Dychaci systemy

Cirkulace

Zadani: Jak dostat O, k bunkam? Cirlulace

Difuze bez pfidavnych povrchu < 1mm velikosti
Pro ucinnost difuze je zasadni:
- maximalni plocha,

. ” ’ . b) Plice
- maximalni gradient Trachea
. . e , y . . rd
- minimalni vzdalenost pro difuzi
Voda a sous — rozdilné podminky pro stavbu a Dirgy Spirakulum
funkeci.

Voda primarni prostredi.

c) Tracheje Tracheocla Bufka

Obr. 11.1. Srovnani zplsobi dopravy djchacich plyni. Zabra jsou
prokrvené wyristky téla obklopené vodnim prostfedim. Plice maji
podobu prokrvenych, élenénych povrchl uvnitf t&la s malym vét-
racim otvorem. Tracheje zajistuji dopravu dychacich plyni az
k bunikam difuzi, ob&howvy systém neni vyuzit.
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Pokud dovoli vodé pronikat kanaly do hloubi
téla, muze byt ¢lenén i vnitfni povrch: dutiny
houbovcU, septa u koralnatcu, ambulakralni
soustava ostnokozcu, rektalni zabry vazek.




Konvekce se stfida s difuzi: vzduch(voda) -> krev -> mitochondrie
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Zalezi na sméru
proudéni médii.
Ventilace a tok krve.

Vzdalenosti a sméry.
Optimalni vyména
pres co nejtencCi
povrch a
protiproudym tokem.
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Voda:

Jak dosahnout
proudéni pres

velky povrch?

Cilie na povrchu
chapadel (zaber)
obstaravaji ventilaci
u mnohostétinatych
cerva.

Branchialni papily
hvézdice zvetsu;ji
povrch.

(a) Polychaete annelid with gill tufts

A R
R/
W

Radial canal of
water vascular
system

Oral side

Sea star showing
major parts of water
vascular system inside

(b) Polychaete annelid with
tentacular fan

The tentacles
function as
gills as well
as in feeding.

(d) Horseshoe crab with book gills

1 This gill plate has ‘;

been pulled back
to show thegil |
sheets beneathit. |

KEY

— Convection
----= Diffusion

The branchial
papulae are gills...

Digestive Figure 21.25 A diversity of gills in aquatic inver-
cecum tebrates (a) This terebellid worm (Ampbhitrite),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
2 ...and the tube feet body surfaces; respiratory gases pass between the
L function partly as gills. coelomic fluid and ambient water by diffusion
" through the walls of the papulae. In much the
same way, gases diffuse between the coelomic

Perivisceral
coelom

Gonad



Figure 21.26 The diversification of the breathing system in
molluscs

(1) Aquatic snail

> —Shell Gill leaflets hanging in

the mantle cavity are
ventilated by ciliary
currents.

_____
-

Mantle 2
cavity

Foot

() Clam (a lamellibranch mollusc)

phel S Water for gill ventilation is
drawn into and expelled
Foot Gill lamella from the mantle cavity
] through openings called
siphons.
Mantle/< Exhalant
cavity ;o siphon

£

Mantle /
cavity \ 7ol 2
‘ [ > o

| - =)
" 4jssifeselt .S: 4 ,—'\
\ bR %=~ Inhalant

siphon

Foot

Gill lamella with pores
and internal channels

Cilia on the sheetlike gills
of a clam drive water into
and through the gills.

Meékkysi jsou primarné vodni. Velka diverzifikace
jediného stavebniho zakladu

— plastové dutiny

ventilacni proud — cilie, svaly

HlavonoZci protiproud vody a krve
Suchozemsti jen malym otvorem vpousti vzduch
a plyny postupuiji difuzi.

(c) Squid (a cephalopod)

Mantle cavity

Funnel (formed /
.| from mantle)

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

(d) Pulmonate land snail
Lung L o
(mantle
cavity)

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

Shell
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Ventilace korysu

Karapax, dve postranni zaberni dutiny, zabra
jsou kefickovita, 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 ke hlaveé.
Nasavana je na vice mistech — usmérnény
tok — protiprouda vymeéna.

Neéktefi krabi obsadili sous — zvlasté

v tropech. Semiterestricti maji stale Zabra,
ktera jsou podpirana kutikularnim povrchem.
Navic se u nich objevuje tendence ke
zfasené a vaskularizované vystelce zaberni
dutiny pfi redukci Zaber. To se velmi podoba
tomu, co zname od mékkysu.

(a) 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
Giit sinus
1

Branchial chamber

Gills

Muscle

Base of
leg

Ventral nerve cord

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

The scaphognathite beats, driving
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 vodé.

jak se vyrovnat s kolisajici dostupnosti kysliku:
1. zvétSit dychaci povrch

2. pouzit dychaci pigmenty s vyssi afinitou

3. zvysSit ventilaCni a cirkulani proudéni

Gastrophilus — larva stfecka
Planorbis — okruzak

Daphnia — hrotnatka (perloocko)
Biomphalaria — okruzak
Chironomus - pakomar
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Fig. 11.25 Haemoglobin oxygen-binding:
curves in freshwater invertebrates and
riverine fish; inset shows the effecton
oxygen consumption, the chironomidfi
the stagnant benthos achieving maximum
oxygen uptake at very low Po,. (Data from
Weber 1980; and other sources.)




Mnozstvi O2 rozpusténého
ve vodeé je zavislé na
teploté.

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

V mélkych a teplych
stojatych vodach potrebuje
otevrenou soustavu —
bublinu jako zasobu nebo
,2Snorchl”

Dissolved Oxygen

Although water is a liquid, it usually contains a significant amount of
dissolved oxygen (DO) plus small amounts of other gasses. Icy cold
water (0 ° C) can hold as much as 4.9% oxygen by volume. However, as
the water's temperature increases its ability to hold oxygen decreases.
The chart below lists the maximum amount of oxygen that can be
dissolved in water at different temperatures:

Temperature Oxygen
(Celsius) (Max. % by volume)
o 4.9
10 3.8
20 3.1
30 2.6

DO is highest in cold mountain streams where the water is aerated by
waterfalls and rapids. Insects living here can usually rely on gills,
plastrons, or cuticular respiration to meet their metabolic demand for
oxygen. Shallow lakes and ponds with warm, quiet water have less
potential to hold DO so insects may need to rely more heavily on air
bubbles or snorkel-like breathing tubes. In water polluted by organic
wastes, bacteria consume nearly all of the DO and create a near-
anaerobic environment. Insects that manage to survive under these
conditions usually get all of their oxygen directly from the atmosphere.




Sand-bubbler crab: cutaneous patches on upper limbs

Branchial chamber of soldier crab used as lung
From eye
sinus

To heart

Pulmonary
vein

Lumen

Vestigial
gill

Fig. 13.36 Respiratory surfaces in a range of land invertebrates:
cutaneous patches, lung books and lungs.

'Lung’ in the oligochaete Alma,
by folding of rear end of body

Anus

Dorsal
blood
vessel

Lung of a slug

Opening of
Cavity of lung Qorsall
lung Musculature epidermis

) LLTRETY l\ll)\lill PYTITARANS 1 Ureter Rectum
Diaphragm Blood
iverti : Fine
DIV:fr:f:éum SINUS giverticulum
or 'trachea’

Lung book of spider

Book lung
lamella

Y,
/// Haemolymph

Suchozemsti — plice
Prokrvené dutiny uvnitr
téla

Plice terestrickych krabu
jsou tuhé a nekolabuji na
SOUSi.

Pohybujici se nohy kraba
prispivaji k ventilaci. Tenka
kutikula.

Dychaci sval plic pavouku.

DalSi problém: zamezit
ztratam vody



BOX 21.3 The Book Lungs of Arachnids

S ome arachnids possess a novel type of res- into many lamellar folds: the

A book lung The section
shows the internal structure of
a book lung in a two-lunged

piratory structure, the book lung.Scorpions ~ “pages of the book.” Blood spider. (After Comstock 1912.)

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

dorsal or anterior surface of the atrium is thrown

Prvni pavoukovci — Stifi a primitivni pavouci maiji plice

pripominajici zabra — jako listy knihy. Podobné ma | £
ostrorep. Jsou to invaginace kutikuly tvofici mnoho ‘
vzduchovych Stérbin. U pokrocilejSich vznikly trubicovité
vybézky az do tkani — vzdusnice.

Book lung
lamella

been pulled back
to show thegil -

Air

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

Gill plates

Difuze nebo i aktivni ventilace. Pouhy 1 um pfes sténu.
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(b) Major parts of the tracheal system in a flea

Abdominal spiracles 1-7 Abdominal
spiracle 8

Tracheje — unikatni feSeni pro sous. Zé‘i?;ifé“l

Difuze plynt probiha v plynném prostfedi /
10000x rychleji nez ve vodé
Omezeni nutnosti cirkulace, barviv.
Difuze+ventilacni pohyby.

Zajisti az 30x vysSi spotrebu bez O,
dluhu.

// U\ e
7 74, /

<, 7
<,

Origins of tracheae

Transverse tracheal
connective



Plynna faze od povrchu az k bunkam.
Regulace proudéni.

Hvézdicovita burika, vybézky <lum,
tvofici peritonealni membrany na povrchu
tkani.

Stény tracheol na konci jsou asi 0.02um

U vétSiny organu a tkani bézi tracheoly
mezi burikami. U Iétacich svall vSak
tracheoly penetruji dovnitf svalovych
bunék. Vchlipeniny bunéCné membrany
dovoluji tracheolam dostat se do tésné
blizkosti shluk( mitochondrii. Nervovy
system, rektalni zlazy a dalSi aktivni
organy jsou také bohaté zasobeny
trachejemi. Zadna burika zakefnice
Rhodnius neni od tracheoly vzdalena vice
nez pres 2-3 sousedni bunky.

Pohyb tekutiny v zakoncCenich reguluje
difuzni vzdalenosti. Aktivni sval ma lepSi
okysliCeni. Vodni film je nicméné nutnou
podminkou pro pfechod plynu.
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Vzdusné vaky u intenzivné metabolizujicich druhti pomahaji ventilaci.
Makroskopicka ventilace (kobylka, vCela).
Pumpovani zadecku - 40 I/kg.hod

Trachealni vaky u svalu — 250 I/kg.hod




Hlavni pohyby telni stény slouzici ventilaci trachealniho systému jsou:
1.dorzoventralni zploStovani abdomenu (sarancata, brouci atd.)
2.vysunovani a zasunovani abdominalnich ¢lanka (Hymenoptera a Diptera).

Vyméni 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.

Neclekany objev bofici dogma o pouze difuzni ventilaci:

Brouci, mravenci atd.

Vymeéna vzduchu je mnohem veétsi, nez by odpovidalo jen zvnéjsSku
pozorovatelnym zmenam objemu zadecCku a hrudi.

Video



Nervove fizeni ventilace: kompromis mezi ztratami vody a nutnou vymeénou.
Diskontinualni dychani. ,Vybuchy CO2“. Je snad metabolismus cyklicky?
Ochranny podtlak — CO2 se lépe rozpousti a opousti plyn v trachejich -> podtlak.
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Oteviraci a zaviraci mechanismus spirakul mravence.

Atrium _

Spiracle —
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Nervoveé fizeni zavirani spirakul musi feSit kompromis mezi ztratami vody a nutnou vymeénou.
Jednotlivé télni ¢lanky u Libellula a u jinych druht maji zna¢nou autonomii a mohou samostatné
vykonavat dychaci pohyby, i kdyZz jsou z téla vypreparovany. Primarni centra v abdominalnich
gangliich jsou pomérné malo citliva k chemickym podnétim. Mnohem citlivéjSi jsou nadfazena,
sekundarni centra ve hrudi, obvykle v prothorakalnim gangliu.

Oddéleni hrudi — v zadeCku se rytmus zpomali. Dekapitace - jen pfechodna desynchronizace.

CO,
Dessication

Dessication (+)
Heat (+)
Hydration (-)
Cold (-)
CO, ()
Flight (-)

b E—




Rizena difuze a konvekce

U blechy nedochazi k Zzadnym 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
ovliviiovano intenzitou travicich procesu, zranim vaji¢ek a zvysenim teploty. Podobné i zvySeny
obsah CO, ve vzduchu ma za nasledek otevirani stigmat na delSi dobu, ¢imz ovSem dojde ke
zvySenym ztratam vody z téla.

Napf. u Rhodnius, ktera je velmi odolna proti vyschnuti, vede vystaveni suchému vzduchu s
pfimési CO, ke smrti ztratou vody.

WHO/'TDR/Stammers
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Zisk vody z atmosféry a z vydychnutného vzduchu.
Kondenzace na chladné&jSim povrchu.

Evaporation  Sub-elytral cavity
from spiracles_

SR Condensed water

/

Fig. 14.18 The sub-elytral cavity of a tenebrionid beetle, into which the
spiracles open, allowing the cavity to act as a condensation chamber,
water being returned to the body via the anus. (Adapted from Ahearn
1970.)




Zisk vody z atmosféry a z vydychnutného vzduchu.
Kondenzace na chladné&jSim povrchu.

01A9HCEGB Area | www.diomedia.com 07 Nov 2016



Vodni hmyz: oteviena
nebo uzaviena
soustava tracheji.

Uzavrena: trachealni,
rektalni zabra.

Damselfly Stonefly

___ Gilltufts

Sidélko posvatka Abdominal lamellar gill

Exterior
Tracheal
extension

Cuticle surface modified
as 'aeropyle’
Internal
tracheae

Cuticle

|
Slits to tracheal surface

Interior

Tracheal = __Rectum
trunks
_\‘“"_‘:-:. Rectal
gills

(c)

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



Mnozstvi O2 rozpusténého
ve vodeé je zavislé na
teploté.

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

V mélkych a teplych
stojatych vodach potrebuje
otevrenou soustavu —
bublinu jako zasobu nebo
,2Snorchl”

Dissolved Oxygen

Although water is a liquid, it usually contains a significant amount of
dissolved oxygen (DO) plus small amounts of other gasses. Icy cold
water (0 ° C) can hold as much as 4.9% oxygen by volume. However, as
the water's temperature increases its ability to hold oxygen decreases.
The chart below lists the maximum amount of oxygen that can be
dissolved in water at different temperatures:

Temperature Oxygen
(Celsius) (Max. % by volume)
o 4.9
10 3.8
20 3.1
30 2.6

DO is highest in cold mountain streams where the water is aerated by
waterfalls and rapids. Insects living here can usually rely on gills,
plastrons, or cuticular respiration to meet their metabolic demand for
oxygen. Shallow lakes and ponds with warm, quiet water have less
potential to hold DO so insects may need to rely more heavily on air
bubbles or snorkel-like breathing tubes. In water polluted by organic
wastes, bacteria consume nearly all of the DO and create a near-
anaerobic environment. Insects that manage to survive under these
conditions usually get all of their oxygen directly from the atmosphere.
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http://www.nikonsmallworld.com/galleries/photo/2016-photomicrography-competition

Otevfena:

Z hladiny - trubiCka larev pestfenek napf.
rodu Eristalis nebo sifon komarl opatfeny
na konci stigmaty, ¢i zvlastnim zpisobem
upravena tykadla vodomila Hydrophilus
apod.




Diving beetle

Bubble emerging
from beneath
wing covers (elytra)

Glistening
bubble on hairs

of ventral surface Fig. 11.26 Air bubbles used in freshwater

air-breathing insects and spiders {as a diving
bell in the spider Argyroneuta).

Otevrena:
Nebo vzduch s sebou. Vzduchové bubliny
Jejich objem se méni.






1.FUNKCE HYDROSTATICKA. Zasoba vzduchu ma predevsim funkci hydrostatickou, ktera se
uplatriuje pfi vystupu hmyzu k hlading, 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 vyCerpani kysliku a hyne.

2. FUNKCE ZASOBARNY KYSLIKU. Potapnik Dytiscus je schopen pojmout pod krovky uréité
mnozstvi vzduchu. Z tohoto mnozstvi muze 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 projevi i v 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 ma kyslik vétsi tendenci k pronikani z vody do bubliny
a dusik naopak k pfechazeni z bubliny do vody.



21% O,
79% N,
Air <1% CO,

Plastron

Znakoplavka Notonecta pfezije 7 hodin ve vodé nasycené vzduchem, 35 minut ve vodé nasycené
kyslikem a jen 5 minut ve vodé nasycené dusikem. Ve druhém pfipadé tedy pfeziva jen 1/10 doby
ve srovnani s prvnim pripadem, pfesto Zze méla v rezervé Skrat vice kysliku, protoze v
nepfitomnosti dusiku nemohlo dochazet k difuzi kysliku z vody do bubliny.

Proces difuze nemuze jit donekonecéna, 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 po&ateéni velikosti, spotfebé zvifete a hloubce ponoru. Bylo
spocitano, ze az 7x vysSi objem O2 se dostane do bubliny z vody nez v ni zpo¢atku bylo, nez
bublina zanikne.



StacCi vzduchovy film k pokryti metabolickych potfeb hmyzu?
Mozna, ze ne... Zalezi také na stlaCitelnosti, teploté, pohybu...
Journal of Experimental Biology 2013 216: 164-170; doi: 10.1242/jeb.070276




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

A
Hydrofuge hairs
Water— (108 per mm?)
Air —
. Cuticle
L / ___Tissue
- Plastron
_____ Spiracle
Trachea
(a)
Aphelocheirus Elmis Phytobius
(bug) (beetle) (beetle)

el

fesd) | |
Oum 10 um 50 um 100 pm

(b)

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.)




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

Trachealni plice

Trachealni zabra jsou znama uz dlouho, ale trachealni plice patri mezi nejnovejSi objevy
hmyzi fyziologie. U housenek nékterych druhlt nalezeny hojné skupiny jemnych trachei
zavésene v dutinach s hemolymfou. Cely trachealni systém jsou vlastné plice — kyslik ze
stigmat je prenesen do hemolymfy nebo na barvivo krevni bunky.

Erytrocyty existuji i u bezobratlych:
Nekteri krouzkovci, mékkysi, pasnice, ostnokozci.
Jaderné, vétsi, slouZzi i jinym fcim nez jen transport plynu.



Dychaci pigmenty

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

S hemoglobinem se setkdvame u Echinodermat, podobny pigment u Annelidu, pasnic.
Vyjimecné u korySu a hmyzu (erytrokruorin u larev pakomara).

Zlutozeleny chlorokruorin (Fe vazané na porfyrin — jiny nez hem) se vyskytuje rozpustény v krvi
nékterych mofrskych krouzkovcu.

Fialovy hemerytrin je vazan na krevni bufiky mofskych polychétt, hlavatcli, sumySovcil. Zelezo
neni souc€asti porfyrinu, ale je vazano pfimo na bilkovinu.

Modry hemocyanin je rozpustén v hemolymfé témér vSech mékkysu a korySu. Méd se vaze
pfimo na bilkovinu. KdyZz je oxidovan, zmodra.

Pigmenty jsou nékdy vazany na krvinky nékdy volné rozpusteny v plasmeé. Vyhoda uzavreni
hemoglobinu v erytrocytech je napf., ze chemické prostfedi uvnitf bunék se muze vyrazné lisit od
pomeérd v plasmé. Reakce mezi O, a Hb je totiZ silné ovliviiovana anorganickymi ionty stejné jako
fosfaty .



Krevni barviva:

Crustaceans
Insects

Chelicerates

HEMOCYANIN

HEMOGLOBIN

Arthropoda
Opisthobranchs
Plumonates
Cephalopods
[HEMOCYANIN] [HEMOGLOBIN]
: HEMOGLOBIN]  AEMOGLOBIN
Lamellibranchs HEMERYTHRIN
; HEMOGLOBTN CHLOROCRUORIN
Chitons
HEMOGLOBIN
Annelida
Mollusca
Priapula
(Priapulids)
Chordata HEMERYTHRIN
(Mammals, Birds, Fish) Nematoda
HEMOGLOBIN Sipuncula (Roundworms)
(Peanut worms) HEMOGLOBIN
HEMERYTHRIN
Brachiopoda Nemertea
(Brachiopods) (Proboscis worms)
HEMERYTHRIN

Echinodermata
(Urchins, Sea stars, Sea cucumbers)

Colour

Pigment Structure (+ change)
Haemocyanin Protein Blue

+ Cu2- (colourless)
Haemoglobin Protein Red

+ haem (purple/blue)

+ Fe2t
Chlorocruorin Protein Green

+haem

+ Fe2+
Haemerythrin Protein Violet

+ Fe?+ (colourless)

Oxygen
capacity
(ml g-1)
0.3-0.5

1.2-1.4

0.6-0.9

1.6-1.8

Molecular
weight
(kilodaltons)
25-7000

16-2000

3000

16-125

Cells or
solution
Solution

Porifera
Either (Sponges)
Solution

Protist Ancestor

tion of respiratory pigments across
Either  ‘Ps. Notice the widespread occurrence

hemerythrin as compared to hemocyanin

Also notice the general lack of pattern

Platyhelminthes
(Flatworms)

HEMOGLOBIN!

Cnidaria
(Hydroids, Anemones, Jellyfish)

Ctenophora
(Comb-jellies)

in any one pigment's distribution.
[Phylogeny from Brusca and Brusca 1990]



Chelicerates

Crustaceans
Insects HEMOCYANIN
HEMOGLOBIN

m&kkySi

’ . . Arthropoda K H
Krevni barviva: klepitkatci
Opisthobranchs
Plumonates
Cephalopods
i
[FEMOCYANIN] Eodvchactes H?,&%OZTSES
A
L
[HEMOGLOBIN]
Chitons LS CHLOROCRUORIN
Annelida
Mollusca
Priapula
(Priapulids)
e
(Mammals, Birds, Fish) Nematoda
HEMOGLOBIN Sipuncula (Roundworms)
(Peanut worms) HEMOGLOBIN
HEMERYTHRIN
Brachiopoda Nemertea
(Brachiopods) (Proboscis worms)
Echinodermata Platyhelminthes
(Urchins, Sea stars, Sea cucumbers) (Flatworms)
HEMOGLOBIN
Oxygen Molecular
Colour capacity weight Cells or Cridaia
Pigment tructure (+ change) (ml g-1) (kilodaltons) solution ; (Hydroids, Anemones, Jellyfish)
Haemocyanin rotein Blue 0.3-0.5 25-7000 Solution
+ Cu2- (colourless)
Porifera Ctenophora
. S . (Comb-jellies)
Haemoglobin Protein Red 1.2-1.4 16-2000 Either (Sponges)
+ haem (purple/blue)
+ Fe2t
Chlorocruorin Protein Green 0.6-0.9 3000 Solution :
Protist Ancestor
+haem
+ Fe2+ : : . : ; S et
tion of respiratory pigments across in any one pigment's distribution.
Haemerythrin Protein Violet 1.6-1.8 16-125 Either  ‘ps. Notice the widespread occurrence [Phylogeny from Brusca and Brusca 1990]
hemerythrin as compared to hemocyanin
+ Fe?+ (colourless)

Also notice the general lack of pattern




Krevni barviva:

Chelicerates

HEMOCYANIN

Crustaceans
Insects

l, hmyz

Kory

rthropoda

Opisthobranchs
Plumonates & =~ X4
Cephalopods Malostetl Ple
HEMOGLOBIN Oligochaetes
¢ HEMOGLOBIN

Lamellibranchs

HEMOGLOBIN

HEMERYTHRIN]
CHLOROCRUORIN

Chitons

HEMOGLOBIN

Annelida
Mollusca
Priapula
(Priapulids)
Chordata [HEMERYTLIRIN
(Mammals, Birds, Fish) Nematoda
HEMOGLOBIN Sipuncula (Roundworms)
(Peanut worms) HEMOGLOBIN
HEMERYTHRIN
/Nt
Brachiopoda tLemenea
(Brachiopods) (Probseieaiarm
HEMERYTHRIN

Echinodermata Platyhelminthes

(Urchins, Sea stars, Sea cucumbers) (Flatworms)
HEMOGLOBIN HEMOGLOBIN

Structure

Pigment

Protein
+ Cu2+

Haemoglobin

Protein
+ haem
+Fe2+

Chlorocruorin

Protein
+ Fe2+

Haemerythrin

Colour
(+ change)

Blue
(colourless)

Red
(purple/blue)

Green

Violet
(colourless)

Oxygen
capacity
(ml g-1)
0.3-0.5

1.2-1.4

0.6-0.9

1.6-1.8

Molecular
weight
(kilodaltons)
25-7000

16-2000

3000

16-125

OstroKOZTi

Calls ov Cnidaria
solution (Hydroids, Anemones, Jellyfish)
Solution
: Ctenophora
Porifera s
Either (Sponges) (Comb-jellies)
Solution

Protist Ancestor

in any one pigment's distribution.
[Phylogeny from Brusca and Brusca 1990]

tion of respiratory pigments across
Either  ‘Ps. Notice the widespread occurrence

hemerythrin as compared to hemocyanin

Also notice the general lack of pattern




Chelicerates

Crustaceans
Insects HEMOCYANIN

HEMOGLOBIN

Krevn II ba rViva: Arthropoda

Opisthobranchs
Plumonates
Cephalopods
HEMOGLOBIN <
[HEMOGLOBIN] Oligochaetes
A EGCTANIN Polychaetes ENCGIORN
y i i HEMOGLOBIN -
amefiranchs HEMERYTHRIN

[HEMOGLOBIN]
HEMUGLOU CHLOROCRUORIN

Chitons
S
= £ i Annelida
Mnohost&tinatci
Mollusca
Priapula
(Priapulids)
o
(Mammals, Birds, Fish) Nematoda
Sl (Roundworms)
(Peanut worms) HEMOGLOBIN
Brachiopoda Nemertea
(Brachiopods) (Proboscis worms)
Echinodermata Platyhelminthes
(Urchins, Sea stars, Sea cucumbers) (Flatworms)
HEMOGLOBIN
Oxygen Molecular
Colour capacity weight Cells or Chidonia
Pigment Structure (+ change) (ml g-1) (kilodaltons) solution ; (Hydroids, Anemones, Jellyfish)
Haemocyanin Protein Blue 0.3-0.5 25-7000 Solution
+ Cu2- (colourless)
Porifera Ctenogho.ra
Haemoglobin Protein Red 1.2-1.4 16-2000 Either (Sponges) (Comb-jellies)
(purple/blue)
Chlorocruorin i Green 0.6-0.9 3000 Solution :
Protist Ancestor
tion of respiratory pigments across in any one pigment's distribution.
Haemerythrin Protein Violet 1.6-1.8 16-125 Either  ‘ps. Notice the widespread occurrence [Phylogeny from Brusca and Brusca 1990]

hemerythrin as compared to hemocyanin

e jeelotless Also notice the general lack of pattern




Krevni barviva:

Opisthobranchs
Plumonates
Cephalopods

HEMOGLOBIN

Brachiopoda Chitons
ramenonozci
Mollusca
Chordata
(Mammals, Birds, Fish)
N
Priapulida
hlavatci
Brachiopoda
(Brachiopods)
Ramenanazci
(Urchins, Sea stars, Sea cucumbers)
Oxygen Molecular
Colour capacity weight Cells or
Pigment Structure (+ change) (ml g-1) (kilodaltons) solution
Haemocyanin Protein Blue 0.3-0.5 25-7000 Solution
+ Cu2- (colourless)
Porifera
Haemoglobin Protein Red 1.2-1.4 16-2000 Either (Sponges)
+ haem (purple/blue)
+ Fe2t
Chlorocruorin Protein Green 0.6-0.9 3000 Solution
+ haem
2+
ks tion of respiratory pigments across
Haemerythrin rotein Violet 1.6-1.8 16-125 Either  'Ps: Notice the widespread occurrence

+ Fe2+

(colourless)

HEMOGLOBIN

Chelicerates

Crustaceans
IRZacis HEMOCYANIN
_H EMOGLOBIN
Arthropoda

Polychaetes Oligochaetes
0 ? HEMOGLOBIN HEMOGLOBIN
Lamellibranchs SEMERVTRRIN

CHLOROCRUORIN

Mn0h0§ttin At Amnelida

Priapula
o (Priapulids)

-\v.;‘

gafloda
Sipuncula Roundworms)
(Peanut worms) HEMOGLOBIN
_EMERYTHRIN
Nemertea

(Proboscis worms)

Platyhelminthes
(Flatworms)

__HEMOGLOBIN

Cnidaria
(Hydroids, Anemones, Jellyfish)

Ctenophora
(Comb-jellies)

Protist Ancestor

in any one pigment's distribution.
[Phylogeny from Brusca and Brusca 1990]

hemerythrin as compared to hemocyanin
Also notice the general lack of pattern




Dychaci pigmenty — limit vykonu.

Pigment

Haemocyanin

Haemoglobin

Chlorocruorin

Haemerythrin

Structure

Protein
+ Cu2-

Protein
+ haem
+ Fe2t

Protein
+haem
+ Fe2+

Protein
4 Fe2t

Colour
(+ change)

Blue
(colourless)

Red
(purple/blue)

Green

Violet
(colourless)

Oxygen
capacity

0.6-0.9

1.6-1.8

Molecular
weight

16 2000

3000

16-125

(kllodaltons)

Cells or
solution

Solution

Either

Solution

Either

Ryby a hlavonoZzci -

podobny zpUsob Zivota, ale handicap u hlavonozcu. Olihen spotfebuje dvakrat
tolik kysliku jako stejné velka ryba k plavbé polovicni rychlosti. Koncentrace hemocyaninu u
hlavonozcl zvySuje i viskozitu krve. | tak odnasi krev z Zaber pouze 5vol%. Hemoglobin

v erytrocytech ma vice nez dvojnasobnou kapacitu.

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

NarocCny typ pohybu a typ barviva, ktery dovoluje malou rezervu kysliku vede k malé vykonnosti
hlavonozc.



Chobotnice v klidu v
prokysliCené vode.

Chobotnice nema zadnou
venozni rezervu Kysliku.

Ruzné tlaky CO, ukazuiji

Bohruv efekt hemocyaninu.

-

s N
( Arterial values of percent

O, saturation, O, partial
pressure, and CO, partial
pressure normally fall
within the dark purple

area.On the other hand... J
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...venous values fall within the light
purple area. Even when the octopuses

are at rest, their venous blood is almost
entirely deoxygenated!
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v s

Hb a Her rozSirengjsi
nez Hc a Chc.
Bez jasné evolucni linie.

Chelicerates

€|
e
HEMOG@/_/
Arthropoda
Opisthobranchs
Plumonates
Cephalopods
HEMOGLOBIN! Oligochaet
HEMOCYANIN Polychaetes HEMgO Ao
e HEMOGLOBIN GLOHIR
e
H::Oéig';; HEMERYTHRIN
Chitons CHLOROCRUORIN
HEMOGLOBIN
Annelida
Mollusca
Priapula
{Priapulids)
Chordata HEMERYTHRIN
(Mammals, Birds, Fish) Nematoda
HEMOGLOBIN Sipuncula (Roundworms)
(Peanut worms) HEMOGLOBIN
HEMERYTHRIN
Brach{opoda Nemertea
(Brachiopods) (Proboscis worms)
HEMERYTHRIN
Echinodermata Platyhelminthes
(Urchins, Sea stars, Sea cucumbers) (Flatworms)
HEMOGLOBIN HEMOGLOBIN
Cnidaria
(Hydroids, Anemones, Jellyfish)
Porifera Ctenophqra
(Sponges) (Comb-jellies)
Protist Ancestor
Figure 2.1 Distribution of respiratory pigments across in any one pigment's distribution.
several animal groups. Notice the widespread occurrence [Phylogeny from Brusca and Brusca 1990]

of hemoglobin and hemerythrin as compared to hemocyanin
and chlorocruorin. Also notice the general lack of pattern



VyssSi vykon srdce nebo lepsi pigment?

Cim vétsi je kapacita krve pfenaset kyslik, tim mensi mnozZstvi ji potfebuje srdce pumpovat
k pokryti potfeb. U krabl 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 lep$i? Zda se, Ze pro vysoce aktivni zvifata je kliCova vysoka kyslikova
kapacita krve, pro pomala je neekonomické investovat do vysoké koncentrace pigmentu.




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

vy

tlakem kysliku (napf. stfevni paraziti).

porfyrin

Tetramerni Hb savcu



myoglobin
b2U0 Chapter 24

(b) Whale myoglobin: An example of a single () Mammalian adult blood hemoglobin:

% e CH, }C’!:CHq heme-globin complex A tetramer consisting of four
[ l B heme-globin subunits
C=—=C
|‘ , >~{ Theiron and B-Globin B-Globipn
HC—C\ /C=CH nitrogen atoms
s I b | in heme form a
3C—C—C\ /C =C—CH planar structure.
N—Fe)—N |
HC—C—C/ N \C———C—C:CH
I " s l H O, binds here.
CH, HC—C  C==cCH
COOH (lj =Cl
C'Hz CH Globin
M —CO0H o-Globin

a-Globin
FIGURE 24.1 The chemical structure of hemoglobin (a) The
structure of heme: Fearraiic iran ic ramnlavad with mratanaca huin Tha

Navazani O, na Hb se podoba kontaktu enzymu se substratem. Specificky a
nekovalentné (slabou vazbou). Po vazbé Hb zméni konformaci (alostericky efekt), ktera
zmeni afinitu dalSich podjednotek. Jsou tu i dalSi vazebna mista (H*, CO, — allosterické
ligandy ménici afinitu ke O,).



Formy Hb:
Alostericky efekt
navazovani kysliku

T-tensed
R-relaxed (vetsi
afinita)

Viivy:
- pH

- Bohruv efekt: CO,
snizuje afinitu

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

— B. Hemoglobin: allosteric effects
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1.0
Formy Hb:
Alostericky efekt
navazovani kysliku 0.8
T-tensed
R-relaxed (vetsi -

afinita) s 06 1
E pH = 7.40

Viivy: A 04
- pH 1 Myoglobin

0.2 2 Hemoglobin (Hb)
- Bohruv efekt: CO, ' 3 Hb +BPG
snizuje afinitu 4 Hb + CO5 + BPG
- BPG - bis fosfo 0.0
glycerat —
meziprodukt 0 10 20. 30 40 50
glykolyzy. Navazani O partial pressure (mmHg)

uvolnuje O,
2. Saturation curves

Koolman, Color Atlas of Biochemistry, 2nd edition © 2005 Thieme




CO, je:

- pfemenovan na
uhliitan

- vazan na Hb.

CO,a0,se
vzajemné vytésnuji

Ery slouzi k prenosu
| premene CO,

— D. Hemoglobin and CO, transport

0, +— —— 02 CDE Lungs
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|
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w
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HCOY Hco$ + H®Hb Hb-05 + [HCO4]
po J
30-40 mﬁ o~ C0; * H0 —{7]— [H,C04]
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\L‘—_ :_//
Veins Arteries T
Tissue
o,

Carbonate dehydratase [Zn?®] 4.2.1.1

Koolman, Color Atlas of Biochemistry, Znd edition © 2005 Thieme




2 When the blood Starts y

_ r a high partial Pressyra of |
~5mL O,/ O,, its partial Pressyre !
100mL ‘

must fall greatly (green

Pro¢ sigmoidni kfivka saturace Hb?

=
S
e /o Y arrow) for 5 mL of
_ 8 15 p- to be released from, %00
E b mL of blood (req arrow), |
Arrows show the drop in blood O, concentration as = 5 mL O,/100mL L)
blood from the lungs flows through the systemic S Y However, when th
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@ vertical purple arrows to the right show how much O, is delivered

0 the tissues by each 100 mL of blood during rest and exercise. All
values are semi-quantitative; the intent of this diagram is conceptual
father than literal. Tissue values are mixed venous blood values. Ef-

'fects of pH and other variables of the blood-hemoglobin milieu are not
Included,



Kolisajici nabidka O2 ve vodé.

jak se vyrovnat s kolisajici dostupnosti kysliku:
1. zvétSit dychaci povrch

2. pouzit dychaci pigmenty s vyssi afinitou

3. zvysSit ventilaCni a cirkulani proudéni

Gastrophilus — larva stfecka
Planorbis — okruzak

Daphnia — hrotnatka (perloocko)
Biomphalaria — okruzak
Chironomus - pakomar

109 lE‘hirono/musA,-"'m v -
Biom_pfwa/aria l,'l
Daphr,7ia
75H g

1 @ Fish, sluggish rivers Molltscs ‘
‘ —— Insects
D Fish, rapid river flow --. Crustacea
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©
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Fig. 11.25 Haemoglobin oxygen-binding
curves in freshwater invertebrates and
riverine fish; inset shows the effecton
oxygen consumption, the chironomid from
the stagnant benthos achieving maximum:
oxygen uptake at very low Po,. (Datafrom
Weber 1980; and other sources.)




U mnoha bezobratlych jsou disociacni kfivky poloZeny hodné vlevo a strmé tedy stoupaji — afinita
hemoglobinu mize Phacoides nebo larvy Chironomus je velmi vysoka. | zde je vliv pH a teploty.

V zivoté se tyto druhy potkavaji s obdobimi velmi nizkych koncentraci O2. Pokud jsou chovani

v prostiedi s nizkym O2, generuji mnohem vice hemoglobinu - napf. korySek Daphnia.

Casto jsou v riiznych t&lnich kompartmentech pigmenty dva a museji spolupracovat. M&kkys3
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.
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Aklimace na hypoxii diky respiracnim pigmentiim

Daphnia (perloo¢ka) v hypoxii produkuje HIF a ten vede k jinému sloZzeni pigmentu.
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 rovnéz. S Hb
zCervena.

ModFi krabi za této situace zvednou koncentraci Cu?* v krvi. Ten stahnou z kutikuly a
afinita hemocyaninu stoupne.
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The O, affinity of hemoglobin
dramatically rises (P, falls)
because of synthesis of new
molecular forms while
simultaneously...

...the total concentration V
0.4

of hemoglobin in the
blood sharply increases
to a new plateau.
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