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1- Historia da fotossintese



1772: A descoberta
do oxigénio

Joseph Priestley
(1733-1804)



Descoberta de Joseph Priestley:

“Fiquei muito feliz em encontrar
acidentalmente um método de
restaurar o ar injuriado pela queima
das velas e descobrir pelos menos
um dos restauradores que a
natureza emprega para essa
finalidade:a vegetagcao”

>1772
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Figure 1. Priestley's experiment
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1779: O papel
da luz

Jan Ingenhousz
(1730-1799)



Let there be light!
-\ T @

©
I\

Jan Ingenhousz
1730-1799

/
* Plants give of oxygen in the light
* Plants give off carbon dioxide in the dark
* More oxygen than carbon dioxide
* Only the green parts produce the oxygen




6 CO, + 12 H,0 — C¢H;,04 + 6H,0 + 60,

PIGMENTOS

/. FOTOSSINTETICOS
xido
.-'/ \\\
de carbono . A D




1800: A
presenca do
dioxido de
carbono

Jean Senebier
(1742-1809)



Recherches sur L’influence
de la Lumiere Solaire

Concluded Senebiers
findings: RECHERCHES

SUR L'INFLUENCE
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1804: O dioxido
de carbono e
incorporado pela
planta

Nicholas Théodore
de Saussure

(1767-1845)



It’s not ALL water...

Nicolas-Théodore
de Saussure
(1767-1845)

:a

Step 1: Puts plantin a
closed container

Step 2: measure the
weight of CO, and
weight of plant at the
start

Step 3: Sun!

Step 4: Measure the
weight again

Results: CO, goes down,
but not as much as plant
goes up. The rest must
be water!
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1845: A fotossintese é
uma transformacgéo
da energia luminosa

em quimica

Julius Robert von
Mayer

(1814-1878)



Image obtained from:
heeps/ Swrwrw. museon.nl/files/ Julius_Robert_von_Maver.jpg

Julius Robert von Mayer

-Proposed the idea that plants convert the energy
emitted by the Sun into chemical energy known as

photosynthesis. [6]

Image obtained from:
htrp:/ S upload wikimedia org f'wikipedia/ commons/thumb
fd/db/ Photosynthesis. gif 2 20px-Phorosynthesis. gif

von Mayer was able to compile a
series of ideas from previous
scientists to come up with his theory
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1862-64: O amido
é formado na luz e
consumido ou
estocado no escuro

Julius von Sachs
(1832-1897)



Julius von Sachs

Mmmm... sugar (1832-1897)

O Plants in the light... make starch!

0 Plants in the dark... starch disappears!

Where did the starch come
from? Photosynthesis, yo
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1883: O Espectro
de absorg¢do de
luz na
fotossintese é
semelhante ao
4 espectro de
Theodor Wilhelm absorgdo das

Engelmann (1843- CIOl’OfiIGS
1909)




As propriedades da luz

4.

Luz: Radiacao eletromagnética que se propaga em ondas.

A luz transporta “pacotes” de energia denominados Fotons.

A luz visivel corresponde a uma pequena parte do espectro
eletromagnético (400 a 700 nm) — luz violeta até vermelha.

A energia contida em cada foton é inversamente proporcional ao

comprimento de onda.
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Chlorophyll a
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Plant Cell

Chlorophyll

(C) 2004 National Christmas Tree Assodiation




Julius von Sachs
(1832-1897)

Em 1887:

“A prova mais definitiva de que
os corpos de clorofila
(cloroplastos) assimilam o gas
carbonico é fornecida pelo fato
de que o primeiro produto
desta assimilacéo (://11/:/)
aparece justamente nos corpos
de clorofila e ndo em outro
lugar da célula vegetal”
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CLOROPLASTO

Membrana externa Tilacoide Luz saolar

Membrana inkerna

Eskroma Tilacoide:
Fase luminosa
arana de la fotosinkesis .

Estroma: Fase oscura
de la fokosinkesis &

Tilacoide del eskroma

nciclopedia Encarta, © Microsaft Carparation, Reservados todos los derechos,




Cloroplastos

membranaexterna

granum

tilacoide

lamelas
membranainterna

estroma

CARACTERISTICAS

Possuem DNA e ribossomos

Fungao: armazenamento de
substancias de reserva e
pigmentos

Os cloroplastos sdo os
principais responsaveis pela
fotossintese.




Plastidios:
Funcdes dos plastideos:

# envolvidos na fotossintese
# sintese de aminoacidos e acidos graxos
# onde ocorre a assimilacdo do Nitrogénio e Enxofre
# armazenamento de amido, proteinas e lipideos
# presenca de pigmentos como clorofila e carotendides
# carotendides estdo envolvidos na atracdo de polinizadores




Proplastideo
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Plastideos:

Abundantes nos vegetais superiores, sao delimitados
por uma membrana e contém no interior pigmentos
(cromoplastideos) ou nao (leucoplastideos)

B Grego leukos = branco

Parénquimas de armazenamentode
raizes, caules e frutos, devido acimulo
de amido, lipideos e proteinas.

Grego chloro = verde

v

erythréos = vermelho

kyano =
xanthos =

| Em folhas, alguns caules, cascas de

> frutos e de alguns tubérculos (cenoura,
beterraba, etc)




Plastos

* Cromoplastos  Plastideos

- Pigmentos Proplastideo

vermelhos e

amarelos
Frutos e flores @
* Leucoplastos Cromoplasto Cloroplasto Leucoplasto
- Armazenamento

Amido, dleos, @ @

prOteinaS Amiloplasto Proteoplasto Oleoplasto




1930-41:
O Oxigénio
vem da agua

Cornelis van Niel
(1897-1985)



Keeping track of the oxygen atom in photosynthesis

Cornelius van Niel (1897-1985)
Standford University

Used radioactive-labeled oxygen in water and
unlabeled carbon dioxide in photosynthesis
experiments

Found that oxygen gas produced comes from water

Postulated that the oxygen atom in carbohydrates
must be from carbon dioxide

light energy

CO, + H,0 ~ . [CH,0] + O,

carbon dioxide water carbohydrates oxygen




cloroplastos
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Frederick Frost
Blackman

(1866-1947)

1905:

A Fotossintese é
dividida em
duas fases: uma
na luz e outra
no escuro



Robin Hill
(1899-1991)

1937:
Cloroplastos
isolados
liberam
oxigénio a
partir da agua
(fase com luz)
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e Transporte de Eletrons
e Producao de ATP
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quimica %

e Fixacao do Carbono
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Melvin Ellis Calvin
(1911-1997)

1945-57:
Elucidacédo da
fixag¢do do
dioxido de
carbono (fase
escura)



/Calvin’s experiment

Air Algae

.

Light Light
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suspension

Valve Transparent

for quick
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Central Metabolic Pathways

— P Central Metabolic Pathways
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Fixacao do dioxido de carbono no escuro
(ciclo de Calvim)

6C0O5 + 12NADPH +12H50 + 18ATP —=
CgHy50g + 12 NADPT + 18 ADP + 18 Pi




Daniel Arnon
(1910-1994)

1954: Demonstrou

a fotofosforilagcéo

(producdo de ATP
a partir da luz)



Image obtained from:

heep:// www.nap.edu/html/biomems/photo/darnon.|PG

Daniel Arnon

-Was the first to come up with the idea of and test the
idea of photophosphorylation

-He isolated chloroplast and studied how light energy was
converted into chemical energy

-He found that 1) ATP formed in the lamellae. 2) Only
photons (light energy) was used. 3) Oxygen was neither
produced or consumed. [9]

A cross-section picture

of a chloroplast

[mage obtained from:

hup:/ Hwww lifedllinois.edus

govindjee/paper/fig2.gif
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1966: Hipotese
quimiosmotica
para produg¢do
de ATP também
André se aplica a

Peter Mitchell

Jagendorf :
(1920-1992) ﬁ‘;’;ﬁf’)’ fotossintese



Chemiosmotic Mechanism for ATP Synthesis

lagendorf’s chloroplast work provided powerful
support for Peter Mitchell’ s theory for ATP
jeneration
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Robert Emerson
(1902-1959)

1957: Dois
fotossistemas
(centros de reag¢do)
operando
sinergicamente nas
membranas
tilacoides



Chloroplast

Cluster of pigment
molecules Photon

Primary
electron
acceptor

Reaction-
center

— Reaction
center

chlorophyll a

Pigment
molecules

Thylakoid membrane Transfer

of energy Photosystem
© 2013 Pearson Education, Inc.




Fundamental theories of Photochemistry

+ Selection rules:
1. Radiation transitions (Absorption, fluorescence)
Allowed transitions: g< > u,eg.S,<—> S,and TS > 8
Forbidden transitions: g<—> g, u<——2 u,eg.:S< 2> T,
2. Radiationless transitions (vibration relaxation, Internal conversion, Intersystem crossing)
Allowed transitions: g<_’—> g, u Sy, e.g.: Sf'—> T;

Forbidden transitions: g< z u, e.g.: SO< > S, and T,< # So

Jablonski Energy Diagram
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Electron transfer

Photon

Transfer
of energy

Photosystem

Copyrght © Poarson Education, Inc, publishing as Banjamin Cummings
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Robin Hill
(1899-1991)

1960:
Resumindo
conhecimento
da epoca
propoe o
esquema Z da
fotossintese
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Crystal structure of photosystemill | Local-c2 i i
from Synechococcus elongatusat S8

3.8 A resolution g

Athina Zouni, Horst-Tobias Witt, Jan Kern", Petra Fromme*, gt

Norbert KrauBi, Wolfram Saenger, Peter OrthT

*Max-Volmer-Institut fiir Biophysikalische Chemie und Biochemie,

Technische Universitit Berlin, Strafle des 17, Juni 135, D-10623, Berlin, Germany
T Institut fiir Chemie, Kristallographie, Freie Universitit Berlin, Takustrasse 6,
D-14195 Berlin, Germany

Oxygenic photosynthesis is the principal energy converter on

articles
]

Three-dimensional structure of
cyanohacterial photosystem |
at 2.5 A resolution

Patrick Jordan*, Petra Fromme?, Horst Tobias WittT, Olaf Klukas*, Wolfram Saenger* & Morbert KrauB*+

* Institut fiir Chemis/Kristallographie, Freie Universitdt Berlin, D-14195 Berlin, Takustrafte 6, Germany
1 Max Volmer Laboratorium fiir Biophysikalische Chemie, Institut fir Chemie, Fakultdt 2; Technische Universitilt Berlin, D-10623 Berlin, Strafe des 17, Juni 135,
Crermany




A structural phylogenetic map for chloroplast photosynthesis
John F. Allen, Wilson B. M. de Paula, Sujith Puthiyaveetil, Jon Nield
School of Biological and Chemical Sciences, Queen Mary University of London
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Figure 6.11 Organization of a thylakoid
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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2- Evolucdo da fotossintese



1905, 1967:
Cloroplastos
derivaram de
uma
cianobactéria
endosimbiotica

Konstantin Lynn Margulis
Mereschkowski  (1938-2011)

(1855-1921)
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Fotossintese Bacteriana (Fotorredugio)

Bactérias Purpuras do Enxofre (Sulfobactérias)

* Realizam um tipo de fotossintese em que a substancia doadora de elétrons nao € a
agua, mas sim o gas sulfidrico (H,S). Neste processo ha producao de enxofre e nao

gas oxigénio.

- S3o anaerdbias estritas pois 0 O, inibe a produgao de pigmentos fotossintéticos.

Fonte de Carbono | Fonte de energia Doador de elétrons

CO2 Luz do sol H2S

CO2+ 2 H2S + Luz = CH20+ 2 S+ H20

» EX: Bactérias verdes sulfurosas

luz

6CO, + 12H,S

CeH,06 + 12S + 6H,0

bacterioclorofila




Some bacteria make oxygen available to other
organisms through photosynthesis.

Carbon Dioxide

’ &
; e

: cianobacteérias
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Intermembrane space

(Viridiplantaean chloroplasts and rhodoplasts) Ca rboxysome

(also in muroplasts)

Granum

(higher plants) Outer membrane

Inner membrane

Nucleoid

—~Thylakoids

Lipid droplet
Ribosomes

Peptidoglycan wall

(also in muroplasts)

Mucoid sheath

L Capsule

Slime coat

Plants Cyanobacteria
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Mitochondrial organellogenesis

+ Small Tims « Solute carriers
* Miad0, Ervl * Tim23,17
» IMS proteins  « IMS and IM
lom22, Tom7,  respiratory factors
5

Host nucleus

Carriers, Tim22,
Tim23, Timl7‘

Alphaproteobacterial cytosol

¢ Mitochondrial organellogenesis

| « Tomd0 * Miad0, Ervl * Tim23,7 * IM and matrix
2 +IMS proteins  « IMS and IM respiratory factors
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Figure 1. Phylogeny based on plastid and
bacterial protein sequences

The analysis is based on the concatenated
dataset of plastid-encoded proteins (50 pro
teins; 10,334 amino acid positions). The tr

has been inferred with Bl with the WAG+F+1"
model. Numbers in italics represent support
values obtained with 100 bootstrap replicate
on the concatenated dataset with PhyML
(WAG+F+I' model), and numbers below (in
bold) represent bootstrap values based on
10,000 RELL replicates of the sML analysis
(see Experimental Procedures for details)
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Cyanophora paradoxa Genome
Elucidates Origin of Photosynthesis
in Algae and Plants

Dana C. Price,’ ChmrF Xin Chan, Hwan Su Yoon,>* Eun Chan Yang,” Huan Qiu,’
Andreas P. M. Weber,* Rainer Schwacke,® Jeferson Gross,* Nicolas A. Blouin,® Chris Lane,®
Adriin Reyes-Prieto,” Dion G. Durnford,® Jonathan A. D. Neilson,® B. Franz Lang,”
Gertraud Burger,’ Jiirgen M. Steiner,'® Wolfgang Laffelhardt,"* Jonathan E. Meuser,'
Matthew C. Posewitz,®® Steven Ball,'* Maria Cecilia Arias,’® Bernard Henrissat,1®

Pedro M. Coutinho,* Stefan A. Rensing,'®""*® Aikaterini Symeonidi,***’

Harshavardhan Doddapaneni,’® Beverley R. Green,®® Veeran D. Rajah,*

Jeffrey Boore, %22 Debashish Bhattacharyat

The primary endosymbiotic origin of the plastid in eukaryotes more than 1 billion years ago led to the
evolution of algae and plants. We analyzed draft genome and transcriptome data from the basally
diverging alga Cyanophora paradoxa and provide evidence for a single origin of the primary plastid in the
eukaryote supergroup Plantae. C paradoxa retains ancestral features of starch biosynthesis, fermentation,
and plastid protein translocation common to plants and algae but lacks typical eukaryotic light-harvesting
complex proteins. Traces of an ancient link to parasites such as Chlamydiae were found in the genomes
of C. paradoxa and other Plantae. Apparently, Chlamydio-like bacteria donated genes that allow export
of photosynthate from the plastid and its polymerization into storage polysaccharide in the cytosol.

reinhardti (20, 21). Phylogenomic analysis of
the predicted C. paradoexa proteins showed 274
to be of cyanobacterial provenance (22). This
constiiutes ~6% of protems in the glancophyte
that have significant BLASTp hits (ie., 274 out of
4628), as found in other algae (20, 27). BLASTp
analysis identified 2029 proteins that are puta-
tively destined for the plastid, of which 293 con-
tain the transit sequence for plastid import [identified
by the presence of phenylalanine (F) within the
first four amino acids: ME, MAF, MNAF, MSAF,
and MAAF] (23, 24) (fig. 54B). Of these 293
proteins, 80% are derived from Cyanobacteria.
Another source of foreign genes in Plantae
is horizontal gene transfer (HGT), which is not
associated with endosymbiosis. Using 35,126
bacterial sequences as a query, we found 444
noncyanobacterial gene families with a common
origm shared amongst Bacteria and Plantae. Among
them, |5 genes are present in all three Plantae
phyla. An example of a gene derived from Bacte-
ria after an ancient HGT event that is shared by

*Department of Ecolagy, Evelution, 2nd Matural Resources and
Irstitute of Marine and Coastal Sciences, Futgers Liniversity,

ciencemag.org on February 21, 2012
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