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A2 LEVEL BIOLOGY NOTES 2016 -2018
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Hello, this is the summary of A2 Level Biology (CIE) for 2016-2018 exam.
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CHAPTER 14- ENERGY AND RESPIRATION
#70 Energy and ATP

All living organisms need a continuous supply of energy to maintain their metabolism.
They must absorb either light energy in photosynthesis or chemical potential energy to
do the work necessary to stay alive.
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Such work includes:

AAnabolic reactions: the synthesis of proteins and other large molecules from smaller
ones (e.g. polypeptides from amino acids)

AActive transport of ions and molecules across cell membranes against their
concentration gradient (e.g. the activity of the sodiumi potassium pumpneed energy as
against concentration gradient)

AMovement (mechanical work): movement of the whole organism for example muscle
contraction (such as heart beat, breathing movements, walking) or movement within the
organism, e.g. movement of organelles in cells)

AMaintenance of body temperature, particularly in mammals and birds, which must
release thermal energy to maintain the body temperature above that of the
environment.

A Transmission of nerve i mpul ses.

Photosynthesis transfers light energy into chemical potential energy, which can then
be released for work by the process of respiration. Both photosynthesis and respiration
involve an important intermediary molecule in this energy transfer. adenosine
triphosphate (ATP). In many living organisms, most of the energy transferred to ATP is
derived originally from light energy; a few prokaryotes (the chemoautotrophs) are not
dependent on light energy trapped by photosynthesis but use energy from inorganic
chemical reactions instead.
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ATP consists of the organic base adenine and the pentose sugar ribose. Together
these make the nucleoside adenosine. This is combined with three phosphate
groups. ATP is therefore an activated phosphorylated nucleotide.
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Structure of ATP.

2. The universal energy currency

Processes in cells that require energy are linked to chemical reactions that yield energy

by an intermediary molecule, ATP. Using one type of molecule to transfer energy to
many different energy-requiring processes makes it easier for these processes to be
controlled and coordinated. All organisms use ATP as their energy currency: it is a

universal energy currency. ATP is never stored. Glucose and fatty acids are short-term
energy stores, while glycogen, starch and triglycerides are long-term stores.
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When an ATP molecule is hydrolysed, losing one of its phosphate groups, some of this
energy is released and can be used by the cell. In this process, the ATP is converted to
ADP (adenosine d iphosphate). The hydrolysis of one ATP molecule releases a small
'‘packet’ of energy that is often just the right size to fuel a particular step in a process. A
glucose molecule, on the other hand, would contain far too much energy, so a lot would
be wasted if cells used glucose molecules as their immediate source of energy.
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Hydrolysis of ATP.

ATP can be synthesised from ADP and an inorganic phosphate group (Pi) using energy,
and hydrolysed to ADP and phosphate to release energy. This interconversion is all-

important in providing energy for a cell. Hydrolysis of the terminal phosphate group of
ATP releases 30.5 kJ moli 1 of energy for cellular work:

ATP + H,0 = ADP + P, £ 30.5 k] mol™

Removing the second phosphate, giving AMP, also releases 30.5 kJ moli 1 of energy,
but removing the last phosphate yields only 14.2 kJ moli 1. The energy released comes

not simply from these bonds, but from the chemical potential energy of the molecule as
a whole.
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Hydrolysis of ATP (P, is inorganic phosphate, H.PO,).

Each cell has only a tiny quantity of ATP in it at any one time. The cell does not import
ATP, adenosine diphosphate (ADP) or adenosine monophosphate (AMP). With few
exceptions, each cell must produce its own ATP by respiration and recycle it very
rapidly. Because it is a small, watersoluble molecule, it is easily moved from where it is
made in a cell to where it is needed.
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Metabolism

The total of all the biochemical reactions needed for an organism to stay alive is its
metabolism.
metabolism = anabolism + catabolism

Anabolism is the building up of more complex molecules from simpler ones, for
example the synthesis of nucleic acids and carbohydrates. Enzymes are needed for
these syntheses of the complex molecules needed for growth. Anabolic reactions are
energy-consuming.

Catabolism is the enzymic breakdown of complex molecules to simpler ones. It is the
opposite of anabolism. The catabolic reactions of respiration yield energy.

Metabolic pathways

Anabolic: Small molecules are built into large ones. Energy is required.

000 @ v = 0000

Catabolic: Large molecules are broken down into small ones. Energy is released.
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#71 Respiration, Glycolysis

Mitochondrion \\
Cytosol

Organic
molecules

Ammal cell / Plant cell

Respiration is the oxidation of energy-containing organic molecules. The energy
released from this process is used to combine ADP with inorganic phosphate to make
ATP.

All cells obtain useable energy through respiration. Most cells use carbohydrate,
usually , as their fuel. Some cells, such as nerve cells, can only use glucose as
their respiratory substrate, but others can use fatty acids, glycerol and amino acids.

Respiration may be aerobic or anaerobic. In both cases, glucose or another respiratory
substrate is oxidised.

- In aerobic respiration, oxygen is involved, and the substrate is oxidised completely,
releasing much of the energy that it contains.

- In anaerobic respiration, oxygen is not involved, and the substrate is only partially
oxidised. Only a small proportion of the energy it contains is released.

Respiration of glucose has 4 main stages:

( Ty ey S

Glycolysis

anaerobic
pathways
to ethanol
or lactate

aerobic pathways
in mitochondria

Oxidative
phosphorylation

The sequence of events in respiration.
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Aglycolysis in the cytoplasm (cytosol) of the cell

A tlihkeeaction in the matrix of a mitochondrion

A tKhebs cycle in the matrix of a mitochondrion

Aoxidative phosphorylation on the inner mitochondrial membrane.

PROCESS: OVERVIEW OF CELLULAR RESPIRATION

| A e
NADH NADH HADH
FADH2
A\
Electron transport chain
SRR CITRI establishes proton gradient
GlUCOSE == = o o e -» Pyruvate Acetyl CoA ACID co; that is used to produce ATP
(two for YCLE
A\ every glucose) 0z —, l—> H,0
|
ATP COz ATP (or GTP) ATP
1. Glycolysis 2. Pyruvate 3. Citric Acid Cycle 4. Electron Transport
Processing and Chemiosmosis

AEROBIC RESPIRATION
Glycolysis
Glycolysis (the breakdown of glucose) is the first stage of respiration. It takes place in
the cytoplasm and does not require oxygen. It begins with the 6-carbon ring-shaped

structure of a single glucose molecule and ends with 2 molecules of a 3-carbon sugar
called pyruvate and a net gain of 2 ATP. Glycolysis is summarised below.

hydrogen acceptor
(NAD)
ZH Net gain of
2 x ATP
reduced hydrogen
acceptor (NADH, )

Acid (3¢) | Acid (3C)

Photo credit: BBC
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A oMucose (or other hexose sugar) is phosphorylated, using phosphate from 2
molecules of ATP, to give hexose bisphosphate. This phosphorylation converts an
energy-rich but unreactive molecule into one that is much more reactive, the chemical
potential energy of which can be trapped more efficiently.

Glycolysis:

EXCE TN Hexose

1 ATP
L
( phosphorylation
— 2ADP

! L
r-OO®8@® P Hexose biphosphate
Lysis

: 4

: Dee—r Triose Phosphate
2NaDt /ﬂ 4ADP
) Oxidation

2NADH +H* - 4ATP
!

s ENEND Pyruvate

A - The hexose bisphoriogehosphaté nolecsilesl i t i nto 2

A Hydrogen atoms and phosphate ghosphaieyther e r e
coenzyme NAD). The removal of hydrogens is an oxidation reaction, so triose
phosphate is oxidised to 2 molecules of pyruvate (pyruvic acid). During this step, the

phosphate groups from the triose phosphates are added to ADP to produce a small yield
of ATP.

A Overall, 2 molecules of ATP are used and 4
molecule, making a net gain of 2 ATPs per glucose. The pyruvic acid is then converted

to either lactic acid or alcohol and carbon dioxide without the production of any more

ATP.

The pyruvate formed in glycolysis is still energy-rich. It passes next to the link reaction.
This reaction and all subsequent stages of respiration occur inside a mitochondrion, and
can only occur in the presence of free oxygen. Respiration requiring free oxygen is
aerobic respiration. Pyruvate is transported into the mitochondrial matrix by a membrane
transport protein, which exchanges it for OHi in the matrix.

If the cell cannot catabolize the pyruvate molecules further, it will harvest only 2 ATP
molecules from 1 molecule of glucose. For example, mature mammalian red blood cells
are only capable of glycolysis, which is their sole source of ATP. If glycolysis is
interrupted, these cells would eventually die.


http://2.bp.blogspot.com/-5pS0O5teQ2A/VdmREjozAqI/AAAAAAAAZBg/6xBkBBos0cE/s1600/glycolysis.png
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£ ( glucose (hexose) (6C) \
ATP >l
hexose phosphate (6C)
| hosphorylation
ATP =$
hexose bisphosphate (6C) _
2 molecules of triose phosphate (3C)
—————»JATP
glycolysis <
2NAD
——2H
2 reduced
‘ NAD
intermediates
l————>2ATP
o 2 molecules of pyruvate (3C)
C’zl{ﬁ) """"""""""""""" +4ATP +2 reduced NAD
The glycolytic pathway.
Coenzymes op op
o bo~" Ribo~""
Respiration involves coenzymes called NAD and FAD. | |
A coenzyme is a molecule required for an enzyme to be Reduction
able to catalyse a reaction. Hydrogens removed during ‘ - o — | |
glycolysis are transferred to the hydrogen carrier Oxidation
molecule nicotinamide adenine dinucleotide (NAD) to H NH, H H NH,

give reduced NAD. The term ‘reduce’ means to add

hydrogen, so reduced NAD has had hydrogen added NAD® + H + 2e¢ —> NADH
to it. NAD is present in cells in small quantities and is

continually recycled.

Glycolysis

A Starting point
1 molecule of glucose

A Product s
2 molecules of pyruvate,
a net gain of 2 molecules of ATP,
2 molecules of reduced NAD.
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#72 Aerobic respiration, Link reaction

If oxygen is available, each pyruvate now C. (pyruvate)
moves into a mitochondrion, where the link

. link reaction
reaction andthe Krebs cycle take place. !
During these processes, the glucose is C, (acetyl CoA)
completely oxidised. .

e —_
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C Cs
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The link reaction
In the link reaction, pyruvate enters the matrix of a mitochondrion and is:

A decarboxylated: CO2 isremoved from the pyruvate and then diffuses out of
the mito chondrion and out of the cell.

A dehydrogenated: Hydroge n is removed from the pyruvate, and is picked up
by NAD , producing reduced NAD. This converts pyruvate into a 2-
carbon compound.
A combined with coenzyme A  to give acetylcoenzyme A (ACoA).
o CoA-SH 5
: j{ “CoA
O s o
(@) NAD NADH acetyl CoA
pyruvate 0
CO,

carbon dioxide
pyruvate (3C) + coenzyme A

— > acetyl (2C) coenzyme A

_ T,
NAD reduced NAD
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http://2.bp.blogspot.com/-uT2rn_U8Lz8/VdmobnwisAI/AAAAAAAAZCI/WDDOVDB5VMU/s1600/link+reaction.png
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http://1.bp.blogspot.com/-b3mWQwijrfw/VdqDJhUwmqI/AAAAAAAAZCw/hhoGyp_PZpM/s1600/link+reation+2.jpg
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A adenine

Cysteine

Pantothenate

Phosphate
groups

Ribose sugar
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Coenzyme A

Adenine
nucleotide

Aribose (making a nucleoside together with adenine)

A pantothenic acid (a B vitamin).

Coenzyme A transfers an acetyl group (with 2 carbon atoms) from pyruvate into
the Krebs cycle and plays a central role in respiration. It is present in small

guantities in a cell and is recycled.

Link reaction

This reaction transports the
Pyruvate made in the
cytoplasm into the
mitochondria, forming
Acetyl-CoA.

The Acetyl-CoA will then go
into the Krebs cycle, which
takes place in the
mitochondria.

Since there were 2 pyruvates
formed in glycolysis, 2 Acetyl
CoA’s are formed in total

Pyruvate (3C)

- o

Acetyl CoA (2C)
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and requires oxygen.

This is also known as the
cycle orthe tricarboxyl
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#73 The Krebs cycle

occurs in the matrix of
the mitochondrion and is the aerobic phase

citric acid
ic acid cycle

FADH;

4C (oxaloacetic acid)

CO:
FAD MAD
INAD NADH + H*
CO: 1ATP

Krebs cycle

2C AcetylCoA CoA

)

GC (citric acid)

ZNADH

The Krebs cycle is a series of steps catalysed by enzymes in the matrix:

Krebs
Cycle

2H

Pyruvic Acid (3C)

Co

Acetyl CoA (2C)
Citric Acid (6C)

2H

4C compound

4C compound

4C compound

2H

NAD +2H = NADH,

Photo credit: BBC.

2H

5C compound
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A A atoms enters the cycle and combines with a 4-
carbon compound ( oxaloacetate) togivea 6-carbon compound

(citrate /citric acid ). Coenzyme A is reformed. Cycle turns twice for each
original glucose molecule.

A T kiteate is then gradually converted back to the 4-
carbon oxaloacetate again in a series of small enzyme -controlled steps
involving decarboxylation and dehyd rogenation .2 C atoms are released in 2

CO2 molecules and 4 pairs of H atoms are removed.

A T IE®2 removed is given off as a waste product. It diffuses rut of the
mitochondrion and out of the cell.

A T hyelrogens  removed are picked up by NAD and anothe r coenzyme
called FAD (flavin adenine dinucleotide). 1 FAD and 3 NAD molecules are
reduced during each turn of the cycle. H in reduced NAD/FAD will be released in
oxidative phosphorylation. The main role of the Krebs cycle in respiration is to
generate ap ool of reduced hydrogen carriers to pass on to the next stage.

A The r eg eomatoacatatee d can combine with another ACoA.

A 1 ATP i s pr odusubstated i-level phiodphyorylatign for each
ACOA entering the cycle.

A Amino aci ds and bébaoken gowraand fetsnto cyala

( pyruvate (3C) w ‘
NAD
link reaction o,
reduced
NAD
acetyl (2C) CoA
\ CoA
A
PRSRE W
- \"/
o
. \‘
oxaloacetate (4C) citrate (6C)
reduced \
NAD \'
(40 NAD (6C)
Krebs cycle NAD - CO
2
reduced
(4Q) FAD reduced
NAD (5C)
FAD
, NAD
(40) reduced
NAD 0
ATP>N s
% ADP 0 J

The link reaction and the Krebs cycle.


http://4.bp.blogspot.com/-q3LCRQ6BJ2E/Vdq7GEbnFiI/AAAAAAAAZHo/wmZW5xjnmDA/s1600/link+reaction+and+Krebs+cycle.png
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# 74 Oxidative phosphorylation and Electron transport chain

In the final stage of aerobic respiration, oxidative
phosphorylation , the energy for the
phosphorylation of ADP  to ATP comes from the 2Tl —romirane

activity of the  electr on transport
chain (ETC). Oxidative phosphorylation takes place

in the inner mitochondrial membrane, the cristae.

Hydrogens from reduced FAD and reduced NAD first NAD red

pass to hydrogen carriers in the inner membrane FAD red

and are then split are split into proto ns (H")

and electrons  (e’). '::g

H atoms
He e/\b
The electrons  pass along a series of electron

carriersonthe ETC of the inner membrane of the mitochondrion. Each of these
electron carriers is at a lower energy level than its predecessor. As the electrons
move along the cha in, they lose energy. This energy is used to actively
transport H+ from the matrix of the mitochondrion, across the inner membrane
and into the space between the inner and outer membranes. This builds up a

high concentration of H+ in this space.

Intermembranal space

hner membrane

The H+ are allowed to diffuse back into the matrix through
special channel proteins that work as ATPases .The
movement of the H+ through the ATPases provides enough


http://3.bp.blogspot.com/-_phTtAgC9Hw/VdqhfPvFVTI/AAAAAAAAZEs/KISO_3xXvbI/s1600/mitochondrion+`1.png
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energy to cause ADP and inorganic phosphate to combine to make ATP.
At the end of the chain, the electrons  reunite with the  protons  from H. O,
which they were originally split. They combine with oxygen to
produce water . Thisis why oxygen is required in aerobic respiration - it
acts as the final acceptor for the hydrogens removed from the respiratory '='
subst rate during glycolysis, the link reaction and the Krebs cycle.
NAD red HID
Summary of the oxidative phosphorylation: rap el
NAD
FAD
H atoms
He
ETC
ATP
AT
(02)
H20
Oxidative phosphorylation

Intermembranal space

hner membrane

The electron transport chain provides The hydrogen ions

energy to transport hydrogen ions from diffuse back through
the matrix to the space between the ATPase providing
inner and outer membranes. energy to make ATP,
ATP used | ATP made Net gain in ATP
By |
gholysis —2 i e
fnk reaction 0 0 0
Krehs cycle 0 2 2
aidative phosphorylation 0 | 28 428
[ Toul 7 -2 | 34 432

Balance sheet of ATP use and synthesis for each molecule of glucose entering respiration.
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http://3.bp.blogspot.com/-LBybfC9L1rU/Vdv_9PtyaHI/AAAAAAAAZIw/vXSdQPFD4gw/s1600/ATP+2.png
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inner
> mitochondial

Oxidative phosphorylation: the electron transport chain.

The sequence of events in the respiration

The sites of the events of respiration in a cell. ACOA = acetyl coenzyme A,

Video: Oxidative phosphorylation and Electron transport chain

https://www.youtube.com/watch?v=KGjCm566 -MY
https://www.youtube.com/watch?v=IRITBRPv6xM
https://www.youtube.com/watch?v=6W - TFG9KIpA



https://www.youtube.com/watch?v=KGjCm566-MY
https://www.youtube.com/watch?v=lRlTBRPv6xM
http://4.bp.blogspot.com/-CCIw2qq53LU/Vdv2mK7gSrI/AAAAAAAAZIY/CTFLzomRgzI/s1600/oxydative+phosphorylation.png
http://2.bp.blogspot.com/-8STUOTF6SGQ/Vdv-9h6a_mI/AAAAAAAAZIo/55vkapXD-SI/s1600/respiration+steps.png
http://4.bp.blogspot.com/-CCIw2qq53LU/Vdv2mK7gSrI/AAAAAAAAZIY/CTFLzomRgzI/s1600/oxydative+phosphorylation.png
http://2.bp.blogspot.com/-8STUOTF6SGQ/Vdv-9h6a_mI/AAAAAAAAZIo/55vkapXD-SI/s1600/respiration+steps.png
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# 75 Anaerobic respiration - Ethanol and Lactate pathways

Anaerobic respiration is a type of respiration
that does not use oxygen. It is used when there
is not enough oxygen for aerobic respiration.

In the absence of free oxygen:

1 Oxidative phosphorylation cannot take
place, as there is nothing to accept the electrons
and protons at the end of the electron transport
chain.

1 Hydrogen cannot be used up by combining
it with oxygen to give water, so reduced NAD
cannot be recycled to NAD in this way to allow
glycolysis to continue.

1 The mitochondrion quickly runs out of NAD
or FAD that can accept hydrogens from the

Krebs cycle reactions. The Krebs cycle and the
link reaction therefore come to a halt.

anaerobic

1 Glycolysis,  however, can still continue, so long as the pyruvate produced
at the end of it can be removed and the reduced NAD can be converted back to

NAD.

Two other pathways allow the recycling of reduced NAD formed during

glycolysis:

Ethanol pathway

Aleohol fermentation ocecurs in yeast.

2 ADP 2ATP -

|
i
°
GHy

2 NAD* 2 NADH 2 Pyruvate

.\ .

GH3 CHy
2 Ethanal 2 Acetylaldehyde

A Ethanol  pathway: conversion of pyruvate
fermentation, e.g. by yeast

Lactate pathway

Lactic acid fermentation ocecurs in humans.

2 ADP 2ATP
il
C—0
Glucose mm=-= i |
c=0
CH,

2 MAD* 2 NADH 2 Pyruvate

I -
H—C—0H Mo intermediate;
é pyruvate accepts

Hy electrons from NADH

2 Lactate

to ethanol in alcoholic


http://1.bp.blogspot.com/-k2lr8GjwLBU/VdxhkI5zRSI/AAAAAAAAZLo/oT6s2Iyk1jM/s1600/anaerobic+respiration.png
http://4.bp.blogspot.com/-fx48oU9zvx8/VdwHYX4n-BI/AAAAAAAAZJI/npC21yX4HDA/s1600/ethanol+and+lactate+pathway.png
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A Lac tate pathway: conversion of
mammalian muscle.

pyruvate

1. The ethanol pathway

In yeast and in plants, the pyruvate is
removed by converting it to ethanol.

- Pyruvate is decarboxylated
to acetaldehyde/ethanal (CH3CHO).
- This accepts hydrogen from reduced

NAD and is reduced

to ethanol (C2H50H), releasing NAD.
o. 0 co, NADH + H*
\ﬁ/ TP% o H NAD
Mg ’Z N L J
C=0 \C/ —_—
| pyruvate | alcohol
CH3 decarboxylase CH; dehydrogenase

Pyruvate Acetaldehyde

2. The lactate pathway

In mammalian muscles that are deprived
of oxygen, pyruvate itself acts as the
hydrogen acceptor and  is removed by
converting itto lact ate. Again, NAD is
released.

The Cori cycle

In mammals, lactate produced during
strenuous muscle activity is taken up
from blood plasma by the liver, where
it is converted to pyruvate and thence
to glucose or glycogen.

to lactate (lactic acid), e.g. by
i glucose \
ADP
\&, oH — reduced NAD
NAD
> =
\\
ATP ‘\\\ ,//
l 2H
pyruvate T ethanal ——‘——» ethanol
Co,
. :
Anaerobic respiration: the ethanol pathway.
e 3
glucose
ADP ‘\ ///,_\\\\. :
// \\
v \
S~ 54 —» reduced NAD
ATP \\
2H
,L |
\ pyruvate > lactateJ
Anaerobic respiration: the lactate pathway.
Reduction of pyruvate to lactate
+
NADH NAD
Oz JN Oupm 0
ﬁ" |
| _
H* 0=C 2¢ +H' H—0—C—H
I
CH3 CH3
pyruvate Lactate



http://1.bp.blogspot.com/-z3w-qG9Jvlc/Vdw6L4ReVHI/AAAAAAAAZKc/-Xd-LWbHpwg/s1600/ethanol+pathway+2.png
http://2.bp.blogspot.com/-lfGdlqb581M/Vdw6jOC341I/AAAAAAAAZKk/QWXYB0jIa_U/s1600/lactate+pathway.png
http://2.bp.blogspot.com/-b9sSPAcl5A4/Vdw2ctnnbhI/AAAAAAAAZKI/KgOETlDV7VA/s1600/lactate.gif
http://1.bp.blogspot.com/-Sc2F3G-GlWk/Vdwz4TK2SdI/AAAAAAAAZJ8/aFqTX79mtNw/s1600/ethanol+pathway+1.jpg
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Cori cycle

Liver Plasma Muscle

Glycogen Glycogen

1l

Glucose | — | Glucose | — | Glucose

f |

Lactate | =—| Lactate | =—| Lactate

The Cori cycle serves two pu  rposes:

A it O6rescuesd | actate and prevents the wastef
energ
A it prevents a potentially disastrous fall i n

The lactate that is produced in muscles diffuses into the blood and is carried in
solution in the  blood plasma to the liver. Here, liver cells convert it back to
pyruvate. This requires oxygen, so extra oxygen is required after exercise has

finished. The extra oxygen is known as the oxygen debt.
/ rest exercise recovery \
> > < —
oxygen deficit f
25
£
E 20-
£
2 post-exercise
.;: 1.5+ oxygen uptake
= (oxygen debt)
3
€ 1.0
o
>
S
0.5 4
- 288
0 T - 1 T T T T T
01 "ednrdy 4 5 16 7 _ 8,79 0l 13T 30
T Time / min 2
Oxygen uptake before, during and after strenuous exercise.
Later, when the exercise has finished and oxygen is available again, some of the

pyruvate in the liver cells is oxidised through the link reaction, the Krebs cycle
and the electron transport chain. Some of the pyruvate is reconverted to glucose


http://4.bp.blogspot.com/-qsqDdlvlBmg/Vdw9_9zBt6I/AAAAAAAAZK8/mM0ZKgYkRIE/s1600/cori+cycle.png
http://1.bp.blogspot.com/-atjGqNTymHA/Vdxu5WD92fI/AAAAAAAAZNI/jWijlEZ2Da8/s1600/oxygen+debt.png
http://4.bp.blogspot.com/-qsqDdlvlBmg/Vdw9_9zBt6I/AAAAAAAAZK8/mM0ZKgYkRIE/s1600/cori+cycle.png
http://1.bp.blogspot.com/-atjGqNTymHA/Vdxu5WD92fI/AAAAAAAAZNI/jWijlEZ2Da8/s1600/oxygen+debt.png
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in the liver cells. The glucose may be released into the blood or converted to
glycogen and stored.

Note:

A  Both reactions O6buy timedé by providing hydro
released and glycolyis can continue.

A Both pathways are inefficient and wasteful i
lactate) have chemi  cal bond energy that is untapped.

A - The ethanol or |l actate produced is toxic and
A While the | actate pathway is reversible (by

liver, the ethanol pathway is irreversible.
A Ther e igan obonlyteot ATP molecules per glucose molecule (from

glycolysis) during anaerobic respiration.


http://3.bp.blogspot.com/-XdujRtrwGuw/Vdw3tYkPefI/AAAAAAAAZKQ/nYFRabV_yvQ/s1600/lactate+recycle.png
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#76 ATP yield in aerobic and anaerobic respiration

Only small amounts of ATP are produced

when one glucose molecule

undergoes anaerobic respiration .Thisis
because only glycolysis is completed. The
Krebs cycle and oxidative phosphorylation,
which produce most ATP do not take place.

- \h‘_,‘ r,*«'-'_,,
The precise number of molecules of ATP 23 + T + {im — o
: . . SATES ATRY WATPS W 3BATPS

produced in aerobic respiration of one B e

glucose molecule varies between different
org anisms and different cells, but is usually between 30 and 32 molecules.

 Glucose
Anaerobic

respiration | 2ATP

produced directly
Glycolysis
2 reduced
NAD

Link »/ 2 reduced
. NAD )_

reaction i

Aerobic 5 ATP from oxidative
respiration 3 phosphorylation
‘ > 5 ATP from o?cidative
phosphaorylation

x/6 reduced 15 ATP from oxidative
NAD phosphorylation

/" 2 reduced 3 ATP from oxidative

\ FAD phosphorylation

2ATP
produced directly

>

ATP yields in each step of respiration


http://4.bp.blogspot.com/-5kzs3Dlt1y4/Vdxoli2N9kI/AAAAAAAAZMQ/HAglXYXDPsA/s1600/ATP+5.jpg
http://4.bp.blogspot.com/-juGq31udDSg/Vdw72DwEzdI/AAAAAAAAZKw/U3rP8mcxC_A/s1600/ATP+yields+in+respiration.png
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#77 Respiratory substrates, Respiratory quotions

A respiratory substrate is a molecule from which energy
can be liberated to produce ATP in a living cell. Glucose
is not the only  respiratory substrate. All carbohydrates,
lipids and proteins can also be used as respiratory
substrates.

Respiratory
Substrates

Many cells in the human body are able to use a range of different respiratory
substrates. However, brain cells can only use glucose. Heart muscle
preferentially uses fatty acids.

Glycogen or starch

Protein Glucose Lipid

N l /

Amino acids Pyruvate Fatty acids

N/

Acetylcoenzyme A

Krebs cycle

1 Glucose is an essential fuel for some cells, e.g. brain cells, red blood cells
and lymphocytes, but some cells, e.g. liver cells, also oxidise lipids and excess
amino acids.

1 The fatty acid  components of lipids are import ant: carbon atoms are
detached in pairs as ACoA and fed into the Krebs cycle.
1 Amino acids  are deaminated and their carbon i hydrogen skeletons

converted into pyruvate or into ACoA.
The energy values of these different substrates are not the same.

Energy va lues of respiratory substrates

Most of the energy released in respiration comes from the oxidation of hydrogen

to water. The more hydrogens there are (in comparison with carbon or oxygen
atoms) in the structure of a molecule, the greater the energy value. Itis
hydrogen atoms that are used to generate ATP via the electron transport chain.

Fatty acids have more hydrogens per unit mass than carbohydrates, so lipids

have a greater energy value per unit mass (lipid provides more than twice as

much energy per gram as carbohydrate or protein). Energy values in kJ g i1are
determined by burning a known mass of the substance in oxygen in a bomb

calorimeter. Typical energy values are:


http://1.bp.blogspot.com/-zlP3hOCQmEs/Vdxq6zugpGI/AAAAAAAAZMc/YF9kP1e1RGg/s1600/respiratory+substrate+3.png
http://4.bp.blogspot.com/-ocNFKjAyzZw/VdxkWO9ynYI/AAAAAAAAZL8/sw0GyJSyrlU/s1600/respiratory+substrate+2.png
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Respiratory substrate Energy value/k) g’

Carbohydrate 16
Lipid 39
Protein 7

Respiratory quotients

It is possible to get a good idea of which respiratory substrate the cells in an
organism are using by measuring the volume of oxygen it is taking in and the
volume of carbon dioxide it is giving out.

_VCO:

RO =
0 VO:

RQs for different substrates undergoing aerobic respiration

Respiratory substrite RQ
Carbohydrate 10
Lipid 07
Protein 0.9

The values in the table are for aerobic respiration. If a cell or an organism is
respiring anaerobically , then no oxygen is being used. The RQ is therefore
infinity (00).


http://3.bp.blogspot.com/-ZBFF84ZTXtk/VdxkCaTZrMI/AAAAAAAAZL0/IuNouwjFen8/s1600/respiratory+substrate.png
http://1.bp.blogspot.com/-ifgebK3JFB4/VdxtBiglqcI/AAAAAAAAZM4/AvC1kU4AoTE/s1600/RQ.png
http://2.bp.blogspot.com/--ezmMo4z3gM/VdxtiM-mOpI/AAAAAAAAZNA/EVAasW7nWJg/s1600/RQ+substrates.png
http://3.bp.blogspot.com/-ZBFF84ZTXtk/VdxkCaTZrMI/AAAAAAAAZL0/IuNouwjFen8/s1600/respiratory+substrate.png
http://1.bp.blogspot.com/-ifgebK3JFB4/VdxtBiglqcI/AAAAAAAAZM4/AvC1kU4AoTE/s1600/RQ.png
http://2.bp.blogspot.com/--ezmMo4z3gM/VdxtiM-mOpI/AAAAAAAAZNA/EVAasW7nWJg/s1600/RQ+substrates.png
http://3.bp.blogspot.com/-ZBFF84ZTXtk/VdxkCaTZrMI/AAAAAAAAZL0/IuNouwjFen8/s1600/respiratory+substrate.png
http://1.bp.blogspot.com/-ifgebK3JFB4/VdxtBiglqcI/AAAAAAAAZM4/AvC1kU4AoTE/s1600/RQ.png
http://2.bp.blogspot.com/--ezmMo4z3gM/VdxtiM-mOpI/AAAAAAAAZNA/EVAasW7nWJg/s1600/RQ+substrates.png
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#78 Structure and function of the mitochondrion

Inner membrane

The mitochondrion is a power plant and
industrial park of the cell where energy
stored in the bonds of carbohydrates is
convertedtoaf orm more useful to the cell
(ATP) and certain essential biochemical
conversions of amino acids and fatty acids

Outer membrane

/

Cristae

occur. Intermembrane Space Matrix
Structure

Mitochondria is about 1 mm in diameter and 1 -10 mm in length. Mitochondria

have dynamic structures that move, change their sh ape and divide.

1 Enclosed by two membranes that have proteins embedded in phospholipid

bilayers

1 Outer membrane is smooth and highly permeable to small solutes, but it

blocks passage of proteins and other macromolecules

1 Inner membrane is convoluted and cont ains embedded enzymes that are

involved in cellular respiration. The membrane' have many infoldings called
cristae which increase the surface area available for these reactions to occur.

q The inner and outer membranes of mitochondria divide it into two inte rnal
compartments: inntermembrane space is the narrow region between the inner
and outer mitochondrial membranes.

1 It resembles the solute composition of the cytosol,because the outer
membrane is permeable to small solute molecules.

1 Mitochondrial matrix is the compartment enclosed by the inner
mitochondrial membrane

1 It contains enzymes that catalyze many metabolic steps of cellular
respiration

1 Some respiratory enzymes are embedded in the inner membrane.
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Intermembrane Matrix Outer Cristae
membrane Inner

space -
Ribosome synthase =
particles . \ o™ ik

Granule

Quter - Inner
membrane
= 20nm

Functions of Mitochondria

1 The major function of th e mitochondria is to produce energy. The energy
giving food molecule are sent to the mitochondrion where they are further
precessed to produce charged molecules that combine with oxygen and produce
ATP molecules. This total process is known as oxidative ph osphorylation.

1 NADH and FADH2 from glycolysis, pyruvate oxidation, and the citric acid
cycle are oxidized by the respiratory chain, regenerating NAD+ and FAD. Most of
the enzymes and other electron carriers of the chain are part of the inner
mitochondrial membrane. Oxygen (O2) is the final acceptor of electrons and
protons, forming water (H20).

1 A Chemiosmotic Mechanism Produces ATP As electrons pass through the
series of protein complexes in the respiratory chain, protons are pumped from

the mitochondrial m  atrix into the intermembrane space.As the protons return to
the matrix through ATP synthase, ATP is formed.

Source: Tutor Vista.


http://www.tutorvista.com/biology/function-mitochondria
http://1.bp.blogspot.com/-Lj3-EDCES9M/Vd6mOuQ5MPI/AAAAAAAAZPA/dEbhoC2fIfw/s1600/structure+of+mytochondria.png
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#79 Rice adaptation for growing with its roots submerged in water

There are many varieties of rice and they
differ in their water requirements. Most of
the rice in south  -east Asia is grown in
unusual conditions for a cereal plant. It is
grown partly submerged in water in paddy
fields.

The fie Ids are flooded and then ploughed. Young rice plants are planted in the
rich mud formed in these paddy fields. The oxygen concentration of this mud
fails rapidly after the paddy field has been flooded. The top ten centimetres or
SO retains some oxygen beca  use it is able to diffuse in but below this depth
anaerobic conditions exist and there is little or no oxygen present.

Rice plants have a number of adaptations which enable them to grow well in
these conditions.

Rice stems contain a large number of air s paces (hollow aerenchyma ) running
the length of the stem and into the roots. This allows oxygen (some formed in

the plant from photosynthesis) to penetrate through to the roots which are

submerged in water, supplying oxygen for aerobic respiration. This de creases
the chance that anaerobic respiration will occur.

Transverse
section of
culm (stem
100x%)
showing
epidermis
(EP),
vascular
bundies
{VB),
ground
tissue (GT)
and central

aerenchyma
{ARC).

ARC- Central aerenchyma in the rice stem.


http://2.bp.blogspot.com/-I17AfNcGlKU/VdxzbRpkVYI/AAAAAAAAZNU/GzFp_pGmf4Y/s1600/rice-field.jpg
http://1.bp.blogspot.com/-BZUcxusEj8M/Vdx_KUSTf2I/AAAAAAAAZNk/_EzsyQPfic0/s1600/stem.jpg
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Many of rice roots are very shallow, allowing access to oxygen that diffuses
into the surface layer of the waterlogged soil.

Lo

LEE g

When fields in which a  cereal such as wheat is growing are flooded for any

length of time, the plants die. The oxygen concentration of the waterlogged soil

falls rapidly. The root cells are unable to get the oxygen they need in order to

respire. In these conditions they can car ry on respiring without oxygen. This is
called anaerobic respiration and results in  ethanol  being formed as a waste
product. Unfortunately, this substance is poisonous so a plant can only respire in

this way for a short time before the ethanol concentratio n builds up and kills it.

Cells in the roots of rice plants have been shown to be extremely tolerant of
ethanol , much more so than cells from the roots of other cereals. They can

therefore respire anaerobically for longer periods. When oxygen levels fall t 00
low, the young rice plants can respire anaerobically, producing ethanol. Ethanol

is normally toxic to cells, but the root cells of rice have an unusually high

tolerance toit i they have a high concentration of the enzyme alcohol

dehydrogenase in their  cells. Adult plant roots are as intolerant of flooding as

any other crop.

There are two advantages of growing rice in paddy fields. Flooding brings about
chemical changes in the soil which increases the supply of soil nutrients required
by the rice plant s. It also reduces weeds. Rice does not grow well when it has to
compete with weeds for the resources that it needs.

Source: Cix.co.uk


http://www.cix.co.uk/~argus/Dreambio/fertilisers%20and%20crops/rice.htm
http://1.bp.blogspot.com/-JcL8XFwyllc/Vdx_rGDHnpI/AAAAAAAAZNs/rhHZkn-R8sM/s1600/rice+plant+1.gif
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#80 Using respirometers

A respirometer is a device used to measure the rate
of respiration of a living organism by measuring its

rate of exchange of  oxygen and/or carbon dioxide
They allow investigation into how factors such as age,
chemicals or the effect of light affect the rate of
respiration.

There are various different types of respirometer. One
type is shown in the diagram.

Soda lime

" 4 Cotton wool

— Live maggots

Manometer containing
coloured fluid

A respirometer

Using a respirometer to measure the rate of uptake of oxygen

Soda lime

;’J— Cotton wool

@— Beads

Manometer containing
coloured fluid

The organisms to be investigated are placed in one tube, and non -living materi
of the same mass in the other tube. Soda lime is placed in each tube, to absorb
all carbon dioxide. Cotton wool prevents contact of the soda lime with the

organisms.

Coloured fluid is poured into the reservoir of each manometer and allowed to
flow into the capillary tube. It is essential that there are no air bubbles. You
must end up with exactly the same quantity of fluid in the two manometers.

al


http://1.bp.blogspot.com/-fR9ld43f_8U/VdyJaZLot0I/AAAAAAAAZOI/CbBPOccPu6Y/s1600/respirometer+2.png
http://3.bp.blogspot.com/-9VQvS3qUYZA/VdyCsRs3eGI/AAAAAAAAZN4/adBWb_q6a_I/s1600/respirometer.png
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Two rubber bungs are now taken, fitted with tubes as shown in the diagram.
Close the spring clips. Attach th e manometers to the bent glasstubing, ensuring
an airtight connection. Next, place the bungs into the tops of the tubes.

Open the spring clips. (This allows the pressure throughout the apparatus to

equilibrate with atmospheric pressure.) Note the level of the manometer fluid in
each tube. Close the clips. Each minute, record the level of the fluid in each

tube.

As the organisms respire, they take oxygen from the air around them and give

out carbon dioxide. The removal of oxygen from the air inside the tub e reduces
the volume and pressure, causing the manometer fluid to move towards the

organisms. The carbon dioxide given out is absorbed by the

soda lime. The distance moved by the fluid is therefore affected only by the

oxygen taken up and not by the carbon dioxide given out.

You would not expect the manometer fluid in the tube with no organisms to
move, but it may do so because of temperature changes. This allows you to
control for this variable, by subtracting the distance moved by the fluid in the
contro | manometer from the distance moved in the experimental
manometer (connected to the Living organisms), to give you an adjusted
distance moved.

Calculate the mean (adjusted) distance moved by the manometer fluid per
minute. If you know the diameter of the capillary tube, you can convert the
distance moved to a volume:

This gives you a value for the volume of oxygen absorbed by the organisms per
minute.

Using a respirometer to investigate the effect of temperature on the
rate of respiration

The respirometer can be placed in water baths at different temperatures. Y ou
can use the same respirometer for the whole experiment. Or you could have

different ones for each temperature. (In each case, there are difficulties with

controlling some variables - you might like to think about what these are.) At

each temperature, yo  u need a control respirometer with no organisms in it.

If you are simply  comparing  the rates of respiration at different temperatures,
then you do not need to convert the distance moved by the manometer fluid to

a volume. You could just plot distance move d onthey -axis of your graph and
time on the x -axis.

The rate of respiration is represented by the gradient of the graph.



Distance
moved by
manometer
fluid/mm

|
0 20 40 60 80

Timels
Comparing rates of respiration at different temperatures

Al 50°C manometer fluid travelled 47mm in 50s

Rate of respiration = % =094 mms!
At 30°C manometer fluid travelled 40mm in 60s
Rate of respiration = % =0.67mms"!
At 20°C manometer fluid travelled 21mm in 70s
Rate of respiration = %—40 =0.3dmms !

Using a respirometer to measure RQ

For this, we need to know both how much oxygen is taken in, and how much
carbon dioxide is given out.

Set up two respirometers as shown above. However, the second respirometer
should also contain the same mass of live maggots (or whatever organism you

are investigating) but should not contain soda lime. You could put some inert
material into  the tube (for example, the beads) instead of soda lime. The mass
and volume of the inert material should be the same as the mass and volume of
the soda lime.

This second tube is therefore just like the first one except that it does not

contain soda lime.  The carbon dioxide given out by the respiring organisms is
therefore not absorbed.

The difference between the distance moved by the manometer fluid in the


http://1.bp.blogspot.com/-nEcQzmt6nrM/VdyLjWHPfoI/AAAAAAAAZOU/pUBd82WYlpg/s1600/comparing+rates+of+respiration.png
http://3.bp.blogspot.com/-DZ6ICfYsQYs/VdyL8KmrXzI/AAAAAAAAZOc/7onh3FeUDvs/s1600/01.png
http://1.bp.blogspot.com/-nEcQzmt6nrM/VdyLjWHPfoI/AAAAAAAAZOU/pUBd82WYlpg/s1600/comparing+rates+of+respiration.png
http://3.bp.blogspot.com/-DZ6ICfYsQYs/VdyL8KmrXzI/AAAAAAAAZOc/7onh3FeUDvs/s1600/01.png
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experimental tube and the distance moved in the control tube is therefore due
to the carbon dioxide  given out.

distance moved by fluid in experimental tube - xmm
distance moved by fluid in control tube = ymm

xmm represents the oxygen taken up

X - y represents the carbon dioxide given out

therefore RQ = ’i-}l

For example, if the respiratory substrate is carbohydrate, then the amount of
carbon dioxide given out will equal the amount of oxygen taken in. The fluid in
the control tube will not move, so y=0.

RQis then % =1


http://1.bp.blogspot.com/-YEa-N2ZUXnM/VdyNDF8mlzI/AAAAAAAAZOo/QfUiUiU7_xE/s1600/02.png
http://1.bp.blogspot.com/-3yT4BABMwoE/VdyNG_0UyEI/AAAAAAAAZOw/R29IZYzLznc/s1600/04.png
http://1.bp.blogspot.com/-YEa-N2ZUXnM/VdyNDF8mlzI/AAAAAAAAZOo/QfUiUiU7_xE/s1600/02.png
http://1.bp.blogspot.com/-3yT4BABMwoE/VdyNG_0UyEI/AAAAAAAAZOw/R29IZYzLznc/s1600/04.png
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#81 Summary of Energy and Respiration
Energy and human life

, S ﬁ Chemical waste
1 3 ' v Carbon dioxide

Chemical energy = Wiiew

- Carbohydrates b :
- Fats ATP » Heat

- Others - body's "energy currency”

. Heat
metabolism

1 Organisms must do work to stay alive. The energy input necessary for this work is
either light, for photosynthesis, or the chemical potential energy of organic molecules.
Work includes anabolic reactions, active transport and movement. Some organisms,
such as mammals and birds, use thermal energy released from metabolic reactions to
maintain their body temperature.

2 Reactions that release energy must be harnessed to energy-requiring reactions. Th is
Oharnessingd invol ves anThiseanbeasymtesisea from mol e c u
ADP and phosphate using energy, and hydrolysed to ADP and phosphate to release

energy. ATP therefore acts as an energy currency in all living organisms.

3 Respiration is the sequence of enzyme-controlled steps by which an organic
molecule, usually glucose, is broken down so that its chemical potential energy can be
used to make the energy currency, ATP.

4 In aerobic respiration, the sequence involves four main stages: glycolysis, the link
reaction, the Krebs cycle and oxidative phosphorylation.

5 In glycolysis, glucose is fi rst phosphorylated and then split into two triose phosphate
molecules. Th ese are further oxidised to pyruvate, giving a small yield of ATP and
reduced NAD. Glycolysis occurs in the cell cytoplasm.

6 When oxygen is available (aerobic respiration), the pyruvate passes to the matrix of a
mitochondrion. There, in the link reaction, pyruvate is decarboxylated and
dehydrogenated and the remaining 2C acetyl unit combined with coenzyme A to give
acetyl coenzyme A.

7 The acetyl coenzyme A enters the Krebs cycle in the mitochondrial matrix and
donates the acetyl unit to oxaloacetate (4C) to make citrate (6C).

8 The Krebs cycle decarboxylates and dehydrogenates citrate to oxaloacetate in a
series of small steps. Th e oxaloacetate can then react with another acetyl coenzyme A
from the link reaction.


http://4.bp.blogspot.com/-BIAUwvT8S1Y/Vd6wK-rsIVI/AAAAAAAAZPY/lFHIGOe5HC0/s1600/Energy_and_life.png

34

9 Dehydrogenation provides hydrogen atoms, which are accepted by the carriers NAD
and FAD. Th ese pass to the inner membrane of the mitochondrial envelope, where they
are split into protons and electrons.

10 In the process of oxidative phosphorylation, the electrons are passed along a series
of carriers. Some of the energy released in this process is used to move protons from
the mitochondrial matrix to the intermembrane space. This sets up a gradient of protons
across the inner membrane of the mitochondrial envelope. The protons pass back into
the matrix, moving down their concentration gradient through protein channels in the
inner membrane. An enzyme, ATP synthase, is associated with each of these channels.
ATP synthase uses the electrical potential energy of the proton gradient to
phosphorylate ADP to ATP.

11 At the end of the carrier chain, electrons and protons are recombined and reduce
oxygen to water.

12 In the absence of oxygen as a hydrogen acceptor (in anaerobic respiration), a small
yield of ATP is made by dumping hydrogen into other pathways in the cytoplasm which
produce ethanol or lactate. The lactate pathway can be reversed in mammals when
oxygen becomes available. The oxygen needed to remove the lactate produced during
anaerobic respiration is called the oxygen debt.

13 The energy values of respiratory substrates depend on the number of hydrogen
atoms per molecule. Lipids have a higher energy density than carbohydrates or
proteins.

14 The respiratory quotient (RQ) is the ratio of the volumes of oxygen absorbed and
carbon dioxide given off in respiration. The RQ reveals the nature of the substrate being
respired. Carbohydrate has an RQ of 1.0, lipid 0.7 and protein 0.9.

15 Oxygen uptake, and hence RQ, can be measured using a respirometer.

1. End-of-chapter questions

1. What does not occur in the conversion of glucose to two molecules of pyruvate?

A hydrolysis of ATP

B phosphorylation of ATP

C phosphorylation of triose (3C) sugar

D reduction of NAD

2 Wheredoes each stage of aerobic respiration occur in a eukaryotic cell?

I link reaction : Krebs cycle = oxidative phosphorylation

cvtoplasm mitochondrial matrix mitochondrial cristae

mitochondrial cristae qmpl;nm — ) mitochondrial matrix

U.‘lnp|.'¢~!n mitochondrial cristae "‘i"L‘,El!ﬁ,‘,’f?:{[,‘,’F;””‘

cnw!:»

r : " . . : TR
mitochondrial matrix | mitochondrial marrix mitochondrial cristae
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3 The diagram summarises anaerobic respiration.

glucose = X — Y in mammals

Z in ycast

Which compounds are represented by the lerrers X, Y and Z.?

X ¥ Z
A ethanol pyruvate lactate
B lract'.ltc ethanol pyruvate
C pyruvate ethanol | lacrate
| D pyruvare lactate - ethanol

4 Distinguish between:

a an energy currency molecule and anenergy storage molecule.
b decarboxylation and dehydrogenation.

5 State the roles in respiration of:

a NAD

b coenzymeA

C oxygen.

6 Copy and complete the table to show how much ATP is
used and produced for each molecule of glucose respired in
the various stages of respiration.

5 ATP used ATP produced net gain in ATP

glycolysis
| link reaction |
Krebs cycle |
oxidative
phosphorylation
total

7 a Explain why the energy value of lipid is more than twice that of
carbohydrate.[2]

b Explain what is

meant by respiratory quotient (RQ). [2]

c Copy and complete the table to show that different respiratory substrates have
different RQs.

respiratory substrate RQ
1.0
0.7
0.9

[3]
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d Measurements of

oxygen uptake and carbon dioxide production by

germinating seeds in arespirometer showed that 25 =

cm3 of oxygen was used and 17.5 cm3 of \ / \ /
C L

H/\H HO / \OH
L
J

CH,OH CH,OH

|
C
|

OH H

carbon dioxide was produced over the same time period.

i
Calculate the RQ for these seeds. [2]

ii Identify the respiratory substrate used by
the seeds. [1]
e Dahlia plants store a compound called inulin, which is a polymer of
fructose. The structure of fructose is shown inthe diagram.
Calculate the RQ when inulin is
hydrolysed and then respired aerobically. [2]
[Total: 12]

2. End-of-chapter answers

1C2D 3D
4 a energy currency: immediate donor of energy to all energy-requiring reactions in a
cell;

energy storage: short-term (glucose, sucrose) or long-term (starch, glycogen,
triglyceride) store of chemical potential energy;

b decarboxylation: a reaction in which carbon dioxide is removed from a compound;
dehydrogenation: a reaction in which hydrogen is removed from a compound;

5 a NAD: a hydrogen carrier molecule: it accepts a hydrogen from one reaction and
donates it to another;

b coenzyme A: a carrier of an acetyl group from the link reaction to the Krebs cycle;
c oxygen: the final electron acceptor and hydrogen ion acceptor in oxidative
phosphorylation: the oxygen is reduced to water;
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Feature ATP used ATP produced Net gain in ATP
glycolysis -2 - +2
link reaction 0 0 0
Krebs cycle +2 +2
oxidative phosphorylation 0 +28 +28
total -2 +34 +32

7 a Lipid has more hydrogen atoms per molecule than does carbohydrate;
most energy liberated in aerobic respiration comes from the oxidation of hydrogen to
water; [2]

b
RQ = volume of carbon dioxide given ourt in unir time
volume of carbon dioxide given ourt in unir time
or
RQ = moles / molecules of carbon dioxide given in unit time
moles / molecules of oxygen taken in in unit rime
(2]
¢ Respiratory substrate RQ
carbohydrate 1.0
lipid 0.7
protein 0.9
(3]
e CH_ O +60,— 6CO,+6H,0 +energy;
6CO,
6H,0 2]
d i RQ=1?.5cm’;
25cm’
=0.7; [2]
ii lipids [1]

[Total: 12]
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8 a provide hydrogen to reduce NAD and FAD;
reduced carriers pass to electron transport chain;
provide energy for ATP synthesis in oxidative phosphorylation;
refer to chemiosmosis; [max. 3]

bii ncreasing the concentration of aluminium i
fumarate production;
increases from 40 to 120 € mol have little e
ii aluminium binds to enzyme/refer to cofactor; optimises shape of active site; [2]
[Total: 7]
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CHAPTER 157 PHOTOSYNTHESIS

#82 Photosynthesis overview

Light

Energy Transfer Electron
- - - Transfer

~Reaction

Chlorophyll Antenna Pigments Center

Photosynthesis is a series of reactions in which energy transferred as light is
transformed to chemical energy.
Energy from light is trapped by chlorophyll, and this energy is then used to

A split apart the strong bdydibbgeni n water mol e
A prodBce

A reduce a suWBR.ance call ed

NADP stands for nicotinamide adenine dinucleotide phosphate, which - like NAD - is a

coenzyme.

The ATP and reduced NADP are then used to add hydrogen to carbon dioxide, to

produce carbohydrate molecules such as glucose. These complex organic molecules

contain some of the energy that was originally in the light. The oxygen from the split
water molecules is a waste product, and is released into the air.

e L
; : energy  hem

There are three basic steps in photosynthesis:

(2)

1. Light-dependent reactions - energy capture S
chemiosmosis generation of ATP (adenosine e
triphosphate) from harvested sunlight

2. Light-independent reactions - fixation of carbon
enzyme catalyzed reactions using the energy formed Organic

(ATP) in the light reactions to fix atmospherically

derived carbon (CO2) into sugars (CH20)
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3. Pigment Regeneration - electron replacement
from the splitting of H2O in oxygenic photosynthesis.

The 2 main stages are light-dependent reactions and light-independent reactions (Calvin
cycle).

Photosynthesis
A Chloroplast
ATP
Light NADPH
Dependent
; NADP *
Reactions
ADP

(Glucose ) €O,
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#83 Chloroplasts

Photosynthesis takes place inside chloroplasis.

These are organelles surrounded by 2 membranes, called an envelope.

Lamella Thylakoid Outer membrane
}» Envelope
Inner membrane
Stroma

Starch grain
Lipid
droplet

Ribosomes

Structure of a chloroplast

Chloroplasts are found in mesophyll cells in leaves:

- Palisade mesophyll cells contain most chloroplasts.

- Spongy mesophyll cells and Guard cells also contain chloroplasts.

Leaf Structure

Cuticle
i— Epidermis

Palisade
mesophyll
cell

|
.

Mesophyll

y -

Spongy
s onchnr
ce

Bundle

Stoma sheath
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Lamellae and light-dependent reactions
The membranes inside a Chioropiast
chloroplast are called lamellae,
and it is here that the light-
dependent reactions take place.
The membranes contain
chlorophyl molecules, arranged in
groups called photosystems.
There are two kinds of intermembrane
photosysterns, PSI and PSII, each R
of which contains slightly different
kinds of chlorophyll.

inner membrane outer membrane

lumen

stroma lamellae

granum

stroma

There are enclosed spaces between pairs of membranes, forming fluid-filled sacs
called thylakoids. These are involved in photophosphorylation - the formation of ATP
using energy from light. Thylakoids are often arranged in stacks called grana (singular:
granum).

Stroma
lamellae

Stroma and light-independent reactions Grana
stacks
The 'background material' of the chloroplast is
called the stroma, and this is where the light-
independent reactions take place.

Chloroplasts often contain starch

grains and lipid droplets. These are stores of
energy-containing substances that have been
made in the chloroplast but are not immediately
needed by the cell or by other parts of the plant.

Thylakoid lumen
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#84 Photosynthetic Pigments

Photosynthetic pigments are pigments presented in
chloroplasts or photosynthetic bacteria. They capture light
energy necessary for photosynthesis and convert it

to chemical energy.

Pigments CHLOROPHYLL CAROTENE
1 A pigment is any substance that absorbs light.

1 The color of the pigment comes from the wavelengths of light that are reflected
(not absorbed).

1 If pigments absorb all wavelengths they will appear black.

1 If pigments reflect most of the wavelengths they will appear white.

1 The light absorption pattern of a pigment is called the absorption spectrum.

When pigments absorb light, electrons are temporarily boosted to a higher energy level.
Energized electrons move further from the nucleus of the atom. When the e- returns to a
lower energy level the energy may be:

1 dissipated as heat
1 re-emitted as a longer wavelength of light - fluorescence
1 captured in a chemical bond (carbon gain!)
1 2
Ot
Heat, light or excite M:r’; 1 -5
another atom ' *
i ]
i 1
' 1
\ i
b s
\x L
Photosynthetic pigments in chloroplast i
N O

Choloroplats contain several different pigments, j Green is refacing
which absorb different wavelengths of light. The
photosynthetic pigments of higher plants form 2

groups: the cholophylls and the caroteinoids. Leaf Pigments
Absorb Most

Colors

1. Chlorophylls absorb mainly red and blue-
violet light, reflect green light - giving green
leaves their colour.
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—
[=]
L

2. Carotenoids: orange pigments that
protect chlorophyll from damage by the
formation of single oxygen atoms (free
radicals). They can also absorb
wavelengths of light that chlorophyll cannot
absorb, and pass on some of the energy
from the light to chlorophyll. They absorb
strongly in the blue-violet range.
Carotenoids are usually masked by the
green chlorophylls.

il Chlo 1o phi |l ——ji

carotenoids

L=
th
L

[ =T i W= N - T

violet blue

400 450 500 550 GO0D 650 70O
wavelength (nm) and corresponding color

There are 2 types of carotenoid:

1 car ot e-camtene) b
1 xantophylls.

Colour

\(l l(‘b\\' -g reen

chlorophylls: chlorophyll a

chlorophyll &

‘ Group i Pigment

carotenoids: BB carotene

xanthophyll

blue-green

UT;lIl:—_‘ﬁ

yellow

The colours of the commonly occurring photosynthetic pigments.

Main and accessory photosynthetic pigments

- Main pigment

1

Chlorophyll a is the most abundant pigment in most plants. Its absorption peaks
are 430nm (blue) and 662nm (red). It emits an electron when it absorbs light.

- Accessory pigments

f

Chlorophyll b is similar to chlorophyll a, but its absorption peaks are 453nm and
642nm. It has a similar role to chlorophyll a, but is not as abundant.

1 Carotenoids : carotene and Xanthophylls.

The combination of all of the pigments increases the range of colors that plants can use
in photosynthesis.
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Chlorophyli a: o-—* —CH,

Y

Chlorophyli b: °= —C A

Chlorophill molecule.

Absorption spectrum and action spectrum of chloroplast pigments

a N
b chlorophyli a
v carotenoids
()
c
3
2
0
<
400 450 500 550 600 650 700

Wavelength of light/nm

Absorption spectra of chlorophylls a and b, and carotenoid pigments.

o

Rate of photosynthesis

400 500 550 600
Wavelength of light/nm

Photosynthetic action spectrum. J
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An absorption spectrum is a graph showing the percentage of light absorbed by
pigments, for each wavelength of light.

An example is the absorption spectrum of chlorophyll a and b.

1 The best absorption is seen with violet-blue light.
1 There is also good absorption with red-orange light.
1 Most of the green-yellow light is reflected and therefore not absorbed. This

wavelength of light shows the least absorption.

The action spectrum of photosynthesis is a graph showing the rate of
photosynthesis for each wavelength of light. The rate of photosynthesis will not be the
same for every wavelength of light.

1 The rate of photosynthesis is the least with green-yellow light (525 nm-625 nm).
1 Red-orange light (625nm-700nm) shows a good rate of photosynthesis.
1 The best rate of photosynthesis is seen with violet-blue light (400nm-525nm).

The wavelengths that is does not absorb are reflected from it.

Chlorophyll Is the main pigment contained in chloroplasts. It looks green because it
reflects green light. Other wavelengths (colours) of light are absorbed.

llle diagram shows the wavelengths of light absorbed by the various pigments found

in chloroplasts. These graphs are called absorption spectra.

If we shine light of various wavelengths on chloroplasts containing different pigments,
we can measure the rate at which they give off oxygen. These graphs are called action
spectra.
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# 85 The light-dependent reactions, Photophosphorilation

NADPH

Chlorophyll molecules in photosystern | (PSI) and photosystern 1l (PSII) absorb light
energy. The energy excites electrons, raising their energy level so that they leave the
chlorophyll. The chlorophyll is said to be photo-activated.

PSII contains an enzyme that splits water when activated by light. This reaction is

called

photolysis (‘splitting by light'). The water molecules are split into oxygen and

hydrogen atoms. Each hydrogen atom then loses its electron, to become a positively
charged hydrogen ion (proton), H+.

The electrons are picked up by the chlorophyll in PSII, to replace the electrons they lost.
The oxygen atoms join together to form oxygen molecules, which diffuse out of the
chloroplast and into the air around the leaf.

9H,0 — BNt o 41 4 de- 1 0,

&,

©Cty,
de- °’7{,”"sp
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n\ “hajs, 2 NADP* + 2H'

Higher
Lk “Ferredoxin
g de" A —
E 4 Photons 2 NADPH
o
)
:. - Pbotons ‘
s 1 S\ , ATP 12¥
c N\ ‘\\ “\ < L 2 o - . 3
w N\ g g —, produced via <
st * - proton-motive force - Photosystem |

Lower

—r

+  Photosystem Il
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The light- dependent reactions. Credit: Pears education.

The electrons emitted from PSII are picked up by electron carriers in the membranes of
the thylakoids. They are passed along a chain of these carriers, losing energy as they
go. The energy they lose is used to make ADP combine with a phosphate group,
producing ATP. This is called photophosphorylation. At the end of the electron carrier
chain, the electron is picked up by PSI, to replace the electron the chlorophyll in PSI had

lost.

The electrons from PSI are passed along a different chain of carriers to NADP. The
NADP also picks up the hydrogen ions from the split water molecules. The NADP

becomes reduced NADP.

We can show all of this in a diagram called the Z-scheme. The higher up the diagram,
the higher the energy level. If you follow one electron from a water molecule, you can

see how it
A is taken up by PSI |
A has its energy raised as the chlorophyll i
A loses some of this energy as it passes alo
A is taken up by PSI
A has its energy raised agaln as the chlorop
A becomes part of a reduced NADP mol ecul e
”ﬁ\o(osystem Chain of electron
High energy | cc:mars
electron —&——=
? X \ O Oxidised
\ +
Photosystem) AO\ NADP
i ADP + P,
(PE \ ATP \ Reduced
— Light
Energy \/_\ g i o NADP
level L:’:
\ /
7 nght\ } : 7
Chain of electron
0 f_/ carriers
¥ ¥ Lo s
0, H G 4

Summary of the light-dependent reactions of photosynthesis — the Z-scheme

At the end of this process, two new substances have been made. These are ATP and
reduced NADP. Both of them will now be used in the next stage of photosynthesis, the

light-independent reactions.
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Non-cyclic and cyclic photophosphorylation

The sequence of events just described and shown in the flow diagram above is known
as non-cyclic photophosphorylation.

There is an alternative pathway for the electron that is emitted from PSI. It can simply be
passed along the electron transport chain, then back to PSI again. ATP is produced as it
moves along the electron transport chain (photophosphorylation). However, no reduced
NADP is produced. This is called cyclic photophosphorylation.

A

Electron ATP
transport
chain

Excited

electrons Energy for

(2 &) production

of ATP
Light Electron carrier
Chlorophylil

(a) Cyclic photophosphorylation

A Electron

transport _
chain

Excited Energy for

electrons production

(2e) of ATP

NADP*
Light C, .;

H* + H*

{b]} Noncyclic photophosphorylation
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—»— flow of electrons in non-cyclic photophosphorylation\

flow of electrons in cyclic photophosphorylation

B
chains of electron carriers
42e
4
ADP+F, NADP + 2H*
s
H,0 primary pigment reduced
%02 photosystem | NADP
2H* g
primary pigment light
photosystem |l
easing g
energy
level light )
Z- cheme.

Video: Photosynthesis
https://www.youtube.com/watch?v=YeD9idmcX0w
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#86 The light-independent reactions (Calvin cycle)

The light-independent reactions take place in the stroma
of the chloroplast, where the enzyme ribulose
bisphosphate carboxylase, usually known
as rubisco, is found.

— L

(3) Carbon Dioxide (CO3)

The Calvin Cycle
(Light-Independent Reactions)
(3) Ribulose 1,5-bisphosphate (RuBP) (60) - ‘ 6) &phosphoglycerate (PGA) (3C)

wﬂmi

3ADP + 3P e fixation “TP )
Phase 3 : o N .
RuBp

regeneratnon (6) 1,3-bisphosphoglycerate (3C)
Phase 2 6 NADPH |
Reduction <
J 6 NADP* + 6P;
(5) Glyceraldehyde 3-phosphate (3C) , (6) Glyceraldehyde 3-phosphate (G3P) (3C)

Glucose and
other organics @- (1) Glyceraldehyde 3-phosphate (3C) (G3P)

) 3ATP

Carboxylation of RUBP by Rubisco

1. Carbon fixation {0

RuBP
CO2 diffuses into the stroma from the air spaces within / (0)
the leaf. It enters the active site of rubisco, which i

combines it with a 5-carbon compound called ribulose
bisphosphate, RuBP. The reaction is
called carbon fixation.

N\

cjclcicjc]c
o]

The products of this reaction are two 3-carbon molecules,
glycerate 3-phosphate, GP.

\
[c]c]c] 2x 3-PGA


http://3.bp.blogspot.com/-uQP_OHpIOEU/VeBisZA7W8I/AAAAAAAAZZg/GvTc90YG4c0/s1600/calvin+cycle+4.gif
http://3.bp.blogspot.com/-yEY5SJKFG4Q/Vd_plrcnamI/AAAAAAAAZWw/kYb7QJrbS1M/s1600/carboxylation.gif
http://4.bp.blogspot.com/-RGy4xTIU-0Q/VeBhrtrtzwI/AAAAAAAAZZY/uBKPAgEVz64/s1600/calvin+cycle+1.jpg
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2. Reduction

Energy from ATP and hydrogen from reduced NADP are then used to convert the GP
into triose phosphate, TP. Triose phosphate is the first carbohydrate produced in
photosynthesis.

3. RuBP regeneration

Most of the triose phosphate is used to produce ribulose bisphosphate (RuBP), so that
more carbon dioxide can be fixed.

The rest is used to make glucose or whatever other organic substances the plant cell
requires. These include:

1 polysaccharides such as starch for energy storage and cellulose for making cell
walls,

T sucrose for transport,

1 amino acids for making proteins,

1 lipids for energy storage

T nucleotides for making DNA and RNA.

o ©

00000 |Rlbulose bisphosphate (RuBP) | Intermediate OO0

compound

ADP

ATP
/\ 2x! !riose phosphate (TP)I 2x|Gcherate 3-phosphate (GP) |
Triose phosphate can be m

used to make glucose,
other carbohydrates, ADP + P, Reduced NADP
lipids or amino acids.

ATP NADP
The Calvin cycle


http://3.bp.blogspot.com/-3nqkknPo6-o/VeAChFzQY2I/AAAAAAAAZYo/-RuD8ttTqYg/s1600/calvin+cycle.png
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#87 Separating chlorophyll pigments by Thin layer chromatography
(TLC)

Chromatography is a method of separation that relies
on the different solubilities of different solutes in a
solvent. A mixture of chlorophyll pigments is
dissolved in a solvent, and then a small spot is placed
onto chromatography paper. The solvent gradually
moves up the paper, carrying the solutes with it. The
more soluble the solvent, the further up the paper it is
carried.

Paper chromatography is a useful technique in the separation and identification of
different plant pigments.

1 In this technique, the mixture containing the pigments to be separated is first
applied as a spot or a line to the paper about 1.5 cm from the bottom edge of the paper.
1 The paper is then placed in a container with the tip of the paper touching the
solvent. Solvent is absorbed by the paper and moves up the paper by capillary action.

1 As the solvent crosses the area containing plant pigment extract, the pigments
dissolve in and move with the solvent.

1 The solvent carries the dissolved pigments as it moves up the paper. The

pigments are carried along at different rates because they are not equally soluble.
Therefore, the less soluble pigments will move slower up the paper than the more
soluble pigments. This is known as developing a chromatogram.

There are various methods. The one described here uses Thin layer

chromatography (TLC) on specially prepared strips instead of paper. Itis a
chromatography technique for analyzing mixtures by separating the compounds in the
mixture. TLC can be used to help determine the number of components in a mixture, the
identity of compounds, and the purity of a compound. During chromatography, a mobile
phase (eluent) distributes the compounds present in a mixture over a stationary phase
(adsorbent).

The distance traveled by a particular compound can be used to identify the compound.
The ratio of the distance traveled by a compound to that of the solvent front is known as
the Rf value; unknown compounds may be identified by comparing their Rf's to the Rf's
of known standards.


http://2.bp.blogspot.com/-aoBSSZz42V8/VeJ0dGlFctI/AAAAAAAAZbM/_1d-BcvXyFU/s1600/thin+layer+chromatography.jpg
http://3.bp.blogspot.com/-M9ivs9mMpGI/VeLP-5iw2cI/AAAAAAAAZbg/sGEqj8Ol6pw/s1600/TLP.gif
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Rf equation:

Rf = distance traveled by compound
distance traveled by solvent

TS B

Only an outline of the procedure is given here, so you cannot use these instructions to
actually carry out the experiment.

\;?

Cut a TLC plate into narrow Put 2 or 3 grass leaves on a slide, Add 6 drops of
strips, about 1.25 cm wide, so Using another slide scrape the propanone to the
they fitinto a test tube. Do leaves to extract cell contents, extract and mix.
not put your fingers on the
powdery surface.

-
7

/ \
o NG

Transfer the mixture Transfer tiny amounts of the  Touch very briefly with the

to a watch glass. Allow  concentrated extract onto  fine tip of the brush and let

this to dry out almost aspot 1cm from one end of  that spot dry before adding

completely — a warm air  the TLC strip. more. Keep the spot to 1mm

flow will speed this up. diameter if you can. The final
spot, called the origin, should
be small but dark green.



http://4.bp.blogspot.com/-ahncDqgZvfI/VeLROpM2IMI/AAAAAAAAZbs/KIlvESxFw1o/s1600/RF.png
http://3.bp.blogspot.com/-sjDbgSKZ9DI/VeLP-ap9ZKI/AAAAAAAAZbc/WP0TsXJnsCc/s1600/Thin-Layer-Chromatography.jpg
http://2.bp.blogspot.com/-8BOdlzs1yeY/VeJyYwWc5wI/AAAAAAAAZa4/gDGlBTUyboA/s1600/01.png
http://4.bp.blogspot.com/-ahncDqgZvfI/VeLROpM2IMI/AAAAAAAAZbs/KIlvESxFw1o/s1600/RF.png
http://3.bp.blogspot.com/-sjDbgSKZ9DI/VeLP-ap9ZKI/AAAAAAAAZbc/WP0TsXJnsCc/s1600/Thin-Layer-Chromatography.jpg
http://2.bp.blogspot.com/-8BOdlzs1yeY/VeJyYwWc5wI/AAAAAAAAZa4/gDGlBTUyboA/s1600/01.png
http://4.bp.blogspot.com/-ahncDqgZvfI/VeLROpM2IMI/AAAAAAAAZbs/KIlvESxFw1o/s1600/RF.png
http://3.bp.blogspot.com/-sjDbgSKZ9DI/VeLP-ap9ZKI/AAAAAAAAZbc/WP0TsXJnsCc/s1600/Thin-Layer-Chromatography.jpg
http://2.bp.blogspot.com/-8BOdlzs1yeY/VeJyYwWc5wI/AAAAAAAAZa4/gDGlBTUyboA/s1600/01.png

55

@
@
Put the TLC strip in a test Add the running After about 4 minutes
wbe. Mark the tube below solvent to the depth remove the TLC strip.
the pigment spot and of the mark, then Immediately mark the solvent
remove the TLC strip. return the TLC strip front with a needle. You can
to the tubeand seal it.  also mark the centres of the
pigment spots and the origin.

* Measure the distance from the start line to the solvent front. Measure
the distances of each pigment spot from the start line. For each spot,
calculate the Rf value:

_ distance from start line to pigment spot
distance from start line to solvent front

¢ You can use the Rf values to help you to identify the pigments. Rf values

differ depending on the solvent you have used, but typical values might

be:
chlorophyll a 0.60
chlorophyll b 0.50
carotene 095
xanthophyll 0.35

You may also see a small grey spot with an Rf value of about 0.8. This is
phaeophytin, which is not really a chlorophyll pigment, but is a breakdown
product generated during the extraction process.

Video TLC
https://www.youtube.com/watch?v=CmHFVxTxkGs

https://www.youtube.com/watch?v=rbp Qc4jMAc



https://www.youtube.com/watch?v=CmHFVxTxkGs
https://www.youtube.com/watch?v=rbp_Qc4jMAc
http://2.bp.blogspot.com/-W27lEPX-kPM/VeJyiCuQZgI/AAAAAAAAZbA/TB68i_egQlQ/s1600/02.png
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#88 Limiting factors in photosynthesis

A limiting factor is a factor that controls a (% experiment3
process. 25°C;04% CO
temperature and, concentration and
availability of H2O are all factors which can | .
control the rate of photosynthesis. 2
':‘ experiment 3
& 25°C; 0.04% CO,
-
i’é experiment 2
15°C; 0.04% CO,
\ LpE iy .

Usually, only one of these factors will be the limiting factor in a plant at a certain time.
This is the factor which is the furthest from its optimum level at a particular point in time.
If we change the limiting factor the rate of photosynthesis will change but changes to the
other factors will have no effect on the rate.

If the levels of the limiting factor increase so that this factor is no longer the furthest
from its optimum level, the limiting factor will change to the factor which is at that point in
time, the furthest from its optimum level. For example, at night the limiting factor is likely
to be the light intensity as this will be the furthest from its optimum level. During the day,
the limiting factor is likely to switch to the temperature or the carbon dioxide
concentration as the light intensity increases.

Over this range of the graphs, Over this range of the graph, light

light intensity is the limiting intensity is not a limiting factor. If light
factor. If light intensity intensity increases, there is no effect
increases, then the rate of on the rate of photosynthesis. Some
photosynthesis increases. other factor is limiting the rate.
2N = e
Rate of A =

T lrghCO; ||

| concentration |

photosynthesis

71711 Here, carbon dioxide is the
' |~ limiting factor. We can tell
I [l this is so because when the
|| concentration of carbon
e dioxide is increased, the
{Lower CO; || rate of photosynthesis
; concentration | increases (see top curve).

-
.

Light intensity

Limiting factors for photosynthesis


http://2.bp.blogspot.com/-vTU1E7gWTKM/VeMfr476I1I/AAAAAAAAZdE/2E9g39mrW00/s1600/limiting+factors+for+photosynthesis.png
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Effects of changes in light intensity, CO2, H20 and temperature on the rate of

photosynthesis

1. Light intensity

1 This affects the rate of the light-
dependent reaction. The energy that drives
this process is light energy.

1 When the light intensity is poor, there is
a shortage of ATP and NADPH, as these are
products from the light dependent reactions.
Without these products the light independent
reactions can't occur as glycerate 3-phosphate
cannot be reduced. Therefore a shortage of
these products will limit the rate of
photosynthesis.

2. Temperature

1 This affects the rate of the light-
independent reaction. The energy that drives
this process is heat energy.

1 At higher temperatures, molecules have
more kinetic energy so collide more often and
are more likely to react when they do collide.

1 Many enzymes are involved during the
process of photosynthesis. At low temperatures
these enzymes work slower. At high
temperatures the enzymes no longer work
effectively. This affects the rate of the reactions
in the Calvin cycle and therefore the rate of
photosynthesis will be affected.

3. CO2 concentration

1 CO2 is a reactant in photosynthesis.
Normal air contains only about 0.04% CO2.
1 When the CO2 concentration is low, the

amount of glycerate 3-phosphate produced is
limited as CO2 is needed for its production and
therefore the rate of photosynthesis is affected.

Rate of photosynthesis

Light intensity

Rate of photosynthesis at different light intensity
and constant temperature

4
@
=
€
@
2 high light intensity
e
S >
b
Q
£l
—~
low light intensity
T T T
0 5 10 15 20

Temperature/°C

Rate of photosynthesis at different temperature
and constant light intensities.

experiment 3
25°C; 0.4% CO,

experiment 1
25°C; 0.04% CO,

Rate of photosynthesis

expenment 2
15°C; 0.04% CO.

Rate of photosynthesis at different temperature
and different CO2 concentration.
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4. Availability of H20

H20 is a reactant in photosynthesis, but there is usually far more H20O available than
CO2, so even if water supplies are low this is not usually a problem. However, water

supply can affect the rate of photosynthesis indirectly, because a plant that is short of
water will close its stomata, preventing CO2 from diffusing into the leaf.

If the level of anyone of these factors is too low, then the rate of photosynthesis will be
reduced. The factor that has the greatest effect in reducing the rate is said to be the
limiting factor.

Economics of greenhouses
Farmers can use their knowledge of factors limiting the rate of photosynthesis

to increase crop yields. This is particularly true in greenhouses, where the conditions
are more easily controlled than in the open air outside:

1 The use of artificial light allows photosynthesis to continue beyond daylight
hours. Bright lights also provide a higher-than-normal light intensity.

1 The use of artificial heating allows photosynthesis to continue at an increased
rate.

1 The use of additional CO2 released into the atmosphere inside the greenhouse
also allows photosynthesis to continue at an increased rate.

AR

Wil

Artificial light in the green house.

However, the additional cost of providing extra lighting, heat and CO2 has to be weighed
against the increased crop yield and the extra income it will provide. The cost of should
not exceed the additional income it generates for the farmer.


http://2.bp.blogspot.com/-LRPxJZ7bxwU/VeMVH5WoAJI/AAAAAAAAZcU/gNTpBBlYPro/s1600/artificial+light+in+green+house+1.png
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In practice, the farmer will need to find the optimum growing conditions for the crop,
given the costs of providing extra lighting, heat and CO2. Paraffin lamps have
traditionally been used in greenhouses. Their use increases the rate of photosynthesis
because as well as the light generated from the lamps, the burning paraffin produces
heat and CO2 too.

Investigating the effect of environmental factors on the rate of photosynthesis
One way to measure the rate of photosynthesis is to measure the rate at which oxygen

is given off by an aquatic plant. There are various ways in which oxygen can be
collected and measured. One method is shown in the diagram below.

Oxygen — the length of this bubble, If bubbles need
collected over a measured time, to be cleared
represents the rate of photosynthesis. from the tube,

Gapillary tube this reservoir
provides water
\ to do this.
=— % .S

i

) W50 R A LS IR0 B

— Oxygen collects in the flared The three-way tap is turned so that
end of the capillary tube over a a connection is made between the
measured length of time, syringe and the capillary tube (OFF

up). The syringe is very carefully used
to pull the oxygen, collected above
A healthy, photosynthesising the plant, into the capillary tube. The
water plant has its stem collection time is noted and the length

deanly cut under water so of bubble is measured.
that bubbles of oxygen can be

released during photosynthesis.

Apparatus for measuring the rate of photosynthesis

Alternatively, you can make calcium alginate balls containing green algae and place
them in hydrogencarbonate indicator solution. As the algae photosynthesise, they take
in carbon dioxide which causes the pH around them to increase. The indicator changes
from orange, through red to magenta.

Whichever technique is used, you should change one factor (your independent variable)
while keeping all others constant (the control variables). The dependent variable will be
the rate at which oxygen is given off (measured by the volume of oxygen collected per
minute in the capillary tube) or

the rate at which carbon dioxide is used (measured by the rate of change of colour of


http://2.bp.blogspot.com/-y4v9t9MM-LA/VeMgNSCM3EI/AAAAAAAAZdM/ncX5sIr7NJw/s1600/mesuring+rate+of+photosynthesis.png
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the hydrogencarbonate indicator solution).

The independent variables you could investigate are:

1 Light intensity. You can vary this by using a lamp to shine light onto the plant or
algae. The closer the lamp. the higher the light intensity.
1 Wavelength of light. You can vary this by placing coloured filters between the

light source and the plant. Each filter will allow only light of certain wavelengths to pass
through.

T CO2 concentration. You can vary this by adcting sodium hydrogencarbonate to
the water around the aquatic plant. This contains hydrogencarbonate lons, which are
used as a source of carbon dioxide by aquatic plants.

1 Temperature. The part of the apparatus containing the plant or algae can be
placed in a water bath at a range of controlled temperatures.

Video: Limiting factors of photosynthesis

https://www.youtube.com/watch?v=qo8V2G0q268



https://www.youtube.com/watch?v=go8V2GQq268
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#89 Summary of Photosynthesis

1 In photosynthesis, light energy is absorbed by
chlorophyll pigments and converted to chemical
energy, which is used to produce complex organic
molecules.

2 In the light-dependent reactions, water is split by
photolysis to give hydrogen ions, electrons and
oxygen. The hydrogen ions and electrons are used to
reduce the carrier molecule, NADP, and the oxygen is
given off as a waste product.

3 ATP is synthesised in the light-dependent reactions
of cyclic and non-cyclic photophosphorylation. During
these reactions the photosynthetic pigments of the
chloroplast absorb light energy and give out excited
electrons. Energy from the electrons is used to
synthesise ATP.

4 ATP and reduced NADP are the two main products of the light-dependent reactions of
photosynthesis, and they then pass to the light-independent reactions.

5 In the light-independent reactions, carbon dioxide is trapped by combination with a 5C
compound, RuBP, which acts as an acceptor molecule. This reaction is catalysed by the
enzyme ribulose bisphosphate carboxylase (rubisco), which is the most common
enzyme in the world. The resulting 6C compound splits to give two molecules of a 3C
compound, GP (also known as PGA). GP is reduced to carbohydrate, using ATP and
reduced NADP from the light-dependent reactions. This carbohydrate can be converted
into other carbohydrates, amino acids and lipids or used to regenerate RuBP. This
sequence of light-independent events is called the Calvin cycle.

6 Chloroplasts, palisade mesophyll cells and whole leaves are all adapted for the
efficient absorption of light for the process of photosynthesis.

7 When a process is affected by more than one factor, the rate of the process will be
limited by the factor closest to its lowest value. The rate of photosynthesis is subject to
various such limiting factors, including light intensity and wavelength, carbon dioxide
concentration and temperature.

8 A graph of the particular wavelengths of light that are absorbed by a photosynthetic
pigment is called an absorption spectrum, and a graph of the rate of photosynthesis at
different wavelengths of light is called an action spectrum.

9 The different pigments present in a chloroplast can be separated by paper
chromatography.
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1. End-of-chapter questions

1 What arethe products of the light-dependent reactions of photosynthesis?

A ATp, RuBP and reduced NAD
B ATp, oxygen and reduced NADP
C GP, oxygen and reduced NAD
D GP,reduced NADP and RuBP

2 Where in the chloroplast are the products of photophosphorylation used?
A envelope

B granum

C stroma

D thylakoid

3 In parate

experiments, an actively photosynthesising plant was supplied with one of
two labelled reactants:

A water containing the 'O

A carbon dioxide containing the 'O

In which products of photosynthesis would these isotopes be found?

[ 10O T S %
X | \;\\Ilpm(ll-lu—ul by chloroplast grana carbohydrate produced by the chloroplast stcroma
B oxygen produced by the chloroplast stroma carbohydrate produced by chloroplast grana
Sl B beaibosd | : —
C carbohydrate produced by chloroplast grana oxygen produced by the chloroplast stroma
D carbohydrate produced by the chloroplast stroma oxygen produced by chloroplast grana

4 Copy and complete the table to how the adaptations of a dicotyledonous leaf for
photosynthesis. The first row has been competed for you.

| Feature of leaf Adaptation for pholo&yn(huié

7 : g : o
leat mosaic helps pl.mlrm absorb as mudl‘hghl as possible

laree surface area of leaf lamina

transparent upper epidermis

waxy cuticle on upper epidermis

stomata in lower epidermis

| air spaces in spongy mvmphv”
| [ Spaces b ¢ i)

5 Copy and complete the table to show the adaptations of a palisade mesophyll cell
for photosynthesis.


http://4.bp.blogspot.com/-aEzEFlHdtGI/VePYRwhLLfI/AAAAAAAAZdo/VlEv-GjPwZM/s1600/011.png
http://1.bp.blogspot.com/-65aYIy8tF-Y/VePYqYIwEpI/AAAAAAAAZdw/OpvELZ7zNgE/s1600/012.png
http://4.bp.blogspot.com/-aEzEFlHdtGI/VePYRwhLLfI/AAAAAAAAZdo/VlEv-GjPwZM/s1600/011.png
http://1.bp.blogspot.com/-65aYIy8tF-Y/VePYqYIwEpI/AAAAAAAAZdw/OpvELZ7zNgE/s1600/012.png

63

Feature of palisade mesophyll cell [ Adaptation for photosynthesis 1 4

long cells arranged at right angles to the upper epidermis

thin cell walls

|
<‘ large surface arca of contact between cells and air

chloroplasts are restricted to a layer near the outside of the

cell where light can reach them

6 Rearrange the following statements to make a flow diagram of the mechanism of
opening a stoma.

volume of guard cell increases

H+ transported out of guard cells

. water enters guard cells by osmosis
K+ diffuses into guard cells

. guard cells curve to open stoma

. water potential of guard cells falls
K+ channels open

NouAwNE

7 a Explain how the inner membrane system of a chloroplast makes it
well adapted for photosynthesis.

b Copy the table below and insert ticks or crosses to
show which structural features are shared by a plant chloroplast and a
typical prokaryotic cell.

v = structural feature shared; ¥ = structural feature not shared.

| Structural feature Structural feature shared by chloroplast and typical prokaryotic cell

circular DNA

DNA combined with structural protein to form

l}ll'lllll)\lh’lll"

ribosomes about 18 nm in diameter

complex arrangement of internal membranes

pe }Tllxll)}'l\(.ul wall

size ranges overlap

8 a When isolated chloroplasts are placed in buffer solution with a
blue dye such as DCPIP or methylene blue
and illuminated, the blue colour disappears. Explain this observation.

[4]
b Name the compound, normally present in photosynthesis, that is
replaced by the blue dye in this investigation. [1]

[Total: 5]

9 Distinguish between:
a cyclic and non-cyclic photophosphorylation [2]
b photophosphorylation and oxidative phosphorylation [2]


http://3.bp.blogspot.com/-Vd6opJYOPfM/VePYy3WwKKI/AAAAAAAAZd4/XVNuoHd2gCo/s1600/013.png
http://3.bp.blogspot.com/-7hcbDUtosKE/VePZdducTNI/AAAAAAAAZeA/kIBGm-RHrrM/s1600/018.png
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http://3.bp.blogspot.com/-7hcbDUtosKE/VePZdducTNI/AAAAAAAAZeA/kIBGm-RHrrM/s1600/018.png
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c the roles of NAD and NADP in a plant. [2]
[Total: 6]

10 a Draw asimple flow diagram of the Calvin cycle to
show the relative positions in the cycle of the following molecules:

A co2 (I0)
A GP/IPGA (3C)
A triose phosphate (3C)
A RuBP (50).
[4]
b Show the point in the cycle at which the enzyme rubisco is
active. [1]

[Total: 5]

11a Explain what is meant by a limiting factor.
b List four factors that may be rate-limiting in photosynthesis.
c At
low light intensities, increasing the temperature has little effect on the rate of
photosynthesis.
At
high light intensities, increasing the temperature increases the rate of
photosynthesis.
Explain these observations.

[5]
[Total: 10]

12 a Distinguish between an absorption spectrum and an

action spectrum. [4]

b Pondweed was exposed to each of three different wavelengths of

light for the same length oftime. For each wavelength, the number of
bubbles produced from the cut ends of the pondweed were counted and are
shown in the table.

| wavelength of light/nm e s Jimca;nini)er of bubbles produced in unit time
\

"_\\'} ‘ _':
3

|
| 18

Explain these results.

[4]

[Total: 8]


http://4.bp.blogspot.com/-jHPuk3SqkMg/VePbcW0fctI/AAAAAAAAZeU/_NhaQ8ntz0k/s1600/019.png
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2. End-of-chapter answers

1B 2C 3A
4
| Feature of leaf Adapration for photosynthesis
leaf mosaic helps plant to absorb as much light as possible
large surface area of leaf lamina - helps plant to absorb as much light as possible
transparent upper epidermis - allows light to pass through epidermis to mesophyll cells
waxy cuticle on upper epidermis prevents water loss from leaf as light heats it

allows diffusion of carbon dioxide in and oxygen our of leaf when

stomata in lower epidermis
open, and can close to prevent water loss

air spaces in spongy mesophyll - large, moist surface area for gas exchange with mesophyll cells
- 5 T

Fearure of palisade mesophyll cell | Adapration for photosynthesis

long cells arranged at right angles to the upper reduces number of cross walls that might absorb

epidermis . light

cylindrical cells with long air spaces between them | large surface area for contact between cells and air

thin cell walls short diffusion path for carbon dioxide and oxygen
large vacuole surrounded by thin layer of chloroplasts are restricted to a layer near the
cytoplasm outside of the cell, where light can reach them

62,7,4,6,3,1,5
All correct = 4, subtract marks for mistakes.

7 a allows chlorophyll and other pigments to be arranged into photosystems;
provides large surface area for pigments;
increases effi ciency of light harvesting; allows electron carriers to be arranged

appropriately; provides structure for proton gradient for chemiosmosis; anchors
ATP synthase;


http://3.bp.blogspot.com/-Dy1CLs8KAp4/VeZ2RGtUU1I/AAAAAAAAZes/1oO4qekdteE/s1600/020.png
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b

Structural feature shared

Structural feature by chloroplast and typical
prokaryotic cell

circular DNA v

DNA combined with

structural protein to form x

chromosomes

ribosomes about 18 nm 7

in diameter

complex arrangement of «

internal membranes

peptidoglycan wall ®

size ranges overlap v

8 a photolysis of water occurs in light;
H+ released; accepted by DCPIP/methylene blue;
colourless when reduced;
shows O6reducing powerd of chlorombadgt s;

b NADP; [1]
[Total: 5]

9 a cyclic photophosphorylation: electron emitted by chlorophyll of photosystem | returns
to chlorophyll by a series of carriers;

non-cyclic photophosphorylation: electron emitted by chlorophyll of photosystem i
does not return  to that chlorophyll (but is absorbed by photosystem | and electron
emitted by photosystem | is absorbed by
NADP); [2]

b photophosphorylation: synthesis of ATP using light energy in photosynthesis in a
chloroplast; oxidative phosphorylation: synthesis of ATP using energy released from
the electron transport chain in aerobic respiration in a

mitochondrion; [2]

¢ NAD: hydrogen carrier in respiration; NADP: hydrogen carrier in photosynthesis; [2]
[Total: 6]


http://3.bp.blogspot.com/-FsKsfELKoHE/VeaEngyqrGI/AAAAAAAAZe8/QmohJXZn7fw/s1600/021.png
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10 aand b
rubisco
G019 active here
:
)
RuBP (5C)
GP/PGA (3C)

triose phosphate (3C)
[Total: 5]

11 a limiting factor: one factor, of many aff ecting a process, that is nearest its lowest
value and hence is rate-

limiting; [1]
b light intensity; light wavelength; concentration of carbon dioxide;
temperature, [4]

¢ shows that there are two sets of reaction in photosynthesis;

a light-dependent photochemical stage;

a light-independent temperature-dependent stage;

photochemical reactions are not aff ected by temperature; at low light intensities, light
intensity is  the ratelimiting factor;

at high light intensities and low temperatures, temperature is the rate-limiting
factor; [max. 5]

[Total: 10]

12 a absorption spectrum: a graph of the absorbance of diff erent wavelengths of light
by a compound; action spectrum: a graph of the rate of a process, e.g. photosynthesis
at diff erent wavelengths of light; [4] b number of bubbles shows rate of photosynthesis;
rate similar at 450 nm (blue) and 650 nm (red); these are wavelengths that are absorbed
by chlorophyll; rate, much lower/refer to fi gures, at 550 nm (green); very little absorbed
by any pigment; [max. 4]

[Total: 8]


http://1.bp.blogspot.com/-hGF6z6-lH2A/VeaEuJ9PMsI/AAAAAAAAZfE/12B3r0UcRSU/s1600/022.png
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CHAPTER 16 T HOMEOSTASIS

#90 Homeostasis in mammals

In the body of an animal conditions such o g %
) imulus <
as water concentration, temperature, and gl o

glucose concentration must be kept as \
constant as possible. Control systems that

keep such conditions constant are e
examples of homeostasis; this is the e = |
maintenance of constant internal organs) feguan o spne cord) glands)

conditions in an organism.

Some of the physiological factors controlled in homeostasis in mammals are:

core body temperature

metabolic wastes, particularly CO2 and urea

blood pH

blood glucose concentration

water potential of the blood

the concentrations in the blood of the respiratory gases, O2 and CO2.

= =4 -4 -4 -—a -2

The importance of homeostasis

The internal environment of an organism = conditions inside the body in which the
cells function. A cell's immediate environment is the tissue fluid that surrounds it. Many
features of the tissue fluid influence how well the cell functions.

- Temperature:
T low temperatures slow down metabolic reactions;

1 at high temperatures proteins, including enzymes, are denatured and cannot
function

- Water potential:
1 if the water potential decreases, water may move out of cells by osmosis,
causing metabolic reactions in the cell to slow or stop;

1 if the water potential increases, water may enter the cell causing it to swell and
maybe burst

- Concentration of glucose

1 glucose is the fuel for respiration, so lack of it causes respiration to slow or stop,
depriving the cell of an energy source;
1 too much glucose may cause water to move out of the cell by osmosis, again

disturbing the metabolism of the cell.

In general, homeostatic mechanisms work by controlling the composition of blood,
which therefore controls the composition of tissue fluid.
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Homeostatic control mechanisms have at least 3 interdependent
components: receptor, control center, and effector.

Homeostasis

stimulus: deviation

from set point

T

(counteracts)

response
+

effector

sensor

9

control
center

/

- The receptor senses environmental stimuli (external/internal), sending the information
through the nervous system to a control center in the brain or spinal cord. This sensory

information is known as the input.

- The control center, generally the brain, signals an effector (muscles and glands) to
respond to the stimuli (to carry out an action, which is called the output). These actions
are sometimes called corrective actions as their effect is to correct (or reverse) the

change.

Positive feedback enhances or
accelerates output created by an
activated stimulus (any change in a
factor, such as a change in
bloodtemperature or the water
content of the blood).

Negative feedback mechanisms
consist of reducing the output or
activity of any organ or system back
to its normal range of functioning
(e.g. adjusting blood pressure,
metabolism, and body temperature).

Stages in negative feedback

conditions in the body
change from set point

corrective mechanisms
switched off

conditions
returned
to set point

change
detected

corrective
mechanisms activated


http://2.bp.blogspot.com/-cWGPvrz5pjU/Ver37azIBTI/AAAAAAAAZjA/v2pFXx5aIrM/s1600/negative+feedback.png
http://1.bp.blogspot.com/--dCXnfhN1vM/Ver3VTNoHfI/AAAAAAAAZi4/5YlTXN-1xSE/s1600/homeostasis.jpg
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Receptors sense

Factor rises change in tactor.

Factor falls
L —— . et e—— h
above set point. N V. below set point.

Effectors act to Fffectors act to

: \ y
increase factor. \ decrease factor.
\
e } ______
I"
Effectors receive information l
from receptor.
\ A negative feedback control loop.
VIDEO:

Feedback loops
https://www.youtube.com/watch?v=pR12XGWcn0OU

Negative feedback control of temperature

https://www.youtube.com/watch?v=RgjKRJIxvG-k

Negative Feedback Control of Blood Pressure

https://www.youtube.com/watch?v=YOMaqgV9pkwwA



https://www.youtube.com/watch?v=pR12XGWcn0U
https://www.youtube.com/watch?v=RgjKRJxvG-k
https://www.youtube.com/watch?v=YQMgV9pkwwA
http://3.bp.blogspot.com/-zPIOM2wP9qI/Ver5vfANSxI/AAAAAAAAZjM/EGroq1EsBM0/s1600/negative+feedback+1.png
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#91 Thermoregulation - The control of body temperature

One of the most important examples of homeostasis is Thermoregulation
the regulation of body temperature. It involves both
coordination systems - nervous and endocrine. Not all

animals can do this physiologically. W e

B 3cC
B src

28°C

Endotherms

20C 38°C

- Animals (e.g. birds and mammals) that have a constant body temperature at around
35 - 40°C, also called warm-blooded animals.
- Use internal corrective mechanisms to maintain body temperature.

Ectotherms

- Animals that have a variable body temperature.

- Use behavioural mechanisms (e.g. lying in the sun when cold, moving into shade
when hot). Such mechanisms can be very effective, particularly when coupled with
internal mechanisms to ensure that the temperature of the blood going to vital organs
(brain, heart) is kept constant.

We use both!

Thermoregulation

All mammals generate heat and have ways to retain it within their bodies. They also
have physiological methods to balance heat gain, retention of body heat and heat loss
so that they can maintain a constant body temperature. As a result, they are not
dependent on absorbing heat from their surroundings and can be active at any time of
day or night, whatever the external temperature. Most other animals (except birds) rely
on external sources of heat and are often relatively inactive when it is cold.

The heat that mammals generate is released during . Much of the heat is
produced by liver cells that have a huge requirement for energy. The heat they produce
is absorbed by the blood flowing through the liver and distributed around the rest of the
body.

In humans, body temperature is controlled by the thermoregulatory centre in
the hypothalamus. It receives input from 2 sets of thermoreceptors:

- Receptors monitor the temperature of the blood as it passes
through the brain (the core temperature), that remains very close to the set point, which
is 37 °C in humans. This temperature fluctuates a little, but is kept within very narrow
limits by the hypothalamus.

- Receptors in the skin (especially on the trunk) monitor the external temperature.
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Both sets of information are needed so that the body can make appropriate adjustments.
Our first response to encountering hotter or colder condition is voluntary:

- if too hot, we may decide to take some clothes off, or to move into the shade;

- if too cold, we put extra clothes on or turn the heating up!

It is only when these responses are not enough that the thermoregulatory centre is
stimulated. This is part of the autonomic nervous system, so the various responses are
all involuntary.

Thermoreceptors Thermareceptors

in hypothalamus in skin
(detect blood (detect external
temperature) temperature)

Thermoregulatory Centre
in Hypothalamus

Y

smoolh n_ws-:le sweat glands errector p|||l skeletal Adrgnal and
in arterioles muscles in skin muscles thyroid glands
¥ ¥ ¥ ¥ ¥
vasodilation skin hairs stand o ;
Sl EsRatdan sweat up shivering metabolic rate

When we get too hot, the heat loss centre in the hypothalamus is stimulated; when we
get too cold, itis the heat conservation centre of the hypothalamus which is
stimulated.

Core temperature in blood
crezzed increzzed
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Heat conversion centre Heat loss centre
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http://3.bp.blogspot.com/-kPsAUV-dyF4/Veva9bcZQjI/AAAAAAAAZj8/_i29B2pk73k/s1600/thermoregulation+2.gif
http://3.bp.blogspot.com/-PTpS3JouzyQ/VevF_vv6VVI/AAAAAAAAZjs/pzo8dAwkhlU/s1600/thermoregulation+1.jpg
http://3.bp.blogspot.com/-kPsAUV-dyF4/Veva9bcZQjI/AAAAAAAAZj8/_i29B2pk73k/s1600/thermoregulation+2.gif
http://3.bp.blogspot.com/-PTpS3JouzyQ/VevF_vv6VVI/AAAAAAAAZjs/pzo8dAwkhlU/s1600/thermoregulation+1.jpg
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Response to low temperature

If the core temperature decreases, or if the temperature receptors in the skin detect a
decrease in the temperature of the surroundings, the hypothalamus sends impulses to
several different effectors to adjust body temperature:

1 Vasoconstriction - muscles in the walls of arterioles that supply blood to
capillaries near the skin surface contract. This narrows the lumens of the arterioles and
reduces the supply of blood to the capillaries so that less heat is lost from the blood.

1 Shivering - the involuntary contraction of skeletal muscles generates heat which
is absorbed by the blood and carried around the rest of the body.
1 Raising body hairs - muscles at the base of hairs in the skin contract to increase

the depth of fur so trapping air close to the skin. Air is a poor conductor of heat and
therefore a good insulator. This is not much use in humans, but is highly effective for
most mammals.

T Decreasing the production of sweat - this reduces the loss of heat by
evaporation from the skin surface.
1 Increasing the secretion of adrenaline - this hormone from the adrenal gland

increases the rate of heat production in the liver.
Response to high temperature

When an increase in environmental temperature is detectedby skin receptors or the
central thermoreceptors, thehypothalamus increases the loss of heat from the body
andreduces heat production.

1 Vasodilation - the muscles in the arterioles in the skin relax, allowing more blood
to flow through the capillaries so that heat is lost to the surroundings.

T Lowering body hairs - muscles attached to the hairs relax so they lie flat,
reducing the depth of fur and the layer of insulation.

1 Increasing sweat production - sweat glands increase the production of sweat
which evaporates on the surface of the skin so removing heat from the body.

Behavioural responses

The behavioural responses of animals to heat include resting or lying down with the
limbs spread out to increase the body surface exposed to the air. We respond by
wearing loose fitting clothing, turning on fans or air conditioning and taking cold drinks.

When the environmental temperature decreases gradually:

- The hypothalamus releases a hormone which activates the anterior pituitary gland to
release thyroid stimulating hormone (TSH).

- TSH stimulates the thyroid gland to secrete the hormone thyroxine into the blood.

- Thyroxine increases metabolic rate, which increases heat production especially in
the liver.

When temperatures start to increase again, the hypothalamus responds by reducing the
release of TSH by the anterior pituitary gland so less thyroxine is released from the
thyroid gland.
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Effector

Response to low
temperature

Response to high
temperature

Smooth muscles in
peripheral arterioles in the
skin.

- Muscles contract

causing vasoconstriction.

- Less heat is carried from
the core to the surface of the
body, maintaining core
temperature.

- Extremities can turn blue
and feel cold and can even
be damaged (frostbite).

- Muscles relax

causing vasodilation.

- More heat is carried
from the core to the
surface, where it is lost by
radiation.

- Skin turns red.

Sweat glands

No sweat produced.

- Glands secrete sweat
onto surface of skin,
where it evaporates.

- Water has a high latent
heat of evaporation, so it
takes heat from the body.

Erector pili muscles in
skin (attached to skin
hairs)

- Muscles contract, raising
skin hairs and trapping an
insulating layer of still, warm
air next to the skin.

- Not very effective in
humans, just causing
"goosebumps”.

- Muscles relax, lowering
the skin hairs and
allowing air to circulate
over the skin,
encouraging convection
and evaporation.

Skeletal
muscles

Muscles contract and relax
repeatedly, generating heat
by friction and from metabolic
reactions.

No shivering.

Adrenal and thyroid

Glands secrete adrenaline

Glands stop releasing

glands and thyroxine respectively, adrenaline and thyroxine.
which increase the metabolic
rate in different tissues,
especially the liver, so
generating heat.

Behaviour Curling up, huddling, finding | Stretching out, finding
shelter, putting on more shade, swimming,
clothes. removing clothes.

VIDEO

Controlling body temperature
https://www.youtube.com/watch?v=Vip NHuCOrw

Homeostasishttps://www.youtube.com/watch?v=e4YbdGBVFAE



https://www.youtube.com/watch?v=Vlp_NHuC0rw
https://www.youtube.com/watch?v=e4YbdGBvFAE
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#92 Excretion and structure of Kidneys

The kidneys remove wastes from the blood
and are the effectors for controlling the water
potential of the blood. The removal of waste
products generated by metabolic reactions
inside body cells is called Excretion. Some
of these products are toxic, while others are
simply in excess of requirements.

Glomerulus

Bowmans capsule )
Distal tubule

Proximal tubule

Loop of Henle Co'&ii:'r'g
In mammals, the 2 major excretory products
are:
1 CO2 produced by aerobic respiration. CO2 dissolves in H20 to produce a weak

acid, so if too much builds up in body fluids the pH drops, which can damage cells and
disrupt metabolism. CO2 is transported to the lungs dissolved in blood plasma and
excreted in expired air.

1 Nitrogenous excretory products, in particular urea. Excess amino acids cannot
be stored in the body. In the liver, they are converted to urea, CO(NH;),, and a keto
acid. The keto acid can be respired to provide energy, or converted to fat for storage.
The urea dissolves in the blood plasma and is removed and excreted by the kidneys.

The structure and histology of kidneys

Each kidney is supplied with

oxygenated blood through a renal

artery. Blood is removed in

the renal vein. A tube called Cortex
the ureter takes urine from the

kidney to the bladder.
Renal Artery

’ |

S

Renal Vein

Renal Pelvis

Each kidney contains thousands of
microscopic tubes

called nephrons. The beginning of
each nephron is a cup-shaped
structure called a renal

capsule (Bowman's capsule). This
is in the cortex of the kidney. The
tube leads from the renal capsule

Medulla
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down into the kidney medulla, then loops back into the cortex before finally running
back down through the medulla into the pelvis of the kidney, where it joins the ureter.

Renal capsule —F@
'\_1 m — Distal convaluted
> U=

7 |
ol =" ] — 3l — &EH S
convoluted tubule Medulla

Loop of Henla \-/ Collecting duct
/ A Pelvis

Structure of a nephron

Each nephron has a network of blood vessels assodated with it. Blood arrives in

the afferent arteriole (from the renal artery), and is delivered to a network of capillaries,
called a glomerulus, in the cup of the renal capsule. Blood leaves the glomerulus in
the efferent arteriole, which is narrower than the afferent arteriole. This leads to
another network of capillaries that wraps around the nephron, before delivering the
blood to a branch of the renal vein.

Bowman's Proximal
Glomerulus capsule Convoluted Tubule
Afferent
arteriole
;. Distal
+——— Convoluted Tubule

+«— Loop of Henle


http://3.bp.blogspot.com/-TMWbu5qcNpo/Ve1clJPOsnI/AAAAAAAAZlk/oWg932izKfQ/s1600/nephron.png
http://1.bp.blogspot.com/-1bZ5kXrKo2E/Ve2a5Sd6vhI/AAAAAAAAZoA/9q9C5AJAEOg/s1600/nephron2.jpeg
http://3.bp.blogspot.com/-TMWbu5qcNpo/Ve1clJPOsnI/AAAAAAAAZlk/oWg932izKfQ/s1600/nephron.png
http://1.bp.blogspot.com/-1bZ5kXrKo2E/Ve2a5Sd6vhI/AAAAAAAAZoA/9q9C5AJAEOg/s1600/nephron2.jpeg
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The diagrams below show the histology (structure of tissues) of the kidney.

Renal Collecting
capsule duct
Glomerulus

Gapillary
Proxmlul ; Thick
cnvolute segment
tubule

of Loop

= Microvilli of Henlé
Capillary Thin
Distal segment
convoluted of Loop
tubule of Henlé
Histology of the kidney
Blood capillary

Proximal

convoluted
tubule %,

Proximal convoluted

tubule epithelium
Glomerular

Microvilli filrate

Longitudinal section of part of a proximal convoluted tubule


http://1.bp.blogspot.com/-SuEsVgl_MVg/Ve1eL8riZkI/AAAAAAAAZl0/uByNaF-Z4dI/s1600/kidney+2.png
http://4.bp.blogspot.com/-R4YcZcV4Ogk/Ve1edsCWBJI/AAAAAAAAZl8/FZZos7YBLHM/s1600/tubule.png
http://1.bp.blogspot.com/-SuEsVgl_MVg/Ve1eL8riZkI/AAAAAAAAZl0/uByNaF-Z4dI/s1600/kidney+2.png
http://4.bp.blogspot.com/-R4YcZcV4Ogk/Ve1edsCWBJI/AAAAAAAAZl8/FZZos7YBLHM/s1600/tubule.png
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#93 Production of urine in a nephron - Ultrafiltration and reabsorption

Ultrafiltration occurs at the barrier between
the blood and the filtrate in the renal capsule
or Bowman's capsule in the kidneys.

FILTRATE

Water molecules > Positive pressure
@ Blood celis > Negative pressure

Ultrafiltration

The Bowman's capsule contains a dense capillary network called the glomerulus.
Blood flows into these capillaries through the afferent arteriole and leaves through

the efferent arteriole.

(a) Parts of a renal corpuscle
(internal view) Capsular Bowman'’s capsule
space

Proximal
convoluted

tubule 48 5 /
-|Rena| Artery I
i = ) capsule

Glomerulus il
349
22 Afferent
1 visceral layer A arteriole
of glomerular (Bowman's) 4 /
capsule Juxtaglomerular
cell

Pedicel

‘l"

o N\ N
Encononmlor \ Qe

— Efferent

glomerulus A \ 3 arteriole
)
Pedicel ) )

ciden e R a5 " |Renal Vein |

The blood in a glomerulus is separated from the space inside the renal capsule by:


http://4.bp.blogspot.com/-YWJGLQiYdg0/Ve2UAD_OusI/AAAAAAAAZno/byFXVYWYI9Q/s1600/ultrafiltration.jpg
http://1.bp.blogspot.com/-lqTDZJazljA/Ve2PjZV028I/AAAAAAAAZnI/lGyvpQFktHQ/s1600/kidney+4.png
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A t he c a peandothaliuny) which Is bne ¢ell thick and has pores in it;

A tbhsement membrane of the wall of the renal capsule;

A the layer of cells making upoddcyies;theselcdlls of t
have slits between them.

Urine

Endothelium
ESL

The blood in a glomerulus is at a relatively high pressure, because the efferent arteriole
is narrower than the afferent arteriole. This forces molecules from the blood through
these three structures, into the renal capsule.

The pores in the capsulary endothelium and the slits between the podocytes will let all
molecules through, but the basement membrane acts as a filter and will only let small
molecules pass through.

- Substances that can pass through include water, glucose, inorganic ions such as Na+,
K+ and Cl- and urea.

- Substances that cannot pass through include red and white blood cells and plasma
proteins (such as albumen and fibrinogen).

- The liquid that seeps through into the renal capsule is called glomerular filtrate.


http://2.bp.blogspot.com/-VyUI0oVA1Ac/Ve1nmtGFMBI/AAAAAAAAZms/0AajsLOdlPg/s1600/glomerulus+2.png
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Comparison of the composition of blood and glomerular filtrate

' Component Blood Glomerular filtrate
' Cells Contains red cells, white | No cells

: cells and platelets

- Water/gdm™ 900 900

( Inorganic ions (including Na*, K* 7 7

'and CI")/gdm™3

' Plasma proteins/gdm™ 45 0

' Glucose/gdm™ 1 1
Urea/gdm-3 0.3 03

Selective reabsorption in the proximal convoluted tubule

Some of the substances that are filtered into the renal capsule need to be retained by
the body. These include:

T much of the water
1 all of the glucose
1 some of the inorganic ions

These substances are therefore taken back into the blood through the walls of the
proximal convoluted tubule. This is called selective reabsorption.

- In selective reabsorption,

: sodium, amine acids and glucose
are reabsorbed from the

filtrate back into the blood

Glomerulus

The cells in the walls of the tubule have many mitochondria, to provide ATP for active
transport. Their surfaces facing the lumen of the tubule have a large surface area
provided by microvilli.

1 Active transport is used to move Na+ out of the outer surface of a cell in the wall
of the proximal convoluted tubule, into the blood.


http://1.bp.blogspot.com/-mmSQfnEWH0E/Ve1fspMzvuI/AAAAAAAAZmI/P8iaQ0Y5CDA/s1600/kidney+3.png
http://1.bp.blogspot.com/-2c8_F9BwBQs/Ve2R1lzf6AI/AAAAAAAAZnU/kEcgPw7Kg8A/s1600/selective_reabsorption2.gif
http://1.bp.blogspot.com/-mmSQfnEWH0E/Ve1fspMzvuI/AAAAAAAAZmI/P8iaQ0Y5CDA/s1600/kidney+3.png
http://1.bp.blogspot.com/-2c8_F9BwBQs/Ve2R1lzf6AI/AAAAAAAAZnU/kEcgPw7Kg8A/s1600/selective_reabsorption2.gif
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] This lowers the concentration of Na+ inside the cell, so that Na+ ions diffuse into
the cell from the fluid inside the tubule. The Na+ ions diffuse through protein transporters
in the cell surface membrane of the cell

1 As the Na+ions diffuse through these transporter proteins, they
carry glucose molecules with them. This is called co-transport. The glucose molecules
move through the cell and diffuse into the blood.

1 The movement of Na+ and glucose into the blood decreases the water potential
in the blood. Water therefore moves by osmosis from the fluid inside the tubule, down a
water potential gradient through the cells making up the wall of the tubule and into the
blood.

Active transport across
apical membrane

Na* CF Na* Glucose Na*
X : . Vitamins

Glucose Vitamins Passive transport across
basolateral membrane

<=l

Blood vessel

Aa a result, the fluid inside the nephron now has:

T no glucose
T a lower concentration of Na+than the filtrate originally had
1 less water than the filtrate originally had

About 50% of the urea is also reabsorbed in the proximal convoluted tubule.
The loop of Henle

Some, but not all, nephrons have long loops of Henle that dip down into the medulla and
then back up into the cortex. The function of the loop of Henle is to build up a high
concentration of Na+ and ClI- in the tissues of the medulla. This allows highly
concentrated urine to be produced. Note that the loop of Henle itself does not produce
highly concentrated urine.


http://1.bp.blogspot.com/-mRY1cuaPnP8/Ve2jmlK9b2I/AAAAAAAAZoQ/iTh738e3nAE/s1600/selective_reabsorption.jpeg
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As fluid flows down the descending limb of the loop of Henle, water moves out of it by
osmosis. By the time the fluid reaches the bottom of the loop, it has a much lower water
potential than at the top of the loop. As it flows up the ascending limb, Na+ and CI- move
out of the fluid into the surrounding tissues, first by diffusion and then by active
transport.

This creates a low water potential in the tissues of the medulla. The longer the loop, the
lower the water potential that can be produced.

Filtrate enters the Filtrate exits the
descending limb. ascending limb.

Interstitial
fluid

Role of loop of Henle
1 Creating a Salt Gradient in the Medulla

1 The function of the loop of Henle is to create a salt bath concentration in the fluid
surrounding the tubule

1 The descending limb of the loop of Henle is permeable to water, but relatively
impermeable to Na+Cl-.

1 The ascending limb of the loop of Henle is permeable to salts, but impermeable to
water

1 This means that as the loop descends into the medulla, the interstitial fluid
becomes more salty (and less salty as it ascends into the cortex)

1 As the vasa recta blood network that surrounds the loop flows in the opposite

direction (counter-current exchange), this further multiplies the effect.


http://2.bp.blogspot.com/-ZrwRivzvRH8/Ve2nZvmcgDI/AAAAAAAAZoc/G-39BrL2duA/s1600/loop.png
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The distal convoluted tubule and collecting duct

The fluid inside the tubule as it leaves the loop of Henle and moves into the collecting
duct has lost a little more water and more Na+ than it had when it entered the loop.
Because more water has been lost, the concentration of urea has increased.

Now, in the distal convoluted tubule, Na+ is actively transported out of the fluid.

The fluid then flows through the collecting duct. This passes through the medulla, where
you have seen that a low water potential has been produced by the loop of Henle. As
the fluid continues to flow through the collecting duct, water moves down the water
potential gradient from the collecting duct and into the tissues of the medulla. This
further increases the concentration of urea in the tubule. The fluid that finally leaves the
collecting duct and flows into the ureter is urine.


http://3.bp.blogspot.com/-57OO6ULQpvg/Ve2prnHNUVI/AAAAAAAAZos/PCYBfJAv4ao/s1600/osmoregulation.jpeg
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Nephron-tubular system

p——— o ——
© Proximal tubule O Distal tubule .
NaCl Nutrients H,0 1. Proximal convoluted

NeCi tubule

2. Descending loop of
Henle

CORTEX ‘ A 3. Ascending loop of
Henle

4. Distal convoluted
tubule

5. Collecting duct

VIDEO

Homeostasis in humans
https://www.youtube.com/watch?v=4WN-cOEdF6I



https://www.youtube.com/watch?v=4WN-cOEdF6I
http://2.bp.blogspot.com/-YW_m17kze7k/Ve2q7JKi58I/AAAAAAAAZo4/5VgHVVkBNL4/s1600/urinary-system.jpg
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#94 Osmoregulation

Fituitary

‘whater Decrease Kidneys

MO DEYIATICM

‘water Decrease Kidneys

\ Fituitary /

is the control of the water content of body fluids. It is part of
homeostasis, the maintenance of a constant internal environment.

It is important that cells are surrounded by tissue fluid of a similar water potential to their
own contents, to avoid too much water loss or gain which could disrupt metabolism. You
have seen that water is lost from the fluid inside a nephron as it flows through the
collecting duct. The permeability of the walls of the distal convoluted tubule and
collecting duct can be varied.

T If they are permeable, then much water can move out of the tubule and the urine
becomes concentrated. The water is taken back into the blood and retained in the body.
1 If they are made impermeabile, little water can move out of the tubule and the

urine remains dilute. A lot of water is removed from the body.

ADH

ADH is antidiuretic hormone. It is secreted from the into the
blood.

When the water potential of the blood is too low (that is, it has too little water in it), this is
sensed by osmoreceptor cells in the hypothalamus. The osmoreceptor cells are
neurones (nerve cells). They produce ADH, which moves along their axons and into the
anterior pituitary gland from where it is secreted into the blood.

The ADH travels in solution in the blood plasma. When it reaches the walls of the
collecting duct, it makes them permeable to water. Water is therefore reabsorbed from
the fluid in the collecting duct and small volumes of concentrated urine are produced.

When the water potential of the blood is too high (that is, it has too much water in it), this
is sensed by the osmoreceptor cells and less ADH is secreted. The collecting duct walls
therefore become less permeable to water and less is reabsorbed into the blood. Large
volumes of dilute urine are produced.

Negative feedback
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The mechanism for controlling the water content of the body, using ADH, is an example
of negative feedback.

When the water potential of the blood rises too high or falls too low, this is sensed by
receptor cells. They cause an action to be taken by effectors which cause the water
potential to be moved back towards the correct value.

In this case, the receptors are the osmoreceptor cells in the hypothalamus, and the
effectors are their endings in the anterior pituitary gland that secrete ADH.

Osmoreceptors in

hypothalamus trigger
release of ADH.

Thirst
Hypothalamus
Drinking reduces
blood osmolarity ADH
to set point. ' \
F Pituitary
Increased gland
permeability
|
Distal .
tubule( }\J\\J
/) |
H,O reab- |« r
sorption helps _ ‘ STIMULUS:
prevent further Increase in blood
osmolarity |~ '\ osmolarity
increase. // \
Collécting duct
‘ Homeostasis:

Blood osmolarity
(300 mOsmiL)



http://2.bp.blogspot.com/-1PDO8lnZNsU/Ve2x96bgq0I/AAAAAAAAZpQ/mRWPqsHT3ZU/s1600/ADH+Feedback.jpg

87

#95 The control of blood glucose

i
The blood glucose Glucagon

concentration is
regulated by negative
feedback control
mechanisms.

(b
Alpha cells

() Add Glucose [

Remove Glucose RISEEE
L]

Beta Cells
lz]

Blood

i lnsulin

Blood glucose concentration should remain at a fairly constant value of about 100 mg
glucose per 100 cm3 of blood.

T If blood glucose concentration falls well below this level, the person is said to

be hypoglycaemic. Cells do not have enough glucose to carry out respiration, and so
metabolic reactions may not be able to take place and the cells cannot function
normally. This is especially so for cells such as brain cells, which can only use glucose
and not other respiratory substrates. The person may become unconscious and various
tissues can be damaged.

1 If blood glucose concentration rises well above this level, the person is said to
be hyperglycaemic. The high glucose concentration decreases the water potential of
the blood and tissue fluid, so that water moves out of cells down a water potential
gradient. Again, unconsciousness can result.

Several hormones are involved in
the control of blood glucose
concentration by negative
feedback. They

Close up view of an
Islet of Langerhans

include insulin and glucagon. Duct

: Delta Cell
Both of these are small proteins.
They are secreted by patches of god Foed
tissue called islets of Pancreatic

Langerhans in the pancreas.
Insulin is secreted by b cells.
Glucagon is secreted by Ucells.

Islet of  Beta Alpha |
Langerhans Cell Cell
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When blood glucose concentration rises too high, this is sensed by the b cells. They
respond by secreting greater quantities of insulin into the blood. The insulin has several
effects, including:

1 causing muscle and adipose tissue cells (fat cells) to absorb more glucose from
the blood,;

1 causing liver cells to convert glucose to glycogen for storage.

1 These effects cause the blood glucose concentration to fall.

When blood glucose concentration falls too low, this is sensed by the Ucells. They
respond by secreting greater quantities of glucagon into the blood. This has several
effects, including:

1 causing liver cells to break down glycogen to glucose, and releasing it into the
blood;
1 causing liver cells to produce glucose from other substances such as amino acids
or lipids.
These effects cause blood glucose concentration to rise.
High blood sugar
Raises Promotes
piepd e insulin
release
Stimulates glycogen
breakdown
Glucagon \
¥ L |
- Pancreas.
Stimulates ~ Insulin
glycogen formation g~
Stimulates
glucose
/T 0i%le uptake
issue cells from Promotes
Lowers blood sugar blood glucagon
release
Low blood sugar

Copyright @ 2001 Benjamin Cummings. an imprint of Addison Wesley Longman, Inc.

Summary:

After eating a meal, blood glucose rises:

A Food eg. starch are hydrolyzed by digestiyv
A Glucose i s ab gubwabimaithe&lood capilsries h e

A Rise in bl ood gdellsofislkets of ldngdrhars in ¢hd paihcseash


http://1.bp.blogspot.com/-UuUslgLXdAI/VfA5sQ_deTI/AAAAAAAAZrA/0MhMSFfobd4/s1600/blood+sugar+regulation+2.png
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A Ilnsulin is secreted into the bloodstre
A - Promotes the uptake of glucose by the
A Glucose themncogeaonverted to gl
During exercise, blood glucose concentration falls:
A Det e ctaendd-cddtyof itlets of langerhans in the pancreas
A Fall inhibits further insulin secretio
A Secretion o fcellgihtatedlgpdns by U
A Binds to reclspfacemenbrane | i ver cel
A Activation of phosphoryl ase
A  Promotes conversion of glycogen to gl u
A Promotes gluconeogenesis, the producti
A Glucose is released into the bloodstre
A Fats are broken down and respired
hyperglycemic . e Body cells
> 120mg% Insulin take up more
glucose
Beta celis of Liver takes Blood glucose level
pancreas stimulated up glucose declines to a set point;
to release insulin and stores it as stimulus for insulin
into the blood glycogen release diminishes
High
STIMULUS: ’
Rising blood glucose STIMULUS:
level (e.g., after eating Homeostasis: . Removal'of excess
a carbohydrate-rich glucose glucose from blood
meal) pand jovel * Low blood glucose
level (e.g., after
L ow; skipping a meal)
Blood glucose level
rises to set point;
stimulus for glucagon Alpha cells -
release diminishes of pancreas stimulated
——— / to release glucagon
Liver breaks | 5 Uis load
- down glycogen @~
hypoglycemic and releases Glucagon

< 80mg% glucose to the blood <

Source: Pearson Education.

VIDEO Insulin and Glucagon:
https://www.youtube.com/watch?v=e-3N7w2sWps

Insulin and Regulation of Glucose in the Blood:
https://www.youtube.com/watch?v=0lHez8gwMagw

n


https://www.youtube.com/watch?v=e-3N7w2sWps
https://www.youtube.com/watch?v=OlHez8gwMgw
http://2.bp.blogspot.com/-h3Gp_D8jkSA/VfA46OfkwJI/AAAAAAAAZq4/FnyVwuxU-IA/s1600/blood+sugar+regulation.png
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#96 Control of blood glucose - glucagon

Insulin and glucagon work together as part of
a negative feedback system. As a result of
glucagon secretion, the liverreleases extra
glucose to increase the concentration in the blood.
Muscle cells do not have receptors for glucagon
and so do not respond to it.

This is question 9, taken directly from the specimen

paper for summer 2016 so you won't have to worry

about the phrasing :) It is for glucagon but will work
fine with adrenaline.

(the numbers marked are according to the mark scheme and not the diagram below)
1. glucagon binds to receptors in cell surface membrane (of liver cell)
2. receptor changes conformation
3. G-protein activated
4. adenylate cyclase activated
5. ATP converted to cyclic AMP
6. (cyclic AMP is) second messenger
7. (cyclic AMP) activates kinase protein
8. enzyme cascade: amplifies original signal of glucagon
9. ref. phosphorylase enzyme(s) / glycogen phosphorylase
10. glycogen broken to glucose
11. glucose, diffuses / passes out, of (liver) cell (into the blood)
12. through GLUT2 transporter proteins
13. AVP ; e.g. ref. to stimulating gluconeogenesis

First Extraceliular First
MesSangear fluief messangear
Activa Haormone
Harmone ) G proteln
l\ Inactive

Adanylate cyclase

o G protein

SRkl
BLEY D a vy

——
Inhibits
effector
enzZymea

http://papers.gceguide.com/A%20Levels/Biology%20(9700)/9700_y16_sp_4.pdf
http://papers.gcequide.com/A%20Levels/Biology%20(9700)/9700 y16 sm 4.pdf
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http://4.bp.blogspot.com/-5IA4Crdd2tE/V2TtbuB7cGI/AAAAAAAAcE8/YTrFOyD5Q9oDaIE1PIuc1YY0OKCJIIP2QCK4B/s1600/blood-sugar.png
http://1.bp.blogspot.com/-Fr36yfT2pE4/V2TvUof4a_I/AAAAAAAAcFc/Fyz2YAEK1uYRtFjILXx1eN1aCvMc2yzGQCK4B/s1600/glucagon+mechanism.png
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#97 Urine analysis, dipsticks and biosensors

The presence of glucose and ketones in
urine indicates that a person may Glucose Excessive
have diabetes. If the concentration for these '™ Blood
rises above the renal threshold, then not all
glucose has been absorbed from the filtrate in
the proximal convoluted tubule --> so will be
present in the urine.

bo

A large quantity or long-term presence of protein in the urine indicates

1 disease affecting glomeruli
T kidney infection
T high blood pressure (can lead to heart disease)

1. Dip sticks: test for glucose, pH, ketones, proteins

- urine analysis

- involves 2 immobilized enzymes: glucose oxidase and peroxidase

- shows the sugar level in urine from bladder NOT the current blood sugar level

glucose oxidase :
glucose > gluconolactone + hydrogen peroxide

peroxidase
hydrogen peroxide + chromogen > darker compound

colorless chemical

GLUCOSE - Read at exactly 30 seconds

NEGATIVE % 1/10 2 or more
mg/dl 100 1000 2000+

KETONE - Read at exactly 15 seconds

NEGATIVE trace small moderate large

mg/dl 5 160


http://2.bp.blogspot.com/-BVgTYVZf1Dg/V2UKjsrwWwI/AAAAAAAAcIA/IdeQu8k1I94yQN81DjrZvG8n2RgelvnuQCK4B/s1600/blood+glucose.jpg
http://3.bp.blogspot.com/-mF0PodAIcto/V2T8FPwQkNI/AAAAAAAAcGc/IEGT-IvF_LA5_04SRjXIju1Cz8ERx18VwCK4B/s1600/glucose+dipstick.png
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2. Biosensor: allows people with diabetes to check their blood to see how well they are
controlling their glucose concentration

- blood analysis: quantitative data
- a pad impregnated with glucose oxidase catalyses reaction to form gluconolactone
--> generates tiny electric current that is detected by electrode and is read by a meter

Exam question: question 9, specimen paper 2016

(b) Outline how a dip stick can measure the concentration of glucose and suggest advantages of
using an electronic biosensor instead of a dip stick. [6]

method

stick dipped into urine ;

glucose oxidase (on stick) reacts with glucose (in urine) ;
forms gluconolactone ;

and hydrogen peroxide ,

(hydrogen peroxide) reacts with chromogen (on stick) ;
catalysed by peroxidase enzyme ;

colour produced matched against chart ; (max 4)

DN N

advantages
8. electronic biosensor does not involve colour matching ; ora
A ref to subjectivity of results from dip sticks
9. gives a specific reading, not a range of values (if not an exact match to a colour) ; ora
10. biosensor gives a digital reading so no need to interpret a colour chart ;
11. biosensor can be re-used again ; ora (max 3)

http://papers.gceguide.com/A%20Levels/Biology%20(9700)/9700_yl16 sp_4.pdf
http://papers.gceguide.com/A%20Levels/Biology%20(9700)/9700_y16 _sm_4.pdf
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http://2.bp.blogspot.com/-rLNwXb2v8-I/V2UKDfj5WVI/AAAAAAAAcH4/j0hQI8biJD8jxWOeQLCfu2iCupNukp8FgCK4B/s1600/biosensor+a+level.jpg
http://2.bp.blogspot.com/-SVBC9_jC-VU/V2UJhr2AEOI/AAAAAAAAcHs/FVEpT9n8hZQcywOi3W04X8rplUdWDBCogCK4B/s1600/dipstick+exam+question.png
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#98 Homeostasis in plants

Stomata have daily rhythms of opening and closing and also respond
to changes in environmental conditions to
- allow diffusion of CO,

- regulate water loss by transpiration

Stomata open due to: Stomata close due to:
T high light intensity T darkness
1 low concentration of CO, 1 high concentration of CO,
1 low humidity
1 high temperature
q water stress
Opening and closing of stomata
Open Stomata Closed Stomata
H, < O K+ H,0
K+ )
K+ H,0 H,0 H,0
K+
K-ﬁﬁ K+ K+
H,0 o€
2 K+
1. ATP powers proton pumps to actively transport H" out of cell
2. There is a low concentration of H" and negative charge inside the cell -->
K" channels open --> K*diffuse in
3. High concentration of K* inside the cell decreases water potential
4. Water moves in via 0Smosis
5. Water entry increases the volume of the guard cell, causing it to expand --

> open


http://1.bp.blogspot.com/-v4gBmmzbWoY/V2ZxNa9ralI/AAAAAAAAcJY/LGnKx4IoGXoH0s9xwb5vIsf34ZjcNqHagCK4B/s1600/stomata.jpg
http://4.bp.blogspot.com/-eZZFWe2b2t8/V2acfR5Ou_I/AAAAAAAAcKY/TLjVHXt1P7MCwAg5q8x48gNLOeZKjwRVwCK4B/s1600/stomata+open+close.gif
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Structure of stomata

Each stomatal pore is surrounded by 2 guard cells. Guard cells:

1 open when turgid (gain water)
1 close when flaccid (lose water)
Guard cell Chloroplasts Epsdermal cell Nucleus

Abscisic acid and stomatal closure

Abscisic acid (ABA) is a stress hormone that is secreted in response to difficult
environmental conditions such as very high temperatures or much reduced water
supplies. ABA triggers the closure of stomata to reduce transpiration and prevent
water loss.

ABA binds to cell surface receptors
1 inhibits proton pumps: stop H" pumped out
1 stimulates movement of Ca”" through the cell surface membrane and tonoplast

Ca’" acts as a 2nd messenger to activate channel proteins to open that allow
negatively charged ions to leave the guard cell. This in turn

1 opens channel proteins that allow K*to leave the cell
1 closes channel proteins that allow K to enter the cell
1 --> net movement: K* leaves cell

Loss of ions = higher water potential inside cell = water passes out by osmosis = guard
cells become flaccid --> stomata close


http://2.bp.blogspot.com/-3UrJeemk3ho/V2Z7yyWm2HI/AAAAAAAAcJ8/TR8Cgsa9iQ49IhY0qNZ33h7-pKtGDKDrwCK4B/s1600/open+close+stomata.jpg
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#99 Control and co-ordination in mammals, the nervous system

Humans, like all living organisms, can respond to changes in

environment and so increase survival. Humans have e %
2 control systems to do this: the nervous system and e g B

"'.I 7

the endocrine (hormonal) system. The human nervous N Rt
system controls everything from breathing and standing = ‘,j T; 3
upright, to memory and intelligence. It has 3 parts: detecting =y "/ ,

stimuli, coordinating and effecting a response. iy S

=

&

-
-

Stimuli are changes in the external or internal environment, such as light
waves, pressure or blood sugar. Humans can detect at least nine
external stimuli and dozens of internal stimuli, so the commonly-held
believe that humans have just five senses is obviously very wide of the
mark!

Receptor cells detect stimuli. Receptor cells are often part of sense
organs, such as the ear, eye or skin. Receptor cells all have special
receptor proteins on their cell membranes that actually do the sensing, so
Airecept or 0 glgrmean acpmiein, a cell an a group of cells.

The coordinator is the name given to the network of interneurones
connecting the sensory and motor systems. It can be as simple as a
single interneurone in a reflex arc, or as complicated as the human brain.
Its job is to receive impulses from sensory neurones and transmit
impulses to motor neurones.

Effectors are the cells that effect a response. In humans there are just
two kinds: muscles and glands. Muscles include skeletal muscles,
smooth muscles and cardiac muscle, and they cause all movements in
humans, such as walking, talking, breathing, swallowing, peristalsis,
vasodilation and giving birth. Glands can be exocrine i secreting liquids
to the outside (such as tears, sweat, mucus, enzymes or milk); or
endocrine i secreting hormones into the bloodstream.

Responses aid survival. They include movement of all kinds, secretions
from glands and all behaviours such as stalking prey, communicating and
reproducing.

Coordination

7
_-"'."
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/

:, _,-"}‘;-"? 'II”'ITI

o
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.t —
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Horge well

Stimulus

|

Receptor

!

Coordinator

l

Effector

!

Response

In multicellular organisms, such as plants and animals, it is essential that cells can

communicate with each other. This allows them to coordinate their activities

appropriately. Organisms have specialised cells or molecules, called receptors, which
are sensitive to changes in their internal or external environment. These trigger events in
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the organism that bring about coordinated responses to the environmental changes.
1) Nervous and endocrine systems as communication systems
a. The basic similarities of 2 systems:

- Provide the body with methods to communicate with its internal and external
environments in order to coordinate responses.

- Employ chemicals to transmit messages and respond to stimulus caused by changes
in their environments.

b. The differences in response times and how they work.

- The nervous system responds to stimuli by sending electrical action potentials along
neurons, which in turn transmit these action potentials to their target cells using
neurotransmitters, the chemical messenger of the nervous system. This response to
stimuli is near instantaneous.

- Hormones are synthesized at a distance from their target cells, and travel through the
bloodstream or intercellular fluid until they reach these cells. Upon reaching their target
cell, the hormones act on the cell to increase or decrease the expression of specific
genes. This process takes significantly longer, as hormones must first be synthesized,
transported to their target cell, and enter or signal the cell. Then, the target cell must go
through the process of transcription, translation, and protein synthesis before the
intended action of the hormone is seen. Although hormones act more slowly than a
nervous impulse, their effects are long lasting. Additionally, target cells can respond to
minute quantities of hormones and are sensitive to subtle changes in hormone
concentration.

c. The nervous and endocrine systems work together to maintain homeostasis.

The endocrine and nervous systems work independently to carry out unique functions
by different methods with some similar elements. However, they do work together to
control and co-ordinate the internal environment of the animal.

The nervous system responds rapidly to short-term changes by sending electrical
impulses.

The endocrine system brings about longer-term adaptations by sending out chemical
messengers (hormones) into the bloodstream.

2) Nerve cells/Neurones

The nervous system composed of nerve cells, or neurones. A neurone has a cell

body with extensions leading off it. Several carry nerve impulses towards the
cell body, while a single long axon carries the nerve impulse away from the cell body.
Axons and dendrons are only 10um in diameter but can be up to 4m in length in a large
animal (a piece of spaghetti the same shape would be 400m long)! A nerve is a discrete
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bundle of several thousand neurone axons.

Cell
body

Node of
Axon ranvier

Nucleus

cytoplasm

BS

dendrite

myelin Nerve

dendron A
sheath ending

Neurone structure.

Nerve impulses are passed from the axon of one neurone to the dendron of another at
a synapse. Numerous dendrites provide a large surface area for connecting with other
neurones.

Most neurones also have many companion cells called Schwann cells, which are
wrapped around the axon many times in a spiral to form a thick lipid layer called

the myelin sheath. The myelin sheath provides physical protection and electrical
insulation for the axon, which greatly speeds up the transmission of action

potentials. There are gaps in the sheath, called nodes of Ranvier. Not all neurones are
myelinated.

/ \ - Node of Ranvier
A \\ )~
o ;} J \/< 17 Layers of myelin
o '-,‘.. ' g o
~Z V&P )/ \
~ " Schwann )
A J\ cell A . —\ \ J
¢ ,-ﬁ\‘ NN Schwann : AN\ /]
~ —~C }L/J-sﬂ'”/ ¥ = v‘: cell »\/
SO 0
At Nodes of N\ ,; Nucleus of
Myelin sheath Ranvier Schwann cell

Myelin sheath and Schwann cells.

Humans have 3 types of neurone:
1 Sensory neurones have long dendrons and transmit nerve impulses from
sensory receptors all over the body to the central nervous system.


http://3.bp.blogspot.com/-10ombZj67lI/VfGUpurupTI/AAAAAAAAZtk/WsoOlMqx3mc/s1600/neurone.png
http://2.bp.blogspot.com/-vLDhT8feieQ/VfFoRABGgiI/AAAAAAAAZs4/LPvd3X7xEcQ/s1600/myelin+sheath+and+Schwann+cells.png
http://3.bp.blogspot.com/-10ombZj67lI/VfGUpurupTI/AAAAAAAAZtk/WsoOlMqx3mc/s1600/neurone.png
http://2.bp.blogspot.com/-vLDhT8feieQ/VfFoRABGgiI/AAAAAAAAZs4/LPvd3X7xEcQ/s1600/myelin+sheath+and+Schwann+cells.png
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T Motor neurones have long axons and transmit nerve impulses from the central
nervous system to effectors (muscles and glands) all over the body.
1 Interneurones (also called connector neurones or relay neurones) are much

smaller cells, with many interconnections. They comprise the central nervous system.
99.9% of all neurones are interneurones.

Sensory neurone |

receptor endings

dendrites

axon terminals
axon

¢ : Relay neurone
o L .

axon dendrites

Motor neurone

Node of Ranvier il
Cytoplasm containing many
nbosomes and mitochondrnia

Neurones are highly spectalised cells that are adapted for the rapid transmission of
electrical impulses, called action potentials, from one part of the body to another.

Information picked up by a receptor is transmitted to the central nervous system (brain
or spinal cord) as action potentials travelling along a sensory neurone. These neurones
have their cell bodies in small swellings, called ganglia, just outside the spinal cord.

Dorsal root
ganglion

White matter

PR |
Sensory |

neuron|
soma|

Motor neuron Ventral root
soma

Cross Section of Spinal Cord
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. . FLOW CHART OF A REFLEX ARC
The impulse may then be transmitted to
a relay neurone, which lies entirely within
the brain or spinal cord. Stimulus

Automatic
Response

The impulse is then transmitted to many
other neurones, one of which may be

a motor neurone. This has its cell body
within the central nervous system, and a Sensory
long axon which carries the impulse all Neurone
the way to an effector (a muscle or
gland). Synapses -

Effector

Motor
Neurone

Relay
Neurone

‘ Synapses
3) Reflex arc

In some cases, the impulse is sent on to an effector before it reaches the 'conscious'
areas of the brain. The response is therefore automatic, and does not involve any
decision-making. This type of response is called a reflex, and the arrangement of
neurones is called a reflex arc.

Copyright © The McGraw-Hill Comp . P ion reguired for reproduction or display

Spinal cord
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100

#100 Action potentials

Action potentials are rapid changes in potential difference across the membrane.

Schwann cell

e S Depolarized region

& PN (node'_ﬂr Ranvier)
el body| | /"\‘_’ .
\ vl Myelin
4 -+~ . sheath

ﬁ,——’
L . —Axon

Myelin: specialized cells called Schwann cells wrapped along the axon.

- Schwann cells are made of lipids and proteins

- many Schwann cells form the myelin sheath A affects the speed of conduction of
electrical impulses

Transmission of nerve impulses:

- impulse/signals are brief changes in the distribution of electrical charge across the cell
surface membrane A results in action potentials

- caused by the rapid movement of Na“ and K" ions into and out of the axon

Resting potential

- inside the axon: slightly negative

- potential difference: -60mV to -70mV (potential inside the axon is less than that outside
the axon)

Neurones, like all cells, have sodium-potassium pumps in their cell surface
membranes. However, in neurones these are especially active. By active transport,
they pump out 3 Na" ions for every 2 K" ions brought in.

e

B o o o o o e e T e T o T b o o o o o o o o o SR S S

open Closed no open
channel | | channel channel cha_nnel.

Force of Diffusion

Kf
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- the resting potential is produced and maintained by Na* and K* ion pumps:
1 membrane proteins

1 uses energy from the hydrolysis of ATP for active transport of ions

- there are more channels for K* ions; large, negative molecules inside cell attracts
K" ions A less K" ions diffuse out A there is an overall excess of negative ions inside
the membrane

Action potentials - the rapid change in potential difference across the membrane
- caused by the change in permeability of the membrane to Na* and K" ions

- voltage gated channels for Na* and K* ions : opens or closes depending on the
potential difference across the membrane

When a receptor receives a stimulus, this can reduce the potential difference

across the membrane, which causes sodium ion channels to open. This allows sodium
ions to flood into the cell, down an electrochemical gradient. (The 'electro’

gradient refers to the difference in charge across the membrane. The ‘chemical’ gradient
is the difference in concentration of sodium ions.)

1 depolarization: Na* channels open A Na' enter A potential difference is less
negative on the inside (now at approx. +30mV)

1 potential difference reaches the threshold potential A generates an action
potential

1 repolarization: Na* channels close, K* channels open A outward movement of
K" down their electrochemical gradient removes the positive charge inside the axon

This sequence of events is called an action potential.

1 refractory period: period of time where the axon is unresponsive, recovering
from an action potential (restoring its resting potential); another action potential cannot
be generated until this period is over

. . f . ial Action
Transmission of action potentla S potential

+40

neurone
This

An action potential generated in one part of a
travels rapidly along its axon or dendron.
happens because the temporary
depolarisation of one part of the

membrane sets up local circuits with the
either side of it. These cause depolarisation
regions as well. The nerve impulse therefore -55
sweeps along the axon. 70

Voltage (mV)

areas on
of these

Resting state

*Action potentials only take place at the
, Where there is no myelin present.

Time (ms)
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How an action potential carries information
- action potentials have same:
1 size (same amplitude)

1 speed at which the action potential travels by

- action potentials have different:
1 frequency

1 number of neurones carrying an action potential

---> acts as a representation of the strength of the stimulus
- nature of the stimulus: deduced from the position of the sensory neurone

Initiation of an action potential

Receptors are cells or tissues that sense changes in the internal or external
environment. Many types of receptorstransform energy (transducers) from a
stimulus into the energy of an action potential in a sensory neurone.

- Receptors are stimulated: receptor potential rises above threshold potential A action
potential initiated A stimulates sensory neurones to send impulses to CNS

- all-or-nothing law: neurones either do or do not transmit electrical impulses

- threshold levels rarely stay constant

Speed of conduction

- Myelin insulates the membrane of the axon A speeds up rate by which the action

potential travels

-Ailocal <circuitso exist fr omsabateeycormdcdond o t he
where an action potential jumps from one node to the next

- with myelin: speed of conduction is 50 times faster

- diameter of axon increase = less resistance = faster transmission

Curmrent flow depolarises
next node of Ranvier Nex! node

Axon

e
+ A Direction

of propagation

| |

Node of Myelin
Ranvier sheath
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#101 Synapses

Synapse

- point where 2 neurones meet but do not touch
- contains the end of presynaptic neurone +
synaptic cleft + end of postsynaptic neurone

Mechanism of synaptic transmission

—[— For | +— Plasma
‘ membrane of
Presynaptic potential —/ Axon terminal presynaptic cell
cell ,/
4. v
4
@ / vae

Cas ehannel A |
2 Synaptic

k‘/ :ﬂ vesicles
@

® |
Neurotransmitter

= © gh

v —_—

Synaptic _ i
ycle?t . Na* ¥  Neurotransmitter

v bound to receptor
® ¢
\/’ Vil | — Plasma membrane

Postsynaplic of postsynaptic cell

cell

_J_ Receptor

|

1. action potential arrives at presynaptic neurone
2. stimulates opening of voltage-gated channels for Ca”’
3. Ca®" diffuse into cytoplasm of presynaptic membrane

4+5. Ca** cause vesicles containing acetylcholine (ACh i a type of neurotransmitter)
move towards the presynaptic membrane
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6. Vesicle fuses with the membrane, Ach is released and diffuses across the synaptic
cleft

7. Ach temporarily binds to receptor proteins on the postsynaptic membrane; causes
chemically-gated ion channels for Na* to open

8. Na" diffuse through postsynaptic membrane A depolarizes membrane A generates
action potential

9. Recycling of Ach, catalysed by acetylcholinsterase (stops continuous production of
action potentials)

. acetylcholinsterase
Acetylcholine % acetate +

10. choline moves back into the presynaptic neurone

+ acetyl coenzymeA —— &  Acetylcheline

ACh transported back to presynaptic vesicles

Functions of synapses

1. ensures one-way transmission: neurotransmitters
are only released on one side of synapse; receptors on
the other side of synapse

2. integration of impulses: the body of motor neurones
are covered with terminations of multiple relay neurones.
The motor neurone only transmits impulses and initiate
action potentials if the threshold potential is reached.
This ensures that the brain is not overloaded with
sensory information.

3. allowconnection of nerve pathwaysaxons branch out to form more synapses with

multiple neurone#, humans have a wider range of behaviours

| in dangerous situationmformation from 1 neurone spreads throughout the
body to reach many relay neurones and effectors
| decisioamaking in brainmotor neurones have many dendriesarger

surface area for a lot of synapgeseurone can integrate information from many
partsof the body

4. involved inmemory making and learning e.g.: brain receives information about 2

things at the same tin# new synapses form
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#102 Striated muscles

Striated muscles are muscles attached to
the skeleton. They areneurogenic - they
contract when stimulated to do so by
impluses that arrive via motor neurones.

Structure of a striated muscle
- a muscle contains many muscle fibres

- muscle fibres are made up of specialized cells called syncytium

Mitochendricn

Sarcoplasmic Tiubtiles Sarcolemma

reticulum
J J / Thick filament
s

(myosin)

Thin filament

(actin)
Sarcomere
1 Sarcolemma: cell surface membrane
T Sarcoplasm: cytoplasm // large numbers of mitochondria packed between

myofibrils to perform aerobic respiration and produce ATP required for muscle
contraction

1 Sarcoplasmic reticulum (SR): cell surface has large numbers of protein
pumps to transport Ca”" into cisternae of SR

1 T-tubules: deep infoldings into the interior of the muscle fibre

My ofibril
1 Striations: stripes on a muscle fibre, produced by the regular arrangement of

many myofibrils. Each myofibril is made up of parallel groups of thick filaments that lie
between groups of thin filaments.
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Sarcomere

Z line 2l
M line e

Thick: fil t

Thim filament:

thick filaments thin filaments
only anly

Structure of thick and thin filaments
Thick filaments: made of myosin i a fibrous protien with a globular head that points
away from the M-line

Thin filaments: actin )
trupumn

1 actin: globular protein. Many actin
molecules link together to form a chain. 2
chains twisted together form the thin filament
1 tropomyosin (fibrous protein) twisted tropomyosin
around the 2 chains

1 troponin: attached to actin chain at regular intervals
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How muscles contract

Actin
filament

Myosin

/ filament

Shiding/rotation

1. Muscle contracts; Ca®* released from stores in SR and binds to troponin
2. Troponin molecules change shape

3. Troponin and tropomyosin move to different positions on the thin filament to expose
myosin-binding sites on the actin chain; Cross-links form between the thick and thin
filaments

4. Myosin heads tilt and pull actin filaments towards the sarcomere centre
5. ATP hydrolysis forces heads to let go of actin
6. Heads spring back and the process repeats so long as:

T troponin and tropomyosin molecules donot
1 muscles have a supply of ATP
Stimulating muscles to contract:
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Sarcoplasmic
reticulum (SR)

1. action potential arrives at presynaptic neurone

2. stimulates opening of voltage-gated channels for Ca”" to diffuse into cytoplasm

3. Ca* cause vesicles containing acetylcholine (ACh) to move towards the presynaptic
membrane

4. Vesicle fuses with the membrane, Ach is released and diffuses across the
neuromuscular junction; Ach temporarily binds to receptor proteins on the
sarcolemma; causes chemically-gated ion channels for Na* to open

5. Na" diffuse into the sarcolemma A depolarizes membrane A generates action
potential that spreads along the membrane

6. Depolarization of sarcolemma spreads down to T-tubules
7. Channel proteins open: Ca** diffuses out of SR

8. Ca?* binds to troponin. Tropomyosin moves to expose myosin-binding sites on
actin filament; Myosin heads form cross-bridges with thin filaments A sarcomere
shortens.
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Providing ATP for muscle contraction
1. aerobic respiration in mitochondria

2. lactic fermentation in sarcoplasm

3. creatine phosphate: is stored in the sarcoplasm and acts as an immediate source of
energy when ATP in the sarcoplasm runs out

creatine phosphate + ADP » creatine + ATP

- when the demand for energy is slowed down or stopped, ATP
molecules recharge creatine

creatine + ATP - = creatine phosphate + ADP

- when the demand for energy is high, but no ATP is spare to recycle creatine

creatine ——> creatinine
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#103 Hormonal communication
Hormones like adrenaline, insulin, glucagion and ADH

- cell-signalling molecules

- made in endocrine glands; glands are groups of cells
thatsecrete (produce and release) one or more substances
- passed directly into the blood

Steroid hormones are lipid soluble A pass through phospholipid bilayer and binds
to receptor molecules inside the cytoplasm/nucleus and activate processes

Menstrual cycle: changes that reoccur in the ovary and uterus every 28 days involving:
| ovulation
T menstruation: the breakdown and loss of the uterus lining

* uterine cycle and ovarian cycle are synchronized

follicular phase luteal phase
|

[
menstruation

ovarian
cycle

estrogen
pituitary and fa\ |\
ovarian ESH N

J
hormone - = *‘——»____',"

levels PR g2

uterine
cycle

10 12 14 16 18 20 22 24 26 28
days of menstrual cycle

0 2 4 6 8
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The menstrual cycle is coordinated by glycoprotein hormones secreted by the anterior
pituitary gland andovaries

1. During menstruation, the anterior pituitary gland secretes
1 follicle stimulating hormone (FSH)

1 luteinising hormone (LH)

Concentrations of FSH and LH increase over the next few days A control activity of
ovaries i responsible for ovulation

2. In the ovary, owme@nnardd ldcd e becomes the 0
1 the presence of FSH and LH stimulates cells surrounding the follicle to

secrete oestrogen

1 the production of oestrogen induces a negative feedback and decreases the

production and concentration of FSH and LH

Oestrogen stimulates the endometrium to:
1 grow, thicken

1 develop numerous blood capillaries

3. There is a surge of LH secretion and a slight increase in FSH secretion. The high
concentration of LH causes the follicle to burst and shed the gamete into the oviduct.
The remnants of the follicle collapse and forms thecorpus luteum (yellow body)
Corpus luteum secretes:

1 progesterone: inhibits the anterior pituitary gland from secreting FSH and

LH A no more follicles develop

T some oestrogen

A maintains the uterus linngs o t hat ito6s ready to receive a
occurs

4. Low stimulation of the corpus luteum causes it to degenerate. As a result, less
oestrogen and progesterone is secreted and their concentrations decrease A
T endometrium is not maintained A menstruation begins

1 releases inhibition of anterior pituitary gland A FSH gets secreted A another
cycle begins!
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#104 Birth control

®@irth control6 means taking control over i f and whe
couple have a child. It may involve: R £
) o pllleE%_gg ' ”' 3 a
- contraception to prevent fertilisation S :daphragm:mnage,si £
. - -~vag|nalnng = ‘:d“‘.‘"Wpregnanc gﬁ
- use of hormones to prevent pregnancies female ggngrgq@ Y ibirth com s
ocontraceptlon g
! =TS e BE
'S L
o &

1. The birth control pill

The pill contains steroid hormones that suppress
ovulation.

These synthetic hormones break down more slowly in the
body so they act for longer; they are taken as oral

contraceptives
T type 1: progesterone only
1 type 2: progesterone and oestrogen combined

The woman takes one pill daily for 21 days and then stops for 7 days during which time
menstruation occurs.

1 oestrogen and progesterone suppress the secretion of FSHand LH from
the anterior pituitary gland (negative feedback effect). This prevents the
concentrations of FSH and LH from reaching levels that would stimulate ovulation.
1 after 21 days, concentration of oestrogen and progesterone fall (inactive pills
taken). The uterine lining is no longer maintained and menstruation occurs

Progesterone may allow ovulation to occur BUT is still a contraceptive because:

T it decreases the ability of sperm to fertilise egg

T it makes the mucus in the cervix more viscous A mucus is less easily
penetrated by sperm

1

2. The morning after pill
The pill is taken up to 72 hours after a woman has had unprotected sex.

It contains a synthetic progesterone-like hormone:

1 decreases chances of sperm reaching and fertilising the egg

1 prevents pregnancy by stopping the embryo from implanting itself into the uterus
lining
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#105 Venus fly trap
The Venus fly trap is a carnivorous plant that obtains a
supply of nigtrogen compounds

by trapping and digesting small animals, mostly insects.

Anatomy of the Venus fly trap

1 Midrib = hinge

1 2 lobes

1 glands that secrete digestive enzymes

1 3 sensory hairs on each lobe that respond when
they are deflected

nectar-secreting glands to attract insects
stiff outer-edges that interlock to trap insects

f
f

Y

outer edges

lobe

x b

trigger hairs

TR

== midrib/hinge  Jigestive glands
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Electrical communication in plants

1 microelectrodes in leaf cells detect changes in potential difference.

1 depolarisation results from the outflow of CI°

1 repolarisation is achieved by the outflow of K"

1 action potentials travel along cell membranes, from cell to cell

through plasmodesmata

1 these action potentials last longer and travel more slowly than in animal neurones

K_\ deflected

1. Sensory hair is deflected

2. Ca”" channels at the base of the hair opens. Ca* flows in and generates a receptor
potential.

3. Within 20 - 35 seconds, if 2 hairs get stimulated or 1 hair is stimulated twice, an action
potential will spread acroos the lobe --> trap closes

Further stimulation (deflection of hairs) will force the edges of lobes to seal --> more
Ca’* enter cells --> stimulates the exocytosis of vesicles containing digestive enzymes.

Once the insect is digested, the cells on the upper surface of the midrib grow slowly so
the leaf reopens and tension builds in the cell walls of the midrib so the trap is set again.

Adaptations to reduce waste of energy

1 one hair stimulated will not close the trap e.g.: wind, raindrop

1 gap between stiff outer edges allow small insects to escape because they are not
worth it
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#106 Plant hormones - Auxin

Chemical communication in plants

Plant hormones or plant growth regulators are:

- produced in a variety of tissues

- move from cell to cell (by diffusion or active
transport) or carried in xylem sap and phloem sap

Sunny side of stem

Increased auxin causes
cells to grow larger

Auxin produced in

growing tip. \

Sunlight Shady side of stem

Auxin accumlates on the
shady side cause increased
cell elongation, turning
plant to sun.

Auxin

Synthesized in meristems (the growing tips of shoots and tips of roots, where cell
division occurs). It gets actively transported away from the meristems, from cell to
cell and via phloem sap.

Function: controlling growth
1. cell division: mitosis
2. cell elongation (by absorption of water; auxin is involved)
3. cell differentiation
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Mechanism of auxin

Auxin

1. Auxin binds to receptor

2. Stimulates ATPase to pump H" across the cell surface membrane (from cytoplasm to
cell wall, therefore lowering the pH of the cell wall)

3. Potassium ion channels stimulated to open; K™ move into the cytoplasm,
therefore lowering the water potential inside the cytoplasm --> water moves into the
cytoplasm via osmosis

4. Expansins (proteins) are activated by the decrease in pH. Expansins loosen
linkages between cellulose microfibrils.

5. Disruption occurs briefly --> cells expands without losing overall wall strength
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#107 Plant hormones - Gibberellin

Gibberellins are plant growth

regulators that are synthesized in most
parts of plants (mainly in young leaves and
seeds and in stems). They have a role

in seed germination and controlling stem
elongation.

Stem elongation

The height for some plants is partly controlled by their genes. Tallness in pea plants is
affected by a gene with two alleles Le/le

1. dominant allele Le:

T codes for the functional enzyme of the active form of gibberellin GA1 -->
stimulates cell division and cell elongation
1 plant grows tall

2. recessive allele le:

1 caused by a substitution mutation (alanine to theorine amino acid)
1 homozygous recessive lele: no active form of gibberellin
1 plant remains short

Seed germination: of wheat and barley

Seeds are dormant (waiting for the optimum
condition) when first shed from parent plant. It
contains very little water and is metabolically
inactive.

Absorption of water stimulates germination
Embryo synthesizes gibberellin in response to water uptake
Aleurone layer synthesizes amylase in response to gibberellin

Amylase mobilizes energy reserves: hydrolyses startch to maltose.
altose is converted to glucose and respired to release ATP

Ik w0wbdE
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#108 Summary of Homeostasis and Co-ordination

1 Animals and plants have internal communication

systems that allow information to pass between different Uamanaea tanla
parts of their bodies, and so help them to respond to eUILAdIIS
changes in their external and internal environments. ¥ NN

B 7 L »
2 Mammals keep their internal environment relatively i = T g

constant, so providing steady and appropriate conditions
within which cells can carry out their activities. This is
known as homeostasis.

3 Homeostatic equilibrium requires receptors that detect changes in physiological
parameters such as the temperature, water potential and pH of the blood. Effectors are
the cells, tissues and organs that carry out the functions necessary to restore those
parameters to their set points. Homeostatic control systems use negative feedback in
which any change in a parameter stimulates actions by effectors to restore the
parameter to its set point.

4 Excretion is the removal of toxic waste products of metabolism, especially carbon
dioxide and urea. The deamination of excess amino acids in the liver produces
ammonia, which is converted into urea, the main nitrogenous waste product. Urea is
excreted in solution in water, as urine.

5 The kidneys regulate the concentration of various substances in the body fluids, by
excreting appropriate amounts of them. Each kidney is made up of thousands of
nephrons and their associated blood vessels. The kidneys produce urine by ultrafiltration
and reabsorption, plus some secretion of unwanted substances. Different regions of a
nephron have different functions, and this is reflected in the structure of the cells that
make up their walls.

6 Blood is brought to the glomerulus in an afferent arteriole. High hydrostatic pressure

in the glomerulus forces substances through the capillary walls, the basement

membr ane and i nner | i leiThef@asenent Beminrama acE asac ap s u
filter, allowing only smal/l mol ecul es throug
and then enters the proximal convoluted tubule, where most reabsorption occurs by

diffusion and active transport; substances are also reabsorbed in the distal convoluted

tubule and collecting duct. The loop of Henle acts as a counter-current multiplier,

producing high concentrations of sodium and chloride ions in the tissue fluid in the

medulla. This tissue has a very low water potential. Water is reabsorbed from fluid in the

collecting duct by osmaosis if the body is dehydrated.

7 The water content of the blood is controlled by changing the amount of water excreted
in the urine by the kidneys. This is done by regulating the permeability of the walls of the
collecting ducts to water, and hence the volume of water reabsorbed from the collecting
ducts into the blood. The permeability is increased by the hormone ADH, which is
secreted by the posterior pituitary gland in response to stimulation of osmoreceptors in
the hypothalamus.
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8 Neurones are cells adapted for the rapid transmission of electrical impulses. Sensory
neurones transmit impulses from receptors to the central nervous system (brain and
spinal cord); motor neurones transmit impulses from the central nervous system to eff
ectors; intermediate neurones transmit impulses within the central nervous system. The
three neurones are found in series in reflex arcs that control fast, automatic responses to
stimuli. In vertebrates, the axons of many neurones are insulated by a myelin sheath,
which speeds up transmission.

9 Neurones have a resting potential, which is a potential difference across their
membranes, with the inside having a negative potential compared with the outside; this
potenti al di fference Iis about 1T65 mV. An
potential, caused by changes in permeability of the cell surface membrane to potassium
and sodium ions. Action potentials are always the same size. Information about the
strength of a stimulus is given by the frequency of action potentials produced.

10 Action potentials are propagated along axons by local circuits that depolarise regions
of membrane ahead of the action potential. This depolarisation stimulates sodium ion
voltage-gated channels to open, so that the permeability to sodium increases and the
action potential occurs further down the axon. Axons are repolarised by the opening of
potassium ion voltagegated channels that allow potassium ions to diffuse out of the
axon. After a short refractory period when the sodium channels cannot open, the
membrane is able to respond again. Refractory periods determine the maximum speed
of impulses.

11 Action potentials may be initiated within the brain or at a receptor. Receptors
respond to information from the environment. Environmental changes result in
permeability changes in the membranes of receptor cells, which in turn produce changes
in potential diff erence across the membrane. If the potential difference is sufficiently
great and above the threshold for the receptor cell, this will trigger an action potential in
a sensory neurone. Receptors are transducers converting the energy of stimuli into
electrical impulses.

12 A synapse is a junction between two neurones or between a motor neurone and a
muscle cell. At cholinergic synapses, a transmitter substance, acetylcholine, is released
when action potentials arrive. Impulses pass in one direction only, because transmitter
substances are released by exocytosis by the presynaptic neurone to bind to receptor
proteins that are only found on the postsynaptic neurone.

13 Any one neurone within the central nervous system is likely to have at least several
hundred synapses with other neurones, some of which will be stimulatory and some
inhibitory. This allows integration within the nervous system, resulting in complex and
variable patterns of behaviour, and in learning and memory.

14 Hormones are chemicals that are made in endocrine glands and transported in
blood plasma to their target cells, where they bind to specific receptors and so affect the
behaviour of the cells.

15 The concentration of glucose in the blood is controlled by the action of insulin and
glucagon, which are secreted by the islets of Langerhans in the pancreas and aff ect

act
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liver and muscle cells. The use of negative feedback keeps the blood glucose
concentration near the set point.

16 Plants produce several chemicals known as plant growth substances that are
involved in the control of growth and responses to environmental changes. Auxin is
synthesised mainly in growing tips of shoots and roots, and appears to be involved in
preventing the growth of lateral buds when an intact and active apical bud is present.
Gibberellin is synthesised in young leaves and in seeds. It stimulates growth of stems
and germination of seeds such as those of wheat and barley. Abscisic acid is
synthesised by any cells in a plant that contain chloroplasts or amyloplasts, especially in
stress conditions. The presence of large concentrations of abscisic acid in leaves
causes stomata to close.

1. End-of-chapter questions
1 Which of the following is an incorrect statement about the endocrine system?

A All hormones bind to receptors on the cell surface of their target cells.
B Endocrine glands are ductless.

C Endocrine glands secrete hormones into the blood.

D Hormones are transported in the blood plasma.

2 Glucose is small enough to be filtered from the blood in glomeruli in the kidney, but
is not normally found in the urine. This is because glucose is:

reabsorbed in distal convoluted tubules

reabsorbed in proximal convoluted tubules
reabsorbed along the whole length of the nephrons
respired by cells in the kidney

o0 wm>

3 Which of the following is responsible for saltatory conduction in myelinated
neurones?

A axon membranes

B nodes of Ranvier

C Schwarm cells

D voltage-gated channel proteins

4 Which of the following correctly identifies the effects of the three plant
hormones,abscisic acid (ABA), auxin and gibberellin?
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Abscisic acid Auxin Gibberellin
A apical dominance stomatal closure stem elongation
B stimulates synthesis of amylase stem elongation apical dominance
in seed germination
C stomatal closure apical dominance stimulates synthesis of amylase
in seed germination
D stem elongation apical dominance stglll.u;ll closure

5 The figure shows the changes in potential difference across the membrane of a
neurone over a period of time. The membrane was
stimulated at time A and time B with stimuli of

different intensities.

a Stimulus B resulted in an action potential.
Describe what is occurring at C, D and E. [6]

b  Suggest why stimulus A did not result in
an action potential being produced whereas

stimulus B did.

[2]
[Total: 8]

[Cambridge International AS and A Level Biology
9700104, Question 8, October/November 2007]

6 a Explain the meaning of the term excretion. [3]

Potential difference across membrane
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b The figure is a photomicrograph of part of the kidney.

i Name A, B, Cand D.

[4]

i Identify the region of the kidneyshown in the figure
and give a reason for your identification. [2]

iii Calculate the actual maximum width of the

structure labelled A. Show your working. [2]

[Total: 11]

threshold

Magnification: x180

7 The control of the water content of the blood is an example of homeostasis.
a Name the part of the body that monitors the water potential of the blood. [1]

In an investigation of the factors that influence urine production, a person drank one litre
of water. The person's urine was collected at half-hourly intervals for four hours after
drinking. The results are shown as line A on the figure. On the following day, the same
person drank one litre of a dilute salt solution and the urine was collected in the same
way (line B). Dilute salt solution has about the same water potential as blood plasma.



https://4.bp.blogspot.com/-cECX1kg7lok/V2KJmFLDFHI/AAAAAAAAb8w/8ttpx97S5ZAmjmIZFz1uVNeC6D2Pq3UOgCLcB/s1600/03.png
https://4.bp.blogspot.com/-Qg1-_gq6l_c/V2JhpzUaeWI/AAAAAAAAb8Q/mWrn2qxjJ2M4KADgJNz1_-cmm8Bimsw3gCLcB/s1600/01.png

122

500 5

b Calculate how much urine was
produced in the two hours after
drinking the litre of water. [1]

¢ Explain why the person
produced so much urine after
drinking the litre of water. [4]

d Suggest why the results during
the second day were so different
from those on the first day. [2]

e Explain why negative feedback, Tnk <48 \ : e
and not positive feedback is g r—— r —
involved in homeostatic o 1 $ . : ;
mechanisms. time of drinking

[Total: 13]

400 +

300 4

200 /

Urine output/cm’® per 30 min

100 +

8 Mammals have internal communication systems for signalling between cells.
a Explain why animals such as mammals have internal communication systems. [4]

Organs that secrete substances through ducts are known as exocrine glands. Most of
the pancreas is made up of exocrine tissue. The rest, about 2%, is endocrine tissue
which secretes insulin and glucagon.

b Describe the structure of the endocrine tissue in the pancreas. 5]

An investigation was carried out to determine the response of pancreatic cells to an
increase in the glucose concentration of the blood. A person who had been told not to
eat or drink anything other than water for 12 hours took a drink of a glucose solution.
Blood samples were taken from the person at one hour intervals for five hours, and the
concentrations of glucose, insulin and glucagon in the blood were determined. The
results are shown in the figure.
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c i Explain why the person was told not to eat or drink anything other than water for 12
hours before having the glucose drink. [3]
i Use the information in the figure to describe the response of the pancreatic cells to

an increase in the glucose concentration.

[4]

iii Outline the role of insulin when the glucose concentration in the blood increases.

[5]

9 Gibberellin is a plant growth regulator.

[Total: 21]

a Outline the role of gibberellin in the germination of seeds such as those of wheat

and barley. [5]

In an investigation of the effects of gibberellin, plants of short-stemmed and long-
stemmed varieties of five cultivated species were grown from seed. The young plants of
each species were divided into two groups. One group of plants was sprayed with a
solution of gibberellin each day. A control group was sprayed with the same volume of
water. After eight weeks, the stem length of each plant was measured and means
calculated for each group of plants. A statistical test was carried out to determine
whether the difference between the treatments for each species was significant.

The results are shown in the figure. The p value for each species is given.
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b Using the information in the figure, describe the effect of adding gibberellin solution to
the two varieties of the five species. [5]
¢ Explain why the short-stemmed variety of pea showed a more significant growth in
height when treated with gibberellin than the long-stemmed variety. [3]
d Suggest the advantages of cultivating crops of short-stemmed varieties of peas and
beans rather than long-stemmed varieties. [3]

[Total: 16]

10 Abscisic acid (ABA) is a weak acid. Its structure can be represented as ABA-H. It
dissociates into positively charged H+ ions (protons) and negatively charged ABA-
ions as shown:

ABA-H = ABA+H'
The following observations have been made by scientists:

light stimulates proton (H+ ion) uptake into the grana of chloroplasts;
ABA-H can diffuse into and out of chloroplasts, but ABA- cannot.

This information is summarised in the figure.
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a Using all the information provided, predict what happens to the pH in the stroma in
the light.[1]
b i When light shines on the chloroplast, dissociation of ABA-H is stimulated. Explain
why this happens. [2]

ii Explain the effect that this will have on diffusion of ABA-H into or out of the
chloroplast. [2]

When the mesophyll cells of leaves become dehydrated, some of the ABA stored in
the chloroplasts is released into the transpiration stream in the apoplast,
c ABA travels in the apoplast pathway to the guard cells. Explain why this is an
advantage when the leaf is dehydrated. [2]
[Total: 7]

11 a Explain how a nerve impulse is transmitted along a motor neurone. [9]
b Describe how an impulse crosses a synapse. [6]
[Total: 15]

12 a Describe a reflex arc and explain why such reflex arcs are important. [7]
b Describe the structure of a myelin sheath and explain its role in the speed of
transmission of a nerve impulse. [8]
[Total: 15]

[Cambridge International AS and A Level Biology Paper 41, Question 10,
October/November2009]

13 a Compare the roles of the endocrine and nervous systems in control and
coordination in animals. [8]
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b Describe the part played by auxins in apical dominance in a plant
shoot. [7]
[Total:15]

[Cambridge International AS and A Level Biology 9700/04, Question 10, May/June
2008]

2. End-of-chapter answers

Cambridge International Examinations bears no responsibility for the example answers
to questions taken from its past question papers which are contained in this publication.

1A 2B 3B 4C

5 a C: depolarisation/the inside of the membrane becomes more positive/less negative;
sodium ions/Na+ , flow in;
D: repolarisation/inside of the membrane becomes more negative/less positive;
potassium ions/K+ , flow out;
E: hyperpolarisation/refractory period,;
more negative than resting
potential; [6]

6 a excretion: removal from the body; of waste products of metabolism;
carbon dioxide/nitrogenous waste/urea/uric acid/ any other example;
substances in excess of requirements;
water/salts/sodium ions/potassium ions/any other

example; [max. 3]

b i A: distal convoluted tubule;
B: Bowmandés capsul e;
C: glomerulus/capillary;
D: proximal convoluted
tubule; [4]

ii cortex; glomeruli/convoluted tubules, are only found in the
cortex; [2]

iii distance = 10mm
10 000 pm 2]

10 000
acrual distance = [Total: 11]
180

= 56pum

7 a hypothalamus;

[1]
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b 1555 cm3 (or any answer within the range 1150 to 1160 cm3 or equivalent in dm3

) [1]

c any four from:

water was absorbed into the blood;

water increases the water potential of the plasma;

any effect of an increase in water potential of the plasma on, cells/tissues, e.g. water
enters cells by osmosis/cells will swell/decreases efficiency of reactions inside
cells/cells may burst; osmoreceptors detect increase in water potential; do
not, secrete/release, ADH; collecting ducts  remain impermeable to water; excess
water lost in urine; until water potential returns to normal/
set point;

[max. 4]

d (after absorption of dilute salt solution) no change in water potential of blood plasma;
water and salt is not lost in the urine, so must remain in the body; giving an increase in
volume, of blood or body fl uids; body tolerates changes in blood volume, but not its
water potential; [max. 2]

e homeostasis is maintenance of constant internal conditions;

negative feedback: a deviation from the set point;

is detected by a receptor; a control centre instructs eff ector to carry out an action;

to reverse the change/return factor to set point;

positive feedback: any (small) deviation in a factor leads to an increase in the
change (not a reversal); e.g. opening of voltage-gated sodium ion channels in rising
phase of action potential; [max. 5]

[Total: 13]

8 a animals are multicellular/complex organisms;

cells are long distances apart;

coordination;

of cells/tissues/organs, so that they work together;

regulation of internal environment/ refer to homeostasis;

response to, changes in the environment/external stimuli;

any
example; [max.
4]

b islets of Langerhans;
small groups of cells;
scattered among the exocrine tissue;
blood spaces/ capillaries, in between the cells;
U cel |l s;
b cell s;
cells full of vesicles containing (molecules of), hormones/protein;
cells with rough endoplasmic
reticulum; [max. 5]
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c i glucose concentration may already be high;
if person had eaten within 12 hours;

effect of sudden increase would not be seen/so there was a sudden increase;

may already be a high concentration of

insulin; [max. 3]
ib cells secrete insulin; concent
glucose solution;
Il nsulin concentration increases
U cells do not secrete glucagon;
glucagon concentration, remains constant/decreases;
from 42 to 36 pmol dmi 3
; [max. 4]
i insulin: stimulates, liver/muscle, cells;
increase in uptake of glucose from the blood;
stimulates enzymes; to increase conversion of glucose to glycogen;
brings about a decrease in the blood glucose
concentration; [5]
9 a gibberellin secreted by embryo;
stimulates cells in the aleurone layer;
stimulates protein synthesis;
to make amylase;
to break down starch in the endosperm,;
mobilises glucose;
for respiration;
to provide energy for
germination; [max. 5]

rati on

from 60

[Total: 21]

b gibberellin increases the mean length of the stem in the short-stemmed varieties of

all species;

figures for any one species;

increase is significant in all but one species;

gibberellin increases the mean length of the stem in the long-stemmed
four of the species; not tomato;

increases are not signifi cant; [max.

¢ short-stemmed plants do not make (much) gibberellin;

varieties of

5]

(because) they do not have the allele for the enzyme that makes gibberellin;

long-stemmed variety has dominant allele for gibberellin synthesis;
gibberellin supplied each day promotes growth of
stems; [max. 3]

d less energy used for growth of stem; (therefore) more energy in, peas/beans/seeds;
plants do not need (as much) support; less likely to be damaged by wind; less plant
material to harvest/less wastage at harvest ; [max. 3]

[Total: 16]

of

t

o
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10
a increases; [1]

b i concentration of protons in the stroma decreases (as enter grana); shifts
equilibrium to the
right; [2]

il increases diff usion into the chloroplast; as concentration of ABAT H decreases;

S0 maintaining a concentration gradient into the
chloroplast; [max. 2]

¢ ABA stimulates closure of stomata; less water vapour is lost; [2]

[Total: 7]

11 a resting potential;

anything in the range 1760 to 1T70 mV,;
sodiumi potassium pump uses ATP to pump Na+ out and K+ in;
many anions inside the neurone; resting potential is due to leakage of K+ out;
action potential is depolarisation of membrane;
up to +40 mV;

opening of voltage-gated sodium ion channels/ sodium ions flow in;

closing of voltage-gated sodium ion channels;

voltage-gated potassium ion channels open;

K+ flow out; resting potential restored;

local circuits depolarise next part of, membrane/ axon;

refractory period ensures impulse does not travel backwards;

saltatory conduction in myelinated neurones;

action potential only at nodes of Ranvier;

[max. 9]

b action potential arrives at presynaptic membrane; voltage-gated calcium ion channels
open; calcium ions enter to stimulate vesicles to move to membrane;
vesicles fuse with membrane/ exocytosis, to release (named) neurotransmitter;
(named) neurotransmitter diff uses across (synaptic) cleft;
binds with receptor on postsynaptic membrane;
stimulates opening of sodium ion channel proteins;
sodium ions flow in through postsynaptic membrane/depolarisation of postsynaptic
membrane;

[max. 6]

[Total: 15]

12 areflex arc: to max 51 these points may be on a diagram:

strong stimulus in receptor/AW;

action potential/impulses, along sensory neurone;

dorsal root of spinal nerve; into spinal cord; synapse with intermediate neurone;
(then) motor neurone;

action potential/impulses, to eff ector;

action potential/impulses, to brain;

response; e.g. knee jerk;

other points which may also be given on a diagram: fast/immediate;
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stops/limits, damage/danger;
automatic/no conscious thought;
innate/stereotyped/instinctive; [max. 7]

b myelin sheath: Schwann cells;

wrap around axon;

sheath mainly lipid;

(sheath) insulates axon (membrane);

Na+ /K+ , cannot pass through sheath/can only pass through membrane at nodes;

depolarisation (of axon membrane) cannot occur where there is sheath/only at nodes of

Ranvier;

local circuits between nodes;

action potentials O6jumpb6 between nodes,;

saltatory conduction;

increases speed/reduces time, of impulse transmission;

up to 100 m s11 ;

speedinnon-my el i nated neurones about DMmMag8m sil
[Total: 15]

13 a endocrine system: uses hormones;

which are chemical messengers/chemicals that transfer messages;
secreted/released, into blood by ductless glands;

influence target/organs/cells;

which have receptors on cell membranes;

an example of named hormone and eff ect;

e.g. insulin, stimulates decrease in blood glucose concentration nervous system: use
impulses/action potentials;

not electrical, signals/current along neurones/nerve fi bres;

not nerves synapse (at target cell)/neuromuscular junction;

named neurone;

e.g. receptor/sensory/motor/ eff ector/intermediate/relay

differences between the two systems: endocrine has slow effect/nervous is fast;
endocrine has long-lasting eff ect/nervous has short-term eff ect;

endocrine has widespread eff ect/nervous has very localised effect;

any other detail;

e.g. extra detail of synapse, such as

neurotransmitters [max. 8]

b auxins: indole 3-acetic acid (IAA/plant growth regulator);

synthesised in, growing tips/apical buds/meristems;

moves by diff usion;

from cell to cell;

also, by mass flow/in phloem;

stimulates cell elongation;

not cell enlargement inhibits, side/lateral, buds/ growth accept inhibits branching plant
grows, upwards/ taller;

accept stem elongates interaction between IAA and other plant growth regulators;
AVP; e.qg. role of abscisic acid (ABA) and lateral bud inhibition

AVP; e.g. cytokinins antagonistic to IAA/ gibberellins enhance IAA [max. 7] [Total: 15]
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CHAPTER 177 INHERITANCE
#109 Gametogenesis
Diploid organisms contain pairs of homologous chromosomes.
Homologous chromosomes:
1 a pair of chromosomes in a diploid cell
f same structure, genes, loci

1 pair together to form bivalent during the first division of
meiosis

Haploid: possesses 1 complete set of chromosomes: n
Diploid: possesses 2 complete sets of chromosomes: 2n
Meiosis: reduction division

1 number of chromosomes would double without meiosis
1 introduces genetic variation A mutation

Gametogenesis in mammals
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Gametogenesis in plants
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#110 Meiosis

Meiosis involves two divisions, called meiosis | and meiosis

Il.
Meiosis I:

T reduction division

f resulting in 2 daughter nuclei (haploid) half the number of chromosomes of the

parent nucleus
Meiosis Il

1 behaves like mitosis
f results in total of 4 haploid nuclel

Meiosis |
1. Prophase |

1 centrosomes divide and move to opposite
poles of nucleus --> spindle formation

1 homologous chromosomes pair up --
> crossing over and form bivalents

1 nucleus disappears

1 nuclear envelope breaks down

2. Metaphase |

1 bivalents line up at equator
1 spindles attach to centromere

3. Anaphase |
1 whole chromosomes move to opposite
poles of spindle
1 pulled by microtubules

4. Telophase |

1 nuclear envelope reforms
1 nucleolus reform

Prophase |
(2n=4)

Metaphase |

Anaphase |

Telophase |

Cytokinesis
n=2)

Honae



Meiosis Il
5. Prophase I

1 nuclear envelope breaks down

1 nucleolus disappears
1 centrosomes and

centrioles replicate; move to

opposite poles

6. Metaphase I

1 chromosomes line up separately

across equator of spindle
7. Anaphase Il

1 centromeres divide
1 spindle microtubules

pull chromatids to opposite poles

8. Telophase I
1 4 haploid daughter cells

How meiosis causes variation
Crossing over:

1 prophase of meoisis |

1 chromatids of 2
homologous
chromosomes break and
rejoin --> part of one
chromatid swaps places
with the same part of the
other (exchange of gene
loci between a maternal
and paternal chromatid)

1 chiasmata: point where
crossing over occurs
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Prophase Il
(n=2)

‘ ‘ Metaphase ||
‘ ‘ Anaphase ||
@ @ Telophase Il

“ “ @ (n=2)

duplicated duplicated
maternal paternal

chromosome  chromosome

sister
chromatids
—_——r
non-sister
chromatids

Recombinant organisms result from crossing over and so 'recombines’ the
characteristics of the parent organisms. The cross over value is the percentage of
offspring that belong to the recombinant class.

Independent assortment:

1 random alignment of bivalents on the equator during meiosis |
1 different alleles of genes on different chromosomes may end up in any

combination in gametes
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#111 Terms for human genetics

Studies of human genetic conditions have
revealed the links between genes, enzymes and
the phenotypes.

1 gene: length of DNA that codes for a particular protein/polypeptide

1 locus: position at which a particular gene is found on a particular chromosome;
same gene on same locus

1 allele: particular variety of a gene

1 dominant: the allele whose effect on the phenotype of a heterozygote is identical
to its effect on a homozygote

1 recessive: the allele that is only expressed when no dominant allele is present

1 codominant: alleles that both have an effect on the phenotype of a heterozygous
organism

1 linkage: the presence of 2 genes on the same chromosome so that they tend to
be inherited together and do not assort independently

1 test cross: a genetic cross in which an organsim showing a characteristic caused
by a dominant allele is corssed with an organism that is homozygous recessive --
> phenotype of offspring is a guide to whether the 1st organism is homozygous or
heterozygous

f F1: generation of offspring produced from homozygous dominant x homozygous
recessive genotype

1 F2: generation of offspring produced from cross between 2 F1 organisms

1 phenotype: organisms' characteristics; often resulting from an interaction
between its genotype and the environment
1 genotype: alleles possessed by an organism

[ Genotype ' Phenotype

~ HB"HB" | normal
Hb"Hb® normal, but with sickle cell trait (carrier)
Hh°Hb® sickle cell anaemia

f homozygous: having 2 identical alleles of a gene
1 heterozygous: having 2 different alleles of a gene
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#112 Genetic diagrams

Patterns of inheritance are explained by using genetic
diagrams. Genetic diagrams are the standard way of
showing the genotypes of offspring that might be expected
from 2 parents.

p(

o Sl

In sexual reproduction, haploid gametes are made following meiosis. Each gamete
contains 1 pair or chromosomes = one copy of each gene.

Monohybrid inheritance: Genetic Diagram

inheritance of 1 gene o 7
- b
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Codominance: alleles both
have an effect on

the phenotype of a
heterozygous organism.

- “:f k h
% oW

™



