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a) Light microscopes a) Electron micrographs of plant and animal

. limit of resolution: half the wavelength cells
«  ribosomes (25nm) can't be seen with a light a) Plant cells
microscope as they don't interfere with the light .
waves | A Generalised Plant Cell ‘
wavelength stained mitochondrion
400nm of diameter 1000nm

interferes with light waves 7,, Mitochondrion

Cell walls with Ribosomes
middle lamella

between

Vacuolar membrane

@

5
.

Golgi apparatus (dictyosome)

W

\VAVAVAVAVS VAN

Plasma membrane

stained ribosomes of diameter 25nm
do not interfere with light waves

Image: Cambridge International AS & A Level Biology Coursebook
. 805 ribosomes
vacuole

«  different stains are absorbed by different cell
organelles so they can be observed more clearly

b) Electron microscopes

«  vacuum (electrons cannot be focused without a
vacuum as they will collide with air molecules and

scatter)
«  water boils at room temperature in a vacuum, so the , ,
sample must be dehydrated (specimen has to be I a . o £ mochandron
dead) Image: https://www.tuttee.co/blog/gce-cie-biology-animal-and-plant-cell-structures-and-functions

Advantages of a light microscope over an electron '
microscope b) Animal cells

1) can observe living tissue

) more portable

) easier to use - no technical training required
)

possible to see real/natural colours and a live
specimen

5) can stain particular types of tissue for better visibility

A WON

The cell is the basic unit of all living organisms.

The interrelationships between these cell structures show Image: https://brainly.in/question/1540878
how cells function to transfer energy, produce biological

molecules including proteins and exchange substances

with their surroundings.
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mitochondrion

rough
endoplasmic
reticulum

plasma membrane

nucleus, containing
DNA associated
with histones

Golgi apparatus

secretory vesicle

lumen

secretory vesicle pouring
its contents into lumen

nuclear envelope

b) Eukaryotic cell structures and their functions

1) Cell surface membrane (phospholipid bilayer)
(7 nm)

«  selectively permeable membrane that allows for the
exchange of certain substances

»  barrier between cytoplasm and external environment

«  cell recognition (surface antigens)

+  selection of substances that enter/leave cells

2) Nucleus (7 pm)

Controls cell's activities

« very dense, takes up colour the most when stained
« divides first during cell division

« surrounded by 2 membranes, known as the nuclear
envelope which is continuous with the RER.

Endoplasmic
reticulum

Nucleolus
Chromatin
Nucleoplasm
Nuclear pore

Nuclear envelope
Image: https://courses.lumenlearning.com/boundless-ap/chapter/the-nucleus-and-ribosomes,

. contains:

a) nuclear pores: allow and control substances
entering in (protein to make ribosomes, ATP,
some hormones, nucleotides) and leaving (MRNA,
ribosomes for protein synthesis) of nucleus

b) nucleolus (2.5 pm): contains loops DNA from
several chromosomes and synthesises ribisomes

3) Ribosomes (25 nm)
« composed of 2 subunits

& (O
'm

Image: https://www.open.edu/openlearn,

« carry out protein synthesis
«  80S - cytoplasm
o 70S - chloroplasts & mitochondria

4) Rough endoplasmic reticulum (RER)

«  membranes that form an extended system of fluid-
filled sacs (cisternae)

*  single membraned organelle

* ribosomes are attached to the RER and are the site
of protein synthesis

«  proteins made by the ribosomes enter the sacs and
are often modified as they go through them

«  small sacs (vesicles) break off from the ER and join
to form the golgi body

Membrane proteins
@ 3 S.ecretory proteins

Lysosomal proteins Endosome # *

@ o e q 0@

Lysosomeg »o® ©® o
e ®o o
MATURING FACE \ o

D
®
@
©
@
®
o @

Membrane proteins

ROUGH ENDOPLASMIC RETICULUM

Image: Esrefoglu, Mukaddes. (2019). The Golgi Apparatus: Morphology and Function with Recent
Facts. Bezmialem Science. 7. 331-338. 10.14235/bas.galenos.2019.2806.

5) Golgi body / apparatus / complex

Golgi Apparatus Golgi Body ina Cell

 ooming Lanspon vesce /ﬁ\ )

- o@oo -

‘ 0
9 = o\

nowdy foming vesicle ‘secretory vesicle

>
EXOCYTOSIS

Image: https.//microbenotes.com/golgi-apparatus-structure-and-functions,

- stack of flattened sacs (cisternae) formed by the
vesicles which bud off from the RER

+ Single membraned organelle

« Packages substances into vesicles for transport

» glycosylation

» phosphorylating proteins

« assembly of polypeptides into proteins (4° structure)
- folding proteins

« removing the 18t amino acid methionine to activate
proteins
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6) Smooth endoplasmic reticulum (SER)

» synthesizes lipids and steroids such as cholesterol
and the reproductive hormones estrogen and
testosterone.

rough smooth endoplasmic
endoplasmic reticulum (SER)

reticulum
(RER)

vesicle

Golgi
apparatus

lysosome

Image: https://studiousguy.com/

7) Lysosomes (0.1-1um)

+ spherical sacs surrounded by a single membrane
* not permanent structures

* nointernal structure

+ contain hydrolytic enzymes

 responsible for digestion/breakdown of unwanted
structures e.g., old organelles

+ can even digest whole cells e.g., in mammary glands
after the period of lactation

PO Membrane
Lipidlayer _giiiiin., -

Glycosylated Hydrolytic
membrane enzyme
transport . e mixture
proteins fa v Eisiiog

Image: https.//www.ybstudy.com/2020/07/lysosomes-structure-functions.html?m=1
8) Mitochondria (0.5-10um)

outer membrane

Inner c - Ribosomes
membrane ﬁ
SO
Qlo” N
YJ_—Cristae
NN

Intermembrane

Granules

Image: https://brainly.in/question/21632838
 carries out aerobic respiration
 synthesizes ATP (adenosine triphosphate)

« more in cells that have a higher demand for energy
e.g., muscle, liver, and root hair cells

+ outer membrane contains a transport protein called
porin

energy released from energy-rich molecules e.g.,
sugars and fats during respiration is transferred to
molecules of ATP

ATP is the energy-carrying molecule in all living cells

once made, ATP leaves the mitochondrion and can
spread rapidly to all parts of the cell where energy is
needed

its energy is released by breaking ATP down to ADP
(adenosine diphosphate) in a hydrolysis reaction

see for more details

9) Microtubules

Tubulin dimer
a-Tubulin

= B

-Tubulin

>
v
J \
.
Cross section Microtubule
Image: https.//www.microscopemaster.com/alpha-and-beta-tubulins.html

long, rigid, hollow tubes found in the cytoplasm
made of a protein called tubulin

tubulin has 2 forms — a & 3 tubulin

a & B tubulin molecules combine to form dimers

many dimers are joined end to end to form
protofilaments

13 protofilaments are in a ring to form a cylinder with
a hollow center

this cylinder is the microtubule

TUBULIN 13

(a&p) —> DIMERS —> PROTOFILAMENTS —> MICROTUBULE

supports and gives shapes to the cell

the assembly of microtubules from tubulin molecules
is controlled by special locations in cells called
microtubule organizing centers (MTOCs)

9.5) Centrioles (and centrosomes)

9 TRIPLETS OF
MICROTUBULES

outside the nucleus of animal cells, 2 centrioles are
present close together at right angles in a region
called the centrosome

—> CENTRIOLE

Centrioles

Image: https.//www.microscopemaster.com/centriole.html
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+ centrioles are hollow cylinders about 500 nm long
« produces spindle fibers
+ organizes microtubules

10) Chloroplasts (3-10um)

stroma

outer membrane thylakoid

granum

inner membrane lamella
Image: https://askmicrobiology.com/do-bacteria-have-chloroplast/
+ diameter 3-10 um
+ carries out photosynthesis

+ contains starch grains, circular DNA, and 70S
ribosomes

* ATPis also produced here
. see for more details

11) Cell wall

 gives cell definite shape

« rigid as made of cellulose
« freely permeable

« prevents cell from bursting

12) Plasmodesmata

« plant cells are linked to neighboring cells by means of

fine strands of cytoplasm called plasmodesmata

which pass through pore-like structures in their walls

Plasmodesma
Cell wall
Cytoplasm

_~Vacuole

— Apoplastic pathway (through cell wall)
Symplastic pathway (through cytoplasm)

Image: https://mybody101.com/ap-bio-unit-4/

- allows the transport of water, sucrose, amino acids,
ions, etc., between cells without crossing membranes

+ thisis called movement through the symplastic
pathway

+ allows communication/signaling between cells.

13) Vacuoles

surrounded by a partially permeable tonoplast which
controls exchange between the vacuole and
cytoplasm

Vacuole

= Tonoplast

Central Vacuole

Cell Sap

Figure: Vacuole, image Copyright @ Sagar Aryal . mcrobenotes com

helps regulate osmotic properties of cells
fluid present in the vacuole consists of:

P igments

E nzymes

S tarch

O rganic molecules
ineral salts

O xygen

C arbon dioxide

d) Structural features of prokaryotic cells

organisms that lack nuclei or proper nuclear
membranes are called prokaryotes

unicellular
1-5um

cell wall made of murein (peptidoglycan = protein +
polysaccharides)

no membranes around organelles

70S (smaller) ribosomes

genetic material in the form of circular DNA
have no ER

additional structures \\ structures always
sometimes present : present
flagellum
for locomotion;
very simple structure
capsule . cell wall
additional protection \ ¢ containing
“ murein, a
peptidoglycan

infolding of cell

surface membrane g | cell surface

may form a . membrane
photosynthetic o
membrane or carry S W
out nitrogen fixation % cytoplasm
plasmid I~ .

R £ DNA; 7 clrcula_r DNA
small circle o ' . sometimes referred
several may N S to as a chromosome
be present

ribosomes

pili
for attachment to

other cells or surfaces;
involved in sexual
reproduction

Image: Cambridge International AS & A Level Biology Coursebook
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e) Differences between typical eukaryotic and
prokaryotic cells

Characteristic Prokaryotic cell Eukaryotic cell
Size of cell Typically 0.2-2.0pm in Typically 10-100 pm in
diameter diameter
Example Bacteria and Archaca Animals and Plants
Nucleus Absent Present
Membrane-enclosed Present; examples include
organelles Absent lysosomes, Qolgl f:omplcx.
endoplasmic reticulum,
mitochondria & chloroplasts
Flagella Consist of two protein Complex; consist of multiple
building blocks microtubules
Cell wall Usually present; chemically Only in plant cells and fungi
complex (chemically simpler)
Plasma membrane with
steroid Usually no Yes

Cytoplasm No cytosketeton or Cytoskeleton; cytoplasmic
cytoplasmic streaming streaming

Ribosomes Smaller Larger

Cell division Binary fission Mitosis

Number of chromosomes One, but not true More than one
chromosome
v No meiosis; transfer of DNA .
Sexual reproduction Involves meiosis

fragments only (conjugation)

Prokaryotic cells, as well as eukaryotic cells, are covered with the plasma membrane, which
is located on top of the cell membrane or mucous capsule. Despite of its relative simplicity,
prokaryotes are typically independent cells. Table 4.1 presents the major differences between

prokaryotic and eukaryotic cells.

Image: https://www.researchgate.net/fi

for more details

See

f) Viruses

capsid

protein
molecules

DNA or RNA
genetic code

Image: Cambridge International AS & A Level Biology Coursebook

. noncellular/acellular

. protein coat

*  nucleic acid core; DNA/RNA strand
+ replicate inside host cells only
«  show no characteristics of living organism
*  symmetrical shape

+  the virus DNA/RNA takes over the protein
synthesizing machinery of the host cell which helps
to make new virus particles

for more details

. See
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Food tests

1) Reducing sugars

e reduce soluble blue copper sulphate containing copper
(I) ions to insoluble brick-red copper oxide, containing
copper (1)

e the copper oxide is seen as a brick-red ppt

REDUCING SUGAR + Ef“ — OXIDISED SUGAR + Cu*

BLUE BRICK-RED

e add equal volumes of Benedict's reagent and the food
sample to a test tube
e heatinawater bath at 80°C

e if reducing sugars are present, the following colour
changes are observed:

BLUE — GREEN — - — BRICK-RED
— CONC. OF REDUCING SUGARS INCREASING —

2) Non-reducing sugars

e €£.g,Ssucrose

e disaccharide is first broken down into its 2
monosaccharide constituents in a hydrolysis reaction

e this is done by adding HCI, and then neutralising the
acid with an alkali such as sodium bicarbonate

e constituent monosaccharides will be reducing sugars
and their presence can be tested by Benedict's test

3) Starch

e add drops of iodine solution to the sample

e if blue-black colour is quickly produced, starch is
present

e iodine solution is yellow brown

4) Lipids (emulsion test)

e sample is shaken with ethanol
e any lipids present will dissolve

e mixture of ethanol and sample is poured into a
beaker containing water
o if lipids are present, a cloudy-white suspension is

formed due to the lipids being unable to remain
dissolved when mixed with water

e therefore, the lipid molecules form droplets
throughout the liquid, this kind of mixture is called the
emulsion

5) Proteins (Biuret test)

e all proteins have peptide bonds containing nitrogen
atoms which form a purple complex with Cu?* ions

e equal volumes of sample and Biuret reagent are

mixed

e if proteins are present, the colour changes from blue
to lilac

e instead of biuret reagent, KOH and dil. CuSQO4 can be
used

For extra details on performing food tests, see

All living organisms are made of C, H, O + N molecules.
Carbohydrates

e composedof C,H,0
e divided into monosaccharides, disaccharides,
polysaccharides

e monomer — one of many small molecules that
combine to form a polymer, e.g. — monosaccharides,
amino acids, nucleotides

e polymer — large molecule made from many similar
repeating subunits, e.g. — polysaccharides, proteins,
nucleic acids

e macromolecule - large molecule formed due to
polymerisation of monomers, e.g. — polysaccharides,
proteins (polypeptides), nucleic acids
(polynucleotides)

Monosaccharides

Molecule consisting of a single sugar unit with the general
formula C(H20),

e dissolves in water

e main types of monosaccharides - trioses (3C),
pentoses (5C), hexoses (6C)

e glucose, fructose galactose, ribose, deoxyribose
L J | )

HEXOSES PENTOSES
CH,OH CH,OH

Hydroxyl

H group

above

Hydroxyl

H OH o H OH

below
Alpha glucose Beta glucose

Image: https://tlamjs.com/2017/01/13/biological-molecules-carbohydrates/

Roles of monosaccharides

1) source of energy in respiration — C-H bonds can be
broken to release a lot of energy which is
transferred to help make ATP from ADP
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2) building blocks for larger molecules - glucose is uses
to make the polysaccharides starch, glycogen, and
cellulose; ribose is one of the molecules used to make
RNA and ATP, deoxyribose is one of the molecules
used to make DNA

Disaccharides

Sugar molecule consisting of 2 monosaccharides joined
by a glycosidic bond.

chains are shorter than
long, unbranching chain
sides

chains are curved and
coil into helical
structures making the

' linkages
final molecule more

compact

amylose and branch out to

branches are formed by 1-6

CONDENSATION

MONOSACCHARIDE + MONOSACCHARIDE — DISACCHARIDE

GLUCOSE + GLUCOSE — MALTOSE
a-GLUCOSE + B-FRUCTOSE — SUCROSE
GLUCOSE + GALACTOSE — LACTOSE

CH,OH CH,0H CH,OH CH,OH
O, condensation O\H H
OH OH 1 C4 oy +H,0
OH g OH
1-4 I idi
-4 a-glycosidic
H bond OH
glucose glucose maltose water

. g .
Glycosidic bond formation
Image: https.//dopeahmeanbio.wordpress.com/tag/glycosidic-bonds/

H,0 molecule is removed; the bond formed by
condensation is called a glycosidic bond

Polysaccharides

A polymer whose subunits are monosaccharides joined
by glycosidic bonds

1)

e.g., starch, glycogen, cellulose (all polymers of
glucose)

not sugars

if glucose itself accumulated in cells, it would
dissolve and make the contents of the cell too
concentrated which affects its osmotic properties

storage polysaccharides — convenient, compact,
inert, insoluble

Starch - amylose + amylopectin

AMYLOSE AMYLOPECTIN

Image: https.//ww

— 5BE

STy, ST T
= 56

Image: http://futurefoodchemist.weebly.com/

>-education.psu.edu/

made by condensation
reactions between 1,4
linked a-glucose
molecules

also made of 1,4 linked a-
glucose molecules

2) Glycogen

made of chains of 1-4 linked a-glucose molecules
with 1-6 linkages forming branches

tend to be more branched than amylopectin
molecules

many ends due to branching aids in easy addition
and removal of glucose

compact and insoluble, doesn't affect the water
potential (W)

3) Cellulose — polymer of B-glucose

in order to form a glycosidic bond with the 4™ carbon
atom where the OH group is below the ring; every
other glucose is rotated 180°

S0 successive glucose molecules are linked 180° to
each other

one oxygen is up and the other is down
the molecules are still linked 1-4

shutterstock.com + 1817945810

cellulose molecules become tightly cross-linked to
form bundles called microfibrils

microfibrils are held together in bundles called fibres
by hydrogen bonding

cellulose fibres have very high tensile strength — this
makes it possible for a cell to withstand large
pressures as a result of osmosis

cellulose fibres, despite their strength, are freely
permeable

Cellulose fiber

o
¢
2

Fiber formation in plants
Macrofiber

Microfibril

@B
- P

A )
oﬁob"t Cellulose chains
Pure cellulose fiber
OH [ HO
i OH| HO\
—~—~—0, HO /- TN=—OH O—L7~
HO (0] (o)
HM/O 4 \Om\ A0 —~P/\/OH
OH ) HO
cellobiose unit M - HO Celiobiose unit
Cellulose
Image: unknown
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Dipoles and hydrogen bonds

e unequal distribution of charges in a covalent bond is
called a dipole

e molecules which have groups with dipoles are polar

0 &
/ \ — 6+ 6+
Image: https://alevelbiology.co.uk/notes/dipoles-of-water-molecules/

e in water, oxygen atom gets more electrons due to it
being more electronegative and therefore gets a
small negative charge denoted by delta (8-)

e hydrogen atoms get less electrons and therefore get
small positive charges (8+)

Ha+ /H o+
OtinniH—0.
/ 5— &+ 5=
o+
Image: https.//courses.lumenlearning.com/cheminter/chapter/hydrogen-bonding/

e negatively charged oxygen of one molecule is
attracted to a positively charged hydrogen of
another, this attraction is called a hydrogen bond

Molecules which have groups with dipoles are polar

e they're attracted to H,O molecules as they also
have dipoles and are considered to be hydrophilic
(water-loving)

e soluble in water
e e.g,glucose, amino acids, NaCl

Molecules which do not have dipoles are non-polar

e they're not attracted to water and hydrophobic
(water-hating)

e insoluble in water
e e.g,oils, cholesterol

Lipids — 3 Fatty Acids + 1 Glycerol
Fatty acids
e contain the acidic group —COOH

e |arger molecules in the series have long
hydrocarbon tails attached to the acid which are 15-
17 carbon atoms long

e of two types: saturated and unsaturated

e unsaturated fatty acids have C=C double bonds
therefore don't have maximum amount of hydrogen
atoms

e form unsaturated lipids
e  mostly liquid

Alcohols & Esters

e alcohols contain hydroxyl group (—OH) attached to C
atom

e  reaction between (fatty) acid (~COOH) and alcohol (-
OH) produces an ester

e the chemical link between acid and alcohol is called
an ester linkage/bond and is formed by a
condensation reaction

an ester bond
Q (.) ¥
f—C—0H + HOC—H, R—Co0F—CH, + H,0
4] ‘ 0
R—C—OH * HOC—H - |
v] ‘

R—C—OH % HOC—H,

j fatty acids qlycerol 1 triglyceride fat water

fatty acids,

Image: https.//revisionscience.com/

e glyceride is an ester formed by a fatty acid
combining with the alcohol glycerol (CsHgOs)

e glycerol has 3 hydroxyl groups; each one is able to
undergo a condensation reaction with a fatty acid

e triglycerides are insoluble in water due to the non-
polar nature of hydrocarbon tails — they don't have
uneven distribution of charges and are hydrophobic

Roles of triglycerides

e  energy reserves

e insulator

e  protect vital organs

Proteins

All proteins are made from the same monomer - amino acids.

;2\( %%

amino acids peptide protein

Image: https://beautiflworid.com/do-protein?print=print

Amino acids

All have a central carbon atom bonded to —
e anamine (~NH>) group

e acarboxylic group (-~COOH)

e ahydrogen

e aR-group that determines what type of amino acid it
is
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AR
H—N—C —C—0OH

Amino | Carboxyl
Group Group
Side Chain

The peptide bond
H H 0 H H 0
N N
/N—?—C + N—?—C\
ook R OH
TSH0
H H 0 H 0
\N (II C—N (II C
o L1 Non
R H R

Image: https://www.drawittoknowit.com/
e amolecule made up of many amino acids linked
together by peptide bonds is a polypeptide

e polypeptides can be broken down to amino acids by
breaking the peptide bonds in a hydrolysis reaction

¢ this happens naturally in the stomach and small
intestine during digestion

Structures of proteins

Amino acids

Primary protein structure
sequence of a chain of
animo acids

A
N

Alpha helix —=

Pleated sheel ———— Secondary protein structure
hydrogen bonding of the peptide
backbone causes the amino

A \ ¥
acids to fold into a repeating

b\ —
S

Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

Quaternary protein structure
protein consisting of more
than one amino acid chain

Image: https.//www.khanacademy.org/

Bonds in the tertiary structure

Individual Amino

Acids bonded
together in a

polypeptide chain

Bond Types

Hydrophobic Interactions:
These amino acids orient
themselves towards the
center of the polypeptide to
avoid the water

Disulphide Bridge: The
amino acid cysteine forms a
bond with another cysteine
through its R group

Hydrogen Bonds: Polar “R”
groups on the amino acids

Interactions. groups

Hydrophilic Interactions:
These amino acids orient
themselves outward to be
close to the water

lonic Bonds: Positively
charged R groups bond
together

Image: By WikiComTD - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=79148318

PROTEINS

GLOBULAR

FIBROUS

spherical/balled shaped

curl up so that their non-
polar, hydrophilic R-
groups point to the centre
of the molecule away
from watery surroundings

polar, hydrophilic R-
groups are on the outside
which makes mixing +
dissociating in water
easier

proteins that form long
strands

usually soluble

usually not soluble in
water

precise shape, have roles in
metabolic activities and are
specific in nature

have structural roles

e.g., enzymes, haemoglobin,

myoglobin

e.g., keratin, actin,
myosin, collagen
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Haemoglobin: a globular protein

e made of 4 polypeptide chains therefore they have a
quaternary structure

e 2 of the haemoglobin chains, a-chains, are made of a-
globin

e the other 2 chains, B-chains, are made of 3-globin

e each polypeptide chain has a haem group attached
(prosthetic group) to it

e haem contains charged particle of iron

e the haem group is also responsible for the colour of
haemoglobin

B chains
Haem molecule
with iron atom

o chains
Haem molecule
with iron atom
Haemoglobin is made up of four chains (two « and two B), each one
surrounding a haem molecule that holds a single iron atom.

@ 2007 - 2009 The University of Waikato | www.sciencelearn.org.nz

e each polypeptide chain can carry one molecule of
oxygen

e therefore, in total, haemoglobin can carry 4 molecules
of oxygen or 8 oxygen atoms

Collagen: a fibrous protein
e found in skin, tendons, cartilage, bone, teeth, etc.
e astructural protein

e collagen molecule consists of 3 polypeptide chains,
each in a helical shape

Amino acid sequence

SRR

Collagen molecule

CoIIagen f ber l

Image: https://rosemarycottageclinic.co.uk/

helical polypeptides are wound together creating a
triple helix

strands are held together by hydrogen and some
covalent bonds

every 3 amino acid in each polypeptide chain is
glycine

each 3 stranded molecule interacts with other
collagen molecules running parallel to it

covalent bonds form between R-groups of amino
acids

these cross-links hold many collagen molecules side
by side forming fibrils

many fibrils lie alongside each other forming strong
bundles called fibres

collagen is flexible but has tremendous tensile
strength

collagen fibres line up according to the forces they
withstand
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3 Enzymes

3.1 Mode of action of enzymes

e enzymes are globular proteins that catalyse
metabolic reactions

e function as biological catalysts

e specific in nature

e precise 3D shape with hydrophilic R-groups on the
outside ensuring they're soluble

e possess active sites which are clefts/depressions to
which a substrate can bind

ENZYMES

INTRACELLULAR EXTRACELLULAR

functions inside of cells | functions outside of cells

synthesised and retained synthesised in cell but
in cell secreted out

Lock and key

¢ idea that enzymes have particular shapes into which
their substrate fits into exactly

e enzyme is said to be specific for a substrate

Induced fit hypothesis

e substrate is partially complementary to the active
site

e the active site changes shape slightly to ensure a
better fit and stronger binding of substrate

e this makes catalysis even more efficient
substrate

I I

enzyme-substrate enzym&subs(rale
complex complex

lock and key theory active it (induced form)

Image: https://schoolbag.info/chemistry/mcat_biochemistry/10.html

Enzymes reduce activation energy (E)

e inmany chemical reactions, the substrate will not be
converted to a product unless it's temporarily given
extra energy

e this extra energy is activation energy (Ea)

e enzymes do this by holding their substrates in a way
that bonds can be broken more easily hence
reducing E,

e or the shape is slightly changed, making it easier to
change the substrate to a product (induced fit
theory)

The course of a reaction

e when the enzyme and substrate are first mixed,
there’s a large number of substrate molecules
therefore almost every enzyme has a substrate in its
active site

e this makes the rate of enzyme-controlled reaction
fastest at the beginning

Reaction rate ——»
Reaction rate ——»

Substrate concentration —* (b) Enzyme concentration ——»

(a)

Image: https://2012books.lardbucket.org/

3.2 Factors that affect enzyme
action

1) Temperature

e rate of reaction is slow at lower temperatures as
molecules are moving slowly which makes collisions
happen less frequently

e astemperature rises, enzymes and substrates move
faster, and collisions happen more frequently

e when they collide, they do so with more energy
which makes it easier for bonds to be formed and
broken

e if temperature keeps increasing, bonds holding
enzyme in shape (ionic, hydrogen bonds) break and
the enzyme is said to be denatured

e the temperature at which enzymes catalyse a
reaction at maximum rate is the ‘optimum
temperature’

e in humans, thisis around 40°C

2) pH
e pHisameasure of the H* ions in a solution

e H*'ions can affect the R-groups of amino acids
which affects the ionic bonding between groups
which in turn affects the 3D structure of the enzyme

e Active site may also be changed, reducing chances
of a substrate fitting in

3) Enzyme concentration

e the more enzymes present, the more active sites are
available for substrates to fit in

e aslong as there's plenty of substrate available, initial
rate of reaction increasing linearly with enzyme
concentration
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4) Substrate concentration

e as substrate concentration increases, initial rate of
reaction also increases

e the more substrate molecules there are around, the
more often an enzyme’s active site can bind with
one

e saturation point — enzymes working at max (Vmax)
e all active sites are filled up

e enzyme moves to find substrates as it gets less,
collision forces start to decrease

STARCH - MALTOSE -> GLUCOSE

too much product so . inhibiti
difficult to find substrate  26ting as Inhibiting agent

5) Inhibitor concentration
Decreases enzyme activity, slowing down the reaction.

INHIBITION
REVERSIBLE IRREVERSIBLE

e.g.increase in

l I [ l temp, enzyme
NON- gets denatured
COMPETITIVE COMPETITIVE

a) Competitive inhibition
e compete with the substrate for the active site

e molecule similar in shape to the enzyme'’s substrate
binds with the active site inhibiting the function

competitive inhibition

active site
. no
—substrate . inhbitor
enzyme
competitive
inhibitor

substrate concentration

rato of reaction

The substrate and the competitor compete for the active site
of the enzyme ©ABPI 2015

e if the concentration of inhibitor rises or substrate
falls, it becomes less likely that the substrate will
collide with an active site

e can be reversed by increasing the concentration of
substrate

b) Non-competitive inhibitor
Molecule fits into the allosteric site of the enzyme
rather than the active site.

Active site  Enzyme

Allosteric site

Image: https://aiimsrishikesh.edu.in/

disrupts the three-dimensional shape of enzyme
preventing the substrate from fitting into the active
site as its distorted

increasing the substrate concentration has no
change on the rate of reaction here

non-competitive inhibition

« o b

( S
|

non-competitive .
inhibitor enzyme

non-c itive
. ‘Substrale concentration

ato of reaction

The inhibitor binds 10 the enzyme away from the active site
it changes the shape of the active site 5o the substrate can

10 longer bind to form the enzyme-substrate complex

©ABPI 2015

End product inhibition — as enzyme converts
substrate into product, rate is slowed down at the
end as the product binds to another part of the
enzyme and prevents more substrate binding

Enzyme affinities

affinity — enzyme willingness to bind to a substrate

at Vimax, all enzyme molecules are bound to substrate
molecules; the enzyme is saturated with substrate

As substrate concentration is increased, reaction rate
rises until the max rate i.e., Vimax

Vinax|

)
Vinax | .

Reaction velocity (Vo)
~

K,
Substrate concentration |S]

Image: https://commons.wikimedia.org/wiki/File:Michaelis-Memten.JPG

Km (Michaelis-Menten constant)

the substrate concentration at which enzyme works
at half its maximum rate

half the active sites of enzymes are occupied by
substrate

VMax

Normal Enzyme

Competitive inhibitor, same Vy.,
different Ky,

Noncompetitive inhibitor, SameKy,
different Vyy,,

k. [s]

Image: https://teaching.ncl.ac.uk/bms/wiki/index.php/Non-competitive_inhibitor

An enzyme with a lower value of Ky, has a high
affinity to its substrate
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— inhibitor — inhibitor

1Y) % // — no inhibitor ¥l / — no inhibitor

1/[8] 1/[8]
Competitive Noncompetitive
inhibition inhibition
Kygincreased Ky unaffected
Vinax unaffected Vinax reduced

Image: https.//epomedicine.com/medical-students/competitive-non-competitive-and-
uncompetitive-inhibitors/

Immobilising enzymes
e enzyme is mixed with a solution of sodium alginate

e droplets of this mixture are added to calcium
chloride solution

e areaction occurs forming jelly/beads
e enzyme is immobilised in the bead

Advantages of immobilising enzymes

1) enzyme is reused

2) enzyme is easily recovered

3) product isn’t contaminated with enzymes

4)  reduces product inhibition

5) enzyme is more stable/less likely to denature
6) longer shelf-line of enzyme

3
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Fluid mosaic model

e ‘fluid’ refers to the movement of phospholipids while
‘mosaic’ refers to the scattered proteins (and
glycoproteins) in the phospholipid bilayer

1) Phospholipids

Phosphate

Glycerol

Hydrophilic head

Saturated
fatty acid

Unsaturated
fatty acid

Hydrophobic tails

Image: https://courses.lumenlearning.com/

e phospholipids are arranged so that hydrophobic, non-
polar tails do not face water. Water is on both the
intracellular and extracellular sides

e therefore, tails point inwards, and hydrophilic heads
face the agueous medium

WATER

POLAR HEAD
(HYDROPHILIC)

NONPOLAR TAILS
(HYDROPHOBIC)

LIPID
BILAYER

POLAR HEAD
WATER (HYDROPHILIC)

Membrane fluidity

Membrane fluidity refers to the viscosity of the lipid
bilayer of a cell membrane.

Membrane fluidity is affected by:

1) tail length - longer the tail, the less fluid the
membrane

2) saturation of fatty acid — the more unsaturated they
are, the more fluid the membrane. This is as
unsaturated fatty acid tails are bent and fit together
more loosely

3) cholesterol
e regulates the fluidity of membrane

e atlow temperatures, cholesterol increases the
fluidity of the membrane preventing it from being
too rigid, this is because it prevents close packing
of phospholipid tails

e at high temperatures, cholesterol decreases the
fluidity of membrane and stabilises the cell

2, 3) Glycolipids and glycoproteins

Lipid and protein molecules on the outer surfaces of cell
membrane have carbohydrate chains attached to them
forming glycolipids and glycoproteins

These carbohydrate chains projecting out like antennae:

e stabilise the membrane structure by forming hydrogen
bonds with water molecules surrounding the cell

e glycocalyx — sugary cell coating formed by
carbohydrate chains

e act as receptor molecules:

= signalling receptors — recognise messenger
molecules like hormones and neurotransmitters

= endocytosis — bind to molecule to be engulfed by
membrane

e act as cell markers/antigens allowing cell-cell
recognition

4) Proteins
PLASMA PROTEINS
VA AY)
INTEGRAL PERIPHERAL
(INTRINSIC) (EXTRINSIC)
N2
TRANSMEMBRANE
PROTEIN
e proteins that are found e can be present inside or
embedded within the outside of the cell
membrane membranei.e,
intracellular, and
extracellular
e may be found ininner e extracellular peripheral

layer, outer layer or
spanning the whole
membrane (these are
transmembrane
proteins)

e helpsin movement in
and out of cell
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Function of transmembrane proteins

e act as gateways and can transform, helping in
facilitated diffusion and active transport

Image: https://o.quizlet.com/MZFY3U-L4j6xL86C4rWTOQ_b.jpg

Channel proteins
e do not require energy

e transport substances through membrane passively,
along their concentration gradient

¢ used for both active transport and facilitated diffusion

Carrier proteins
e require energy
e go against the concentration gradient

e take substances from outside and pumps it inside or
vice versa

e used for active transport

Cell surface receptors

e present in membranes and binds with particular
substances

e used for signalling, endocytosis, cell adhesion, cell
markers

Cell surface antigen
e acts as cell identifying markers
e each type of cell has its own antigen

¢ this enables cells to recognise other cells and behave
in an organised way

Cell signalling

e cells detect signals with cell receptors, i.e.,
glycoproteins and glycolipids, present on their
membrane

e the signalling molecule binds to the receptor as their
shapes are complementary to each other

e this creates a chain of reactions in the cell, leading to
a response

a) If the signalling molecules are hydrophobic
(e.g., steroid hormones such as oestrogen)

e they can diffuse directly across the cell membrane
and bind to receptors in the cytoplasm or nucleus.

b) If the signalling molecule is water-soluble

1) signal arrives at protein receptor in cell membrane
2) the receptor’'s shape is complementary to the ligand
3) the signal brings about a change in the receptor’s

shape

4) changing the shape of the receptor allows it to
interact with the next component of the pathway so
the message gets transmitted

5) binding triggers/stimulates reactions within the cell
6) cell signalling results in a response which may be
intracellular or extracellular

EXTRACELLULAR CYTOPLASM
FLUID

I © Reception l Ie Transduction l

Receptor

Activation
—_— O — —)0—) of cellular
responses

Km &Vma

Slgnnl
molecule

Plasma membrane

a) Diffusion

> Net movement of molecules or ions from a region of
higher concentration to a region of lower
concentration down a gradient, as the result of the
random movement of particles.

e passive process
e molecules tend to reach an equilibrium situation

Factors affecting diffusion

e as steepness of gradient increases, diffusion
increases

e astemperature increases, diffusion increases
e as surface area increases, diffusion increases
e asdistance increases, diffusion decreases

e smaller and non-polar molecules like fats diffuse
much easily across the cell surface membrane as
they're soluble in phospholipid tails

b) Facilitated diffusion

> Diffusion of a substance through transport proteins in
a cell surface membrane.
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¢ the proteins provide hydrophilic areas that allow the
molecules or ions to pass through the membrane
which would otherwise be less permeable to them

Channel proteins
e allow charged substances, usually ions to diffuse

e can move to open or close the pore, like a gate
controlling ion exchange

Carrier proteins

¢ flip between 2 shapes, as a result, the binding site
opens alternatively to each side

Extracellular space

o © Extracellular space °
’ ) ; o o
o = = .
channel o ° o ®
protein
QQQQQ H.I(.]
Cell membrane H“ ||l
55&&5 OO0 Carner 0
protein o
e
Intracellular space Intracellular space o

Image: https://www.kha

c) Osmosis

> Net movement of water molecules from a region of
higher water potential to a region of lower water
potential through a partially permeable membrane as
a result of their random motion.

Water potential
> Tendency of water to move out of solution.

e water always moves down a water potential gradient,
this happens until water potential is the same
throughout the solution

e denoted by psi (V)

e water potential becomes negative if the solute
concentration is very high

RBC /ANIMAL
CELLS PLANT CELLS
WATER LOSS crenated plasmolysed,
flaccid
WATER GAIN haemolysed / turgid
lysed
d) Active transport

> Movement of molecules or ions through transport
proteins, across a cell membrane, against their
concentration gradient, using energy from ATP.

e achieved by carrier and channel proteins

e these are specific to the type of molecule they're
transporting

e requires energy; supplied by ATP

e energy is used to make the channel/carrier proteins
change shape, transferring molecules/ions across the
membrane in the process

Sodium/Potassium pump

FOR EVERY ATP MOLECULE USED
3Na* - given out the cell
2K* taken in the cell

e) Bulk transport

> Atype of active transport where large molecules are
transported across the cell surface membrane, using
energy from ATP.

N2 N2
ENDOCYTOSIS EXOCYTOSIS
(INSIDE) (OUTSIDE)

plasma membrane

Endocytic
visicle
forming

1) Endocytosis

> Bulk movement of liquids (pinocytosis) or solids
(phagocytosis) into a cell by the infolding of the cell
membrane to form vesicles containing the substance.

2) Exocytosis

> Bulk movement of liquids or solids out of a cell by the
fusion of vesicles containing the substance with the
cell surface membrane.
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Structure of a chromosome

Chromosomes are thread-like structures made of DNA.

Sisters
ch?nitids
<«—— Short —
arm
Kinetochore
p (As) \
<«— Centromere —>
« long *
arm i
q(A)
Telomeres o

Chromozome Duplicated chromosome in metaphases

e Chromatid — one half of two identical copies of a
replicated chromosomes

MILLIONS OF LENGTH OF
NUCLEOTIDES ’ DNA > CHROMATID
L—Y—J

1) PHOSPHATE 2) PENTOSE 3) NITROGENOUS Adeni"e‘ThYm!ne
GROUP SUGAR BASE Guanine-Cytosine

e Centromere — the region of a chromosome to which
the microtubules of the spindle attach, via the
kinetochore, during cell division.

e Telomeres — protective sequence of nucleotides
found at the ends of chromosomes

DNA (deoxyribonucleic acid)

DNA is the molecule of inheritance and is made up of a
series of genes.
e ageneis a section of DNA that codes for one protein

e DNA molecules are in sister chromatids so that their
genes are identical

e when cells divide, one chromatid goes into one
daughter cell and the other to the other daughter cell,
making the daughter cells genetically identical

e size of DNA molecule — 2nm

Chromosome

DNA
double
helix

Image: https.//mrleehamber119.wordpress.com/

e the total length of DNA of 46 chromosomes of an
adult human is about 1.8m, this needs to be fit into a
nucleus of 6um

e therefore, the DNA is wound around the outside of
proteins called histones

- histone proteins — basic proteins which
associate with DNA to form nucleosomes

e these histone proteins (and therefore, nucleosomes)
condense DNA to chromatin

- chromatin — a complex of nucleic acids (DNA
and RNA) and other proteins whose primary
function is to compress DNA into a compact unit
which will fit inside the nucleus

Nucleosomes

Nucleosome “bead”
(8 histone molecules +
146 base pairs of DNA)

Copyright © 2009 Pearson Education, Inc

e 17 nm wide by 6 nm long
e made of 8 histone molecules

Telomeres

e cap the ends of chromosomes and are needed for
successful cell division

e permit continued replication
e prevent the loss of genes

Lo
o
°
o
Chromosome e *:"
(o
| >l5
‘5
,

As cells divide over time...telomeres shorten, and eventually cell division stops.

Telomeres, end caps that
protect the chromosome

Image: https.//www.tasciences.com/what-is-a-telomere.html

e telomeres are made of DNA with short base

sequences that are repeated multiple times

e the copying enzyme, telomerase, stops a little short of

the end of DNA

e more bases are added, which don't have useful

information, but allows telomerase to complete
copying the meaningful DNA
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The cell cycle
Processes of growth, development, and reproduction.

G2 Checkpoint

DNA duplication Cell growth

(approx. 8 hours) (approx.4 hours) PROPHASE
S G2 METAPHASE
M (approx.1-2 hours) ANAPHASE
G1
Cell growth \
/ (approx. 10 hours)
G1 Checkpoint
" @
@

G,+S+G:= INTERPHASE

M= Mitosis Figure 7.1: Cell cycle

Image: https.//www.brainkart.com/article/Cell-Cycle_33013/

Interphase (G1 + S + G>)

e Longest phase

e Normal cell work/functions

e The cell grows to its normal size
e Time spent between cell divisions

1) G1 phase

e cells make RNA, enzymes and other proteins needed
for growth

e atthe end of Gy phase, the cell becomes committed to
dividing or not

2) S phase
e synthesis of DNA

e the DNA in the nucleus replicates so that each
chromosome consists of 2 identical chromatids: DNA
replication

3) G2 phase
¢ the cell continues to grow
e new DNA is checked, and any errors are repaired

e preparations are made to start cell division e.g., a
sharp increase in production of the protein tubulin is
observed which is needed to make microtubules for
mitotic spindle

M phase (mitosis)

Nuclear division that produces 2 genetically identical
daughter cells.

e Maintains genetic stability

e Ensures cells retain function

e Maintains chromosome number

Functions of mitosis

e growth

e cell replacement

e repair of tissues

e asexual reproduction

e immune response (cloning B and T-lymphocytes)

The stages of mitosis

metaphase telophase

P M A T

prophase anaphase

1) Prophase

e centrosomes migrate to
opposite poles of mitotic
spindle

e chromatin starts to
condense

o[ 0

o

¢ nuclear envelope and nucleolus begin to disappear

e centrosomes and migrate to opposite poles of the cell
and form poles of mitotic spindle

e asters and spindle fibres form

2) Metaphase

e centrosomes are at poles
of the cell and organise
the production of spindle
microtubules

chromosomes line up
across equator of the
spindle

o
o
°

e each chromosome splits at centromere
e chromosomes start to be pulled apart by microtubules

3) Anaphase

e chromatids move to
opposite poles, centromeres
are first pulled by

o microtubules

¢ spindle fibres contract and
chromosomes are pulled to
the opposite ends

IO

4) Telophase
e nuclear envelope and
nucleolus reforming

e nucleus divides

e chromosomes are at
poles of cell

tps.//www.tekportal.net/telophase/
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Cytokinesis
The division of cytoplasm.

Cytokinesis in plant cells

e cell plate forms across equator of cell; cellulose, cell
wall laid down

e cytoplasm is hence divided into 2

Plant cell

Golgi vesicles
Image: https://courses.lumenlearning.com/

Cytokinesis in animal cells

e contractile ring forms, pushing the equator of cell
inwards, forming a cleavage furrow

e this cleavage furrow deepens as active filaments in
the ring contract

e eventually the cell splits into 2

Animal cell

Cleavage
furrow

Contractile
ring

Image: https://courses.lumenlearning.com/

Differences in plant and animal cell mitosis
e plant cells don't have any visible centriole or aster

e inplant cells, daughter cells get separated by cell
plate, there is no cleave furrow formation

Centromeres, centrosome, centrioles

1) Centromere
e needed for separation of chromatids during mitosis
e site of attachment of spindle microtubules

e each metaphase chromosome has 2 kinetochores at
its centromere and microtubules
- kinetochore — protein molecules which bind to
DNA in centromere and microtubules
- bundles of microtubules called spindle fibres
extend from kinetochores to poles of spindle
during mitosis

Chromatid

B T ——

2) Centrosome

e anorganelle found in animal cells that acts as the
microtubule organising centre (MTOC) for
construction of the spindle

e present at the poles of cell

-

osome

R <.

/ .
microtubules
\

centrioles

Image: https://www.qgsstudy.com/biology/centrosome-definition-function

3) Centrioles
e actasMTOCs
e assemble/form spindle fibres during prophase

e contraction of spindle fibres during anaphase
separates sister chromatids

Stem cells

Stem cells are cells that can divide an unlimited number
of times by mitosis.

Stem cell . '

more stem cells

specialised cells

Image: https.//www.yourgenome.org/facts/what-is-a-stem-cell
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extent of the power of a stem cell to produce different
cell types is called its potency

stem cell therapy — introduction of new adult stem
cells into damaged tissue to treat a disease or injury

Cancer

a result of uncontrolled mitosis; cancerous cells
divide repeatedly and form a tumour

carcinogen — agent that causes cancer e.g,,
radiations (UV, X-rays), tar, nuclear fallout

Cellular changes that occur in development of cancer

mutation occurs in gene responsible for cell division
leading to formation of an oncogene from a proto-
oncogene

this causes uncontrolled cell division

coordination of cell cycle is lost (cell does not
receive/respond to signals that tell it to stop dividing)

loss of function and lack of specialisation occurs

a tumour is formed, an irregular mass of cells
showing an abnormal change in shape

EXAMPLES OF ONCOGENES
CARCINOGENS: e.g. UV LIGHT\ (MUTATED GENES THAT

ANY AGENT AR IN TOBACCOS CAUSE CANCER) ARISE

THAT CAUSES A
DUE TO CARCINOGENS
CANCER IS SMOKE 7

CALLED A ASBESTOS ———F
CARCINOGEN 7
X-RAYS ﬂ

AND IS
DESCRIBED AS

CARCINOGENIC

CANCEROUS CELL DOES NOT @g
RESPOND TO SIGNALS FROM

OTHER CELLS SO CONTINUES

TO DIVIDE

CANCEROUS CELLS NOT
REMOVED BY IMMUNE
SYSTEM

ABSORPTION OF
NUTRIENTS

i
n

% 1090)
)
oo ‘9.9{090
06200

[6][ Tumour
GETS BIGGER

TUMOUR SUPPLIED WITH
BLOOD AND LYMPH VESSELS.
IF IT IS A MALIGNANT
TUMOUR, TUMOUR CELLS
SPREAD IN BLOOD AND
LYMPH TO OTHER PARTS

OF THE BODY

METASTASIS. TUMOUR CELLS INVADE
OTHER TISSUES. SECONDARY CANCERS
FORM THROUGHOUT THE BODY
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PHOSPHATE
GrRoup % +

0
|
0=P-0r
0

- NUCLEOTIDE

NUCLEOTIDES =
monomer

Purines
Larger, double-ringed molecules (adenine, guanine)

O

J )\

Y Y
ADENINE (DNA + RNA) GUANINE (DNA + RNA)

Pyrimidines
Smaller, single-ringed molecules (thymine, cytosine,
uracil)

ﬁx /&

THYMINE CYTOSINE URACIL
(DNA) (DNA + RNA) (RNA)

e to form the polynucleotides DNA and RNA, nucleotides
are linked into a long chain

e nucleotides are linked together by covalent bonds
called phosphodiester bonds

e this takes place inside the nucleus during interphase
e purines combine with pyrimidines

H H

N-H-----0 _N_ O oHeN
(/N N (\2/—( N\
N~ “N----- H-N N - N-H----- N>_>
R — N= N
. pN N-H--—-0 R

0) R H

Adenine Thymine Guanine Cytosine

e in RNA, adenine pairs with uracil

Thymine
Send Adenine

o 7\0

Onap” NH2--Q
7 ({ ., "7
&% "
Phosphate- R o
deoxyribose’ 5
backbone k@/ "

kiy w%u,fq
GuanineCytosineY‘;;

5" end

3 end

3" end

e sides of the ladder of DNA are made up of alternating
molecules of phosphate and deoxyribose

e nitrogenous bases that make up rungs of ladder have
hydrogen bonds between them

e they link bases and hold 2 strands together

e DNA molecules are made of 2 polynucleotide strands
lying anti-parallel to each other held by hydrogen
bonds between bases

Semi-conservative replication of DNA

DNA molecules replicate by semi-conservative replication
- half of the original molecule is kept/conserved in each
of the new molecules.

1) double helix of DNA is unwound by enzyme helicase

- it does this by splitting hydrogen bonds between
bases

- the unwinding of DNA strands creates a replication
fork’ (a y-shaped structure)

2) enzyme primase synthesises a short piece of RNA
called primer which marks the starting point for synthesis
of new strand

3) DNA polymerase uses the primer and synthesises new
strand

- DNA strands are anti-parallel to each other, and
DNA polymerase can only add bases in one
direction which is 5" to 3'
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- one of the new strands, the leading strand, is
made continuously

- DNA polymerase progresses down the strand
adding bases in a 5’ to 3 direction

- when using the lagging strand as a template,
DNA polymerase adds nucleotides in short
stretches called okazaki fragments to overcome
directionality problem

Leading strand

Lagging strand

Image: ntips.//www.nature.com/

4) DNA ligase seals up fragments of DNA in both to form
a continuous double stranded helix

A polypeptide is coded for by a gene and that a gene is a
sequence of nucleotides that forms part of a DNA
molecule.

e DNA controls protein synthesis by determining the
order of amino acids when proteins are synthesised in
cells

e sequence of nucleotide bases in a DNA molecule is
code for sequence of amino acids in a polypeptide

e each sequence of 3 bases (a codon) codes for 1
amino acid

Amino acids

Met Thr Asp Gin Pro Gin Aa Glu Leu Aa Phe Thr Tyr Asp Aa Pro

N — o — e e e e
AUGACGGAUCAGCCGCAAGCGGAAUUGGCGUUUACGUACGAUGCGCCG

Tokel T

Stop
Codon1 Codon3 Codon

Image: https.//www.genome.gov/
e Gene — part of a DNA molecule where the nucleotide
sequence codes for just one polypeptide

e Gene mutation — a change in the sequence of
nucleotides that may result in an altered polypeptide

- types of gene mutations: substitution, deletion,
insertion, inversion, frameshift

- alleles - variants of genes (caused by mutations)

Sickle cell anaemia

e caused by a change in the base sequence of amino
acids in the B-polypeptide chain

e adenine replaces thymine in CTT triplet forming CAT

e this type of mutation is called substitution

e during synthesis of sickle cell haemoglobin, the amino
acid valine (GTG), which is non-polar, is incorporated
instead of glutamic acid (GAG)

e having this non-polar R group on the outside of the
molecule makes the cell less soluble

e individuals with 2 copies of Hb® allele inherit the
disease (recessive)

Protein synthesis
a) Transcription

Process by which enzymes use the sense strand of DNA
as a template to produce a messenger RNA (MRNA)
molecule.

1) RNA polymerase binds to a region of gene called
promoter

e this signals DNA to unwind so bases can be read
from one strand

e the strand that's read is the sense-strand

nontemplate strand

’
© N
A

| -
ACGTA

promoter
DNA

2) RNA polymerase reads sense strandina 3'to 5’
direction and generates mRNA from 5 to 3’

3) when RNA polymerase has reached the terminator
sequence at the end of the gene, transcription stops

- enzyme detaches from gene and DNA returns to
original structure

4) last triplet transcribed to mRNA is a DNA triplet
coding for STOP e.g., ATT, ATC, ACT (in DNA the stop
codons are UAA, UGA, UAG)

STOP codons

e codons that terminate translation

e does not specify any amino acid

e has no complementary tRNA/anti-codon

e causes the release of a completed polypeptide chain

b) Translation

Process by which the genetic code in mRNA is read to
make a protein.

1) mRNA leaves the nucleus and binds to the smaller
ribosomal unit

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

Phenylalanine tRNA Lysine

Methionine

Ribosome
1l

mRNA

Start codon
Image: https.//slideplayer.com/slide/16525143/

2) every 3 bases (a codon) on mRNA codes for a
specific anti-codon which is carried by a transfer RNA
(tRNA) molecule

e each different tRNA is covalently linked to a
particular amino acid

mRNA AUG UGC AAG
tRNA UAC ACG

e & ©

e since there are 4 bases (A, T, G, C) and each codon
has 3 bases —

43=64

e there are 64 possible codons, more than enough to
code for 20 amino acids

e some codons are ‘special, e.g., AUG is a START
codon and initiates translation by coding for

methionine
A codon is made of 3 base pairs
64 codons total
1 codon (AUG) encodes 61codons encode 3 codons stop
methionine and starts 20 amino acids protein
translation of all proteins (redundant code) translation

Image: https.//www.differencebetween.com/difference-between-start-codon-and-stop-codon/

3) an initiator tRNA adheres to a START codon

4) the tRNA that corresponds to the next codon after the
START codon enters the ribosome carrying an amino
acid with it which becomes covalently bound to
methionine from the initiator tRNA

5) the first tRNA detaches and leaves the ribosome
which has shifted over making room for the next
tRNA molecule

e new amino acid from new tRNA links the first two

e this process continues all the way down the
MRNA strand

e this polypeptide chain continues to grow till a
STOP codon is reached

After the amino acid Polypeptide tRNA molecules carry Ami id
from the tRNA is chain grows. amino acids to add ser Aminoaci

removed, the tRNA
molecule is released.

to the polypeptide chain. tRNA
Polypeptide i
% )
. TYR SER L
Col
oy
-y

EU
an®
J"Empty” \
tRNA LB BTk
5 6 a A c U clujalc tulcicllclu

Direction of translation

o Anticodon

Stop codon

Image: https://www.coursehero.com/sg/cell-biology/translation/
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Types of plant cells

PLANT CELLS
MERIST’EMATIC (SIMPLE) COMPLEX CIELLS
L ]
pz:renchyma collenchyma scleren::hyma xylem phloem
PARENCHYMA COLLENCHYMA | SCLERENCHYMA

Image: http.//www.bio.miami.edu/

found in soft
parts of the
plant

found in the
petiole, leaves,
and young
stems

found in mature
parts of the
plant

unspecialised
cells

specialised cells

specialised cells

cell wall made of

cell wall made
of cellulose and

cell wall made

cellulose ) of lignin
pectin
thin cell wall unequally thin thick and rigid
cell wall cell wall
lots of
intracellular little intracellular | no intracellular
spaces are space space
present between P P
cells
consists of living consists of consists of dead
. living cells at .
cells at maturity ! cells at maturity
maturity
functions . prowdes
; provides mechanical
include ;
. mechanical support,
photosynthesis, '
support to the protection, and
food storage,
plant transports
gas exchange
substances

Structure of roots (dicot)

Transverse section

o piliferous layer (also called epiblema, rhizodermis) -
the outermost layer; unicellular root hairs present,
cuticle and stomata absent

e cortex — it is a multi-layered large zone made of
parenchymatous cells with intracellular spaces and
stores food and water

e endodermis — the innermost layer of the cortex; the
cells closely packed and have Casparian strips within
their walls (water-impermeable deposits of suberin)
which regulate water and mineral uptake by the roots

e pericycle — produces lateral roots when cells here
divide

e stele — all tissues inner to endodermis constitute stele;
here it includes pericycle and vascular bundle

e vascular bundle — xylem and phloem
e conjunctive tissue — the tissue present between xylem

and phloem; in dicots, it's made up of parenchyma

e pith — absent in mature plants, present in young ones
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Longitudinal section (of roots)

ge: https.//www.anatomynote.com/

Structure of stems (dicot)

Transverse section

Longitudinal section

e epidermis — the outermost layer; made up of a single
layer of parenchyma cells and its outer wall is covered
with a cuticle

- cuticle prevents infection of the plant by bacteria
or fungi

- also aids in reducing water loss

e cortex — divided into three regions:
- hypodermis provides mechanical support
- middle cortex is involved in photosynthesis

- inner cortex helps in gaseous exchange and
stores food materials

e endodermis — the innermost layer of the cortex,
consists of a single layer of cells that contain starch
grains

e pith — large, central, parenchymatous zone with
intracellular spaces; helps in storage of food materials

Structure of leaves (dicot)

Transverse section
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upper epidermis — the outermost layer made up of a
single layer of parenchyma cells without intracellular
spaces; outer walls have cuticles, stomata are less in
number

lower epidermis — single layer of parenchymatous
cells with a thin cuticle

- contains numerous stomata
- chloroplasts are only present in guard cells
- helps in exchange of gases

- loss of water vapour is facilitated through this
chamber

mesophyll — tissue present between the upper and
lower epidermis, differentiated into palisade
parenchyma and spongy parenchyma

- palisade parenchyma: tightly packed, elongated
cells with lots of chloroplasts (for photosynthesis)
just below the upper epidermis.

- spongy parenchyma: spherical/oval, irregularly
arranged cells with lots of intracellular spaces;
helps in gaseous exchange

vascular bundles
- vascular bundle of midrib is larger

- each vascular bundle is surrounded by a sheath
of parenchymatous cells called bundle sheath

- each vascular bundle consists of xylem lying
towards the upper epidermis and phloem
towards the lower epidermis

For more information about the structure of plant tissues and
how to draw them, see

Structure of vascular system
Xylem

transports water and mineral ions via mass flow
(passive)

unidirectional movement (from roots = rest of the
plant)

composed of tracheids, vessel elements, xylem fibres,
and xylem parenchyma (all dead except xylem
parenchyma)

long hollow tubes with no end walls for uninterrupted
transport of water and mineral ions

no cell contents (no protoplasm) to provide maximum
space and minimum resistance

their walls are lignified to withstand negative pressure
and provide mechanical support

cellulose lining is present for adhesion if water
molecules which helps with their movement upwards
they have pitted walls (in non-lignified sections) for the
lateral movement of water

Phloem

transports sucrose and amino acids via mass flow
(active process) from the source to the sink

bidirectional movement (translocation)
mainly composed of sieve tube elements +

companion cells
[Lﬂ
oo

el .
.50 Sieve plate
Companion cell .
o I Sieve tube
element

Sieve tube

L >:| ooo
Cytoplasm i

Phloem sieve tube elements

1)

contains ER, mitochondria, and cytoplasmic stands
(cytoplasm reduces friction to facilitate the movement
of the assimilates)

end-walls modified to sieve plates/perforated plates
which allows for the continuous movement of the
organic compounds

phloem tubes are present in a bundle

area where sucrose is loaded is source and where it's
unloaded is sink

Companion cells

1)

2)

3)

contains organelles such as nucleus, RER,
mitochondria, and ribosomes which provides
metabolic support to the sieve tube elements and
helps with the loading and unloading of the
assimilates

transport proteins are present in the plasma
membrane which move assimilates in and out of the
sieve tube elements

large numbers of mitochondria present which provide
ATP for the active transport of assimilates into or out
of the companion cells
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4) plasmodesmata are present which link the cell to the

sieve tube elements

Comparing the structures of xylem and phloem

tissues

XYLEM

PHLOEM

mainly dead cells
(tracheids, vessel
made of elements, xylem

living cells (only
phloem fibres are

fibres) except for dead)
xylem parenchyma
cell wall N
material lignin and cellulose cellulose

presence of yes (sieve plates

end walls no with sieve pores)
N unidirectional and bidirectional
Irection O
flow upwards (roots > (source > sink)

leaves)

sSucrose, amino

substance water and mineral acids, and other

transported ions organic
compounds
) , does not provide
mechanical provides mechanical
support mechanical support
support

Plants must take in a constant supply of water and
dissolved minerals to compensate for the continuous
loss of water via transpiration in the leaves.
Transpiration

Transpiration is the loss of water vapour from the aerial
parts of the plant. Around 99% of all water absorbed is
lost via this process.

1) water evaporates from cell walls of mesophyll cells
into air spaces

2) water vapour diffuses (out to atmosphere)
3) through open stomata (to atmosphere)
4) down a water potential gradient

When the following factors increase, transpiration (1/])
1) humidity ()

2) wind speed (1)

3) light intensity (1)

4) temperature (1)

5) water supply (1)

Transpiration is considered as an inevitable
consequence of gas exchange as -

1) stomata are open for gas exchange

2) this gas exchange is required to uptake CO; for
photosynthesis

3) while stomata are open, water vapour diffuses out

Advantages of transpiration

1) helps in plants pulling up water from soil through roots
(transpiration pull)

2) helps in sending out excessively absorbed water by
plants

3) cools the plant (via evaporative cooling)
4) helps in the absorption and transport of mineral salts

5) helps in the absorption and distribution of water in
plants

L‘;\Ur;r/mc: "
cell R—/

/
mesophyll cell

— cell wall pathway

—— Cytoplasmic pathway

Transpiration pull

Transpiration pull is the force by which water ascends a
plant.

e water molecules cling together by hydrogen bonds
between molecules known as cohesive forces

e water molecules experience attraction towards the
cellulose in the cell walls of the xylem (adhesion)

Cohesion-adhesion theory

e water molecules tend to cling to one another via
hydrogen bonds (cohesion)

e when water evaporates from the surfaces of
mesophyll cells, a tension is created in the xylem
tissue which is transmitted all the way down the plant
due to the cohesiveness of the water molecules

e the cohesive forces thus produce a continuous
column of water (transpiration stream)

e the adhesive force stops the water column from
pulling away from the walls of the xylem vessels, so
water is pulled up the xylem tissue from the roots to
replace what was lost in the leaves

e thisis known as the cohesion-adhesion theory
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Image: https://www.quora.com/What-is-cohesion-tension-theory

Movement of water between plant cells

From soil to root hair

1) uptake of water — water moves into root hairs via
osmosis down a water potential gradient (passive)

2) root hairs provide max surface area for the max
absorption of water

3) the uptake of minerals can be passive or active and
occurs by diffusion or active transport respectively

From root hair to xylem
1) water taken up by root hairs crosses the root cortex

¢ water moving thorough cells walls — apoplastic
pathway

o water moving through plasmodesmata -
symplastic pathway

2) water moves from one cell to another till it reaches

xylem; movement is due to concentration gradient due

to concentrated sap vacuole of cells

3) apoplastic pathway is stopped at endodermis due to
cells in it having a band of suberin forming the
Casparian strip (an impenetrable barrier to water)

e suberin deposits increase with age of
endodermal cells except for certain passage
cells

e water can pass freely through these passage
cells

4)

Xylem
vessels

Phloem pericycle
cells

© 2007 Phemacn Hgher Eventon

Plasmodesmala Casparian strip
Xylem

2N
> > —
Epidermis Cortex | Endodermis | Pericycle —f+»
T» —

k A — K" A
L v 4

Cell waII Cell membrane BE Apoplast

_|=symplast

e this arrangement is thought to:

- gives plants control over what mineral ions
pass into xylem vessels (everything must cross
cell membranes)

- may help with generation of root pressure

once across endodermis, water moves into xylem
through pits in their walls

Movement upward
Endodermis

strip Epidermis

Symplast:
interconnected
cytoplasm of
living cells

Water and
dissolved
nutrient
minerals

Root hair

Plasma membrane

Plasmodesma
Cell wall

Apoplast:
interconnected
cell-wall spaces

From root - stem - leaf via xylem

1)
2)

3)

removal of water from xylem vessels in leaf reduces
hydrostatic pressure in xylem

hydrostatic pressure at top of xylem becomes less
than bottom

pressure difference causes water to move up the
xylem

Apoplastic pathway

most water travels via the apoplastic pathway (when
transpiration rates are high)

these are the series of spaces running through the
cellulose cell walls, dead cells, and the hollow tubes of
the xylem

the water moves by diffusion as it isn’t crossing a
partially permeable membrane

the water can move from cell wall to cell wall directly
or through the intracellular spaces

movement of water via this pathway occurs more
quickly than in the symplastic pathway
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e this movement is however stopped at the endodermis
due to the presence of the Casparian strip
Symplastic pathway

e movement through the cytoplasm, plasmodesmata, or
vacuole of cells (crossing membranes)

e the water moves by osmosis (across partially
permeable membranes)

Plasmodesma
Cell wall
Cytoplasm

jk _~Vacuole

Apoplastic pathway (through cell wall)
Symplastic pathway (through cytopl

o

asm)

t

Movement in the phloem

Mass flow

Movement of fluids under a pressure gradient.
Concentration gradient does not matter here.

XYLEM PHLOEM

£H

Companion SOURCE
cell (leaf cell)
3 | &l water a,EE'E - 5

@
@
<
@
i |
c
o
@
o
@
3
@
3
2
w

N_b

Water

r = =88

Image: https://www.researchgate.net/

Companion SINK
cell (roots, fruits, and new flush)

Sucrose loading into phloem

This process is not fully understood yet. This is what is
thought to happen.

1) H*ions are pumped out (active process, ATP required)
of the cytoplasm of modified companion cells (called
transfer cells)

2) this creates an excess of H* ions in the apoplastic
pathway outside the cell

3) H*ions move back into the cell down their
concentration gradient back into the cytoplasm of the
companion cell via a cotransporter protein

4) this cotransporter protein acts as a carrier for both H*
and sucrose (so sucrose moves into the companion
cell too but against its concentration gradient)

5) sucrose then moves into the sieve tubes via the
plasmodesmata from the companion cell

- companion cells have infoldings in their cell
surface membrane to increase the available
surface area for the active transport of solutes

- many mitochondria also present provide the
energy for the proton pump

How assimilates that arrive in the phloem sieve
tubes from mesophyll cells (source) can be
translocated to other parts of the plant (sink)

1) when sucrose is loaded into a sieve tube element, the
water potential decreases

2) this causes water from surrounding tissue to enter by
0SmMosis

3) this increased volume increases the hydrostatic
pressure at the source compared to the sink

4) assimilates move down a hydrostatic pressure
gradient to the sink

Sources and sinks

¢ the source of the assimilates could be:

1) green leaves and green stem (photosynthesis
produces glucose which is transported as
sucrose, as sucrose has less of an osmotic effect
than glucose)

2) storage organs eg. tubers and tap roots
(unloading their stored substances at the
beginning of a growth period)

3) food stores in seeds (which are germinating)

e the sinks (where the assimilates are required) could
be:
1) meristems (apical or lateral) that are actively
dividing
2) roots that are growing and / or actively absorbing
mineral ions

3) any part of the plant where the assimilates are
being stored (eg. developing seeds, fruits or
storage organs)
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TUBER
(SOURCE / SINK)

Xerophytes

xerophytes (from the greek xero for ‘dry’) are plants
that are adapted to dry and arid conditions

APICAL MERISTEM
(SINK)

xerophytes have physiological and structural
(xeromorphic) adaptations to maximise water

conservation

Xerophytic

adaptation of
leaves

Fleshy succulent
leaves

Effect of adaptation

Water stores for times
of low availability

Example

Fleshy leaves:
Bryophyllum

"TRICHOMES _
(HAIRS)

TRAPS MOIST AIR WHICH
REDUCES THE WATER
POTENTIAL GRADIENT AND
THUS DECREASES THE
RATE OF TRANSPIRATION

SUNKEN STOMATA

_—MOIST AR IS
TRAPPED REDUCING

TRANSPIRATION

HINGE CELLS
— WHEN FLACCID THEY

»CAUSE THE LEAVES

TO ROLL CREATING A
HUMID SPACE

‘Hinge cells’
shrink when
flaccid

Causes leaves toroll
exposing the thick,
waterproof cuticle to
the air and creates a
humid space in the middle
of therolled leaf

Ammophila arenaria
(Marram grass)

Leaves reduced
to scales, spines
or needles
Leaves curled or
rolled or folded
when flaccid

Reduced transpiration due
to reduced surface area
available

Modified leaves:
Opuntia (cactus)
Rolled leaf:Ammophila
arenaria (Marram grass)

Stomata closed
during light
Stomata openin
the dark

CAM metabolism to

minimise photorespiration;

CO, fixed at night, day
time water loss is
minimised

CAM plants: Pineapple,
American aloe, Yucca

Sunken stomata
/presence of
stomatal crypts
Leaf surface
covered in fine
hairs

Water Loss is minimised by
trapping moist air close
to the area of water loss
reducing the dif fusion
gradient

Pinus sp, Phlomis italica,
Nerium sp

Reduced numbers

Less water loss due

Opuntia, Nerium sp

of stomata to fewer pores

Stomata only Open into the humid Ammophila arenaria
found in the upper | space created by the (Marram grass)
epidermis hairs and rolled shape

Thick waxy Water loss reduced via Pinus sp, Opuntia

cuticle on leaves

the cuticle
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8 Transport in mammals

8.1 The circulatory system e tunica intima/interna — very smooth, single layer of
flat cells
MAMMALIAN CIRCULATORY SYSTEM e tunica media — smooth muscle, collagen fibres, elastic
closed double circulation fibres
/ * \ e tunica externa — collagen fibres, elastic fibres

BLOOD VESSELS ARTERY

veins tunical media

HEART : arteries BLOOD (smooth muscle)

e capillaries tunica interna

(endothelial cells)

It's called closed circulation as the blood remains within tunica externa
blood vessels. {elastin and collagen)
DOUBLE CIRCULATION < 18mm (aorta)
SYSTEMIC CIRCULATION PULMONARY CIRCULATION Image: http.//www.hcc.ac.uk
right ventricle - e tunica media is the thickest in arteries

left ventricle - AORTA =

bod | R PULMONARY ARTERIES > e depending on the pressure, thickness of arteries’ walls
ody (s)éﬁigi\%gs) lungs = PULMONARY VEIN differs
- left atrium e tunica media contains large amounts of elastic fibres
to allow the artery wall to stretch as blood surges
Blood vessels through at high pressure

e artery wall can recoil inwards if the pressure drops

e as blood at high pressure enters, it can widen,
reducing pressure slightly and vice versa

e arteries branch out into arterioles

e arteriole walls have more smooth muscle which can
contract, narrowing the diameter and reducing blood
flow

Image: https://ib.bioninja.com.au/
b) veins
e tunica intima — flat cells, smooth

e tunica media — smooth muscle, collagen, and elastic
fibres

e tunica externa — elastic and collagen fibres

VEIN

tunical media
(smooth muscle)

tunica interna
(endothelial cells)

tunica externa
(elastin and coliagen)

e >~

-~ \
< 30 mm (vena cava)

Image: https.//www.brainkart.com/

a) arterieS Image: http://www.hcc.ac.uk
e transports oxygenated blood at high pressures to e tunica externa is the thickest in veins
tissues e thin tunica media

e pulmonary artery and aorta have semilunar valves in

aty e tunica intima is smooth and not crinkly
the beginning
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e blood is transported at low pressures, no need for
thick walls

e contain semi-lunar valves (formed from their
endothelium)

e large lumen
e irregular shape

c) capillaries

CAPILLARY

endothelial cells

N

Sum

Image: http.//www.hcc.ac.uk

e takes blood really close to cells allowing exchange of
materials

e network of capillaries is called the capillary bed
¢ wall made of endothelial cells and is one cell thick

e gaps are present between individual cells that form
the endothelium

e gaps allow some components of blood to seep
through into spaces between cells (tissue fluid)

Blood plasma & tissue fluid

e as blood flows through capillaries within tissues, some
plasma leaks out due to the pressure and seeps out
into places between the cells of the tissues

e this plasma that leaks out is called tissue fluid

e if blood pressure is too high, too much fluid may be
forced out of capillaries and the fluid may accumulate,
this results in oedema

e it's through tissue fluid that the exchange between
cells and blood occurs

Lymphatic system

e drainage system

o digestive (assimilation of fatty acids)
e immunity — produces lymphocytes

LYMPHATIC SYSTEM

v

LYMPH NODES

LACTEALS LYMPH VESSELS

e lymphatics are tiny, blind-ended vessels

e they contain valves which allow to tissue fluid to flow
in but not out

e walls are wide enough to allow larger protein
molecules to pass through

e fluid inside lymphatics is called lymph
e lymph s transported to subclavian vein

e lymph vessels have smooth muscle in their walls
which contract to push lymph along

Blood
a) red blood cells (erythrocytes)

e contain haemoglobin which gives red colour and
transports oxygen
e produced in the bone marrow

e have a biconcave, disc shape — dent increases surface
area in relation to volume

e spongy and flexible — have specialised cytoskeleton
made of protein filaments that allow them to be
squashed

e have no nucleus, endoplasmic reticulum, mitochondria
— more space for haemoglobin, maximising amount of
oxygen which can be carried

e broken down in spleen

b) white blood cells (leucocytes)
Refer to Chapter 11, Immunity.

c) platelets (thrombocytes)

THROMBOKINASE/THROMBOPLASTIN

PROTHROMBIN —  » THROMBIN

INACTIVE ACTIVE
FIBRINOGEN FIBRIN
SOLUBLE INSOLUBLE
8.2 The heart

e consists of 2 atria/auricles and 2 ventricles
e right and left side separated by septum
e made of cardiac muscle

e papillary muscles contract to pull on valve tendons
to prevent inversion of valves during systole

e atria and ventricles have valves between them called
atrioventricular valves:

RIGHT SIDE - TRICUSPID
LEFT SIDE - BICUSPID / MITRAL
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e  2typesof valves:

ATRIOVENTRICULAR - TENDONS
SEMI-LUNAR - POCKETS

The cardiac cycle
SYSTOLE - CONTRACTION, DIASTOLE - RELAXATION

PHASES OF THE CARDIAC CYCLE

Atriole systole Vol -
i entricular systole
begins (first pha;’e) Ventricular systole
Atrial contraction (second phase) | Ventricular diastole - vtar diastole
. . CZ;’ adc/‘; Ventricular i ; (early) A
forces blood into i emilunar valves ate)
contraction pushes
ventricles AV valves SIosed open and blood Semilunar valves
is ejected close and blood

Do

P

Chambers relax
and blood fills
ventricles passively

flows into atria

QRS Complex
Atria depolarization S  Ventricle depolarization Ventricular repolarization

Atrial Atrial
Diastole Systole Atrial Diastole
Ventricular Diastole Ventricular Systole Ventricular Diastole

Image: https://www.artstation.com/

Atrial systole

e heartis filled with blood and the muscle in atrial wall
contracts

e pressure is higher in atria than ventricles here so blood
forces the atrioventricular valves open

¢ Dblood flows from atria to ventricles

e pressure developed isn't very high due to atrial walls
being not very thick

e semi-lunar valves in pulmonary veins and venacavae
prevent backflow from the atria

Ventricular systole
e occurs about 0.1s after atria contract

e ventricles contract increasing pressure and pushing
blood out of the heart

e blood in ventricles is at higher pressure so
atrioventricular valves are pushed shut, preventing
blood from going back to atria

e blood rushes upwards into aorta and pulmonary artery
as pressure forces aortic semi-lunar valves open

Ventricular diastole

e muscle relaxes, therefore pressure in the ventricles
drops

e presence of semi-lunar valves prevents backflow of
blood from aorta and pulmonary artery

e during diastole, whole of the heart muscle relaxes
e blood from the veins flow into atria
e some blood leaks down into ventricles

e the atrial muscle then contracts, forcing blood into
ventricles

e atrioventricular valves close

e forced produced in the right ventricle must be
relatively small as —

1) blood goes only to the lungs which are at a
shorter distance + less resistance to overcome

2) if atoo-high pressure was developed, tissue fluid
would accumulate in lungs hampering gas
exchange

Cardiac cycle

Cardiac muscles are myogenic which means it naturally
contracts and relaxes without receiving impulses from a
nerve.

1) SAN (sinoatrial node)/pacemaker sends out waves of
excitation which stimulates atria to contract

2) non-conducting tissue between atria and ventricles
prevents atria and ventricles from contracting at the
same time

3) AVN (atrioventricular node) delaying the impulse
allows atria to completely into ventricles

4) AVN sends impulse down to the bundle of his and
along purkine fibres

5) this causes ventricles to contract from the base
upwards

Semilunar

120 ~ valves close

Semilunar

100 A valves open

©
o

Aortic pressure

Pressure (mm Hg)
o
o
1

5
S
1

AV valves

AV valves open

close

n
o
L

1st 2nd 3rd
Heart sounds '\N‘M" % ""‘

“Lub” “Dub”

Image: https.//teachmephysiology.com/

Oxygen dissociation curve

e once an O, molecule combines with haemoglobin, it
becomes easier for more molecules to combine
therefore, the curve rises very steeply

e asmall change in the partial pressure O, causes a very
large change in amount of O carried by haemoglobin

Bohr effect curves

100
-
£
s ]
o
°
=
56
: £ High €02 (low pH)
8
& 10 --Normal €02 (normal pH)
&
T S
—Low €02 (high pH)
20 4
_ Body Lungsv
tissues alveoli
— T T T T
0 20 40 60 80 100

Oxygen pressure, mm Hg

Image: https://www.onlinebiologynotes.com
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Bohr shift

e shift in the curve of oxyhaemoglobin due to
concentration of CO; at a given partial pressure of O,
is Bohr effect

e the amount of O, haemoglobin carries is affected by
the partial pressures of both O, and CO»

e the presence of high partial pressure of CO; causing
Hb to release O3 is the Bohr's effect

In the cytoplasm of red blood cells, CO; is catalysed by
carbonic anhydrase enzyme when it reacts with water to
form carbonic acid

carbonic
anhydrase

carbon dioxide + carbonic acid bicarbonate +
water hydrogen ion

¢ 2hen the carbonic acid dissociates; haemoglobin
combines with H* ions forming haemoglobunic acid
(HHDb) and releases the O, it's carrying

e Haemoglobin combining with H* ions maintains blood

pH as if the ions were left in solution, pH of the blood
would've been less and turns acidic

e presence of high partial pressures of CO, causes
haemoglobin to release O

e high concentration of O, is found in respiring tissues
which need O,

e high concentration of CO, causes Hb to release O,
curve lies below and to the right

e 85% of CO, — diffuses out of RBC into blood plasma
and are carried in solution

e 5% of CO, — CO; that hasn't dissociated and remains
as CO2 dissolves in blood plasma

e 10% of CO, — CO, diffuses to RBC and combines
directly with amine groups (—=NH,) of some
haemoglobin molecules forming
carbaminohaemoglobin
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9 Gas exchange

9.1 The gas exchange system

The gas exchange system is responsible for the uptake of
oxygen into the blood and the excretion of carbon dioxide.

The gas exchange surface in the lungs is extensive, very
thin, well supplied with blood and well ventilated.

The trachea and bronchi provide little resistance to the
movement of air to and from the alveoli.

Gross structure of the human gas exchange
system

NASAL CAVITYe

PLEURAL CAVITY
(FILLED WITH FLUID)

INTERCOSTAL _
MUSCLE

e in single-celled organisms, oxygen can simply diffuse
from fluid outside the cell through the cell surface
membrane into the cytoplasm

e however, for multicellular organisms such as humans,
most cells are at considerable distances from the
external environment from which oxygen is obtained

o therefore, they need specialised gas exchange
surfaces (alveoli) where oxygen can diffuse into the
body, and carbon dioxide can diffuse out

Capilllary beds

Connective tissue
Alveolar sacs

Alveolar duct
Mucous gland

Mucosal lining

Pulmonary artery Alveoli
Pulmonary vein Atrium

Image: https.//commons.wikimedia.org/

STRUCTURE SUMMARY

e airway that leads from the throat to
trachea the bronchi

¢ lined with goblet cells and cilia

e present in the thoracic cavity
surrounded by pleural membranes

lungs e contains pleural fluid to allow
friction free movement between the
lungs, and diaphragm and ribs

e |ocated at the base of the trachea
and have a similar structure to it
albeit narrower

e each bronchus divides many times
bronchi to forms smaller bronchioles

e terminal bronchioles divide to form
even narrower respiratory
bronchioles that supply alveoli with
air

e very narrow tubes (<1mm) that
carry air from the bronchi to the

) alveoli
bronchioles ] ] }
¢ do not contain cartilage unlike the
trachea and bronchi and so can
collapse
e main site of gas exchange in the
lungs
alveoli e essentially are tiny sacs with many
structural adaptations to enable
gas exchange
e an extensive network of capillaries
! surrounds the alveol
capillary i
network e they are also an extensive

exchange surface between the
lungs and the blood

Trachea - bronchi = bronchioles

Cartilage

Cartilage is a flexible connective tissue of which the main

cell type are chondrocytes.

e cartilage in the trachea and bronchi keep the airways
open and air resistance low

e also prevents the airways from collapsing/bursting as
air pressure changes during breathing

e the structure of the cartilage differs slightly in the
bronchi and trachea
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a) Trachea b) Bronchi (singular ‘bronchus’)

Image: https://o.quizlet.com/
e cartilage here is present in irregular blocks
e there are fewer goblet cells per cm? than in the
trachea and the epithelial cells are not as tall

e beneath the epithelium, there are elastic fibres

¢) Bronchioles

e cartilage here is present in a regular arrangement of
C-shaped rings

e thetrachea as a whole is supported by these rings of
cartilage

Image: https://i.pinimg.com/

e surrounding the epithelium is smooth muscle which
can contract or relax to adjust diameter

e thereis no cartilage (to make such adjustments to
diameter possible

e around the bronchiole are some alveoli

Image: https://o.quizlet.com/ 5 v ~as
Alveolus

e the lining is comprised of ciliated epithelium (ciliated
cells + goblet cells) which rests on a basement
membrane of protein fibres

" Terminal
)‘bronchiole

e beneath the epithelium is an area of loose tissue with
blood vessels and mucous glands

Image: http.//ksumsc.com/
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Outline the function of cartilage in the human gas
exchange system

1) keep airways open

2) provides support

3) allow flexibility

4) rings allow widening during inspiration

Outline the function of smooth muscle in the human gas
exchange system

1) contraction and relaxation

2) changes diameter of trachea, bronchus, bronchioles
3) controls air flow in bronchioles

Warming and cleaning the air

e airis warmed to body temperature and moistened in
the nose and trachea to prevent delicate areas in the
lungs from desiccation (drying out)

e protection is also needed against the suspended
matter carried in the air which may include dust, sand,
pollen, fungal spores, bacteria, and viruses

e there are both mechanical and chemical barriers to
protect against these particles which are all potential
threats to the functioning of the lungs

A
I \

MECHANICAL CHEMICAL

hairs inside the nose mucus lining nasal
(catch particles >5-10um)

Mucus

e mucus is produced by goblet cells of the ciliated
epithelium

e the upper part of each goblet cell is swollen with
mucin droplets which have been secreted by the cell

e mucus is a slimy solution of mucin which is
composed of glycoproteins with many carbohydrate
chains that make them sticky and able to trap inhaled
particles

e mucus is also made by mucous glands beneath the
epithelium

Image: https://o.quizlet.com/

passages + other airways

e some chemical pollutants like SO, and NO, can
dissolve in mucus to form an acidic solution that
irritates the airway lining

Goblet cells and ciliated cells
e between goblet cells, there are ciliated cells

¢ ciliated cells have cytoplasmic extensions which beat
rhythmically to move mucus up the throat

e when mucus is at the top of the tracheg, it's
swallowed — pathogens are destroyed by stomach
acid

Alveoli (singular ‘alveolus’)

At the end of the pathway between the atmosphere and
the bloodstream are the alveoli. They are the main site of
gas exchange.

(squamous
epithelium)

(one cell thick)

How alveoli are adapted for gas exchange
1) squamous epithelium is one cell thick

2) for short diffusion distance

3) collectively many so large surface area for gas
exchange

4) surrounded by a network of capillaries

5) so, RBC can come very close to air maintaining
diffusion gradient
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Elastic fibres in alveoli walls

e stretch during inspiration

e recoil during expiration

e elasticity allows alveoli to expand according to volume
of air breathed in

e tisthe elastic abilities of alveoli which enable them to
have such a large surface area

Process of gas exchange between air in the alveoli
and blood

e oxygen and carbon dioxide are exchanged in a
process of simple diffusion — passive movement from
high to low concentration

e the airin the alveoli contains a high concentration of
oxygen

e the blood in the capillaries has a relatively low
concentration of oxygen and a high concentration of
carbon dioxide

- the oxygen diffuses from the alveoli into the
blood capillaries, before being carried away to the
rest of the body for aerobic respiration

- the carbon dioxide diffuses from the blood into
the alveoli and is then exhaled

Summary of structures in the gas exchange system

GOBLET | SMOOTH
CARTILAGE | "wove | muscie | CILIA
TRACHEA 4 v V4 v
BRONCHUS 4 v V4 v
TERMINAL
BRONCHIOLE X X v v
RESPIRATORY
BRONCHIOLE X X X v
ALVEOLI X X X X
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> Disease — abnormal condition affecting an organism
that reduces the effectiveness of the function of the
organism

> Infectious disease — a disease caused by a pathogen,
is transmissible and reduces the effectiveness of
functions of the organism e.g., tuberculosis, cholera,
etc.

> Non-infectious disease — long-term, degenerative
diseases not caused by pathogens and not
transmissible e.g., lung cancer, sickle cell anaemia,
etc.

e Transmission cycle — the way in which a pathogen
transfers from one host to another

e Endemic - diseases that are always present in
populations e.g., malaria is endemic in tropical and sub-
tropical regions

e Incidence - the number of people who are diagnosed
over a certain period of time

e Prevalence - the number of people who have that
disease at any given time

e Epidemic — sudden increase in the number of people
with a disease

e Pandemic - increase in the number of cases worldwide

e Mortality — death rate from different diseases

e Incubation period - time a disease takes to infect
someone

Summary of diseases and their causative
agent

TYPE OF
DISEASE CAUSATIVE AGENT ORGANISM
cholera Vibrio cholerae bacterium
Plasmodium falciparum,
. P. malariae, )
malaria . protocist
P. vivax,
P. ovale
Mycobacterium tuberculosis
tuberculosis (airborne), bacterium
(TB) M. bovis (infected
milk/cattle)
human immunodeficiency .
HIV/AIDS virus (HIV) virus
smallpox ) . .
. Variola virus virus
(eradicated)
measles a species of Morbillivirus virus

How diseases are transmitted
a) Cholera

Transmission — via the faecal oral route or when raw
human sewage of an infected person is used to irrigate
vegetables

e infected people pass out the pathogen (Vibrio
cholerae) in faeces which contaminates water supply
and food whilst handling (due to lack of hygiene)

e the bacteria pass through the stomach acid to reach
the small intestine — their site of action

e they multiply and secrete a toxin called choleragen

e it disrupts the functions of the epithelium lining in the
small intestine

¢ salts and water leave the blood causing severe
diarrhoea which may be referred to as rice water’

Prevention and control

e treatment is via oral rehydration therapy (a mixture of
glucose and salts)

e drink bottled water or chlorinated water

e wash utensils and vegetables properly

e raise awareness

e improve sanitation services and sewage treatment
plants

Global patterns of distribution

e prevalentin large cities in developing countries that
don't have adequate sewage systems or clean water

supply
e global distribution — Asia, Africa, Latin America

b) Malaria

> Vector — organism which carries a disease from one
person to another or from an animal to a human e.g.,
female anopheles mosquito for plasmodium

Transmission

1) blood transfusion
2) when unsterilised needles are used

3) plasmodium can pass across placenta from mother to
foetus
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Image: unknown

How infection of malaria occurs

1)
2)

3)

4)

5)
6)

female anopheles mosquito feeds on human blood to
obtain the protein they need to develop eggs

if an infected person is bitten, the mosquito takes up
the pathogen’s gametes with the blood meal

male and female gametes fuse in the mosquito’s gut
and develop into infective stages that move to the
salivary glands

when the mosquito feeds again, an anticoagulant is
injected from the salivary glands causing the infective
stages to pass out as well

the anticoagulant is injected to prevent blood from
clotting

parasites enter the blood stream, then enter liver cells
and finally infect red blood cells

Prevention and control

control of breeding of mosquitoes (e.g., drainage of
stagnant water, aerial spraying of insecticide, oil on
water, stocking ponds)

reduction of contact between vector and humans (e.g.,
bed nets impregnated with insecticide / insect
repellents)

earlier identification of cases (introduction of dip stick
tests ensuring diagnosis can be done quickly)

use of new drugs to prevent transmission or using
drugs in combination to reduce chances of drug
resistance arising

better awareness
better screening of blood before transfusion

Why malaria is very difficult to control

1)

2)
3)

no vaccine as plasmodium is eukaryotic and antigens
differ in the different life stages

drug resistance in Plasmodium
insecticide resistance in Plasmodium

N

) cost of drugs

) problems with funding research
) lack of knowledge
)

)

~N O O

infected people not identified
inaccessibility of some regions to healthcare

(¢)

Why is it difficult to create a vaccine for malaria?
1) plasmodium is eukaryotic

2) antigens differ in different life stages

3) intracellular parasite

4) antigenic concealment

c) HIV/AIDS (acquired immune deficiency
syndrome)

Transmission

1) semen and vaginal fluids during intercourse
infected blood (via donation, etc)

sharing needles

mother to foetus across placenta

) mother to infant in breast milk

g b W N
NN 2N

Epidemic caused by:

1) anal intercourse (mucous lining of rectum not as thick
as a vagina's + less natural lubrication; rectal lining is
easily damaged during intercourse and virus passes
from semen to blood)

2) many sexual partners
3) lack of awareness

How HIV affects the body
1) genetic material of HIV is RNA

2) viral RNA is converted to DNA inside host cells to be
incorporated into human chromosomes

3) infects and destroys Theper Cells (cells that control the
immune system’s response to infection)

4) when the number of Theiper Cells are low, the body is
unable to defend against infection allowing pathogens
to cause opportunistic infections

5) AIDS isn't a disease - it's a collection of opportunistic
diseases associated with the immunodeficiency
caused by HIV infection

Treatment
1) drug therapy (e.g., zidovudine)

2) it binds to viral enzyme reverse transcriptase and
blocks its action

3) this stops the replication of viral genetic material and
blocks its action and leads to an increase in the body's
lymphocytes

4) combination therapies are however difficult to follow
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5) people are unable to keep up with the regimen are
susceptible to strains of HIV that have developed
resistance to drugs

> reverse transcriptase — an enzyme encoded by certain
viruses (retroviruses) that uses RNA as a template for
DNA synthesis

Prevention and control

1) spread awareness

use condoms, femidoms and dental dams

don't have many sexual partners

don't share needles

contact tracing

blood collected by donors screened and heat treated

reduce mother to child transmission by using formula
milk

o o1 b WN

)
)
)
)
)
)

~

d) Tuberculosis (TB)

Transmission

1) infected person coughs

aerosol droplet carrying the pathogen
inhaled by uninfected person

or consumption of meat/milk of an organism carrying
B

AW N
~ ~— ~—

Treatment

e when TBis confirmed, patients are isolated
e Several drugs such as the antibiotic streptomycin are
used to ensure bacteria are killed

Prevention
e contact tracing
e cattle are routinely tested for TB

Global distribution

e TBis endemic however most common in poor and
crowded living conditions

e also present where a large number of people have
HIV/AIDs

An antibiotic is a drug that kills or stops the growth of
bacteria without harming the cells of the infected
organism

Antibiotics may interfere with

e synthesis of bacterial cell walls

e activity of proteins in the cell surface membrane
e enzyme action

e DNA synthesis

e protein synthesis

How penicillin acts on bacteria

1) penicillin prevents the synthesis of cross links which
hold together a bacterium'’s peptidoglycan walls (so
penicillin is only effective when bacteria are growing)

2) enzymes autolysins secreted create small holes that
allow the wall to stretch so new peptidoglycan chains
can link

3) penicillin prevents linking but holes continue to appear
making the cell wall weaker
4) when bacteria take up water via osmosis, it cannot

withstand the pressure potential exerted due to the
weakened cell wall and bursts

Why antibiotics do not affect viruses

Antibiotics target areas of the bacterium such as its cell
wall or other organelles. Viruses do not possess such
organelles and therefore are immune to the effects of
antibiotics.

How bacteria become resistant to antibiotics
1) people not completing course of antibiotics causing a
reservoir of bacteria to remain

2) remaining bacteria mutate to become resistant
bacteria with resistance survive

3) when they reproduce they pass on the allele for
resistance to their offspring
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Image: Bioscience.com.pk

How does antibiotic resistance occur?

High number of bacteria. Antibiotics kill The resistant bacteria now Bacteria can even transfer
A few of them are resistant bacteria causing the illness, have preferred conditions to  their drug-resistance to other
to antibiotics. as well as good bacteria grow and take over. bacteria, causing more
protecting the body problems.
from infection.

Bacteria transfer their drug-resistance by vertical or horizontal
transmission. Some mutated bacteria may have plasmids carrying
several resistance genes leading to multiple resistance.

Consequences of antibiotic resistance

1) decreased ability to treat infections

N

increased human illness and mortality

W

adverse effects from alternate treatments

N

)
)
) increased cost and length of treatments
)
)

5) lack of availability of clinically effective antibiotics

Steps that can be taken to reduce the impact of
antibiotic resistance

1) don't use antibiotics for trivial reasons or to treat viral
infections

complete the course
use a combination of antibiotics
don't use as preventative medicine

only use wide-spectrum antibiotics when the pathogen
is not known

6) rotate antibiotics so the same ones aren't used all the
time

7) don't use the same antibiotics for animals and
humans

8) don't cell antibiotics without a doctor’s prescription
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11 Immunity

11.1 The immune system

17 WBC (LEUKOCYTES)
v l

GRANULOCYTES MONOCYTES
neutrophils macrophages
L J
T
PHAGOCYTES

Neutrophil Monocyte Lymphocyte

Image: Regents of University of Michigan Medical School © 2012

Phagocytes (neutrophils & macrophages)

e originate in bone marrow

e they're scavengers — removing any dead cells and
invasive microorganisms

Neutrophils
e have alobed nucleus and granular cytoplasm
e short-lived cells

Macrophages

e larger than neutrophils

¢ travel in blood as monocytes which develop into
macrophages once they leave blood and settle in
organs, removing foreign matter there

e long-lived cells

e do not destroy pathogens completely, they're cut up
and their antigens are displayed, hence it becomes an
antigen presenting cell (APC)

Phagocytosis

Image: Timonina / Shutterstock

e during an infection (caused by pathogens invading the
body), cells under attack respond by releasing
chemicals called histamines

e these attract neutrophils

e this movement towards chemical stimulus is called
chemotaxis

General steps of phagocytosis
1) attraction (chemotaxis)

2) recognition and attachment
3) endocytosis
4) bacteria trapped within a phagocytotic vacuole
5) fusion of lysosomes and phagocytotic vacuole
6) killing and digestion
Lymphocytes
17 LYMPHOCYTES —l
B-Cells
1. B-plasma

2. B-memory

B-cells
¢ made and mature in the bone marrow
e travel to the spleen for final stages of maturation

1) B-plasma cells
e short-lived
e produce antibodies

2) B-memory cells
e form the immunological memory of the body
e responsible for 2° response

T-cells
Made in the bone marrow but mature in thymus.

Thyroid

Thymus

Right lung

Left lung

Image: https://biologydictionary.net/thymus-gland/
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Thelper

e produce interleukins

¢ interleukins stimulate:
1) B-cells to make antibodies
2) other T-cells to divide

3) macrophages to enhance the effect of
phagocytosis

Tuiter (Cytotoxic)
e destroys cells by releasing perforin which makes holes

in the cell surface membrane

Tmemory
e |eads to immunological memory of antigen
e responsible for 2° response

Immunity

—

CELL-MEDIATED

IMMUNITY

—

HUMORAL

a) Cell-mediated immunity

This is where T-lymphocytes respond to altered cells
(APC, cancer cells, cells that've been infected by viruses)

1) macrophage engulfs pathogen and becomes an APC
2) Theiper's cell receptor, which is complementary to the
antigen, binds to antigen on APC
3) Thelper then releases interleukins
e interleukins stimulate B-cells to divide into plasma
cells and produce antibodies in the humoral
response

e they can also increase the effect of phagocytosis

= T-lymphocytes can only recognise antigens on an
APC surface

b) Humoral immunity
cells

\‘. ! \
.“f B j‘[ Proliferation  Hypermutation or Receptor Editing

}‘

Sclection ,‘/ f
\g Plasma
% } cells

Image: ntips. NWW

& Memory
B ﬁr

a) Clonal selection

Process by which an antigen selectively binds to and
activates only those lymphocytes bearing receptors for
the antigen. In short, this is basically recognising and
choosing which B-cells to use.

e  Theper Cell recognises B-APC and becomes activated,
releasing interleukins to signal further actions

b) Clonal expansion (proliferation)

The rapid multiplication of B (or T) cell clones after
activation by an antigen.

e  B-APC divides and differentiates into -
1) plasma cells to make specific antibodies
2) memory cells to prepare for 2° response

= B-cells can respond to APC as well as pathogens
directly

Numbers of white blood cells

¢ Neutrophils in the blood increases during bacterial
infections and whenever tissues become inflamed and
die

e Lymphocyte numbers increase during viral infections

and TB
17 STEM CELLS —l
MYELOID LYMPHOID
1. neutrophils Lymphocytes
2. monocytes a) B-cells
3. platelets b) T-cells

. leukaemias are cancers of these stem cells

e cells divide uncontrollably to produce many cells that
don't differentiate properly and disrupt production of
normal blood cells
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Normal Blood Leukemia

Red Blood Cells White Blood Cells Platelets

In leukemia, abnormal white blood cells grow more quickly than normal cells, overcrowding

the bone marrow and preventing the normal cells from functioning properly.

e immature white blood cells are produced quickly,
disrupting balance of components in blood

e as aresult, the body does not have enough red blood
cells or platelets

¢ this causes anaemia and increases the risk of
excessive bleeding

e the number of mature lymphocytes and neutrophils
decrease, so susceptibility to infections increase

e the person is now said to be immunosuppressed

Immune response

> immune response — the complex series of responses
of the body to the entry of a foreign antigen
- involves the activity of lymphocytes and
phagocytes

e antigen - substance that is foreign to the body and
stimulates an immune response

e self — substance produced by the body that the
immune system does not recognise as foreign and
therefore does not stimulate an immune response

e non-self — any substance or cell recognised by the
immune system as foreign and stimulates an immune
response

Role of memory cells in long-term immunity

Remain in the blood for years and cause long-term
protection.

Autoimmune diseases

Occurs when the immune system mistakenly identifies
self-antigens as foreign (non-self) and mounts an
immune response against them.

e during the maturation of T-cells in the thymus, millions
of cells are destroyed as they have T-cell receptors
complementary to self-antigens

e some of these cells evade destruction and are
activated to stimulate an immune response against
the body’s own proteins

e starts as an attack involving antibodies and killer T-
cells against certain parts of the body

e attack can be localised in one organ or directed
against the whole body

e e.g., Myasthenia gravis, rheumatoid arthritis, type 1
diabetes, lupus, psoriasis, etc.

Myasthenia gravis (MG)

jade.com/acetylcholine/

e antibodies are produced against receptors on muscle
fibres for acetylcholine which is released by ends of
motor neurones to stimulate muscle contraction

e people with MG have Thepper Cells that are specific for
cell surface receptors for acetylcholine

e Thelper Cells stimulate a clone of B-cells to differentiate
into plasma cells and secrete antibodies that bind to
receptor blocking transmission from motor neurones

e muscle cells are not stimulated so muscle tissue
starts to break down

e symptoms — muscle weakness

e treatment - drug that inhibits enzyme in synapses
that breaks down acetylcholine increases its
concentration so its action in stimulating muscle
contraction lasts longer or surgical removal of the
thymus gland

11.2 Antibodies and vaccination

Antibodies

e globular glycoproteins

e have quaternary structure

e form group of plasma proteins called
immunoglobulins
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e Hinge region — gives flexibility to bind around antigen

e Antigen binding sites — sequence of amino acids in
these regions make a specific 3D shape which binds
to one type of antigen

Functions of antibodies

complement-
precipitation activation

P A C

agglutination
e attach to flagella of bacteria making them less active
and easier for phagocytes to engulf

e cause agglutination (clumping together) of bacteria,
reducing chances of spread

e punch holes in bacteria cell walls, causing them to
burst when they absorb water by osmosis

e antibodies coat bacteria, making phagocytosis easier
as phagocytes have receptor proteins

e combine with toxins, neutralising them (antitoxins)

e combine with viruses and bacterial toxins, preventing
them from entering or damaging cells

Hybridoma method for the production of
monoclonal antibodies

e B-cells that divide by mitosis do not produce
antibodies and plasma cells that secrete antibodies do
not divide

¢ monoclonal antibodies — identical copies of one type
of antibody

1) antigen is injected into a mouse

2) spleen cells which produce lymphocytes which
produce antibodies are removed

3) plasma cells from spleen are fused with cancer cells
or myeloma cells forming hybridoma cells that divide
indefinitely

4) they divide by mitosis and produce antibodies

Using monoclonal antibodies in diagnosis and
treatment of disease

In diagnosis

used to locate position of blood clots

used to locate cancer cells which have different cell
surface proteins and therefore can be detected by
antibodies

used to identify exact strain of virus or bacterium
causing an infection, which speeds up treatment

In treatment

treatment of breast cancer — antibody binds to
cancerous cells and marks them for destruction by
immune system

treatment of rheumatoid arthritis (autoimmune) -
antibody binds to proteins secreted by T-cells that
causes damage to cartilage in joints and blocks its
action

Types of immunity

l_ IMMUNITY —l

ACTIVE IMMUNITY PASSIVE IMMUNITY
an antigen enters the body, immunity gained without
an immune response an immune response

occurs, and antibodies are

L

produced by plasma

! '

NATURAL ARTIFICIAL

gained by being infected e gained by
(active) vaccination (active)
mother to baby across e injecting antibodies
placenta, or breastmilk (passive)
(passive)

Vaccination

Vaccines

preparation containing antigens which is used to
stimulate an immune response artificially

it may contain antigens in the form of live or dead
microorganisms, harmless (attenuated organism),
toxoid (harmless toxin), surface antigens

How vaccines can provide long-term immunity

1)

vaccine contains antigens that stimulate an immune
response

macrophages take up virus by phagocytosis and act
as antigen presenting cells (APC)

lymphocytes bind to these and under clonal selection
clonal expansion then occurs by mitosis

memory cells are formed

booster is used to further stimulate memory cell
formation
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Poor response to vaccines due to -

e suffer from malnutrition and don’t have enough
proteins to make antibodies or clones of lymphocytes

e defective immune system and don't develop
necessary B and T cell clones

Vaccination programmes
Eradication of smallpox

e Variola virus was stable, it didn't mutate and change
cell surface antigens

e vaccine was made from a harmless strain of a similar
virus — a 'live’ vaccine is more effective

e infected people can be easily identified

e vaccine was freeze-dried and can be kept at high
temperatures for as long as 6 months

e didn't affect animals — easier to break transmission
cycle

Herd immunity

Herd immunity interrupts transmission in a population so
that those who are susceptible never encounter the
infectious agents concerned.

Why measles, cholera, malaria, and TB haven't been
eradicated

Antigenic variation

a) Antigenic drift — minor changes in the viral antigen,
memory cells are still able to recognise them and start
a secondary response

b) Antigenic shift — major changes in antigen structure

e currently there are no effective vaccines for diseases
caused by protocists as they're eukaryotes with many
more genes.

e e.g., malaria; each stage has its own antigen

= measles — poor response by some children, needs
several booster shots

U

cholera — many strains
malaria — too many stages (antigenic variations)
TB - symptoms may not be shown

Ul
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