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Sekundarni metabolismus

- lisi se od primarniho — stavebni a
energeticke latky

- sekundarni — zejména ochrana rostlin a
interakce s okolnim prostredim
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aLLlONe FIGURE 13.2 (A) Schematic drawing of the structure of tt
plant cuticle, the protective covering on the epidermis of
leaves and young stems at the stage of full leaf expansior

(B) Electron micrograph of the cuticle of a glandular cell
from a young leaf (Lamium sp.), showing the presence of
the cuticle layers indicated in A, except for surface waxe
which are not visible. (51,000%) (A, after Jeffree 1996: B,

from Gunning and Steer 1996.)




FIGURE 13.3 Surface wax
deposits, which form the top
layer of the cuticle, adopt dif-
ferent forms. These scanning,
electron micrographs show the
leaf surfaces of two different
lines of Brassica oleracen, which
differ in wax crystal structure.
(From Eigenbrode et al. 1991,
courtesy of S. D. Eigenbrode,
with permission from the
Entomological Society of
America.)




Kutin, vosky a suberin

- kutin na povrchu nadzemnich casti-kutikula +
kutan, 16:0 a 18:1 MK + OH

- suberin — u podzemnich casti, slozeni

podobné kutinu, dikarboxylové kys., nejen v

koreni, ale i v korkovych bunkach peridermu,

istoveé abscise, poranéni

- vosky u obou — kyselé silné hydrofobni lipidy,
25-35C alkoholy, alkany, ketony,
synthetizované epidermalnimi bunkami, jsou
vytvoreny z hydrofdbnich latek




(A) Hydroxy fatty acids that polymerize to make cutin:

HOCH(CH,)14COOH
cu,tcn;),?-ucn,),coou
OH

(B) Common wax components:
Straight-chain alkanes  CH(CH,),;CH,

CH3(CH3)29CH3
(o]

. |
Fatty acid ester CH3(CH2)22C — O(CHZ)5CH3
Long-chain fatty acid = CH3(CH3)2,CO0H
Long-chain alcohol CH3(CH3)24CH,0H

(C) Hydroxy fatty acids that polymerize along with other
constituents to make suberin:

HOCH,(CH;)14CO0H
HOOC(CH3)14COO0H (a dicarboxylic acid)

FIGURE 13.1 Constituents of (A) cutin, (B) waxes, and
(C) suberin.




Kutin, vosky a suberin redukuji transpiraci a invazi
patogend

e Rosliny z aridnich oblasti silné vrstvy a
naopak

e Nemaji vliv na resistenci rostlin vUci
patogentm - ti se dostavaji dovnitr
mechanicky nebo kutinasy



Sekundarni metabolity

Sekundarni produkw nebo prirodni latky

Nemaji zadny pfimy vliv v procesech_ fotosyntézy,
respirace, transportu, diferentiace, rlstu, tvorby
proteint, cukrl a tuk®

Nemaji obecny vyskyt v rostlinach, jsou specializované

Drive vyznam neznamy pouzivali se hlavne v medicine,
barviva, Jedy, prumyslove materialy

Nyni — vyznamneé ekologické fce, vyvinuly se vlivem
evoluce

A)ochrana vUci herbivoriim a patogentim

B)atraktanty pro opylovace, prenasece semen a
interakce rostlina-rostlina

3 hlavni skupiny: terpeny,fenoly, N-obsahujici slouceniny
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Terpeny/terpenoidy (nékdy isoprenoidy)

Synthetizovany z acetyl-CoA, isoprenoidni zaklad

C10-mono-, C15-sesqui-,C20-di-, C30-tri-, C40-tetraterpeny a
polyterpen0|dy

2 drahy — mevalonova — IPP

methylerythritol fosfatova draha (MEP) - chloroplasty
IPP + isomer DPP—geranylPP—farnesylPP—GGPP
Ristové regulaém’ fce — steroly, ABA-C15, GA-C20

Toxiny vUcCi herbivorlim, pyrethroidy (C10)- Chrysanthemum - insekticidy,
jehlicnany x hmyz

Esencialni oleje — monoterpeny v bazalce, citronu-limonen, Salveji, maté —
menthol, repelenty — grandularni trlchomy, parni destilace - parfémy

Netékavé —limonoidy (C30) —horka latka v citrusech — antiherbivory,
Azaddlrl?chtln Azadlirachta indica -potravni odpuzovac pro hmyz-komercni
produkt

Phytoekdysony — Polypodium vulgare - zastaveni zakukleni

Kardenolidy — triterpeny — horke a jedovate, srdce — vliv na
Na+/K+aktivované ATP-asy

Saponiny — steroidni a triterpenové glykosidy — detergenty, jedovaté, vazou
steroidy v téle a porusuji tak membranu
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Limonene

Menthol

FIGURE 13.6 Structures of limonene (A) and menthol (B).
These two well-known ]tH"rﬂt'![L_"I'I'-‘L"T‘IL’r- serve as detenses
against insects and other organisms that feed on these

plants. (A, photo € Calvin Larsen/Photo Researchers, Inc.;
B, photo © David Sieren/ Visuals Unlimited.)




FIGURE 13.7 Monoterpenes and sesquiterpenes are comim only found in
glandular hairs on the plant surface. This scanning electron micrograph
shows a glandular hair on a young leaf of spring sun flower (Balsamorhiza
sagittata). Terpenes are thought to be synthesized in the cells of the hair
and are stored in the rounded cap at the top. This “cap” is an extracellular
space that forms when the cuticle and a portion of the cell wall pull away
from the remainder of the cell. (1105x) (© J. N. A. Lott/Biological Photo
Service.)




(A) Azadirachtin, a limonoid
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a-ecdysone (B), which serve as

powerful feeding deterrents to

insects. (A, photo © Inga

/isuals Unlimited; B,
lally Eberhart/Visuals
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Fenolické slouceniny

Obsahuji fenolickou skupinu, vice jak 10 000 sloucenin, rozpustne kyseliny i
nerozpustne komplexy — ochrana v&ci herbivorfm a patogenum
mechanicka opora, atrakce opylovacll, absorpce UV zareni, allopathie

-vychazi z fenylalaninu — 2 drahy — Sikimatova a kys. malonove inhibitorem
je glyfosat — Roundup-herbicid, neni ve zviratech, proto nékteré AK
esencialni —fenylalanm tyrosm a tryptofan. Nejdulezitejsi je
fenylalaninamoniaklyasa (PAL) — prechod mezi primarnim a sekundarnim
metabolismem — indukovana stresem, patogeny, atd. na Urovni transkrlpce

Phenylpropanoidy — jednoduché fenoly — C6-C3 . p-kumarova, t-sinapova,
kavova — vystavba ligninu

Fenylpropanoidove laktony — C6-C3 — kumariny
Benzoové kyseliny- C6-C1

furanokumariny- jsou fototoxické — aktivované UV-A (320 — 400nm) —
umbeliferon — inserce do DNA, jedovate, mutagenni, Umbelliferace —celer,
petrzel, ...vysoké koncentrace stresovanych a nemocnych rostlin —
puchyre atd.

Allelopatie — vliv na rist okolnich rostlin — inhibice — kavova a ferulova

Lignin-struktura neni znama-slozen z pfenylpropanoidnich alkohold-
koniferyl, fumaryl a sinapyl, vazan na celul6zu-zpevnéni tracheid, snizuje
dlgestlbllltu celuldzy, mfekcnost zranitelnost



FIGURE 13.9 Plant phenolics are
biosynthesized in several differ-
ent wavs. In higher plants, most
phenolics are derived at least in
part from phenylalanine, a prod-
uct of the shikimic acid pathway.
Formulas in brackets indicate the
basic arrangement of carbon
skeletons:

\cﬁﬁ

indicates a benzene ring, and
(3 is a three-carbon chain.
More detail on the pathway
from phenylalanine onward is
given in Figure 13.10.
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COOH FIGURE13.10 Outline of phenolic biosynthesis from phenylalanine. The formatio
of many plant phenolics, including simple phenylpropanoids, coumarins, benzoic

2 acid derivatives, lignin, anthocyanins, isoflavones, condensed tannins, and other
flavonoids, begins with phenylalanine.
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Caffeic acid Ferulic acid

Simple phenylpropanoids

Umbelliferone, Psoralen,
a simple coumarin a furanocoumarin

Coumarins [

Vanillin Salicylic acid
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Flavonoidy

4 skupiny: anthokyaniny, flavone, flavonoly a isoflavony —
nejvétsi skupina fenolic ych Iatek-15C C6-C3-C6 —
struktura z obou biosyntetickych drah, 'silné substituované
hydroxyly, methyly, isopentenyly

Anthokyaniny — barevné —opylovaci — cervena, modra,
filova barva, maji cukr v pozici 3

Flavonoidy chrani proti UV — absorbuji kratka vinové délky,
nevidime je, hmyz ano — tvori kruhy, tecky, pasky —
nektarova voditka, chrani listy od UV- B (280-320 nm) —v
epidermalni vrstve viditelné svétlo mlize projit, mutanti
A.thaliana se nizkou hladinou fIavon0|du rostou velmi malo,
regulace polarniho transportu auxinti

Isoflavonoidy —antibakterialni latky, regulace fertility —
jetel — antiestrogenni ucinky u ovci- fertilita, protinadorova
aktivita iu potravin ze s6ji, funguji jako fytoalexiny — po
napadeni rostlinou syntetizovany jako antlmlkroblalnl latky
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From shikimic acid
pathway via phenylalanine

[Co—c)]

From malonic
acid pathway \

The three-carbon bridge
Basic flavonoid skeleton

FIGURE 13.12 Basic flavonoid carbon skeleton. Flavonoids
are biosynthesized from products of the shikimic acid and
malonic acid pathways. Positions on the flavonoid ring sys-
tem are numbered as shown.
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Z# >0 Sugar
OH

Anthocyanin




TABLE 13.1
Effects of ring substituents on anthocyanidin color

Anthocyanidin Substituents

Pelargonidin 4'— OH Orange red
Cyanidin 3’— OH,4'— OH Purplish red
Delphinidin 3'— OH4— OH,5'— OH Bluish purple
Peonidin 3’— OCH,, 4'— OH Rosy red
Petunidin 3'— OCH,, 4'— OH, 5'— OCH, Purple




FIGURE 13.14 Black-eyed Susan (Rudbeckia sp.) as seen by distribution of flavonols in the ravs and the sensitivity of

humans (A) and as it might appear to honevbees (B). (A) insects to part of the UV spectrum contribute to the
[o humans, the golden-eye has yellow rays and a brown “bull’s-eye” pattern seen by honeybees, which presumably
| disc. (B) To bees, the tips of the rays appear “light helps them locate pollen and nectar. Special lighting was
w,” the inner portion of the rays “dark vellow,” and used to simulate the spectral sensitivity of the honeybee

entral disc “black.” Ultraviolet-absorbing flavonols are visual system. (Courtesy of Thomas Eisner,)

tound in the inner parts of the ra Vs but not in the '.ir-'_‘-. [he




Taniny

Taniny — fenolické polymery, pouzivany pro trisleni kzi., taniny
vazll kolagen a zvysuji tak rezistenci kiize vici mikrobiim, vodé,
teplu.

Kondenzované a hydrolyzovatelné taniny (kondenzované
anthokyanindy a galove s jednoduchymi cukry) — antifeeding  _
properties, v nezralem ovoci, trpkost —vﬂreferencevl.,l lidi v potrave
— vino, caj, pivo — ,French paradox”, nekdy se jim rika polyfenoly,
jsou ve skutecnosti toxicke — vazi se hydroxy skupinou na
proteiny, nektere taniny (quinony) se vazi kovalentne na proteiny
a snizuje se stravitelnost u potravy u herbivori, adaptace zvirat —
nekteri hlodavci produkuji na prolin bohate bilkoviny
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(A) Hydrogen bonding between tannins and protein
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(B) Covalent bonding to protein after oxidation

/\O\ Tannin in phenol form
. OH
|

Polyphenol oxidase
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Dusikaté slouceniny

maji N ve strukture — alkaloidy a kyanogenni glykosidy, toxicke,
medicinské vyuziti, syntetizovany vétsinou z AK — lysin, tyrosin,
tryptofan

Alkaloidy

Asi 15000 sloucenin, maji heterocyclicky kruh, farmakologickeé
pouziti, jsou alkalické, N je protonovan (pH 7.2), proto ve vode
rozpustné, ochrana viici predatortim — amrti zvirat — Lupinus,
Delphium, Senecio— domaci zvirata nemaji enzymy degradace
oproti divokym, rovnéz toxicke pro clovéka — strychnin, atropin,
koniin, morfin, kodein — medicina

Pyrrolizidinové alkaloidy — priklad adaptace Zivocichli — netoxické
N-oxidy — redukce na toxické ve strevnim traktu, 7Tyria jacobeae
(mdra rumélkova)- oxidace a skladuji tuto latku jako ochranu
proti predatoriim

Rada alkaloidl produkovany houbami, které jsou v symbiose s
rostlinami — travy, kostravy mohou mit vysokou hladinu

Nikotin — rovnéz pro ochranu rostlin vii¢i herbivoriim, zvysuje se
koncentrace po prvnim napadeni, u divokého N. attenuata



TABLE 13.2
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Biosynthetic

Alkaloid class Structure precursor Examples Human uses
Pyrrolidine | Ornithine (aspartate) Nicotine Stimulant, depressant, tranquilizer
N
Tropane [ ;N:_: Ornithine Atropine Prevention of intestinal spasms, antidote to other
poisons, dilation of pupils for examination
Cocaine Stimulant of the central nervous system, local
anesthetic
Piperidine O Lysine (or acetate) Coniine Poison (paralyzes motar neurons)
N
Pyrrolizidine CO Ornithine Retrorsine  None
N
Quinolizidine /\O Lysine Lupinine Restoration of heart rhythm
~_-N
& i = S
Isoquinoline | Tyrosine Codeine Analgesic (pain relief), treatment of coughs
S N : ;
Marphine Analgesic
=
Indole ] | Tryptophan Psilocybin  Halucinogen
s
N Reserpine Treatment of hypertension, treatment of psychoses
Strychnine  Rat poison, treatment of eye disorders
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Representative alkaloids

FIGURE 13.17 Examples of alkaloids, a diverse group of
secondary metabolites that contain nitrogen, usually as part
of a heterocyclic ring. Caffeine is a purine-type alkaloid
similar to the nucleic acid bases adenine and guanine. The
pyrrolidine (five-membered) ring of nicotine arises from
ornithine; the pyridine (six-membered) ring is derived from
nicotinic acid.




Reduced in digestive
tracts of most herbivores
to toxic form

Oxidized to nontoxic
form by certain adapted
herbivores

N-oxide Tertiary alkaloid
(nontoxic form, (toxic form)
stored in plants)

FIGURE 13.19 Two forms of pyrrolizidine alkaloids occur in nature: the N-oxide
torm and the tertiary alkaloid. The nontoxic N-oxide found in plants is reduced to
the toxic tertiary form in the digestive tracts of most herbivores. However, some
adapted herbivores can convert the toxic tertiary alkaloid back to the nontoxic N-
oxide. These forms are illustrated here for the alkaloid senecionine, found in species

-
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Kyanogenni glykosidy (KG)

uvolnuji HCN, 2 skupiny — glykosidy a glukosinolaty, vazany
na cukry — hydrolyza glykosidasou — kyanohydrin a poté
nitrilasou na HCN, nejsou degradovany v rostlinach, enzymy
v rtiznych pletivech, semena, travy, rize, vikvovité, pri
pozeru jsou narusena pletiva a smichani enzymu a vznika
jedovaty HCN, cirok — dhurrin ve vakuolach, enzymy v
mezofylu, HCN inhibuje metalloproteiny, napr.
cytochromoxidasu v mitochondriich

Kasava — hlavni jidlo v tropech, strouhani, mleti, namaceni
a suseni vede k odstranéni vétsiny KG, presto rada otray,
snaha snizit obsah KG, obtizné, KG jsou dtilezité pro
SUELEN



Hydroxynitrile
O—53ugar  Glycosidase lyase
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Cyanogenic Cyanohydrin Ketone Hydrogen
glycoside cyanide

FIGURE 13.20 Enzy 111:*—mt;1|1-. zed ]"n, dmh, s1s Of ¢ cyanogenic 1:11-, cosides to release hydro-
gen cyanide. R and R’ Ieplt‘wnt various Lllkxl or aryl aubatltuenta For example, if Ris
phcmk R’ is hydrogen, and the sugar is the disaccharide B-gentiobiose, the nmnpnund
is amygdalin (the common cyanogenic glycoside found in the seeds of almonds, apri-
cots, cherries, and peaches).




Glukosinolaty

- horcicné oleje, horcice, rozklad vede k tvorbe tekavych
latek, obecne Brassicaceae, rozklad mirosinasou — glukosa z
vazby na S, tvorba isothiokyanatli, antifeeding pro
herbivory, nékteri herbivori — bélasek — vyuzivaji jako
stimulans pro snaseni vajicek, snaha mit repku s nizkym
obsahem glukosinolatti

Neproteinové aminokyseliny

- Kanavin — podobny argininu, toxicky, inkorporuje se misto
argininu z rostlin do zvirecich proteind, ty jsou poté
degradovany jako chybné, je zaroven méneé bazicky, nizsi
vazba substratl, Canavalia ensiformis, ma systém, ktery
neumoznuje zabudovani kanavinu do vlastnich proteint, to
maji i adaptovani zivocCichové



.5 —Glucose Thioglucosidase
H—-C . o T

SN—0—50," "

Glucose R—C=N

Glucosinolate Aglycone Nitrile

FIGURE 13.21 Hydrolysis of glucosinolates to mustard-smelling volatiles. R repre-
sents various .':]”-J,'i or L‘inl HL[L"-'HlltUL‘I'It‘-‘ For Emmph‘ if R is LH — CH—CH., -, the
compound is sinigrin, a major glucosinolate of black mustard seeds and horserad-

ish roots.




MNonprotein amino acid

HOOC — CH— CH;— CH;— O — NH—CH—NH,
[
NH, NH

Canavanine

Azetidine-2-carbouxylic acid

Protein amino acid analog

HOOC — CH— CHz— CH;— CH;—NH— CH—NH,
| ; I

NH, NH

Arginine

Proline

FIGURE 13.22 E"{unprntvin
amino acids and their pro-

tein amino acid analogs.
The nonprotein amino
acids are not incorporated
into proteins but are defen-
sive compounds found in
free form in plant cells.




Signalni drahy u napadené rostliny

- Vetsinou nefunguji, az po napadeni, napr. kumulace
proteinasovych inhibitort

1) poskozené listy syntetizuji prosystemin (prekurozorovy
protein — 200AK)

2) proteolyza na 18AK systemin — polypeptidicky hormon

3) Systemin do napadenych casti, vazba na receptor a indukce
tvorby kys. jasmonové (JA), ale i ABA, SA — indukce exprese
proteinasovych inhibitorli, jasmonova z kys. linolenové,
mutanti A. thaliana s nizkou hladinou JA — snadno
likvidovany hmyzem a houbami, klicova signalni latka,
emitovana ve formé methylesteru béhem nékolik minut
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FIGURE 13.23 Proposed signaling pathway for the rapid induction of
proteinase inhibitor biosynthesis in wounded tomato plants.




Linolenic acid

12-Oxophytodienoic acid

|

Jasmonic acid

FIGURE 13.24 Steps in the pathway for conversion of
linolenic acid (18:3) to jasmonic acid.




Ochrana rostlin vuci patogenim

- rostliny nemaji imunitni systém, ale jsou rezistentni viic¢i bakteriim
,houbam, atd.

1)Antimikrobialni latky - saponiny, triterpeny, snizeni hladiny vede ke
snizeni rezistence

2) Infekci indukovana protektiva — je preferovana. Mensi naklady
rostlin na obranu. Jednou z reakci je hypersensitivni odpoved’ —
obklopujici buriky odumiraji, reaktivni kyslikové radikaly ¢OH, ¢ O,,
H,0, NADH-dependentni oxidasy, lipidova peroxidace, enzymova
inaktivace, degradace DNA, RNA, bunécna smrt

3) Syntéza ligninu a kalosy — fyzicka blokace postupu patogena
4) Tvorba hydrolitickych enzymi, které napadaji bunécnou sténu
patogena — degraduji chitin — patogen-related proteins.

5)Fytoalexiny — antimikrobialni latky produkované po napadeni,
napr. isoflavonoidy u lusténin, seskviterpeny u So/anaceae, po
napadeni iniciace genoveé exprese a de novo syntéza, prvni priklad
— overexprese resveratrolu — vice rezistentni rostliny k patogentim
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FIGURE 13.25 Many modes of antipathogen defense are induced by infection.
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Additional ring formed from a C, FIGURE 13.26 Structure of some phytoalex-

unit from the terpene pathway ins—secondary metabolites with antimicrobial
N properties that are rapidly synthesized after
> cH R microbial infection.
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Ochrana rostlin vuci patogenim

Rozpoznavani latek patogena — R geny, kéduji receptory
rozpoznavajici produkty patogena, tzv. elicitory (peptidy,
steroly, polysacharidy), maji leucine-rich domain na
rozpoznavani, koduji ATP a GTP vazebné domény a kinasy
signalnich kaskad, geny avirulence (avr) koduji elicitory

Indukce signalnich kaskad — v nékolika minutach po
vazbeé elicitoru, uvolnéni Ca2+ a H+ do cytosolu, eflux K+ a
Cl;, Ca2* aktivuji oxidativni vzplanuti, zapojeni MAP a Ca-
dependentich kinas, jedna interakce vede k indukci
rezistence — SAR (systémoveé ziskana rezistence) — po
nekolika dnech po infekci — kys. salicilova. Rostliny maji
vyssi hladiny SA a jejiho methylesteru, komunikace mezi
jednotlivymi castmi?
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FIGURE 13.27 Initial pathogen infection may increase resis-
tance to future pathogen attack through development of
systemic acquired resistance.
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