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Fyziologie stresu

-stresové faktory (stresory) 1) fyzikalné-chemické (abiotické): Dfyzikalni
2)chemické
stres — rostliny pod vlivem stresori

stresové faktory pronikaji do vnitiniho prostiedi rostliny — rostliny maji schopnost se vyhnout stresu — aktivni
odolnost (stress tolerance) — vede az k rezistenci

Faze stresu:

Poplachova — po aplikaci stresoru

Restituéni — mobilizace vnitinich rezerv

Rezistence — vytvoreni mechanismi odolnosti

Vyéerpani — pri dlouhodobém piisobeni stresu

Adaptacni schopnosti — zavisi na genetickych predpokladech a délce a intenzité piisobeni stresoru
Aklimace — prechodné zvySeni odolnosti

Obecny vliv stresorii - - spotieba energie na obranu, tvorba specifickych met. produkti

Pozitivni vliv stresorii — morfogeneze — u pravidelné se vyskytujicich stresi byl tento pouZit jako signal

normalni
stav
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Abiotickeé stresové faktory

Abiotické stresové faktory

Piehrati — vice jak 400C — superfluidni stav membrany — dochazi ke ztraté proteint, je snadno
propustna pro ionty— fotosystém II — jde zjistit mérenim fluorescence — rozpad fotosystémii, jde
pozorovat i mikroskopicky

Odolnost — vice nasycenych oproti nenasycenym mastnym Kyselinam, vice steroli
Pri teploté nad 50-550C — rostliny vydrzi nékolik minut — vznika nevratné poskozeni. Vyjimky —
rostliny pousti a polopousti — opuncie — 60 — 650C, bakterie a sinice v horkych pramenech.

Odolnost zpisobena kumulaci heat-shock proteinii (stresové proteiny) — z cytosolu do chloroplastii
a mitochondrii

V dormantnim stavu maji semena a pupeny mnohem vyssi odolnost — az 1200C kratkodobé —
néktera semena vyzaduji tak vysoké teploty aby viibec vykli¢ila — vliv pravidelnych poZaru.

Nizké teploty

VétSinou pod O°C, u nékterych rostlin ale i 100C

Citlivost na chlad — raj¢e, okurky, paprika, kukufice

Okurky jsou poskozeny — 100C — tyden, 8 — 3 dny, 30C — hodiny

Nejcitlivéjsi ¢asti jsou kvétni organy — dano fyzik.- chem. vlastnostmi membran — z polotekutého do
pevného gelu — zastaveni transportu a odumirani bunék, citlivé jsou i chloroplasty

Aklimacni zmény — cold-induced proteins, hromadéni osmoticky aktivnich latek, zvySuje se
zastoupeni nenasycenych mastnych kyselin. ZvySuje se konc. ABA



Abiotickeé stresové faktory

Mraz — tvorba ledu a mrazové dehydratace

Cytoplasmaticky led — odumreni buniky — pouze vyjime¢né pri rychlych zménach
teploty) u neadaptovanych rostlin

Voda v mez. prostoru a xylému — v metastabilnim (podchlazeném) stavu v zavislosti na
stavu osmotik, rostliny vydrzi az —380C — krystalizacni centra — vznikaji pri
dlouhych mrazech — dehydratace — odumreni bunky

Mrazuvzdornost — zaloZena na schopnosti zabranit vzniku ledu uvnitf bunék a
tolerovat jejich odvodnéni pri zamrznuti vody v apoplastu. Bod tuhnuti snizuji
osmoticky aktivni latky (cukry, AK, polyalkoholy). Silné mrazy provazi silna
dehydratace, mizi vakuoly, voda ziistava pouze v tenkych zbytcich kolem organel a
plazmalemy. Mrazuvzdornost se dosahuje pomalym sniZovanim teplot, zavisi
rovnéz na obdobi — obilniny v zimé velmi odolné, v 1été velmi malo (ne pod —30C).

Otuzovani - - postupné snizovani teplo a zkracovani délky dne



Abiotickeé stresové faktory

Vodni stres — voda ma velmi rychly kolobéh — zasoby v rostlinach i
pudé staci na kratkou dobu — proto ¢asto stres

Zavisi na vodnim potenciilu — neni dan obsahem vody v okoli, ale
v rostliné

do —0.5 MPa — mirny stres

-0.5 — 1.5 MPa — stiedné velky

- pod —1.5 MPa — velmi silny

Klesa turgorovy tlak, listy vadnou, zastaveni ristu pied poklesem
turgoru — 0.1 — 0.2 MPa

-0.2 — 0.8 MPa —sniZeni aktivit enzymu, klesa aktivit NR, roste a-
amylazy, ribonukleasy, zrychleni hydrolyzy §krobu, zpomaleni
bunééného déleni, roste az 40-nasobné obsah ABA

-0.8 — 1.0 MPa — tvorba AK prolinu — az 100-ndsobné urychluje se
tvorba cukrii, betainu — zvySeni osmotického tlaku

-1.0 — 2.0 MPa —vazné met. zmény, fot.=0, zastaveni transportu
v buiikach, aktivita respirace roste a rovnéz hydr. enzymi.
Piesun metaboliti (rezerv do mladych listi, staré odumiraji,
zavisi na délce pusobeni stresu — vede k odumirani listi az celé
rostliny.

Suchovzdorné rostliny (poikilohydrické) snaseji uplné vyschnuti (nizsi
rostliny — mechy, liSejniky)

Aridni oblasti — Poaceae, Cyperaceae, Scrophulariacea — uplné
vyschnuti i nékolik mésici — (vodni potencial -400 MPa i
v absolutné suchém vzduchu, presto regeneruji pri dostatku vody
organy

Odolnost k vyschnuti — i vyschlé ¢asti udrzuji minimalni met. Aktivitu,
minimalizace vakuol a obsahu $krobu, zvySeni mnoZstvi organel,
tvorba zvlastnich pochev kolen organel. Strategie — co nejvice
zabudovaného C na jednotku vydané vody — CAM. Maji obecné
malou koncentraci osm. Aktivnich litek a tak nemohou otvirat
priuduchy ve tmé. Nékteré maji schopnost dlouhodobé uzavrit
pruduchy a recyklovat CO2

FIGURE 25.2 The leaves of young co { um hirsu-

tum) plants abscise in response to w
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the middle and at right wer

and severe stress ctively, -

Only a tuft of leaves at the top of the stem is left ¢
severely stressed plants. (Courtesy of B. L. McMichael.)




Vliv nedostatku vody na vynos obili a soji v USA

TABLE 25.1 |
Yields of corn and soybean crops in the United States

Crop yield (percentage of 10-year average)

~ Year Corn Soybean

1979 104 106
1980 87 88 Severe drought
1981 104 100
1982 108 104
1983 77 87 Severe drought
1984 101 93
1985 112 113
1986 113 110
1987 114 111
1988 80 89 Severe drought

Source: U.S. Department of Agriculture 1989,
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FIGURE 25.1 Dependence of leaf expansion on leaf turgor.
sunflower (Helianthus annuus) plants were grown either
with ample water or with limited soil water to produce
mild water stress. After rewatering, plants of both treat-
ment groups were stressed by the withholding of water,
and leaf growth rates (GR) and turgor (' ) were periodi-
cally measured. Both decreased E'?{tt‘ﬂ:%i].‘riij[}-' (m) and
increased threshold turgor for growth (Y) limit the leaf’s
capacity to grow after exposure to stress. (After Matthews
et al. 1984.)




Abiotické stresové faktory

Nedostatek O, v pidé

ve vzduchu stale stejna konc. CO,

- v pidé — znacné zmény — jilovité pudy (hypoxické az anoxické podminky)

O, — méné jak 2-4% - inhibice aerobni respirace — prechod na glykolyzu vytvari se pyruviat, NADPH spotiebovavan
v procesu fermentace. Pri sniZzeni O2 se hromadi NADPH, ktery poté inhibuje citratovy cyklu. Anaerobni cesta
je velmi malo vyhodna — pouze 2 mol ATP, aerobni 32 ATP, dédle kon. produktem fermentace je kys. mlééna
nebo ethanol — nebezpec¢né pro rostlinu. Méni se i chemismus ptidy. Mnohé mikroorganismy vyuZzivaji jiné
akceptory el. a prevadéji tak dané latky do red. stavu

Redukce sirani — H,S

Redukce NO; — N,

Redukce Fe** na Fe?* - vaze fosfaty
Redukce NO, na NH**

Aklimacni reakce — syntetizuji se stresové proteiny a ABA, zpomaleni riistu pri zaplavach. V korenech se kumuluje
etylén — indukuje tvorbu enzymi rozkladajicich intercelulary v parenchymatickych pletivech korent a stonk

— vznikaji kanalky, kterymi se privadi O,, vznikaji nové koreny — silné a nevétvené, maji kanalky.

U rostlin znacné adaptace na zamokreni — nékteré vytvareji obrovské vynosy i pri zamokreni (rakos, ryze).
Zikladem je zajiSténi transportu O, do kofeni —maji 60% intercelular — transport plyni nejen difusi, ale
zejména hromadnym tokem — pohyb indukovan zménami teploty. Mezi nadz. a podz. ¢asti a vydejem CO2
koreny do vody — vznika respiraci. Maji dokonalé Fizeni glykolyzy .- pii nedostatku O2 nestupuje pomalu —
toxické produkty fermentace vylu¢ovany (etanol) nebo vznikaji malat ¢i alanin — modifikace ferm. drah

Zasolené a kyselé pudy

-vypar prevlada nad srazkami, také pri dlouhodobych zavlahach, roste konc. soli v piidé, zejména tox. ionti
(Na+,Cl-, SO, Mg2+) — nizky vodni potencial pidy a zhorSeni fyz. vlastnosti. Zataveni ristu a i odumyfeni
rostliny — kumuluji se tyto prvKky v rostliné.

Halofytni rostliny — adaptovany

-vysoka selektivty pl. Membrany koient, piijem pouze néktery iontii — mangrovy na morskych brezich — v xylému
¢ista voda, rozlisuji Na+ a K+

odolné rostliny- akumuluji ionty ve vakuolach a kompenzuji vys. osmot. tlak vakuoly osm. aktivnimi latkami
v cytosolu — prolin, sacharidy, ¢ast soli vylucovany listy

vodni potencial zas. pid — aZ—1 MPa, mof. voda: -2.7 MPa —neadaptované rostliny — zvySuji osmot. tlak v koienech
u halofyti az 10 MPa osm. tlak., tvorba stres. proteinii podobnych za T.




Abiotické stresové faktory

Kyselé pidy — kys. desté, nadmérné hnojeni NO;, monokultury, utlumen CaCQO;.
ZvySovani rozp. nékterych sloucenin — zejména A", vytésnéni, Ca, Mg, K — ze
sorpéniho komplexu a z piidy, sniZzen dostupnost fosforu — Al x P.

Adaptované rostliny — acidofilni — rostou v Sirokém rozmezi pH — tolerance k vysokym
konc. Al, Mn a Fe.

Toxické latky v prostredi

Nebezpecéné plyny — SO, a O;, tézké kovy a aromatické uhlovodiky — priumyslova cinnost
Clovéka.

SO, — i z vulk. emisi — do listii priiduchy — do mezofylu, rozpousti se, inhibuje RUBISCO,
v chloroplastech se redukuje, az velmi vysoké konc. maji negativni vliv. Nejvice citlivé
stromy s dlouhovékymi listy a stélkaté s rustovou aktivitou v zimé€ — v zimé konc. SO,
nejvyssi.

Aklimace — zvySeni aktivity enzymii met. siry a zvySeni tlumici schopnosti bunék pomoci
Mg a Ca — proto velmi citlivé rostliny na kys. stanovisStich.

Ozon - - fotolyzou oxidi N (NO, N,0) — UV — nebezpecny v horskych oblastech — 300 — 500
mg/m3, do rostlin priduchy — rozklad v membranach na O, a OH. (hydroxylovy
radikal) — ten nebezpecny, i kdyZ rychle preménovan — indukce tvorby etylénu,
polyamini a flavonoidi.

Starnuti rostlin. Pri vysSich koncentracich — poskozeni lipidii — membranovy systém,
veetné chloroplastu.

Toxické kovy — Zn, Pb, Kd - - inaktivace enzymu a redox-systémy, zpomaleni ristu korene
a fotosyntézu. Nékteré rostliny odolné — travy — sorpce na pektinové latky a selektivita
transportnich mechanismi. Vytvari fytochelatiny — vazou tézké kovy —podobné
tripeptidu glutathionu. Takto tras. do vakuoly a tam navazany na org. latky.

Bioremediace.



Biotické stresove faktory

Alelopatie - rostliny produkuji sek. metabolity, které ptasobi inhibi¢né az toxicky na okolni rostliny —
neni jasné — fada problémi s prenosem latky, ucinnosti, atd.

Pienos — piidou nebo vzduchem (terpeny), nékteré malo kompetitivni druhy vytvareji trvalé porosty ve
kterych se jinym rostlinam nedari — metlicka krivolaka, cesnek medvédi, bazanka lesni

-alelopatie mezi travami a jetelovinami — skopolin a eskulin

alelopatika vyloucena rozkladem odumielych rostlin — fenolické latky — kys. fenyloctova, benzoova,
hydroxycinamova a juglon (5-hydroxy-a-naftochinon) — silna toxicita — napr. rozkladem listi
oreSaku.

mechanismus zatim rovnéZ neznamy — predpoklada se piisobeni na membrany, inhibice kliceni,
dlouzivého a délivého ristu, atd.

O
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Biotické stresove faktory

Interakce s bylozravymi zivocCichy

fytofagni hmyz a bylozravci — mechanické bariery — morfologické a
morfogenetické adaptace — kutikula, trny, trichomy, sklerenchymaticka
pletiva, schopnost rychlé regenerace, ale i biochemické adaptace

2 skupiny latek: a) kvalitativné vyznamné — v malych koncentracich ale velmi
toxické — alkaloidy a glykosidy uvoliiujici kyanovodik, glukosinolaty — obecné
chranény, maji ale specifické Skiidce s rezistenci vuci toxinim

b) kvantitativné vyznamné metabolity — ne tak toxické, ale ve velkém mnoZzstvi —
az 10% suSiny, Spatna stravitelnost, nechutnost az toxicita

-bylo prokazano, Ze napr. brzy po okusu se okamzité za¢inaji v nékterych
rostlinach syntetizovat prir. inhibitory proteas




Biotické stresove faktory

Reakce na patogenni organismy — viry, bakterie a houby

-obecné po interakci hostitele patogenem vznikaji specifické elicitory — signalni latky vylucované
patogenem (sacharidy, enzymy a peptidy) nebo endogenni elicitory )vznikaji po naruSeni bun. stén) —
oligomery chitinu, oligoglukany, glykoproteiny

elicitory obecné indukuji tvorbu prenaseci signalii (second messengers) — podobné jako u prenosu
fytohormonalnich signali — zejména fosfatidylinositovy systém, velmi ¢asta je tvorba superoxidu a
dalSich forem aktivniho kysliku — jiZ po 5 — 10 min. piisobeni elicitoru, vedle vlivu na genovou expresi
vznika peroxidaci lipida kys. jasmonova a metyljasmonat a ty pak ovliviiuji transkripci — iniciace
transkripce vede k tvorbé stresovych proteinii a iniciaci syntézy jednodussich latek s antibiotickymi
ucinky — flavonoidy, terpenoidy, fenolické latky a alkaloidy — oznacuji se jako fytoncidy ¢i inhibitiny.

Zvlastni skupinu latek tvori fytoalexiny — vytvari se po napadeni patogenem — vice jak 300, napr i
Fabaceae — isoflavonoidy, u nékterych rostlin i vice druhi fytoalexinu, vétSina latek je lipofilni
povahy, jsou velmi toxické pro radu hub.

Tvorba ochrannych nekréz brani rozSireni patogena — rychlé reakce vedouci k zni¢eni patogena i
napadené buiiky — hypersensitivni reakce — roste koncentrace vysoce reaktivnich volnych radikala,
peroxidu vodiku (oxidative burst), ale i dalSich toxickych latek (polyfenolii) — zacina aktivaci
NADFH-oxidasy v plasm. membrané a zaroven dochazi k inhibici antioxidativnich enzymu — dochazi
poté k rychlé peroxidaci membran a smrti bunék — nekrosa

tvorba kalosy — vyplituje okolni buiiky — je odolna vii¢i houbovym hydrolazam, i tvorba sek. meristému
produkujiciho suberinizované ¢i lignifikované buiiky, nékdy i tvorba odlucovaci vrstvicky.

I patogeni se adaptovali — rychlou rostouci hyfy, produkce supresori, které potlacuji vznik
hypersensitivni reakce, tvorba bunécénych jedi — fusikokcin z Fusicoccum amygdalii — zptisobuje
hyperpolarizaci bunéénych membran.

O
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Spolecné mechanismy obrannych reakci

Spole¢né mechanismy obrannych reakci
Adaptace — geneticky vazané znaky odolnosti, trvaly vyskyt

Aklimace — indukované zmény v ramci fenotypové plasticity — programy aktivace urcitych
gent za jistych stresovych podminek — napr. zvySeni teploty miiZe indukovat radu
protein.

Existuje obecny adaptacni systém u rostlin (general adaptation syndrom) — tézké zodpovédét
— rostliny vystaveny vice stresiim a pritom nemaji nervovou soustavu a imunitni systém
na bazi protilatek. Existuji ale dil¢i komplexy spole¢nych reakeci — zvySeni odolnosti vici
nékolika strestim najednou

-tvorba stresovych proteint

-tvorba a odstranovani aktivnich forem kysliku
-tvorba stresovych fytohormonii

-tvorba osmoregulac¢nich sloucenin
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FIGURE 25.3 Accumulation of ABA by chloroplasts in the light. Light stimulates
proton uptake into the grana, making the stroma more alkaline. The increased alka-
linity causes the weak acid ABA*H to dissociate into H* and the ABA™ anion. The
concentration of ABA#H in the stroma is lowered below the concentration in the
cytosol, and the concentration difference drives the passive diffusion of ABAeH
across the chloroplast membrane. At the same time, the concentration of ABA™ in
the stroma increases, but the chloroplast membrane is almost impermeable to the
anion (red arrows), which thus remains trapped. This process continues until the
ABA#H concentrations in the stroma and the cytosol are equal. But as long as the
stroma remains more alkaline, the total ABA concentration (ABA*H + ABA™) in the
stroma greatly exceeds the concentration in the cytosol.




el
n
e
-

o=

™ Leaf
expansion

L
——
o

Photosynthesis

-0.4 -0.8 -1.2 -1.6
Leaf water potential (MPa)

o

o

i
o e
w
™
W
Lo
o &
m
Q)
-
4]
-
3]
R
-
U
LA
m
L
[
¥
|
—_—
=
1%
et
-
ar
= B
ot

(15 z-W €O jowt) a1e sisayiuhsoloyd

eh)
+..I
5
e
-
e,
L
m
&
>
Q
'I.I_
e
Qi
—l

FIGURE 25.4 Effects of water stress on photosynthesis and
leat expansion of sunflower (Helianthus annuus). This
species is typical of many plants in which leaf expansion is
very sensitive to water stress, and it is completely inhibited
under mild stress levels that hardly affect photosynthetic
rates. (After Boyer 1970.)
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FIGURE 25.5 Relative effects of water stress on photosyn-
thesis and translocation in sorghum (Sorghum bicolor).
Plants were exposed to CQO, for a short time interval. The
radioactivity fixed in the leaf was taken as a measure of
photosynthesis, and the loss of radioactivity after removal
of the ”CG‘E source was taken as a measure of the rate of
assimilate translocation. Photosynthesis was affected by
mild stress, whereas, translocation was unaffected until
stress was severe. (After Sung and Krieg 1979.)
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FIGURE 25.6 Water loss and carbon gain by sugar beet (Beta
vulgaris), an osmotically adjusting species, and cowpea
(Vigna unguiculata), a nonadjusting species that conserves
water during stress by stomatal closure. Plants were £rown
in pots and subjected to water stress. On any given day
after the last watering, the sugar beet leaves maintained a
lower water potential than the cowpea leaves, but photo-
synthesis and transpiration during stress were only slightly
greater in the sugar beet. The major difference between the
two plants was the leaf water potential. These results show
that osmotic adjustment promotes dehydration tolerance
but does not have a major effect on prod uctivity. (After
McCree and Richardson 1987,)
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FIGURE 25.8 Increases in the content of phosphoenolpyru-

vate (PEP) carboxylase in ice plant, Mesembryanthemum
crystallinum, dmmﬂ the salt-induced shift from C, metabo-
lism to CAM. Salt stress was induced by the add]tmn of 500
mM NaCl to the irrigation water. The PEP carboxylase pro-
tein was revealed in the gels by the use of antibodies and a
stain. (After Bohnert et al. 1989.)




Table 25.2

The five groups of late embryogenesis abundant [LEA) proteins found in plants

Group
{family name)”

Group 1
(D 19 family)

Group 2

{0-11 Family)
ialso referred to
as dehydrins)

Group 3
[C-7 family)

Group4d

Protein(s) in the group

Catten D-19
Whieat Em
[zarty methionine
labeled protein]
Sunflower Ha ds10
Barley B19

Maize DHNT, M3, RART?

Cotbon D-11
Arcbiclopsis pRABAT
ERD43 ERDIT4

Croterostigmea peC 27-04,

P 615

L

Tomato pLE4, TAS14

Barley B& B9, B17
Rice pRABTGA
Carrot peEP40

Barley HYAL
(ABA-induced)
Cotian D-7
Wheat phA2O05,
pMATSEE
Lraterastigmea
pol3-06

Soybean [-05

Structural characteristics
and rmetifs

Functicnal information/
proposed function

Cunformation is predaminantly
randam coil with some
predicred shorl o helices

Charged aming acids and giycine
are abundant

Variable strocture includes o
nelix-farming lysine-rich regions
The consensus sequence for group
2 dehydrins is EKKGIMDEIRELFG
The number of times this cansensius
repeats per protein varies
Often contains a polylserine) region
Often contains ragions of variable
Ir:rlgth rich in polar residuss
and either Giy ar ala. and Pra

Elewen amino-acid consensus
seqpuerice motif TADQAAKEKAKE Is
repeated in the protein

Contains apparent amphipathic
i helices

Lrimeric protein

Slightly hydrophobic

[D-25 family) Craterostigma pol 2 7-45 M-terminal regien is predicred
L farm amphipathic i helices
Groip 5 Tomato LE2S Family meambers share segquenoe
{113 family) Sunflower Hads11 homology at the conserved
Cottory D113 M terminus
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FIGURE 25.9 Signal transduction pdtl‘m ays for osmotic
stress in plant ¢ ells. Osmotic stress is perceived by an as yet
unknown receptor in the pluanm membrane ac tn.mm,
ABA-independent and an ABA-dependent signal transduc-
tion pathways. Protein synthesis participates in one of the
ABA-dependent pathways involving MYC/MYB. The
bZIP ABA-de andLnl pa[l‘m ay inv uh es recognition of
ABA-responsive elements in gene promoters. Two ABA-
independent pathways, one involving the MAP kinase sig-
naling cascade and the other involvi ing DREBP /CBF-
related transcription factors have also been demonstrated.
(After Shinozaki and Yamaguchi-Shinozaki, 2000.)




TABLE 253 i |
Heabkilfing temperatures for plants

Heat—kllling
temperature Time of

Plant (C") exposure
Nicotiana rustica (wild tobacco) 49-51 10 min
Cucurbita pepo (squash) 49-51 10 min
Zea mays (corn) 49-51 10 min
Brassica napus (rape) 49-51 10 min
Citrus aurantium (sour orange) 50.5 15=-30 min
Opuntia (cactus) >65 —
Sempervivum arachnoideum 57-61 —

(succulent)
Potato leaves 42.5 1 hour
Pine and spruce seedlings 54-55 5 min
Medicago seeds (alfalfa) 120 30 min
Grape (ripe fruit) 63 —
Tomato fruit 45 —
Red pine pollen 70 1 hour
Various mosses

Hydrated 42-51 e

Dehydrated 85-110 —

Source: After Table 11.2 in Levitt 1980,
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FIGURE 25.10 Response of frosted orache ( Atriplex sabulosa) and
Arizona honeysweet (Tidestromia oblongifolia) to heat stress,
Photosynthesis (A) and respiration (B) were measured on
attached leaves, and ion leakage (C) was measured in leaf slices
submerged in water. At the beginning of the experiment, control
rates were measured at a noninjurious 30°C. Attached leaves
were then exposed to the indicated temperatures for 15 minutes
and returned to the initial control conditions before the rates wer
recorded. Arrows indicate the temperature thresholds for inhibi-
tion of photosynthesis in each of the two species. Photosynthesis,
respiration, and membrane permeability were all more sensitive
to heat damage in A. sabulosa than in T, oblongifolia. In both
species, however, photosynthesis was more sensitive to heat
stress than either of the other two processes, and photosynthesis
was completely inhibited at temperatures that were noninjurious
to respiration. (From Bjérkman et al, 1980.)




TABLE 25.4

The five classes of heat shock proteins found in plants

HSP class Size (kDa)
H5P100 100-114
HSPS0 80-94
HSP70 69-71
HSP&0D 5/7-60
smHSP 15-30

Source: After Boston et al. 1

Examples (Arabidopsis / prokaryotic)
AtHSP101 / ClpB, CipA/C

AtHS5P90 / HtpG

AtHSP70 / Dnak

AtTCP-1 / GroEL, GroES

Various AtHSP22, AtHSP20, AtHSP18.2,

AtHSP17.6 / IBPA/B

Cellular location

Cytosol, mitochondria, chloroplasts

Cytosol, endoplasmic reticulum
Cytosol/nucleus, mitochondria, chloroplasts
Mitochondria, chloroplasts

Cytosol, mitochondria, chloroplasts,
endoplasmic reticulum
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FIGURE 25.11 The heat shock factor (HSF) cycle activates leading to the translation of HSPs among which are HSP70
the synthesis of heat shock protein mRNAs. In nonstressed (4). The HSF trimers associated with the HSE are phospho-
cells, HSF normally exists in a monomeric state (1) associ- rylated (5) facilitating the binding of HSP70 to the phos-
ated with HSP70 proteins. Upon the onset of an episode of phorylated trimers (6). The HSP70 trimer complex (7) disso-
heat stress, HSP70 dissociates from HSF which subse- ciates from the HSE and disassembles and dephosphory-
quently trimerizes (2). Active trimers bind to heat shock lates into HSF monomers (8), which subsequently bind HSP

elements (HSE) in the promoter of heat shock protein (HSP) reforming the resting HSP70/HSF complex. (After Bray et
genes (3), and activate the transcription of HSP mRNAs al. 2000.)
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FIGURE 25.12 Heat stress causes a reduction in cytosolic
pH from the normal slightly alkaline value, probably by
inhibiting proton-pumping ATPases and pyrophosphatases
that pump protons across the plasma membrane or into the
vacuole. Additionally, heat stress effects a change in cal-
cium homeostasis inside the cell by affecting the influx of
calcium into the cytosol through either plasma membrane

e % o lr':l.r"'i'lﬂll"l'l" r'\'!llﬁ';lrr'vi ﬁl‘i-l'rlﬁnjr ey L‘.'ll g L e — .

ATPases or proton cotransporters. This increase in cytosolic
calcium leads to the activation of calmodulin {CaM) which
binds to glutamate decarboxylase (GAD) converting it from
the inactive to the active form. Glutamate conversion to y-
aminobutyric acid (GABA) is then accomplished consum-
ing protons in the process and mediating an increase in
cytosolic pH. CAX1 and CAX2 are transport proteins, ACA:
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FIGURE 25.13 Survival at low temperature of seedlings of
different populations of tomato collected from different alti-
tudes in South America. Seed was collected from wild
tomato (Lycopersicon hirsutum) and grown in the same
greenhouse at 18 to 25°C. All seedlings were then chilled
for 7 days at 0°C and then kept for 7 days in a warm
growth room, after which the number of survivors was
counted. Seedlings from seed collected from high altitudes
showed greater resistance to chilling (cold shock) than
those from seed collected from lower altitudes. (From
Patterson et al. 1978.)




TABLE 25.5

Fatty acid composition of mitochondria isolated from chilling-resistant and chilling-sensitive species
e e B R R A R RS B e S L e s i s il R allns 0 |
Percent weight of total fatty acid content

Chilling-resistant species Chilling-sensitive species

Major fatty acids” Cauliflower bud Turnip root Pea shoot Bean shoot Sweet potato Maize shoot

]

Palmitic (16:0) 21 19.0
Stearic (18:0) .C 1.1
Oleic (18:0) 7.0 12.2
Linoleic (18:2) 20.6
Linolenic (18:3) 49, 44.9

=

240 249 28.3
2.2 2.6 1.6
0.6 4.6

50.8 54.6

10.6 6.8

=

Yol

[

| W= Wk )

| —

Ratio of unsaturated to saturated
fatty acids : 3.8 2.8 1.7 2.1

acid chain and the number of double bonds




TABLE 25.6 _
Properties of seawater and of good quality
irrigation water

Property

Seawater

Irrigation
water

Concentration of ions (mM)

MNa™
K+
Ca*
Mg?2t
Cl-
50,2
HCO

Osmotic potential (MPa)
Total dissolved salts
(mg L~! or ppm)

457
9.7
10
26
536
28
2.3
-24
32,000

<2.0
<1.0
0.5-2.5
0.25-1.0
<2.0
0.25-2.5
<1.5
—-0.039
500
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Group IA (halophytes) includes sea blite (Suaeda maritima) and
salt bush (Atriplex nummularia). These species show growth
stimulation with CI” levels below 400 nM.

Group IB (halophytes) includes Townsend's cordgrass (Spartina
x townsendii ) and sugar beet (Beta vulgaris). These plants
tolerate salt, but their growth is retarded.

Group |l (halophytes and nonhalophytes) includes salt-tolerant
halophytic grasses that lack salt glands, such as Festuca rubra
subsp. red fescue (littoralis) and Puccinellia peisonis, and
nonhalophytes, such as cotton (Gossypium spp.) and barley
(Hordeum vulgare). All are inhibited by high salt concentra-
tions. Within this group, tomato (Lycopersicon esculentum) is
intermediate, and common bean (Phaseolus vulgaris) and
soybean (Glycine max) are sensitive.

The species in Group lll (very salt-sensitive nonhalophytes) are
severely inhibited or killed by low salt concentrations. Included
are many fruit trees, such as citrus, avocado, and stone fruit.

FIGURE 25.14 The growth of different species subjected to salinity relative to that of
unsalinized controls. The curves dividing the regions are based on data for different
species. Plants were grown for 1 to 6 months. (From Greenway and Munns 1980.)
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FIGURE 25.15 Membrane transport proteins mediating the figure are proteins that have been implicated in ion
sodium, potassium, and calcium transport during salinity homeostasis, but whose molecular identity is either not
stress. SOS1, plasma membrane Na*/H* antiporter; ACA, presently known or cofirmed in plants. These include
plaﬁnh‘uttzunplaﬁt membrane Ca?*-ATPase; KUP1/TRH1, plasma membrane and tonoplast calcium channel proteins,
high-affinity K*-H* LLP-[I"’!I‘IH'_‘H'I['!L], atHKT1, sodium influx and vacuolar proton-pumping ATPases and pyrophos-
transporter; AKT1, K. channel; NSCC, non selective phatases. The membrane potential difference across the
cation channel; C&‘ﬂ or 2, Ca**/H* antiporter; atNHX1, 2 plasma membrane is typically 120 to 200 mV, negative

or 5, endomembrane Na*/H* antiporter. Also indicated in inside; across the tonoplast 0 to 20 mV; positive inside.
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FIGURE 25.16 The regulation of ion homeostasis by the SOS
signal transduction paihh ay, salinity stress, and calcium
levels. Red arrows indicate positive regulation of the
effected transport protein while blue arrows indicate nega-
tive regulation. Proteins shown in yellow are activated by
salinity stress. SOS1, plasma membrane Na*/H*
dntlpurtur S0OS2, serine/ threonine kinase: SOS3, Ca?* bind-
ing protein; HKT1, sodium influx transporter; AKTI, K*._
channel; NSCC, non selective cation channel; NHX1, 2 or "-
endomembrane Na*/H" antiporter; shown in orange is an
undertermined calcium channel protein. Salinity stress acti-
vates a calcium channel leading to an increase in cytosolic

calcium that activates the SOS cascade through SOS3. The
SO5 cascade must negatively regulate HKT1 which in turn
secondarily regulates AKT1. At the same time, the 505 cas-
cade increases the activity of SOS1 and AKT1. Working
through an as yet undefined transcription factor the SOS
cascade increases transcription of SOS1 while decreasing
transcription of NHX gene(s). At low calcium NSCC can
also function as an alternative sodium intlux system, but
this transporter is inhibited at high calcium levels. The
membrane potential difference across the plasma mem-
brane is typically 120 to 200 mV, negative inside, that of the
tonoplast is 0 to 20 mV, positive inside.
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FIGURE 25.17 I)unnh episodes of anoxia, pyruvate pro-
duced by glycolysis is initially fermented to lactate. Proton
production by glycolysis, and other metabolic pathways,
and decreased pmtﬂn translocation across the plasma mem-
brane and tonoplast lead to a lowering of cytosolic pH. At
lower pHs, lactate dehydrogenase activity is inhibited, and
pyruvate decarboxylase is activated. This leads to an

increase in the fermentation of ethanol and a decrease in
the fermentation of lactate at lower pHs. The pathway of
ethanol fermentation consumes more protons than does the
pathway of lactate fermentation. This increases the cytosol-
ic pH and enhances the ability of the plant to survive the
episode of anoxia,




FIGURE 25.18 Scanning electron microgra phs of transverse nent gas-filled spaces (gs) in the cortex (cx), formed by
sections through roots of maize, showing changes in struc- degeneration of cells. The stele (all cells interior to the
ture with oxygen supply. (150x) (A) Control root, supplied endodermis, En) and the epidermis (Ep) remain intact. X,
with air, with intact cortical cells. (B) Oxygen-deficient root xylem. (Courtesy of J. L. Basq and M. C, Drew.)

growing in a nonaerated nutrient solution. Note the promi-
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