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The Telomere-to-Telomere (T2T) 
Consortium has completed a challenging
8% of the human genome left unresolved
by the initial Human Genome Project. 
In this data visualization, each
chromosome begins at bottom right and
wraps around, with chromosomes X and 1 
through 22 arranged from the outside in 
(chromosome Y is not shown). The newly
completed regions are highlighted in red.

In August 2018, the International Wheat Genome
Sequencing Consortium (IWGSC) published the first
fully annotated reference genome of bread wheat in 
the journal Science. This work will pave the way for 
the production of wheat varieties better adapted to 
climate challenges, with higher yields, enhanced
nutritional quality and improved sustainability.

https://www.facebook.com/events/1173452423465569
https://ciencias.ulisboa.pt/pt/tags/hortafcul
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Perceber onde e como ocorre a utilização da energia da luz pela fotossíntese:

ü Continuação da análise de experiências fundamentais  para compreender a fotossíntese e 

o método científico

ü Reacções fotoquímicas da fotossíntese: libertação de O2

Objectivos



Na última aula vimos que:
Fotossíntese ocorre em fotossistemas que contêm complexos de antena e centros de reacção fotoquímicos

1 molécula Chl absorve alguns fotões/segundo...
As reacções fotoquímicas da fotossíntese demoram muito menos... 
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Transferência de energia 
no complexo de antena é 
um fenómeno físico.

Transferência de energia no 
centro de reacção envolve 
separação de cargas



Estrutura do complexo de antena de captação de luz do fotossistema II (LHCII) de plantas superiores: 
proteínas e pigmentos 

Uma proteína LHCII:
• contem 3 regiões a-helicoidais .

• liga-se a várias moléculas de 
clorofila a e b e de carotenoides.

Estrutura das proteínas LHCI e 
LHCII semelhantes.
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Utilização da energia da luz nos fotossistemas (complexos de antena e centros de reacção) 

Há perda de energia de cada quantum, mas aprox. todos os quanta chegam aos CR.

Rendimento Energético << Rendimento Quântico
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Dois fotossistemas funcionam em série (Emerson, séc XX fim dos anos 50):

1- “Queda do vermelho longínquo”, luz de comprimento de onda > 680 nm muito menos eficiente
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Rendimento quântico  ~  constante
Cerca de 9 a 10 fotões/ O2
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Dois fotossistemas funcionam em série (Emerson, séc XX fim dos anos 50):

2 -“Efeito de aumento”
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Cadeia fotossintética de transporte de electrões



Cadeia fotossintética de transporte de electrões «

Dador primário de e- do PSII? E do PSI?
Dador final de e- da cadeia fotossintética?

Aceitador primário de e- para o PSII? E para o PSI?
Aceitador final de e- da cadeia fotossintética?
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Transporte de electrões e protões na membrana dos tilacoides, transporte linear e cíclico de electrões
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Resumindo a transformação de energia na fotossíntese …
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Estrutura dos constituintes da cadeia transportadora de e- e H+ e sua localização nos tilacoides

Onde se localizam os principais constituintes da 

cadeia transportadora de e- e H+ na fotossíntese?

Os principais constituintes da cadeia transportadora 

de e- existem em idêntica proporção?
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Qual a razão da separação espacial do PSI e PSII?

Será necessário um igual nº de PSI e PSII?

ü Melhora a  eficiência na distribuição de energia entre os dois fotossistemas

ü Organismos fotossintéticos têm diferente nº de PSI e de PSII

ü As plantas e outros organismos fotossintéticos eucarióticos têm mais PSII

ü Cianobactérias têm mais PSI

ü Bactérias fotossintéticas anoxigénicas têm um só fotossistema, semelhante ao PSI ou ao PSII

ü O nº de PSI e PSII varia entre as plantas 

ü O nº de PSI e PSII pode variar numa mesma planta, num ajusta a diferentes condições de luz, 

e podem rapidamente redistribuir-se em resposta a rápidas flutuações de luz e temperatura
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Bibliografia indicada e outras publicações que também podem interessar  

Plant Physiology And Development (2015) Taiz
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TRIBUTE
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The reaction center concept

The concept of photosynthetic reaction centers originated

as one of the proposed interpretations of the legendary

experiments by Emerson and Arnold 1932 (Myers 1994),
which showed that the illumination of Chlorellacells by

short saturating flashes reduced only one CO2 molecule per

2,500 chlorophyll. Gaffron and Wohl (1936; Wohl 1937)
suggested that the excited state might be transferred over

many chlorophylls until it is finally trapped at a special

place where the chemical reaction is initiated, and that the
number of such reaction centers limits the flash yield of

CO2 assimilation. They were right, but at that time it was

not yet possible to verify such speculations. Moreover,
Franck and Livingston (1949) ‘‘proved’’ that the transfer of

electronic excitations could occur over maximally 100

chlorophylls, and for that reason other interpretations of the
Emerson and Arnold experiments, attributing photochem-

ical activity to all chlorophylls, remained popular.

It was the Doctoral thesis of Louis N.M. Duysens in 1952
that established the basics of photosynthetic ‘‘light-harvest-

ing’’ and the existence of reaction centers that function as

efficient traps for the electronic excitation. Duysens hap-
pened to be in the right place at the right moment, and soon

proved to be very much the right man at that place and that

moment. According to his own account (Duysens 1989a, b),
after studying physics and mathematics at the university of

Utrecht, he was offered a position as a research assistant at

the Biophysical Research Group, if he would do a PhD
research project on Planck’s constant. He insisted on work-

ing full time on a subject in photosynthesis, however, and

became the first physicist in that group to do so. In the choice
of subject, he wisely ignored the proposal by Wassink to

study fluorescence induction kinetics and instead chose

excitation transfer, being the most physical topic, the least
likely to get lost in biological complexities. Clearly, Duysens

was not taking advice from his superiors and followed his

own line of thought from the start.
Duysens was very much inspired by the first theoretical

formulation of the process of electronic excitation transfer

by Förster (1947, 1948). Förster showed that two pigment
molecules at sufficiently short distance and with the right

orientation could exchange an electronic excitation at a rate

that depended on four parameters: the inverse 6th power of
the donor acceptor distance R, R-6; the radiative rate of the

energy donor kD
R ; a factor determined by the relative ori-

entation of donor and acceptor j2 en the overlap between

the donor emission FD ~mð Þ ; and acceptor absorption eA ~mð Þ:

WDA ¼ 8:8 $ 1017 $ k
D
R

n4
$ j

2

R6

Z
eA ~mð ÞFD ~mð Þ

~m4
d~m ð1Þ

In Eq. 1 ~m is the frequency in cm-1.
The power of the Förster equation is that it contains

mainly the experimentally accessible parameters. Absorp-
tion and emission spectra were measured and the distance

between neighboring chlorophylls was estimated from the

chlorophyll concentration. The orientation parameter was
typically taken as j2 = 2/3, the average value for a random

distribution of donors and acceptors. Note that, the equa-

tion for the rate of energy transfer as given by Förster holds
for the truly incoherent case, in which the excitation is
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Composition, phosphorylation and dynamic
organization of photosynthetic protein complexes
in plant thylakoid membrane

Marjaana Rantala, † Sanna Rantala † and Eva-Mari Aro *

The photosystems (PS), catalyzing the photosynthetic reactions of higher plants, are unevenly distributed

in the thylakoid membrane: PSII, together with its light harvesting complex (LHC)II, is enriched in the

appressed grana stacks, while PSI–LHCI resides in the non-appressed stroma thylakoids, which wind

around the grana stacks. The two photosystems interact in a third membrane domain, the grana margins,

which connect the grana and stroma thylakoids and allow the loosely bound LHCII to serve as an

additional antenna for PSI. The light harvesting is balanced by reversible phosphorylation of LHCII pro-

teins. Nevertheless, light energy also damages PSII and the repair process is regulated by reversible phos-

phorylation of PSII core proteins. Here, we discuss the detailed composition and organization of PSII–

LHCII and PSI–LHCI (super)complexes in the thylakoid membrane of angiosperm chloroplasts and

address the role of thylakoid protein phosphorylation in dynamics of the entire protein complex network

of the photosynthetic membrane. Finally, we scrutinize the phosphorylation-dependent dynamics of the

protein complexes in context of thylakoid ultrastructure and present a model on the reorganization of the

entire thylakoid network in response to changes in thylakoid protein phosphorylation.

Introduction
The chloroplast enclosed thylakoid system of photosynthetic
organisms is a unique membrane network that hosts the energy
conversion machinery responsible for producing the chemical
energy that fuels life on Earth. The photosynthetic machinery,
composed of photosystem (PS) II, cytochrome (Cyt) b6f, PSI and
ATP synthase mediates the first phase of photosynthesis, the light
reactions. In the linear electron transfer chain, the two photosys-
tems are interconnected by the Cyt b6f complex and the two
mobile electron carriers, plastoquinone in the lipid bilayer and
plastocyanin in the thylakoid lumen (Fig. 1). The energy of solar
irradiance is first captured by PS-bound light harvesting com-
plexes (LHC) and then converted and stabilized as chemical
energy by electron and proton transfer reactions mediated by the
main thylakoid protein complexes. The light energy is stored in
NADPH and ATP molecules, which are used in subsequent
energy-demanding reactions such as carbon assimilation.

Photosynthetic energy conversion requires highly co-
ordinated interplay between individual thylakoid protein com-

plexes and therefore depends on the molecular architecture of
the photosynthetic machinery. While the basic electron and
proton transport reactions as well as the involved enzyme com-
plexes have, in principle, remained fundamentally similar in
all oxygenic photosynthetic organisms throughout the evol-
ution, the arrangement of the photosynthetic machinery and
the organization of the thylakoid membrane varies radically
between different organisms. A unique landmark of plant thy-
lakoid membrane is the formation of appressed membrane
discs and the uneven lateral distribution of the photosynthetic
protein complexes along the membrane plane. This membrane
system is capable of adjusting its function upon the most
subtle changes in environmental conditions by making use of
a multitude of regulatory processes. Reversible protein phos-
phorylation, i.e. the addition of negatively charged phosphate
group (P) from ATP to a sidechain of certain amino acids, is
among the most important post-translational modifications
of proteins in all eukaryotic cells. In plant thylakoid mem-
brane, the protein phosphorylation regulates the energy con-
version reactions and the repair of damaged photosynthetic
machinery through remodeling the protein complex arrange-
ment and thylakoid ultrastructure. Here, we provide an over-
view of the composition and protein phosphorylation-depen-
dent dynamic organization of the photosynthetic machinery in
angiosperms.†These authors contributed equally to this work.
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