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What is a Biophysicist? / ~

A Biophysicist is both:
LW ELERE D3RO O O

(DPhysicist / HEZE ¢

-Applies the laws of physics to
understand complex systems.
BRI Z IS LTCBHER VR T L

+Uses tools like mathematical models
and advanced imaging techniques.

BT T NRR E IR BRI DfE H




What is a Biophysicist? / ~

A Biophysicist is both:
LW ELERE D3RO O O

(2)Biologist / ¥ ¥

Studies the complexity of living
organisms at all scales.

BB A — )L CTAEY) DB MM 2 5E

«Explores questions about cells,
tissues, and ecosystems.
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What is a Biophysicist? / A3 & i3 2

b

Combining Physics and Biology / 35 & AW F D&
«Explains life through the lens of physics.
BT ORI B AEMZ A L E T,




The Beginning

of the Story
bE £ V) DY)EE




Where | Am From /H E#t(C

Yy t e -

L Anvers O Dusselu SO0MS-HOSSEgo
@ Druxelles 9 Cologne Capbreton -
Seloke ot ey : Pouilion
il Hanas
- ” s Tarhoz} Péyrenorage oot
f y m__ % ¥ ijYL'l:

Q Doumemownth

Guemesey
Jersey

- ) — » .
- Biyonpe
iamt
Versalles o ® Paris Bardos Saliesdebaarn
S hion L i
Bioart
Arcangues
Q'Le Mens O Freourgs | Asa |
! Sauvsterede-Béarn
- Sant Jeange Luz
Q Angers v

© Nanles

© Tours R ( nGay 4
Z encays a SEnt Péesu )
Aicirits-Camou-Suhast

Sant-Paais

1o Sabib s Okor e © B

Suisse
O Fohers

Irissarry

{k Inolay
~g L i |

eimon Terana & @ Lyon Viodos-Abense-de Bas
Gdfoﬁc‘

MauléorrLicharre
9 Glencbiter 3

O Turin Arantza (
A Orgiarp
iZkun
Sundilla f

SPAIN

Monaco

Saint-Jean-Feg-0e-Fort

o oulouse © Montpellier Estérencudy

Bilbao 8 : O.Cocasiinnd O Marseille

Vnore-Gestez ©

ANGOTTE e

o Burgas

Hometown: Espelette,
Population: 2 032




Famous for
its Unique
Pepper

TR EEF

Straighit From France 3
R/ Trom Fren ey
Genwnely Trend AP

ESPELETTE 22
.PEPPER POWDER =1

%-Dt:utlm de Piment J,Espeleﬂew-gl




Lycée Navarre

Located in Saint-)Jean-Pied-de-Port, France
T I7VADY = v =T =RKR=R—JLIC
LEYT D

Small town with 1,400 inhabitants
A 1,400 A\ D /)N & 75 HT

High school with 400 students
EEZ400 A\ D HR Py
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Comparison of the French and Japanese
High School Systems /

T3 UARAEBARD

B DALAE A D LLEgs

Aspect France/ 7 7V X IETELWASE:S
Duration 3 years (Seconde, Premiére, Terminale) 3years (81, 52, 53)
Structure Specialization starts in Premiere No specialization, general subjects for all
: University entrance exams
Exams Baccalauréat at the end of Terminale . -
(2> & —3ER)

. : Strong focus on extracurricular activities

School life Fewer extracurriculars

(clubs)
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Bachelor’s Degree m Fundamental Physics

Focused on understanding the
fundamental laws of nature
HRDODERENZBES S xR0 E LT
7077 A

Covered topics such as mechanics,
thermodynamics, electromagnetism,
and quantum physics

NFE. BANF, BERT. ETYER
R EEFE

UNIVERSITE
TOULOUSE I
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Master’'s Degree in Physics of lemg Systems
FanIBF OB 5

Specialized in applying physics to
biological systems
BV AT L~DOYEBF OIS ICHFL

Studied topics like biomechanics,
biophysics, and statistical physics of living
systems

EERNFE. EVYMER. Lo X T LDfRET
MEBF % 5E

Gained experience in quantitative analysis

and interdisciplinary research %b‘ﬁgﬁé'&ﬁ
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First Research Experience / 7] T DAfFTHEER

Internship at CERCO Laboratory, Toulouse
N —J)L— X DCERCOHFZZFT TD
Ao R—=y T

Effect of Background Sounds on Cognitive

Tasks in Marmosets (Callithrix jacchus)
jb%*ﬁb\? T+ v b (Callithrix jacchus) @

AR ICH R D

Supervisor: Pascal Girard




Temporary Teacher in Middle and High

School

PER - @R TONEFHE

New Master’'s Degree:

M2 Neuroscience, Behavior, and

Cognition

A 178, RADES
XD o 8F&RICHT)

Internship:
Modeling the Antioxidant
System in Cells

M O ITERAL HEl > R 7 L DT T UL

Supervisor: Noelie Daveza
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PhD Thesis /& 3218 TD{E

Impact of Mechanical Constraints on Cell Growth |
T— .

A AR DR I 5 2 BB

Conducting research under the supervision of

Morgan Delarue W
:E ) L jj / £ T 7 ) [/ %K%R 0) % B4 0) —F T Eﬂ: 7& ’/ﬁ—_ 5 DOCI'ORATE;;u::l:Il\‘l:::::::l'):uTOULOUSE

Délivré par I'Université Toulouse 3 - Paul Sabatier

Focus on how mechanical forces affect cell et
grOWth and behaVior. |m.p-ctdu contraintes m;Clnlqus mrlaphyslt.'aloglecelluhire
B DD HIEORRECEEICSEZ AEICEn A b By

mite de recherche :

u
\Y V4 LAAS - Laboratolre d Analyse et d'Architecture des Systemes
Z These crigse par

Anne-Marie GUE ot Morgan DELARUE

Mme Syhie Touraier, Exarnamics

Investigating applications in biomaterials and R

tissue engineering.
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Impact of mechanical pressure

FPR = )1

on cell growth"
ORI L 5 HET LD 2




What is mechanical pressure?
FEAREIE ) & 1% 2




Where can mechanical pressure come

from for cells?

MR 3D D B HYJE L E 262k D 2

Growth /&

06— 0

Growth
A=

Increase in cell size or mass.

MpEOKEX

PEEDE,




Where can mechanical pressure come

from for cells?
AR DDA T IE E 2 b3k b 2

Division/ 7 2

Division

S

Cell splitting into two new cells.
MHiaA 22 D% L WilllaiC o %




Where can mechanical pressure come

from for cells?
AR DDA T IE E 2 b3k b 2

Proliferation/5%E

Proliferation
185

Rapid increase in cell number.
A DA BIRICIENT S,




Where can mechanical pressure come

from for cells?

AL 237 DRI L & 2 B3k D 2

Constrained Growth

O

Constrained Growth

fRoN7-pE

B _
- -G

Restricted growth due to physical or

environmental factors.

IR X 7o I FIRIEHI 2K
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How to confine micrometric cells?/
WU A E D XD ICEH CAD B H ?

By creating

micrometric cages
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How to confine micrometric cells?/
WU A E D XD ICEH CAD B H ?

A clean room is a controlled environment with minimal ¥
airborne particles.

*Alir is filtered using HEPA/ULPA filters.
Temperature, humidity, and pressure are regulated.
*Special clothing prevents contamination.

‘Used in electronics, pharmaceuticals, and
biotechnology.

1)—=VIl—LALlE, ZRADMEINR/NEIC
HMZzZonN-EBIN-IRETY,
‘HEPA/ULPAZ 4 LR —TZESR Z %1,

calE., BE., EHZTHE,
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How to confine micrometric cells?/
WU A E D XD ICEH CAD B H ?




What is the effect of this pressure on cells?
ZDOJEINFMEIC ED XD B E B 2 Hn
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Division rate (h)

What is the effect of this pressure on cells?
ZOREINIHIEIZED L D 7B a5 X D02

0.4

035F

03 Mechanical pressure
4 slows down cell
DU; division.

01} AR A G el o e e 1 B 2
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What is it used for? (o 7= 12fE 5 D7 2

Proof that physical phenomena can influence biological processes
VBRIV EY)FRIBIZICEEZ 5 2 % EEHl

Understanding why some cells resist antifungal, antibiotic, or anticancer
treatments
HEWC OO ERRE, MEVE. T3 EaEICMEZ2F 200 28T 5




What to do after a PhD?
5+ 5SRO ER IS ?

After 3 years of a PhD, two options are possible:
BRI ZIFRRA IR, 22DERKDH Y 7 ¢
Industry
EE
1. Join the private sector to apply your

skills in a practical environment.

REt€ 7 Z2—IC8BL. RF¥FILZLH

MY 7R RIS CIED 9,




What to do after a PhD?
—] ] A=W/ \

BLESESROE
After 3 years of a PhD, two options are possible:
BIREZIFRRA IR, 2O2DERKDH Y £7 ¢
Academia
THTIT

1. Continue with postdocs (short

contracts of 1 to 3 years).
KA ELTHRZHRITS (1~3

FDEHEH) o
2.The best option is to go abroad to
broaden horizons and expand
networks.
BELF. *v b7 —07%[KT5
e DITBATITC DHARE T,
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Why come to Japan?

Culture (31b)



Why come to Japan?

Landscapes (A=
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Why come to Japan? -~ 3 7 35
Food (EX#))

SN

?
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Why come to Japan?

The People (A %)



Postdoc at the University of Tokyo
FRAFETDRRA R & —

Host Laboratory Matsunaga Lab
ZITANTHRE | WK ARE

Institute: IIS, University of Tokyo
FRlE @ R KFE EERIMMEA (IS)

Campus: Komaba Campus 2
v /NR G E2F v XK

Affiliation: LIMMS-CNRS/IIS
FRiE R © LIMMS-CNRS/IIS

Position: JSPS Fellow
& JSPSEFRITZE B




What is the impact of pressure
on artificial micro blood vessels?

ANIHRUNDEICHT 2FEDOEEIEFTT D ?




What is an artificial microvessel?
ATHUNDLE & ZfATTH ?

4 \
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Artificial Microvessel
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Zhao, Nan & Pessell, Alexander & Zhu, Ninghao & Searson, Peter.
(2024). Advanced Healthcare Materials.




What is the vascular system?

Yy am
—

The vascular system is the body's blood transport
network.

MEXRIIENOMABEER LY T —7 T,

It delivers oxygen and nutrients to organs and removes
waste.

BrEREZRRICEIT. EEVYZHFEL X,




The components of the vascular system

BRDOERESR

Arteries: Carry oxygen-rich blood from
the heart to the body.

BT DB D o ENBRFE B R IMR & ED
FJ,

Veins: Bring oxygen-poor blood back to
the heart.

R RO DG WA Z DB ISR L £,

Capillaries: Connect arteries and veins,

deliverin gn utrients to cells. Zhao, Nan & Pessell, Alexander & Zhu, Ninghao &
% %EH LEEL ".:él—‘.' N Ejj H }ﬁ (\_,- ﬁ% H }T/R 7& D) 7Ld: g Searson, Peter. (2024). Advanced Healthcare Materials.
I . N

MpEicREBZRBITET,
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®

How does it work?
LERIZTED L HITHERE L £
Blood flows from the heart into arteries,
through capillaries, and back to the heart via
veins.
Mg T gD > Bk~ FBMHME Z 8 > T,
iR L COEICREY £ 9,

Capillaries are so small that blood cells pass
through them one by one.
FHIMEIFESICH <, mEKIEF—D>9 D
RN

This flow allows oxygen and nutrients to

reach every part of the body.
CDRNTRRACRENMEDEA X THEZT £,
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What happens when it doesn’t work?
MERNERICEMNZVEESIBYERIN?

Blocked arteries can cause heart attacks
or strokes.

BIRDEE £ Y (DI FEAECINZE R DREA (S
s £,

Damaged capillaries can slow healing or
harm tissues.
EMMECEGILaRZESEZY . il
ICIEEEZ S5 5A/ELH Y £,

Weak veins may lead to swelling or
varicose veins.

RO W E . O AR RE
L*9,
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Size comparlson of blood vessels
LB DRE S D

Arteries: As wide as a finger.

i IE< o WLWDIEHH Y £,

Veins: Similar to a pencil.

5 SRE LLVD KT T,

Capillaries: 10 times thinner than a strand of hair!
FHME: ZDEDI0DDIDHHE TY |

=6-=14 pym diameter
=10-%30 dyne cm shear stress
*10-+60 mmHg oxygen tension

42




What is an artificial microvessel?
ANTIHUNIME & TR TT H ?

4\

Artificial Microvessel

|

*10.430 dyne cm- shear stress
*10-+60 mmg oxygen tension

Zhao, Nan & Pessell, Alexander & Zhu, Ninghao & Searson, Peter.
(2024). Advanced Healthcare Materials.




What are organ-on-chips?
FIWHY - F - FuTEIE?

Organ-on-chips are tiny devices that mimic the
structure and function of human organs.

ANTT s T F o7 EIE NRDNgEE DRHES
BREZ U L 7o/ NS 2T /3 A AT,

They are made of clear plastic or glass, with small
channels where cells grow.

GRIRT T AF v 7R T ATEGI, /NS

T XN O THRAE b ET,

Scientists use them to study how organs work,
how diseases develop, and how medicines affect
the body.

FHEB T2 DI, e DB S WROET, KOBR%
iR RSN oY IRl V- A AN= e




How do we make them? (Fabrication)
WA -Fo-FyTEEDESITEONFEFT N ? (BE)

Organ-on-chips are created using special molds to form tiny
channels.

ANT 2« F s FoTiE, MSRF Y FXNVETBRT D720 D
il /sl el o THEB IV R,

We use a material called PDMS, which is flexible and transparent.

TR CBHZ2PDMS & V) ) BB 2l 4,

It's like baking cookies, but at a very small scale! | i
INSIRAT =N T v F =% L2 bDTY ! | N\~

45




How do we make them? (Fabrication)
TIWHY -F2-FuTEEDLSIZEonEzT N ? (BE)




How do we make them? (Fabrication)
NI e F s FyTIFEDLIIEENE TN ? (EIE)

I = I %
—




How do we make them? (Fabrication)
FANT s Fr s Fy I EDLIIHELNET 2 (BE)

I = I .
o-=—10




How do we make them? (Adding cells)
ANT Y« Fr s FyTIEEDLIITELNET N ? (DB

Cells are carefully placed inside
the tiny channels to mimic tissues.
Ml Z2 /N S 72 F v RV O FITEEIC
AdiE L C, Mmk a2 L £,

The cells grow and connect, just
like they would in a real organ.
MR E EER Dl D K 2 Ik L.
DI £,

49




How do we make them? (Adding cells)
TN« F - FyTBREDLIIEENET 2 GHEDIEN)

Vue latérale Vue du dessus

Milieu
de
culture

Hydrogel

Celltiles




Why do we make organ-on-chips? (To
replace animal testing)
ANTF s T FyTalEo8l (EFEROAE)

Organ-on-chips help us test new
medicines without using animals.
TNy - Fr - F AL, FEETEHY
ZEDTITEART 5 DICKIAL D £,

They are better at predicting how
medicines will work in humans.
NENZRIT DO Rz LV EMEIC T
THZLRTEET

51




Why do we make organ-on-chips?
(To study diseases)

TIVTT L e Fy s Fy T EVELHE
(r_\‘@’h/ 77:5)

Scientists use organ-on-chips to study
how diseases like cancer or diabetes
develop.

RFEI-BII, BYEREREDOHEID
EDEDICETIT DN ZHRT 572012 :
FINHAY - F>  FyTa2ENET, o

A Advanced ycat end products (AGE) RAGE receptor ) DNA repair
(onﬁofous proteins) intraceliular

This helps us find new treatments faster.
ZHICEY . FLWAEEERT LY EL
BOF5Z2&ENTEET,
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Why do we make organ-on-chips?
(Personalized medicine)

FINT e T s Fy T EVEDLFE
(& B4 b =)

Organ-on-chips can be made using cells

from a specific person.
FINAY - F> - FyvT7iE, BFEDAD
Mg ZE> TIFS5 2 &N TE XTI,

PERSONALIZED
MEDICINE

~—

p

This helps doctors find the best
treatment for that person.
INICE Y, ZDANICRELBFEEZ
RENA RO D DEEITE T,

p




How do we quantlfy blood vessels?

(Introduction) / /&% C D L S ICERLL £9752
(S huXrial)

Quantifying blood vessels helps us
understand their structure and function.

%E’EE%?%ZC‘:T\ < DtEE & HeEe
IBEr g 5 EhTEET,

Different methods are used depending on
the size and type of the vessel.

BEDOARKSIVBHAEICILU T, F2FR
FEMEDNZE T,




What is white light mlcroscopy"
TELEME L [FRTTH ?

A basic imaging technique that uses visible light to
observe samples.

AR ERE > TH VTN ZEHRT IERNGA X =D
AT T,

It's commonly used to view large blood vessels or
stamed tissue sections.

(2. REGMEPRE S NICHEBT T OERICEDLDNE T,

Advantages: Simple, quick, and affordable.
B v 7, MR, EaX b

Limitations: Cannot see fine details like individual cells.
AR MR SO WES D E TIER A T A
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Example of results from white light

microscopy
S BBIER DI R D F)
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Clear visualization of the shape and arrangement of blood vessels.

ME DHARVCECIE Z BARE IR L £ 9,

Useful for analyzing large-scale vessel networks.
KEELGMERY T — 7 DDICEILD £,

Limited in resolving details of microvessels or cells inside vessels.

BUNMECMEANOMAEDFMZfERT DDIFEL WLNTT,




Fluorescence Microscopy / = iEHER

Fluorescence microscopy uses special dyes that

o ek
glow when illuminated with specific wavelengths Cellular nucleus/ Al

of light. (Heechsh)

HICIEMER I, FEDKRRDICERHFNT 5 EHIKT S

BB EERLET. ———
- <7

This allows us to observe specific components, like —

blood vessels, in greater detail. /

e i 72) \\g*;ga EOREDHDZ L) FRICER  coll membrane/ {ijafE
952 T ER (Phalloidin)

It's useful for visualizing smaller blood vessels and Cell-cell
their interactions with cells. ) y /j-ce\Lcontact / .
BUNME MR S OEEERE AR T B0 s  MIER S (VE-cadherin)
FJ. 57






A\










Fluorescen

Cell-cell contact
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Comparing techniques / 5111 D LLER

White light microscopy: Simple and quick,
but limited in resolution.

B YEEMER: > 7L THETT A,
IREICERLH Y £,

Fluorescence microscopy: Allows specific
component visualization, but requires
fluorescent markers.

HICTAMER: FE DD & AR TE X9 DN
BIEX— N —DWETT,




Disrupting Artificial Blood Vessels

N LI Z &9 J71%

TR




Why disrupt?
IREELSTER DD DD

To observe how blood vessels react to stresses
similar to those in the human body.

AN OENTER Z 5 A b LA AN TE
YO LIRS BN EBET AT,

To study the resilience and the limits of the
vessels.

N LI DI AR A 2 589 2 72 8,

Abnormal structure
or tightening/relaxing
of the blood vessels

65




. Pressure [ £ 7]

. Molecules’;+

. Flow ity

Methods of Disruption
mL9 A

Application of external or internal pressure.

NEBE 721N DETIZ % 5

Introduction of molecules, such as toxins or
drugs.

BRNHAR EOFEBEANT S,

Variation in the speed and direction of the
flow.

LA D Tz 2t S E 5, -
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Impact on vessel
r-’f»f\@ﬁjéﬂﬁ

o

Change in shape, breakage or deformation.

PARDZAL. BRIR. FE(EER.

Disruption of cell-matrix interactions.

e &~ ~Uw O XEOHEBEER DL,

Evaluation of permeability or elasticity.

BRI E 58 [ ODFTAI
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And what is it for?
ZIUI DT T ?
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4 Attune

By monitoring capillary patterns under the nails,
we can provide a non-invasive method to assess
health, particularly for early detection of
circulatory and cardiovascular issues. This
technique has the potential for widespread use
in health screenings.

MO TFOFMME/\FY—>ZEHR/ITDELICKD,
BRI RB LG DMERDEEZRHA (IR T D
JZHDIHMREEN/MEREHMMFE IR T= X I,
C DT, FREREZIN CIL <{ER NS EIEEMEN
HDET,

No terminal loop
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Thank you for your

attention.
TR ONE D T NWE LT,

JFRL - 2024
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