Teplota je zasadni faktor pro biochemické deje. Aktivacni
energie roste a reakce se zrychluji.

Rozmezi teplot na Zemi je —80 st.C. po teploty nad 100 st.C.

Podstatnée je také Casove kolisani teplot.
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Figure 13.6 Thermal strategies Most animals can be classified as homeotherm
or poikilotherm, or alternately, ectotherm or endotherm. This figure illustrates the many
species whose thermal strategies combine elements of multiple strategies. For example,
monotremes are less homeothermic and less endothermic than other mammals.
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Termoregulace jako evolucni krok k volnym nikam.
Tkane jsou neustale v optimalni teplote.

Jen velci si mohou dovolit termoregulovat.

Behavioralni termoregulace je ale dostupna i malym.



Neni to zadarmo:
Az 20x vétsSi energeticka naroCnost homoiotermu pfi dané

hmOtﬂOStI pl’O'[I p0|k||0te rmum. The curves are plots of these statistically
derived equations, where M/W is the weight-
specific rate of O, consumption (mL O,/g+h)

and W is body weight (g).
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Teplota a metabolismus u poikilo a homoiotermu.
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Fig. 6.17 Relationship between ambient temperature and metabolic



Viivy teploty

Méni se aktivita enzymu, vlastnosti membran (gel x tekutost).
Protoze zejména slabé vazby jsou teplotou ovlivheny, meni se
vlastnosti proteinu a lipidu. H mustky a van der W. sily s teplotou
slabnou, hydrofobni interakce (vazby) sili. Zalezi tedy na relativni

Jlezitosti t nivazeb. [ ———m———F—F——— =
dulezitosti a zastoupeni vazeb e
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Figure 4.1 The effect of temperature on a protein splitting
enzyme (protease) from the ascidian Halocynthia. The
enzyme effect seems to have a temperature optimum, but
this optimum is lower the longer the duration of the
experiment. This is explained in the text. [Berrill 1929]




Lze se prizplusobit i bez termoregulace, ale trva to déle:
Adaptace, Aklimace

Evolucni adaptace: vétSina hmyzu
je aktivni v rozmezi12 - 50 °C.
Grylloblatta, cvrCkovec, ktery zije
ve vysokych horach Severni
Ameriky je aktivni pri teploté
-2.5-11.5 °C, teplotu 20 °C.

jiz nesnese.

EPIOTR NASKRECKI 2013



Adaptace, Aklimace

Rychla adaptace - aklimace: | u jedince muze dojit ke zméné
odolnosti vii&i teploté. Svab adaptovany na teplotu 36°C upada
do stavu strnulosti (chladovy Sok) pfi snizeni teploty na 9.5°C.
Byl-li vS8ak chovan alesporn 24 hod pfi teploté 15 °C., pak dojde
ke chladovému soku az pri 2°C.



Adaptace, Aklimace

Optimum ma SirSi nebo uzsi hranice. Stenotermni x eurytermni
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Aklimace je prizpusobeni se dlouhodobému pusobeni urcité teploty.
Rychlé zmény vedou k vétSim vykyvim v metabolismu. Aklimace

vyzaduje cas.

Metabolic rate on log scale

The chronic-response line has a
lower slope than any of the three
acute-response lines.
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Body temperature (°C)



Aklimace - Jak udrzet bunécné déje v chodu.

A. Kontrola fluidity membran
Délka retézce

Saturace

Fosfolipidova tfida
(fosfatidilcholin x
fosfatidilethanolamin)
Cholesterol — udrzuje fluiditu za
nizkych T

. Syntéza ochrannych latek (teplo i

chlad)

. Zmény spektra enzymu a/nebo

syntéza homologu

. Zmény izoforem proteinu (napf.

svalového myosinu)
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Figure 13.12 Phospholipid properties and
membrane fluidity Cells change the fluidity of
membranes by altering the composition of membrane
phospholipids.
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Aklimace - Jak udrzet bunécné déje v chodu.
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Figure 4.1 The effect of temperature on a protein splitting
enzyme (protease) from the ascidian Halocynthia. The
enzyme effect seems to have a temperature optimum, but
this optimum is lower the longer the duration of the
experiment. This is explained in the text. [Berrill 1929]




Poikilotermie

Jako kazda konformni strategie je lacinéjsi, pro malé zivocichy s
velkym povrchem jedina mozna. | za cenu snizené vykonnosti.

Surface area increases while
total volume remains constant

——

Total surface area
(height x width x
number of sides X
number of boxes)

6 150 750

Total volume
(height x width x length 1 125 125
X number of boxes)

Surface-to-volume
ratio 6 12 6
(surface area / volume)



Poikilotermie - teplo

Heat shock proteiny — chaperony - opravuji denaturované bilkoviny

Cytoplasm

©

Denatured

HSF protein
trimer__'

( HSF monomers

1 AAA

Nucleus Poly A* mRNA

Figure 13.15 Heat shock response

Complex of HSF and Hsp's under
unstressed conditions.

Heat stress causes complex to
dissociate.

— —

@ Hsp70 binds to denatured proteins.

—

HSF monomers associate into trimers.

Trimers move into the nucleus and bind
to the promoter of genes with heat
shock element (HSE).

@ Hsp70 gene transcription increases.

Poly A* mRNA is exported to the
cytoplasm.

0 Poly A* mRNA is translated to form
more Hsp70.

The increase in Hsp70 levels allows
the complex to form again, stopping
transcriptional activation.




Poikilotermie - chlad

A) Zmrznuti tolerujici — nukleacni l. (kontrolované zmrznuti)

B) Zmrznuti netolerujici — kryoprotektivni |. (glyceroly) a tzv. antifrizy
(zabranuji krystalim ledu rust).

Intracelularné led nesmi vzniknout nikdy.
Ale i tvorba extraceluarniho ledu vystavuje buriky osmotickému stresu.

() (b) (©)

Extracellular fluid

« *Osmosis




Fyzikalni regulace
Vymeéna tepla mezi organismem a prostredim.
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Homoiotermie a fyzikalni regulace

Neni nutné prohrivat vSechny
tkaneé, naopak je vyhodné
regulovat tepelné ztraty.
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Protiprouda vyména
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Protiprouda vymeéna

Dokaze oddélit
teple a studene
tkane.

U Clovéka dvé
sady zil — podle
teploty blize nebo
dale povrchu.

With this arrangement of blood vessels,
blood loses heat steadily to the environment
as it flows in and out of the limb, and the
temperature of the blood steadily declines.

(@) Blood flow without countercurrent heat exchange
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( When the arteries and veins are close together,
allowing countercurrent heat exchange to occur,
some of the heat lost from the arterial blood enters
the venous blood.The temperature of the venous

vblood thus rises as the blood travels toward the body.J




Protiprouda vymeéna

Mozek musi mit
stalou teplotu.

Cross sections of
nasal passages

Nasal vein

sinus

The arterial blood is cooled
by countercurrent heat
exchange prior to entering
the brain.

Cavernous
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Protiprouda vymeéna i u poikilotermu

Hrud vCely musi
mit stalou teplotu.

vzdusné
vaky

~ hrud ~ Tepelny vyménik zadecek

ventralni
diafragma




(a) Temperatures of thorax and abdomen
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| hmyz termoreguluje.
Thorax je choulostivejsi
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Homoiotermie — cesta k maximalnimu vyuziti volnych nik
ale i ta pod vlivem rytmii
38 T I
1 | 1
1

0 3 6 9 12 15 18 21 24
°C
Obr. 108. Teplota tela zdravého Eloveka pocas dna.
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Obr. 109. Zmeny teploty tela chréka zlatého pocas dna.



Fyzikalni termoregulace — izolace a plocha pro ztraty tepla
- vyhrivani, chouleni




Homoiotermie a chemicka regulace

Tresova a
netfresova (NST)
termogeneze
BMH — bazalni
metabolismus

Elek:iromyografické zéznamy
tfcaové aktivity, ukezujici
prib&h "vybuchd™, u morlote
(a), krysy (b) a =y3i (c).
(Spasn, Kleiasmonn 1970)
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Chemicka termogeneze - hnéda tukova tkan

S 3
] e
4 . -
” f \57\ ..
W o/
.

Jbr. 6-5. Mikrofotografie muitiokuldrni tukové tkané
‘harakteristickymi burikami cbsahujicimi centréiné uloZs
1€ Kulovité jadro a tukove karénky. x 1000.

Obr. 6-6. Nakres muitilokuldrni tukové bufiky. Poviimnéme si jadra, ulcZeného ve stedu, mnchocetnych tuke
kapének a velkého poétu mitochondrii. Naprave dole je sympatické nervové zakon&eni. .
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Hnédy tuk : Uncoupling protein — odpojuje tvorbu ATP od
pruchodu H* iontU. VSechna energie se méni na teplo.

T * e o8 OIS /.
Outer Intermembrane space

Inner membrane

membrane |\

FIGURE 8.4 Principles of oxidative phosp!:loryla
duces a proton electrochemical gradient, as snown

into the intermembrane space. In (b) and (c), proton
electrochemical gradient, which is present in (b) anc_
Ordinarily, as seen in (), protons diffuse ba_ck to the
ATP by oxidative phosphorylation. In cells with uncol
can also diffuse back to the matrix through UCP1, w
ton motive energy being dissipated as heat.
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Netresova termogeneze u aklimovanych, hibernatoru a mladat.
S vékem muze vymizet. Spousti se signalem sympatiku (noradrenalin).

( When 1-day-olds were injected with )

norepinephrine, they exhibited a large
percentage increase in their rate of

O, consumption, indicating a well-
developed capability for nonshivering
Qhermogenesis by brown fat.

J
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S EE ® decreases as reindeer age.
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Klidova stadia — ,,utec” strategie
poikilotermt a heterotermi

Hibernace — zimni spanek (jezevec, jezek, lelek, medvéd atd.)
Estivace — letni klidové stadium (napr. mékkysi)
Torpor — noc¢ni ztuhnuti (napr. kolibfici, netopyri).



Klidova stadia

Hibernace se vyplati nejvice mensim savcim.

( The decrease in
metabolic rate
brought about by
entering hibernation
is symbolized by the
shift from the blue
line to the red line.

It diminishes as
mammals increase
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Z hibernace je potrfeba se obcas probudit. Heterotermoveé
termoreguluji i pfi hibernaci. Sysel.

Temperature (°C)

Body temperature
of ground squirrel
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Hypotermie se vyplati jen pfi nizké teploté.

Rate of energy use measured as O,
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Shrnuti

Stala teplota znamena nejvétsi vykon zivotnich déjd.
Poikilotermie je lacinéjsi strategie vhodna pro malé a malo
metabolizujici.

Homoiotermie je drazsi, ale otevira nové niky.

Na urcitou teplotu se Ize adaptovat, ale zména teploty je zase
problém.

Nikdy nesmi vzniknout intracelularni led.

Protiprouda vymeéna jako prostredek fyzikalni termoregulace.
Teplem poskozené proteiny je treba opravovat.

Heterotermie neni totéz co poikilotermie.




