
Light perception



What does a plant see?

Light: y/n            Direction Intensity Color            Duration

Photomorphogenesis

Skotomorphogenesis

below / above ground

shade (avoidance)

day / night

Phototropism Photons / time x area Spectral distribution

daytime

Day length

season

flowering time



- light perception: ~ 260 bis ~730 nm

- perception by eye (max:~ = 550 nm)

- cytosolic photoperception vs. photosynthetic
pigments in plastids

- phytochromes

- absorption maxima: red/far-red

- photoreversible

- 2 types of blue light/UV-A-photoreceptors

- phototropins and cryptochromes

- UV-B photoreceptor (UVR8)

- UV-B protection

Four photoreceptor systems





Chromophores



1. Phytochromes

photoreversible pigment



Photo-/scoto-morphogenesis: classical phytochrome experiment



phytochrome controls





phytochrome photoconversion



Light-lable PhyA and light-stable PhyB



PHYA gene ’       PHYA mRNA   ’    PHYA protein accumulates in Pr form in the dark

•

Pfr ’  ubiquitin ’  degradation
“

Reaction
“

De-etiolement

Down-
regulation

LIGHT

The Pfr form of PHYA shuts down expression of its own gene and degrades PHYAfr via 
ubiquitin.

No such regulation for PHYB.
PHYB operates preferentially in green plants.

During de-etiolation, control shifts from PhyA to PhyB.

Feedback regulation for Phytochrome A



PhyB migrates to the nucleus



- PhyA/B specificity - dimerisation

- Chromophor binding - ubiquitin binding domain ONLY in PHYA

- signaling domain / interaction partner binding sites

Domain structure of PhyA and PhyB



Shade avoidance response of
phytochrome B

Chl absorbs most of red, but 
not far-red light 

=>
Plants in the shade: more

inactive Pr



Shaddow

> Pfr > Pr 

long hypokotyl

 field – plants at the edges
are shorter, because
less shaded (contain
more Pfr)



phytochrome regulates gene
expression

Dark ’  light transition: > 1500 genes are turned on

Signaling mutants

- Chromophor mutants

(all phytochromes are affected)

- Apoprotein mutants

- loss of function mutants

(e.g. defect in signaling component)

- gain of function mutants

(e.g. constitutive active signaling component)

Phenotype mutant screens

dark phenotype in light

light phenotype in dark



phytochrome signaling from
cytoplasma to nucleus:

Ca2+ and cGMP







Many phytochrome signaling
components are also involved in 

cryptochrome signaling



Light signaling fits into general
signaling models from eukaryotic cells



Pfr-form migrates, Pr-form stays in cytoplasm

Active retardation of Pr-form

General principles of distribution of proteins between cytoplasm and 
nucleus

- transcription factors

- „steroid hormone receptors“

- cryptochromes

PhyB migrates to the nucleus





Pr is actively inhibited
to migrate to the nucleus
(de-etiolion: active process)



Phototropins & Cryptochromes



2. Phototropins
- PHOT1 (low light intensity ) vs. PHOT2 (higher light intensity)

- 3 main functions
- Phototropism
- Chloroplast movement
- Stomata opening

Phycomyces
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Phototropism and auxin



Phototropin and stomata closure
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FMN = Flavin
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domain



3. Cryptochromes
- CRY1 (low light intensity ) vs. CRY2 (higher light intensity)

- main functions
- blue light perception and control of gene expression
- Signaling merges with phytochrome action
- Circadian rhythm



- Flavonoid biosynthesis pathway

- Besides red anthocyanin, flavonoids absorb UV 
and have UV-B protective functions. 

- Marker genes (PAL, CS, CI, etc.) are light-regulated.

Red (phytochromes)

↓
Blue (cryptochromes)

↓

UV-B (UVR8)



Domain structure
CYP1 and CYP contain pterin and flavin

CRY1
1 500 681 AA

PHR
1 500 AA

CRY2
1 500 612 AA

Pterin Flavin

Cryptochrome enthalten Pterine
Flavine als Chromophore.und 

pterin flavin

CRY1

CRY2



Cryptochromes are present in many organisms
and play a crucial role in circadian rhythm

Pterin Flavin

Marwan



Cyptochromes originate from photolyases

• in prokaryotic and eukaryotic organisms

• Structure is similar to cytochromes

• Flavin (FAD) and Pterin as chromophores

• Photolyases are enzymes for DNA repair after blue-light activation



Photo-reactivation by blue light



Cryptochromes are involved in control of circadian rhythm
in plants and animals

Input Oscillator Output

(e.g. CYP, PHY „Schrittmacher“ response

temperature, (e.g. PER, TIM, (e.g. genes, 

nutrients) FRQ, TOC) K+ channels,

phosphorproteins)





circadian/diurnal control

Length of period (peak 1 > peak 2):

mutants in Drosophila, Neurospora, Chlamydomonas, 
Arabidopsis, mice)

per gene in Drosophila:

perl, pers, pera (long, short, arhythmic period)

Temperature compensation: Q10 0.8 - 1.3

Entrainment: Adjustment of light/dark rhythm by exogenous factors
(e.g. sun light)



General model

2 proteins in cytosol: period & timeless (cryptochrome)

Interaction via PAS domain

increasingly phosphorylated during the day

transloaction to nucleus

transcriptional repression of the transcription factor genes 
clock & cycle

clock und cycle proteins are bHLH dimers via PAS domain: 
dimers binds to E box in promoter of per and tim genes and 
activate their transcription

Mechanism: feedback loop

Cryptochrome:

Arabidopsis/Drosophila: input signals

mammalians: oscillator component





4. UV-B photoreceptor
(UVR8)

- Protection against UV-B light
- Activation of genes for enzymes involved in flavonoid biosynthesis
- Pigments accumulate in vacuole and absorb UV-B

- UVR8 absorbs 280-315 nm, max. 285 nm
- no prosthetic chromophore;  light sensing (intrinsic to the molecule) with Try-285.
- Orthologous genes in all land plants

- No UV: UVR8 protein as dimer in the cytosol
- With UV: monomers that travel to the nucleus
- The monomer interacts with COP1 in the nucleus (like phytochrome and cryptochrome)

anthocyanin



UVR8 structure & function

dimer                                       monomer

Try-285

complex with COP1  ’  signal transduction in nucleus ’  complex interacts with HY5 (specific for UV-B 
stress) ’  transcription of genes involved in UB-B stress tolerance









Basics in plant signal transduction

-general mechanisms
- differences plants/animals





Three types of receptors regulate signaling accross the plasma membrane



Signaling depends on calcium and cAMP in animals
and cGMP in plants



cAMP is replaced by cGMP 

as second messanger in plants



Ca signature determines response patterns



Ca signaling is very complex in plants

- Source of Ca (external, internal stores)

- CDPK

- more than 100 Ca-binding pregulatory proteins (network)

- CaCaMK are located in cytoplasm and nucleus

- Differences in Ca signatures determine specifity



Heterotrimeric G-proteins play a major role in animals, but are less important in plants

Plants: 1 receptor gene, 1 gene for ±,² ,³ subunits ’  little changes for specificity in signaling
Animals: more genes for the proteins ’  more protein combinations ’  higher specificity



Heterotrimeric G-proteins activate the adenylate
cyclase in animals, and 

a guanylate cyclase in plants



Plant phospholipid signaling is quite different to animals, (phosphatidic acid, 
PLC and PLD, no IP3 receptor at ER)

Ca2+ is mainly taken up from the cell wall and less from internal stores





The two component system plays an important role in plant hormone signaling
(histidine kinase & response regulator),

but is not present in animals

histidine
kinase

response
regulator



MAPKs play important roles in plant defense



- Genetic approaches to identify signaling processes in 
plants

vs.
- Biochemical analyses of signaling processes in animals
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