
Light and photosynthesisLight and photosynthesisLight and photosynthesisLight and photosynthesis

spectrum/photon types 

absorption spectra and emission spectra (fluorescence)

action spectrum = photosynthetically active region of the spectrum 

units of measurement 

Photosynthesis measurement

P/I curves

Light acclimation



•Photosynthetic Photosynthetic Photosynthetic Photosynthetic lipophyliclipophyliclipophyliclipophylic pigmentspigmentspigmentspigments

– chlorophyll a most common--in all cells using noncyclic phosphorylation

» 0.3 to 3.0% of dry weight 

» porphyrin ring with a magnesium atom in the center and lipid chain 
to anchor into thylakoids

– accessory pigments
» chlorophylls b (prochlorophytes, chlorophytes, euglenoids),

c (chromophytes, dinoflagellates), or d (Acaryochloris)

» carotenoids are lipids, soluble in nonpolar solvents 

carotenes (without oxygen) vs xanthophylls (with oxygen) 

over 60 known, most important:   

beta-carotene widespread 

fucoxanthin in brown chromophytes (heterokont algae)
peridinin in dinoflagellates



Photosynthetic hydrophylic pigments

Phycobiliproteins are hydrophilic proteins with an attached chromophore

found in cyanobacteria*, glaucophytes*, rhodophytes*, cryptophytes

* form phycobilisomes which are visible with EM 

allophycocyanin (APC) core -- transfers energy to reaction center absorbs 650 nm

stack of phycocyanin (PC) antenna molecules - blue, absorbs 610-630 nm 

stacks of phycoerythrin (PE) antenna molecules - red, absorbs (495) 565-585 nm

serve as light gathering pigments

can be cannibalized if amino acids needed (N-deprivation)

chromatic adaptation (some cyanobacteria)
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Photosynthetic structuresPhotosynthetic structuresPhotosynthetic structuresPhotosynthetic structures

• thylakoids and other photosynthetic membranes 

– contain the photosynthetic pigments and electron 

transport chains 

– usually not arranged in the grana of higher plants; 

instead there are single or bands of thylakoids, 

usually containing three to five thylakoids per band; 

sometimes an additional thylakoid (the girdle lamella) 

is found under the chloroplast envelope 
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Photosynthetic plastid structure

Green alga

Red alga



Carboxysomes and pyrenoids

Akaryochloris

Cyanophora

Chlorella

Melosira



Photosynthetic structuresPhotosynthetic structuresPhotosynthetic structuresPhotosynthetic structures

• thylakoids and other photosynthetic membranes 

–usually not arranged in the grana of higher plants , only few 
green algae

–single thylakoids in Cyanobacteria, Glaucophyta, Rhodophyta

–bands of thylakoids, usually containing 

two to six thylakoids in Chlorophytes

three per lamella in other algae, sometimes additional  girdle 
lamella is found under the chloroplast envelope

• pyrenoids

– in stroma

–RuBP carboxylase in some sort of package, may be with 
carbonic anhydrase

–sometimes penetrated by thylakoids



1,6 Ribulosio bifosfato carbossilisa/ossidasi (RuBP )+ CO2 + H2O              2PGA



Ciclo del Carbonio

* Numeri in box = miliardi di tonnellate



pH 8.0, salinity 35 %o

CO2 in air = 12-15 µµµµM  (0.036% but 104 higher diffusion than in water)

CO2 in seawater = 10 µµµµM
HCO3 in seawater = 2 mM (90%)



RuBP + O2 PGA + phosphoglycolate =   Photorespiration

- Glycolate oxidase

or  Glycolate dehydrogenase

- Rubisco with higher CO2 affinity (Km 80-330          45-70,  up to10-25 mmol) 

- Carbon-Concentration Mechanisms (CCMs):

carbonic anhydrase (CA)   H2CO3  + H
+ CO2 + H2O periplasm

carboxysomes

pyrenoids



Carboxysomes and pyrenoids: Rubisco + Carbonic Anhydrase (CA)

Akaryochloris

Cyanophora

Chlorella

Melosira



RuBP

glucose, trehalose
digeneaside, floridoside
mannitol
sucrose



glucose
trehalose
digeneaside
floridoside
mannitol
sucrose

LOW MOLECULAR WEIGHT PHOTOSYNTHATES

HIGH MOLECULAR WEIGHT PHOTOSYNTHATES

A)   storage polymers

B)   wall-matrix polysaccharides (PS)

translocation
synthesis
osmolites
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Storage polymers of algae

Starch

laminaran

αααα 1       4  

ββββ 1       3  

αααα 1       6  

glucose-homopolysaccharide

glucose+mannitol
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+ Wall-matrix polysaccharides

Cellulose 
(β(β(β(β 1      4 polyglucan) 

Most of the algae, not all, have cellulosic cell walls plus matrix PS 



Wall-matrix polysaccharides in green algae

Xylose, rhamnose, etc. - complex heteropolysaccharides



Wall-matrix polysaccharides in red algae

agar

carrageenans

galactose non-sulphated sulphated polysaccharides



Fucans

Alginic acid

Wall-matrix polysaccharides in brown algae
galactose non-sulphated and sulphated polysaccharides



Carbon translocation in brown algae




