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Human Cognition with five senses

s i, ey
SEESAE TR s oS e Thes R TR : y

I Human Cognition

Discovering the receptors of human five senses

Dr. Richard Axel (USA)
Dr. Linda B. Buck (USA)
2004, The Novel Prize in Physiology or Medicine

(Pioneering studies clarified how our olfactory system works)

N
Dr. George Wald (USA)
Dr. Ragner Granit (USA)
Dr. Haldan Keffer Hartline
1967, The Novel Prize in Physiology or Medicine
(Discovering the eye’s visual processes)
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Tongue for taste
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Prof. David Julius (USA)

Prof. Ardem Patapoutian (USA)
2021, The Novel Prize in Physiology or Medicine
(Pioneering studies of receptors for pain and temperature)



lHuman Cognition/
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Human Cognitic

<Human Sensory mechanism>

1. Receptor Cognition
(Physical and chemical reactions)

vision l Electrical signal
Or spikes

2. Nerve Stimulation/responses

!

3. Brain

!

4. Decision
(Sight 87%, Listen 3%, Touch 7%,
Smell 2%, Taste 1%

> hearing




Human Cognition: (1)

Human Cognition

Cognition of smell with olfactory receptors
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Kwon. et. al. Nano Lett. (2015) 15, 6559 Kwon. et. al. Chem. Rev. (2019) 119, 36

Smell Cognition : ca. 340 olfactory receptors (the most complex chemical reactions)



Human Cognition

Human Cognition: (2)

Cognition of taste with receptors in the tungue
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Taste Cognition : Representative five receptors (Bitter, Umami, Sweet, Salty, Sour)

J. Reinhard et al, Encyclopedia of Animal Behavior (2010)



Human Cognition: (3)

Human Cognition /
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Cognition of light with receptors in the eyes

Vitreous humor

Other AHR-expressing cells in the eye:

Non-pigmented ciliary epithelial cells
Iris epithelial cells

Inner plexiform layer

#é} “* * i Nerve stimulation to Brain JVANCED

Inner nuclear layer

Outer plexiform layer

Quter nuclear layer

Photoreceptors

| Receptor Cognition
(Light)

Choroid with vessels

Sclera

Light Cognition : Four receptors (Blue, Red, Green, Contrast (black and white))

Song. et. al. Adv. Mater. (2017) 30, 1706764



Chapter II

Human Cognition
with Receptonics
(Previous results)




Receptonics

. What is Receptonics?

E NHC SAM

= Citations 6,066 (Google Scholar)

« Related Paper: Chem. Rev. (2019, IF 62) Advanced Materials (2023, IF 31), Advanced Functional
Materials (2022, IF 19) PNSA (2022, IF 15) Angewante Chemi (2022, IF 14)

» Domestic registration 16cases, application 35 cases, Abroad 3cases (U.S.A)
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Human cognition of ¢

Receptonics
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Kwon. et. al. Biosens. Bioelectron. (2022) 200, 113908
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Reusable electronic tongue for spiciness-related
pain evaluation
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Kwon. et. al. Adv. Mater. (2023) 2206198



Monochromatic incident light
4k

3kt
2kt
k¢
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Wavelength {nm]

Intensity {(counts)

Screen printed
3 electrodes sensor

Counter electrode
Warking electrode
Reference electrade ™,

Contrast

Regong. et. al. Adv. Mater. (2017) 30, 1706764



Challenges of Receptonics

Limitations of seeking the nanodisc candidates

Types of Receptors

mm

closed open
Channel-linked receptor

G- Proteln -coupled receptor
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G protein

Only GPCR candidates

Enzyme
inactive  Sybstrate Product

Enzyme-linked receptor

~ Intracellular receptor

Signaling

o 0 ~molecule
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Receptonics

- However, there are a few GPCR in the human. So, | need to advanced technology which can make an ultra-stable natural

receptors such as nanodisc with other recpetors.
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Challenges of Receptonics

Fabrication of Nanodisc with GPCR
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&
4
4
4
4
4
4
G- Protem-coup|ed receptor‘l
5% Triton X-100
I and Centnfuganon
I 0.5% L-lauroyl sarcosine
E%g I and Centnfugallon
I 51
: Cenlnfugatlcn \
G protein o 3\‘ I Bycse::::?:::on
I P1
--------------------\
\

@i-h

Suitable nanodisc candidates
- These gene size of the candidates should be under 100 kilodaltones (kDa) because the E.coli (BL21, HEK293) can't
express such GPCR.

Challenges
- Biological synthesis with only interaction part of GPCR.

Construction of
expression vectors

Vs
g

( Transformation of )
expression vector
into E. coli

Cell lysis,
centrifugation and
solubilization

~N

Affinity
chromatography

Receptonics

purification

—

Refolding of

purified proteins
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