1Ly
H.
1

2013-2014

Ricardo Boavida Ferreira

Aulas T-24, T-25 e T-26

Cap. Il - METABOLISMO DO CARBONO

Respiracédo nas plantas
Aula T-24
FuncOes basicas da respiracao. Revisdo sobre respiracao

celular. Substratos respiratorios: hidratos de carbono,
lipidos e proteinas. O ciclo do glioxilato.
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Actividade catalitica da Rubisco versus
acumulacao de biomassa

Reaccao de oxigenacgao Reaccao de carboxilacao
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What is meant by OXIDATION and REDUCTION?

These two concepts often give students a great deal of trouble.
Oxidation and reduction reactions (also known as REDOX reactions)
are always coupled in biological systems.

Put quite simply, oxidation reactions release energy.

De acordo com esta teoria, a molécula de agua libertaria energia
ao ser oxidada, ao contrario do que se verifica nas reacgoes
fotoquimicas da fotossintese!

Compounds that contain the greatest amount of stored chemical
energy are hydrocarbons such as fats and lipids. In biological
systems, oxidation typically involves:

- the loss of hydrogen atoms (equivalent to protons) from a
substrate;

- loss of hydrogen atoms are known as dehydrogenation reactions;
- electrons are typically lost together with hydrogen atoms;

- the addition of oxygen is also termed oxidation.

An "oxidized" molecule has given up energy. For example, the
energy carrier molecule NAD*, is an energy-deficient form of an
electron carrier as it has given up a hydrogen and two electrons.



Reduction reactions harness chemical energy

Reduction involves:

- the gain of electrons and hydrogen atoms by a substrate. This is
what confuses people; how can a gain of something be termed
"reduction?" The answer is that:

the loss of oxygen is also termed reduction;

- a "reduced" molecule is energy rich. For example, NAD* picks up
2 energetic electrons and a hydrogen atom.

These reactions are always coupled since the electrons lost from
an oxidized molecule have to be transferred to another molecule.
A source of electrons, or electron donor, is referred to as a
reducing agent, while the electron acceptor is the oxidizing agent
as it oxidizes some other molecule and becomes reduced in so
doing.

De acordo com esta teoria, a molécula de agua, resultante da
redugdo do oxigénio, deveria ser rica em energia!



Photosynthesis vs Respiration
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Trés funcoes basicas da
respiracao:

- Amzenamente temporario de uma fonte
de energia susceptivel de ser utilizada pelo
metabolismo celular, tipicamente ATP;

- Amzenamente temporario de uma fonte
de potencial redutor (i.e. eletrées),
tipicamente NADH e/ou NADPH,;

- Producao de esqueletos carbonados,
absolutamente essenciais ao metabolismo
celular.
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Dark reaction in stroma compartment

(The dark reaction depends on
light)

In the dark, plants actually use
the pentose phosphate
pathway, glycolysis, Krebs
cycle, and oxidative
phosphorylation for ATP and
NADPH synthesis. These
pathways are also used during
the day for energy production.
Most of the ATP and NADPH
in chloroplasts is used for
carbon fixation, not for general
use in the rest of the cell.
energy is exported as
carbohydrates into the
cytoplasm or stored as starch
in the stroma.

Light

Photosynthetic
electron transfer

CO9 assimilation

COg Q&:le P,

Glyceraldehyde 3-phosphate

>. Calvin Cycle

Fig20-34. Cox. Lehninger
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Vias Oxidativas:
Respiracao
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Organisms may be organized into groups based upon t heir
nutritional and metabolic needs which are extremely diverse.
Traditionally, these groupings have been based on t wo main
criteria:

- The nature of the energy source;

- The nature of the carbon source used for building organic,
biological macromolecules.

» Carbon source: CO,
» Energy source: light
Photoauitotrophs « Examples: cyanobacteria, green and purple sulfur
bacteria, algae, plants
» Carbon source: CO,
» Energy source: oxidize inorganic compounds
Chemoautotr ophs which are used to fix CO,,

P » Examples: nitrifying, hydrogen, sulfur and iron-
utilizing bacteria; Archaea which live among
hydrothermal ocean vents
 Carbon source: from organic compounds made

Photoheter otrophs 2] CALET organls.m_s
» Energy source: light
» Examples: green and purple nonsulfur bacteria
 Carbon source: from organic compounds made
by other organisms

Chemoheterotrophs » Energy source: from oxidation of organic
compounds
» Examples. most bacteria, protozoa, all fungi and
animals




ATP

Ha trés processos de produzir ATP na natureza:

- Fosforilacdo a nivel do substrato (glicélise e ciclo do
acido citrico);

- Fosforilacao oxidativa (cadeia mitocondrial de
transporte de electrées);

- Fotofosforilacéo (cadeia de transporte de electrbes
do cloroplasto).



ATP yield during respiration

Total ATP molecules from respiration of
one molecule sucrose = 60

About 52% of energy is released from one
sucrose molecule by oxidation

Only about 4% from the fermentation
process



Potencial redutor

NADH:

E produzido durante a respiracdo (glicolise,
oxidacao 3 dos acidos gordos, ciclo do acido citrico
e ciclo do glioxilato);

E oxidado na cadeia mitocondrial de transporte de
electroes, com formacao de ATP (fosforilacéo
oxidativa).

NADPH:

E produzido pela via dos fosfatos de pentose e pela
cadeia de transporte de electrbes do cloroplasto;

E consumido pelas reaccbes biossintéticas ou
oxidado pelos mitocondrios vegetais.



Esqueletos carbonados
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As ce lulas utilizam trés tipos principais
de substratos respiratorios:

- Hidratos de carbono
- Lipidos

- Proteinas
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Respiracao de

Hidratos de Carbono



Glicdlise

i ATP
: @
i ADP

Glucose-6-fosfato (GGP)

Fase @

de
y
consumo Frutose-6-fosfato (F6P)

de 6 ATP
energia
N, ADP
\
Frutose-1,6-bisfosfato (F1,6BP)
| Di-hidroxiacetona-fosfato (DHAP) «——=— 2 Gliceraldeido-3-fosfato (G3P)
|~ 2 NAD" +2 Pi

1

N, 2 NADH+2H"
2 Acido 1,3-bisfosfoglicérico (BPG)
6 2 ADP
52 ATP

2 Acido 3-f05fo:glicérico (BPG)

Fase

de

e

produgao
de

energia

2 Acido fosfoenolpirivico (PEP)
2 ADP

. \ _
2 Acido 2-fosfoglicérico (2PG)

2H,0

2 ATP

Acido pirtavico
.-"‘..4. “""-_
. ."-.

.
. -

& o g Wi A
r
Ciclo do 4cido  Fermentagio  Fermentagio

citrico lactica alcodlica

LEsquema geral da glicéliseJ

1- Hexocrnmaar QEC Z.?-.a‘l-'ll)

2- F [ Ao AL AGAL Oan corne — 6 -
0"#’?@““" Coraaat w ﬁ,ﬂﬁ;&mm 1 Q’:"C_ 2.3.1. 44)

4 ~ Fmﬁ/f:-— La‘nfn,faﬁ cHdoLare onr aldskone (ET 4,4, 2. AZ_)
Ca Taroae — Kwt?o.‘b‘a i72e Amml A Coag (Ec_ 5.2, 4.4)

6 - Clicenaldaidho - 3 - fip foko Ataichresamane (ECT 1.2.4.42)

F - Fofoalicandds maae (EC 2.3.2.3) '

8~ anﬂ enots ~mad o (E'C S.C.,Z.a)

Q- ErmoRaas (€ 4.2.4. 1)

lo - Prrsmvets CAmovag (EC z-}.d,ttl_))

Prommenane(ET 5.3.4,9)



E‘,Mq%am ?eolaa.k A ?L w’,&‘m

—» 2 desdo ]:-‘A..iw;co + 2 ATP + 2 NADH + ;_H+ + 2H,0

l?qMat‘./&o ?ﬁo{ct—ﬁ Ao crcho o a{c.nal.o el co
ConntPancdo tornn a ose via de ox-'o(q?g.o G{A;Lf‘q de }:‘MV:J(:

Piramveks + 4 /vad™ + FAD + ADP + P: + 2H,0 —»

—> 3Co, + 4wADH + 4 HT + FADH, + ATP



Via dos fosfatos de pentose
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Ciclo do acido citrico

Hidratos de carbono Proteinas Lipidos
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Glucose Fatty acids
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Malate CO 2 NH 3
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F1G. 1. Anaplerosis and cataplerosis in the TCA cycle. The TCA
cycle is presented with the major anaplerotic and cataplerotic reactions
illustrated. These include the net entry of amino acids into the cycle and
the generation of oxaloacetate from pyruvate via pyruvate carboxylase.
The cataplerotic reactions in the figure illustrate the linkage of this
process to both gluconeogenesis and lipogenesis.

TABLE I
Metabolic fates of amino acids in the TCA cycle

Pyruvate can enter the TCA cycle after being carboxylated to oxalo-
acetate via pyruvate carboxylase (anaplerosis). Malate synthesized
from the oxaloacetate exits the TCA cycle for gluconeogenesis. Pyruvate
may also be decarboxylated to acetyl-CoA by pyruvate dehydrogenase
complex and the acetyl-CoA then fully oxidized to CO, in the TCA cycle.

1. Amino acids converted to pyruvate
Alanine, serine, glycine, threonine, cysteine, tryptophan
2. Amino acids converted to oxaloacetate
Aspartate, asparagine
3. Amino acids converted to a-ketoglutarate
Glutamate, glutamine, proline, histidine, arginine
4. Amino acids converted to fumarate
Phenylalanine, tyrosine
. Amino acids converted to succinyl-CoA
Methionine, isoleucine, valine
6. Amino acids converted to acetyl-CoA
Leucine, isoleucine, lysine, phenylalanine, tyrosine,
tryptophan, threonine

ot

OE Owen, SC Kalhan, RW Hanson (2002) The Key Role of Anaplerosis and Cataplerosis for Citric
Acid Cycle Function. The Journal of Biological Chemistry, 277, 30409-30412.






Respiracao de

Proteinas
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Respiracao de

Lipidos



Catabolismo dos lipidos
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Oxidacao B dos acidos gordos
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REPRESENTACAO ESQUEMATICA DA CONVERSAO
Dos LIPIDOS A SACAROSE DURANTE A
GERMINAGAO DAS SEMENTES RLEAGINOSA'S .
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Ciclo do glioxilato
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Breakdown of stored lipids

This occurs in germinating seeds

Plants can convert stored lipids
to hexoses for transport

Fatty acids » hexoses —
sucrose

Sucrose is transported to the
growing tissues



Breakdown of stored lipids

Fatty acids are broken down to
acetyl CoA via beta oxidation

Occurs in the glyoxysome

Acetyl CoA is then converted to
succinate via the glyoxylate cycle
also in the glyoxysome

Succinate is converted to PEP in
the mitochondria and cytoplasm

PEP is converted to sugar via
gluconeogenesis
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In Humans: No Gluconeodgenesis from Acetyl-CoA !!
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Eukaryotic Glyoxylate Cycle (Plants, Fungi)
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Unique Reactions of Glyoxylate Cycle

A. Isocitrate Lyase

Isocitrate = Succinate + Glyoxylate HOOC-CHO

B. Malate Synthase

Glyoxylate + Acetyl-CoA + H,O => Malate + CoA-SH



TCA Cycle versus Glyoxylate Cycle
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Algumas guestodes:

1 - Considere uma plantula de abdbora pouco tempo apds a germinacédo de uma

semente. ApOs terem sido gastos 0S poucos , 0S
cotilédones ficam apenas com como substratos respiratorios.
O catabolismo destes na : e

produz grande quantidade de e de

, mas nao permite a jovem plantula obter os
de que necessita para crescer. Embora com
perda de eficiéncia energética, ela € obrigada a converter os acidos gordos em

: por meio da :

e . Os hidratos de carbono

assim formados podem entdo ser usados pela plantula para producdo de
, de e dos que

necessita para crescer.

2 - Considere trés processos metabdlicos importantes das plantas: fotossintese,
respiracéo e fotorrespiracao.

a) Indique quais funcionam apenas de dia, apenas de noite e de noite e dia.

b) A acumulacdo de matéria seca por uma planta depende do balanco relativo
entre estes trés processos. Indique, justificando, se a acumulagcao de
matéria seca aumenta, diminui ou se mantém para uma planta de
trigo incubada nas condi¢des seguintes:

(i) — Um dia normal de Primavera (20 °C);
(i) — Durante a noite (15 °C);
(iif) — A meio de um dia de Verao (35 °C).

3 — Considere o ciclo do glioxilato durante a germinacé&o das sementes ricas em
lipidos.

a) Identifique trés plantas em que este ciclo ocorre;

b) Qual a principal diferenca entre este ciclo e o ciclo do &cido citrico?

c) Porque razdo estas sementes em germinagcao recorrem a este ciclo, se
poderiam seguir, de um modo energeticamente mais eficiente, a via universal de
degradacao dos acidos gordos?

d) O fornecimento, as escuras, de sacarose marcada com carbono radioactivo
(*4C) a plantulas mutantes de Arabidopsis thaliana que néo expressam a enzima
isocitrato liase, permitiu observar que, tanto a sacarose fornecida
exogenamente, como os acidos gordos presentes nos lipidos de reserva sao
mobilizados. Como explica esta observacdo? Onde espera encontrar o 4C
depois da metabolizacédo da sacarose radioactiva?



4 - Considere o0s seguintes compostos envolvidos na respiracdao durante a
germinacao de uma semente de feijao:
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a) Indique os trés elementos principais que as plantas obtém com a respiracéo;

b) Quais os trés tipos principais de substratos respiratorios?

c) H& alguma relacdo entre o estado de reducdo de um composto e 0 seu
conteudo em energia? Em caso afirmativo, indique qual?

d) Identifique cada um destes compostos;

e) Coloque-os pela ordem sequencial em que aparecem na respiracao;

f) Ha uma fase, entre dois destes compostos, que fornece energia e potencial
redutor a célula e que assume grande importancia fisiologica
quando a plantula de feijao é passada de um solo normal para um
terreno alagado. Explique porqué?

g) Indique o papel desempenhado por cada um na respiracao.



5 - Considere a respiracéo e a fotossintese.
a) Indique as 3 fungdes principais da respiracao.
b) Indique os 3 principais tipos de substratos respiratorios utilizados
pelas células na respiragao.
c) Porque razdo as sementes ricas em lipidos transformam estes
compostos em sacarose durante a germinagao?

6 - Considere o catabolismo dos lipidos durante a germinacédo de uma semente
de ricino.

a) Quais as principais vias metabdlicas envolvidas no catabolismo dos
triacilglicerois?

b) Explique porque razdo estas células, ao contrario das células animais,
conseguem crescer se |hes for fornecido acetato como Unica fonte de carbono.
c) Sendo a via universal de degradacdo dos lipidos (B-oxidacdo dos &cidos
gordos, ciclo de Krebs e cadeia mitocondrial de transporte de electrdes) muito
mais eficiente do ponto de vista energético, justifigue porque usam as
sementes de ricino outro processo.

7 - Identifiqgue uma semelhanca e uma diferenca fundamental entre cada um
dos seguintes conceitos:

a) A Rubisco e a PEP carboxilase.

b) O metabolismo C, e o metabolismo CAM.

c) A Rubisco do tipo | de plantas superiores e a Rubisco do tipo | de bactérias
fotossintéticas.

d) Peroxissomas e glioxissomas.
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