Learning outcomes:

Why do large organisms need a mass transport system?

All organisms exchange materials between themselves & the .0V L E M. = AEULGO. . is fast
enough for transport over .:[1051.... distances, so can be used in small organisms.

AVLECBAK ... and specialised . ¥ ACILDE AV surfaces are

e However, as size increases, SA:VOL ratio ..
(LGN excretory products.

required to ...ﬂ.f?...!....' ...... nutrients and respiratory gases and ..
e Anda.ilil C 11 .. system is required to take materials from cells to exchange surfaces, from the

exchange surfaces to cells, and between different parts of the organism.
WReEHYr of NortNere 5 A 5S¢ GG hsecl trans pU'v rivda Mr"" m 1 whether

"
'(

L]
BCT v s O AR l“?’(( il"‘—f {3, (‘ L J““LE p\';'\l 21 ﬂj‘,’ \_\” Lol HW ,H‘w { m;
Heiive fhye ovd Agtg'\?x'lr”ﬂ &

¢ fr“f :If};,“(‘ r Q kp ‘sT (j “\ 'r‘;v 'C’2 "M'”{/i tnl !,. }H;H)ﬁf\ fr!t.
Greater e 'Mt'( PO Q0 spedyi s xum o '\.’ Syaftm (H”‘ U pamp
External structure of The Heart add labels usmg p.171T & Toole

LorfiC aoch

MP\(‘(; (anter: ¢ 3 Qorfc
VN AV pLUmC‘ﬂwq
Ar{ertes '

fig Nt atinum
pUuiMma NELY

vu"}o 3

eft Ginum

Hgnt ventncle
corenury
artery

P Ve e

WfRTIOT (pUSTRNIC)
xwrurrav&

CoCWidtors U GUITEMS 1N Marimals
Mammals have a closed (blood is in vessels), double circulatory system (blood passes through heart twice for

each circuit of the body); the 2 systems are:-

[use following words: oxygenated, deoxygenated, blood, heart, heart, increases, release, tissues in your

answers]
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¥ The main advantage of a double circulatory system for mammals is that it increases
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Double circulatory system

1. Label all blood vessels and heart chambers in the diagram below
2. Add colour to show oxygenated (red) and deoxygenated (blue) blood.
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Hepatic portal vein
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[ = oxvgenated blood

D = deoxygenated blood
—x = direction of blood



Q: Describe the journey of a red blood cell around one circuit of the body, naming the main blood vessels
and the chambers of the heart — start in the aorta (Answer either as a flow chart or a paragraph)

Blood supply to heart:

v' Heart muscle needs its own blood supply
v Therefore arteries branch off from aorta to form the coronary arteries which run through heart

muscle, close to outer surface.

Q- Explain the role of coronary arteries, and why a blockage in one of these causes a
heart attack (Myocardial infarction) (4) - - =



Heart valves

* They only open one way

* If there is a higher pressure behind the valve

?

it is forced open 7
= If the pressure is higher in front of the valve, i, T e
it is forced closed. S T

* They prevent backflow of blood

Internal Structure of the Heart: add labels using p.171 T & Toole
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Muscle and Valves
Task: Fill in the blanks using given words, and then use the information to annotate the diagram below

[direction; pressure, contract, relax, greater, higher, AV, 51, atria; ventricles, ventrieles; ventricles,
ventricles; stronger, strenger]

Muscle:

¥ The muscle in walls of atria & ventricles cCOBLS e tO produce pf“lrJL”(é to pump

blood out
¥ The more muscle in a chamber wall, the s.fJf.i’.ff]{C}lﬂ[..... the contraction and the g.[f’.(i.’f.ﬁi:........ the

pressure produced
¥ The LEDINLLLES...... have a thicker muscular wall for ... 91LLTEL. .. contractions to pump blood
M

out of the heart at .Ql.i}.m.&%}ﬁfi.ﬁ‘si.... pressure.
¥ The . (ITL0K....... have a thinner muscular wall than tN{. VL CIES because they only need to

produce enough force to push blood down into 1AL VE1LLLIES

Valves:

¥ There are valves between atria & ventricles, and in the ventricles, to keep blood flowing in correct

d.if2CHeN |
¥ The ./i:2V.. valves link atria to ventricles, and prevent backflow to atria when .V.LL LALIED. .

contract
v The .27 k.... valves link ventricles to aorta & pulmonary artery, and prevent backflow into heart when

ventricles .Y 101X .

=




Q1. The diagram shows a section through the heart. The main blood vessels are labelied A, B, C and D.

(a) Write a letter, A, B, C or D, in the box to represent the correct blood vessel.

() Which blood vessel carries oxygenated blood away from the heart?

C

(1)
() Which bloc{d vessel carries deoxigenated blood to the ]Eleart?
A
(1)
(b)  Explain how the highest blood pressure is produced in the left ventricle.
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(c) Some babies are born with a hole between the right and the left ventricles.

These babies are unable to get enough oxygen to their tissues.
Suggest why.
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Q2.

(a) What is the function of the coronary arteries?
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(b) Figure 1 shows some of the large blood vessels in a mammal.
Figure 1
A
B
Heart
C D
Liver
E
Small F
- - ~ iniestine - -
G H
Kidneys
(i)  Which of the blood vessels A to H is the vena cava?
(1)
(i)  Which of the blood vessels A to H is the renal artery?
H
(1)



(c) Figure 2 shows how the blood pressure changes as blood travels from the aorta to the

capillaries.
Figure 2
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The rise and fall in blood pressure in the aorta is greater than in the small arteries.Suggest
why.

he Geftd 15 16iaer than tne SMall arteriey and mofe
'J N ne Qo )
MuHCiMar. ¢ Woel Ny Muotey REITHATY (b, thue 5
JL(UU(’[ T(WL(" {‘ Od/uud 0N |Amkﬂ 1Ne musdes 10 thg
/Ymu -l tefied contrack. NS MedNs HNUe i9 (&
mtmy( NV') AWM (N 10e Aot aNen 1Ne Mmusuey

r(i(}x iere 15 G 1Jael spdil 4or ihe pIOQA , SO K
PIESSUUE 15 iCel. - (3) (Total7marks)

Cardiac Cycle

e The cardiac cycle is the ongoing sequence of contraction & relaxation of the atria and ventricles
* The 2 phases are contraction (SYSTOLE) and relaxation (DIASTOLE).

e Contraction occurs separately in the atria & ventricles

v" Note the pressure and volume changes throughout the cycle

(Use these prompts: Muscle, Pressure, Valve, Direction — My Parents are Very Delightful)

1. DIASTOLE
SRV e =k (“H’:“ :
¥ Muscleis .[2JGAECK ... .ﬁ)lg: T(‘:H’
¥ Pressure .. LOLZRS ‘”) ... in atria A B e U
¥ Valves: bicuspid and tI’ICUSpId valves ..QRLI).. slightly LRl L

PO S5U5101¢€
¥ Direction: blood starts to enter ¥ LIS disiol e li] JTUIE

/]



2. ATRIAL SYSTOLE

® Muscles in atrial walls .COALA0T .
% Pressure in atria ... L LEGRYD .
® Valves: A-V valves are forced .....0lLL ................... when the pressure in atria is ... )0 2. than in

ventricles .
® Direction: blood flows into .M.A /1AL IS G,

3. VENTRICULAR SYSTOLE

® Muscles in ventricle walls ... LU0 .

¥ Pressurein ventricles.... 0 LEA2E T
® Valves: A-V valves are forced .. 512141 ... when the pressure in ventricles is e YA thanin

atria,
Direction: valves prevent blood flowing back into AN O S

Valves: S-L valves are therefore forced CPH'\J

\ 4
¥ Pressure in ventricles is also greater than in ..QAULIELLES ...,
4
» Direction: blood flows out of ..\ L1LIES. ..

4. DIASTOLE

Muscle IUQLM.’U

L 4
¥ Pressure in all chambers ...CLC LGS0 .
® Pressure in arteries is now greater than in Y2 1LIES
_ & Valves: S-L valves are therefore forced ....o LT .......... , B )
_ ¢ Direction valves prevent blood flowing.back into ..V.£ 1111 CIEY 1G] MY Grieies
~ . N ) -

Direction: Blood enters L & R atria from MeiDS.L

Use red and blue to show oxy and deoxy blood, label first heart, fill in each box with name of the phase
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Calculations:

v" Heart rate = the number of beats per minute (bpm)
HR = 60 (s)
time taken for one heart beat (1 cardiac cycle = 1 heart beat)

Q: If your cardiac cycle is 0.9 seconds long, what is your heart rate?

v' Stroke volume = cardiac output + heart rate
v Cardiac output = .GLIQRE. . VEIUME 2. NCAN) . (31e

Mark scheme answer: Why does training lower the resting heart rate of an athlete?

e Size of the heart / ventricles ..t L G G oo
o Muscle size in the walls...t {0 LN Do
o Strength of contraction.. .l L A3 0 e

e Stroke volume.. LI LLELOCS

e Cardiac output.. L0, fp*i (lf\ﬂ\’

¢ INCTeAYES Te Foice

< nCreases tne piesouie . .
IOWH NeQit rare )

®

SHORe veiume - ‘V’Ui\, ime O NC‘U L(Ld by H’}L iFY Vet ue eadn
#1Me it wmru(r (m

Cardi@c output = yoivme ¢t breed pumped DY 1NC [eFr venthicie in | minute
Pressure changes in left side of the heart during the cardiac cycle (clm3mi n -e)

Ventricles

pressure
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1. Ventricular systole——  increase in pressure in ventricle so it is higher than the pressure in atrium
which pushes the A-V valve shut

2. Ventricular systole———» increase in pressure in .. VY.(11CIE.... . so it is higher than in
....... N7 ., which pushes the ... 2..k.%. valves open

3. Ventricular diyole—-—h decrease in pressu/e in..V.20: H‘Lftl(/, so it is lower than in the
LI M...., which pushes the ... 2000 valves shut

4. Ventricular d;astol_‘—> decrease in  pressure in . V.’f.lfl.i.[.‘a.(.l.ﬁ..k{./., so it is lower than in the
WA ” which pushes the ../.:. V. I valves open

You do not need to learn this because once you understand why valves open and close, you can then
just work it out ©

Q. Relaxation of heart muscle is called diastole. Contraction is called systole. The diagram shows the
periods of diastole and systole when the heart is beating.

) T‘it'nn;f S

“t. !m

Mnlz hlu ]

Mo | -
(a) Atwhat time is the volume of blood in the ventricle at a maximum?
01 1)

(b) Calculate the heart rate in beats per minute. Show your working.
0= 05 {9 A (ompiete cucie

“”’) <15

P
\.)\

Heart rate = 1hH beats per minute(2)

(c) The valves between the atria and the ventricles are closed between 0.1 s and 0.4s. A-V
Vaives

(i)  Explain how pressure causes these valves to be shut.

A imgm{ QLPSSUUR i {100 OF #e YIive CCUuises 1 40

be sNhitt. 1d mtVMr RO HO

(1
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(i) Explain how closure of these valves is essential to the functioning of the heart.

10t biood 1/

()
The graph shows the effect of the pressure of blood in the veins on the stroke volume of the
heart.
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(d) Describe how venous blood pressure affects stroke volume.

AN IAWRASE N yeN0Us bicod Piessire Caudes thne SHRe
VOLUWME 10 iNURA5E.

TRR A0t /idtedu’s QO

(2

(e) Atavenous pressure of 2 kPa, the cardiac output is 5600 cm3 per minute. Calculate the
number of times the ventricle contracts in one minute. Show your working.

STIORY VOIUMY = 210m>

o {:\\ Pt

s (x Y s
= A,,__‘.& = 75U
oA

Answer 3 L (2)\
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(f)  Explain how blood in a vein in the leg is returned to the heart.
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3 (Total 15 marks)

Blood vessels
Match up the blood vessel with role

Blood Vessel Role
Arteries tiny vessels that link arterioles to veins; site of exchange between

blood and cells

Arterioles carry blood away from heart, at high pressure, and into arterioles;
blood travels in pulses

Capillaries carry blood, at low pressure, from capillaries back to heart.

Veins smaller arteries that control blood flow from arteries to capillaries

They all have:-

e Lumen = central cavity

e Endothelium = thin, smooth inner lining

e Wall = made of muscle, elastic tissue and collagen

¢ BUT... the relative proportions of each layer differ, and links to their different functions.
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Diagram of the different vessels: colour in muscle, elastic layer:-

: Longitudinal |
Cross section section
through wein through vein

Cross section
through capillary

Cross section
through artery
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The Aorta: Mark Scheme answer

v In the aorta, elastic fibres stretch when ventricle contracts
and recoil when ventricle relaxes
This helps to maintain the blood pressure, smoothing it out

<SS

and also causes the thickness of the aorta to vary during the cardiac cycle

QArteries - N yaveH, hieac wn\,ue, i5 SUftitient

Ve s - yiives, piced pressiue i NOF high encugin
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Blood Vessel Summary

Task: a) place labels and information about the different types of vessels in the correct places below

What is ifg?

Inner layer

Middle layer

Tissge Fluid

v It is the environment of the cells o

NURNINENEN

Substances move out of the capillaries to form tissue fluid
It bathes the body cells in the tissues, supplying all required substances
Tissue fluid then receives carbon dioxide and other waste materials

And is returned to the circulatory system
Tissue fluid is how exchange of gases & nutrients between blood and cells occurs

T )
_,_.ﬁij’ Capillary

Stretch and Challenge: Transport of oxygen, carbon dioxide, glucose, amino acids, urea & proteins

Tissue

From Capillaries to tissue

To capillaries from tissue

Alveoli

carben diexide

DAY '\ N

Intestinal villi

QXYQeN

carpen digxnde, Giucese

amind acdids”

Brain

Cxygen, giufose, amine aads

cairpen ciigiide

Leg muscles

1200, GRALOSE, amind aaids

(M,} e,

P

Carbon chitxige

Liver

OXUUP N, QIACCSE, ming acids

CarponN ;h QX iClE, ed (and
GIUCOSL WNEN 1Y 1K LeNC. i biogs
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At arteriole end:

e There is a high hydrostatic pressure (HP) in

ventricles.

tissue fluid (TF)

ultrafiltration.

the capillaries created by contraction of the

e Thisis greater than the HP of tissue fluid
outside the capillaries

e Therefore water to move OUT of capillaries
and into the spaces around cells, forming the

e Small molecules are also forced out
e Cells and the larger plasma proteins, are too
large to cross the membrane =

At venule end:

e The loss of water from the capillaries reduces

the HP inside ~

So the HP is now lower than thetissue fluid

outside

The water potential is lower inside the
capillary than outside in the TF due to the
water loss and the larger proteins still in the

capillary

Therefore water re-enters the capillaries
from the tissue fluid by osmosis down a
water potential gradient.

Lymphatic System

lymph

e Not all 100% of the tissue fluid can return to the capillaries.
e The remaining fluid (10%) enters the lymphatic system, into a lymph vessel, and is now called

e Eventually the vessels drain back into the bloodstream

17



Exam Q and Mark Scheme Answers:

1. Describe the formation of tissue fluid
in the capillary there is a_...!l_@,ﬂ.... hydrostatic pressure
«  Which forces water .UM Q4R CAL AT Y

+  But .......L.Cﬁ'f.—)j.‘l’.)..ﬁ.i(k’éiﬂ%"\proteins remain in the capillary

2. How does the tissue fluid return to circulation
* There s a low water potential in ...LARHLAL LY. LoiC0 A
+  Due to JMQL. QLA PIOTELAS

«  Therefore WATER ...2LLLEL0. ... capillary
+ And some water returns to circulation via J&ﬂfﬂfﬂ’”lh system

3. Why does a high BP lead to accumulation of tissue fluid?
e Ahigh blood pressure will cause a high .3AL21T011C ... pressure

e Which increases the outward pressure from the IV CTEA SRR S end of the capillary
e Therefore ..MYULX....... tissue fluid is formed

4. Why does a lack of protein in the blood cause a build-up of tissue fluid (Kwashiokor)?

e The water potential in the capillary is now not as O

e Therefore ... [¢59....... water is returned to the capillary by .02/ U01 5.,

Comparison of Blood, Plasma & Tissue Fluid

Blood Plasma Tissue Fluid Lymph
Red blood cells yes no no no
White blood yes no A very few Many
cells
Proteins yes yes Yes — fewer & Yes — fewer & smaller
smaller
Fats yes yes yes Yes — more than blood
Glucose yes yes Yes - less Yes - less
Amino acids yes yes Yes - less Yes - less
Oxygen yes yes Yes - less Yes - less
Carbon dioxide yes yes Yes - more Yes - more
Location In blood vessels In blood vessels Surrounding cells | In lymph vessels
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Qi The diagram shows a cross-section of a blood vessel.

C

Magnification x 8

(@) Name layer C.

SMagin ;miﬂ(‘j Citnels (1
(b)  Calculate the actual diameter of the lumen of this blood vessel in millimetres. Show your
working. -
/'\ - : = ":\L i
ANV Z LA AA MY AR /

i Wi N WMQM
M g B0 e
VWIVe w i'% i

2.9 T~
Answer 345 mm(2)

(c) The aorta has many elastic fibres in its wall. An arteriole has many muscle fibres in its wall.

(i)  Explain the importance of elastic fibres in the wall of the aorta.

e 404 needs elastic fﬁsrm 5 1N 400 WAl gs G

07 of CORIACIICs $aRE pIALe 5¢ 410 A0HG WIS

feed {0 pe Qble 10 SNAD HGLR () f10M Heing
=

contracied 46 bey na rej (m({ M — 2) |

(i)  Explain the importance of muscle fibres in the wall of an arterlole G

[Ne mMmusde fipies are needed t0 gerlefie

L 1
-

EnOUGh DRSSUIC 10 Ree 11 biood [OwWing

50 thad {"‘zij(\m (L pe depwerta 1o e

-

HSOUES around 1ne body (2)
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(d) The graph shows the rate of blood flow in different blood vessels. It also shows the total
cross-sectional area of these blood vessels.

Increase

0
(if)
Q. @

Rate of blood flow Total cross-

,,/ sectional
A b yd arsa
H g f(//"
i _ y f
!
-—I I 1 ] i [h T 1 ]
B B B B o > & @
d FFIFFETS S
¥ & & & F & & & e
? @ X KN LS
@ N ' @ & R @
2 L = s 7
A <

The rate of blood flow decreases from the aorta to the capillaries. Use information
from the graph to explain why.

iNe toial CP0ss-SPEIONG] GreG of 1M Vessels

O C10GSe5 Y50 presside (s 1eot and [@te of bjgod

F0w) defieases.

Efficient exchange of substances in the capillaries is linked to the rate of blood flow.

Explain how.

&

ine sﬂw;_\,%«:iy{"f‘i S mofe v 1o d S0 wWinen 1k

f

rake of piged 0w @9 [QWer

i
+

(1)

(1)

(Total 9 marks)

An arteriole is described as an organ. Explain why.

t has mMartiple defererty §1550485 u‘-i?i‘i:iﬂtj foidaiad
CO¢_fuhdiof) [éH"i.l"%sl()z?l‘i‘i{i(j bined around +he

hociial

(1)
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(i) An arteriole contains muscle fibres. Explain how these muscle fibres reduce blood
flow to capillaries.

WvAd e musde confracks’ e (umen © Madk
muth Narrewerse nicod fiew 15 (eduied.

@)

(b) (i) A capillary has a thin wall. This leads to rapid exchange of substances between the
blood and tissue fluid. Explain why.

There 15 G shert diesion pc\-m w(\f\{\, |

(1)
(i) Blood flow in capillaries is slow. Give the advantage of this.

INEI0 15 MEME HMP f0r exrlv’\(iu’\{%i OF sunsianas v

. _ . 'f ‘(M
(c) Kwashiorkor is a disease caused by a lack of protein in the blood. This leads to a swollen
abdomen due to a build up of tissue fluid.

Explain why a lack of protein in the blood causes a build up of tissue fluid.

A 1GLR ¢f prc»hsm MEANS tNad 4NY Wiker il el
NSicdd 10e &‘T(‘,\’I_MI'&O.I";E’S 15 M !4*&@‘&&![.*‘73’"1(53 means
maele fivid 1eaues e CapliQdifs dewn o wated

o renhid gs’};a it wihidh CAGSES (v bldid LL{) G4

115508 Fluid . CAUSING swelling

(Extra space)

(3)
(Totalﬂ_8 marks)
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Oxygen Transport in Mammals

Blood
Consists of a liquid called plasma, containing RBC (oxygen transport), WBC (immune system), and platelets
g sl /\
e red biced (eis wnite hicoed cens
A

COMtINS NGemMao k}?(‘f 0

Haemoglobin {located in the RBC)

A) Structure

It is Globular and Soluble with a quaternary structure — recap your protein structure knowledge and fill in the
A

blanks below:- muitipie p oty peprictes

It has a :-

A Pprimary structure = the sequence of (L) .110E. .ﬂf‘iﬁfé.... in 4 polypeptide chains
A Secondary structure = each ...[1{. L. f‘* S 11.LLK....... chain is coiled into a helix

A Tertiary structure = each polypeptlde chain is folded into a .u \L! il‘\ shape —important for its ability to
et y

carry oxygen | (0r¢ it U “ 3
A Quaternary structure = all 4 .21 u;fc [f‘i i..df‘ are linked together to form a spherical molecule.

A Each polypeptide is associated with a . group, which contains and Fe2*ion.
A Each haem group combines temporarlly with 1..0X L}ﬁ\ﬂ .. molecule (2 atoms), therefore four
LA LM {{)... molecules are carried by a single haemoglobin molecule in humans.

The diagram shows a molecule of haemoglobin

B-polypeplide chain
Oxygen binding site

Exam Q: What is the evidence from

,/{/; \ 7 s . .
(./ P Ve \};;_-“jl—_%,\l \ diagram that haemoglobin has a
\.}(; ,f'ﬂ%ﬂ ) ;AQ quaternary structure?
/ - =7 ST B P, s E e
{,‘-[' f’T \;t Q/, —\jf' HI0TP ie HH 1 P It
‘4\ LII; A ,/‘.’, P _::_. / NS
\;é_ﬁ‘m; X7 {,\g .‘f""~‘,'f Cpride uw:
NN Z’ J : Muite ulf* Maem
)N\ W vl ~‘rl{'”«
a-polypeptide chain - e bri= oy v W

B) Role

1. To LOAD oxygen in a high O; concentration, where it has a high affinity for oxygen, to form
oxyhaemoglobin - Q550¢i (it 00

This occurs in lungs

UNLOAD oxygen in a low pO; conditions and high pCOz, where it has a low affinity for oxygen

This occurs in the respiring cells / tissues
These 2 different roles are possible because haemoglobin changes its affinity for oxygen under

S SNIEN

different conditions.

> AS5CCIAHEN
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Use this information to complete the table

Affinity of haemoglobin for oxygen under different conditions

Region of Body Oxygen Carbon dioxide Affinity of Result
concentration concentration haemoglobin for (oxygen is
(high/low) (high/low) oxygen (high/low) | associated/dissociated)

Gas exchange

surface h;gﬂ IO"\’ h '9 ﬂ Cﬁf)b(‘(\ﬂﬁ‘c“(\

Respiring tissues LOW h | q h (0 N Adi1ss0CiGte d

Oxvgen Dissociation Curves

When haemoglobin is exposed to different partial pressures (concentrations) of oxygen (p0,), it does not
bind oxygen evenly, giving a sigmoid shape to the curve.

When every molecule of Hb is combined with 8 atoms of oxygen, then it is 100% saturated, etc.

e T il ,,,.lr-—r _;'—'i The graph shows the relationship between the
S == i - ] 1 ‘ saturation of haemoglobin with oxygen and the
§ | 7T { partial pressure of oxygen (pO2), and is called the

OXYGEN DISSOCIATION CURVE

What is % saturation of Hb with Oz at:

|
I
RN .
| L] 1 ] L e 6 kP
7 | : I - 15

i |[—'— f-' = = = : kPaq.f/

Why is the curve sigmoid ? .... starting from the bottom

1. AspO;increases from 0 to 2 kPa,

- % saturation increases gradually and curve is shallow
REASON: The shape of the Hb molecule makes it difficult for 1%t oxygen molecule to bind
Therefore, at low pO2 not much oxygen binds to Hb

2. As pOzincreases more

- % saturation increases more, causing a steeper gradient.
REASON: Binding of the first oxygen changes the quaternary structure shape of Hb molecule which
makes it much easier for other oxygen molecules to bind.
Therefore it takes a smaller increase in pO; to bind 2" and 3™ oxygen molecules
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3. AspO:zincreases to above 10 kPa,

- % saturation flattens out
REASON: Binding of 4™ is harder because it is less likely that a single oxygen molecule will find an

empty binding site

In reverse — loss of one oxygen makes it easier for the next one to be lost, and so on

What is the Relevance?

1. Inthelungs
v Blood leaving the lungs is almost always completely saturated with oxygen.
v Even if pO: in lungs drops a bit below normal, Hb can still pick up a lot of oxygen

2. In the body tissues, respiration in the cells is using up the oxygen
VA slight decrease in pO; of tissues produces a large increase in oxygen release from
Hb.
Y 0ais very effectively delivered to the tissues that need it

The BOHR SHIFT

Effect of Carbon Dioxide concentration on Oxygen Transport:

- pCO:z is the concentration of carbon dioxide.
- In respiring body tissues CO; is produced
- When we exercise, more CO; is produced; therefore the pCO: in the tissues increases

Write out equation for respiration:

GIUCESE « Oxyqen — Carpofl dioxnde + WAer + £neray
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rv—-—l
)
it
]

Lo ‘- | [l The higher the pCO,, the more readily the
=) | f/ 4 oxygen is unloaded from Hb
27— | | /] _ ; ' ; * So more oxygen is released for cells
71 |- ] / | . | during activity.
e L] / # ‘ : » So, the dissociation curve shifts to the
g N | a8 | RIGHT
7?“_} ' / i1 ' | * Hb has a LOWER AFFINITY for O,
A1 | } ! | , - ¥ =the BOHR SHIFT
" | } l I T _|- ' 1 Draw the curve for the Bohr Shift, and label
10 : ’/ . ‘ | = JI “high pCO2“
i1 Jeaede ENEE ) 10 191 I I O I

& ; Exam tip: When you are asked to draw a curve :-

e make sure it begins and ends at the SAME
point as the one given
e Then draw to the left or right, as appropriate

What causes the Bohr Shift?

In the tissues, COz is F(GL(HL\ZG(, by respiring cells

.
* _ It combines with water to release Hions iV p{¢5¢11LY ¢f (arpeMit an i’n,i(i!,[@,%@ N REC
o . CO; therefore .(LELILASES . pH of blood in tissues .,

e This changes shape of Hb so now has a .J0W.%4...... affinity for oxygen ~ curve shift to right

o Therefore ..[YQL0K...... 0y is released into respiring tissues.

e The more active a tissues is, the AT KA oxygen is unloaded.

Different Species

Why are there different haemoglobins?

[use these words: affinities, High, Low, Numbers, Oxygen, Quaternary, Shapes, Sequence, Tertiary]

7/
0’0

The haemoglobin in different organisms have different QHH"lht’b for oxygen.

Due to different z(’mpﬁb of the haemoglobin molecule

Due to amino acid )Q(E,UX)”LUJ being slightly different

Resulting in slightly different TQ”ILUL} and L{L&‘.&I?IQ(U% structures, i.e. different
LDWNDETS ... of polypeptide chains "

Resulting in different (’AngQﬂ ............. binding properties A

. Therefore affinity of different haemoglobin molecules ranges from ....[0 V... to ﬂlgh
affinity for oxygen.

*,
e

*
0.0

N/
0.0

7
O‘O

B

¢ Different species have different types of Hb, with different dissociation curves

e Due to adaptions to the different environments they live in.
25



e Examples- You will have to describe the differences in their curves and explain why that allows

them to function correctly.

1. Low oxygen environments, low pO2

— / & o the pO,is lower where they live
| ; L1/ : : e so the Hb has a higher affinity
LIAA L : -l e so it can load more of the available oxygen,

l .r‘F . X [l_._._.._ and

£y /LY | L4 L] e be saturated at a lower pO,.
A ! ;!J | i (0 A | 0 e and the dissociation curve is shifted to the

, [ L1 LEFT

11 |
- / TNEBREEE
| I | ERE a) foetus
i i * i !
- ; Ll | e in uterus, low p02

e 5o needs to be able to load more O than
mother

e atsame pO,.

e  Which enables oxygen to move from mother

to foetus.

b) lugworms
. . e live in burrows beneath the sand - low pOs.
e So need to load as much oxygen as possible

c) llama
e lives at high altitudes, low atmospheric pO;
e 5o hasto be able to load with more oxygen



| | f'_/" 1A B F 2. Different Activity levels & Size
i ‘ // I | e Organisms that are very active and small, have a
=t / 7 | high O, demand
1 ! / | e They need their Hb to unload oxygen more
,: 'r : easily
/ - — e To supply more oxygen to tissues
,/ A ¥ = e For afaster respiration
A, T i e Therefore have a Hb with a lower affinity
. - i / % | e In all these cases, the dissociation curve is
LT | Lbd iy shifted to the RIGHT
= - = Examples:
a) Hawk
e very high respiratory rate
e and lives where there is plenty of oxygen

Relationship between the size of mammals and their oxyaen dissociation curves

Small mammals

have a higher SA:VOL ratio

therefore lose heat more quickly,

so have a higher metabolic rate to keep warm.
Therefore have a higher oxygen demand

So need the Hb to unload oxygen more easily.

Mark Scheme answer:
The larger the animal:-

e The more to the fL’}f the

curve is Percen.tage
B saturation of
e The )TKKP\}J’ the curve haemoglobin
) with oxygen
IS
e The m.q.nff. the affinity for
oxygen

100+ o e
: # P / P
. o E /
| /S S
75- /1 /3 4
/ .',f e’/l /
X{ I{f’) I,f‘(
50~ /’ 1 Elephant
i 3 2 Human
J (-'f ;f"‘ (."( 3 Cat
iof s [
95 /’I .’j,'/ // 4 Mouse
"'l ’IFI!/’ /
-"/(’/’ 2
| 77
0+ ——— -—
0

Partial pressure (pOz2) ——
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Q: Why does the Hb of smaller mammals have a lower affinity for oxygen?

Mark scheme answer:

e SA:VOL ratiois AN
o Heatlossis JOCIEAGECL..
e Rate of respiration JSCl‘zL(UU (if SA:Vol is greater)

e Requirement of 02 for respiration (.’Xj,ﬁ.f?(tblle(iiuﬁ}bp! Farien, Hp reieases

e Haemoglobin hasa..... | LOWEL .. affinity for oxygen / it releases 02 “- ’ﬂ( ﬂ‘f’a

VA . YO A

e ... readily owEr N
(.i'».r‘f XAt ﬂij)

Q!5 The diagram shows a molecule of haemoglobin.

B=polypeptide chain
\ Oxygen binding site

a-polypeotide chain
(a) What is the evidence from the diagram that haemoglobin has a quaternary structure?

[Nee e Mddty DIP o Grouls . Mk o
i i i i

o

poivneptice chainsYimoery iy 2 ends of apdins)
A B - pi

¢ S0

(b) (i)  Agene codes for the a-polypeptide chain. There are 423 bases in this gene that code
for amino acids. How many amino acids are there in the a-polypeptide chain?

it |

(1)

(1)
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(i) The total number of bases in the DNA of the a-polypeptide gene is more than 423.

Give two reasons why there are more than 423 bases.

1. 50Me_bases will not codd fof an aming ack

2. thefe cotd he | j R CINA L

(2
(c) The haemoglobin in one organism may have a different chemical structure from the
haemoglobin in another organism. Describe how.
1h u% WU ave 6 dufferent f:smL (Aence 01 aming dads
)

(d) The graph shows oxygen dissociation curves for horse haemoglobin and for llama
haemoglobin. Horses are adapted to live at sea level and llamas are adapted to live in high

mountains.
100
_ i
B0- s /
- "‘ /-
d "‘r - =
= - Llama ;- ~
Percentage B0 /' Horss
saturation of :
hasmaglahin
with axygen
_

Partial pressure of axygan (020

Use the graph to explain why llamas are better adapted to live in high mountains than
horses.

e {1ANA naeMedicbin does Not Aeed a5 n fgm 4 Contetianen

04 «ﬂ} 0 0 ofARE 10 bund @nd foron o “"MJH mmcm(lul}

NN g Pans a?'“d’ mm Qe hJ Wi e fﬂt {3(’ (u M?S)LLFB

£y

of (‘3;&\\\}&:\ (5 10k L’_ the sakutdaten of mmmucmn

Wih CAUGEN  waili be ¢Ng U(}é’) PO SLUVve. (3) (Total8marks)
U B
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Causes and Consequences of Cardiovascular disease (CVD)

Cardiovascular disease = a term that covers a range of different problems that can develop in the blood
vessels and the heart, usually when the vessels become blocked

Research activity:

In pairs, choose one cardiovascular disease e.g. stroke, heart disease, research the causes, risk factors and
consequences, then prepare a short presentation to be given to the class.

Plan your presentation below;
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Appncauon Uus

-
O

Q. The graph shows dissociation curves for human oxyhaemoglobin at rest and during exercise.

Table 1 gives information about conditions in the body at rest and during exercise.

1o0-

a0

30-
Fercentage 70
saturahion of

hagrno
werth o

012345676 31001121314
Parttdl pressure afoxygen f kPa

N

Rest Exercise
Plasma pH 7.4 7.2
Blood temperature / °C 37.0 39.0
Alveolar partial pressure of oxygen /kPa | 13.3 13.3
Tissue partial pressure of oxygen / kPa 5.0 4.0

Table 1

(a) Whatis meant by the term partial pressure?

the Ceqiceqitiatic) o 0AUaeN

L il Y LY ._]._ L :;\i_‘ [ W(h ] %

‘(y)

31

\y

UST 1QANIG 1 GHU AV Y AW Vst WY I W e 1

haemoglobin in the tissues between rest and exercise.

t et g rarenr at s s
cf L2 R R
e I T o

Answer ; 3

Explain the dlfferences between the figures shown in Table 1 for rest and exercise.

(S the dvel 0y (ke e g lgnin
male (U@ With w«uam 12 13000 oaggen
enceNtation dt-LfPaS(’S fem (st ic- NE’IUSE
be(QUSR thi 0AHGEN 5 bema uUsecl feraeroh
mmm,on' he bicod remouatr.ue

\INCRASES a5 Neak is Omrbuced w fnmm

PLU,I;FIL\ CACLOSR A5 11 M USCLS Nirack.

.,'.;f.'; Ay
L'

Explain the advantage of the difference in position of the dissociation curve durmg exercise.

TRere i5 o LoWU aifinity for oauaen’so

] o . il i g
1055 binds te DGEMmeaicDin s ﬂmt 19

(a0 04UQeN 40f (espifation.

Table 2 shows how the oxygen concentration in the blood going to and from a muscle changes
from rest to heavy exercise.

Oxygen concentration / cm?® per 100 cm?
blood
Blood in arteries Blood in veins
In solution 0.3 0.2
At rest As oxyhaemoglobin | 19.5 15.0
Total oxygen 19.8 15.2
During In solution 0.3 0.1
heavy As oxyhaemoglobin | 20.9 5.3
exercise Total oxygen 21.2 54
Table 2

/ 3\
(@]
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(e) By how many times is the volume of 0Xygen removed from the blood -

*he muscle in
Table 2 during heavy exercise greater than the volume removed at |

Show your working.

Q7. Some people have= form of heart failure where their heart is not pumping blood as well as it used to.

Some peaple with hez ure are given an artificial heart to improve circulation of blood from'the left
ventricle. Figure 1 shows where this type of artificial heart is connected.

X "',')-‘-' NI S SR ) ; Figure 1
t It b= I
B T Y |
s Lk P
+ U i P e WO [Tl - Left ventricle
) - Answer 35S times
() Does enriching inspired air with oxygen have any effect on the amount of oxygen reaching
the tissues? Support your answer with evidence from the graph and Table 2.
. = o ot | Kk 7 ot - . "‘«-'\.r‘/’:' s g 3had .
A1 Wil B INGRE 1T hauosio bin FOLHY ; ____ Adificial
. 0 A B BE g L I ‘ heart
OAUrA+ed noweVer, onee a1 1y
AGUM0GIChLN mole( LAes are suddy
P Ty sj i b o P ) Ty ) E ~-] >
QL dred, ine amoOud of Ox i . ,
T o w e ik ¥ (@) Name the blood vessel to which the artificial heart is connected.
LCAUNING #ne 4155UE8 piltd comi ACTHO
R Y AME A —
LOMIGTL , M
3 ' 4
-'( ) P (b)  In these patients, the right ventricle still produces sufficient blood flow to keep the patient
(@)  The change to the dissociation curve is one of a number of ways in which the total oxygen I afive.
supplied to muscles is increased during exercise. Give two other ways in which the total ) . L . X
oxygen supplied to muscles during exercise is increased Suggest why the left ventricle requires the help of the artificial heart but the right ventricle
does not.
1._2Nei¢ 15 4 hign OO {01 X UGEn SO hp o L R ALV o~
e : . S I P INE¢ 1841 yoififi€ needs ¢ colmralt: wiih
Crensignon aiadi 5 JTeeper ' : NPT W areind e
L1 ] AN i Mtl' eNOLLAN FQICe AD YD B o0 ')_}’;r‘vg.i.l WA $INE
2. Lo P ";'J‘ 8 '_'v @ y Y ’ir.-,n ‘ y Wl ol 5 A7) b (>
e (¢ bod U minelas 11 (iGNt Veriificle
{ 001U Needs eounmn  ioree OO
@ | 1,71\‘;\},14 ' , e iJ!, ! { : -
(Total 15 marks) + nl ({i¢ \ {0 e
@
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()

(d)

rigure 2 shows the internai structure ot this type of artificial heart.

Valve B

Figure 2

Blood-pumping

/
/ chamber

Valve A

™ ivotor

Blood flow

Valves A and B have the same functions as heart valves involved in the cardiac cycle.
Name the heaﬂ[ valve that has the same function as:

valve A_(A11 3 ( Vet i Cuday A Qlve

valve B [)Cﬂwl i h)ﬂ{:\] v L"FE

There are different designs of artificial heart. Doctors compared results for patients who
received two different types of artificial heart, X and Y.

They recorded information 2 years after the artificial hearts were implanted. Their results

are shown in Figure 3.

Figure 3

Information recorded 2 years after artificial heart

(58 patients)

implanted
Number of Nunt1_bert of
patients pa! l'en Sb ’ N
Type of artificial surviving st;lrvwmg. ud l{mber of
heart without who require patleqts who
replacement of replrzfzr[]:;r:t of died
artificial heart Y *_ eicial heart
X =t ) S
(119 patients) 62 2t f 13 40 44 S
. 7 24 il 27 437,

(@'

VVIICI LYPE VI UL [TEAl L WD LIS 1HUIT DULLSIDIULE WO VEIVUIAUUIIG LW Gup e g v

answer.
AL FICIGL 1T el d ,\lmu Meie f‘n‘xi((‘i“}\)fkd
he¢ x,u 5 3% \Qy id(i\flx 5 (UEA cop LfH

17 pb Gt td L'JT!'_}!L!(',L 71((( Y

x z‘t'ﬂ‘;u 1\e ¢t ;‘”"‘{ifiiilt“i Sith arhal
P AP X ',HL(NU wgm_’ unw(u (LG HiTe
{4 oakiendS pitin mm i m"(f‘ Y.

! / h.
. _(3)_. _
“(Total 8 marks)

Q: (a)  Describe and explain four ways in which the structure of a capillary adapts it for the exchange of
substances between blood and the surrounding tissue.

"*-:iﬁ;-'ﬂfi'u’f\fj ue narfdiy Y O CAaUSEs e
:(U( Ck biooa FI0W 0 1CWRL SU'}(‘L @Um«) MEE 1Himg
N £0f NOLE SUbDSTaN(es 10 Mm(uh Vouer +nx
n-mm-uﬂ m INEC 416 45505 ATSC
COPIGEIvS NAVE ene (el ¢ (R Wi )l/
dhich u,e,;mv 2 f0f & snelct difdsicn
’m&‘lﬂhcag _ - —
] CLAAIT 1] ;.-'_.'" (4;_5 !«'
(b)  Explain how tissue fluid is formed and how it may be returned to the circulatory system.
TissUe fluid forms wihen ol Waker, (@ NYcleTA
cor minerad ioNs and et compenents "s MiGA o
JuEs oM 1110 pieod PIGSIA difHUSe Oui’u:f H
e PALK uu‘:ucu;es and V4740, ﬂ’Lv. IBBILUAR n:smﬁ S

wsvdl larer, 005t of it (etdlN) 10 +AL M "%’W,
capitiar es ar e yeniuld end. Howwer, So Mg~
_ I'lJ)L.Li fluid (5 (et and 5 +0ReN Wy DLJ rﬂi ¢
rummam sUstem. LLHY\DH umm H00R 1
. ﬂﬂm t¢ fiS)LL(J 9 40 fm ' ) {Total)émarks)
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