CHAPTER 7:

GASEOUS EXCHANGE &
ITS CONTROL
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GASEOUS EXCHANGE & ITS CONTROL

CHAPTER 7.0:

Gaseous exchange and
control iIn mammals

Role of chemoreceptors in
controlling breathing

\ 73 Gaseous exchange and
' control in plants




7.1 an,
GASEOUS EXCHANGE AND CONTROL w7

IN MAMMALS




“Ared blood cell contains abou't%s
250 million hemoglobin
molecules which carry oxygen
through the blood. :
© Each hemoglobin molecule ’*3
. cancarry four oxygen -
molecules. o
There are 4 million to 6 million
+ redblood cellsineach -
'~»~~m|crollter (cubic millimeter) of L
blood

AMAZING
FACTS.




LEARNING OUTCOME (7.1)
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LEARNING OUTCOME (7.1)

At the end of this topic, student
should be able to:

" (e) Analyse the effect of the changes °

In partial pressure of carbon dioxide

towards oxygen dissociation curve
(Bohr effect)

——



STRUCTURE OF HAEMOGLOBIN

Hemegroup Betachains ~ A lespiratory pigment

» Quaternary protein
(globular)

» Consist of four
polypeptide subunits;

» two a chain
» two [3 chain

» held together by
Alpha chains hydrogen bond

——




STRUCTURE OF
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Hemoglobin Structure

Beta (B) chains

Oxygen (0,)

Iron (Fe**)

» Each polypeptide

contains a haem
group (prosthetic
group), bind with an
oxygen

» Therefore, one

hemoglobin (Hb)
molecule binds

up to four

oxygen molecules




CHARACTERISTICS OF HAEMOGLOBIN %
AS RESPIRATORY PIGMENT w7

» Haemoglobin combines with O, to form
oxyhaemoglobin and reversely

4Hb + 40, /™= Hb(O,),

dissociate

» At high concentration of O, (high partial pressure),
haemoglobin combines with O, to form
oxyhaemoglobin.

» At low concentration of O, , oxyhaemoglobin easily
dissociates to form haemoglobin and O, (O, then
liberated for cell used)
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TRANSPORT OF O, IN BLOOD =7

Transportation of O,(in blood) from the lungs
to respiring tissues Iin the form of
OXYHAEMOGLOBIN

Oxyaen ;-,"{’3
released to / .
Crxygen from lungs tissue cells -

’- O xyaen bonded
with hemaglobin

Hernoaglabyin
3 molecules

ranclecules

——



CO, TRANSPORTATION IN BLOOD

CO, Is transported
from respiring
tissues to the lungs
In 3 different ways:




TRANSPORT OF CO,

a) Dissolves ,/
In plasma |
|

Plasma In
Capillary

7
< . [

Lung thoracic | ©AsS HCO Respiring
) cavity Tissue Fluid
o * T

' "

b) Bound to
haaemoglobin->
carbaminohaemoglobin

3. CO, diffuses
from blood

1. CO, diffuses
vessel to the K

from respiring
tissues to blood

alveoli through 2. In blood capillary, CO,
capillary wall IS transported to the lungs ngﬁgrthﬁ?h
: = In 3 different ways _ f y




Binds to

& /
¥co, — CO; (dissolved in plasma) plasma proteins

co, —,’—» CO,+ H,0 SIOW, 4. cOo; —  » HCO;~ + H*
y 4,
_ HCO,—

3

Chloride
shift

Blood plasma

Fused basement membranes
CO, (dissolved in plasma)

Slow
COs + HO <=—— H,CO; <=—— HCO; + H*

HCO;™

Reverse
chloride
shift

: Blood plasma
¥ O, (dissolved in plasma)

{b) Oxygen pickup and carbon dioxide release in the lungs



OXYGEN DISSOCIATION CURVES OF  4fA,
HAEMOGLOBIN L

. The curve shows the
A unlnad?d frﬂl:l‘l .
hemoglobin during  ra|gtive amounts of

normal metabolism

o reservethatcan OXYyQeN bound to

oo™ haemoglobin that

tissues with high .
metabolism exposed to solutions
(medium) with

different partial

0, saturation of hemoglobin (%)

o 20 40 60 8 10 pressure of oxygen
Tissues TisTsues LuIngs (POZ)
during at rest
exercise
Po, (mm Hg)

(a)

——



OXYGEN DISSOCIATION CURVES OF

HAEMOGLOBIN

O, unloaded
to tissues
at rest

-
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O, unloaded
to tissues <
during exercise

60 -

40 -

20

AN
=

3 J o
m o
Py 3
A ohe) matRINULS >
% &
(= &
o) S
"Nba pEthEY

When the partial
pressure of oxygen
IS high as in lung’s
capillaries

) 2

2

O, saturation of hemoglobin (%)

________________________ Sy
0 I I I I I
0o ‘ 20 40 60 80 100
Tissues during Tissues Lungs
exercise at rest
Po,(mm Hg)

Haemoglobin has a
higher affinity for
oxygen to form
oxyhaemoglobin (HbO,)

(a) Po,and hemoglobin dissociation at pH 7.4
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OXYGEN DISSOCIATION CURVES OF A,
HAEMOGLOBIN N

loluniasdedi =" — | When the partial

to ti .

to tissues pressure of oxygen Is
low as in respiring

-
o] (=)
(=) (=)
| |

——

O, unloaded

B to tissues < tiSSUGS
during exercise

40

20

O, saturation of hemoglobin (%)

o T T | T T
’ ‘ = 4TO ® 1?0 The oxyhaemoglobin
Tissus—:s during Tissues Lungs eaSin diSSOCiateS' and
exercise at rest =90 ,
Po,(mm Hg) oxygen is liberated to
(a) Po, and hemoglobin dissociation at pH 7.4 the respiring tissues
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MYOGLOBIN =L

Haem group

One of the respiratory
pigment

Compose of a single
polypeptide chain with an
iIron atom (haem group)
that bind to one O,
molecule

Have a higher affinity
for oxygen than
haemoglobin (in muscle
tissue)
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Function :
To store O, in the muscle

Myoglobin only will
release O, (that bind to it)
If the O, supply of
haemoglobin in muscle
cells has been exhausted




COMPARISON BETWEEN OXYGEN A

8

—DISSOCIATION CURVES OF HAEMOGLOBIN®”
MYOGLOBIN

10 ; , The O, dissociation

| curve of myoglobin is
displaced to the left of the
oxygen dissociation
curve of haemoglobin.

L= =3
(=
¥ T ¥

" Hemoglobin

(=23
=
¥
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|
|
|
|
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Its affinity towards
oxygen is higher.

Venous blood! Arterial blood
: |

Saturation with oxygen (percent)

| E | | |
T R R R

PO, mm Its ODC is hyperbolic

——.




BOHR EFFECT
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80 -
R The effect of pH /
60 J=o el yo o —2=MOgIobIn concentration of CO,
. retains less o
O, at lower pH on the affinity of
A0 i (higher CO, haemoglobin towards

concentration)

oxygen

O, saturation of hemoglobin (%)
N
o

I | |

0 20 40 60 80 100
Po,(mm Hg)

(b) pH and hemoglobin dissociation

© 2011 Pearson Education, Inc.



BOHR EFFECT
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80 -
N _ A decrease in pH
60 d< e - i Hemoglobin _
% retains less shifts the curve to
O- at lower pH :
40 - c (higher CO, the right
. SOUCERE Stion) (refers: Bohr effect)

O, saturation of hemoglobin (%)
N
o

0 20 40 60 80 100
Po,(mm Hg)

(b) pH and hemoglobin dissociation

© 2011 Pearson Education, Inc.



BOHR SHIFT DUE TO PARTIAL PRESSURE iﬁi‘\i

OF CARBON DIOXIDE =
5 100- PPTITTE Partial pressure of CO,
5 o0 Increases
E o Bohr shift:

E Additional O,

2 60+ ; released from

E . przall | romosiobln o PH also decreases
2 1 * : i +

g : (higher CO. (increase of HY)

B 20-

GI!'--I
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Haemoglobin has a low
affinity for O,

F‘n! {mm Hg)

(b)
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" Increase in CO, |

emadglobin (%)
o
=
1

” Bohr shift:
pressure W I - Additional O,
! released from
shift the 02 /E/ﬂr hemoglobin at
: .. c I H
dissociation S 401 (higher CO,
curve to the E concentration)
\ right / v
u | I | I
- 0 20 40 60 80 100
This effect Po, (mm Hg)
known as
Bohr Shift

g _ (b)




BOHR EFFECT /l‘\\g

=7

Red line represents
ODC at a normal pH.

Green line
represents ODC
during exercises.

Black line represents
ODC at lungs.

0 20 40 60 80 100 120
PO, (mm Hg)




(.2
ROLES OF CHEMORECEPTORS IN
CONTROLLING BREATHING

Lung Anatomy lllustration

. 4“““.“!
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LEARNING OUTCOME (7.2) el

At the end of this topic, student should be able to:

~
« State the types of
chemoreceptors
/
~

* Explain the role of
chemoreceptors in controlling
the rate of breathing )




TYPES OF CHEMORECEPTORS

Chemoreceptor

.
Central chemoreceptor:

Medula 1 W &R
"\ (pH sensors)~——iy 5 -~
e (

- W~ Rhythmicily center

Carotid body

. g " h\¢ # AN (in carotid artery)
located in medulla st — S S prmary O snecr
Oblongata (pﬁmaNOQsensoAr;q" ] ..'\-‘
- y , N
~N

Peripheral
chemoreceptor : located
In aortic bodies (aorta)
and carotid bodies
- (carotid artery at neck) )

——




PROPERTIES OF CHEMORECEPTORS )
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Chemoreceptors

» Sensory receptor
neurons that responsive
to chemicals change

> sensitive to

v’ decrease in pH
v" increase in [H']

v" increase of CO, partial
pressure (low partial pressure
of O,)

Cerebrospinal
fluid

Breathing
control
centers

TV —

Nerve impulses
relay changes in
CO,and 0,
concentrations

Carotid
arteries

oblongata

Nerve
impulses
trigger

contraction
of muscles

\/ Diaphragm

Rib muscles



ROLE OF CHEMORECEPTORS IN /[N

My
/%

CONTROLLING THE RATE OF BREATHING %

Cerebrospinal
fluid

Chemoreceptors

» Send nerve impulses to
respiratory centre to
Increase alveolar

Breathing
control
centers

oblongata
Nerve

impulses .
trigger Nerve |mpulae§ . .
. relay changes in t I t
contrcio cO, 0 ventiation
concentrations

Carotid
arteries

\/ Diaphragm

Rib muscles



BREATHING CONTROLLING I\/IECHANISMA\@
BY RESPIRATORY CENTER wwi';”g

"CO, levels in tissue chemoreceptors in carotid artery and
Increase, lowers aorta detect decrease in blood pH

blood pH .

to inspiratory centre discharged

Through afferent N€rve impulses
. neuron e
Sent nerve mM . [ e
b f .

Efferent neuron Efferent neuron i
(phrenic nerve) (intercostal nerve)

LR
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diaphragm outer intercostal
muscles

In lung: volume increase, ‘ Inspiration ‘
re decrease Air rush into lung

INHALATION
Diaphragm contracts |
{moves down) |




BREATHING CONTROLLING MECHANISMaw,
BY RESPIRATORY CENTER ,..ﬁ.;"!’.r.f

Reeids L
T
T

Ribcagegets % = | "~

smaller as

When air enter the bronchus> Al ?::lt; the

bronchus expand
P %

lv Expiration

occur

rib muscles
I

Pulmonary stretch receptor
In wall (smooth
receptor)bronchus &

EXHALA
Diaphragm relaxes

bronchioles In lung: volume
detect the stretching of the decrease,
lung tissue oressure ‘
‘ Increase diaphragm &
outer
Impulses sent through Intercostal

vagus nerves to Inspiratory # muscles
centre inhibited

expiratory centre relax I



7.3 GASEOUS EXCHANGE AND
CONTROL IN PLANTS

.
L=l Gas exchange in plants

Gas exchange takes
§ place through the stoma.




LEARNING OUTCOME (7.3) =L

At the end of this topic, student should be able to:

« Explain the regulation of
the stomatal opening
and closing based on
starch-sugar hypothesis

/




GUARD CELL

The guard cells are
living cells with
protoplast,
nucleus,
chloroplasts and
sap vacuole

accessory cell




FUNCTIONS OF STOMATA

Allow exchange of gases of
the leaves

Allow transpiration to occur

Allowing water vapour to
escape from stomata (leave
cooling mechanism)

Regulate water lost in leave
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OPENING AND CLOSING OF STOMATA 3”;

Guard cell chloroplasts nucleus
epidermal cell

Water diffuses into guard cells which
causes them to open. On hot/dry
days, the guard cells have less
water, they relax and the stoma close

——



STARCH-SUGARS HYPOTHESIS LN
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- Proposed by Llyod (1908)

- According to this hypothesis; the opening and
closing of stomata is due to changes in turgidity of
guard cells, which iIs associated with the
conversion of starch to sugar (daytime when pH

high) or conversion of sugar to starch in guard cells
(when pH low).

——



chloroplasts

<37
32
-/

Guard cells

L% Photosynthesis in chloroplast
of guard cells

J

Produced sugar (sucrose)

Used CO, water potential
of the guﬂard cells ¥
Water diffuses from
neighbouring cells

pH In guard ceIIsT
v

Enzyme amylase
Starch —— maltose

Guarc\l_/cells turgid

A%

Stoma




durino

co, 1,pH |

: g

Sugar - starch
i+
Water potential
of the guard cells
.
Water leaves
the guard cells

reley

respiration

Guard cell become
flaccid

1

Stomata c¢lose

No photosynthesis A
the night

2
2
2
e
%
2

T Cells flaccid/Stoma closed
II/.-' \\';i.'_ .
| \
.'r{; |'IIII
|
s J
oy \ \




Cerebrospinal
Fluid
BErecathing
Fons by control
Medulla o o= —r—— centers
oblongata k = *M?
MNerve
:.:;;;;r = Merve impulses
contraction Eg?af‘zagges in
=2 =

of muscles
concentrations

Carotid
arteries

Acorta

Diaphragm

Rib muscles




SUMMARY L

Cells turgid/Stoma open Cells flaccid/Stoma closed

" Radially oriented
cellulose microfibrils

m\_“\‘ | | e
Cellx Y
wall @ ."'
‘ I|
I-.'..:. I'III ,'.I-r..;.'
| [
| | |
A A =,
"\ Vacuole NV RN

— ' Guard cell

(a) Changes in guard cell shape and stomatal opening and closing
(surface view)

—_



NEXT LECTURE

8.0 TRANSPORT SYSTEM

Left
Atrium

Right ' @
Atrium =g

Left
Ventricle

-°~" —

Right/ "~
Ventricle

——



