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Carlota Perez: Technological Revolutions and Financial Capital
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Trillion dollars question: Next Revolution???
Our bet: control of biology at cell/molecular level

BIOECONOMY

\Next revolution?'7




Death causes USA 1900 — 2010

http://www.nejm.org/doi/full/10.1056/NEJMp1113569
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Tom Knight — engineer — pioneer of arpanet
Biochemistry classroom at 40 yo

father of synthetic biology, biobricks, IGEM

Synthetic biology is the technology of the century. This is going to
change how we build things. Biology is fundamentally a manufacturing
technology, and we’re on the verge of figuring out how to control that. It's
Impossible to predict and estimate the impact of that, but jt's going to be
massive.

We have very little ability to put atoms exactly where we want them.
Semiconductor engineers don't get to put atoms where we want them.
Biology puts every atom in the place it wants with precise control. We
can use that as a very powerful manufacturing technology.




National Research Council Report MIT white paper

Mir MASSACHUSETTS INSTITUTE OF TECHNOLOGY
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Combining molecular/cell Biology with physics & engineering.




Movement towards biological
physics:

Nobel prize in 2014 for biophotonics
microscopy -

NSF funded 9 Physics Frontier
Centers with 2 [22%] in the biological
physics area:

Center for the Physics of Living Cells
— Univ of lllinois

Center for Theoretical Biological
Physics - UC San Diego/Rice Univ.

JILA and Kavli also develop research
on this area

Department of physics of Harvard
~25-27% of the faculty dedicated to
biophysics
We need to catch the
wave earlier




Does biology need physics?

. Developing the tools to observe, manipulate and
understand biology — down to molecular level. Photonics,
X-rays, synchrotron, etc!

. To understand and manipulate biological molecular
machinery —in singulo biochemistry — synthetic biology

. To understand biological interactions and control

. Complex systems of molecules, cells, organisms, social
organizations of living beings




Control of Biology at Sub/Celular Level

Synthetic Biology: If biology does it, we can make it too!!!
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Wake
Forest

Institute

Animation produced by Harvard
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Cultured Meat



http://io9.com/5458425/is-vat+grown-meat-kosher-we-asked-a-rabbi?tag=cultured-meat

Cells are heterogenous!

- Physics + Chemistry: 1020 identical molecules:
. Perfect statistics — strong accumulated signal
Averaging in space and time

Ribosome
Nuclear envelope 5
Rough endoplasmic

reticulum
Nucleolus

Chromatin
Plasma
B membrane

Nuclear pore

Cells are identical
But they are performing
different functions at
different times

Cell coat

Smooth
endoplasmic
reticulum
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Free ribosome

; Golgi body
Centriole Mitochondrion




PROCESS is a sequence of events in time.
Time evolution is crucial.
Tool needed: capable of real time observations.
No more pictures — we need movies!

LABEL FREE

Non destructive — remote — capable to bring biochemical &
biomechanical information — spatial resolution sub-cellular
level [Ideal molecular level] — 3D image reconstruction.

Questions to be answered: where, when and what happened
Resolved in time, space and spectrally




Monocromador




Integration: Step by step




Starting W|th a spectral confocal microscone
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Starting with a spectral confocal microscope
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Make room to add an Optlcal Tweezers and Iaser cuttlng

red blood cell Trypanosoma cruzi
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Add a femtosecond laser: multiphoton microscopy
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Cellular Division
Actin, Tubulin and Nucleus




Second/Third Harmonic Generation comes for free
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SHG + THG Ovarian Comparison normal vs adenocarcinoma
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Plants: Coffee flower button Coleter TPEF + SHG
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@ FLIM — fluorescence lifetime imaging
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Example 1: In vivo mice pancreas

0 min 20 min
FLIM after glucose injection

Histogram of fluorescence lifetimes after glucose injection

m 0 min
B 20 min

600 900
Lifetime [ps]




Example 2: Parhyale hawaiensis embryo development

.
A

EMBRYQO’s Development
Strategical studies to understand stem cell differentiation




Harmonic Optical Microscopy and Fluorescence Lifetime
Imaging Platform for Multimodal Imaging

VITOR B. PELEGATI,"? JAVIER ADUR,'** ANDRE A. pe THOMAZ,' DIOGO B. ALMEIDA,"
MARIANA O. BARATTI,' LILIANA A. L. A. ANDRADE,® FATIMA. BOTTCHER-LUIZ,*
anp CARLOS. L. CESAR'

MICROSCOPY RESEARCH AND TECHNIQUE 75:1383-1394 (2012)

w— IR Laser (940 nm)
s CW Laser (540 nm)
s TPFE back emission (500 nm)
s SHC forward emission (470 nm)
——— THG forward emission (313 nm)
FLIM backward emission

SN




Several tools together

OPEN @ ACCESS Freely available online October 2012 | Volume 7 | Issue 10 | e47007 @PLOS'C’“E

Optical Biomarkers of Serous and Mucinous Human
Ovarian Tumor Assessed with Nonlinear Optics
Microscopies

Javier Adur'?*, Vitor B. Pelegati', Andre A. de Thomaz', Mariana O. Baratti®, Diogo B. Almeida’,

L. A. L. A. Andrade?, Fatima Bottcher-Luiz*, Hernandes F. Carvalho®®, Carlos L. Cesar'®
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FOrster Resonant Energy Transfer
FRET

Use FLIM to measure distance donor-acceptor by FRET

Donor J(A) Acceptor
fluorescence absorption

FRET only happens if molecules are very
close ~ 5-10 nm:
probing of intermolecular proximity

Wavelength (1)




FRET: FOrster Resonant Energy Transfer

COMMUNICATIONS

Nat. Comm. 5, art. 5159, october (2014)

aB-crystallin interacts with and prevents
stress-activated proteolysis of focal adhesion
kinase by calpain in cardiomyocytes

Michelle B.M. Pereira"*, Aline M. Santos'*, Danieli C. Gongalves', Alisson C. Cardose', Silvie, R. Consonni’,
Fabio C. Gczznz, Paulo S. Oliveira1, Ana Helena M. Pereira1, Alana R. Figueireduz, Ana O. Tirnli—Cepedaz,
Carlos H.l. Ramos2, André A. de Thomaz>, Carlos L. Cesar® & Kleber G. Franchini'?

Mechanical stress triggers interaction of
aB-crystallin with FAK in cardiomyocytes

FERM KINASE FAT




In Vitro Interaction is not enough
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FRET

CFP + YFP: CFP-Cry-ab + YFP:
Negative control Negative Control
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Integrated techniques into the same platform
3D + time-lapse capabillities

Single/multiphoton fluorescence: intensity
spectral + FLIM + PLIM + FRET + F...

SHG + THG

Raman
Optical Tweezers + laser cutting

Physiological controlled cell — temperature +
atmosphere




NEAR-FIELD
Super resolution

Tip-enhancement/AFM




Add an AFM/Tip-enhancement system on top

tip approached | [0
tip retracted
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Tip-Enhanced microscopy & spectroscopy

[ (a) ——— tip approached ] 3
—— tip retracted 1

- + i *
500 1000 1500 201

wavenumber / cm”’



INFADBIC

T

Camdwacs 1 irndiigs

’
4

Soowvi v CoXsermri Coddo

Nove |ogead o INCT - TNS A

OLTIMAS | .

NOTICIAS

(i 3 Dvwtn o w3

Galeria ds Fotos

Ao e

INFABIC — Photonics in Cell Biology

o 3 X

Meamroes Coure 108 AL

AGENCIAS

NOSSA MISSAO

44 Dererw toc-r ez \oromn o

Irendwiress o Qs

e | Yeriaio

c

FINANCIADORAS

R FaPESP
ficneg

Mawsesg irvertcns LW

AGENDAR ?

EQUIPAMENTOS

09:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

dom 16/11

lun 17111

mar 18/11

09:00 D9:00
Rodri Vivia
- Prof ne -

Alexa Prof.
e Henr
Oliveiique

- Marq
IBfUr ues -
IBfU
nica

mp

mie 19/11

09:00 09:00
Ana Rodr
Paulaigo -
Prof. Prof.
Konrz Alex
- andr
FCM/l e
camp Olive
ira -
1IB/U
nica
mp

jue 20711

09:00 — 18:0
FERIADO

vie 21/11

09:00 — 18:0
Expedient
e
Suspenso

sab 22/11



Physics UNICAMP:
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Obrigado pela atencao!
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Thanks for the attention
athomaz@ifi.unicamp.br




