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The Skin of Plants
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Cuticle — the Skin of Plants
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Cuticle — the Skin of Plants

Cell wall
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Cuticle — the Skin of Plants

" (=) e 0
o S > ()
f ': —“ ‘.' ‘,
N e o RelV regivE
PR o haily sV EY Ay -

Julius-Maximilians-
I UNIVERSITAT
WURZBURG (Wanner, 2004)



epicuticular wax crystals ~,
epicuticular wax film
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cuticular layer
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Colonisation of continents

450 million years bp
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Fossile cuticles
starting from Silurian
<440 Ma

A stoma of Aglaophaton major with the two kidney-
shaped guard cells from Early Devonian

-3
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Resistance model of plant transpiration

boundary
layer
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Fig. 1. No drought stress
in light
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Fixed resistance

atmosphere

cuticle

interior of leaf

Fig. 1. No drought stress
in light

stomata

Adjustable resistance
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atmosphere

cuticle

interior of leaf

Fig. 2. Drought stress
or in darkness

stomata

Stomata closed
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Transpiration control by
stomata Is possible only

If residual (= cuticular) water
loss Is by orders of magnitude
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Transpiration Chamber
Citrus aurantium

Isolated Leaf Cuticle

100 nm — 20 pm Water
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Permeance for water (m/s)
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Permeance for water (m/s)
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Permeance for water (m/s)
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Cuticular permeation of
neutral lipophilic compounds
(e.g. pesticides, pollutants,
plant metabolites)



General resistance model of leaf uptake

cuticle
stomata
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Pathways f f liar uptake of non-volatile
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Pesticide
uptake
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Pesticide
uptake
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Sampling

/ ports
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Effect of lipophilicity on permeability
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For lipophilics:

solution-diffusion membrane
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What makes up
the cuticular resistance?



Effect of wax extraction on water permeability
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Waxes make up the barrier

But: amount of waxes has no influence

=>Composition of cuticular waxes?
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Cuticular waxes are complex mixtures
(up to 150 compounds per species)
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Model organism for molecular studies: tomato I
Wax biosynthesis => function

VLCFA-elongase
deficient mutant

wild type
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Intra-cuticular waxes
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Structure of waxes on molecular scale?

e solid state NMR,

e ATR-Fourrier Transform Infrared

spectroscopy
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,Bricks" are excluded from diffusion
,Mortar® only is accessible
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Diffusion path is tortuous and long
=> very low diffusion coefficients in the wax (1020 m? s-1)
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SC thickness ca. 20 um corneocyte thickness ca 0.1 - 2 um

I “w"r}‘.{?éﬁ'.lé' http://www.pharmazeutische-zeitung.de/index.php?id=2957
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Manipulating crystallinity

Penetration enhancers"

Me-oleate
Alcohol ethoxylates
P G e e T P e e

Pentaethylene glycol monododecyl ether
C12E5
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Effect of an alcohol ethoxylate on 2,4-D permeability
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Effect of alcohol ethoxylates on 2,4-D diffusion coefficient

160

monodisperse /
alcohol ethoxylates //

Effect on diffusion coefficient of 2,4-D in wax
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With plasticizer
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Penetration of polar
compounds

(solution-diffusion?)



Effect of lipophilicity on permeability
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Energetic Yield of Photosystem I
(HAT, hours after treatment)

I Uw"['}\é'ggﬁgéT (Arand et al. unpublished) bot
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cuticle

cell wall
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| llex europaea
i leaf cuticle

(Jeffree, in: Riederer & Miiller: Biology of the Plant Cuticle, 2006) b
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