nature 2005 434, 225-229



Lick Response (%)

-100

Bitter receptor expressed into a sweet cell

Genetic, behavioural and physiological studies

Inducible RASSL receptor (k-opioid receptor)

sweet receptor in bitter cells

- T ® RASSL (induced)
® RASSL (non-induced)
© Control + DOX

LAY T vy g

1 10 100
Spiradoline (nM)

T T Ty

1,000

control and non-induced are insensitive

fo RASSL agonist spiradoline

mice expressing RASSL in bitter cells

show strong aversion to spiradoline

o

Consumption relative to total (%)

bitter receptor in sweet cells

e T1R2 driving hT2R16
@ Control + DOX

© RASSL (non-induced)
o T2R driving hT2R16

LI | I L | I LI B |

0.1 1 10
Phenyl-B-D-glucopyranoside (mM)

attraction to bitter compounds when

bitter receptor is in sweet cells

Mueller, E. T. Nature 2005 434, 225-229



Lick Response (%)

-100

Bitter receptor expressed into a sweet cell

Genetic, behavioural and physiological studies

Inducible RASSL receptor (k-opioid receptor)

® RASSL (induced)
| @
® ® RASSL (non-induced)
© Control + DOX

LAY LILLLLLLL L

1 10 100
Spiradoline (nM)

LR R

1,000

Consumption relative to total (%)

LI | I I U I 1 LB |
0.1 1 10
Phenyl-B-D-glucopyranoside (mM)

e T1R2 driving hT2R16
@ Control + DOX

O RASSL (non-induced)
o T2R driving hT2R16

The perception of sweet or bitter is a reflection of the selective activation of T1R and T2R cells,
ratherr than a property of the receptors or even the tastant molecules

Mueller, E. T. Nature 2005 434, 225-229



Otop 1

(proton-selective ion

channell)

Otop1 knockout

HHEH-

;;CGTGTTCGTGGCGwAAGGACACGCACé:

guide RNA-1¢%

guide RNA-2%

Rewiring the Taste System

Sour Response
Knockout Otop-1 Otop-1
using CRISP-Cas9 in sweet TRC cells

respond to stimuli

2.0,
» Control

Sweet Sour 4 * Otop1--

M 1 €15 o

30mM 125 25.0 50.0 g

AceK  Citric Acid HCI TA @ o {
[ x °
"E J 81.0‘ 0
8 b e -JL .,..'L " ,.\«. % 2 .
Z EO.S-H ﬂ
e O
Q Z
2 °
o) ...\ A W N Wy e oolle llg Ilg |1 |l

12.5 25.0 50.0
CitricAcid HCI TA

WT T1R3-Otop1
AceK CA AceK CA

Ll AL

T1R3-Otop1 knock-in JL f\ j\

donor | HA-L [Otop1 ORF| HA-R | E
=
. 3 . AA
T1R3—— [ HEH-— -

---ATGCCAGCTTTGG---TGTCACAGCAATTCA-

guide RNA-1%

guide RNA-2¢h JL K
_—— o 25
s

LN L N

SOUR

Zhang, J. Cell 2019 179, 392-402



Rewiring the Taste System

Sour Response
Otop 1
o Knockout Otop-1 Otop-1
(proton-selective ion . _ identification of taste
using CRISP-Cas9 in sweet TRC cells
channell)
respond to stimuli
Sour Salty Bitter
Sour neurons stimulation by light

! Water ¥ Water + Light
" ater ater + Lig 40.

Light stimulation )

AAV-DIO-ChR2 /

w
=

N
=

Licks / 5s
Licks / 5s

@

o

Pdyn-Cre 0 5 10 15 20

Light activate the sour neurons

Sweet Umami Mecanosensory

taste neurons identification

associated by knocking or expression
of specific markers Zhang, J. Cell 2019 179, 392-402



Otop 1
(proton-selective ion

channell)

Rewiring the Taste System

Sour Response
Knockout Otop-1 Otop-1 ‘dentificati f tast
, identification of taste
using CRISP-Cas9 in sweet TRC cells

respond to stimuli

Training
100/
Sour Water Bitter S L
g |
e
3
¢ R
success fail g
N
& o @0@ <
&
rewarded time-out W

> 80% accuraccy

20-30 sessions of training

Zhang, J. Cell 2019 179, 392-402



Modifying the Taste System

Natural or Caused Process

Is the taste system changing or adapting naturally or do we need external stimulus?



Modifying the Taste System

Natural or Caused Process

age diseases training or adaptation

drugs stimulation or lock



Miraculin and Miracle Berry

Phamaceutical, Therapeutic and Additive Potential

Richardella dulcifica or Synsepalum dulificum: Miracle fruit

Family sapotaceae From tropical West Africa

Collection: December to June

It acts as a taste modifier

Glycoprotein: 191 amino acid with two glycosylated
poypeptides (Asn-186, Asn-42) cross-linked by disulphide bond
(14% sugars)

not a sweetener make the sour products taste sweet

Miraculin

43000 D

Mangla, B. Trop. J. Nat. Prod. Res. 2018, 2, 12-17



Miraculin

43000 D

Miraculin and Miracle Berry

Phamaceutical, Therapeutic and Additive Potential

Richardella dulcifica or Synsepalum dulificum: Miracle fruit
Family sapotaceae From tropical West Africa

Collection: December to June

It acts as a taste modifier

not sweetness

Mangla, B. Trop. J. Nat. Prod. Res. 2018, 2, 12-17

activate sweet

transduction



Miraculin and Miracle Berry

Phamaceutical, Therapeutic and Additive Potential

phenolics anthocyanins

OH

Kaempferol Cyanidin-3-0O-glucoside
essential and non-esential amino accis vitamins

o) o) o)
_S
Me OH HO OH
NH2 NH2
Methionine Glutamic acid Vitamine A

Mangla, B. Trop. J. Nat. Prod. Res. 2018, 2, 12-17



Miraculin and Miracle Berry

Phamaceutical, Therapeutic and Additive Potential
health benefits

rich in antioxidants, carbohydrates, fibres, tannis, cardiac glycosides, polyphenos, flavonoids and minerals
prevention several chronic diseases cardiovascular obesity diabetes cancer

anti hyperuricaemia agent improve dysquesia change horrible taste of certain medicines

food enhancer

Marketed formulation

15 patents using Miracle berry (2018) | fr t|esJ
’ amazon
/) e
Wine industry
sugar concentration inocculum level n vou-l-ub e
yeast strain temperature and pH

Miracle berry tablet/power

Agbenorhevi, J. K. J. Food Nut. Res. 2019, 7, 148-154
Mangla, B. Trop. J. Nat. Prod. Res. 2018, 2, 12-17



Mimicking Taste Sense

Artificial Taste Sensors Using Biotechnology

Can we merge the function of the taste sense with the new technology?



Mimicking Taste Sense

Human-Like Nanobioelectronic Tongue

Nano-technology can be use as

) ) Identification of toxic substances: mimicking bitter taste
biological taste receptor

hTAS2R38
(from E. Coli)

" CPNT

H NH NH Glass substrate Amine-functionalized substrate
2
\n/ | /g l CPNTS
/DMT-MM
S Me N S
H
phenylthiocarbamide propylthiouracil
PTC PROP CPNTs-immobilized substrate
-
‘ Taste receptor
¢ — Taste receptor/ CPNTs-immobilized substrate /DMT-MM
% Rogqsvtpetor PAV

P Gold
Side D Etectrode

Song, H. S. Nano Lett. 2013, 13, 172-178
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CPNT hybrid interface
allows high sensitivity
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Mimicking Taste Sense

Human-Like Nanobioelectronic Tongue
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Song, H. S. Nano Lett. 2013, 13, 172-178
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Allyl isothiocyanate (Al)
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Time/s

high selectivity in the
detection of target tastants
in mixtures and real food



Mimicking Taste Sense

Human-Like Nanobioelectronic Tongue
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high sensitivity for chemical sensing some limitation: detection biological analytes

Song, H. S. Nano Lett. 2013, 13, 172-178



A’sp (nA)

Portable Bioelectronic Sensor

Human Olfactory and Taste Receptors

Four olfactory and taste sensory receptors

4 sets with 4 receptors for liquids and gas samples
proteins/receptor target molecule indicator

30

OR2J2 Octanol bacterial contamination (beef)
20- I

OR2W1 Octanol and Hexanal lipid oxidation in dairy products
e TAARS5 Triethylamine Sseafood decomposition
oLl . = TAS2R38 Goitrin antihyroid toxin

Octanol Hexanal TMA Goitrin

B8 OR2J2 = TAARS
C3J OR2W1 1 TAS2R38

enables to distinguish taste molecules in individual or mixture samples

Son, M. Biosensors and Bioelectronics 2017, 87, 901-907



Algp (nA)

Algp (NA)
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Portable Bioelectronic Sensor

Human Olfactory and Taste Receptors

combine miniaturized measurement system with carbon nanotube

1001
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diverse on-site detection for the quality of foods

Changing the receptors

different sensing platforms

Son, M. Biosensors and Bioelectronics 2017, 87, 901-907

Broccoli

- OR2W1
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