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UNIT 1

1.1.1. SCOPE AND IMPORTANCE OF BIOLOGY
1. SCOPE OF BIOLOGY



Biology is the natural science thdt studies life dahd

living organisms oh edrth dnd thdy be beyohd ih the
future,

It ihcludes the study ofF vdrious aspects of living organisms
and their jnteractions with the non-living components
Biology hds three pritndry brdhches

i Botany (the study of plants)

i Zoology (the study of dnitndls)

i Microbiology (the study of tricroorgdhistns)
Sotre dreds of study ih these brdhches

i Cell Biology (studyihg cells)

ii. Histology (studyihg tissues)

iii. Ahdtotny (studyihg dbout gross structure oF the

body)d

iv. Physiology (studying Sunhctioh)

v. Biochetmistry (studyihg biologicdl tmolecules)

vi. Genhetics (studyihg inheritahce)

vii. Ecology (studyihg ehvirontnent)
Interdisciplinary branches -~ the reldtionship of Biology with
other brdhches of scienhce.

d. Sotne cotntnoh ihterdisciplindry branches — Biophysics,
Biochemistry: Biotnetry dhd BioihFortndtics. Psychology
dhd Sociobiology dre interdisciplindry brdahches ihvolving
Biology dhd Socidl Sciehces,

Applied branches ~use to dpply the khowledge gdihed Srotm
different dreds to be used for welfare of man, animals and

plants
d. These include branches like Agriculture, Animal

husbandry, Aquaculture etc



ISSUES PERTAINING TO BIOLOGY
BIOLOGY



1 Diversity

1.

2|

Biodiversity geherdlly refers to the variety and variability of
life on Earth.

There dare 8,7 million eukaryotic species oh our pldahet
give or take 1.3 tillioh

2 Human Body and how it Functions

1 cdh gdih the khowledge dbout the structure of the organs

2, orgdhizdtioh of the tutndh body dhd Fuhctiohs of different orgah
systets dhd the relationship betweeh structure dand Funhctions.

3 Plant

1. The primary producers ih the world

2. All the animals depend directly or indirectly oh plants.

3. Therefore uhderstanding plant (ife is itnportdnt.

4. As the titne hutndh populdtionh is ihcredsihg we heed to ihcredse
tte productivity

5, Therefore uhderstanding plant Funhctioh dhd biology is itnportdant to

produce high yielding plants. disedse resistant plants, etc.

4 Natural resources and environment

1I

Naturdl resources dre sources of tndteridls dhd energy found
naturally which dre used

These hdturdl resources dre limited oh edrth
Due to the ihcredse of growth rdte of tutndh populdtion,
overuse OF hdturdl resources is tdkihg pldce.

It cduses thredt of depletion 03 hdaturdl resources
Due to over exploitation o5 nhaturdl resources, vdrious
environtmentdl prodletns drise such ds: pollution and
Climate change

Khowledge of Biology is usesul to bring dbout remedies Sor
the dbove prodletns

5 Sustainable food production

1I

Sustdihdble Food production is the production of sufficient

amounts of food Sor the tutah populatioh Usihg
envirohtnentdlly sdfe tnethods.

The current hutndh populdtioh is dabout 7.5 billion dhd



expected to be double ih less thah YO yedrs

Therefore, for the survival of human beings
sustdihdble Food production is hecessdry.

.+ To tndibtdih sustdibhdble Food production Following trethods cdah be

dpplied, which are based oh knowledge in biology:
a. Productioh of high yielding varieties of pldnts and
dhitndls,
b Productioh of disease resistant plants dnd dhitndl
varieties,

c. Improve the post harvest technological tethods.

6 Diseases and causes

1I

2I

To tdintdin healthy human body ohe should have the
khowledge oF cduses of the disedses dhd their effects

Sotre ddhgerous disedses which exist ih current world are non

communicable diseases such ds canhcers, hedrt disedses,
didbetes, chrohic rendl disedses

Ahd communicable diseases such as dehgue, AIDS, etc

Currently scientists are working obh prevention. remedidl
thedsures dhd cures for such disedses.

7 Legal and ethical issues

1I

Khowledge dnd dapplicdation of biologicdl concepts is itmportant in
solving sotne legal issues

such ds parentdge testing, ih criminal investigations and to
solve itntnigrdtion disputes.

DNA fingerprinting is uUsed inh above circutstances



1.1.2. Nature and organization of living world
Diversity of organisms-size, shape, form, habitat
BIOLOGY



Orgdhistns dre diverse bdsed oh size, shdpe, Fortm dnhd
bhabitats.

Living orgdnistns show d wide range of variation ih size, shape,
fortn dhd habitat,

Size Bacteria 025 ut» 2 ;i to Giant Red Wood
100t

Shape  Organistns dre diverse ih shdpe, Ex' Cylindrical Cedarth
wortm), streamline shape (birds, Fish)

Fortn Unicellular (Atoebd), multicellular (ahy plant or
dhitndl)

Habitat  Terrestrial (Rat), aquatic (Fist), arboreal (Loris),
aeridl (Birds)



Characteristics of organisms
BIOLOGY



Order and organization

1. Frotn molecular level to biosphere there is dh order and
organization ih orgdnistns to perfortn their biologicdl dctivities
efficiently

2. lower [evel cotnpohents dre orgdhized ih d tnethodicdl pdtterh inh
upper level to tnake it tmost efficienteg’ plant leaf and
human eyes.

Metabolism

1. The sut of all chemical activities tdkihg place ih ah
orgdhistn is its tnetdbolistn,

2. It includes catabolic reactions and anabolic reactions

Growth and development

1I
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All organistns begih their fife das a4 single cell

Durihg growth ah irreversible incredse ih dry mass occurs.
which is chdrdcterized onhly by the livibg

Irreversible changes that occur during the [ife spah of dh
orgdhistn is developtment.

Growth dhd developtnent dare two consequent processes that
bdppeh ih the [ife spdh oF orgdhistns,

Irritability and coordination

1. Irritability is the ability to respond to stitnuli $rotn both
interhdl dhd exterhdl ehvirontment,

2. Movement OF ordgdhistns occurs ds d result of irritadility and
coordihdtion.

3. Ih dhitndls this hdppehs ds d result of coordinated efforts o5
hervous, hortmohdl, tmusculdr dhd skeletdl systetns

Adaptation

1. Addptdtion is a peculidrity oF structure- anatomy, physiology
or behavior

2, that promotes the [ikely tood of ah organism’s survival dnd
reproductioh ih d pdrticuldr ehvirohtment,

3.  E<¢' Sunken stomata in Xerophytes. Yiviparity ih sotme

thdahgroves, Spldyed out Foot ih cdatnels,

Reproduction




1. Abillity to produce offspring Sor cohtihuous existence of
species

Heredity & Evolution

1. Organistns have genes thdat pass from one generation to
the next

2. control specific physiological, morphological and
behavioral chdrdcters of orgdhistns,

3. Atility of orgdnistns to change over time ds d result of
gehetic tmodificdtion - evolution

OMG IT'S A RED HERRINGS



Hierarchical levels of organization of living things




Molecules
A tnolecule is dh electricdlly heutrdl group of two or tmore dtotns held
together by chetnicdl bohds.

Organelle
Ah orgdhelle is d tihy celluldr structure thdt perfortns specific

Suhctiohs withih a cell,

Cells
is the bdsic structurdl, Fuhctiohdl, dhd biologicdl uhit of dll khowh
orgdhistns,

Tissues
it cohsists 0F d group of structurdlly ahd Fuhctiondlly sitnildr cells

Organs
Orgdhs dre the body's recoghizdble structures (Sor exdtple, the

teart, luhgs, liver, eyes, dhd stotndch) that perfortn specific Funhctions

organ systems

Ah orgdh systetn is d group oOF orgdhs thdt work together ds d
biologicdl systetn to perfortm ohe or tmore Funhctiohs, The 11 orgdh
systetns 0F the body dre the ihtegumentdry, tmusculdr, skeletdl,
hervous, circuldtory, lytnphdtic, respirdtory, endocrine,
urindry/excretory, reproductive dhd digestive,

Organism
In bioclogy, dah orgdhistn is dhy ihdividudl ehtity thdat etmbodies the

properties of life

Populations
A population is the hutnber of living people thdt live together ih the
sdtne pldce.

Communities
dh ihterdctihng group oF vdrious species ih d cotntnoh locdtioh

Ecosystem
d biologicdl cotntnuhity oF ihterdcting orgdhistns dhd their physicdl
ehvirohtment,

Biosphere
the regiohs oF the surfdce dhd dttmosphere of the edrth or ahother

plahet occupied by living orgdhistns,



General Certificate of Education (A/L) Examination
2011 - August
Biology Il - Three hours
PART A - Structured Essay

Answer all question on this paper itself
(Each question carries 10 marks)

l. (A) i. What are the major characteristics that distinguish living
from non-living?
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‘General Cerfificate of Education (A/L) Examinafion
2009 - August

Biology Il - Three hours

PART A - Structured Essay

Answer all question on this paper itself
(Each question carries 10 marks)

. (A) (i) All living organisms show few characteristics which
collectively distinguish them from non-living matter.
Indicate four such characteristics.

(i) Write down the levels of organization of living matter
in the correct order.



Unitz

CHEMICAL AND CELLULAR BASIS OF LIFE
LESSON 1 COMPOSITION OF ELEMENTS IN LIVING MATTER
2.1.1 The elemental composition of living organims
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MATTER- Ahy substance, which take o space and has a
mass:

ELEMENT - Ah eletnent is defihed ds d matter. which
cannot be broken down into simpler forms 5y any non-
nuclear chemical reaction X

There dare 118 elements dre khowh There dre 92 elements

dare naturally present ih the nature
The rest were tndde ih [dbordtories,

Out of the 92 eletnents dround 25 -30 elements dre present
ih livihg orgdhistn

There dre 4 basic elements cotmhtmoh ih livihg orgdhiste!
carbon, oxygen, nitrogen and hydrogen

The percentdge of oxygeh ih the tndss of living systetns is 65
%.

The percentdge of cdrboh ih the tndss of living tndtter is 18 %
The percentdge of hydrogeh is 10 %

The percentdge of thitrogeh is 3 9%

The source of oxygen and hydrogen Jor orgdnistes is mostly

water

\Wdter cotnpositionh is the thost dbunhddht ih living thing (around
70%)

Eletrenhts dre sepdrdted ih to macro elements dhd trace
elements

This cldassificdtioh is depehdihg oh their dbuhddhce ih living tndtter,
Mdcro eletnents

Found >0.01% i the dry weight of dh orgahistn

C,H,0,N, P, S, Ca, K, Mg are fouhd ds macro elements
in ALL ORGANISMS 9-ELEMENTS

In sotne orgdhistns eq. Hutndh Na, Fe and Cl (3) dre diso found

ds tndcro tnolecules, Hutnah totdl tndcro eletnents - 12

p F M Sdlt CHON S Ca
K

Plants tajor elements
the tnacronutrients: hitrogen (N), phosphorus(P), potassiutn (K), cdl



ciutn (Cda), sulsur(S), tndghesiutn (Mg), cdarbon (C), oxygen(O), hydr
ogeh (HH CHON  Mg/Ca/S/P/K

21, Trace €letments
22. Found less thah 0.01% in dry weight Eg Si, V, Cr, Co, B, Mn,
Zn, Cu, Mo,l,Al etc.

2.1.2 the physical and chemical properties of water important for life
STRUCTURE OF A WATER MOLECULE

1. \Wdter dccouhts for dbout FQ% ©0F d cells weight,
2. Ih edch wdter tmolecule (H20) the two H dtotns dre linked to

the O datotm by covalent bonds

3. The two bonds dre highly polar:

4. Because the O is strongly attractive Sor electrons,

5. Wthereds the H is only weakly attractive:

o Consequently, there is ah unequal distribution o5
electrohs ih d water molecule.

7.

Positive charge on the two H atoms and of

negative charge on the O

8. Wheh d positively chdrged regioh of ohe wdter tnolecule (that is,
ohe oF its H dtotns) cotnes close to d hegdtively chdrged region
(that is, the O) of d secohd wdter tmolecule, the electricdl
dttrdactioh between thet cdh result ih d wedk bonhd cdlled a

hydrogen bond.

g Each water molecule cdh Fortn hydrogeh bohds
through its two H dtotns to two other wdter tnolecules,

10.  Producihg d network b which tydrogenh bohds dre beihg
cohtihudlly brokenh dhd Fortned.

PROPERTIES



MACROMOLECULES

=

W
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11,

Livihg cells cohtdith four tndjor types of stndll orgdhic tnolecules.
Tte sugars, the fatty acids, the amino acids,
and the nucleotides:

Large organic compounds cdlled tmacromolecules
A very ldrge tholecule thdde Up oF stndll orgdhic tnolecules —

monomers:
The monhoters tay be the same or slightly different:

Ohly d few monomers cdh recotmbihe to credte
thdcrotnolecules.

Macrotmolecules dre Sortned by dehydration reactions:

Water molecules are removed ot the Jortnation of
bohds dehydrdation redctions.

Macromolecules Composition - 21%
a Carb - 10%, fat -8%, Pro -55%, Nucleic
acid -27%
Water - 74%
lons and small molecules 5%



Carbohydrates

Cdrbohydrdtes = sugdrs dhd their polytmers

Most dbuhddnht biological tholecules oh edrth

Product oF photosyhthesis,

Cdrbohydrdtes serve ds precursors to dll other biologicdl
tnolecules,

Oxidized to yield ehergy

Polytrers hdave structurdl fuhctions

derivdtives Found ih other tolecules

I FfwbE

Mohosdcchdrides
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Genherdlly tdve toleculdr Sortnulds thdt dre tultiples of CHZO
Ndtmes oF tnohosdcchdrides genherdlly end ih “ose”

Dependihg oh locdtion of cdrbohyl group, sugdrs cdh be ketoses
($ructose) or dldoses (glucose).

cdh be of vdryihg lehgth (3-7 cdrbonhs [ohgd.

Hexose sugdrs dre thost cotntnoh,

sotne sugdrs vdry ohly ih spdtidl drrdhgetents of their pdrts
drouhd dh dsytntnetric cdrboh (eg. glucose dhd gdldctose)

ih dqueous solutiohs thost sugdrs $rotn rihg structures
Mohosdcchdrides serve ds tndjor hutrient source For cells,
Their cdarboh skeletohs serve ds rdw tndteridl ih the Fortndtion
oF other biologicdl tholecules,

cohsists of two thohosdcchdrides joihed by d glycosidic linkage
2 glucoses tndke tndltose

1 golucose + 1 gdldctose = [dctose

1 glucose + 1 $ructose = sucrose (tdble sugdr)



POLYSACCHARIDES

1. tndcrotmolecules consisting of 100's or 1000's of thohosdcchdrides
linked together by glycosidic bohds.

2, Stdrch - Stordge polysdcchdride of pldnts

3 Wadter ihsoluble

4. cobsists ehtirely of glucose tmohotmers

5. thohotmer (inked by 1-Y dliphd glycosidic linkages

2} dtnylose = unhbrdhched stdrch

7. dtnylopectih = brdhched stdarch

8. tnost dhitndls hdve ehzytnes which hydrolyze stdrch

Glycogen




SRS

storage polysdcchdride ih dhitndls (liver ahd touscles)

dlso tndde 0F dlucose thohotners but is tmore extensively brdanched
thah stdrch

Both glycogeh dhd stdrch polytners hdve d helicdl shdpe resulting
frotn their 1-4 dlphd glycosidic bohds.



Cellulose

1 tnajor STRUCTURAL component of plant cell walls 2004
polytmer of R- glucose, but dare linked by 1-4 beta
glycosidic linkages (ds ih cellobiosed,

3 This disference gives cellulose a different shape <hd
properties thah stdrch danhd tnahy cellulose tnolecules held
together by H-bonding betweeh hydroxyl group of glucose
thohotners, drrdhged ih uhits cdlled tnicrosibrils,

4. ehzytnes thdt tydrolyze diphd bohds unhdble to hydrolyze betd
bohds
B very Few orgdhistns produce cellulases, ehzytes that

bydrolyze cellulose.



Chitin

1. structurdl polysdcchdride thdde $rotn glucose with d nitrogen
cohtdihihg group.

2 tnajor cotmpohent of arthropod exoskeleton d¢hd fungal
cell walls: 2012

3 Lohg-chdih polytner of N-acetylglucosamine. is d derivdtive
oF glucose.

Inulins

1 Ihulihs dre a group of hdturdlly occurring polysdcchdrides
produced by tndhy types of plants 2015

2, The ihulihs belohg to a cldss of dietdary Fibers khowh ds
fructans

3 Inulin is a teterogeneous collectioh of fructose polymers



4.

The degree of polytnerizdtion of stdhddrd ihulih rdhges Srotm 2
to 60

Pectin

fw e

Wdter-soluble cdrbohydrdte substahces
Made of galactouronic and galactopyranose (2016)

Founhd ih the cell walls
In the $ruits of plahts, pectih helps keep the wadlls

o3 adjacent cells joined together.
Itntndture $ruits cohtdih the precursor substdanhce protopectin,

which is cohverted to pectin dhd becomes tore water-soluble
ds ripehihg proceeds.
At this stdge the pectih helps ripehihg Fruits to retndih Firtn dhd

retain their shape



LIPIDS




Consist o5 C, H and O
3 itnportant Fdatnilies oF lipids are

1. Triglycerides
2. Phospholipids
3. Steroids

Triglycerides - Includes fats and oils,

1. Large molecules (not polymers> constructed $rom two
kinds ofF tnolecules

2, Glycerol (3 carboh dlcobol with 3 OfH groups) 2005

3 Fatty acid (Iohg tydrocarboh with carboxyl group)

4, 3 fatty acids Joihed to glycerol by ester linkage ( bohd
between OH dhd carboxyl groups)

5, Number of fatty acids detertihes iF its d tmoho-, di-, or
triglyceride.

o Triglycerides differ i the types of Fdatty dcids dttdached. Do
hot hdve to be the sdtme

7. Sdturdted fdts = hydrocdrboh chdihs contdih maximum
huthber of bonded hydrogenh dtotns (e no double bonds)

8. Usudlly solid dt rootn tetnperdture.

a, Uhsdturdted Fdats = ohe or more double bonds present in
carboh skeleton.

10. Double bonhds introduce Kinks ih hydrophodic tdil dhd so these
tmolecules do hot pack ds well ahd are usudlly liquid at RT.

Phospholipids

1, hdve ohly 2 fdtty dcids

2, Third OH group of glycerol bonhded to d phosphdte group

3 Phospholipids ih water sponhtdaheously dssetnble into tnicelles
ahd phospholipid bildyers (dhd liposotnes).

4. In these structures, the hohpoldr, hydrophodic tdils dre tucked
dwdy Frotn cohtdct with wdter, dhd the polar, hydrophilic hedds
of the phospholipids dre Fdcihg the ddqueous ehvirontnent.

5, Cell tretnbrdhes dre tndade of phospholipids dhd dre dlso bildyers,



Steroids

1.  Chdrdcterized by cdrboh skeletoh cohsisting of Y ihterconhected
Tihgs

2, Cholesterol is d precursor of dll steroid hortmohes (eg. sex
fortmones).

3. present ih cell membranes

Biologicdl itnportdhce

1. Strycture dhd shdpe cell tmetmbrahe /body
2. Energy

3. Sex tortnohes

4. Insulationh

5.

Protectioh of internhdl orgdh



Proteins
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Functions

Horthohes — ihsulih
Ahti-body (defenhse)  itntnuhity
Movetents cytoskeleton

Stordage  dlbutninh

Trahsport  teetnbrdhe proteins

Ebzytres  dtnyldse

Receptor - reguldtionh
HAMSTER

1I

2.
3

Edch proteih hds d uhique 3-D cohSortndtion dhd therefore
often d uhique Funhctioh

Proteihs dre polytmers fortned by thohotners cdlled amino acids
Atnino dcids cohsist of dh asymmetric carbon btonded to 4
disferent covdlent pdrthers (2003)

Disferent amiho dcids differ ih their R-group

R-group detertmines physical and chemical
characteristics 05 a particuldr atiho dcid.

R-groups can be nonpolar, polar, or electrically charged
(e, iohic).
Atnibo dcids cdh be covdlently linked through condensation

redctiohs to Fortn polytners,
This covdlent linkage is cdlled a peptide bonhd.

All polypeptide chdihs hdve d polarity' N-terminus and
carboxy-terminus



Levels of protein structure




Wheh cells thdke d polypeptide, the chdih Solds sponhtdheously to
dssutne the Funhctiohdl confortndtioh of thdt proteinh

Primary structure
Order of damiho dcids dlohg d chdih

Secondary structure
dipha telixt coil held together by H-bondihg between
every 4 ad
pleated sheet' chdih Folds back ih pardllel or dntiparallel
orientdtioh, ahd H-bonhds between pdrdllel regiohs hold
strycture together.

Tertiary structure
Overdll 3-D shdpe of protein
H-bohds, iohic ihterdctiohs, Hydrophobic interdctions,
dhd disulfide bridges oF side chdihs dlso ihvolved inh
stabilizing the tertidry structure.
thedt breaks disulfide bohds, 2007

Quaternary structure
Sotne proteihs cohsist oF two or thore polypeptide
chdihs.
Qudterhdry structure is the overdll proteih structure
thdat results $rotn the dggregdtioh ofF these
polypeptide units
eqg. colldagen = triple helix (3 subunhits) (2011/
collagen is proteih). tnost dbundant proteinh ih
the body 30% of totdl protein




Nucleic acids
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Nucleic dcid polytrers (DNA and RNA> cohsist of joihihg

together of tohotners cdlled nucleotides:
DNA conhsists of 2 chdihs 0f hucleotides thdt spirdl dh itndgihdry
axis to Fortn d doudle helix
Strands kept together by H-bondihg betweeh cotmpletmentdry
bdses oh edch strahd (A-T, ahd C-&D
All hucleotides cotnposed of

d. phosphdate group

b pehtose sugdr

¢ hitrogehous bdse
Different hucleotides differ ih their hitrogenhous bdse.
There dre two Fdtnilies of hitrogehous bdse
Piritnidinest cytosine (C), thytihe (T, urdcyl (U)
Purines adenhine (A), gudhihe (&)
hucleotides dre joihed by covdlent bonds cdlled phosphodiester
linrkages, betweeh phosphdate of ohe hucleotide dhd the sugdr of
pext thohotner.

10. DNA bdckbonhe is d phosphdte.
11, ehcodes ihFortndtion dhd proteih syhthesis



RNA
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RNA (Ribohucleic Acid) is d polyhucleotide, sitnildr to
DNA, ohe of whose roles is proteih syhthesis, RNA

is structurdlly disferent Srotm DNA, ih thatlt is usudlly single
strahded.

It conhtdihs the Nitrogehous Bdse Urdcil ihstedd of Thytribe.

Its Nucleotides cohtdih Ribose sugdr, ds opposed to Deoxyribose
sugar.

DNA cohtdihs Genes, which code For specific Polypeptide Chdins,
RNA redds the instructions (Trdhscription) dhd dssetnbles the
Polypeptide Chaih (Translation).

Durihg Trdhscriptioh, the DNA tholecule ‘opehs up', exposing

the gehe to be redd. Free RNA hucleotides, which

dre cotnpletmentdry usihg the bdse pdring rules C-G dhd A-

U (sihce Urdcil is sitnildar to Thytmine) bohd to the exposed bdses
oh the Tetnpldte Strdanhd.

The RNA bdckbohe theh Fortns credting dah mRNA (tnessenger
RNA) tmolecule which is identicdl to the Codihg Stdhd (opposite to
the Tetnpldate Strdand). The mRNA theh ‘peels awdy' Frotm the
DNA strdnd.

The nRNA strdnd ledves the hucleus through d hucledr pore dhd
dattdches to a Ribosotne, which is cotmposed oF rRNA (ribosotndl
RNAD.

tRNA (TrdhsSer RNA) cdrries dmiho dcids.

Wheh the tRNA cdrryihg the correct dmiho dcid i

the sequence collides with the Ribosotne, the datiho dcid joihs
with the previous dtiho dcid, Fortnihg d Peptide Bonhd.

This produces d polypeptide chdih, whose Pritndry Structure is
dictated by the sequence oF bdses ih the genhe Pritndry
Structure gives rise to Secohddry dhd Tertidry Structures,

Adehosihe Triphosphdate (or ATP)

1I

2I
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The phosphdtes ih this tmolecule cdh supply ehergy to substrdtes
ih our cells.

Ehzytnes exist ih our cells thdt cah retmove d phosphdte Srotn
ATP ahd dattdach it to d diFFerent tmolecule-usudlly d protein
Wheh this hdppehs, we sdy thdt the proteih hds beeh
phosphoryldated.



MICROSCOPE
2.2.1 Elaborates on the contribution of microscopes to the expansion of
knowledge on cells and cellular organization.




Zdchdrids Jdhsseh -1590s

Gdlileo Gdlilei sooh itnproved upoh the cotpound tnicroscope
desigh ih 1609

Dutch scientist Ahtoine vdh Leeuwehhoek desighed high—-powered
sihgle lehs tnicroscopes ih the 1670s.

TwO WORDS

¢,
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Mdghificdtioh is bow ldrge the itndge is cotnpdred to redl [ife
Resolutionh is defihed ds the dbility to distinguish betweenh two
poihts thdat dre close together

LIGHT MICROSCOPE

JSoafFwhe

©
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Yery cotntnoh
ihexpensive,
reduires tnihitndl User trdihihg
and yields good results

A hutnber oF [ehses dre used to produce dh itndge

Itndge viewed directly through eyepiece

Light passes $rotn bulb uhder the stdage, through condenser
lense, theh through specitnen

Beatn oF light theh Focused through objective lehs, then
through eyepiece lehs

Four different objective lehses (x10, x40, x100) dllow For
specitneh to be viewed dt different tndghificdtions
Eyepiece lehs tndghifies itndge dadih, usudlly (x5 dhd x10)
Totdl tndghificdtioh is giveh by tnultiplyihg the tndghificdtion of
the 2 [enses
Maghificdtioh possible with light tnicroscopet up to 1500x%
Mdghification Up to 1500x ih totdl
Resolution 200 htn
Litnited by the wdvelength of visible light
Specitneh Prepdrdtion
Stdinihg — Applying d coloured stdih to the sdtmple which binds to
certdit chetnicdls/structures, itmprovihg their visibility
Acetic orceih stdihs DNA ddrk red
Gentidh violet stdihs bdcteridl cell wadlls
Sectiohihg — Specitneh is etnbedded ih wdx to preserve structure
of sdtple cell wdlls while cuttihng thetn into a thinh slice
To correctly Use d light tnicroscope, you dlso heed to cdlibrdate
the eye piece grdticule usihg the stdge tnicrotneter — this step
dllows you to tnedsure the size of cells dhd structures thdt you
dre observinhg,
To do this, dligh the stdge tnicrotmeter (d tnicroscope slide with d
scdle oh it) with the eye piece grdticule, theh use the redding
$rotn the scdles to cdlculate the cdlibrdtion fdactor frotn the
objective [ehs.
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A Trdhstnissioh Electroh Microscope (TEM) etnits dh electron
bedtn through d very thih prepdred sdmple
Electrohs pehetrdte the dehser pdrts of the sdtmple with
gredter difficulty dnd this gives the conhtrast inh the 2D itndge
produced.
A Scdhhihg Electron Microscope (SEM) etnits dh electroh bedtn
directly ohto d sdtmple such thdat hohe oF the electrohs
pehetrdte it. Ihstedd, they bouhce ofF the sdtple dhd dre
received oh d sehsor, producihg d 3D itmndge.
Mdghification

TEM Up to x 500, 000

SEM Up to x 100, 000
Resolution= 01 htn

2000 x titnes thore thah light teicroscope

Produces detdiled itndges
Specitneh Prepdrdtion
Specitneh heeds to be prepdred correctly
Fixed to tnake it Firtn
Detbydrated dahd etnbedded ih resih
Stdibed usibg teetdl sdlts or tmetdl pdrticles
Mouhted oh d copper grid
Placed ih d vdcuutn
Stdihihg — Specitnehs dre stdihed with tnetdl sdlts or pdrticles
This cduses electrohs to scdtter differently, givihg conhtrast
Mdghification — The degree to which the size of dh itndge is
[arger thdh the object itsels
Resolutioh — The degree to which it is possible to distihguish
betweeh two poihts oh dh object thdt dre very close together
The tigher the resolution, the gredter the detdil that you cdanh
see



2.2.2 Describes the historical background of cell and analyses the
structure and functions of the sub cellular units
Cell theory
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The First tnah to withess d live cell uhder a ticroscope wds
Antony van Leeuwenhoek

The cell wds discovered by Robert Hooke in 1665

Hooke's descriptioh oF these cells wds published inh
Micrographia

Matthias Schleiden - wrote Contributions to Phytogenesis
(1838), ih which te stdted thdt the different pdrts of the
plaht orgdhistn dre cotnposed of cells or derivdtives of cells,
Ih 1839 Theodor Schwann (1810-1882) published d

thohogrdph that declared dll ahitndls dhd pldhts dre thdade Frotn
ohe sihgle Fuhddtmentdl uhit.

It 1858, Rudolf Virchow concluded thdat dll cells cotne
frotn pre—existihg cells, thus cotmpleting the cldssicdl cell
theory

Cell Theory is ohe of the basic principles o biology.
Credit for the fortnulation of this theory is giveh to Gertndh
sciehtists Theodor Schwdhh, Mdtthids Schleideh, dhd Rudolph
Yirchow.

The Cell Theory states:

All living orgadhistns dare cotposed of cells,

The cell is the basic structural & functional unit of
life

Cells darise Srot pre-existing cells
The cell theory is d widely dccepted expldhdtion of the
reldtiohship betweeh cells dhd living thihgs



THE CELL

1. The cell membrane thdkes the bouhddry of the cell There is
d bdsic cell structure thdt is present ih tndhy but hot dll living
cells' the nucleus

2. The hucleus of a cell is a structure inh the cytoplasm that is

surrouhded by d tnetnbrdhe (the hucledr tnetnbrdne)

dahd contdihs, dhd protects, most oF the cells DNA

Bdsed oh whether they hdve d hucleus, there dre two bdsic
types of cells!

a. prokaryotic cells and
b. eukaryotic cells.

W

PROKARYOTES AND EUKARYOTES
PROKARYOTIC CELL

1. Prokaryotic cells dre cells without d nucleus.
2. The DNA ih prokdaryotic cells is ih the cytopldstn
3 Prokdryotic cells dare single-celled orgdhistns, such ds bdcteria

EUVKARYOTIC CELL

1. Eukdryotic cells dre cells thdat conhtdih d nucleus.

2. A typicdl eukdaryotic cell is showh it Figure below.

3 Eukaryotic cells dare usudlly larger thah prokdryotic cells, dnd
they are Jound tdinly ih multicellular organisms

4. Eukaryotic cells diso contdih other organelles besides the

hucleus.



The structure and functions of the sub cellular
units
CELL WALL




BACTERIA CELL WALL

1l

2I

Grdtn—positive bdcterid stdih violet by Grdtn stdihihg due the

presence of peptidoglycan in their cell wall
Peptidoglycdhs dre dttdched to hegdtively—-chdrged [ipoteichoic
dcid thohotners itnportant For cell directioh dhd ddherence.
Lipoteichoic dcids dre covdlently linked to lipids withinh the
cytopldstnic tnetnbrdhe, thus conhhecting the peptidoglycdhs to the
cell cytopldstn,

The outer thetnbrdhe of Grdtm—hegdtive bdcterid contdins

lipopolysaccharides. proteins, dnd phospholipids.
The lipopolysdcchdride cotmpohent dcts ds d virulence

factor dhd cduses disedse ih dhitndls,

PLANT CELL WALL

1I

Made up o cellulose and pectin. hemicellulose,
lignin, suberin
The cell wdll is differentidated into middle lamella.

primary cell wall, secondary cell wall
Pritnary cell wdll is the fist cell wall ldid dowh by the

protopldst inher to the tniddle ldtmella.
The pritndry wadll is thih ahd eldstic dhd cotnposed of

cellulose. hemicellulose, pectic substanhces, lipids, proteins,
sotne tiher dls dhd wdter,

Middle latnella is present betweeh two adjacent cells

This layer is present outside the prindry cell wdll and is
cotmposed of calcium and magnesium pectate:

It holds the ddjdcent cells together like the cetment tolds the
bricks.

Secohddry cell wdll is fortned towdrds ihter side pritndry wadll dhd
is tnade of severdl [ayers of cellulose, hemicellulose:
Depositioh of lignin and suberin takes place after the

pritmdary wdll is fully Sortned. The wdll is thick dahd honheldstic dhd
provide ddditiondl strength

10. Cell wdll tas pits through which cytoplastm of dadjoining cells

Joih through- plasmodesmata:



PLASMA MEMBRANE
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Outer limit o5 protopldstn
Biologicdl Metnbrdhes dre very stdll (7-10nm) -

the Fluid Mosaic Model is geherdlly dcceptdble ds describing

how tnetnbrdahes dre drrdhged.
The Fluid Mosdic Model stdtes thdt tnetnbrahes dre cotnposed oF d

Phospholipid Bilayer vwith vdrious protein molecules
floatihg drounhd withinh it

The 'Fluid' part represents how sotne pdrts of the tetmbrdhe cdh
move drouhd Sreely, if they dre hot dttdched to other pdrts of
the cell,

The 'mosdic’ part illustrates the 'patchwork’ of proteins that
is Found it the Phospholipid Bildyer.

Sotne proteihs ih the tnetnbrdhe dre cdlled 'Intrinsic’
This thedhs thdt they completely span the Bildyer.

Others dre cdlled 'Extrinsic’ - they dre partly embedded it
the Bilayer.

Other tnetnbrdhes ih the cell diso hdve the sdtme structure

the Fuhctiohs ofF pldstnd tnetnbrdhe

Bounddry of cell.

Ostnotic bdldhce withih the cell.

Regulates the exit of wdste tndteridls

Exchahge.

Activities betweeh cells/ identificdation of cells

Sighal

BOREAS

God of the wihd

o000



Nucleus

1OI

11,

Double membrane ¢ehclosed orgdnhelle Sound ih eukdryotic cell
The tnetnbrdhe d hucledr tnetnbrdhe, dlso khowh ds the

nuclear envelope, is the lipid bildyer tnetmbrahe

which surrounds the genetic material dhd nucleolus in
eukdaryotic cells

It fas ah outer membrane

It bdas ah fnner membrane

The nuclear pore is d protein-lined chdhhel ih the hucledr

ehvelope thdt reguldtes the trahsportdtion of tmolecules between
the hucleus dhd the cytopldstn

Neucleoplasm is ohe oF the types of protopldstn
Nucleolus is usudlly is the cehter of the hucleus .
it is cotmposed of proteih dnhd hucleic dcid. It synthesized

rRNA dhd dssetble ribosotnes,
hucleolus disdappedrs wheh cell divided.

Chrotmosotnes - a thread-like structure ©5 nucleic acids
and protein Souhd ih the hucleus of tnost living cells, carrying



gehetic ihFortndtionh ih the Fortn of gehes,
12, Stores gehetic ihfortndtioh of the cell

Ribosomes

1. They dre present ih both eukaryotic and prokaryotic cell

2, Hds no membrane EXAM2010)

3 Sotne ribosote dttdched to the endoplasmic reticulum and
sotne Sloat freely in the cytoplast

Y. Ribosotne diso locdted ih mitochondria ahd chloroplast
(EXAM2008)

5 Ribosotnes dre a cell structures that makes protein

23 Consists of d large and a small sub unit cotmposed of r-
RNA dhd protein
7 Prokdryotic ribosotnes dre 708 (S FOR SWEDBURG) pdrticle



uhits with 30S dhd 50S subuhits
8. Eukdryotic ribosotmes dre 808 uhits with YOS dhd ©0S subuhits.



Enhdopldstric reticulutn

1. SINGLE membrane
2. Endoplastric tnedhs  within the plasm’ dnd reticulutm thedhs

network
3 Network of ihterndl thetmbrdahes Fortnihg Flattened or tubuldr sdcs
Y. Continuous with the outer membrane of nuclear
envelope

5 Two types of ER: Rough ER and Smooth ER
6. Rough Endoplastric Reticulutn!
da. The rough endopldstic reticulutn (RER) is dotted with
ribosomes., thus it is cdlled as rough .
b The RER endopldstnic reticulutn is especidlly protihent ih
cells syhthesizing proteins.
7. Stnooth Ehdopldstric Reticulutm



d. The stooth enhdopldstic reticulutn (SER) lacks

ribosomes:
b. The stmooth ER is especidlly dabuhddht ih mammalian
liver and gonad cells

Fubctioh of Rough Enhdopldstric Reticulutm!
C The pritne Suhctioh oF rough endopldstnic reticulutn is the

production and processing of specific proteins
at ribosotndl sites thdt dre later exported,

d. the proteins dare Solded into three dimensional shapes
dhd cdrbohydrdtes dre ddded.
e Ohe of the Functiohs oF rough endopldstnic reticulutn ihclude

transportation o the ready proteins to the sites where
they dre required.

Fubctioh of Sthooth Enhdopldstnic Reticulutn!
5. Stnooth Ehdopldstric Reticulutm (SERD is tadibly cohcerhed with the

syhthesis of carbohydrate and lipids. dhd sometitmes,
with their thetdbolistn

o} Steroid hormones dre produced ih SER present inh the
ddrendl dhd ehdocrihe gldhds.

f SER diso produces cholesterol dhd tmetmbrdahe phospholipids,
which dre used Sor tmembrdhe Fortdtioh.

i. Ohe of the thost itmportant fuhctiohs oF Stooth Endopldstnic

Reticulutn (SER) is to detoxify the body from

metabolic wastes and drugs
Jr proteih trdhsportdation

Golgi cotnplex
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Stdacks oF flattened vesicles or Golgi bodies

Inher dhd outer surfdces cdh be identified

fouhd withih the cytopldstn oF both plaht dhd anhitndl cell.
The Golgi cotnposed oF stdcks of SINGLE thetnbrdhe
bounhd structure,

flattened sdcks, cdlled cisterhde( sihguldr—cisternhd)
These dre dssocidted with endopldstic reticulutn (ER) dhd
tnodify products tmdde by ER

These Fdces dre chdrdcterized by uhique tmorphology dhd
biochetnistry,

In tnatetndliah cell typicdlly conhtdins Y$0-100 stdcks

This collectioh of cisterhde is brokeh dowh ihto cis tnedidl
dhd trdhs cotnpdrttnents,

In plant cell individudls stdck is sotnetitnes cdlled d
dictyosotne,

Edch cisterhde cotnprises, d Sldt tnetnbrdhe enclosed disc
thdat ihcludes specidl Golgi

ehzytnes which telp to modisy cdrgo proteihs thdt trdvels
through it

Nutnber of Golgi stdcks correldtes with how dctive the
cell is ih secretihg proteins,

tnd jor collectioh dhd dispdtch stdtionh oF protein products
Received $rotn the ehdopldstnic reticulutn,

pdckdge tndteridls to be trdhsported out if the cell
Lipids anhd proteihs tnodificdtion

credtioh oF lysosotnes,

secretes thucus

- LYSOSOMES




1. SINGLE Metbrdhe bounded vesicles contributing to digestive
dctivity

2. The outer surfdce is Fortned by d sihgle tnetnbrdhe, d
phospholipid bildyer that canh Fuse with sotne other tmetmbrane
bouhd orgdhelles,

3 A sihgle |Lysosotne conhtdihs thdhy ehzytne tholecules

4. The ehzytne cohtdihed withih Lysosotne is khowh collectively ds
dcid hydroldse dhd works best ih dcidic ehvirohtment,

5. Bredk dowh digestioh oF tndteridls $rotn ihside the cell
(autophagy).

o That is by Fusihg with vdcuoles Srotn ihside the cell

7. This could ihclude digesting organelles, so that useful chetnicdls
locked up ih their structure which cdh be reused by the cell

8. Break dowh digestioh oF tndteridls $rotn outside the cell
(heterophagy).

q, Thdt is by Fusihg with vdcuoles Srotn outside the cell.

10.  This could ihclude bredking dowh tndteridl tdkeh ih by phdgocytes,
which ihclude tndhy type of white blood cells,

11, Recycle the products of biochetnicdl redctiohs.

12, Those hdve tdkeh pldce ih the cell by endocytosis.

13, Cotnpletely bredkdowh cells that hdve died (dutolysis)

MICROBODEIS

PEROXISOMES AND GLYOXYSOMES




A SINGLE tnetnbrahe

2, Peroxisotnes dre dbout the size oF [ysosotmes (05 15 ) dhd
like thetn dre enclosed by d sihgle thetmbrdane

3. They dlso resemble lysosotnes ih beihg Filled with ehzytnes.

4. In tutndhs, hew peroxisotnes dre fortned by the Susioh oF vesicles
reledsed by the endopldstnic reticulutn with vesicles reledsed by
tnitochonhdrid.

5. Ohce Sortned, peroxisotmes cdh theh ihcredse their hummber by
growth dhd division

6.  The ehzytmes dhd other proteihs destihed For peroxisotnes dre
syhthesized ih the cytosol,

7. Sotne oF the Funhctiohs of the peroxisotnes ih the hutmah liver

a  Oxiddtioh of excess Fdtty dcids (Fat to carbo)

b Bredkdowh of tydrogenh peroxide (H202),

¢ syhthesis of cholesteral

4. syhthesis of bile dcids

e, Participates ih the syhthesis oF the lipids used to tnake toyelin

8  Glyoxysotnes dre specidlized peroxisotnes fouhd it plahts

As ih dll peroxisotnes, ih glyoxysotnes the Fdtty dcids dre oxidized to
dcetyl-CoA by peroxisotndl p-oxiddtion enzytnes,

Wheh the fdtty dcids dare oxidized tydrogenh peroxide CH202) is
produced ds oxygeh (O is cohsutmed

Thus the seeds heed oxygeh to gertihdte Besides peroxisotnd|
Fuhctiohs, glyoxysotnes possess ddditiondlly the key ehzytmes of
glyoxylate cycle (isocitrdte [ydse dhd tndldte syhthdse) which
dccotnplish the glyoxyldte cycle bypdss

Also ihvolved ih photorespirdtioh ih plahts  Detdils dare cotnihg up

Mitochohdrid




Mitochohdrid dre the powerhouse of cells

Mdih pldce of producihg ATP

Its [ength is 3 to Y tnicrotmeter & its didtneter is 05 to 1

thicrotneter,

Most of the celluldr respirdtionh tdkes pldce ih tnitochohdrid.

Mitochohdrid hdve tow tnetnbrdhe dre ds Follows

() Outer Metbrdnhe

(D Ibher Metnbrdhe

There is d spdce betweenh the ihher tnetnbrahe & outer

tretnbrdhe —inter thetnbrdhe spdce.

Outer Metbrdhe- The outer tnetnbrdhe covers the tnitochohdrid,

Inher Metnbrdhe- The ihher tmetnbrdhe oF tnitochohdrid dre in

foldihg or Jihgre like foldihg— Cristde.

The electroh trdhsport system is d series of proteinh itnbedded

oh the cristde of tnitochohdria.Cristae:

a. These cristde dre itnportdht becduse they thdke tmore surfdce
dred where chetnicdl Tedctioh cah take spdce.

10, The tolecules & sotne 0F the ehzytnes respohsible For tndkihg
ATP dre locdted ih & oh the Solds of these ihher tnetnbrahe.

11, Matrix

12, dThe dred ihside the cristde is cdlled the tndtrix

13, bThe tndtrix is d Fluid thdt hds wdter & proteihs (ehzytmes) dll
tnixed together here's where the rest of the ehzytes thdt
tndake ATP cotne Frot

a. The Krebs cycle occurs ih the tndtrix while electroh tdkes place

oh the cristde. A typicdl plant cell eqg. pdlisade cell tnight cohtdin

ds tndhy ds 50 chloropldsts.

cooafs wWhE
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Chloropldsts
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The chloroplast is thade up oF 3 types of tnetnbrane:

A stnooth outer tnetnbrahe which is freely pertnedble to
tnolecules,

A sthooth ihher thetnbrdhe which cohtdihs thdhy trahsporters

A systetn oF thyldkoid tmetnbrdhes

Thylakoids

The thylakoid tretmbrdhes enclose d [utnen' d systetn oF vesicles
(that tnay dll interconhected).

At vdrious pldces withih the chloropldst these dre stdcked ih
drrdys cdlled grdhd (resetnbling d

stdack of coihs)

Four types of proteih dssetnblies dre embedded ih the thylakoid
tnetnbrdhes:

Photosystetn 1 which ihcludes chlorophyll ahd cdrotenoid tmolecules
Photosystetn 11 which diso contdibs chlorophyll ahd carotenoid
tnolecules

Cytochrotnes b dhd §

ATP syhthase

These cdrry out the so-cdlled light reactions of photosynthesis
The thylakoid tretnbranes dre surrounded by d fluid strotnd.

The strotnd cohtdihs' dll the ehzytres, eqg, RUBISCO, heeded to
cdrry out the "ddrk" redctions

oF photosyhthesis: thdat is, the conhversioh of CO2 into organhic
tnolecules like glucose.

CYTOSKELETON




1, Cells cohtdih eldbordte drrdys of proteih Fibers thdt serve such
fubctiohs ds'
i estdblishihg cell SHAPE
i providihg tmechdhicdl STRENGTH
iii. LOCOMOTION
iv. chrothosotme sepdrdtioh ih tnitosis dhd tneiosis
v. ihtracellular TRANSPORT of orgdhelles
2, The cytoskeletoh is tndde up of three kinds ofF proteih fildtments
i Actih Filatnenhts (dlso cdlled tnicrofildtnents)
i Intertnedidte fildtnents
ii. Microtubules

AMI
3 Actit Filatnents

i Mohotners of the proteih dctih polytmerize to fortn
lohg, thinh Fibers,

ii. These dre dbout 8 htn ih didtneter dhd, beihg the
thihhest of the cytoskeletdl filatments,

b Intertnedidte Fildtments

i These cytopldstric fibers dverdge 10 ttn it didtmeter
“intertnediate” in size)

ii. There dre severdl types of intertnedidte fildment,
edch cohstructed srotn ohe or tmore proteins
chdrdcteristic of it

iii. kerdtihs dre found ih epithelidl cells dhd dlso fortn
hair ahd hailss

iv. tucledr ldtnihs fortn d tneshwork thdt stdbilizes the
ibher thetnbrdhe of the hucledr ehvelope:

V. heurofildtments strengthen the ohg dxohs of
heuronhs.

4. Microtubules

i Microtubules dre strdight, hollow cylinders whose wadll
is tndde Up OF d Tihg of 13 "protosildtnents™ hdve d
didtmeter of dbout 25 hins

il dre vdridble ih length but cdah grow 1000 titnes ds
lohg ds they dre wide:

iil. dre built by the dssetnbly oF ditners of diphd tubulin
dahd betd tubulins

iv. dre fouhd ih both dhitndl dhd plant cells. In plant cells,
tnicrotubules dre credted dt tndhy sites scdttered
through the cell Ih danhitndl cells, the tnicrotubules




origihate dt the cenhtrosotne.
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These whip-like dppenddges extend $rotn the surfdce of tndhy
types of cells,

15 there dre tndhy of thetn, they dre cdlled cilias

i¥ ohly ohe, or d Few, they dre Fldgella

Flagella dlso tend to be lohger thah cilia but dre otherwise
sitnildr ih cohstruction
Fubctionh
Cilia ahd Flagelld tmove liquid past the surfdce ofF the cell

For sihgle cells, such ds spertn, this ehdbles thetn to switn

For cells dnhchored ih a tissue, like the respiratory epitheliutm

This tmoves liquid over the surfdce of the cell
Structure

Both Slagella dhd cilia hdve a 9 + 2 darrahgetnent of
toicrotubules,

This drrdhgetnent refers to the 9 fused pdirs oF tnicrotubules
oh the outside oF d cylihnder, dhd the 2 unhfused ticrotubules in
the center.

Dyheih "drtns” dttdched to the tnicrotubules serve ds the
tnoleculdr thotors.

The entire dssetnbly is shedthed ih d tnetnbrdhe thdt is dh
extensioh oF the pldstnd thetnbrdhe.

Cilia are short and there are usually many (hundreds) cilia per cell. On the
other hand, flagella are longer and there are fewer flagella per cell (usually one to



eight). Though eukaryotic flagella and motile cilia are structurally identical, the
beating pattern of the two organelles can be different

CENTRIOLES
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1.

The centrioles dre cylindricdl shdped cellular orgdnelles,

They dre founhd ih tmost of the eukdryotic cells,

The centrioles dre tndde of groups ofF tnicrotubules,

these microtubules dre drrdhged ih d pdtterh of 9+0,

A Few groups hdve sihce [ost their centrioles

Fuhgi

Plants (EXAM 2001)

Ih higher dhitndl cells the centrioles fortn the tnitotic poles

The centrioles funhctioh ds the tnicrotubule orgdhizihg center,
The centrioles tndy produce Flagelld or cilia

The Centrosotne is locdted ih the cytopldstn usudlly close to the
hucleus.

It cohsists of two centrioles  oriented dat right dngles to edch
other

flagellum. 1-axoneme, 2-cell membrane, 3-IFT (Intraflagellar transport), 4-Basal
body, 5-Cross section of flagellum, 6-Triplets of microtubules of basal body
(2000EXAM).

YACULOES
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Ydcuoles dre enclosed by d sihgle tnetnbrdnhe.

Youhg plant cells often contdih thdhy stndll vdcuoles, but ds the
cells tndture, these uhite to fortn d ldrge cenhtrdl vacuole
Ydcuoles serve severdl Sunhctiohs,
storihg Foods (eq, proteihs ih seeds)
storihg wdstes

storihg tndlic dcid ih CAM pldahts
storihg vdrious iohs (eq., cdlciutn, sodiutn, iroh) which, dtmonhg
other funhctions, helps to

Mdihtdih turgor ih the cell.

Plant cells dvoid burstihg ih hypotonic surroundings by their
strohg cell wadlls,

These dllow the build-up oF turgor within the cell

Loss of turgor cduses wiltihg




Cell junctions




1 Three kihnds ofF juhctiohs occur ih vertepbrdtes

d|

b

cl

d.

Tight juhctiohs
Adbterenhs junhctiohs
Gdp junhctiohs
Plastrodestndtd

2, TGAP
3. Tight Junctions

o

T Qw0

Epithelia cells —provide the interfdce betweeh cells [utmen
Lutreh side is cdlled dpicdl surfdce.

The rest of is the bdso-ldterdl surfdce.

Tight juhctionhs sedl ddjdcent epithelidl cells

Fouhd just behedth their apicdl surface.

fuhctiohs

Restrict tnolecules dhd iohs through the spdce between
cells,

They block the tmovement ofF integrdl tmetnbrdhe proteinh
betweeh the dpicdl dhd bdsoldterdl surfdces of the cell

4. Adherens Junctions

a

b

C

Adherens juhctiohs provide strohg tnechdhicdl dttdchtments
between ddjacent cells.

They bold cardidc tnuscle cells tightly together ds the
tedrt expdhds dhd cohtrdcts.

Adberenhs junhctions dre built Srotn a proteih cdlled
cddherins

5. Gap Junctions

a
b
C

d.

Gdp Jjuhctiohs dre intercelluldar chanhhels

They dre sotne 15 20 htn ih didtneter,

These pertnit the Sree pdssdge between the cells of ionhs
dhd stndll

They dre cylinders constructed $rotn © copies oF
trdahstnetmbrdhe proteins cdlled conhexins,

6, Plastnodestndtd

A

e|

Although edch plant cell is ehcdsed ih d box like cell wadll,
it turhs out thdt cotntnuhicdtioh betweeh cells is just ds
edsy, i¥ hot edsier, thdh betweenh dhitndl cells,

Fihe strdhds oF cytopldstn, cdlled plastnodestndtd, extend
through pores inh the cell wdll conhectihng the cytopldstn oF
edch cell with thdat of its heighbors

Plastnodestndtd provide dh edsy route for the tmovetent
oF iohs, stndll tholecules like sugdrs dhd dtiho dcids, dhd
eveh tndcrotmolecules like RNA dhd proteins, betweenh cells,
Plastnodestndtd dre shedthed by d pldstnd thetnbrdhe thdt is
sitmply dh extensioh of the pldstnd tnetnbrdhe of the

dd joihihg cells,

This rdises the ihtriguing question of whether d plant



tissue is redlly tndde up oF sepdrdte cells or is, ihstedd, d
syhcytiut! d sihgle, tultinucledted cell distributed
throughout huhdreds of tihy cotmpdrttments

PROKARYOTES AND EUKARYOTES
PROKARYOTIC CELL

Prokaryotic Eukaryatic

ok o Nucleus
‘ ® Rucleo: o Linear DNA that is held in the
Circufar DNA that floats freely around aucleus

cell material e (omplex DRA

e  Simpler DHA  Ribosomes e Membrane bound organelles

o o membsane hound organelles o (yoplasm o Tysicaly muchlerer
o Typically much smaller e  Plasma o Cheby mitosissod meisis
e Divide by birary fission Membrane T
e  Sometimes have e lypically multicelular

o Typically unicellular

Aerobi
e  Anaerobic and aerobit ¢ ABrobiC

cell walls
Vacunles,




CELL CYCLE AND CELL DIVISION
The series oFf evehts ih which a cell doubles its

genome. syhthesizes the other constituents oS

the cell and eventudlly divides into two daughter
cells is termed cell cycle,

G1 (Gdpl) = growth dhd hew orgdnhelles

GO =

S = syhthesis oFf DNA

G2 = prepdrdtion For cell divisioh
Cell cycle darrest

Mitosis = tucledr division

1, Interphase

Interphdse is the stdge where d cell is hot dividing ahd d cell
spehds the vdst tndjority of its titne ih this stdge

Chrotnosotnes dre elohgdted dhd the cell goes dbout its ddily
Subhctiohs

Towdrds the ehd of ihterphdse the cell orgdhelles dahd DNA dre
replicated

The DNA is replicated dhd cohdehses ihto duplicated
chrotmosotnes which dre theld together by centrotneres

2. Mitosis

Mitosis is hucledr divisioh thdt ledds to the fortndtion of two identicdl

ddaughter cells



Stages

Stdge 1' Prophdse
Stdge 2! Protnetdphdse
Stdge 3' Metdphdse
Stdge §' Ahdphdse
Stdge %' Telophdse

Stdge 1' Prophdase

Thte hucledr thetmbrdahe begihs to disdppedr dhd spindle Fibres
begih to dppedr $rotn the centrioles!

very thick dhd denhse chrotmosotnes.

the chrotmosotnes dre still enclosed ih the cell hucleus withih the
hucledr enhvelope.

The chrotmosotnes diso cohtdih d centrotmere, which is hecessdry inh
later phdses For dttdchtnent to tmicrotubules For tnigrdtion

Protetdphdse

bredkdowh oF the hucledr ehvelope ihto stndll vesicles,

Kihetochores dlso becotne Fully tndtured oh the cenhtrotneres of the
chrotmosotnes,

The distuption oF the hucledr envelope dllows For the tnitotic spindles
to gdih dccess to the tndture kihetochores,

Stdge %' Telophdse

The chrotmosotnes dt edch pole begih to ubrdvel dhd lengtheh: spinhdle
fibres disdppedr: dhd the hucledr tmetnbrdhes refortn dt edch
pole

Cell Divisioh (Cytokinesis)

Cell divisioh occurs itntnedidtely dfter tnitosis dhd ihvolves Sortndtion of



cledvdge Surrow (ih dahitndls cells) or cell plate (ih plant cells)
prior to cell splitting

Meiosis:

il Meiosis is hucledr division whereby Sour hew ddughter cells are
produced edch with talF the hutber oF chrotmosotmes ds the
parent cell

2, As d cell prepdares to enhter tneiosis, edch ofF its chrotnosotnes
hds duplicdated ih the syhthesis stdge (S) oF the cell cycle, ds inh
tnitosis

3 Edch chrotmosotne thus conhsists of two sister chrotndtids.

Meiosis 1

At the begihhihg oF tneiosis 1, d tutndh cell cohtdihs Yo chrotmosotnes,
or 92 chrotndtids (the sdtne hutnber ds durihg tnitosis)

Meiosis 1

THe hucledr tnetnbrdhe begins to disdppedr dhd spihdle Fibres begih to
dappedr Frotn the centrioles

An important difference
Synapsis
1. homologous chromosomes join to form a tetrad (the combination of four chromatids).
Crossing over
2. segments of DNA from one chromatid in pass to another chromatid in the tetrad.
They result in a genetically new chromatid.
4. Crossing over is an important driving force of evolution.

©

STAGES OF PROPHASE 1

Prophdase 1

In trost higher orgdhistns, prophdse 1 cdh ldst severdl ddys Durihg
prophdse, I chrotmosotmes pdir, condense dhd crossing over
occurs petweeh hoh-sister chrotndtids, It is sepdrdted ihto 5
different stdges, Sitnildr to tnitosis, cenhtrioles thove to opposite
poles dhd spindle Fibres start to Fortn

Metdphdase 1



. The replicated chrotmosotnes line up dlohg the equdtor of the
cell held ih place by spindle fibres

Ahdphdse 1

. The spindle fibres begih to contrdct pullihg ohe chrotmosome $rotn
edch pdir to edch pole

Telophdse 1

. The chrotmosotnes dt edch pole begih to uhrdvel dhd lenhgthens
spihdle Fibres disdppedr: dhd the hucledr thetnbrdhes refortn dt
edch pole

Meiosis 11

Prophase 11

. The hucledr thetnbrdhe begihs to disdppedr dhd spihdle Fibres
begih to dppedr $rotn the centrioles!

Metdphase 11

. The replicdted chrotmosotnes line up dlohg the equdtor of the
cell teld ih pldce by spihdle fibres

Ahdphdse 11

. The spindle fibres begih to contrdct pullihng ohe chrotmosotme $rotn
edch pdir to edch pole

Telophase 11

. The chromosotnes dt edch pole begih to uhrdvel dand lengthens
spihdle $ibres disappedr: dhd the hucledr tnetnbrdhes refortn dt
edch pole

The cells that enter meiosis Il are the ones made in meiosis |. These cells are
haploid—have just one chromosome from each homologue pair—but their
chromosomes still consist of two sister chromatids.

1 Durihg trejosis 11, edch cell conhtdihihng Y6 chrotndtids yields two
cells, edch with 23 chrotmosotnes,

2. Edch of the four cells is haploid: thdt is, edch cell contdihs d
single set of chrotmosotnes.

3 The 23 chrotmosotnes ih the Four cells $rotn tneiosis dre hot
identicdl becduse crossihg over hds tdakeh pldce ih prophdse L

U, The crossihg over yields gehetic vdridtion so thdt edch oF the

Sour resulting cells $rotn theiosis differs Srotm the other three
5, Thus, tneiosis provides d tnechdhistn For producing vdridtions ih



the chrotmosotnes,
6. Also, it dccounhts For the Fortndtioh of Four hdploid cells Frotm d
sihgle diploid cell.

Mitosis of onion root tip (2004) EXAM2000

Key differenhces which distihguish the two processes:

1 Divisioh  Mitosis ihvolves only ohe cell divisioh, but tneiosis
requires two cell divisiohs

2, Ihdependent dssorttnent  Homologous pdirs dre rdhdotnly
sepdrdted ihto sepdrdte cells ih tneiosis, but hot tnitosis

3 Syhdpsis  Hotmologous pdirs Fortn bivdlents ih tneiosis, but hot
tnitosis

4. Crossihg over  Noh-sister chrotndtids of hotnologous pdirs tndy

exchdhge gehetic tndteridl ih theiosis, but hot titosis

5, Outcotne  Mitosis results ih the Fortndtioh oF two ddughter cells,

while tneiosis produces Sour ddughter cells
6 Ploidy  Ddughter cells produced by titosis dre diploid, while
daugtter cells produced by tneiosis dre hdploid

7. Use  Mitosis is Used to clohe body cells, while tmeiosis is used

to generdte sex cells (gdtmetes)
8. Genhetics Cells produced by tnitosis dre geneticdlly identicdl

(clohes), while cells produced by tneiosis dre geheticdlly distihct

Mhetnonict Disco Pug
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ENZYMES

cJt FbE

3

11,
12,

13,

14,

The

The

Ehzytnes dre Biologicdl Cdtdlysts.

They ihcredse the rate of Metdbolic redctions.

Altmost dll Biologicdl Redctions ihvolve Enhzytnes.

All ehzytmes dre Globuldar Proteihs with d specific Tertidry
Shdape.

They dre usudlly specific to onhly ohe redctioh

The pdart of the Enhzytne thdt dcts d Cdtdlyst is cdlled

the Active Site,

The rest oF the Ehzytne is much ldarger dhd is ihvolved

ih tmdihtdinhihg the specific shdpe of of the Ehzytme

Wheh d redction ihvolving dh Ehzytne occurs, d Substrdte is

turhed into d Product.

The Substrdte cdah be ohe or tmore tolecules.

The Active Site of dh Ehzytme is Cotnpletmentdry to the

Substrdte it cdtdlyses.

Most redctiohs ih d cell require very high temperdtures to
get goihg, which would destroy the cell

Ehzytmes work by lowerihg the Activdtion Ehergy of d

redction

The Activdation Ehergy of d redctionh is lowered by

putting stress oh the bohds withih d tnolecule, or by holdihg

tnolecules close together.

This ihcredses the [ikelihood oF a redctioh, dhd

so lowers the ehergy required to beginh it

Lock-anhd-key Hypothesis 1894 by Etnil Fischer

The Lock-dhd-key Hypothesis is d tmodel oF how

Ehzytnes cdtdlyse Substrdte redctiohs

It stdates thdat the shdpe of the Active Sites of Ehzytes
dre exdctly Cotmplemenhtdry to the shdpe oF the Substrdte
Wheh d substrdate tolecule collides with dh ehzytme whose
Active Site shdpe is cotnpletmentdry, the substrate will Fit into
the Active Site dhd dh Ehzytne-Substrdate Cotnplex will
Sortn

The ehzytme will cdatdlyse the redctioh, dhd the products,
together with the ehzyte, will fortn dh Ehzytme-Product
Cotnplex.

Accordihg to this thodel, it is possible For dh enhzytme to cdtdlyse
d reverse redction

Induced-Fit Hypothesis Ddhiel Koshldhd inh 1958
A tmore recent tmodel, which is bdcked up by evidenhce, dhd

is widely dccepted ds describing the wdy ehzytmes work, is
the Inhduced-Fit Hypothesis



It stdtes thdat the shdpe of Active Sites dre hot exdctly
Cotnpletnentdry, but chdhge shdpe ih the presence oF

d specific substrdte to becotne Cotnpletnentdry,

Wheh d substrdate tnolecule collides with dh enhzytne, i

its cotnpositioh is specificdlly correct, the shdpe of the
ehzytne's Active Site will chahge so thdt the substrdate Fits into
it ahd dh Enhzytre-Substrate Cotnplex cdh Fortn.

The redctioh is theh cdtdlysed dhd dah Ehzytne-Product Cotnplex
Sortns,



Fdctors affectihg ehzytne dctivity

TEMPERATURE

15, tetnperdture - ihcredse ih tedt [edds to ihcredse ih rdhdotn
tnoleculdr thov't

16,  Higher tetnperdture ddds stress to bonds

17,  rdte ihcredses w/ temperdture up unhtil optitnutn tetmperdture

18.  proteihs dehdture dbove the optitnutn tetmperdture

pt

19, pH - cohtrols bdldahce betweenh positively/hegdtively chdrged
dtniho dcids

20, iohic ihterdctiohs hold enhzytnes together

21,  optitnutn pH - rdhges Srotm 6 to 8

22, iohic interdctiohs depehdent oh hydrogeh ioh cohcenhtrdtionh



ENZYME/ SUBSTRATE CONCENTRATION

1I

Chahgihg the Ehzytne dhd Substrdte cohcehtrdtiohs dffect
the rdate of redctioh ofF dh ehzytne-cdtdlysed redction
Controllihg these fdctors ih d cell is ohe wdy thdt dh
orgdhistn reguldtes its ehzytne dctivity dnd so its
Metabolistn.

Chdhgihg the cohcentrdtioh of d substdahce ohly dffects the
rdate of redctioh if it is the litmitihg Fdctor' thdt is, it the
Sactor thdt is stoppihg d redctioh Srotn precedihg dt 4 bhigher
rdate.

IF it is the litnitihg Fdctor, ihcredsihg cohcentrdatioh will
ihcredse the rdate of redctioh Up to d poiht, dfter which dhy
ihcredse will hot daffFect the rate of redctioh This is becduse
it will ho lohger be the linitihg Fdactor dhd dhother Fdctor
will be litnitihg the thdXitnutn rdte ofF redctioh

As d redctioh proceeds, the rdate oF redctioh will
decredse, sihce the Substrdte wil get used up. The
highest rdte of redctioh, khowh ds the Ihitidl Redction
Rdte is the tmdXxithnutn redctioh rdte for dh ehzyte ib dh
experimentdl situation.

Substrdate Cohcentrdtionh

Ihcredsihg Substrdate Conhcehtrdtioh ihcredses the rdate
of redction. This is becduse tnore substrdte tmolecules will
be collidihng with ehzytme tmolecules, so more product will
be Sortned.

However, dfter d certdih cohcehntrdtion, dhy ibcredse will
hdve ho effect oh the rdte of redctioh, sihce Substrdate
Conhcentrdtioh will ho [ohger be the [initihg Fdctor. The
ehzytnes wil effectively becotme sdaturated, dnd wil be
workihg dt their tndXitnutn possible rate.

Ebhzytne Cohcentrdtion

1 Ihcredsihg Enhzytne Cohcentrdtioh wil ihcredse the rdate
of redctioh, ds thore ehzytmes wil be collidihg with
subpstrdate tnolecules

2, However, this too will ohly hdve dh effect up to d certdin
cohcehtrdtionh, where the Enzytme Cohcentrdtionh

3 is ho lohger the [itnitihg Fdactor.

INHIBITORS

23, inhibitor - substdhce thdt binds to dh ehzytne dhd decredses its
dctivity

24,  Feedbdck inhibition - enhd product oF biochetnicdl pathwdy dcts ds



inbibitor of dh edrlier redction oh the pdthwdy
25,  cofnpetitive ihhibitor - cotnpetes with substrdtes for sdtme
dctive site

26,  hohcotpetitive ihhibitor - bihnds to ehzytme ih d locdtion
other thah the dctive sitel chdhges the ehzytne's shdpe so thdt
the substrdate won't it

Ehzythe cofdctor

27.  ddditiondl chetnicdl cotmponents thdt dssist enhzytme Suhctioh

coehzytne

d coehzytne — hohproteih orgdhic tnolecule

b loosely bouhd to dpoenzytme by hoh—covdlent bond.

C Exdatnples ' vitdtnihs or cotnpound derived Frotn vitdihs,

Prosthetic group

d. Prosthetic group The hoh—proteih cotnpohent,

e tightly bouhd to the dpoenhzytne by covdlent bohds is cdlled d
Prosthetic group.

5, serves ds dh electroh dcceptor dhd trdhssers electrons to
substrdates ih dhother redctioh

e} hicotihdtnide ddenihe dihucleotide (NADH) - thdde of NMP dhd
AMP bohded together

t AMP dcts ds core

i becotnes NADH wheh rTeduced, cah how supply 2 electrohs dhd d
protonh for other redctiohs

Jr A coehzytne thdt is very tightly bound dhd will hot be reledsed
is cdlled d prosthetic group.
L, Prosthetic groups dre hoh—peptide (hoh—proteih) cotmpounds thdt

thostly dttdch to proteihs dhd dssist thetn ih difFerent wdys

[\ They cdh be ihorgdhic (like tnetdls) or orgdhic (cdrbonh—contdihing)
dhd bihd tightly to their tdrget.

tn Prosthetic groups cdh bihd vid covdlent (electron—shdring) or
hoh—covdlent bohds.



PHOTOSYNTHESIS

1. Begihs the carboh cycle by fixing CO2

2. It has 2 major parts'

1. the light reactions and

2. the "dark" reactions

3. The equdtioh For photosyhthesis is'

d Ehergy + © CO2 + 12 HO _;.CeHuoé + 6 HO + o C)2

4. Three kihgdots cah 4ot Monerd ‘(Cydhobdcteria) Protistd
(algae) Plants

5, The light redctiohs of photosyhthesis conhvert sunlight ehergy into
the potentidl chetnicdl enerqgy (glucose)

6. The light redctiohs occur oh thyldkoid thetmbrdahes ih plants

7. Chlorophyll molecules contdih dh dtotn of Mg (tndghesiutn tnetdD
which loses electrons dhd becotmes oxidized by light.

8.  The electrohs dre dccepted by dh dd)jdcent electroh trdhsport
chdin

PHOTOSYSTEM

9, Photosyhthetic pigtnents, such ds chlorophyll 4,
chlorophyll 6, dhd cdrotehoids, are light-hdarvestihg
tnolecules fouhd ih the thylakoid tmetmbrdahes of
chloroplasts.

10. Wheh d pigtnent dbsorbs 4 photoh, it is rdised to dh
excited stdte, thnedhihg that ohe of its electrohs is
boosted to 4 higher-ehergy orbitdl

11, Most of the pigtnents ih 4 photosystetn dct ds dh
ehergy fuhhel, pdssihg ehergy ihwdrd to d tndih redctioh
cehter,

12, There dre 2 photosystetns:

1.  Photosystetn 1 (P700, cyclic)

2, photosystetm II (P680O - thohcyclic

13, ASter chlorophyll hds lost electrons, ehzytme X splits wdter
(photolysis) reledsihg electrohs to reduce chlorophyll,

14, Two H' iohs tndde dvdildble by photolysis dre putped ihto the

2 H20 = 02+4H++ 4 ¢
thylakoid (utmeh.

15, Electrohs do hot stop uhtil they pdss through photosystetn I dhd
fihdlly Teduce NADP' to NADPHz.

16, Photosystetn 1 (P700 - cyclic)

17, Photosystetn 1 cdh dct oh its owh, sendihg electrohs to FD

(Ferrodoxin) dahd bdck to P700 to putmp H' dhd tnake ATP

PS 11 REACTION (P680)




g Ffwbhe

SN

10.

Pigtrents dbsorb light ds d source of energy For photosynthesis
This credtes dh e- deficiency ih PSIL

This deficiehcy i Filled by a tholecule cdlled Z protein

This ehzytne is sotmetow stitnuldted by the loss of e- ih photo II
to split two tnolecules of wadter,

The e- §Frotn this redctioh dre theh reledsed to the wditihng e-
buhgry Photosystetn 1This step dlso reledses H+ ih to the
thylakoid spdce helping to credte d protoh grddient.

02 is dlso reledsed ih this step

In a process cdlled hoh-cyclic photophosphoryldtion (the “stdnhddrd”
Ffortn of the light-dependent redctiohs), electrohs dre retmoved
frotn wdter dhd pdssed through PSII dhd PSI before enhdihg up in
NADPH,

This process requires light to be dabsorbed twice, ohce ih edch
photosystetn, dhd it tndkes ATP

In the process of photosynthesis, the phosphorylation of ADP to form ATP using the
energy of sunlight is called photophosphorylation.

ATP PRODUCED BUT NOT FROM GLUCOSE | 02 IS NOT NEEDED | EXAM2014

PS I REACTION (P700D

1I

Light absorptioh ih PSI The electroh drrives dt photosystetn 1
dhd joihs the P00 specidl pdir of chlorophylls ih the redction
center,

Wheh light energy is dbsorbed by pigtnents dhd pdssed ihwdrd to
the redctioh center

the electron ih P700 is boosted to d very high ehergy level dhd
trahsferred to ah dcceptor tnolecule

The specidl pdir's tnissihg electronh is repldced by d hew electron
$rotn PSII (arriving vida the electroh trdhsport chdind

NADPH Fortmdtioh

1I

2I

The tigh—ehergy electron trdvels dowh d short seconhd leg of
the electroh trdhsport chdih

At the end of the chdih, the electroh is pdssed to

NADP +tstdrt superscript, plus, ehd superscript (dlohg with d
secohd electroh Frotn the sdime pdthwdy) to tndke NADPH
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The Dark Redctiohs (Light Ihdependent)

They cdh occur with or without [light.

They occur ih the strotmd ofF chloropldsts.

The dark redction requires ATP dhd NADPH —— products of
the light redctioh

In addition the dark redction requires CO , RuBP (d 5-cdarbon
sugdr cdlled ribulose bisphosphdte), ahd rtubisco (the tmost plentisul
ehzytne oh edrth

The absorption spectrum indicates the wavelengths of light absorbed
by each pigment (e.g. chlorophyll)

The action spectrum indicates the overall rate of photosynthesis at
each wavelength of light

DARK CYCLE (CALYIN CYCLBE)

wp e

o It

CO2 cotnbihes with ribulose-1,5-bisphosphdte (RuBP).

Mdkes 2 titmes 3-phosphoglyceric dcid (3-PGA)D.

This Tedction is cdtdlyzed by the ehzyme RuBP
carboxyldse/oxygendse, or RUBISCO

3-PGA tnakes 1-3 bisphosphoglycerate

1-3 bis phosphoglycerdte tndkes glycerdidehyde-3-phosphdate
Glucose is thdde Frotn glycerdldetyde-3-phosphdte




HILL REACTION (FOR CAMBRIDGE SYLLABUSY

A respiratory process in many higher plants by which they take up oxygen in the light and give out some
carbon dioxide, contrary to the general pattern of photosynthesis.




FACTORS AFFECTING PHOTOSYNTHESIS

Light

l; It is ohe of the tndjor Fdctors dffecting photosyhthesis

2 Photosyhthesis cdahhot occur ih the ddrk dhd the source of light
for the plants is sutlight.

3 Three dttributes oF light dare itmportdant For photosynthesis

Cdarbonh Dioxide Cohcehtrdation

4 The dtmosphere contdihs 003% of cdrboh dioxide didst other
gdses,

5, Plants tdke ih carbonh dioxide Srotn the dir

23 But, sihce the dmmount of CO2 ih the dir is very less, it dcts ds
d litnitihg Fdctor for photosyhthesis.

7. Experitments hdve beeh perfortmed to study the rdte of
photosyhthesis oh incredsing the cohcenhtration of CO2 inh the
dttnosphere.

Tetmperdture

1 It is cotntnohly seen with dll biologicdl dhd biochetnicdl processes
that they occur best ih d certdih optitnutn rahge oF tetnperdture

2, This tolds true For photosynthesis ds well,

3 It is observed that, whenh CO2 dhd light are hot [itniting Fdctors,

the rdate of photosyhthesis ihcredses with ihcredse in
tetnperdtures till the optitnutn level For that plant.

4. Beyohd the optitnutn [evels oh both sides of the hortndl rdhge,
the ehzytmes dre dedctivdted or destroyed dhd photosyhthesis
stops.

Wadter

1 Wdter is cohsidered ds ohe of the tnost itnportdht fdctors
affectihg photosyhthesis

2, Wheh there is d reduced wdter intake or dvdildbility, the
stotndtd begih to close to dvoid loss 0F dhy wdter during
transpiration,

3. With the stotndtd closihg dowh the CO2 intdke dlso stops which
affects photosyhthesis

Y. Therefore, the effect oF wdter oh photosyhthesis is tmore
indirect thah direct.

Oxygeh

1, Optitnutn levels oF oxygeh dre fdvourdble For photosynhthesis

2, Oxygeh is heeded For photorespirdtion ih C3 pldhts dhd the by-
product of photorespirdtion is CO2 which is essentidl For
photosyhthesis,

3 Also, the enhergy geherdted during the oxygenh respirdtionh is
heeded For the process oF photosyhthesis ds well However, dh
ihncredse ih the oxygeh levels beyohd the optitnutn Sor the plant
[eads to ihhibition of photosynhthesis.

This principle stdtes thdt wheh d process is goverhed by tore thah
ohe fdctor, the rdte of the process is goverhed by thdt fdctor
which is closest to its tnihitnutn vdlue,




C3 PLANTS

1. The first step ofF the Cdlvih cycle is the Fixdtion oF cdrboh
dioxide by rubdisco.

7 Plants that use only this “stdhddrd” tnechdhistn 0F cdrboh Fixdtion
dre cdlled C3 plants

3 About 85% percent of the pldant species oh the plahet are C3

plants, ihcludibg Tice, whedt, soybedhs dhd dll trees



C3 PLANTS PHOTORESPIRATION

1,

Becduse oxygeh dcts ds d cotpetitive inhibitor for
Rubisco, photosyhthesis ih C3 pldhts is reduced ih the presence
oF oxygeh

C3 pldahts dre [ess efficient ih hot dhd dry regiohs, ds stotmdtd
thust retndih closed to prevent excessive wdter [oss

Wheh stotndtd dre closed, O2 cdhhot diffuse out of the leds,
ihcredsing O2 cohcentrdtion reldtive to CO2

In these hot dhd drid conditiohs, other types of pldhts have
evolved to [itnit the exposure of Rubisco to oxygen




CY PLANTS

1,

CY dhd CAM (Crdssuldcedh dcid tnetdbolistn) pldhts uses the
ehzytne PEP carboxyldase to cotnbine CO2 to d 3C cotnpound
(PEP) dnd tnake d YC cotnpound

PEP carboxyldse hds d higher daffinity For CO2 thah
Rubisco dhd doesh t bind to oxygeh dat dll.

These pldahts cah theh trahsfer the CO2 (stored ih the YC
cotnpound) to regiohs with low oxygeh cohcenhtrdtions

In the CY pdthwdy, carbon dioxide is physicdlly sepdrated
frotn oxygeh ih order to itmprove CO2 bihdihg to Rubisco

The CO2 is cohverted to d $C cotmpound dhd theh sequestered
to d deeper tissue ldyer where [ess oxygeh is present

In this deeper tissue [dyer, the CO2 is reledsed dhd cdh enter
the Cdlvih cycle without cotnpetition Frotn oxygeh




CAM PATHWAY

1 In the CAM pdthwdy, cdrboh dioxide reserves dre credted
(tetnpordl isoldtioh) ih order to improve CO2 bindihg to Rubisco

2, CAM plahts dre dddpted to drid ehvirohtments

3 Wdter [oss is high dhd stotndtd thust retndih closed durihg the
ddy

¢, The CO2 is cohverted ihto d YC cotnpound during the hight,
wheh stotndtd dre opeh dhd CO2 is dble to diffuse into the ledf

5, This dllows reserves of CO2 to be credted for use during the

ddy, wheh stotndtd dre closed dhd O2 cdhhot be reledsed



ENERGY RELATIONSHIPS IN METABOLIC
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Respiration is the oxidatioh of energy-containing

organic molecules
The energy reledsed Frotn this process is used to cotmbihe ADP

with ihorgdhic phosphdte to tndke ATP
Most cells use carbotydrdte, usudlly glucose. ds their fuel

Respirdtioh tndy be aerobic or anaerobic

In aerobic respiration, oxygen is involved. dhd the substrate
is oxidised cotpletely, reledsing tmuch ofF the enerqgy that it
conhtdihs.

In ahaerobic respiration, oxygen is not involved. ahd the
substrdate

Respiratioh of glucose tds 4 main stages
Glycolysis in the cytoplastn (cytosold of the cell
tbe Link reaction ih the thdtrix of d tnitochonhdrion
the Krebs cycle ih the tdtrix of a titochondrion

Oxidative phosphorylation oh the inher titochondrial
tvetnbrdhe.
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Glycolysis (the bredkdownh of glucose) is the first stage of
respirdtion,

It takes pldce ih the cytopldstn dhd does hot require
oxygeh.

It begihs with the 6-cdrboh rihg—shdped structure of d

single glucose tnolecule dhd enhds with 2 tholecules of a4 3-
cdrboh sugdr cdlled pyruvdte dhd d het gdih oF 2 ATP

A glucose is phosphoryldted, using phosphdte Frotm 2 tnolecules of
ATP, to give texose bisphosphate,

This phosphoryldtion cohverts dh energy-rich but uhredctive
tmolecule ihto ohe thdt is tmuch tmore redctive, the chetnicdl
potentidl energy of which cah be trdapped tore efficiently.
The hexose bisphosphdte is split ihto 2 triose

phosphdte tnolecules,

Hydrogeh dtotns dhd phosphdte groups dre removed $rotn the
triose phosphdte (by the coenhzytme NAD)

The retmovdl of hydrogens is dh oxiddtioh Tedctioh, so triose
phosphdte is oxidised to 2 tnolecules of pyruvdte (pyruvic dcid).
Durihg this step, the phosphdte groups Frotm the triose
phosphdtes dre ddded to ADP to produce d stndll yield of ATP.
Overdll, 2 tholecules of ATP dre used dhd Y dare tndade during
glycolysis of ohe glucose tolecule, tndkihg d het gdih oFf 2 ATPs
per glucose.

The pyruvic dcid is theh cohverted to either ldctic dcid or
dlcohol dhd cdarboh dioxide without the productioh oF dhy tmore
ATP

The pyruvdte Sortned ih glycolysis is still energy-rich.

It pdsses thext to the [ink redctioh

This Tedctioh dhd dll subsequent stages of respirdtion occur
ihside d tnitochohdrioh, dhd cah ohly occur ih the presence of
Sree oxygeh

Respirdtioh requiring $ree oxygeh is derobic respirdtion
Pyruvdte is transported ihto the titochonhdridl thdtrix by d
tnetnbrdhe trdhsport proteinh, which exchdhges it for OH ih the
thatrix,

15 the cell cdahhot cdtabolize the pyruvdte tnolecules Further, it
will hdarvest ohly 2 ATP tolecules Srotm 1 tmolecule of glucose.
For exdtple, tndture tndtntndliah red blood cells dare onhly cdpdble
of glycolysis, which is their sole source of ATP

1§ glycolysis is ihterrupted, these cells would eventudlly die
Sihce glycolysis occurs ih the cytosol dhd electrohs onh NADH
thust be trdhsported to titochohdrid, there dre different
tnechdhistns Sor the trahsport with different esficiency.

Ohe trechdhistn trdhsports 2e $rotm cytosolic NADH to
tnitochondridl NADH,

This tnechdhistn is efficient but slow. However, dhother
tnechdhistn trdhsports 2e frotn cytosolic NADH to tnitochohdridl
FADH2,

This tnechdhistn is less efficient but Fdster becduse obviously
FADH2 produces less ATP/tole thah NADH,




23

24,

25,
26.

Glycolysis happehs ih the cytopldstn dhd the tnitochohdridl
tnetnbrdhe is itnpertnedble to NADH.

So the electrohs hdve to be trdhsported to the electron
trahsport chdih by thedhs ofF dhother pathwdy cdlled d shuttle,
There dre two different shuttles,

Ohe of thetn shuttles the electrons to the JFirst cotnplex which
thedhs 1 NADH = 26 ATP

But the other ohe shuttles the electrohs to the third cotnplex
which thedhs 1 NADH = 15 ATP (or 16 ATP by OCR stdhddrds)




ANAEROBIC RESPIRATION

N =

TeoIaFEW

a.

1OI

11,

Does hot use oxygenh

The Krebs cycle dhd the [ihk redctioh therefore cotne to d
halt,

Oxiddtive phosphoryldtion cahhot take pldace

Glycolysis, however, cah still cohtihue

Pyruvdte produced dt the enhd of it cah be retmoved
Reduced NAD (NADH) cdh be cohverted bdck to NADH
Acetdldetyde to ethahol (NADH > NAD+) FINAL ELECTRON
ACCEPTOR Acetdldetyde 2012

8. FINAL ELECTRON ACCEPTOR Acetaldehyde EXAM2012

Pyruvdte to ldctate (NADH S NAD+) FINAL ELECTRON
ACCEPTOR ldactdte

Two other pdthwdys dllow the recycling oF reduced NAD fortned
durihg glycolysis!

Ethdnol pathway, eq. by yedst Anaerobic fermentation in yeast- final products
are ethanol and CO2

EXAM2014
d
b Ldctdte pdthwdy' eqg by tdtetndlidh touscle.



LINKED REACTION
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I5 oxygenh is dvdildble, edch pyruvdte how thoves ihto d
tnitochohdrion,

where the link redctioh dhd the Krebs cycle tdake place

Durihg these processes, the glucose is cotmpletely oxidised.

The Krebs cycle occurs ih the tndtrix of the tnitochonhdrioh dhd
is the derobic phdse dhd requires oxygeh

This is dlso khowh ds the citric dcid cycle or the tricdarboxylic
dcid cycle.

The Krebs cycle is d series of steps cdtdlysed by ehzytmes in
A 2-cdrboh dtotns Acetyl CoA enters the cycle dhd cotnbihes
with a4 Y-cdarboh cotnpound (oxdlodcetdte) to give d 6-

cdrboh cotmpouhd (citrate/citric dcid).

Coenhzytne A is refortned.

Cycle turhs twice for edch origihdl glucose tnolecule.

The citrdate is theh grddudlly cohverted bdck to the Y-

cdrboh oxdlodcetdte dgdih ih d series of stndll enzytme-controlled
steps ihvolvihg decdrboxyldtion dhd detydrogendtion.

2 C dtotns dre reledsed ih 2 CO2 tnolecules dhd Y pdirs of H
dtotns dre retoved.

The CO2 retnoved is giveh off ds d wdste product. It diffuses
Tut of the tnitochonhdrioh dhd out oF the cell

The hydrogens retmoved dre picked up by NAD dhd dhother
coehzytne cdlled FAD (Flavih ddehihe dihucleotide).

1 FAD dhd 3 NAD tnolecules dre reduced during edch turh of
the cycle. t ih reduced NAD/FAD will be reledsed ih oxiddtive
phosphoryldtion.

The tndih role of the Krebs cycle ih respirdtioh is to geherdte d
pool of reduced tydrogeh cdrriers to pdss oh to the hext stage.
The regenerdted oxdlodcetdte cdh cotbine with ahother ACoA
1 ATP is produced directly by substrate-level

phosphoryldation for edch ACoA enterihg the cycle

Ao dcids dhd Fdtty dcids cdh be brokenh dowh dhd Fed ihto
cycle.

See C02 production — 2010 EXAM QUESTION
NO need to remember the intermediates
2 ATP form EXAM2012
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ELECRON TRANSPORT CHAIN

1I

1OI

11,

The final stage of derobic respirdtion is tertned ds

oxidative phosphorylation or electron transport
chaih (ETC).

This takes place inh the jnner mitochondrial
membrane

Reduced FAD dhd reduced NAD split ihto protohs (H+)

ahd electrons (e-)
Electrohs (e-). Srotn reduced FAD dhd reduced NAD First pdss

to hydrogen carriers ih the inher membrahe

As the electrons move dlohg the chdin, they lose energy:
This ehergy is used to dctively trdahsport H+ $rotn the tndtrix
oF the tnitochohdrioh, dcross the ihher tmetmbrdhe dnd jnto the
space between the inher dhd outer metmbrdhes

This builds up o high concentration of H+ in this space.
The H+ dare dllowed to diffuse back ihto the tndtrix through
specidl chahhel proteihs that work ds ATPdses

The tovement of the t+ through the ATP synthase
provides ehough ehergy to cduse ADP dhd ihorgdhic phosphdte
to cotnbine to tnake ATP:

They cotmbine with oxygen to produce wadter

END PRODUCTS! H20, ATP, NAD+, FAD+ (EXAM2016>



Respiratory quotient

1 Respiratory quotient is the ratio of the volume
of carbon dioxide produced to the volume of
oxygen cohsumed inh respirdtion over d period of titme.

2, Its vdlue cah bc one, zero, more than 1 or less than
ohe,

3, RQ = Volume of C02 evolved/Volume of O,

Y. Respirdtory quotient is equdl to uhity iF cdarbohydrdtes dre the
respirdtory substrdte dhd the respirdtioh is derobic.
CeéH1206 + 602 - 6CO02 + 6H20
RQ = 6C02/602 = 1

Glycolysis

4 tndade — 2 used= 2 ATP substrate level
2 NADH x 2= 4 ATP C(enters dt cotnplex 11D

Pyruvate Decdrboxyldtion
1 NADH x two pyruvdate= 2 NADH x 3= 6 ATP

Krebs Cycle

3 NADH x two pyruvdte= 6 x 3= 18 ATP

1 GTP x two pyruvdte= 2 GTP= 2 ATP substrate level
1 FADH2 x two pyruvdte= 2 FADH2 x 2= 4 ATP

Totdlr 2+4+6+18+2+4= 36 ATP

substrate level totdl Y (4/36 x 100 = 11%)

oxidative phosphoryldation ETC 3¢ (32/36 x 100 + = 89%)
EXAM2013



