Dychaci systémy

Zadani: Jak dostat O, k burikam?
Difuze bez pfidavnych povrchu a/nebo transportu k bunkam jen asi do 1mm velikosti




Dychaci systémy
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Konvekce se strida s difuzi: vzduch (voda) - krev - mitochondrie
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Voda: Variace na téma zabra — vnéjsi vyrustky.
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@ archaeocyle amphiblastula
% choanocytes larva
_~~ pinacocytes

Voda: Variace na téma zabra — vnitrni dutiny. : ';;iﬁj,';’;‘

ostium

Pokud dovoli vodé pronikat kanaly do hloubi téla, mize
byt €lenén i vnitfni povrch: dutiny houbovcu, septa u
koralnatcl, ambulakralni soustava ostnokozcu, rektalni
zabry larev vazek.
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[ The tentacles |
function as
gills as well

~ asin fee

Voda:
Jak zajistit proudéni pres N
Velky povrCh? = - X717 & . F oe crab with b

This gill plate has
been pulled back
to show the gil

sheets beneathit.

Cilie na povrchu chapadel
(Zzaber) obstaravaji ventilaci u
mnohostétinatych Cerva.

~ Gill plates

[ The branchial

BranChiélnl’ papily hVéZdice b ) ] A pépulaearegi\\s :
zvetsuji povrch. . '

Figure 21.25 A diversity of gills in aquatic inver-
tebrates (a) This terebellid worm (Amphitrite),a
type of marine annelid, lives inside a tube it con-
structs and can pump water in and out of the
tube. (b) This fanworm, another type of marine
annelid, also lives in a tube, but when undisturbed,
projects its well-developed array of pinnately
divided tentacles into the ambient water. The ten-
tacles are used for both feeding and respiratory
gas exchange; they are ventilated by ciliary cur-
rents. (c) Sea stars bear many thin-walled, finger-
like projections from their coelomic cavity, termed
branchial papulae (“gill processes”), on their upper
respiratory gases pass between the
and ambient water by diffusion
through the walls of the papulae. In much the
same way, gases diffuse between the coelomic




Ventilace mékkysu

Mekkysi jsou primarne vodni. Velka diverzifikace
jediného stavebniho zakladu — plastoveé dutiny

ventilacni proud zajisti cilie nebo svaly
Hla\{onozm umi vytvorit ———
protiproud vody a krve

Suchozemsti jen malym
otvorem vpousti vzduch

a plyny postupuiji difuzi.

.\ from mantle)

{d) Pulmonate land snail

Lung
{mantle
cavity)

Funnel (formed 7

Mantle cavity

The gills of a squid are
ventilated by the muscle-
generated flow of water the
animal uses to move about
by jet propulsion.

A land snail lacks
gills, but has a lung
derived from the
mantle cavity.

Figure 21.26 The diversification of the breathing system in
molluscs

{1} Agquatic snail

>—Shell Gill leaflets hanging in

the mantle cavity are
ventilated by ciliary
currents.

Gills

Foot

(b} Clam (a lamellibranch mollusc)
Water for gill ventilation is
drawn into and expelled
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Ventilace vodnich korysu

Karapax, dvé postranni Zaberni dutiny, Zabra jsou kerickovita,
hifebinkovité vybézky na bazi nohou (epipodity). Jsou kryty kutikulou,
ale ta je tenka a permeabilni.

Ventilace je svalova, bez cilii, pomoci Cerpadla - stazitelného pfivésku
- leziciho vpredu téla a zenouci vodu jednim smérem k hlave.
Nasavana je na vice mistech — usmérnény tok — protiprouda vymeéna.

(@) A transverse section through the thorax of a crayfish

[ The carapace—a sheet of
exoskeleton—overhangs the
body, forming a branchial
chamber on each side, The gills
are in the branchial chambers.

Pericardial

\

1
1 -
Wentral nerve cord

(b) A lateral view showing the gills under the carapace

——m

" The scaphognathite beats, dri\.ring\
water out of the branchial
chamber. Because of the suction
thus produced in the chamber,
water enters at multiple places.

Figure 21.27 The gills and ventilation in a crayfish



Kolisajici nabidka O2 ve vodeé.

jak se vyrovnat s horsSi dostupnosti kysliku,
(vliv teploty vody — viz pozdéji):

1. zvetsSit dychaci povrch
2. pouzit dychaci pigmenty s vysSi afinitou
3. zvysit ventilacni a cirkulacni proudeni

Gastrophilus — larva stfecCka
Planorbis — okruzak

Daphnia — hrotnatka (perloo¢ko)
Biomphalaria — okruzak
Chironomus - pakomar
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Suchozemsti — plice
Prokrvené dutiny uvnitr téla

Mnohem snazsi pfistup ke kysliku.
DalSi problém: zamezit ztratam vody — pak jen
maly otvor do nitrotélni dutiny.

Néktefi krabi obsadili sous — zvlasté v tropech.
SemiterestriCti maji stale zabra, ktera jsou
podpirana kutikularnim povrchem. Navic se u
nich objevuje tendence ke zfasené a
vaskularizovaneé vystelce zaberni dutiny pfi
redukci zaber. To se velmi podoba tomu, co
zname od mékkysu.

Plice terestrickych krabu jsou tuhé a nekolabuji
na sousi. Pohybujici se nohy kraba pfispivaji k
ventilaci. Tenka kutikula.

Listovité plice pavouka (viz dale)

Sand-bubbler crab: cutaneous patches on upper limbs

Branchial chamber of soldier crab used as lung
From eye
sinus

7/ Pulmonary

/] . Vestigial

Fig. 13.36 Respiratory surfaces in a range of land invertebrates:
cutaneous patches, lung books and lungs.
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Prvni pavoukovci — stifi a primitivni
pavouci maji plice pfipominajici zabra —
jako listy knihy. Jsou to invaginace
kutikuly tvofici mnoho vzduchovych
stérbin.

Nebo zaroven maji i trubicovité vybezky
az do tkani — vzdusnice.

Difuze nebo i aktivni
ventilace pres stovky lamel.
Pouhy 1 um pres sténu.
Néekdy staci difuze, jindy
svalovou ventilaci.

BOX 21.3 The Book Lungs of Arachnids

ome arachnids possess a novel type of res- into many lamellar folds: the
S piratory structure, the book lung.Scorpions  “pages of the book.”Blood

have only book lungs. Many species of spi- streams through the lamellae,
ders also have book lungs, but they may have sys-  whereas the spaces among the
tems of tracheae as well. The number of book lamellae are filled with gas.The lamellae com-
lungs in an individual arachnid varies from a sin- monly number into the hundreds. The blood-
gle pair (as in certain spiders) to four pairs (in to-gas distance across their walls is often less
scorpions). Book lungs are invaginations of the than 1 um.Some book lungs may function as dif-
ventral abdomen, lined with a thin chitinous cuti-  fusion lungs, whereas others are clearly ventilated
cle.Each book lung consists of a chamber, the atri- by pumping motions. They oxygenate the blood,
um, which opens to the outside through a clos- which then carries O, throughout the body.
able ventral pore, the spiracle (see figure). The

A book lung The section
shows the internal structure of
a book lung in a two-lunged
spider. (After Comstock 1912.)

Air spaces

dorsal or anterior surface of the atrium is thrown

II
Spiracle 'Atrium

Cross section of book lung

blood flow
between lamellae

— Book lung
lamella

Hemolymph

¥ Muscle

Figure 11-8 @ Book lung of a spider. Scorpions also have this

air flowing in through spiracle opening S —
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(b) Major parts of the tracheal system in a flea

Abdominal spiracles 1-7 Abdominal
e spiracle 8

Tracheje — unikatni feseni pro sous. Difuze plynu probiha
v plynném prostfedi 10.000x rychleji nez ve vode

Thoracic

Omezeni nutnosti cirkulace, barviv.
Difuze + ventilacni pohyby.
Zajisti az 30x vyssi spotifebu bez O, dluhu.

Adr sac

Origins of tracheae

Transverse tracheal
connective

ghr, 133 Vetvenie vodudinfe Ftrechefls hmyzu




Tracheje - plynna faze od povrchu az k burikam.
Regulace proudeni.

Hvézdicovita (tracheolarni) bunka, vybézky <1um, tvofici
peritonealni membrany na povrchu tkani.

Stény tracheol na konci jsou asi 0.02um

U vétSiny organu a tkani bézi tracheoly mezi burnkami. U
létacich svalu vSak tracheoly penetruji dovniti svalovych
bunék. Vchlipeniny bunéCné membrany dovolu;ji
tracheolam dostat se do tésné blizkosti shluku

Spirakulum
Kutikula

__Predni a zadni

Ochranna ___ = atrium

~——=Svyéraci sval

Vadusny vak

ex_ Primami |
“Sekundarni ¢ Tracheje
——— Terciarni

)

. .y ’ e ’ r vy s v 7 . ’ "l,lili'zduch
mltqchqndrll. Nejrvovy svyst’em, rektalni zla_zy a C‘!a’|SI gktlvnl — v fracheole
organy jsou také bohate zasobeny trachejemi. Zadna g
burika zakefnice Rhodnius neni od tracheoly vzdalena Y Trchena ¢ .
vice nez pres 2-3 sousedni buriky. - W\ -+ - Aktivni

Trapheclarm oI T ~= . svalové
: . o . bunka _ (- YR\ .-, o -\V) . viakno
Pohyb tekutiny v zakon€enich reguluje difuzni vzdalenosti [ : |
— podle aktivity svalu a jeho osmotické savosti. Aktivni sval ot 5\ P
ma lepsi okysliceni — analogie s vazomotorickou regulaci Neaktivni " - -+ “\gJ % =2 Tekutina je reab-
savcu. Vodni film uvnitf tracheoly je nicméné nutnou BVALOVE v s SN sorbovana
' sS4z ~ Mitochondrie

podminkou pro pfechod plynda.
Tekutina v tra-
cheole







Stavba tracheje dodrzuje epitel
vrstvy kutikuly endokutikula Epikutikula -taenidium

Epidermis na povrchu
Svlékaji se

Taenidium
- spiralova vyztuz z epikutikuly
- brani kolapsu stlacenim nebo
podtlakem




Vzdusné vaky u intenzivné metabolizujicich druhtl pomahaji ventilaci.

| kdyz difuze mnohym staci, zname i makroskopickou ventilaci (kobylka, vCela).
Pumpovani zadecku - 40 I/kg.hod

Trachealni vaky stlaCované svaly — 250 I/kg.hod

air sac

dorsal tracheal trunk

thoracic spiracles

spiracular branch

eighth abdominal ; first abdominal spiracle
spiracle

ventral branch

ventral tracheal trunk

© 2012 Encyclopaedia Britannica, Inc.



Hlavni ventilaéni pohyby télni stény trachealniho systému jsou:
1. dorzoventralni zploStovani abdomenu (sarancata, brouci atd.)
2. vysunovani a zasunovani abdominalnich ¢lankd (Hymenoptera a Diptera).

Vymeéni az 2/3 objemu — podobné jako u Clovéka.

Mikroskopicka ventilace.
Tracheal Respiration in Insects Visualized with Synchrotron X-ray Imaging.
Science 24 January 2003: vol. 299. no. 5606, pp. 558 — 560.

NecCekany objev bofici dogma o pouze difuzni ventilaci:

Brouci, mravenci atd.

Vyména vzduchu je mnohem vétsi, nez by odpovidalo jen zvnéjsku
pozorovatelnym zménam objemu zadecku a hrudi.



Video/tracheje pohyb.mp4

Spiracular
movements

Nervové fizeni ventilace: kompromis mezi ztratami
vody a nutnou vymenou.

Fluttering Open Constricted ! !
—

Diskontinualni dychani. ,Vybuchy CO.,". Je snad
metabolismus cyklicky? Intratracheal

pressure U kPa ;
Ochranny podtlak — CO, se |épe rozpousti do
hemolymfy a opousti plyn v trachejich -> podtlak
chranici pred ztratami vody.

Lépe je kratce a intenzivné ,vyvétrat®.

Tracheal gas
composition

PCI-_?

O, uptake

CO; output

Kukla B. mori



Oteviraci a zaviraci mechanismus spirakul mravence.

Closed

Atrium

Spiracle
Spiracle

Duét—gathenng
trichomes

Trachea Trachea




Nervove fizeni zavirani spirakul musi resit kompromis mezi ztratami vody a nutnou vyménou.

Jednotlivé télni ¢lanky u Libellula a u jinych druht maji znac¢nou autonomii a mohou samostatné vykonavat
dychaci pohyby, i kdyz jsou z téla vypreparovany. Primarni centra v abdominalnich gangliich jsou pomérne
malo citliva k chemickym podnétam. Mnohem citlivéjSi jsou nadfazena, sekundarni centra ve hrudi, obvykle

v prothorakalnim gangliu.
Oddéleni hrudi — v zadecCku se rytmus zpomali. Dekapitace - jen prechodna desynchronizace.

CO,
Dessication

Dessication (+)
Heat (+)
Hydration (-)

' Cold (-)

CO, ()
Flight (-)




Rizena difuze a konvekce

U blechy nedochazi k zadnym dychacim pohybim. V klidu u ni probiha dychani jen dvéma pary stigmat (1. a 8.
abdominalni par), pfiCemz dochazi Casto k jejich rytmickému otevirani a zavirani (5-10 vtefin).

Pfi pohybu blechy se vSak oteviraji i thorakalni stigmata. Otevirani stigmat je také kladné ovlivhovano intenzitou
travicich procesu, zranim vajiCek a zvySenim teploty. Podobné i zvySeny obsah CO, ve vzduchu ma za nasledek
otevirani stigmat na delSi dobu, Cimz ovSem dojde ke zvySenym ztratam vody z téla.

Napr. u Rhodnius, ktera je velmi odolna proti vyschnuti, vede vystaveni suchému vzduchu s pfimési CO, ke smirti

ztratou vody.

Adult Rhodnius profixus, a Kissing bug,
WHO/'TDR/Stammers




Rizena difuze a konvekce

Usmérnény proud vzduchu v zavislosti na aktivité.
1-3 spirakula hrudi, 4-1 zadeCkova

ZadecCek jako mechy varhan

zatazeny

zadecek |

vysunuty ‘

Klid Start letu Konec letu



Vodni hmyz:
oteviena nebo uzaviena soustava tracheji.

Uzavrena: Zabra jako vnéjSi keficky z
kutikuly protkané trachejemi. Na strane
nebo konci zadeCku. Nebo vodu nasavaji
do rektalnich zaber

Oteviena — spirakularni, mohou vyuzivat

vzduchovou bublinku (plastron) jako
zasobnik nebo i zabra

Larva brouka

gillls

operculum

Damselfly Stonefly
' ___Gilltufts

Abdominal lamellar gill

Exterior

Trach_eal 5, Cuticle surface modified
extension A as 'aeropyle’

Internal
tracheae

Cuticle

.
N =

J’/”//ﬁ—- Slits to tracheal surface

= Interior
Fly larva (Taprophila) Spiracular gill
.o | \
i |

Tracheal _| / _Rectum
trunks '

Fig. 11.23 Respiration in freshwater
insects. (a) Tracheal gills in damselfly and
stonefly. (b) Spiracular gills in an aguaticfl
larva. (c) Rectal gills in dragonfly. (Adapted
from Hinton 1957 and other sources.)




Uzavieny trachealni systém

Larva vazky

" ):"y £ shutterstock.com « 1407297140

Larva jepice

it Dorsal trachea

=} Visceral trachea
e Lateral trachae




2016 PHOTOMICROGRAPHY COMPETITION

Caudal gill of dragonfly larva



http://www.nikonsmallworld.com/galleries/photo/2016-photomicrography-competition

Oteviena:

Z hladiny - trubiCka larev pestfenek napf. rodu
Eristalis nebo sifon komaru opatfeny na konci
stigmaty, Ci zvlastnim zplsobem upravena

© Jan Hamrsky
www lifeinfreshwater.net
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Diving beetle { \ g N afeshwate

Bubble emerging
from beneath

1 Il
\ \ |
\

ﬁ\H I Backswimmer bugﬁ /f"
R | |
|

g ||

i Glistening —
bubble on hairs
of velntral surface

Oteviena:
Nebo vzduch s sebou. Vzduchové bubliny
Jejich objem se meni.




Bublina vzduchu — k c¢emu vSemu dobra

1.FUNKCE HYDROSTATICKA. Zasoba vzduchu ma predevsim funkci hydrostatickou, ktera se uplatfiuje pfi vystupu
hmyzu k hladiné, pfi zaujimani vhodné polohy pfi obnovovani zasoby vzduchu. Pfipevni-li se na télo znakoplavky
zavazi, kompenzuje zvétSeni hustoty téla zvétSenim objemu vzduchové bubliny. Naopak pfi pfipevnéni kousku korku
neobnovuje bublinu, zistava pod hladinou az do vy&erpani kysliku a hyne.

2. FUNKCE ZASOBARNY KYSLIKU. Potapnik Dytiscus je schopen pojmout pod krovky ur&ité mnozstvi vzduchu. Z
tohoto mnozstvi mize odebirat kyslik az do obsahu 1%. Pak zasobu vzduchu opét obnovuje vystoupenim k hladiné.
ZveétSime-li uméle prostor pod krovkami napf. odstranénim blanitych kfidel, je rezerva kysliku vétsi, coz se projeviiv

prodlouzeni doby pobytu pod hladinou.

3. FUNKCE PROSTREDNIKA pfi ziskavani kysliku rozpusténého ve vodé. Schopnost vzduchové bubliny (filmu)
fungovat jako zabry spociva v tom, Ze difuzni koeficient O2 mezi vodou a vzduchem je vice nez 3krat vysSi nez
difuzni koeficient N2. Je-li tedy tlak O2 rozpusténého ve vodé vétsi nez parcialni tlak O2 ve vzduchové bubling, pak




Bublina vzduchu - plastron

kleStanka

declines in volume

Znakoplavka Notonecta prezije 7 hodin ve vode nasycené vzduchem, 35 minut ve vodé nasyceneé kyslikem a
jen 5 minut ve vodé nasycené dusikem. Ve druhém pripadé tedy preziva jen 1/10 doby ve srovnani s prvnim
pripadem, presto ze meéla v rezerveé Skrat vice kysliku, protoze v nepritomnosti dusiku nemohlo dochazet k
difuzi kysliku z vody do bubliny.

Proces difuze nemuze jit donekonecna, protoze dusik z bubliny se postupné rozpousti ve vodé a je-li
znakoplavka nucena zustat potopena, pfechazi postupné vSechen plyn z bubliny do vody.

Zivotnost bubliny zavisi na jeji podatedni velikosti, spotiebé& zvifete a hloubce ponoru. Bylo spoéitano, Ze az 7x
vySSi objem O2 se dostane do bubliny z vody nez v ni zpoCatku bylo, nez bublina zanikne.



Plastronové dychani — permanentni vzduchovy film. Je potfeba jej udrzovat povrchovymi
strukturami. Podoba se spiSe uzaviené dychaci sst — tzv. fyzikalni zabra.
plostice Aphelocheirus, larvy broukt Phytobius, Elmis, pavouci

Hydrofuge hairs
(108 per mm?)

Cuticle

_Tissue

((_ Plastron

____ Spiracle

Trachea

Aphelocheirus Elmis Phytob;'tljs
(beetle) (beetle)

s e [ et et )

(b) Oum 10 um 50 um 100 pm

Fig. 11.27 Cuticular plastrons in freshwater insects. (a) The principle of
plastron design, and (b} the structure and dimensions of cuticular
plastron hairs in three species. (a, From Animal Physiology:
Mechanisms and Adaptions by Randall et al. © 1997, 1988, 1983, 1978
by W.H. Freeman and Company. Used with permission.)




Mnozstvi O2 rozpusténého ve vode je
zavislé na teplote.

V chladnych vodach si hmyz vystaci se
Zabrami, plastronem, kutikularnim
dychanim.

V meélkych a teplych stojatych vodach
potrebuje otevrenou soustavu — bublinu
jako zasobu nebo ,Snorchl”

V organicky znecistenych vodach bakterie
spotrebuji vSechen O,.

Temperature Oxygen
(Celsius) (Max. % by volume)

—

]T]T
. 20 | 31
. 30 | 26




Vzacnéjsi zpusoby dychani

Krevni zabry
Nemaiji tracheje, pfijimaji O2 difuzi do hemolymfy. U larev pakomaru pfenasi barvivo erytrokruorin.

Trachealni plice

Trachealni zabra jsou znama uz dlouho, ale trachealni plice patfi mezi mladé objevy hmyzi fyziologie. U
housenek nékterych druhd nalezeny hojné skupiny jemnych trachei zavéSené v dutinach s hemolymfou.

Cely trachealni systém jsou vilastné plice — kyslik ze stigmat je pfenesen do hemolymfy nebo na barvivo
krevnich bunek.

Erytrocyty existuji i u bezobratlych:
Nékteri krouzkovci, mékkysi, pasnice, ostnokoZzci.




Dychaci pigmenty - barviva
Jsou to nosiCe kysliku a jsou tvoreny proteinem, na ktery je navazan kov (Fe nebo Cu) -
metaloproteiny. ObyCejné jsou zbarveng, proto dostaly nazev dychaci pigmenty.

Jejich vlastnosti limituji metabolické vykony. Syntéza je ale také naro¢na. Kompromisy mezi prenosem
kysliku a syntézou.

Pigmenty jsou nekdy vazany na krvinky nekdy volné rozpusteny v plasme. Vyhoda uzavreni
hemoglobinu v erytrocytech je napf., Ze chemické prostfedi uvnitf bunék se mize vyrazné lisit od
poméru v plasmé. Reakce mezi O, a Hb je totiz silné ovliviiovana anorganickymi ionty stejné jako
fosfaty .




Dychaci pigmenty -

Red

HUMANS AND THE MAJORITY OF
OTHER VERTEBRATES

HAEMOGLOBIN

=

HAEM B
(oxygenated form)

Haemaoglobin is a protein found in blood, built up
from subunits containing ‘haems'. These haems
contain iron, and their structure gives blood its

red colour when oxygenated. Deoxygenated

barviva

SPIDERS, CRUSTACEANS, SOME
MOLLUSCS, OCTOPUSES & SQUID

) v
Cur -IN/\‘/

Gf" I W_-NH

oY)

HAEMOCYANIN
(oxygenated form; R = histidine residues)

Unlike haemoglobin, which is bound to red
blood cells, haemocyanin floats free in the blood.
Haemocyanin contains copper instead of iron.
When deoxygenated, the blood is colourless, but

SOME SEGMENTED WORMS, SOME
LEECHES, & SOME MARINE WORMS

Q OH 0

CHLOROCRUORIN
(ouygenoted form)

Chemically similar to haemoglobin; the blood
of some species contains both haemoglobin &
chlorocruorin. Light green when deoxygenated, it
i= green when oxygenated, although when more

Violet
MARINE WORMS INCLUDING PEANUT

WORMS, PENIS WORMS & BRACHIOPODS

HAEMERYTHRIN

HN’\> -0,

HAEMERYTHRIMN
(oxygenated form)
Haemerythrin is only 1/4 as efficient at oxygen
transport when compared to haemoglobin.
n the deoxygenated state, haemerythtin is
colourless, but it imparts a violet-pink colour
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blood is a deep red colour - not blus! when oxygenated, it gives a blue colouration. concentrated it appears light red. when oxygenated.
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Chelicerates

insects FEMOCTANIN]
Dychaci pigmenty - barviva s
Opisthobranchs
Plumonates
Cephalopods
ol
= gochaetes
T Polychaet
[EMOCYANI FEVOGLORN
'
, CHLOROCRUORIN
Chitons
Annelida
Maollusca
Priapula
{Priapulids)
e
{Mammals, Birds, Fish) Nematoda
MBW} Sipuncula (Roundworms)
(Peanut worms) ilJ—iE.’\-"lOCLOBINl
Oxygen Molecular [HEMERYTHRIN
Colour capacity weight Cells or e ' Memiten
2 - » (Brachiopods) {Proboscis worms)
Pigment Structure (+ change) (ml g-1) (kilodaltons) solution
Haemocyanin Protein Blue 0.3-0.5 25-7000 Solution
4 24
Cu (colourless) e roia Platyhelminthes
{Urchins, Sea stars, Sea cucumbers) {Flatworms)
Haemoglobin Protein Red 1.2-1.4 16-2000 Either HEMOGLOBIN HEMOGLOBIN]
+ haem (purple/blue)
+ Fe2
g ; Cnidaria )
Chlorocruorin Protein Green 0.6-0.9 3000 Solution o (Hydroids, Anemones, Jellyfish)
+ haem
+ Fe2+ -
1 Ctenophora
Porifera s e
- . i - s (Comb-jellies)
Haemerythrin Protein Violet 1.6-1.8 16-125 Either (3ponges)
+ Fe?- (colourless)

v o

Hemoglobin a hemerythrin jsou nejrozsirengjsi.

Protist Ancestor



Chelicerates )

[HEMOCYANIN

Crustaceans
Insects

Korysi, hfnyz

Dychaci pigmenty - barviva

Opisthobranchs
Plumonates
Cephalopods

HEMOGLOBIN

Brachiopoda i y. . k
ramenonozci

MnOhO etl ars . O||gochaetes

-] EMOG LOBIN
(‘HLOROCRUO

Lamellibranchs
HEMOGLOBIN]

Chitons
HEMOGLOBIN A 4
4 Annelida

Priapulida

hlavatci Y o Chroustnatky Priapula
: 2 : {Priapulids)
.
{Mammals, Birds, Fish) | I o s ermtoda
HEMOGLOBIN Sipuncula ! (Roundworms)
(Peanut worms)
Oxygen Molecular [HEMERYTHRIN] :
Colour CapaCitv WEig ht Cells or Brachiopoda ‘ Nemertea
X X - (Brachiopods) (ProbGstiewo
Pigment Structure (+ change) (ml g-1) (kilodaltons) solution

Blue 0.3-0.5 25-7000 Solution
(colourless)

Haemocyanin

Echinodermata Platyhelminthes

{Urchins, Sea stars, Sea cucumbers) {Flatworms)
Haemoglobin Red 1.2-1.4 16-2000 Either

(purple/blue)

Ostnokozci Plosténci
Cnidaria
Protein Green 0.6-0.9 3000 Solution S (Hydroids, Anemones, Jellyfish)
+ haem
2+
+ Porif Ctenophora
fSp(:In;reaS] (Comb-jellies)

Violet 1.6-1.8 16-125 Either
(colourless)

Protein
t Fe2+

Haemerythgfn

Bez jasné evoluCni souvislosti.

Protist Ancestor



Dychaci pigmenty — limit vykonu.

Oxygen Molecular
Colour capacity weight Cells or
Pigment Structure (+ change) - (kilodaltons) solution

Haemocyanin Protein Blue Solution
+ Cu- [colourless)

Haemoglobin Protein Red Either
+ haem {purple/blue)
+ Fet

Chlorocruorin Protein Green 3000 Solution
+haem
+ Fe2t

Haemerythrin Protein Violet 16-125 Either
+ Fe2+ {colourless)

Ryby a hlavonoZci - podobny zpUsob zZivota, ale handicap u hlavonozcu. Olihen spotfebuje dvakrat tolik kysliku jako
stejné velka ryba k plavbé polovi¢ni rychlosti. Koncentrace hemocyaninu u hlavonozcl zvySuje i viskozitu krve. | tak
odnasi krev z zaber pouze 5vol%. Hemoglobin v erytrocytech ma vice nez dvojnasobnou kapacitu.

| kdyZ je hlavonozec v klidu, nema na rozdil od obratlovcl Zadnou kyslikovou rezervu ve vendzni krvi, ta je témér
deoxygenovana. Zacne-li pracovat, jedinou cestou k zasobeni je zvySeni obéhového vykonu. Ryby maji jesté velkou
rezervu ve smisSene venozni krvi.

Naroc¢ny typ pohybu a typ barviva, ktery dovoluje malou rezervu kysliku vede k malé vykonnosti hlavonoZcu.



Vyssi vykon srdce nebo lepsi pigment?

Cim vétsi je kapacita krve prenaset kyslik, tim mensi mnozstvi ji potfebuje srdce pumpovat k pokryti
potfeb. U krabu je nepfima uméra mezi mnozstvim hemocyaninu a srde¢nim vykonem. Existuje tu
kompromis mezi naroky na produkci barviva a naroky na vykonnost srdce. Ktera volba je lepSi?

Zda se, ze pro vysoce aktivni zvirfata je kliCova vysoka kyslikova kapacita krve, pro pomala je
neekonomicke investovat do vysoké koncentrace pigmentu.




Hemoglobin ma mezi barvivy unikatni schopnost zvySovat (usnadnovat) difuzi O, pres
membrany. Je to dano jeho velikosti a pohyblivosti. Roztoky s Hb absorbuji mnohem Iépe O,

nez s jinymi barvivy. Bezobratli, ktefi maji hemoglobin, Ziji Casto v prostfedich s nizkym parc.
tlakem kysliku (napf. stfevni paraziti).

porfyrin

Tetramerni Hb savcu



Intracellular Hbs Mw (kD)

- H [ ~ M Monomeric (o] Mb, nerve & coelomic Hb, Chironomus* 17
Sigmoidni saturacni krivka Hb

Dimeric @ Bivalve RCs, Chironomus* 34

Tetrameric (%] Bivalve RCs, Insect tracheal cells 68

Vertebrate RCs

Polymeric @ Glycera dibranchiata

Multi-subunit Hbs

s,
é_e’ Hexagonal bilayer Annelida, Vestimentifera 3600
a |2 dodecamers 3 trimers, 3 monomers, 3 linkers
T (144 heme-chains, 36 linkers)
; Lumbricus, Arenicola, Riftia
O
2 dodecamers Vestimentifera, ~400
Pogonophora
Pentagonal bilayer Pulmonate Molluscs 1700
10 dodecamers 5 dimers

Helisoma, Plancrbis, Biomphalaria

PO, (Torr)
Multi-domain, Multi-subunit Hbs

Polychaeta
4-domain subunits I150r 174
Branchiopolynoe

2 or 3 subassemblie!

Navazani O, na Hb se podoba kontaktu enzymu se
substratem. Specificky a nekovalentné (slabou vazbou). Po
vazbé Hb zmeéeni konformaci (alostericky efekt), ktera zmeéni

Nematoda 328
8 (2-domain) subunits
Ascaris, Parascaris

Quadrangular bilayer

afinitu dal$ich podjednotek. Jsou tu i dal$i vazebna mista i i T i e o

(H*, CO, — allosterické ligandy ménici afinitu ke O,). 16 (2-dormiry - Dopirta (Codoenrny 490

24 (2-domain) " Lepidurus  (Notostracan) 800

Obrovska variabilita v po¢tu podjednotek i tvaru saturacnich - Bivalvomolluscs 800 - 12000
Cardita

krivek.

*Extracellular in Chironomus larvae


https://doi.org/10.1152/physrev.2001.81.2.569

Formy Hb pri oxigenaci:
Alostericky efekt navazovani kysliku
T-tensed

R-relaxed (vetsi afinita)

Vliivy:

pH

Bohruv efekt: CO, snizuje afinitu

BPG — bis fosfo glycerat — meziprodukt
glykolyzy. Navazani uvolnuje O,

teplota

1.0

0.8

Saturation

0.2

0.0

0.6

0.4

pH =7.40

1 Myoglobin
2 Hemoglobin (Hb)

3 Hb + BPG
4 Hb + CO, + BPG

10

20 30 40
O, partial pressure (mmHqg)

2. Saturation curves

(TP AVIVIS |

Hicic

50




Hb and oxygen binding

Myoglobin
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PRINCIPLES OF LIFE, Figure 37.12
£ 201 2 Sinauer Associates, Inc.



Vliv teplota na afinitu:

Teplota snizuje afinitu hemocyaninu
langusty
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CO, je: cel

- premérniovan na uhlicitan €0, 03 e
(pomalu i rychle)

- vazan na Hb.

(slow)

co, > CO, + H,0 > HCO;5 + H*
M
anhydrase
€0, + H,0 HCO3 +H* H + HbO, HHb +/0; > Blood

> HbEDQ‘l'DE J

Red blood corpuscle

EDQ + Hboz

H,0
Cl-

Plasma —




— D. Hemoglobin and CO, transport

CO, je:
v v v ’ ‘v o, 4— —— 0, o,
- premeénovan na uhliCitan --

- vazan na Hb.
co,

CO,a O, se vzajemne T
vytésnuji A \ €0, *HO0«1}— [H,C0;] %

> Hcog‘}: EHCGE} + H%b Hb-0, + [H;CO;]
ae ae

Erythrocyte

ae \ ™ C©
— a
HcoP < L Hcof +H®Hb Hb-0; * [H,C05]

30-40 mmHg 0y ¥ H0 {7} [H,C0;] —J‘

. €Oz
—
Arteries T

o,

Tissue

Carbonate dehydratase [an'&:'] 4.2.11




arts a

Jaky je vyznam sigmoidni kfivky saturace Hb? TS

a high partial ress
~5mL Oy 0,, its partial pﬁes;,;:f %
100mL must fall greatly (greqn

arrow) for 5 mL of 0,

to be released from 100

mL of blood (red arrow)
Arrows show the drop in blood O, concentration as 3

blood from the lungs flows through the systemic
tissues. Each 100 mL of blood yields much more o,
during vigorous exercise (right arrow) than during
rest (left arrow), because oxygenation in the lungs
remains similar but deoxygenation in the systemic
tissues is increased.

~5mL O,/100mL

However, when the bjq

is already at a lowereq
partial pressure, jts Partia|
pressure must fa|| only 3
little (green arrow) for
5mLof O, to be releaseq
from 100 mL of blood
(red arrow).

fa—

~5mL O,/100mL
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Systemi I 100 120 mm Hg
Systemic
tissues Lungs Rest

16 kPa
at rest

) Fartial pressure of O, in blood
O, (mL) released

to tissues by
each 100 mL
of blood

FIGURE 24.6 As the O, partial pressure of blood falls, less and
less of a drop in partial pressure is required to cause unloading of
5 mL of O, from each 100 mL of blodd Each green horizontal arrow
depicts the drop in O, partial pressure required to cause the unloading
depicted by the red vertical arrow to its right. The oxygen equilibrium
curve shown is that for human arterial blood (see Figure 24.4p)

Exercise

Systemic

CEEERL Pracujici sval dostane mnohem vic
kysliku nez sval v klidu
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Kolisajici nabidka O2 ve vodeé.

jak se vyrovnat s horsSi dostupnosti kysliku,
(vliv teploty vody — viz pozdéji):

1. zvetsSit dychaci povrch
2. pouzit dychaci pigmenty s vysSi afinitou
3. zvysit ventilacni a cirkulacni proudeni

Gastrophilus — larva stfecCka
Planorbis — okruzak

Daphnia — hrotnatka (perloo¢ko)
Biomphalaria — okruzak
Chironomus - pakomar

S mensi dostupnosti O, se
kfivka vazby O2 na Hb stava
strméjsi

Oxygen saturation (%)

Chironomus .-

Biomphalaria ,”

)

;
Daphnia .~

i
i

fl s
r Planorbis
I 5

=
S
=
a
E
o
7

400 -

g~ wet wt)

(ul h~1

Oxygen con

Chironomus

Partial pressure of O, (kPa)

Fish, sluggish rivers

D Fish, rapid river flow

Molluscs

—— Insects

Crustacea
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U mnoha bezobratlych jsou disociaéni kfivky polozeny hodné vlevo a strmé tedy stoupaji — afinita Hb larvy
pakomara Chironomus je velmi vysoka. Australska Zizala Megascolides - piskovnik rybarsky, zizala. Tyto
druhy se potkavaji s obdobimi velmi nizkych koncentraci OZ2.

Nezalezi jen na tvaru, ale i na absolutni kapacité. Chobotnice ma jen zlomek proti ostatnim.

Casto jsou v rGznych t&lnich kompartmentech pigmenty dva a museji spolupracovat. M&kkys Cryptochiton
ma hemocyanin v krvi a myoglobin ve svalech. Podobné jako u obratlovcu je i afinita myoglobinu ve
svalech vyssi nez krevniho barviva — zde hemocyaninu.

Pokud jsou chovani v prostfedi s nizkym O2, generuji
mnohem vice hemoglobinu - napf. korySek Daphnia.
P50 — parc tlak polovi¢ni nasycenosti

Weddell
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Human

Giant
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Lugworm

Common i
Bullfrog
earthworm :

Octopus

~7= Spiny lobster

Daphnia 0 10 20 [30 40 50 60 70

Chironomus




Aklimace hrotnatky na hypoxii diky respiraénim pigmentim

Daphnia (perloo¢ka) v hypoxii produkuje HIF a ten vede k jinému sloZeni pigmentd. Nova mRNA
se objevi v fadu minut, a hemoglobin s jinym pomérem podjednotek a vySSi afinitou se objevi za
18 h. P;, klesa (afinita roste) a koncentrace Hb roste. S Hb zCervena. Je to ale naroCny proces.

ModFi krabi za této situace zvednou koncentraci Cu?* v krvi. Ten stahnou z kutikuly a afinita
hemocyaninu stoupne.

poor water, their O, transport
H gene expression The water
br and were transferred at time O
15% as high as in well-aerated
emoglobin were then monitored
otographs. Symbols are means;
1. 2004; photos courtesy of

The O, affinity of hemoglobin
dramatically rises (P, falls)
because of synthesis of new
molecular forms while
simultaneously...
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...the total concentration
of hemoglobin in the
blood sharply increases
to a new plateau.

[
o
(=

T
0
3
@
ol
9
3
(o]}
9
3
e
=
o
o
z
3
~
e
R
o
o
3
©
&

=
o=
(=]

rature of the
se of the low ) 2 4
t only in the Days after transfer to low-O, water

N00C






__H__N\;ﬂ N

r......__







