Biochemické zmény v poravindrskych surovindch a
produktech rostlinného plvodu

a) Prirozené, in vivo, procesy - zrani a starnuti pletiv \

» Zména struktury b.s. a stfedni lamely (pektinové latky)

» Intracelularni procesy
b) Stres - chlad, sucho, poranéni, infekce
» Oxidacni vzplanuti
» Akumulace fytoalexinu, polyaminu, fenolickych latek
» Aktivace enzymu (PPO, LOX, Plasy ...)
c) Posklizriové procesy - poruseni pletiv

» Mechanické zpracovani

\> Fyziologické — PCD, nekrosa J




Zrani a starnuti pletiv

1. Iniciace

- Dosazeni metabolického prahu
- Utlumeni fotosynthesy

- Zmény redox stavu bunky

- Signalni drahy

2. Reorganizace / degenerativni faze

- Aktivace metabolickych drah,
utlumeni jinych

- autotrofni met. — heterotrofni

- detoxifikace

Terminalni faze

- akumulace antibiotik

- volné radikaly

- eliminace metabolitl

- ztrata b. integrity, bunecna smrt

Iniciatory:

Vliv prostredi,vyvojové vlivy (poCatek
kveteni, tvorba plodu nebo semen),

hormony, patologické stavy

Akceleratory a inhibitory:

Hormony, prostredi, vyvoj

/ Developmental™, Environmertal™
_5igr|n]__#_/ \\____signuj__f_/'

1. Initiation phase

Sink—s source transition
Decrease in photosynthetic
activity begins

Early signaling cascades?

3. Terminal phase

Accumulation of cell-
death-inducing factors?

Loss of call integrity
Call death

NN

g
€

Mutrients

II.'-' 2. Degenerative phase

Dizassembly of
cellular components

Degradation of
macromolecules
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SAG geny — senescence associated B. napus

Stage ¥YG MG1 MG2 551
Chlorophyll | 100% 100% 100% 98% 60% 35% 0%
RNA 100% 100% 100% 100% :

Class 1

Class 2

Class 3 senITT T

Clas S —
Class §
Class 6 [
Class 7
Class 8

Class 9 i

Class 10

Proteasy, ubikvitinaéni faktory, enzymy CKC, PLD, gln synthasa, metalothionein, GST,
katalasa, cytP450, PR1, chitinasa, ACC oxidasa, NADH oxidasa



Synthesa ethylenu
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Signalni draha ethylenu
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Zmeny ve struktufe bunécné stény -
ovlivnéni textury

[ Loss of RG-1 Gal/Am sidechains
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Fig. 5. Schematic representaticn of softening and changes to cell wall compo-
nenis cocuming during maturation and ripening of meling-flesh peach. Noie
that the chromological order and exient of most of these evenls varies between
frait types, with some processes being reduced or absent in other species. Figare
modified from Brummell {2004), based on data in Brummell et al. (2004). RG-T,
rieammaeal sctaroanan-1.




Biochemické procesy pri zrani a stdrnuti
(senescence) pletiv
metabolismus pigmentu, fenolickych latek (PAL)
metabolismus proteinu
Vliv na fotosynthesu
Oxidativni metabolismus
lipidy — sacharidy (glyoxalatovy cyklus)
ROS
Degradace nukleovych kyselin
Regulace metabolismu

Endogenni regulatory (ethylen)



Metabolismus chlorofylu a ostatnich barviv

Py 4?"'\.
T' g Chia
Chl b 2
Chlide a
(3]
@) Chl b reductase
€3 Chiorophyllase Pheide a
&) Metal chelating substance "
{) Pheide a oxygenase }
3 RCC reductase Rcc @
) Catabolite transporter (5]
i) ABC transporter e
modified ? Ly
Fccs ~——_~ PFCC
2 modifying
activitias
modified
FCCs
acidic pH

1
monopyroles -——

Figure 1

Topographical model

of the Chl
breakdown pathway
of higher plants and
chemical soructures
of Chl and of Chl
catabolites. Putative
{enzymatic) reactions
are indicated with a
question mark.
Pyrrole rings (4-1),
methine bridges

{ 2-8), and relevant
carbon atoms are
laheled in Chl {fap
left). By = CH;, Chl
a; Ro = CHO, Chl
b Ry-B; in NCCs
indicate
modifications as
outlined in Table 1.
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Acetyl-CoA
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Degradace proteinu
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Zmeny basalniho metabolismu

— konverse peroxisomu (fotorespirace C3) na glyoxysomy (lipidy—sacharidy)

Sucrose
Pyruvate
1
Pyruvate, Cytosol
Glycolysis orthophosphate %
dikinase

Oxaloacetate ——- l’hosphoﬂmlpyru\'at(‘A—J
PEP carboxy-
kinase

Pyruvate
Malate !

Acetyl-CoA

Mitochondrion
Oxaloacetate ——— Citrate j
Malate Aconitate
Citric acid cycle
Fumarate o-Ketoglutarate

Succinate -

Succinate Peroxisome
Glyoxylate ﬁ

Malate
synthase

Malate

Isocitrate
lyase

Isocitrate

Glyoxylate cycle

Aconitate

Citrate <e—— Oxaloacetate 4—/

Fatty acids
? S Acetyl-CoA

Fatty acids

}

Lipids



Zmeny redox stavu bunék — produkce ROS str 1069




Deteriorace membran
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Biochemické zmény v poravindrskych surovindch a
produktech rostlinného plvodu

a) Prirozené, in vivo, procesy - zrani a starnuti pletiv \

» Zména struktury b.s. a stfedni lamely (pektinové latky)

» Intracelularni procesy

b) Stres - chlad, sucho, poranéni, infekce
» Oxidacni vzplanuti
» Akumulace fytoalexinu, polyaminu, fenolickych latek, JA|
» Aktivace PPO

c) Posklizriové procesy - poruseni pletiv

» Mechanické zpracovani

\> Fyziologické — PCD, nekrosa /




Abioticky stres

Salinity

Chemical
Heat  |Pollution

Cigruption of osmotic and

ionic homeostasis,
damage of functicnal and
sfructural profeinz and

T —

O=mosensors (e.g. AtHK1),
phospholipid-cleaving enzymes (e.g. FLD), second
messengers (2.g. Cat, PtdOH, ROS), MAP kingses,
Cat+ senzors (e.g. S053), calcium-dependent protein

kinases (e.g. COPKs)

'

Transcription factors
{e.g. CBF/DREB, ABF, HSF, bZIF, MY C/MYE)

Detoxification \l
(500, PX)

Chaperone functions
(Hzp, SP1, LEA, COR)

Re-establishment of cellular homeostasis,
functional and structural protection of
proteing and membranes

Curent Ciginian In Blotachngiogy




Bioticky stres

Cross-linking of
cell wall proteins,

lignification Pathogen ) or wounding
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RajCata - vdécny objekt vyzkumu

o LeMADS(?)

Ripening:

Softenin HP1, HP2 (LeDET1)
ftening }

Flavor/Aroma

Nutrition PHY's

Chlorophyll Loss

SY, B4, THOM (+)
Carotenoid Accumulation
Pathogen Susceptibility

Figure 2. Madel for the Molecular Reguation of Tomato Fruit Ripening.

Fruit harboring homozygous mutations for the indicated ganes o loci am shown. The nov, dn, v, Car, hpl, and hp2 mutants are al neady isogenic with
cv Allsa Craig. The r and B mutants are from repodted infrogression lines (Eshed and Zamir, 1994) nearly isogenic with cv M& (WT). A riple
phytchroms (PHY) mutantdaficentin PH YA (), PHY BT (%), and PHYBZ (872 with assodated modificaton of camtenad acoumuation also is shown.



Ovlivnéni textury Le

!DG v nezralych plodech nedetegovatelna, synth. de novo, kédovana 1 genem - 2
isoformy (1% mRNA ve zrajicich plodech!!!l)

Flavr Savr — prvni geneticky modfikovana plodina AntiPG (FDA 1994)

PE konstitutivné, vice isoforem, anti-PE2

Table 3. Enzyme activities in normal and genetically engineered ripe tomato

fmit

Polygalacturonase Pectinesterase
Fruit type_ (umoles GA.min. 'mg™) (neqNaoH.min."'mg™)
Normal 0.550 82
Antisense PG 0.004 67
Antisence PE 0.670 9

Table 2. Properties of cell wall polyuronides in normal and genetically engineered
tomato fruit.

Degree of Weight Average
Esterification Solubility Molecular weight
Fruit Type (%) (%) (kD)
Green Normal 75 36 294
Ripe Normal 56 59 N —
Green Antisense PG 66 30 270
Ripe Antisense PG 53 82 248 <«——

Green Antisense PE 87 30 341
Ripe Antisense PE 67 66 85
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Fig. 6. Photograph of {a] dyed
carbopol and (b} apple sauce
sumping down the channel. The
Bow front is relatively flat, sug-
gesting that the slump is largely
twodimensional and the side
walls do not have much effect.
The channel is 10 cn wide and
Gerz deep (well over 1 m long),
and the initial reservoir was 40
cm long. The lines drawn across
the channel in {a) indicate the
orginal position of the dam and
the three staticns downstream of
it where recordings of the pam-
ing fuid front were made. In (b},
note the fiuid at the fow front
that hes separated from the sus-
pensica, and the uneven surface
of the deposit.



Nejlépe prostudovanym faktorem ovliviujicim procesy zrani a

starnuti u rostlin je ethylen.....
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Biochemické zmény v poravindrskych surovindch a
produktech rostlinného plvodu

a) Prirozené, in vivo, procesy - zrani a starnuti pletiv \

» Zména struktury b.s. a stfedni lamely (pektinové latky)

» Intracelularni procesy

b) Stres - chlad, sucho, poranéni, infekce
» Oxidacni vzplanuti
» Akumulace fytoalexinu, polyaminu, fenolickych latek, JA|
» Aktivace PPO

c) Poskliznhoveé procesy - poruseni pletiv

» Fyziologické — PCD, nekrosa
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Enzymy pusobici v pribéhu zpracovani

1. Zmena senzorickych vilastnosti

- LOX, lipasy, fosfolipasy, proteasy
2. Zmena textury, konsistence

- pektolytické a celulolytické enzymy
3. Zména barvy

- PPO, POD

4. Snizeni nutricni hodnoty

- Askorbat oxidasa, thiaminasa



Enzymové hnédnuti

Rostliny
Korysi (Crustacea)

(ovoce, zelenina)

14 DAY

7 DAY

I DAY




Enzymové hnédnuti

Reakce katalysované polyfenoloxidasou
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Produkty fenylpropanové drahy — substraty PPO
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Fyziologicka funkce polyfenoloxidasy
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Podstata enzymového hnédnuti
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Enzymové hnédnuti
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FIGURE 5. Reactions of o-quinones with nonphenolic compounds. (All reactions are nonenzymatic except those
with laccase; reactions 1 to 3, 6, and 8 are able to regenerate the original phenol.) Products with different color
intensities are indicated by asterisks. Ox, further oxidation reactions by oxygen or o-quinone; Pr-SH and Pr-NH,,
proteins; Pro-NH, Proline; AA-NH,, amino acids; Asc A, ascorbic acid; DHA, dehydroascorbic acid; R”SH, small thiol
compounds (e.g., cysteine or glutathione). (From Rouet-Mayer, M. A., Philippon, J., and Nicolas, J., Encyclopaedia
of Food Science, Food Technology and Nuirition, McRae, R., Robinson, R. K., and Sadler, M. J., Eds,, Vol. 1,
Academic Press, London, 1993, 499. With permission.)



Prevence enzymového hnédnuti

1. Slechténi odrdd s nizsim obsahem fenol(
2. Inaktivace PPO - fyzikalnimi metodami
- inhibici

3. Kombinované postupy

Ad 2) fyzikalni metody Inhibice

a) Zmeéna teploty, pH a) Chelatacni Cinidla

b) omezeni pristupu O, b) Anorganické ionty - halidy (NaCl. NaF)
obaly bez pfistupu O, c) Kompetitivni inhibitory - k. benzoova,
baleni v inertni atmosfére skoricova
proslazovani d) Latky redukuji chinony (askorbat, HSOy,

thioly)



