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O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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O cloroplasto: estrutura e tipos de reaccoes bioquimicas

Stroma
lamellae
(site of PSI)

Intermembrane space

QOuter

Thylakoid
envelope

AT

srana lamellae
stack of
thylakoids and
;ite of PSII)

"‘_lll—n__-u— L~

Stroma
lamella

envelope (stack of thylakoids)



O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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http://en.wikipedia.org/wiki/Image:Chloroplasten.jpg
http://upload.wikimedia.org/wikipedia/commons/1/11/Chloroplast-new.jpg

O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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A luz e os pigmentos fotossintéeticos
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A luz e os pigmentos fotossintéticos
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Figura 3 - Espectro de absorgiio das clorofilas (a + b) e dos carotendides.



A luz e os pigmentos fotossintéticos

Chlorophyll a
Chlorophyll b

—Carotenoids

Absorption of light by
chloroplast pigments

/
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(a) Absorption spectra

Rate of photo-
synthesis (measured
by O, release)

(b) Action spectrum

Aerobic bacteris
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(c) Engelmann’s experiment

cH; in chlorophyll a
cHo in chlorophyll b

Porphyrin ring:
light-absorbing
“head” of molecule;
note magnesium
atom at center

> Hydrocarbon tail:

interacts with hydrophobic
regions of proteins inside
thylakoid membranes of
chloroplasts; H atoms not
shown
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(C) Bilin pigments
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Figura 6 — Estrutura molecular de pigmentos folossintéticos (Taiz & Zeiger, 1998)
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A luz e os pigmentos fotossintéticos
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A luz e os pigmentos fotossinteticos

Neste processo, a molécula de clorofila reemite um
Fluorescéncia fotdo de Iluz e retorna para o seu estado

fundamental.

Ocorre perda de energia na forma de calor e o

comprimento de onda fluorescente é sempre maior

do que o da luz absorvida.

A molécula pode converter a
energia na forma de calor,
sem nenhuma emissao de
fotoes.

A molécula excitada

transfere sua energia para
Transferéncia de energia outra molécula por

ressondncia induzida.




A luz e os pigmentos fotossinteticos

Reacc¢ao Fotoquimica A energia do estado excitado é usada para
impulsionar uma transferéncia de electroes.




A luz e os pigmentos fotossintéticos
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A luz e os pigmentos fotossintéticos
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O cloroplasto: estrutura e tipos de reaccoes bioquimicas

Conceito de fotossistema, fotossistema | e fotossistema ||
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O cloroplasto: estrutura e tipos de reaccoes bioquimicas
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F H O T © N &

~ ANTEHNA FIGMENTS
{300 CHLORDPHYLL MOLECULES
AND CTHER PIGMENTS)

;
:
:
3
¥

REACTION CENTER
DOMOR — ACCEFTOR

ok
—+ transporte de elétrens .



Fosforilacao
Transporte de electrdes ciclico e nao ciclico
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Fosforilacao

Transporte de electrdes ciclico e nao ciclico

Cyclic efectran flow
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O metabolismo do carbono

O ciclo redutor dos fosfatos de pentose (ciclo de Calvin): activacao e regulacao do ciclo

Light reactions Calvin cycle

Light

Amino acids
Chiloroplast Fatty acids

Light reactions: Calvin cycle reactions:

= Are carried out by molecules in the = Take place in the stroma
thylakoid membranes - Use ATP and NADPH to \

= Convert light energy to the chemical conwvert CO, to the ~ -
energy of ATP and NADPH sugar G3P - SUN
= Split H,O and release O, to the = Return ADP, inorganic /
atmosphere phosphate, and NADP*+
to the light reactions ENERGY

CLORDOPLAST
C02 SUGAR
+ +
WATER OXYGEN



O metabolismo do carbono

A assimilacao fotossintética do didéxido de carbono

Sucrose &
NADPH + ATP NADP* + ADP + P, Starch
Phosphoglycerate mﬁm

Caamornmion > Cregnerton >

Rubisco
cn;-—J ‘lf
Ribulose 1,5- Ribulose 5-
bisphosphate T ‘T monophosphate

ADP + P, ATP




Melvin Calvin recewed the 1961

P+P
Nobel Prize in Chemistr '
ATP + NADPH Y NaDP*

Phosphoglyceric Triose
acid REDUCTION phosphate

&
T PH OSPH OBRYLATION

CARBOXYLATION
REGENERATION

Ribulose 1 ,5- Ribulose 5-
bisphosphate monophosphate

ADP + P, ATP




O metabolismo do carbono

A assimilacao fotossintetica do dioxido de carbono

6CO,
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& ribulose bisphosphate

(RuBP) 12 phosphoglycerate
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Calvin 12 ATP
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{HPI inthe stroma 12ADF
of chloroplasts)
12 NADPH
10 molecules +
of Gp 12 NADP
12 glyceraldehyde -3- 12 Pi
ph-mipha!u {G3P) @
2 molecules
of GaP
k*- glucose and other

carbohydrates




O metabolismo do carbono

A assimilacao fotossintetica do dioxido de carbono

Ciclo de Calvin-Benson
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3 = Regeneracao




High CO, /Low Q Low CQ, High Q
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A fotorespiracao — funcao e importancia

Chioroplast

! the chloroplasts,
RuBP reacts with O,.
Glyeolate is formed.

] Glycolate diffuses into a peroxisome,
where it is converted to glycine.

e e

Peroxisome T T

Mitochondrion

serine In the mitochondria
ard CO, is released.
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As plantas C3, as plantas C4 e as plantas CAM
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As plantas C3, as plantas C4 e as plantas CAM

: parenchyma
i~ TVascular bundle

Cy leaf



As plantas C3, as plantas C4 e as plantas CAM

Upper
epidermis

Upper
epidermis

Palisade

Mesophyll

mesophyll cell
. cell
Vein ; i-—'u'ein

Bundle

sheath cell Bundle
Spongy sheath cell
mesophyll cell
Lower Lower
epidermis epidermis




As plantas C3, as plantas C4 e as plantas CAM

Mesophyll cell co,
Photosynthetic AN L
cells of C, plant < Bundle- A
leaf sheath Al e~

cell s | | AIR

Vein
(vascular tissue) {

C4 leaf anatomy

Sugar

Vascular
tissue

The C, pathway
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As plantas C3, as plantas C4 e as plantas CAM

/ Células do meséfilo

Acido oxalacético " Aspartato
- N

coO,—— T PEP carboxilase Malato
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A regulacao fotossintética das plantas C4 e plantas CAM
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The relationship of photosynthetic rate
to leaf temperature in two desert ephemerals

o~ ¢, PI
4 Plant
k"

60

Photosynthetic
rate (mmol
CO, m-1s-1)

20
Fig. 6.9, p. 63c,

handbook

Cs Plant

20 30 40
Leaf temperature (°C)




O significado ecoldgico das plantas CAM.
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PEP carboxilase

PEP = AOA
f I
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NIGHT: Stomates are open

Phospho-en DI"
HCGE: pyrurate

_ (E=3) e
(T /7 ¥acuole T~
R Malate

DAY:Stomates are closed

| |
"‘\__E FCI e__,.-'"' 4

sugar
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Malate Fig. 6.6, p. 63,
=8 handbook
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CO, fixation and
transpiration rates
of the CAM plant

Agave americana.

CO9 flux (mg
COs/dm2/hr)
influx

Fig. 6.7, p. 63a, handbook® Timf(hr)




Pineapple

C, CAM
._.-"f'.?"“:‘:bt [:I:I.:
Mesophyll © CO, incorporated Night
cell Organic acid into four-carbon  Organic acid
organic acids

{carbon fixation)

FPEP carboxylase
Bundla- CO CO Day

sheath

,--"‘ ,.--"‘
call ) €) Organic acids @
release CO, to
Calvin cycle

RuBF carboxylase

{a) Spatial separation of steps {b} Temporal separation of steps
Cagerghil 1O P rmss Edhidalen, e | pailseifirsg mi Bargienm CurmiTaram



As plantas C3, as plantas C4 e as plantas CAM

bundle sheath cell

sugar sugar sugar




As plantas C3, as plantas C4 e as plantas CAM

C; (soja) Cy4 (milho, cana) CAM (abacaxi)
Anatomia Células esponjosas e Mesofilo e células da C¢lulas com grande
palicadicas bainha do feixe vactolos
vascular
Taxa de crescimento 1 4 0,02
(z.dm? dia™)
Estomatos Abertos durante 0 Abertos durante o diae  Fechados durante o dia
dia e fechados a fechados anoite e abertos anoite
noite
Eficiéncia do uso da agua 1-3 2-5 10-40
(g COrkg™ HO)
Taxa fotossintética ctima 30 60 3
(mg CO.dm™h")
Temperatura otima 20-30°C 30-45°C 30-45°C
Ponto de compensacdo 50 ppm S ppm 2 ppm (no escuro)
de CO,
Fotorrespiragio Alta Baixa Baixa

Enzima-chave

da carboxilacdo

Rubisco (apenas)

PEPcase, Rubisco

PEPcase, Rubisco

" Concentraciio de CO, onde ndo ha fotossintese liquida.



CARACTERISTICA

PLANTAS C3

PLANTAS C4

PLANTAS CAM

Anatomia foliar

Celulas do parénguima

palicadico e lacuncso

com cloroglastos com
grana

Anatomia de “"Kranz®,
com células
mesofilicas com
cloroplastos com
grana e celulas da
kainha do feixe
vazcular, com
cloroplastos =em
grana

Usualmente s2m
célulag paligadicas,
vacuolog grandes
nas células do
mesofilo

Enzimas carboxilativas

RUBISCO em todas as
celulas fotossintéticas

Separagdo espacial:
PEP-carboxilazse nas
celulas meszofilicas;
RUBISCO nas células
da bainha vascular

Separagdo temporal;
FEP-carboxilase a
noite {escuro);
RUBISCO durantz o
dia (luz)

Reqguerimento energético

CO2: : NADPH 1:3:2 1:5:2 1: 2
Razdo de transpiragao (g 450 - 950 250 - 350 50 -55
H20/g MS.)
Razdo clorofila a/b 28x04 3908 2oa3l
Requerimento de Ma Mao Sim -2 necessario para a Desconhecido
anirada de prruvato na
calula do mesofilo cnde ale
r2genera o
fosfoenolpiruvans (PEFR),
que @ subsirato da enzima
PEPCase.
Ponto de compensagio 30-70 0 -10 0 -5 (no escuro)
de CO2 (p LIJL)
Inibigio da fotossintese Sim Méo Sim
na presenca de 02 (21%)
Fotorrespiragio Sim Mao detectave Muito baixa
Temperatura otima para 15-25°C 30 -402C 35 °C
fotossintese
Produgdo de matéria 2203 /1T Dificil detectar
seca (toneladas/halano)
Redistribuigo de lenta rapida variavel

fotoassimilados




Table 6.5, p. 63b, handbook
Table : Comparison of C-3, C-4 and CAM Plants

C-3 o CAM
Soybean Maize Pineapple

mesophyll cells with
and bundle large
sheath cells vacuoles

spongy and

Anatormy palisade cells

Growth rates
(gdm= day") 98

open in day opeh in day closed in day

Stomates closed at night closed at night open at night

_ fov




Table 6.5, p. 63b, handbook
Table: Comparison of C-3, C-4 and CAM Plants

(continued)

Water use
efficiency
gCO, kg' H,O

Max
photosynthetic
rate (£ 5range)

Optimum
temperature

E=5
Soybean

1-3

30
mgCO,dm2hr-

C-4
Maize

2-5

60
mgCO,dm2hr-

CAM
Pineapple

10 - 40

3
mgCO,dmhr-

ooy




Table 6.5,p. 63b, handbook
Table: Comparison of C-3, C-4 and CAM Plants

(continued)

Cid C-4 CAM
Soybean Maize Pineapple

Compensation point:

CO, conc. when 2 ppm

there is no net S (in dark)
photosynthesis

Photorespiration High Low Low

Key : :
carboxylating RUBISCO PEP’Case PEP’Case

enzyme only RUBISCO RUBISCO

oY




