Nevurons. Pfft. Making Not at all. | couldn’t
connections in the do anything without

brain and stuff. What, the oxygen and sugar

you think you're better you bring me. We're | never

than me? ~_ allin this together, thought of
it thot way.

Ugh! Neurons!
They're the worst!

Well, have a
nice day!

k% Qéﬁ\“ MQQJ(R
Beafrice the Biologist

Especificacao celular

Stefania Gutiérrez




Uma das maiores inovacoes dos organismos multicelulares é a
subespecificacao das células que os compoe

Procariotas Multicelulares Eucariotas Multicelulares

Anabaena sp

Fischerella muscicola

(Gatenby & Frieden, 2007; Godfrey-Smith, 2000; Jablonka, 1994; Maynard, 1999, 2000; Szathmary, 2015))
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GAMETOGENESIS
Sexuully . ’
PN, MATURITY
adud Mctamorphosis
{in some species)
LARVAL
Gonad STAGES

W}Mw

A
\W

Location of
perm colls

CLEAVAGE

GASTRULATION

ORGANOGENESIES

Hatching
(berth)

/
ﬂ-<_———'

-Como sabem a posicao e a identidade?

-Como as ceélulas se organizam?

-Como se comunicam?

Quais sao os processos e fatores que permitem a comunicacao celular?




Especificacao celular

Especificacao autbnoma:
-Intrinseco
-Interno de cada
Célula.
-Relacionado com fatores e
Conteudos citoplasmatico
diferentes.
-Desenvolvimento e embridoes
Em mosaico.

Especificacao condicional:
-Processo de inducao
externo
-Relacionado com o
ambiente extracelular.
-Interac6es com células
Vizinhas.
-Desenvolvimento e
embrides reqgulativos.



Especificacao celular: especificacao autbnoma

Distribucién asimétrica de los Exemplos desenvolvimento em mosaico:
determinantes citoplasmaticos

C.elegans

Ascidias

Ectoderm

Nervous system

Anterior Posterior
Notochord
Muscle
Endoderm Mesenchyme
Vegetal pole
Ectoderm 1 Ectoderm

Muscle




Especificacao celular: especificacao condicional

Al

Rlavwia

Tramplant noemal
back cells 10

belly region

No
Cels form | transplantation Cells foem
back tasee | (moemal belly tisvae

development )




Especificacao celular: especificacao condicional

(A
Normat MBS ranplant noemal
back N back celhs 1o
el belly region
No
Cels form | transplantation Cells foem
back tasoe | (moemal belly tisvse Destino celular?
devetopement) ' I'm & red blood call! )
bring oxygen to your eells!

I'm a neuron! | make
connections in your brain et
process and store informahion.

I'm an adipscyte.
l... I'm Sorry...

L
( Jozz dendrites)




Especificacao celular: destino celular




Especificacao celular: destino celular

de destino

Tejido
erenciado

v

w1 v I MY .. :~
W E B
>




Especificacao celular: destino celular

Regibn B especificada

Tejido
erenclado




Especificacao celular: destino celular

Regitn B determinada

Se marca 1a regidn trasplantada

Regidn B no determinada
Se marca 1a regidn trasplantada




Region B determinada
| Semarcala region trasplantada

Regién B no determinada

Se marca 1a regidn trasplantada

Especificacao celular: destino celular

Destino normal

:wmiado




Especificacao celular: senhais_indutoras




Especificacao celular: morfogéno

Diffusion of Matrix of one cell  Contact (arrows)
inducers from induces change in~ between the
one cell to another another cell and responding cells



Especificacao celular: morfogéno

(B) l(il

Matrix

Diffusion of Matrix of one cell  Contact (arrows)
inducers from induces change in ~ between the inducing
one cell to another another cell and responding cells




Especificacao celular: morfogénos

Matry

Y \-P.uxrinc l > { i g |-,

., X O factors

Diffusion of
inducers from
one cell to another

Threshold 1

Amount of morphogen

RS Threshold 2
: .. ......... 4

o0

Distance from source
Morphogen-

secreting cell
(source)



Especificacao celular: morfogénos

Exemplo: A bandeira francesa

90

Cada célula tiene el | de
desarrollarse como azul, blancs e roja




Especificacao celular: morfogénos

Exemplo: A bandiera francesa

VL

Cada célula tiene el | de
desarrollarse como azul, blancs e roja

Morfogeno - »Informacédo — » Gerando padrdes
posicinal




Especificacao celular: morfogénos

Morfogéno——»Informacdo — » Gerando padrdes
posicional

Exemplo: Modelos de Turing inibic&o lateral

A o
Rapally Silfusing mbibstor (5)

Tesbabetow (53

T } /




Resumo

Especificacao celular:
-Autbnoma:
-Factores intrinsecos das células

-Regulativa:
-Factores extrinsecos e ambiente extracelular:
-Comunicacao celular
-Morfogénos: informacéao posicional e padroes.

-Processo de especificacao: primeira fase de diferenciacao reversivel

-Processo de determinacao: mudanca na expressao genica e producao
de novas proteinas



Resumo

Sperm 1 Oucyte
(male gamete Germ plasm
e Ovcyte ;i’g“;" CLEAVAGE
(female gamete) i
GAMETOGENESIS
GASTRULATION ‘
Sexually . >
o MATURITY
adud Mctamorphosis
{in some species)

ORGANOGENESIES

-Sincronia com distintas partes do corpo
-Novos orgéaos e tecidos: formados e mantidos
por células relativamente indiferenciadas.



Determinacao celular: Células-Tronco

(A) Single-cell asymmetry

/ i N <
| @ \ : . )) Q@ )---->
\_ /l ‘\‘\/-\/g

Stem cell Committed cell

(B) Population asymmetry

—®

.o
1+ (OB —

Stem cell Committed cell Stem cell Stem cells

(C) Adult stem cell lineage

”

S
™

Multipotent Committed Progenitor Differentiated
stem cell stem cell (transit amplifying) cell cell
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Potential

—
3
A=
s’
A\

Totipotent

(
< [ §
.

Pluripotent

Mulupotent ~

Limited : ‘D
differentiation
potential //

?

,\
0 .
oy e
Limited \>¥.~V<
division { ’ = ( ’
potential ( /}

A N
Functional

nonmitotic
neuron

Determinacao celular: Células-Tronco

Cell

Zygote

Embryonic
stem cell

Multipotent
stem cell

Neuronal
progenitor

Differentiating
neuronal
precursors

Differentiated
cells

Source

Zygote

Blastocyst
(inner cell
mass)

Embrvo,
adult brain

Brain or
spinal cord

Regions of
the brain

Specific areas
of the brain

FIGURE P3.3 Example of the maturational senes of
stem cells, here applied to the differentiation of neu-

rons. (After http://thebrain. mcgill.ca’.)




Determinacao celular: Heranca epigenética

Restricao do destino celular e potencial para diferenciar em diferentes linhagens

DGVO'Opmeﬂtal Paisagem epigenética de Waddington

Totipotent
Zygote

Pluripotent

ICM/ES cells, EG cells,
EC cells, mGS cells
iPS cells

Muiltipotent
Adult stem cells

(partially R
reprogrammed cells?) \“

l
_ | .il‘ .lf ,
Unipotent AN { I h\ !'
Differentiated cell et u L L N ! 1
types | Tyt 1...;.,..,_“. kg

(Hochedlinger & Path, Development 2009) Federico Brown



Determinacao celular: Heranca epigenética

(Cantone & Fisher,2013)



Determinacao celular: Reprogramacao

Reprogramaco in vitro

TO—-0-<7
~ & !

Meproductive ciirerg
ool
OQW
.Q':. X —_ ( 6> . 'i.))
)

BN M DANDIMNICY TeONrs
@
W — @ —®
Soevase cell Partaly repeoparvred ool Regeogrwnwad (ol

(Cantone & Fisher,2013)



Determinacao celular: Reprogramacao

Reprogramaco in vitro

Can-ad

Lo PRGN eme

e« B — o — &

t.;ul /mu Hatorskanyon Regeograrmmed cel
Pybna)
PN o DANDMNCY Teohrs
o®
}fg | @)
fr——— Wywv'wdul e (i wvwrun) (ol

Pode se reverter o processo de
determinacao?
E possivel uma total reprogramacéao?

(Cantone & Fisher,2013)



Determinacao celular: Reprogramacao
Exemplo: John Gurdon e experimentos de clonagem

Experiment  Frog embryo Q’\\//\grog eggcell  Frog tadpole

uv
v Fully differ-

Less differ- entiated
entiated cell - ;’ (intestinal) cell

Donor v Donor

nucleus .‘ "/Enu3|eated\‘ 4 nucleus

trans- egg cell trans-

pranted Egg with donor nucleus planted

activated to begin l

Results development

' o d
&= '

Most develop Most stop developing
into tadpoles. before tadpole stage.



Resumo

The Nobel Prize in Physiology or Medicine 2012

Jobhn B. Gurdon ebminated Po nucieus of a frog 000 ool (1) and @

ropiaced & with the rucieus from a speciaksod cell taken from a Shoys Yamanaka studod geres thal are smportant for stem cell functicn, When he Sansleernd four such
tadipole (2). The moddnd egg duveloped nio a normal tadpole (3) ‘ P ” ’ genes (1) into colls takan from the slon (20, they wees reprogrammed nlo plunpolent glem colls () $at could
Subsoquent ruclear ttansher expencronts havo generated coned : develop into o col types of an adul mouse. Me named these cells induced pheripotent stem (PS) cels

mamvrais (4)

PS cells can now Be generited
from humars, nciuchng patonts

with denase, Mature colls nchuding
nerve, hoart and bver cells can be
derved from these PS cells, Poreby
MOwn SCals 10 study dadae
MOChanaums N Sirw Wiy

G 7012 Tha Notwd Tommaaee \or Mynoiogy o Medore B tor. snd yot Matan Sacien
e b 1N anl arv) Pw bl P ® e g e w iepeteed Fabemaria oF Pe Yotw b asvietew

-Nao determinacao é expressao
Pode se reverter o processo de genica e factores epigeneéticos
determinagao? _ B _ _ _
E possivel uma total reprogramacao? -IPS cells sao muito uteis terapia de
medicina regenerativa




Regeneracao: Habilidade de substituir partes perdidas do corpo

Regeneration

Biological

level

Whole body

Structure

Internal organ

Tissue

Cell

Examples

Regeneration from a
small body fragment

Limb, fin, tail, head,
lentacle, siphon,
arm, stalk

Heart, liver, lens

Epidermis, gut
lining

Axon, muscle fiber

.......
aEsassany

OO
880508

Pre-amputation Post-amputation Regenerate

- §

IRENDS n Ecokyy & Evolten |

(Belyr & Nyberg, Cell 2009)




Regeneracao: estrategias de formacao de partes perdidas

Evolutionary Complexity

+

J

Proliferacao celular
s Blastema Formation

mmmm Wound Healing
1.Epimorphosis: Dedifferentiation 1?
2.Morfalaxia s Differentiation

remodelacao de
Células preexistentes

(Sanchez Alvarado, 2000)



Regeneracao: evolucao »

(a) & &
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Hl Presence of regene:aton
] Absence of regeneraton
) No documentation

(Belyr & Nyberg, Cell 2009)



Regeneracao: Tunicados
Pelagic Appendicularia Pelagic doliolida

THALIACEA

Benthic ascidian TUNICATA
7 sQ 3 ) NOK STOUDCBRANOBA L RCERANCOEA

Tunic of ?el‘lulosem



Regeneracao: pesquisa

Botryllus
— schlosserii
6-11 Botrylloides
nigeri

Symplegma
brakenhielmi

3-5 Polyandrocarpa
misakiensis

Styela I
plicata

" Lateral budding, reduction in zooid size and brooding
Specialized extracorporeal vasculature system

¥ Programmed zooid resorption and tissue recycling by MLCs

¥ Vascular budding

Developmental Synchrony (PCD by MLC and UC fluctuation on blood)
I Developmental interdependence of colony individuals

How did these integrate colonies
evolve from a solitary life history?




Regeneracao: evolucao

Symplegma rubra

-Sistema vascular e as celulas do sangue comunicam e regulam a homeostasis das colonias.
-Video 1




Symplegma: well-integrated colonies that act as self-regulating system

.~

>

r

External disturbance
(Stimulus)

Response

Contents lists available at ScienceDirect

Developmental Biology

journsl homepage: www.elsevier. comiocate/developmentalbiclogy

Original research article

Vascular budding in Symplegma brakenhielmi and the evolution of
coloniality in styelid ascidians

Stefania Gutierrez™", Federico D. Brown™ "

* Loboreoorio de Bsdogio del Desarrollo Evodetive (BvalDav), Departamento de Olonctas Bicdigicas, Fooukad de Osmotas, Dniversidod de los Andes, Bogoad
D.C., Colombsa

» Departemento de Zoologee, stivuto de Biociincias, Universidode de Sio Posde, SSo Pawlo, Braasl

* Mmstitsto Nocswne! de Oncie ¢ Teonologia em Estudos ITnterdisciplinores ¢ Traossdicscipiinares em Ecodogs € Boodugde (IN-TREE), Sobvador, RA, Braxl
* Contre de Bidogia Merioha (CERIMor), Usiversidode de She Pavlo, Sio Posle, Bront

) System can rebuild itself
Regulating systems

that can rearrange its components



S.brakenhielmi and S.rubra have hemocytes in common

Hemoblast Hemocyte 1 Hemocyte 2 Hyaline amebocyte

4 \ RN
\ Napd
~ ‘

Morula cell Macrophage Storage cells Granular amebocyt

7

Different hemocyte types

Pigment cell




Hyphotetical model of hematopoiesis

? f@\ Hemoblast

Hemocyte 1 @ 3

Phagocytosis

Allorecognition Storage cells

Nephrocyte

Macrophage

&

~ OO
Morula precursor

Morula

-Test The hyphotetical model by
gene expression.
-Single cell sequencing analysis?




Aula Pratica N°1: Regeneracao de Planarias

Planaria um modelo classico para estudo regeneracao e células tronco

TR
: > ? -
. . .
Photo- | \ |

i >
receptors *
Pharyngeal ' o . ¢
opening ¢ e/
Gonopore e . f
. o e

:
g

[ LY
Schmidtea mediterranea X

a c h a b a &
b c L
| | 102 .°b .°=

(Newmar & Sanchez Alvarado, 2001)




Aula Pratica N°1: Regeneracao de Planarias

Regeneracao por epimorphis:
1. Cicatrizacéao
2.Presencia de Blastema
3.Proliferacédo de células-tronco preexistentes
4. Diferenciacao de células-tronco em para substituir os tipo celulares perdidos

Epithelium

‘ Un/De-differentiated
Stem Cells

<@ Differentiating Cells

\\ ™\ Extracellular Matrix

(Newmar & Sanchez Alvarado, 2001)



Aula Pratica N°1: Regeneracao de Planarias

Regeneracao por epimorphis:
1. Cicatrizacao
2.Presencia de Blastema
3.Proliferacao de células-tronco preexistentes
4. De-diferenciacao de células-tronco em para substituir os tipo celulares perdidos

[ Epithelium

. Un/De-differentiated
Stem Cells

<® Differentiating Cells

(Newmar & Sanchez Alvarado, 2001)



Aula Pratica N°1: Regeneracao de Planarias

Fototaxia
Quimiorrecepcao
Mecanorrecepcgao

» control (preto)
+ corte {azul)

3 replicas por tratamento=>
12 cortadas e 3 controles por

grupo

Velocidade

TO(d0) T1(d3) T2(d7)  T3(d10)
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