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Chapter [ : Cell structure

a) Light microscope ve Electron microgcope b) Magnification and resolution

Light microscope Electron microscope

Magpnification = [mage
Simple to use Users require technical skills _—
Can view both live and dead ACfUS[ ObJ.QC'I'

) Views only dead specimens
specimens

Poor surface view Good surface view and internal details

Regolution : the shortest digtance between

Uses light rays to illuminate specimens  Uses a beam of electrons to view specimens

Lenses are made of glass Lenses are made of electromagnets .h.UO pOil’Tl’Q On fhe QpeCimen fhaf Can gfi” be

Low resolving power, usually below

030 Hah e powerfup o 0 00 dictinguiched ag separate objecte

Low magnification of up to 1,500x High magnification of up to 1,000,000x

Images are viewed by the eyes through = Images are viewed on a photographic plate or zinc C) Uhl‘i’g
the eyepiece sulphate fluorescent screen

Not used under a vacuum Operates under a high vacuum X [OOO X [OOO
Chleap o buy and has low Very expensive to buy and maintain lJ E ‘
maintenance costs - [OOO - [OOO

d) Calibration
Line up one of the divigiong of the eyepiece graticule
i with a fixed point on the stage micrometer.
/>§/ Count-the number-of divigiong on the eyepiece
= D graticule that corregponds with a set measurement
on the stage micrometer.

Sage micromecer scle Caleulate the dietance in micrometere of one divigion

on the eyepiece graticule .

e) Functiong of membrane eyetems and orgarielles

Olagma membrane : Controle what enters and leaves the cell
Nucleug : Directg cell activities and containg genetic material called chromogomes made of DNA
Ribosomes : Found free in the cytoplasm and attached to RER
Ribosomes on the RER produce proteing by linking amino acids
Mitochondria : Generate ATO from gubgtrateg in pregence of oxygen
Golgi Apparatus : Modify packages and trangporte proteing
Lygogome : Containg digestive enzymes
Vacuole : Surrounded by a membrane and filled with fluid.
Smooth ER : [nvolved in synthegie of lipide and carbohydrates.
Rough ER : Site of attachment for ribogomes
Chloroplast : Containg pigment chlorophyll that captures energy from sunlight for photosynthesie




) Prokaryotes and eukaryotes  There are only two bagic types of cells prokaryotes and eukaryotes

. . EUKARYOTIC Cells vs PROKARYOTIC Cells
: A[[ bac+erla and bacferla‘llke ArChaea are CHARACTERISTIC PROKARYOTES EUKARYOTES

prOka rgo+i0 Organigmg. Size 0.2-2.0pm in diameter 10-100pm

Nucleus X ALL
. Organelles with X ER, Golgi bodies, Lysosome
] Euka ryofeg Oan be glngle Oe“ Or‘ Phospholipid membrane mitochondrial, chloroplasts
Glycocalyx capsule (organize) Surround some animal cells
. . slime layer (unorganize)
mu[ﬂoe[[u[ar Or‘gan[gmg. Motility rotating Flagella (some) undulated Flagella & Cilia (“9+2
arrangement microtubles
. others by amboid action
+ They are more complex having evolved Flagells some some
. R Fimbriae & Pili some X
ﬁ’om prOkar‘gOhO—l[ke predeeeggor_ Cell Wall most, bacteria (peptidoglycan) most: protein, cellulose, algin

agar, carrageenan, silicate,
glucomanna, chitin

Plasma membrane Lacking carbs and sterols has: glycoproteins, glycolipids,
sterols

Cytosol ALL ALL

Inclusions ALL ALL

Endospores some X

Ribosomes Cytoplasm (70s) Cytoplasm (80s)
Mitochondria & Chloroplast (70s)

Chromosomes single, circular, lack histones  More than one, linear, contain
histones

Chapter 2 : Biological Moleculeg

a) Carbohydrates  C6HI206

i) Monosaccharideg : The simplest carbohydrates aipha —

CH,OH

Glucose molecules hag 2 form: o-glucoge and p-glucoge. O“ O“

ii) Digaccharides
Dicaceharides are formed in a condengation reaction between two monogaccharides.
The bond that joing them together = glycosidie bond.

Glucoge + Glucoge —> Maltoge Digaccharideg are gplit back into
Glucoge + Fruetoge —> Sueroge monogaccharides by hydrolygis reaction
Qlucoge + Galactose —> Lactoce (addition of water)

iit) Polysaccharides
Polysaccharides form from linking many monogaccharideg into long chaing.
There are gtructural polysaccharides and storage polysaccharides
+ Structural polysaccharides : Celluloge
Celluloge ie made out of beta glucoge moleculeg and linked by [,4 glycogidic bondg
The chain ig gtraight and not branched.
Cellulose chaing join together by hydrogen bonds to form microfibrile.
Microfibrile are what provides structure to plant cells.




+ Storage polysaccharides: Starch and Glycogen
Starch ig the gtorage polysaccharide for plante.
[t ig a mixture of amyloge and amylopectin. Both are polymers of alpha glucoge.
Amyloge ie a molecule with very long chain, linked by 1,4+ glycosidic bonds.
The chain coils up into a spiral and ig held in shape by hydrogen bonds
Amylopectin ig highly branched and ig linked by [,4+ and 1,6 glycosidic bonds.

Glycogen ig the storage polysaccharide for animalg and fungi
It ie made out of alpha glucose molecules linked together by 1,4+ and 1,6 glycogidic bonds.
It ig highly branched and releages more energy than amylopectin

b) Lipide
+ Triglycerides are made of glycerol ‘backbone, attached to 3 fatty acids by ester bonds. %
Ungaturated fatty acids hag C-C double bonds and saturated fatty acids hag no dou de.
Ungaturated lipide tend to have lower melting pointe than saturated lipide.
Triglycerides are ingoluble in water, making them enerqy storageg in plante, animalg and fungi.
In mammale : Helps to ingulate body against heat loge.

Have relatively low density which increageg buoyancy

e ugeful for aquatic mammale living in cold water (whaleg, seals).

Forme a protective layer around organg (e.g. kidneyg).
In plants : Triglycerides are major part of energy stores in seeds : Endogperm and cotyledons

+ Phogpholipids :

Taile are hydrophobic: no electrical charge —> not attracted to H20 molecules.

Headg are hydrophilic: hag electrical charge —> attracted to H20 molecules.

In H20, phogpholipid molecules are arranged into a bilayer: hydrophilic heads facing outwards into the
water + hydrophobic taile facing inwards, avoiding water.

o~ Phospholipid Bilayer ——
) 4 Hydrophilic




¢) Proteing

Proteing are large moleculeg made of long chaing of amino acide formed by condengation reaction.
Amino acidg are held together by peptide bonds. Two amino acids joined together make a dipeptide.
+ Structure:
Primary structure : The linear sequence of amino acids in a polypeptide or protein molecule.
Secondary structure : The way in which the primary structure of a polypeptide chain folde.
After synthegis, polypeptide chaing are folded or pleated into different shapes:
Alpha helix (regular 3D ¢hape) and Beta-pleated cheet (twisted, pleated cheet)
They are held together by strong H-bondg giving them great etability.
Tertiary structure : The final 3D structure of a protein, involving coiling or pleating of the secondary
gtructure. They are held by: Hydrogen Bondg, Digulphide Bonds, lonic Bonds and
Hydrophobie and Hydrophilic Interactions.
Quaternary structure : Congist of more than 2 polypeptide chaing join together to form a protein.
Sometimeg contain an inorganic component = progthetic group.
The polypeptide chaing are held by the same bondg ag in the tertiary structure.

+ Globular and fibroug proteing
Haemoglobin ig a water soluble globular protein that congist of 2 beta-polypeptide chaing and | haem
group. [t carrieg oxygen in the blood ag oxygen binds to the iron in the-haem group.

Collagen ig fibroug protein that ig held together by strong hydrogen and covalent bonds.
Collagen molecules wrap around each other forming fibrile and subgequently strong collagen fibres.
Collagen formed the structure of boneg, connective tisaues, tendong and cartilages.

d) Water

- A H20 molecule hag a negative charge on the O atom and a pogitive charge on both H atomg,
cauging it to be a polar molecule thug making water an excellent golvent.
Being a solvent it helpg to trangport eubstances around the bodies of organigms.

+ [t hag a high specific heat capacity (a lot of energy ig required to increage temperature of water) and
large latent heat of vaporigation (evaporation of water provides cooling effect with little water loge)

» H20 freezes from the top down and i¢ lege denge in ite golid state making it float. ( due to crygtal
structure of ice)

- Water molecules have strong cohegion bonds between them, thig enableg them to travel in magg flow.
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Chapter 3 : Enzymes

Enzymes are biological catalyst that epeed up or slow down metabolic reaction while remaining unchanged.
They may facilitate the breaking of an exigting bond or the formation of a new bond.

Substrates = the moleculeg that bind to the enzyme
Producte = new eubgtanceg formed. Enzymeg are a globular protein

a) Active gite

Active site ig a binding gite in the enzymes molecules where the subgtrate attacheg to the enzyme,
creating an enzyme gubstrate complex.

Enzyme binding sites are highly gpecific.

- Lock and Key hypothegie

The shape of the active gite of the enzyme and the subgtrate molecules are complementary.

Like a key into a lock, only the correct size and chape of the qubstrate would fit into the active gite of
the enzyme.

* Induced fit hypothesig

The chape of the active site of the enzyme and the substrate moleculeg are not-complementary.

In the presence of the substrate, the active ite changeg ite shape-and molds to completely fit the

substrate.
b) Activation energy
Activation energy = minimal amount of energy that ig needed for a reaction between enzyme and

cubgtrate to start.
Enzymes reduce activation energy needed <o that reaction take place at a lower temperature.

¢) Factors affecting-the rate of enzyme catalysed reactiong

+ Temperature

Ag temperature increages, kinetic energy of reacting molecules increages. Thig increages successful
colligion thug increaging ROR

At optimal temp enzyme's activity and ROR is maximal

Above this temperature, H bondg holding enzyme molecule in shape begin to break, cauging enzyme to
denature, digtorting it's active gite. Thie makes the substrate unable to bind to i, decreaging ROR.




. pH
Optimum pH - is the pH at which an enzyme hag maximum activity.

Extreme changeg in pH breaks the bonds holding enzyme in shape, cauging enzyme to denature,
digtorting it’e active gite. Thig makeg the eubstrate unable to bind to it, decreaging ROR.

» Enzyme concentration

More concentration of enzyme leads to more colligiong between enzyme and subgtrate and increageg
the ROR

Houwever thig ig only true until eubgtrate concentration becomeg the limiting factor. Increaging enzyme
concentration will do nothing if there ig no gubstrate to bind to active ite.

- Substrate concentration

Increaging concentration of substrate will increage colligions between enzyme and ubstrate leading to
higher ROR.

Houwever thig ig only true until enzyme concentration becomes the limiting factor. [ncreaging substrate
concentration will have no effect if there ig no enzyme active site to bind to.

+ [nhibitor concentration
Inhibitor i¢ a subgtance that glows down the rate at which an-enzyme works.

—> Competitive inhibitore
Have gimilar shape to the enzyme'e normal-subgtrate and can fit into the enzyme's active gite,
preventing the subgtrate from binding.
Thig reaction ig revergible by increaging concentration of eubgtrate.

—> Non-competitive inhibitors
Have different shape than the qubstrate therefore can ot bind to the active site.
[netead they bind to the allogteric gite.
Binding to the allogteric gite changes the shape of the enzyme and subsequently its active site.
Thug ubstrate cannot bind to active gite of enzyme
[ncreaging concentration of subgtrate will not have any affect on non competitive inhibitors.




d) Michaelic Menten Congtant

Michaelig-Menten equation measures the velocity of enzymatic reactiong

Umax repregente the maximum rate achieved by the reaction at maximum substrate concentrationg.

Kim ig the eubstrate concentration at which the reaction rate ig half of Umax.

Kmig a meagure of the affinity of an enzyme o ite substrate. The lower the Km, the greater the affinity.

e) [mmobilized enzymes

When enzymeg are in golution, they can only be used once ag it is very difficult and time consuming
to geparate them from the product. Therefore to allow for their re-uge, enzymes have to be
immobiliged.

Enzymes are immobilised by attaching them to an ingoluble material such ag caleium alginate.

Thig process enables enzymeg to be reused ag they can be easily separated from the producte.
[mmobiliging the enzyme aleo enableg them to be more stable at high temperatures.

Chapter 4 : Cell membrane and trangport

All celle and organelles are surrounded by a partially permeable membrane. The membrane hag 2 layers of
phogpholipide (phospholipid bilayer) and inbetween thoge layers are protein molecules.

Thig ig called the fluid mogaic model of membrane structure:

+ Fluid becauge moleculeg within the membrane can move around within their own layere)

* Mosaic becauge the protein molecules are-mogaically arranged

a) Strueture and functiong of the cell membrane

+ Phogpholipide- Have a hydrophobic head and a hydrophilic tail. They are permeable too emall and
nonpolar molecules and impermeable to large molecules and ions.

+ Glycoproteing- Act ag cell-surface receptors and are regponsible for the binding of extracellular
gignalling molecules. Their binding sites are highly specific.

Cholegterol- Mantaing the fluidity of the membrane. [+ ig algo waterproof and helpg increage stability of

the membrane.

+ Channel proteing- Facilitates the movement of large molecules in and out of the cell

+ Carrier proteing- Actively move subgtances acrosg the cell surface membrane uging energy from ATE.

+ Glycolipide- Help celle attach to one another (cell adhegion), cell signalling and act ag cell-eurface

antigeng
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b) Daggive and active traneport acrose cell membraneg Daceive and Active

— Simple Diffugion
— Facilitated Diffusion
— Ogmogie (water only)

- Diffugion ig a net movement of molecules from a region of ite
higher concentration to a region of ite lower concentration down
a concentration gradient

- Facilitated diffusion is the movement of gpecific moleculeg from a region of high concentration to a

region of low concentration down a concentration gradient with uging channel protein or carrier
protein. Usually iong or large molecules.

- Ogmogig ig the diffugion of water molecules from a region high water potential to a region of lower
water potential acrose a partially permeable membrane down a water potential gradient
More negative kPPa, more concentrated, lower water potential.

~350kPa -1050 kPa

‘ ~3000kPa

+ Active trangport ig the movement of gpecific molecules from alow concentration to high concentration
against the concentration gradient uging carrier protein using ATO

¢) Endoeytogie and exocytogie

Macromoleculeg are too large to move with membrane proteing and mugt be trangported across
membraneg in vegicles.

- Exocytosig ig the trangport of macromoleculeg out of a cell in a vegicle. The membrane of the vegicle
fugeg with the cell membrane, expelling ite contents outcide the cell.

+ Endocytosie i the trangport of macromolecules into a cell in a vegicle. The cell pute out extengiong
around the object to be engulfed and the membrane fuges together around the object, forming a
vegicle. ( Eg : phagoeytogi (cell eating) and pinocytosia (cell drinking) )

d) Surface area to volume ratiog

* Ag a cell increages in size, there ig lese qurface area in proportion to ite volume.
- The volume T fagter than the eurface area, therefore the surface area to volume (SA/V)
ratio | .

» Cells cannot continue growing larger, indefinitely. When a maximum size i reached, cell
growth stops.

* Ag celle are surrounded by a semi permeable membrane, golutiong can diffuse in and out of
the cell




+ In dilute golutiong ag water moveg into the eytoplagm,

Animal celle - expand and buret (lysic)

Plant celle - expand and becomeg turgid ( cell wall prevente it from bureting)
+ [n concentrated solutiong as water moveg out of the cytoplagm,

Animal cells - the cell shrinke

Plant cell - protoplast shrinke away from cell wall (plagmolygis)

Chapter 5 : The mitotic cell eycle

Mitogie i a nuclear divigion giving rige to genetically identical celle in which the chromogome
number ig maintained by the exact duplication of chromogome.

a) Significance of mitogig

+ Droduction of genetically identical celle: [+ keeps the chromosomal number the same in every
generation.

+ Growth: a single cell divides repeatedly to produce all the cellg in the adult organiem in repair of
a tigsue (not organ)

+ Cell replacement: produce new cells to replace ones that have been damaged (repair and
generation of logt parte) or worn out (healing of wounde).

+ Agexual reproduction: a single parent gives rige to genetically identical offepring

b) Cell eycle

The cell eycle ig the continuoug cycle of growth and mitotic divigion.
[t hag 3 major phages: [nterphage and mitotic phage and cytokinesis
The period from one cell divigion to the next is called the cell cycle.
[nterphage : G, S and G2

Mitosie : Prophage, Metaphage, Anaphage and Telophage
Cytokinegie

+ Interphage :
Gl —> Cells synthesize RNA and proteing to induce growth.
S-phage —> Replication of DNA.
(52- phage —> Organelles (mitochondria and chloroplagte) are replicated and DNA ig checked




+ Mitogie :

Prophage —> Chromogomes condenge and become more coiled.

The nuclear membrane breake down and the nucleolug disappears.
Centrogomeg move to oppogite ends of the pole and forme gpindle fibreg

Metaphage —> The chromogsomeg align themgelveg along the metaphage plate
Spindle fibreg attached to kinetochoreg of the chromogomes.

Anaphage —> The centromereg divide, and the sigter chromatidg of each chromogome are pulled apart
and move 1o the opposite endg of the cell, pulled by gpindle fibreg attached to the
kinetochore regions.

The geparated sister chromatids are now referred to ag daughter chromogomes.

Telophage —> The nuclear membrane reforme around the chromosomes grouped at either pole of the cell.
The chromogomesg uncoil and become diffuge.

The gpindle fibreg disappear.

» Cytokinegie
In animale : A cleavage furrow formg at the equator of the celle and will eventually pinch off the two cells

to geparate them. The cell membraneg of each cell will undergo fiesion to separate the two daughter cellg
completely.

In plante. : A new cell plate is formed in between the 2 cells. After the plate divides the plant cells into
two daughter cellg, the plagma membrane geals off and fully separates the two new cells.

¢) Haploid.and diploid cell

+ Haploid celle
Celle that contain only ! complete get of chromogomes.
They are gametes and are produced from diploid celle by meiogie. (reduction divigion)
[n human, when the eperm and egg (haploid celle with | set of 23 chromogomes) fuged
together, thie produced a diploid zygote with 2 sete of chromogomes (46 chromogomeg).
Ag thig cell divided by mitogis, each daughter cell obtained a complete copy of each get.

+ Diploid cells
Mogt of the celle in the body are diploid cellg, they contain 2 complete sete of
chromogomeg, | from mother and one from father. (Total 46 gete)
Diploid celle reproduce using mitosie, which creates a completely identical copy of the cell.




d) Control of cell divigion

Cancer and uncontrolled cell divigion

[n cancer : geneg that control cell divigion mutate and cell divides over and over again, forming an irreqular
mass of cells.

[n malignant tumour: gome of cancer celle may break off and etart to form new tumourg elgewhere in the
body.

Several geneg mugt mutate before a cell becomes canceroug. Thig can happen just by chance.

The rigk ig increaged by factore that cause mutation (carcinogenic factore):

* ioniging radiation + chemicalg

+ ultraviolet radiation * virugeg

Chapter 6 : Nucleic acid and protein gynthesig

a) ONA
Nucleotides congict of a 5C sugar, a phogphate group and a nitrogen bage
A and G = purine bageg (double ring)
C, T and U = pyrimidine bages (gingle ring)

Nucleotides are bonded together by phogphodiester bonde between the phogphate group of one nucleotide and
the qugar of another to make nucleic-acide. ( by condengation’)
» Difference between DNA and RNA

ONA ig a double stranded helix polynucleotide with a deoxyriboge eugar

RNA ig a single-gtranded polynucleotide chain with riboge sugar

b) DNA replication

The gemi-congervative replication of DNA engureg genetic continuity between generationg of celle.

DNA replication oceurs during interphage.

Steps :

+ The double helix unwindg and the hydrogen bonds between the complementary bages break using
DNA helicage thug geparating the two etrandg of DNA.

* One of the strands ig used ag the template and complementary bage pairing occurs betuseen the
template etrand and free nucleotides. ( A with T and C with G)

» DNA polymerage links together the phosphate and deoxyribose groups of adjacent nucleotides.




¢) Protein eynthesie

+ Trangeription
Using one strand of DNA ag a template, mRNA ig trangeribed by RNA polymerage.
[+ containg a complementary copy of the bage sequence on the template strand of part of a DNA
molecule. mRNA leaveg nucleus and  into cytoplagm.

+ Tranglation
mRNA attacheg to ribosome.
tRNA ig a type of RNA. [t hag an anticodon on one end and an amino acid bonded to the other,
which it carrieg to the ribogome.
The anticodon of the tRNA bindg iteelf to the first codon on the mRNA by complementary bage
pairing
Another tRNA molecule binds to the second codon of the mRNA.
The amino acid attached to the tRNA molecules join by a peptide bond and then tRNA molecules
detach themgelves from the amino acidg, leaving them behind.
Thig process ig repeated thug leading to the formation of a polypeptide chain until a stop eodon i
reached on mRNA and endg the procesg of protein eynthegis.

d) Gene mutation

A gene mutation ig a random change in the gequence of nucleotides that may regult in an altered
polypeptide. A change in the sequence of bageg in DNA may result in a change in the sequence of amino
acidg in a protein. Thig in turn may regult in-a change.inthe 3-D gtructure of the protein and therefore the

way that it behaves. - _ _ _
This does not always happen, becauge there ie more than one triplet that codeg for each amino

acid, 8o a change in a triplet may not change the amino acid that is coded for.

Sickle cell anaemia

The mutation i¢ a change in the gene that codeg for B polypeptide in a Hb molecule.

The abnormal B polypeptide hag the amino acid valine where it should have the amino acid glutamic acid.
The normal form of Hb i¢ called HbA, the abnormal Hb ig called sickle cell Hb (HbS)

Thege amino acids are on the outide of the Hb molecule when it takes up ite tertiary and quaternary
ghapes.

When the abnormal Hb i in an area of low oxygen concentration, the Hb moleculeg etick to one another,
forming a big chain of molecules that ie not goluble and therefore formg long fibreg.

Thig pulls the red blood celle out of ehape, making them ickle-ghaped ingtead of round.

They are no longer able to move easily through the blood eystem and may get stuck in capillaries.
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Chapter 7 : Trangport in Plantg

a) Trangport eystem

* In a gingle-celled organiem, trangport of 02, COZ and nutrients can happen by diffugion alone.
Becauge no point in the cell ig very far from the eurface, <o it doeg not take long for gages to
diffuge from the cell surface membrane to the centre of the cell

* In alarge organiem, diffugion ig no longer sufficient. Thig ie because: the centre of the organigm
may be a long way from the surface, o it would take oo long for eubgtances to diffuse all that
way; the urface area to volume ratio ie much emaller.

Large organisme golve these difficulties in two wayg: trangport syetem and increage surface area.

b) Structure of trangport tissueg

Xylem : trangporte water and inorganic iong from the rootg to the leaves.

Xylem tiggue containg dead, empty cells with no end walle and are arranged in long lines to form
xylem veagels. Thege are long, hollow tubeg through which water moves by mags flow from the roote
to all other parte of the plant.

Phloem : trangporte food made in the plant (gueroge and-amino acide) from the leaves to the rest of

the plant.
Phloem tigsue containg cells called gieve tube elemente and each gieve tube element hag a companion
cell. They are living cellg.

¢) Pathwaye
Two routeg by which the water travele from the root hair celle to the xylem of the root.
+ Symplast : Water moveg from cell to cell through plagmodesmata
+ Apoplast : Water moveg through the cell walle and intracellular spaces

d) Movement of water

Soil to root

[t can oceur via symplagt or apoplagt pathway

Water can only travel through apoplast pathway up to the endodermig.

Thig ig becauge at the endodermig there ig the Cagparian strip, which ig impermeable to water.

[n order for the water to crogs the endodermia the water that hag been moving through the cell walls
mugt now enter eymplast pathway.




Up the xylem

Water moveg up the xylem vesgels by mage flow. The water molecules are held together by hydrogen
bonds between them (cohegion), keeping the water column unbroken.

There ig a relatively low hydrogtatic preseure at the top of the column, produced by the loge of water by
trangpiration. Thig lowering of hydrostatic presqure cauges a pregeure gradient from the bage to the top
of the xylem vesgel.

The puch of water upwards ig aided by the root presgure which ig where the action of the endodermig
moving mineralg into the xylem by active trangport, drives water into the xylem by ogmosie, thug
pushing it upwards.

Trangpiration

Water ig releaged into the atmogphere ag water vapour to the atmogphere via stomata,

Trangpiration involveg ogmogie, where water moveg from the xylem to the megophyll cells. Water from
the surface of mesophyll cells evaporate into intercellular spaces and-diffusion ag water vapour down a
water vapour potential gradient out of the stomata.

Trangpiration ig and inevitable congequence of photogynthesie.

During photosynthegis, the guard cells change shape to open the-stomata 1o allow COZ to diffuse into
the leaf. When the stomata open, water vapour diffuseg out.

e) Movement of asgimilates

Source and gink
A gource where aggimilates enter the phloem.
A gink is where aggimilates leave the phloem.

Tranglocation

+ From companion celle to sieve tube element

H+ ig actively pumped out of the cytoplasm of the companion cellg into its cell wall. Ag H+
concentration increages, it diffuses back into the cytoplagm together with sueroge via H+ gueroge
co trangporter. Thig increages the concentration of sucroge in the companion cell, <o it diffuges
down the concentration gradient and into the gieve tube element through the plasmodesmata.




+ From gource to gink

At the source, concentration of sucroge in sieve tube elementg increages, water potential decreages.
Water diffuges in down concentration gradient, creating an increage in hydrogtatic pregsure.

At the gink, eucroge diffuges out of gieve tube element down the concentration gradient.

Thig produces a water potential gradient so water aleo diffuses out of the phloem, decreaging the
hydrostatic presqure.

Phloem sap moves by mase flow down this pregsure gradient.

f) Factore affecting rate of trangpiration

+ High temperature : [ increages the rate of trangpiration. Evaporation from the cell wallg ingide
the leaf therefore happens more rapidly, and diffugion aleo happens more rapidly.

+ High humidity : [t decreages the rate of trangpiration. Thig ig becauge the water potential
gradient between the air gpaces ingide the leaf and the air outside ig lege steep; go diffugion of
water vapour out of the leaf happeng more slowly.

+ High wind epeed : [t increages rate of trangpiration: Thig ie because the moving air carrieg
away water vapour from the gurface of the leaf, helping to maintain a water potential gradient
between the air gpaceg ingide the leaf and the air outeide:

- High light intenaity : lt increageg the rate of trangpiration. Thig ie becauge the plant may be
photogynthegicing rapidly, requiring a rapid supply of COZ. This means that more stomata are
likely to be-open, through which water vapour can diffuge out of the leaf.

g) Xerophytes

A xerophyte i a plant that i¢ adapted to live in an environment where water ig in chort gupply.
The adaptations may include:

- Leaveg with amall gurface area to volume ratio : Thig reduces the amount of eurface area from which

water vapour can diffuge.

+ Leaves with a thick, waxy cuticle : Thig reduces the quantity of water that can diffuge through the
aurface of the leaf into the air.

+ Stomatal pite : Thig produces a layer of high water potential around the stomata, reducing the water
potential gradient and therefore reducing the rate of diffugion of water vapour from ingide the leaf to
outgide.
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Chapter 8 : Trangport in mammalg

a) The circulatory ystem etructureg and their functiong

The mammalian circulatory system ig called a cloged double circulation becauge blood flows through

the heart twice in one circulation and it travelg in the veagels

+ Arferieg : Carrieg blood away from the heart. Hag thick elastic walle to withstand high pregeure
which can expand and recoil ag blood pasges through. It ig line with smooth endothelium to reduce
friction and eage flow of blood.

+ Arterioles : Branched off arterieq that feed blood into capillaries. Containg smooth mugcle which
can contract and make the lumen smaller to control flow of blood in different parte of the body.

+ Capillaries ~ They have a narrow lumen, a large surface area, and a glow blood flow to allow for
efficient diffuion. Aleo have one cell thick walle which have tiny gaps that allow plagma to leak
out.

+ Venuleg ~ They are small blood vegeel is that connect capillaries to the veins.

+ Veing ~ Carrieg low presaure blood from the body into the heart. They eontain valves to prevent

backflow of blood.

Blood componente

+ RBC : Trangporte OZ2 to regpiring tiseues and carries COZ away from celle. [+ hag a bioconcave
ghape o increage surface area to volume ratio i¢ allowing rapid diffusion of OZ. Hag no nucleus
or mitochondria to allow more gurface area to carry haemoglobin.

» WBC : There are two types of WBC - lymphocytes and phagoeytes. Lymphocytes make
antibodieg and phagoeytes degtroy unwanted celle by engulfing them (phagoeytosie)

+ Platelete : Helps blood to clot by clumping together. They protect the body by stopping bleeding.

+ Tigsue fluid and lymph : When plagma leaks through capillaries called tiseue fluid. Some tiseue fluid

collect at the lymphatic vesgels.

Neutrophi Monocytes Lymphocyte




b) Haemoglobin and O2 trangport

Haemoglobin ie made up of four polypeptide chaing, each of which hag a haem group. Each haem
group containg an iron ion which combineg with O2. Each iron ion can combine with 2 oxygen atoms
g0 | haemoglobin molecule can combine with 8 oxygen atoms.

Haemoglobin combineg with oxygen to form oxyhaemoglobin.

At high partial preseure of 02, haemoglobin will be highly saturated with O2.

Disgociation curve

[t's a graph showing the relationship between pO2 and the % saturation of Hb with O2.

[n areag of high CO2 concentration, Hb ie lege eaturated with O2 than it would be if there wag no
COZ pregent.

Thig releage of O2 ig called the Bohr effect.

[+ enables Hb to unload more of ite O2 in tiseues where regpiration i taking place.

The Bohr effect cauging a shift to the right in the disgociation curve.
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¢) COZ trangport

Some of the CO2 produced by regpiration diffuges into the red blood celle and forme carbonic acid.
The HCO3 diffuges out of the red blood cell into the plagma, decreaging the concentration of negatively

charged iong ingide the red blood celle. To counteract thig, chloride ione move from the plagma into the
red blood cells. (Chloride hift)

Some CO2 diffuseg into the red blood cells but instead of forming carbonic acid, it attacheg directly onto
the Hb moleculeg to form carbaminohaemoglobin. CO2 does not bind to the haem group, therefore
oxygen can &fill bind to form oxyhaemoglobin.




Adaptation to high altitude

+ At high altitudes, pO2 ig lower than at gea level, therefore haemoglobin ig lese gaturated with O2 in
the lunge and deliverg lese O2 to body tisgues.

» The body increages number of red blood cellg in blood to maintain amount of oxygenated blood
delivered to cells.

+ Even though each Hb molecule carries legs 02, the increaged number of red blood cells helpg to
cupply the game amount of O2 to regpiring tigeues.

d) Heart

The mammalian heart i¢ a double pump where the right side pumps deoxygenated
blood 1o the lunge and the left side pumps oxygenated blood to the rest of the
body. The blood ig then returned to the heart through the vena cava.

+ The ventricle wallg are thicker than the atrial wall to withetand the high-preseure
of pumping blood out of the heart.

+ The left ventricle wall ig thicker than the right ventricle wall ag i hag to-produce a
high enough presaure to move blood to the whole body.

+ The tricuspid (right), bicugpid (left) and semilunar valves work to prevent back
flow of blood.

e) Cardiac cycle

- Both gides of the heart contract and relax together.

+ The gequence of one heart beat ig called the cardiac cycle.

» During atrial eystole, the mugcleg in the walle of the atria o
contracts, pushing more blood into the ventricleg through the 0PEN  mewurs e e e crve

atrioventricular valveg.

» During ventricular gystole, the mugcles in the walle of the ventricleg contract. Thig cauges the
pregaure of the blood ingide the ventricleg to become greater than in the atria, forcing the
atrioventricular valves shut. The blood ig forced out through the aorta and pulmonary artery.

+ During diastole, the heart muscles relax. The pregsure ingide the ventricles becomes legs than that
ingide the aorta and pulmonary artery, o the blood ingide theses vesgels pusheg the gemilunar valves
chut.

+ Blood flowg into the atria from the veing, 2o the eycle ig ready to begin again.




[nitiation and control of cardiac cycle

Heart hag the ability to initiate its own contraction : myogenic.

+ In the wall of the right atrium, SAN acte ag the pacemaker of the heart, ag it initiates a wave of
electrical impulses acroge both atriag which cauges the atria to contract.

+ The electrical wave eventually reaches the AUN. [+ delays the impulseg briefly before it pasges on the
excitation to ventricles, down the bundle of Hig to the apex of the heart.

+ The bundle of Hig brancheg into Burkyne fibres which carry the wave upwards. Thig causes the
ventricles to contract, thus emptying them.

Chapter 9 : Gag exchange and gmoking

a) Bag exchange gystem

Cartilage Elagtic fibres  Ciliated & Goblet cellg + Smooth muscle

Trachea pregent pregent pregent
Bronchi pregent pregent not pregent
Bronchiole not pregent pregent pregent

Cartilage : provide support and preventg tubeg from collapsing

Ciliated epithelium : it ie covered with many eilia that sweep mucug up towardg the mouth

Goblet cells : secrete mucug that trape dust particles and bacteria.

Smooth mugcle : contract and relax to reduce and increage the diameter of the tubeg, controlling air flow.
Elagtic fibreg : stretch to allow alveoli-and airways to expand during inhalation and recoile 1o allow alvecli
to expel air out of lungs.

*Trachea hag C shaped rings of cartilage and bronchug hag irregularly shaped blocks of cartilage

b) Gag exchange at alveolug

There ig a higher concentration of O2 and a lower concentration of COZ2 ingide the alveolug. Blood
blood to the lungs hag a low concentration of O2 and high COZ2, thig creates a concentration gradient.
02 diffuses down the concentration gradient from the alveolug to the blood capillary and CO2
diffuses from the blood capillary into the alveolug.

The volume of air that is moved into or out of the lunge during one breath ig called the tidal volume.
The maximum amount of air that can be moved in or out during the deepest posgible breath ig called
the vital capacity
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¢) Smoking
The components of tobacco smoke include tar, carbon dioxide and nicotine.

- Tar ie a mixture of subgtances including chemicale that act ag carcinogens (cauge cancer). [t aleo ettleg
on epithelial lining leading to inflammation.

+ Nicotine ig the addictive subgtance that increages the releage of dopamine and adrenaline in the blood.
[ncreaged dopamine giveg feelings of pleagure. [ncreaged adrenaline increages breathing and heart rate.

- Carbon monoxide bindg irreversibly with haemoglobin forming carboxyhaemoglobin. Thig reduces the
amount of haemoglobin available to combine with oxygen.

Effecte of emoking on gag exchange system

+ Chronic Bronchitis : Tar on epithelial lining causes goblet cellg to increage mucus production. Excess
mucug production prevent cilia from beating efficiently cauging mucug to build up. Excese mucus is a
breeding ground for bacteria, increaging chances of infection.

- Emphysema : Infection in the lungg increageg the number of white blood celle secreted by the immune
aystem. WBC gecrete elagtage that damages the elastin of the alveolus: Thig decreageg ite ability to

expand and recoil. Alveolus may burst and reduce the gurface area available for gageous exchange.

- COBD : It is a condition where the pereon hag both chronic bronchitie and emphygema.

Chapter 1O : Infectious digeages

a) Virug and bacteria

- Bacteria : hag peptidoglycan cell wall and ribosome, DNA and RNA floating freely in cytoplagm
+ Vlirug : hag a protein coat, ONA or RNA enclosed in protein coat, hag no ribogomes
+ Bacteria do not require a host to survive where ag viruges are entirely dependent on the hosts.

b) Digeages

Diseages can be infectious or non-infectious. [nfectious digeages are cauged by pathogen.
Non-infectioug digeages cannot be spread between organiems.
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Digeage Pathogen Trangmitted by Prevent trangmiagion by

Vibrio Contaminated water and | Boil water before drinking,

Chol
olera Oholerae food wagh handg before eating

Tuberculogie | Mycobacterium|  Airborne water droplets
Tuberculogig

TB vaccine

o Take HIV medication, uge
HIV/AIDS HIV Bodily fluide erofection during sexual

intercourge

Plagmodium [nfected by a female Reduce number of

Malaria mosquitoes in qurrounding

vivax mosquito vector
area and uge repellant

Meagles | Morbillvirug | Airborne water droplete Use meagleg vaccine

Contact with

Variola _ . Uge gmallpox vaceine
Smalpox contaminated itemg or

pergon

¢) Antibiotice
Antibiotice are selective toxing, killing or-digabling the pathogen without harming the hogt.
They do not work on virugeg. (virug hag no cell wall)

Denicillin on bacteria

Penicillin interferes with the synthegie of peptidoglycan in bacterial cell walls. Penicillin prevents
peptidoglycan from forming crogg-linke. Thig greatly weakeng the cell wall and cauges the bacterium to
lyse because of osmotic preseure.

Penicillin does not harm human cells ag we do not have peptidoglycan.

Registance
Some bacteria become registant due to natural gelection. Ag they reproduce, they page down their
antibiotic resigtance to their offepring, thig creates a regigtance gtrain.
Antibiotice hould only be uced when needed and patient hould always finish full course of antibiotice
to prevent regigtant straing from forming.
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Chapter Il : Immunity

The first line of defence is made up of phygical and chemical barriers.
These types of barrierg are non-gpecific

- Dhysical Barriera : Skim, noge, throat and digestive tract

- Chemical Barriers : Tearg, earwax, stomach acid and sweat

a) Self and non gelf antigen

On the gurface of every cell there are chemical markers call antigeng. Your immune gystem
recogniges antigeng on your own gelf ag elf-antigene. Any celle with different antigen (non gelf)
will stimulate an immune regponge.
b) Phagocytes
Phagocytes are produced in the bone marrow and develop into neutrophils or monocytes/macrophages.
They both work by phagocytogie.

hagodeR9siR.A8 h ARE o rEl AR e blagg /S Mk ecor oaus e haabhetec.

hey bORPABABRHLBRARSNA viruces by phagocytosie
oo aMacrorhagss are antioenvpresepting celle ag they digplay-antigen of pathogeng they have encountered
on their cell eurface membrane ig where the B or T lymphocytes may encounter them.

¢) Lymphocytes

Both B-lymphocytes and T-lymphocytes are made in bone marrow. B lymphocytes continue to
mature at bone marrow, while T lymphocytes mature at the thymug.

Each lymphocyte is gpecific to only one-antigen.

B lymphocyte

When it encounters an antigen that binds to ite receptorg, the B-lymphocyte ig activated and
undergoes clonal gelection and expansion.

[ then divides repeatedly by mitosis to produce a clone of genetically identical plagma celle or
memory cells. Blagma celle then secrete antibodies that destroy or a neutralise the antigeng.

Clonal selection and expangion can produce plagma cell or
memory celle. Plagma celle only last for a short while while
memory celle will remain in the blood for a long period of
time. Memory cells help create a faster secondary immune
regponge.




Antibodies

Antibodieg are immunoglobing. The variable region of the antibody i specific to the antigen and identical to
that of the B-lymphocyte it wag ecreted from.

They work by

- Sticking bacteria together making it eagier for phagocytes to destroy them

+ Neutraliging the toxing produced by pathogeng

* Punching holeg in bacterial walle to cauge them to lyse due to ogmotic pressure

» Binding to virugeg to prevent them from infecting cells.

T-lymphocytes

On encountering specific antigen T-lymphocyte are activated and undergo clonal expancion to produce T-

helper celle, T-killer celle and their specific memory cells.

+ T-helper cells secrete cytokines that stimulate B-celle to divide and form plagma celle and memory cells.

» T killer celle attach to the cells digplaying antigeng matching their receptor and destroyg the infected body
celle.

d) Immunity

Active immunity gives permanent immunity while pasgive immunity gives temporary immunity.
Natural active : Breviously having the digeage

Natural pasgive : Young infant with mother’s antibodieg through placenta/breagt milk
Artificial active : Vaceination

Artificial pagsive : Antibody injection

\accine

+ Avaccine containg a killed or weakened part of a pathogen that ig regpongible for infection.

» Dathogen etill hag antigen on ite cell-eurface membrane.

» When immune system and counterg thie antigen i it stimulates clonal expangions of B~
lymphoeyte and T-lymphocytes.

» Memory celle produced from thig immune regponge will help gecondary regponge when body
encounterg live pathogen in the future.




e) Monoclonal antibodies

Monoclonal antibody is are produced via the hybridoma method
Antigen are injected into a mouge to stimulate immune regponge .

After a few dayg, plagma cells are isolated from the spleen of the mouge and fuged with myeloma
cells to form hybridoma cells.
They are then grown in a culture to produce genetically identical cells.

f) Autoimmune diceages

An auto immune digeage ig when body’s immune eystem faile to recognize the own body’s
celle are gelf antigeng and attacke them.

Myagthenia gravig

[mmune eystem releases antibodies that block receptors for acetylcholine at the
neuromugcular junction which prevente the mugcle from contracting.

MG can be treated by anticholinesterage medication and thymectomy.
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