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Introduction

1 Aleaf cell consists of several metabolic compartments =
The cell wall gives the plant cell mechanical stability 5
Yacuoles bave multiple functions 7o

1.7 Plastids hawve evolved from cyanobactena 1.2

1.4 Mitochondria also result from endesymbionts 17
Peroxisomes are the site of reactions in which toxic intermediates are formed 18

1.6 The endoplasmic reticulum and Golgi apparatus form a netwoik for the distrioution of
hiosynthesis products 19

1.7 Functicnally intact cell arganelles can be isolated from plant cells 21

|.& Various transport processes facilitate the exchange of metabolites between different
compartments Ja

1.0 Translocators catalyse the specific Lransport of substrates and products of
metabalism 25

1.10 lon channels have a very high transport capacity 32

1.1

Porins consist of B-sheet struclures 34
Further reading 37

2 The use of energy from sunlight by photosynthesis 3o
2.1 How did photosyntnesis start? 39
* 2 Plgments capture energy from sunlight 41
2.2 Light absarption excites the chlorophytl molecule 46
14 An antenna is required to capture light 50
Further reading 59

3 Photosynthesis is an electron transport process 50

1.1 The photosyathetic machinery is constructed from modules &7
Areductant and an ax dant are formed during photasynthesis 54
The I)nqif ctructure of a photosynthetic reaction centre has been resolved Dy K-ray
structure analysis 65

.4 How does a reaction centre function? 62

15 Two photosenthetic reaction centres are arranged in Landem in photosynthesis of
algae and plants 73
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Water is split by photosystemn 1L 76

The cytochrome-b/foomples mediates electron transport between photasysiem |l and
phatosystam | S

Photosystam | recicas NADP 9]

In the absence of ather acceptors electrans can ke fransferred fram PS 1 o oxygen @6

P Regulatory processes control the distribution of the caplured excitons between the

two photosystems 99
Further reacling 103

ATP generation by photosynthesis 105

A proton gracient serves as an energy-rich intermediole state dwing ATP

syathesis 106

The electrochemical proton gradient can be dissipated by uncouplers 108

HE-ATP synthases fraom bacteria, chlareplasts, and milachondria have a comman basic
structure 111

The synthesis ol ATF is effected by a conformatianal change of the pratein 176
Further reading 120

Mitochondria, the power stations of the cell 12;

Riclogical axidation is preceded by substrate degradation 122

Milachoendia are the sites of cell respiration 122

Depradation of substrates for bialogical oxidation lakes place in the matriz
compartment 124

How much energy can be gained by the axidalion of MADH? 137

The mitachandrial respiratary chain shares common leatures with the photosynthetic
electian transport chain 132

Electron transport of the respiratory chain is coupled via proton transpoet to the
synthesis of ATP 138

Flant mitochondria have special metabalic functions 142
Compartmentalization of mitochandrial metabolism requires spacific membrane
translocators 745

Further reading 746

Photosynthetic CO, assimilation by the Calvin cycle 145

COL assimilation proceeds via the dark reaction of photosynthesis 148

Ribulose bisphosphate carboxylase catalyses the lixation of 00, 157

The reduction of Z-phosphoglycerate yields tricse phosphate 156

Ribulose bisphosphate is regenerated from triose phosphate 155

Besides the reductive pentose phosphate pathway there is alse an oxidative p-u:-n.l'o:;u:
phosphate pathway 1ol

Reduclive and oxidative pentose phosphate pathways are regulated 167

Further reading 174
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Photorespiration 175

Rinulose 1,5-hisphosphate s recovered by recycling 2-phosphoglyeolate 177

The WH,' released ir the prolarsspiratary pathway is refiged inthe chloroplasts 182
Peroxisomes have (o be provided with reducing ecquivalents ta redice
hpdrosypyravate i85

The perozisomal matriz s a specal compartment for the inlercanversian of lesic
progucts 187

Howe high are the cosls of the rbulose bisghosphate oxygenase reaction for the
plant? 188

There is na net OO, fization at the compensation poinl 159

The phatarespiration pathway, although energy-consuming, may also have a useful
function far the plant 150

Furthar readine 190

Photosynthesis and water consumption 122

The entry ot €O, into the leat is accompaniec by an escaps of

water vapour from the leaves 157

Stomata regulate the gas exchange af a lsal 194

The diffusive flus of COL inta a plant cell 798

C, plants perform CO. assimilation with less waler consumption 200

Crassulacean acd malabolism makes it sossiole for plants to survive even during very
spvere wiater shartage 2713

Further reading 215

Polysaccharides v

Large quantities of carbobycdrate can be stored as starch in the cell 220

Sucrose synthosis takes place in the cytosol 229

Utilzation of tricse phosphate formed doring photosynthesis is strictly regulated 233
I some plants assimilates from the leaves are exported as sugar alcohols or
aligasaccharides of the raffinose family 232

Fructans are deposited as storage subslances in the vacuole 239

Collulose 's synthesized by ensvmes [ocated in the plasma membrane 2432

Further reading 246

Mitrate assimilation .

LOLT The raduction af nitrate te MH, proceeds in two partial reactions 248

O Mitrate assimilation alsa takes alace in the roots 254
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10,3 Mitrate assimilation is strictly controlled 255

10,4 The end-product of nitrate assimilation is a whale spectrum of amine acids 258

105 Glutamate is the precursoer for synthesis of chlorophylls and cytachromes 271
Further reading 278

11 Nitrogen fixation 277

1.1 Legumes form a symbiasis with nodule-farming bacleria 278
112 M, fixation can procesd only at very low oxygen cancentrations 256

11.2 The energy costs for the atilization of M, as & nilragen source are much higher than for
the utilization of MO, 288

Further reading 288

12 Sulfate assimilation 259

12.1 Sulfate assimilation proceeds by photosynthesis 289

12,7 Glutathione serves the cell as an antioxidant and is an agent for the detoxification of
pollutants 294

12.3 Methioning is synthesized from cysteine 797
104 Excessive concentrations of sulfur dioxide in air are toxic for plants 299
Further reading 300

13 Phloem transport 3ot

13.1 There are lwo paths for ghloem loading 303

13,7 Phlewm transpart proceeds by mass Mow 305

113 Sink tissues are supplied by phlosm unloading 306
Further reading 308

14 Plant storage proteins i

14.1 Glabuling are the mast abundant storage proteine 330
14.2 Prolaming are formed ag storage proteins in grasses 371
14,3 25-Prateins are present in seeds of dicotyledonous plants 371
14,4 Special prateins protect seeds from being eaten by animals 212
145 Synithesis of the storage praleing eccurs on the rwagh endoplasmic reticulum: 313
14 6 Prateinases mabilize the amine acids deposited in starage proteins 315
Further reading 315

15 Glycerolipids 317

15.1 Polar glyceralipids are mambrane constituents 377

145.7 Triacylglycerals are starage substances 323

15.% The de nova synthesis of fatty acids takes place in the plastids 324

15.4 Glycerol 3-phosphate is the precursor for the synthesis of glyceralipids 334
15,4 Triacylzlycersls are Tormed in the membranes of the endoplasmic reticulum 338




15,6 During seed germination starage lipids are mokilized for the production of
carbohydrates in the glyosysomes 343

15.7 Lipoxygenase is imvalver in the synthesis of aromatie defence and signal
cubstances 347
Further reading 350

16 The function of secondary metabolites in plants 352

14,1 Secondary matabolites piten protect olants from pathogenic micra-oraanisms and
herbivares 357

16,7 Alkaleids comprise a wariety of neterpcyclic secondany metabolites 354

16.7 Some plants emil prussic acid when waunded by animals 356

16.4 When wounded, some plants ermit volatile mustard ails 357

165 Plants protecs themselves by fricking herbivores with false amino acids 357
Further reacing 354

17 lsoprenoids &0
17,1 Acetyl Codis the precursor far the synthesis of isoprencids a6l
1.2 Pranyl transferases ratalyse the association ot isaprene units F649
17,3 Some plants gmit isoprenes into the air 365
17.4 Many aromatic sLpslances are derived fram geranyl pyraphasphate 367
174 Farnesyl pyraphosphata it the precursor far he formation of sesguiterpanes Ind
170 Geranylgeranyl pyrophasphate is the precursar for defence substances,
phytohormones, antd cargtenoids 377
177 A prenyl chain renders substances lipid solubie 37z
17.4 The regulation of isaprenoid synthesis 374
17.% lsoprancids are very atable and persistenl substances 376
Furlher reading 376

18 Phenylpropanoids 177

151 Phenylalanineg ammonia lyase catalyses the initial reaction of phenylpropanaid
metabalism 379

157 MOn0-0LyEenases are ir valved in the synthesis af phenols 379

(2.3 Phenylpropanaid compounos polymerize 10 macramaolecules 382

18.4 For the synthesis of Havonoids and stilbenes a cpcond aromalic ring is farmzd from
acetate residues 387

18.5 Flavonoids have multiple functions in plants 388

18,6 Anthocyanins are fower pigments and protect plants against axressive ight 389

15,7 Tannins bind tightly to proteins and therefore pave defence functions 351
Furtner reacling 393

19 Signals regulating the growth and development of plant organs 394

191 Auxin stimulates shaot el gation 306
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192 Gibberellins regulale stem clangation 252

19,3 Cytokinins stimulate cell division 400

194 Abscisic acid contrals the water balance of the plant 407

19,5 Ethylens makes fruit ripen 402

19.6 Phytochmomes function as light sensars 403

1.7 Signal transduction chains known from animal metabolism could be models for signal
transduction in plants 408
Further readine 417

20 The genomes of plant cells 45

20,1 In the nucleus the genetic information is divided among several chromasames 476

20,2 The DMA of the nuciear gename is transcribad by three specialized RNA
polymerases 419

20,3 DMA polymarphism yields genetic markers for plant breeding 428

20.4 Transposable DMA clements roam through the genome 433

2005 Mast plant cells cantain vinuses 435

206 Plastids possess a circular gename 438

20,7 The mitochondrial gename of planls varies largely in size 442
Further reading 449

21 Protein biosynthesis 451

210 Protein synthesis is calalysed by fhosomes $531

21.2 Prateins attain their three-dimensional structure by controlled folding 458

21,2 Nuclearly encoded proteins are distributed throughout various cell campartments g4
Further reading 470

22 Gene technology in plants 477

FrUAgene is isolated §73

r Agrabactesia have the abilily to transform plant cells 453

22,3 Ti plasmiels are used as ransfarmation vertors 487

27 Selection of aporopriate promolers enables the defined copression of an inserted
wene 497

204 Genes can be lurmed off by transformation 494

22.6 Plant genelic engineering can be used tor many different purposes 49
Further reading 502
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