B2 .1 GAS CHCHANGE

Guiding Questions

How are multicellular organisms adapted to carry out gas exchange?

What are the similarities and differences in gas exchange between a flowering plant and a mammal? S8 %
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Linking Questions

| /‘ T‘umc. Form and Function \
Level of Organization : Organisms ,

How do multicellular organisms solve the problem of access to materials for all their cells?

What is the relationship between gas exchange and metabollc processes in cells?
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SL LEARNINNG OUTCOMES

Students should appreciate that the challenges become greater as organisms increase in size because surface

Gas exchange as a vital function in all organisms area-to-volume ratio decreases with increasing size, and the distance from the centre of an organism to its
exterior increases.
Properties of gas-exchange surfaces Include permeability, thin tissue layer, moisture and large surface area.
Maintenance of concentration gradients at exchange surfaces in  Include dense networks of blood vessels, continuous blood flow, and ventilation with air for lungs and with
animals water for gills.

Limit to the alveolar lungs of a mammal. Adaptations should include the presence of surfactant, a branched

Adaptations of mammalian lungs for gas exchange ; ; : ;
P g g g network of bronchioles, extensive capillary beds and a high surface area.

Ventilation of the lungs Students should understand the role of the diaphragm, intercostal muscles, abdominal muscles and ribs.

Application of skills: Students should make measurements to determine tidal volume, vital capacity, and

Measurement of lung volumes FRA A
inspiratory and expiratory reserves.
Leaf structure adaptations should include the waxy cuticle, epidermis, air spaces, spongy mesophyll, stomatal
guard cells and veins.

Students should be able to draw and label a plan diagram to show the distribution of tissues in a transverse
section of a dicotyledonous leaf.

Transpiration as a consequence of gas exchange in a leaf Students should be aware of the factors affecting the rate of transpiration.

Adaptations for gas exchange in leaves

Distribution of tissues in a leaf

Application of skills: Students should use micrographs or perform leaf casts to determine stomatal density.
NOS: Reliability of quantitative data is increased by repeating measurements. In this case, repeated counts of
the number of stomata visible in the field of view at high power illustrate the variability of biological material

and the need for replicate trials.

HL LEARNIUG OUTCOMES

Stomatal density

Adaptationsiof foetal and adt;l)’:yr;a;moglobm forithe tensponkot Include cooperative binding of oxygen to haem groups and allosteric binding of carbon dioxide.
: Students should understand how an increase in carbon dioxide causes increased dissociation of oxygen
Bohr shift § ; : A
and the benefits of this for actively respiring tissues.
Oxygen dissociation curves as a means of representing the
affinity of haemoglobin for oxygen at different oxygen Explain the S-shaped form of the curve in terms of cooperative binding.

concentrations



B3.1.1 —Gas exchange as a vital function in all organisms. B3.1.2—Properties of gas-exchange surfaces.
B3.1.3—Maintenance of concentration gradients at exchange surfaces in animals

Gas exchange the exchange of gases (0,_ and C0,) befween an organism and its surroundings (e bringing one in and removing nnaﬂlcr). X 1his is a vital function in all orqanisms

@ cet cspication 1.2 Oz/\‘ﬁ' S In arder to respice aerobically, 0xygen is cequiredaad O, 3 = 2 0. Pholosynihetic organisms release oxygen as a waste product @ photosyntnesis 13
CO, «—— corbon dioxide (a waste prodvct ) needs to be removed CO, «—— «~—CO, oand requite carbon dioxide as a reattant in order to fix carbon

> process becomes less efficient and more of a challenge the lagger an ofganism becomes due fo:

NEBNE
X reduction in surface area : volome rabio (@ cell specialization 82.3 X jnereased distance for exchange \'Vé
as an organism increases in Size the the larger an organism becomes the greater é -
square-cube law states that its volume ' : fhe gistance from the ceater fo its extecior, ;Z
(which dickales its metabolic rate and ' T 1 36T thus making exchange beween fhe innermost 2
demand) increases faster then its sorface : ; cells and the external envionment (via <
area (uhich dictales its cate of exchandc) SA:V = b:1 SA:V = [:] SA:vV = |:5 di“’usion) slow and inefPicient distance €rom center to extenor

\> in order Lo maximize the rate of gas exchange , gas-exchange surfaces tend to have the -Folloumj properties:

high pecmeability 0=g thin_tissve layer ( ( moist _sucface large surface area : volume
E@ lungs

To guickly and efficiently transport gases ,ﬁﬂﬁﬂﬂﬁﬁ the shorter the distance gases in order to promote gases to o X respiratory sorfaces maximize

across membranes ’rhe/v are Preely pemeable IR need to diffuse for exchange, the  ex: simple squamovs diffuse (facilffalinﬂ exd\angc) (‘ >‘ the SA: valume in order Eo

o O, ond CO,, moving passively via simple ~ °=C=C greater the rate. Thus tissues epithelial cells make up respirotory surfaces in ferrestvial . i increase the relative area of

diffusion. Vascular plants have pores (stomata) are adapted to be very thin lining of blood vessels, animels are covered by a moist < * membrane, where gases will

on underside of leaves controlling This exchange (1 layer thick and flat in Shape) lung and lymph vessels film ex: pulmonary surfactant in alueolar sorface diffuse and be exchanged  capillaries

another crucial factor for eficient and continval gas exchange is the maintenance of a loqge concentration gradient ot gas - exchange surfaces

# C’bHﬂ. Ob
\> concentration gradient is directly praportional to rate of Jiffusion S in unicellvlar organisms, such as baramecivm a concentration gradient is maintained &
- ie. high O, ovtside cell, high Co, inside cell dve to continval aecobic cellular respiration 5
’:-; :'_-:.: " ;'.:. where O, is vsed and COp produced, ensuring passive exchange of both respiratory gases
A e 0.0 om0, 0y
o, E‘é’:_ Rﬁﬁﬂ Rﬁﬁﬁ S in animals, [] grac)-'en{ is maintained ot sas-enhaose surfaces: T[Ol] T[Oz] ] “J/ [Oz]
e s 3 LU I IR J[co,] ventilation
Rﬁﬁﬂm ﬁ(ﬁﬁﬁ _«: L * ventilating gases in and ovt of the organism ,prcvcnl:inj equilibrium  surrounding \H:COJ'* FMco.]
HMH}! HMH g ’ ’ continvovs blood flow, Prevcnl:inj equilibrium enviconment lunss / 9'.“5 tissves
WY concentration gradient dense network of blood vessels (cagillaries) Sutrounding tissves
if there is no mechanism to maintain this gradient, diffusion will ® in mammals, blood flow and ventilation ensores air in lungs @ in fish, oxygen cich water is ﬂ / water Flow
slow down, cventually resvlting in no net movement doe to equilibrivm i oxygen rich and can be exchanged with oxygen poor blood ventilated through the gills. Water %@ L ol
RIS DRI e flows in the opposite direction of .
— - — ——— - V[0, ] <+— air with T[0,]1{[CO, ]« bloed in gills, ensuring []3rad-'en£ gils .,
. .V _— -_'_ O 5 i 3 1Mco.] —» air wilh J/[O,_]T[Col:l—b is maintained and that gas ‘ﬁﬁﬁ’ - [0.] always higher in water

capillary alveolvs in lung exchange occurs continvously thos diffuses into gills



B3.1.4—Adaptations of mammalian lungs for gas exchange. B3.1.5—\Ventilation of the lungs

Ventilation, : the movement of air in and out of the lvngs

\> In order to do this the volume of air within the chest
Covity (thorax) is altered, awsing a. pressure oiferential

\> this 15 accomph'shca‘ using antagonistic muscle pairs ,
MCaninJ when one muscle contracts, the other relaxes

® Internal and extemal inkercostal muscles

External intercostals contract polling ribs
up and out, internal inteccostals relax

Internal intercostals contract Pullin3 ribs
down and in , external intercostals relax

® Diaphragm and _abdominal muscles

Diaphradm contracts and flattens,
pushing relaxed abdominals out

Abdominals contract , polling ribs down,
pushinj relaxed c)iap)\rajm vp (c)omed)

Inspiration “/@"

vertebrae

‘&S\K E xpiration

B3.1.6—Measurement of lung volumes
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alveolus

Inkernal intercostals relox

External intercostals contract

\S poll ribs vp and ovt

Abdominal moscles relax

Diaphmgm contracts

\S> {lattens and moves down
\ 4

Thoracic volvme increases

v

Pressure within thorax decreases
below atmospheric pressure

Aic flows ovtside => lungs
down pressure 3rad.'ent

External inkercostals relox
lnternal intercostals contract
\> poll ribs down and in
Diaphragm relaxes and domes
Abdominal muscles contract

> pushing di#hrasm vp

Thoracic volvme decreases

v

Pressure within thorax increases
above atmospheric pressure

Aic flows lungs —> ouvtside
down. pressure 3rad.‘cnt

spiromekry © test of lung function including lung volumes and ventilation. rate

> digital spirometer
breaths are detected as
change in pressure by screens
in sensor > Flow rate(L/s)

\> bell jar spicometer
air from breaths
displaces water within
bell jar —> volume (L)

Sensor

Tidal volume (TV) + volume of air moved in and ovt of the lungs in normal ventilation
|n5pirolory reserve volume ('RV) * maximom of air that can be inhaled after normal inholation
€7‘Pif0{'-°")' reserve Volume (E»RV): maximum of air that con be exhaled affer normal exhalation
\ital Capacify (VC)= Lotal amount of air exhaled after o maximom inhalation. (IRV+TV + ERV)

example graph analysis:

~ IRV
E TV = loL

°§> TV |VC IRV = 30L

S ERV = 20L

o ERV VC = 0L+ 30L+20L = LOL
— 10 ventilation rate = 3 breaths /i0s

0o . = 0.3 breaths /s

lz) time (s) = 18 breaths /min

Gas es(d\arge in lun&s involves exchanging oxygen {fom the air in
the alveoli with €O, from blood in capillaries via simple Jiffusion

> air is exchanged between the outside and he alveolar lung
via the airways which has a number of adaptations:

o\ S

® Cach bronchiole terminates in a cluster i

® The airways consist of a branched network
of tubes:trachea —> bronchi —> bronchioles
This allows air to move around lungs evenly
€ach tube is supported by cartilage rings
which resists collapse fram pressure drops

of spherical alveali. Despite being small, "‘:&®
the large number of these (100s of (A& ¢
m-'lh'onsg provide enormous total surface area ¢

® Cuch alveolus is surrounded by elastic - , ¢
{ibres allowing it stretch during iahalation % i <
and recoil during exhalation., forcing air ovt L —R

® Eoch alveolus is surrounded by an extensive
capillary bed, providing close access and
a. very lorge surface area for gas exchange
between air in alveolvs and bload in capillary

® The inside of alveoli are lined with a B cet specialization B2.3
puimonary surfactant . As Hs moist, it Q
allows O, and CO, fo dissolve and L S
diffuse easier. It also contains phospholipids €
which decrease surface tension, preventing o o
the alueolus fom adhering and collapsing D e S e

® Poth gas exchange tissues in the

lung : alveoli and capillaries walls
are one cell thick, providing o
very small diffusion distance
fcom the inside of the lvng
to blood, greatly increasing
the rate of gas exchange
between them



B3.1.7 —Adaptations for gas exchange in leaves. B3.1.8 —Distribution of tissues in a leaf.
B3.1.9—Transpiration as a consequence of gas exchange in a leaf. B3.1.10—Stomatal density

In vasevlar plan‘c.s (anaiospums > gymnosperms , Perns) gas exchange occufs in the leaves

lea€ tissve gas exchgqgg adaptations:

Tronsverse cross-section of a dicotyledonous leat: /_’%\ plan diagram of transvecse of a dicotyledonous lea: @ waxy cuticle: the top of leaves as well as the underside (except for stomata) is cdated by a

waxy cuticle

(=) (a0) (=) (&=) (=) (o) (=) («=) uppec epidermis
'O.'O "- '.-""'O"-'
0 0 0 0 0 0 0 Palisade mesophgll
Vo | % |V IO o %o %o e N
Py S ° vein \
0 S o wy 40 -
xylem
0 A 6 N phloem \/
(-}
o 9 5 0
0 : ° \=\6 1 b Spongy mesophyll
(== (=D ==y == | =) (== lower cpidermis : ]l
Suard cells Stomata

—l?'anSpn'ral:ion * movement of water throygh a plant from entecing in roots and exiting as vapoor via stomata. through diffusion

S process occurs as a consequence of gas exchange in the leaf, i.e. So long as stomata are open and exchanging O, for CO, :

@ water delivered fo leaf via xylem , Keeping spongy mesophyll moist for 4as exchange
water within spongy mesophyll air spaces evaporates into water vapour
increases the relative humidity in air spaces until air is saturaked

water diffuses out of leaf via. stomata , dropping humidity within air spaces

\> cate of transpiration (ie. wake loss) is impacted by several environmental factors:

l temperature : positive relotionship: higher temperatures mean more Kinetic energy to break hydrogen bonds behween water molecules
- more_evaporation and loss via diffusion X At extreme temperatures, stomata may close to prevent excessive loss

-@
%° wind speed: positive relotioaship: higher wind speeds displaces more water vapour surrounding leaf away, reducing its relative
homidity .. greater [ gradient between waker vapour inside and outside fhe leaf .. greater rate of diffusion

é humidity : negative relotionship: higher humidity Jdecreases []grad-'en'f. behueen Ll el

() -

water vapour inside and ovtside fhe leaf .. lower rate of Jiffusion (2&2)

[ X] |
& light intensity: positive relotionship: quard cells swell in response fo blue light, %

opening their stoma {0 allow gas exchange or photosynthesis R ; :

X crucial factor as transpiration ceases in absence of light

layer of lipid wax which is hydrophobic and has low permeability to gases. This ensures that
wates loss and gas exchange is owurring at the Stomata (which can be opened or closed )

® cpidermis - seccebe wax whith forms waxy coticle. Ads as protective layer: Lower epidermis
has guard cells which €orm. stomata and regulate gas exchange and water loss

s - contains many airspaces which provides a large moist surface area. for

oiffusion and 908 exchange (Coz in, O, out for photosynthesizing palisade mesophyll tissue)

® veins (vascolar bundle): waker is carried in Xylem vessels o leaves for use in photosynthesis
and primarily fo replace those lost via franspiration. Phloem transports nuirients such as sugars

® stomatal guard cells: paic of cells which requlate
gos exchange and water loss via diffusion by either
b&omina kuraid ond ('arminj stoma. or flaceid and closing

closed f\l(}

W

Stomatal density * number of slomata per unit area (mmi? or ,um") of a leaf Surface.

Procedure: yse micragraph or take o cast of the lower epidecmis of o leaf @

@ q{/
spread clear nail

palish on Section

@once ory, place clear tape @ Pull tape off leaf
Kb

overtop ond press down and stick on glass slide

determine the actval
Pield of view diameter
using Stage micrometer

at 400x , FO.V. diameter = 0.56mm
FOV. area, = T (0.28mm)" = 0.25mar?
number of visible stomata /area

Q Cell structure A2.2 and $hen covnt Stomata

= 1, /0.25mm* = 44 stomata per mm

NOS: mean stomatal density shavld be calcolated from multiple micrographs or casts {o increase

reliability and to account Gr natural biological variation. among specimens
N\ el

potometer E

2\ ;’ transpiration draws distance bubble moved in | min = 0.51mm
water, pulling bubble trangpication rate= M&er(mm’z
Dbl

— time (m-‘n)
” whal ol Ld: Smm > air tight seal = TL?d = I (15mm)" (0SImm) - 3¢, mm®

determine distance air bubble moves over Eime t Imin mn



B3.1.11—Adaptations of foetal and adult haemoglobin for the transport of oxygen.
HL B3.1.12—Bohr shift. B3.1.13—0xygen dissociation curves as a means of representing the
affinity of haemoglobin for oxygen at different oxygen concentrations

Enythaocytes (red blocd) cells) are acapted fo car ty respiratory Haemoglobin. is a conjugated quatemary protein. composed of four
gases (mm‘nly 0;) through the blood stream by being packed
G)” O‘F +’le P{oée,‘n haemoalob,'n cell structure A2.2

svbunits - each comprising a polypeptide and a haem group with
a bound iron atom which binds revecsibly with oxygenm
haem
Cooperative binding of hoemaglobin

~
DG BB
> Oxygen (Oz) bindu’ns at each of the four haem sites does not occur simultaneously bub cooperatively : binding the first oxygen is difficult, but
once an oxygen binds it induces a. conformational change to the nejghbouring chain within the haemaglobin , Facilil:al:hlg SUbSeqden{: oxygen binding gg g@
.- binding the first, second, third, and {ourth oxygen molecule to haemgglobin becomes progressively easier and conversely, dissociation of oxygen increasing oxygen binding affinity S
reduces affinity in other haem groups making vabinding progressively easier - Z most probable slales are Hb with no oxygen and with four

Eryﬂ\rocy!:e haemoglobin

N @ ~ -~
> this is adaptive: haemaglobin has a higher affinity for O, in oxygen-rich areas (such as the lung) —> promoting oxygen loading 1[0,] — ‘ V0.l -~ ‘
haemaglobin has a lower affinity for 0, in oXygen - poor area$ (such as musdesj) - PMmol:in3 oxygen unloading ~ . _ -

aptations tal haemoglobin €2 ceproduction D3.1
o, —
S Dwin3 pregnancy, the foetus receives O, from the mother via the placenta. j
where the mother's red blood cells unload 0O, in the placenta where it
CO, <—

diffuses and binds to foetal red blood cells and is delivered via umbilical cord

Oxygen dissaciation corve * plots the oxygen saturation of haemoglobin
over different partial pressores of oxygen

advlt Hb

® the curve is sigmoidal due to the rapid
Problcm.'- kow/why does the oxygen bound o the mothers haemoglobin. vnbind, diffuse and then bind to foelal haemaglobin 7 positive cooperative binding of haemoglobin
® curve is shifted o the eft of HbA
indicating thot at each partial pressure of Oy,
the  haemoglobin oxygen satuation is higher

Solution: foetvs uses a Jiferent. haemaglobin ( foetal luemoalobin,HbF) which has a higher oxygen affinity than adult haemoglobin

S a molecvle (2,3'BP6) produced by placenta binds to
advlt Hb causing o drop in Oy alfinity and valeading >
\> HbF has 2 instead of 2 beta subunits
which prevents 2,3-BP6 from binding , allowing it to bind O, adult Hb

[mpg,f, of carbon diox.‘de - Bohr _shift

> aerobically respiring tissves praduce COp which is released into the blood —> decreases haemoglobin's offinity for oxygen —> promates oxygen offloading

and has a higher alfinity for oxygen

7 satvration of haemaglobin with O,

foetal Hb partial pressure of oxygen (kfa)
low CO,  high CO,

Bohr shift

i an increase in [CO,_] Cavses an
increase in O, dissociation,,
shitting the curve to the right

Other substances can bind onto haemaglobin, at a site other than the haem (allos%m‘c L;hd.'ng) whith cavses a change in its conformation

Co, t Hacmc{globm —> carbaminohaemoglobin (Hb -CO,,) adaptive as:
>—> co, { O, is released and is able fo be
CO+ H,0 —> HCO3™ + H' — H*+ Hacmoelobn'n—> Hb-H* delivered to Lissues in great need and
N> reduces pH COy is able 1o be delivered fo lungs by

tissues plasma. erythrocybe erythrocytes in ordec to be exhaled POy in cespicing cells PGy in lungs

® promotes O, release in 1[co,. ]
! areas such as muscle Lissve

% saturation of haemoglobin with O,
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