Orgaos respiratorios em Metazoa

Sem estruturas respiratorias = Respiracdo “‘cutdnea’”
Porifera, Ctenofora, Cnidaria, Gastrotricha, Nematoda,
Platyhelminthes, Nemertini, Sipunculida, Echiurida, Annelida,
Phoronida, Brachiopoda, Hemichordata, Echinodermata, Craniota

Branquias
Priapulida, Mollusca, Annelida, Euarthropoda, Echinodermata,

Craniota

Pulm&o
Mollusca, Euarthropoda, Echinodermata, Craniota

Sistema traqueal
Onychophora, Euarthropoda

Orgaos respiratorios em Metazoa

Sem estruturas respiratorias = Respiracdo ‘“‘cutanea’
Porifera, Ctenofora, Cnidaria, Gastrotricha, Nematoda,
Platyhelminthes, Nemertini, Sipunculida, Echiurida, Annelida,
Phoronida, Brachiopoda, Hemichordata, Echinodermata, Craniota

Branquias
Priapulida, , Annelida, Euarthropoda, Echinodermata,
Craniota
Pulméo

, Euarthropoda, Echinodermata*, Craniota
* Arvore respiratériaem Holothuria

Sistema traqueal
Onychophora, Euarthropoda
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Pigmentos respiratorios em Metazoa

Hemoglobina
Gastrotricha, Nematoda, Platyhelminthes, Nemertini, Mollusca,
Echiurida, Annelida, Euarthropoda, Phoronida, Echinodermata,
Craniota

Hemocianina
Mollusca, Onychophora, Euarthropoda

Hemeritrina
Priapulida, Sipunculida, Annelida, Brachiopoda

Pigmentos respiratorios em Metazoa

Hemoglobina
Gastrotricha, Nematoda, Platyhelminthes, Nemertini,
Echiurida, Annelida, Euarthropoda, Phoronida, Echinodermata,
Craniota

Hemocianina
, Onychophora, Euarthropoda

Hemeritrina
Priapulida, Sipunculida, Annelida, Brachiopoda

Clorocruorina

Presente em alguns livros/textos mais antigos como outro tipo de pigmento respiratdrio;

hoje considerada uma variacéo da hemoglobina
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Conclusoes: evolucao de estruturas respiratorias

Comparagéo dificil entre grandes grupos.

Dentro de cada taxon ocorreram adaptacdes do sistema
respiratrio causadas pelo tamanho corpdreo ou por mudancas
ambientais, tais como por exemplo a conquista da vida em
ambiente terrestre (ocorrida em Mollusca, Arthropoda, e
Craniota).

Schmidt-Rhaesa, 2007

Transporte de Oxigénio de Didxido de Carbono pelos
Liquidos Corporais

=Sangue:
= 0,3ml de O, / 100ml = 0,3 vol% O, (solucéo fisica)
= ~ 20 vol% O, conteldo total

U U

Pigmentos respiratorios

» Complexos de proteina com ions metalicos e com cor
caracteristica

* Peixe de gelo (Antartica): sem hemoglobina
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Phylogenetic ]
relationships
Gobionotothen Notothenia Pseudochaenichthys Champsocephalus Chaenocephalus

gibberifrons coriiceps georgianus gunnari aceratus

Lifestyle Benthic Benthic Pelagic, semi-pelagic Pelagic Benthic

of adults

" . . g Reduced Reduced Reduced
Skoloton Mineralized Hincralizod mineralisation mineralisation mineralisation
(E’S“Sg’ancy 4.27 (0.54) 3.67 (0.27) 1.96 (0.28) 2.90 (0.23) 3.19 (0.52)

Hb/Mb +/+ +/+ -1+ -/- -1-

Figure 4. Diversity of ecological and physiological features in notothenioids. Phylogeneticrelationships and the buoyancy data are from Near
et al. (2012a) and information on adult lifestyles is reviewed in Rutschmann et al. (2011). A dissected heart is shown for each species and
presence (+) and absence (—) of hemoglobin and myoglobin (Hb/Mb) is indicated as well.

Braasch et al., 2015

Peixe de gelo (Antartica)

Animais relativamente grandes sem hemoglogina e
consequentemente sem transporte de O, ligado a hemoglobina

Icefish have whitish, Nearly all polar fish
translucent blood _ have red blood like
because they lack other vertebrates.
blood hemoglobin.
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Peixe de gelo (Antartica)

Sem hemoglobina, como o O, esta sendo transportado?

- Lei de Henry:
|0,] = Po, x 0O,

Temperatura das aguas ao redor da Antércta: -2°C o ano todo

Capacidade de sangue de transportar O, nos peixes de gelo:
~1.0 mL O,/100 mL

Nos peixes polares com hemoglobina: 6-7 mL O,/100 mL

Circulacdo sanguinea mais rapida e maior volume
de sangue nos peixes de gelo.

Evolucdo dos pigmentos respiratorios

Trés tipos de pigmentos respiratorios ocorrem nos animais:
hemoglobina, hemeritrina e hemocianina.

Diferencas estruturais e sem indicios que eles tém uma
proteina ancestral comum.

Pigmentos respiratorios evoluidos pelo menos trés vezes
independentemente.

Schmidt-Rhaesa, 2007
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Figure 4 A general model of early evolution and atmospheric Oz concentration. Last Universal Common Ancestor
(LUCA) was anaerobic and unicellular, but possessed heme proteins and their equivalents for antioxidation and reactive
O3 species-mediated cell signaling and possibly ATP production. Photosynthesis by cyanobacteria led to Oz accumulation,
which was initially stored in rocks and sediments but later enriched the atmosphere. Eukaryotic plant and animal cells
evolved that can more efficiently produce and utilize O, leading to multicellular organisms of increasing complexity.
Around 500 Ma, atmospheric O3 level reached the contemporary range, coinciding with an explosive appearance of
terrestrial plants and animals.

Hsia et al. 2013
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Figure 2 (A) Transitional metals ions functioned as signaling and

antioxidant molecules in the earliest organisms. A molecular cage,

for example, prophyrin ring, trapped these metal ions, for example,

forming a heme molecule. Adding various polypeptides modulated

the action of heme, resulting in heme proteins. By exaptation heme

proteins participated in the neutralization of reactive Oy species as

well as the sensing, storage, fransport, and release of O3. (B) Structure

of heme (containing iron) is remarkably similar to that of chlorophyll -

(containing magnesium). HS'a et al 2013
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(B) Heme
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Figure 2 (A) Transitional metals ions functioned as signaling and
antioxidant molecules in the earliest organisms. A molecular cage,
for example, prophyrin ring, trapped these metal ions, for example,
forming a heme molecule. Adding various polypeptides modulated
the action of heme, resulting in heme proteins. By exaptation heme
proteins participated in the neutralization of reactive Oy species as
well as the sensing, storage, fransport, and release of O3. (B) Structure
of heme (containing iron) is remarkably similar to that of chlorophyll
(containing magnesium).

Hsia et al. 2013
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Figure 2 (A) Transitional metals ions functioned as signaling and
antioxidant molecules in the earliest organisms. A molecular cage,
for example, prophyrin ring, trapped these metal ions, for example,
forming a heme molecule. Adding various polypeptides modulated
the action of heme, resulting in heme proteins. By exaptation heme
proteins participated in the neutralization of reactive Oy species as
well as the sensing, storage, fransport, and release of O3. (B) Structure
of heme (containing iron) is remarkably similar to that of chlorophyll
(containing magnesium).

Hsia et al. 2013
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How oxygen gave rise to eukaryotic sex

Elvira Horand!" and Dave Speijer?

"Department of Systematics, Biodiversity and Evolution of Plants, University of Goettingen, Gattingen, Gemany|
2Department of Medical Biochemistry, Academic Medical Centre (AMO), University of Amsterdam, Amsterdam,

~ 7N The Netherlands

How did full meiotic eukaryotic sex evolve and what was the immediate advan-
tage allowing it to develop? We propose that the crucial determinant can be
found in internal reactive oxygen species (ROS) formation at the start of
eukaryotic evolution approximately 2 x 10 years ago. The large amount of
ROS coming from a bacterial endosymbiont gave rise to DNA damage and
vast increases in host genome mutation rates. Eukaryogenesis and chromo-
some evolution represent adaptations to oxidative stress. The host, an
archaeon, most probably already had repair mechanisms based on DNA pair-
ing and recombination, and possibly some kind of primitive cell fusion
mechanism. The detrimental effects of internal ROS formation on host

genome integrity set the stage allowing evolution of meiotic sex from these
humble beginnings.

This alternative to mitosis is crucial under novel, ROS-producing stress
situations, like extensive motility or phagotrophy in heterotrophs and
endosymbiontic photosynthesis in autotrophs.

Here, we discuss the relevant

observations underpinning this model.

02/06/2020



02/06/2020

Hemoglobina = Heme + Globina
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FIGURE 15-6 (A) Generalized classificatory scheme
for hemoglobins (and erythrocruorins) of various inver-
lgbmtes based on a single heme/polypeptide, myoglo-
bin-like subunit structure (single-domain), a two heme/
polypeptide subunit (two-domain), or a multiple heme/
pplypcptidc unit (multidomain). Multisubunit hemoglo-
[‘{lnh can consist of dimers, trimers, tetramers, etc., of
single-domain subunits, or of multiples of two- or multi-
domain subunits (not shown). (B) Representation of the
structure of a multidomain hemoglobin of planorbid
gastropod mollusks. Each of the 10 domains consists of
amyoglobin-like subunit of polypeptide chain, porphy-

rin, and Fe?* jon. (From Vi""”‘"’”'\/ﬁﬁféf’g"fggS
3y

and B, 1082 |

Hemoglobina = Heme + Globina

tionship of the & and B chains. Two of the four heme units (red) are visible
in the folds formed by the polypeptide chains. (B) Structure of heme,
formed by the combination of ferrous ion {Fe?*) and protoporphyrin IX.
(C) Schematic diagram of heme in a pocket formed by the globin mole-
cule, The side chain of a histidine (His) residue in globin acts as an addi-
tional ligand for the iron atomn in heme. When oxygen binds, it displaces

the remaining H,O ligand. [Adapted from McGilvery, 1970

L-Histidine

(His)
(ool
Figure 13-2 Hemoglobin, the main respiratory pigment in vertebrates, |
consists of four globin protein subunits, each containing one heme mol- +H,;N—C—H
ecule. (A) Schematic diagram of hemoglobin molecule, showing rela- |
CH,

Ligacdo com
globina




= Hemoglobina:
= peso molecular: 68.000 (vertebrados, exceto ciclostomados)
= 4 grupos prostéticos (HEME) associados com globina
= dois dimeros (o3, € a,B,)
= Mioglobina = uma subunidade da hemoglobina
= oxigenacdo promove mudanca conformacional na molécula

= ferro no estado ferroso (Fe?*) ligado a um anel de porfirina do
heme

= O, ligado a molécula - oxihemoglobina
= O, néo ligado & molécula - desoxihemoglobina
= Fe2* transformado (oxidacdo) em Fe3* - methemoglobina

= CO ligado a molécula - carboxyhemoglobina

Hemoglobina e proteinas relacionadas
* Existem diversas moléculas envolvidas na transferéncia de elétrons ou
O, e que incluem um anel de porfirina com Fe?*.
» Hemoglobinas adaptarem-se para reversivelmente ligar-se ao O,.
« S80 encontradas em bactérias, fungos, plantas e animais (plesiomorfia
dos metazoa).
» Muito variavel em tamanho e localizacdo nos animais (musculo,
sistema nervoso, sangue, extracelular, etc.).
» Muitas vezes mais de um tipo de hemoglobina presente num animal.
* Expressdo de hemoglobina bastante flexivel, acontecendo quando e
aonde for necessario.
* Proteinas relacionadas:

« Craniota: mioglobina, citoglobina, neuroglobina (cérebro).

« auxiliam no suprimento de O, para células de tecidos especificos.

02/06/2020
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Bacterial globins

Plant globins

= Annelid intracellular globins

| Neuroglobins

Mollusc globins

e Nematode globin

| Annelid extracellular globins

Arthropod globins

Craniote myoglobins + cyto-
globin + agnathan hemoglobir

. Craniote hemoglobins

Fig. 11.13. Evolution of the globin superfamily, after Burmester

et al. (2000). Schmidt-Rhaesa. 2007

Forma e Funcdo de heméacias de
vertebrados!

Salamander ‘ . .

$98 Op0

Shake Red Kangaroo

Ostrich IO}-‘-

02/06/2020
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Hemeritrina
* Proteina com ferro mas sem grupo Heme.

* Presente em 4 taxa: Priapulida, Sipunculida, Brachiopoda, género
Magelona (Polychaeta, Annelida)

» Hemeritrina plesiomorfica de Bilatéria (no caso de Brachiopoda serem
relacionados aos Deuterostomia) ou plesiomérfica dos Protostomia (no
caso de Brachiopoda serem Spiralia).

» Dominio parecido com Hemeritrina encontrado na bactéria
Desulphovibrio vulgaris.

Tail

Schmidt-Rhaesa, 2007

Myohemerythrin Trimer Octamer

FIGURE 15-7 Hemerythrins can have a monomeric structure (e.g., myohemerythrin)
consisting of a polypeptide and two Fe’* ions (note the absence of a porphyrin group)
or a polymeric structure (e.g., trimer or octamer; for clarity, only five subunits are

shown for the octamer). (From Hendrickson. Smith, and Sheriff 1985.) WitherS, 1995

A superfamilia das hemocianinas
» Hemocianina e proteinas relacionadas sdo moléculas muito grandes
com cobre para ligagéo do O,.
* Qutras proteinas:

* Fenoloxidases de artrépodes

* Pseudohemocianinas de crustaceos

» Hexamerinas de armazenamento de insetos

» Tirosinases de moluscos
» Hemocianinas ocorrem como pigmentos respiratérios em moluscos e
artropodes (Chelicerata, Crustacea, Diplopoda, Insecta)
» Grandes diferencas entre as moléculas de hemocianina >
possivelmente evolugéo independente nos diversos grupos a partir de
fenoloxidase (= moléculas consumidores de O, no metabolismo de
melanina = esclerotizacdo do exoesqueleto).
* Fenoloxidases conservaram fungédo ancestral e hemocianina (derivados
da mesma proteina ancestral) adquiriram outra fung&o.

02/06/2020
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Phenoloxidase-like
molecule

Conservation of
phenoloxidase
activity

I

Hemocyanin

Fig. 11.14. Evolution of the hemocyanin protein superfamily in

arthropods, after Burmester (2001, 2002).

/ === Insect phenoloxidases

. Crustacean phenoloxidases
Onychophoran hemocyanin
Diplopod hemocyanin
Chelicerate hemocyanins

Crustacean hemocyanins

Crustacean pseudohemocyanins
— Insect hemocyanin

e [nsect hexamerins

Loss of copper,
storage function /

Schmidt-Rhaesa, 2007]

Table 11.2 Respiratory pigments in metazoans. In the taxa Not Mentioned, respiratory pigments have so Tar not been detected.

Respiratory Characterization Reference
pigment
Gastrotricha Hemoglobin Intracellular Colacino & Kraus 1984
(Neodasys)
Nematoda Hemoglobin Intracellular, mono-, tetrameric in most Vinogradov 1985, Blaxter 1993
species; extracellular, octomeric in
Ascaris suum
Priapulida Hemerythrin Intracellular Fénge 1950, 1961, Fénge & Akesson 1991,
Schreiber et al. 1991
Platyhelminthes  Hemoglobin Intracellular, monomeric Phillips 1978, Tuchschmid et al. 1978, Jennings &
Cannon 1985, 1987
Nemertini Hemoglobin In nerve and muscle tissue, sometimes Wittenberg et al. 1965, Fange 1969,
extracellular Vandergon et al. 1998, Pesce et al. 2002
Mollusca Hemocyanin Extracellular Terwilliger 1980, Bonaventura & Bonaventura 1983
Hemoglobin Intracellular (e.g. in muscles) and
extracellular, mono-, di- or polymeric
Sipunculida Hemerythrin Intracellular Weber 1978, Klippenstein 1980
Echiurida Hemoglobin Intracellular, mono-, di- or tetrameric Garey & Riggs 1984, Vinson & Bonaventura 1987
Annelida Hemoglobin Intracellular, monomeric, rarely polymeric Weber 1978, Garlick 1980
Extracellular, polymeric
Chlorocruorin Extracellular
Hemerythrin Probably extracellular Wells & Dales 1974
(Magelona)
Onychophora Hemocyanin-like Extracellular Kusche et al. 2002
Euarthropoda Hemocyanin Extracellular Terwilliger 1980, Burmester 2002
Hemoglobin Monomeric, sometimes polymeric in Terwilliger 1980, llan et al. 1981, Vinogradov 1985
insects, polymeric in branchiopods
Phoronida Hemoglobin Intracellular, monomeric and dimeric Garlick et al. 1979
Brachiopoda Hemerythrin Intracellular Manwell 1960, Joshi & Sullivan 1973
Echinodermata Hemoglobin Dimeric and tetrameric Binyon 1972, Terwilliger & Read 1972
Craniota Hemoglobin Intracellular, monomeric (Agnatha) Andersen & Gibson 1971), Vinogradov 1985
and tetrameric
Myoglobin Intracellular Vinogradov 1985

Schmidt-Rhaesa 2007

02/06/2020
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B Hemocianina
® Hemoglobina
A Hemeritrina
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Plesiomorph:

Porifera
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Limnognathia
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Seisonidea

Acanthocephala
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Hemocyanin

Fig. 11.12. Distribution of hemoglabin, hemerythrin, and hemocyanin on the metazoan tree. Because hemoglobin- and hemerylhnn-rsq\med
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Transporte de Oxigénio de Didxido de Carbono pelos
Liquidos Corporais

= Hemoglobina:
= peso molecular: 68.000 (vertebrados, exceto ciclostomados)
= 4 grupos prostéticos (HEME) associados com globina
= dois dimeros (o, 3, € a,3,)
= Mioglobina = uma subunidade da hemoglobina
= oxigenacgao promove mudanca conformacional na molécula

= ferro no estado ferroso (Fe?*) ligado a um anel de porfirina do
heme

= O, ligado a molécula - oxihemoglobina
» O, ndo ligado & molécula - desoxihemoglobina
= Fe?* transformado (oxidacdo) em Fe3* = methemoglobina

= CO ligado a molécula - carboxyhemoglobina

02/06/2020
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Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation
J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

PETER SCHEID AND MICHAEL MEYER
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FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
# Borbulhamento de 100% N, na amostra de sangue Severinghaus (13) according to algorithm of Thomas (14), and
* Borbulhamento de 100% O, na amostra de sangue adjusted to the actual Py,.
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# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue
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FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and
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# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

PETER SCHEID AND MICHAEL MEYER

Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation

J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

O N
_eme—
/“’/ Supect PS5
ubject
yd
g/ pcnz ~ 41 torr
) pH o = 740
/ T =37°C
Ozcap= 91mM
Pey  =282torr
L | b0 80 W00 120 D

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and

adjusted to the actual Py,.

P02 {torr]

02/06/2020

18



02/06/2020

Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation
J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

PETER SCHEID AND MICHAEL MEYER

# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

100 T S e
e
Supect PS5
Pea, -1 torr
pH = 740
T =37°C
Ozcap= 91mM
Pey  =282torr
0 — T R S S
0 20 L0 b 80 100 120 140
P02 {torr]

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and

adjusted to the actual Py,.

PETER SCHEID AND MICHAEL MEYER

Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation

J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

S S S R
e
] e
80 // Subject PS5
So, e Peo, - 41 torr
7 pH = 740
0,5ml ) 6o ] / T =3¢
/ Ozcap= 91mM
- > / Peg =282 torr
/
0.5ml I 401 /
1 g
204 i
/
/
P
/
0+ g
i 20 L0 bl 80 00 120 %0

P02 {torr]

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and
adjusted to the actual Py,.

# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

19



Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation
J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

PETER SCHEID AND MICHAEL MEYER

# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

100 T S e
e
Supect PS5
Pea, -1 torr
pH = 740
T =37°C
Ozcap= 91mM
Pey  =282torr
0 — T T
0 20 L0 b 80 100 120 140
P02 {torr]

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and

adjusted to the actual Py,.

# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

PETER SCHEID AND MICHAEL MEYER

Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation

J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

100 P R S e — T
@
Supect PS5
pcnz - 41 torr
oH = 740
T =37°C

Ozcap= 91mM

Psq

=282 torr

0 — T
0 20 L0 bl 80
P02 {torr]

00 120 0

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and

adjusted to the actual Py,.

02/06/2020

20



Mixing technique for study of oxygen-hemoglobin
equilibrium: a critical evaluation
J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 45(5): 818-822, 1978.

PETER SCHEID AND MICHAEL MEYER
100 +—

Supect PS5

pcnz - 41 torr

pH = 740
T =37°C
B2 Ozcap= 91mM
Variagdes de pH, Qrcap: Somt
temperatura,
[CO,], etc. /
g
20 ¢
/
/
o
/
0 20 40 b0 80 00 120 %0

P02 {torr]

FIG. 2. Standard O, dissociation curve of a healthy, male non-
smoker. Values measured at constant Pco, and corrected to pH =
7.40. Continuous curve calculated from average data collected by
Severinghaus (13) according to algorithm of Thomas (14), and

# Borbulhamento de 100% N, na amostra de sangue
* Borbulhamento de 100% O, na amostra de sangue

adjusted to the actual Py,.

Pigmentos respiratorios:

» Curvas de saturacao/dissociacdo da hemoglobina

Transporte de O, no sangque:
« 1 molécula de Hb pode se
combinar a 4 moléculas de O,
*Pressdo parcial (PO,) >
determina extensédo da ligacdo de
0,

«Um mmol de heme pode ligar-se
aum mmol de O, que representa
um volume de 22,4ml de O,

Quantidade de
oxigénio liberado

40

Percentagem de saturagao da hemoglobina

“"éf'” => sangue com 0,9mmol
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Curvas de dissociacdo de Oxigénio
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Afinidade pelo Oxigénio (Py)

reduzida quando:

» Temperatura elevada

Percentual de saturagéo (%)

J
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Hillet al., 2012
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Afinidade pelo Oxigénio (Py)

reduzida quando:
» Temperatura elevada

« aumento no CO,

() Hemoglobina do cdo em vérias pressdes parciais de CO,
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Afinidade pelo Oxigénio (Py)

reduzida quando:
» Temperatura elevada

« aumento no CO,
«diminuicao do pH (H* aumenta) - efeito BOHR
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Fig. 13.4 A aofinidade da hemoglobina pelo oxigénio diminui com a diminuicdo do pH
Em virtude desse fenémeno, chamado efeito Bohr, mudangas na P.,_ sanguinea, que
influencia o pH sanguineo, afetam indiretamente a afinidade da hemoglobina pelo oxi-
génio, Sao mostradas as curvas de dissociagdo do oxigénio sanguineo experimentais em
humanos em trés valores de pH. Os valores da B, do sangue arterial misturado com ©

venoso estdo indicados. (Adaptado de Bartels, 1971.)
“Eckert” 2000
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Bohr effect — Hb-O, equilibrium curve
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Figura 9.35 Modulacao alostérica da afinidade da he-
moglobina pelo oxigénio. Efeitos do modulador orgénico
2,3-DPG na curva de dissociacao de oxigénio da hemoglo-

bina de mamiferos.
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Transporte de CO2 Nno sanque:
CO, + H,0 <> H,CO; <> H* + HCO4

HCO, <> H* + COz2

H,O <> H* + OH- CO, + OH <> HCO4
CO, : H,CO, CO, : HCO4
1000: 1 1:20

 Formagé&o de carbamino com grupo —NH, de proteinas
(principalmente com Hb)

« Contetdo total de CO, - varia com PCO,
* Anidrase carbonica

» Desvio de cloretos
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Fig. 13.9 O conteldo total de CO ,do sangue aumenta com a P, mas somente O vo-
lume de CO, molecular aumenta lifearmente. Note que em dada Pro O sangue oxigena-

do comém 'menos C‘OA que o sangue desoxigenado (efeito Haldane). Ae V seE%fg N
rem aos niveis sanguinéos arterial e venoso, respectivaments ert” 2000
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(b) Sangue de nove espécies
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oxigenacdo do pigmento respiratorio
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| Figura 23.21 O efeito e suas ¢bes para o te de di6éxido de
carbono em humanes O grafico principal (esquerda) mostra as curvas de dissociagao
do didxido de carbono para o sangue humano completamente oxigenado e completa-
mente desoxigenado, ilustrando o efeito Haldane. O detalhe (acima) resume o transporte
de diéxido de carbono em humanos em repouso. O ponto A representa o sangue arterial,
| ! | ‘ ‘ | ! que estd comp oxigenado e ap! uma pressao parcial de CO, de cercade
5,3 kPa (40 mmHg). O ponto V representa ¢ sangue venoso misto, que se encontra cerca
0 10 20 30 0 50 60 70 mmHg de 70% oxigenado e apresenta pressao parcial de CO, de cerca de 6,1 kPa (46 mmHg).
E' ‘; ;ikPa As setas mostram a relagao funcional entre a concentragao de didxido de carbono e a

pressao parcial de CO, conforme o sangue circula pelo corpo, tornando-se alternadamen-

te arterial (4) e venoso (V). Hillet al., 2012
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Anidrase carbdnica — desvio de cloretos

Membrana celular

Trocas gasosas nos tecidos

Parede do capilar
/ (endotélio)

Os grupas imidazdlicos (tampdes) na
hemoglobina (Hb) captam o H'. Eles
aumentam a afinidade pelo H* quando
a Hb estd desoxigenada.
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o
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do eritrocito através da proteina de troca
ani6nica répida. Este bicarbonato é
transportado no plasma, embora tenha
sido tamponado no eritrécito.
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Figure 30-10 Analysis of simple acid-base disorders. If the compensatory responses are
markedly different from those shown at the bottom of the figure, one should suspect a
mixed acid-base disorder.
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Figure 30-11 Acid-base nomogram showing arterial blood pH, arterial plasma HCO?, and P, values. The central
open circle shows the approximate limits for acid-base status in normal people. The shaded areas in the nomogram
show the approximate limits for the normal compensations caused by simple metabolic and respiratory disorders. For
values lying outside the shaded areas, one should suspect a mixed acid-base disorder.
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-Hagfish: Champions of CO2
_tolerance question the origins of
-vertebrate gill function
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The gill is widely accepted to have played a key role in the adaptive radiation of early vertebrates

by supplanting the skin as the dominant site of gas exchange. However, in the most basal extant
craniates, the hagfishes, gills play only a minor role in gas exchange. In contrast, we found

hagfish gills to be associated with a tremendous capacity for acid-base regulation. Indeed, Pacific
hagfish exposed acutely to severe sustained hypercarbia tolerated among the most severe blood
acidoses ever reported (1.2 pH unit reduction) and subsequently exhibited the greatest degree of
acid-base compensation ever observed in an aquatic chordate. This was accomplished through an
unprecedented increase in plasma [HCO;™] (>75mM) in exchange for [CI”]. We thus propose that the
first physiological function of the ancestral gill was acid-base regulation, and that the gill was later

co-opted for its central role in gas exchange in more derived aquatic vertebrates.
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