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Standard explanations

I') At low substrate concentration : proportionate increase as

* not all active sites are occupied, rate limited by the concentration of
substrate

» as fewer successful collisions between correctly-oriented substrate with

octive site of enzyme, rate of enzyme substrate complex formation is
mited — rate of product formation is limited

2) At high substrate concentration :

* rate is Imited by number of available active sites

* As all active sites are fully saturated, any further increase in substrate
conc. will not result in an increase

3) At low enzyme concentration : proportional increase as enzyme is
lmiting foctor

* increose in enzyme concentration provides more active sites.

* As frequency of effective collisions is higher, rate of enzyme-substrate

complex formation is higher — rate of product formation is higher
o faster rote of reoction

4) At high enzyme concentration : no further increase, graph plateaus
* no more ESC con form



1) As T increases to optimum temp,

e ot low femp, enzymes are inoctivated

* increasing temperature increases KE — frequency of effective
collisions between substrates and active sites increase

* rote of formation of ES-complex increase — rate of reaction

increases ; highest at optimum T

2) As T increases beyond optimum temp

* decreose in the rate of reaction 05 thermal agitation disrupts the H bonds,
ionic bonds that stabiise the specific 3D conformation of the protein
molecule

* loss in specific 3D conformation of active site causes enzyme to not be
complementary 1o shape of the substrate

» frequency of effective collusions decrease — ES complex formation
rate decreose — rate of product formation decreases

|') Changes in pH affect changes the ionic charge of the acidic and basic R
groups — disrupts the ionic bonds/hydrogen bonds that maintain the 3D
conformation of the enzyme, denaturing it

e structural aa residues denatured — no longer

complementary — no ESC formed
e Bindng 0o residues at active sites denatured —

substrate cannot be held in correct orientation
e Catalytic aa resides



Cell structure
Cell theory :
1) Al living organisms are composed of one or more cells
2) The cell is the most basic unit of structure in all organisms
3)All cells come from pre-existing cells

Advantages to having membranous organelles
1) allows maintenance of charocteristic difference — compartmentalisation

provides diff local environments for which incompatible processes can occur

smultaneously
2 ) internal membranes increase membrane surfoce areo. — enobles

embedding of enzymes and proteins, providing optimal enzyme concentra.tion
for reactions to occur
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Mechanism of OV rephcation
Oﬂst‘o ot m‘]fwi‘m
‘A spectF-t Sequefie which s A -1 nth
AT kD
orly 3 - ok Wb A od T 2. oSk & It rpf

Al. initiotor protehs  bind o eniR equeng Fomy . rephcofion “bubld "
A2. replicotion fork v formed, it vegiiatin fort woves awoly from oiR bidr‘rrcﬁwlly

©1. Topisisomeras creaty trnstrt singk strnckd otk ord umwind porawiol OVA wolecule
82, Helitme yqwvind, OVA heltx and sepaufes  puenbl  DVA crronds
B3. ssbupartehe. crubileg unvond panwel DV stromk —> form teaphis
(singl ~stronded birding proteln)
C. Primovy Degis RVA pristr s yniests
i. portien of pagnol DVA & used os o template with complemsiory bose seguene
i primas ) ehs fiu ckotitleg
W grine grovids fee 3’ OH ol thof DNA polymeoies cn € Ktend
iv. DVA polymeraas then re phues Rva primer vy~ 4 N1Ps

D= oNA pol. (I syeth leadig strond continuesly towords ropliatte fork

D2 ONA pol.1i aynthe Oksaau fagmets. ogainct oveal directis of repliatin fork .

D3 OVA pol. | rephtes RYA pimg frow OWodoki dragmests ith dNTfs

D4 pwA 1.\5043 ml,m tormation of @valnt oond lotw. S’ ond 3/ end of Okezaks huﬂmr,

End replication probltm
L a5 OMA poly. ¢ tacapole of complettly repliaatia] oads o+ linear chromesons,
resuthg b shorerng of tebmens

" As #inal RNA priwer i revod  and e 5 o uP'd'nan grod to Filin, fhew s quqf.
- DVA S‘l’rulld “5 Sho l"l'ud (c) Explain how the end replication problem arises. [3]

J/ X 1 DNA polyl only ina5 > 3 di H
— unable to fill gap after the last RNA primer is removed at end of lagging strand / 5’

3 2
1 end of daughter strand ;

3 as no upstream 3’ OH to which DNA polymerase can add nucleotides ;

4 resulting in shorter strand Pp: to the strand / 3’ overhang

on the parental strand ;




Exploia B¢ reoson & e produtan of 0kazak g pents

I. DMA shrands ane onfipamll/

2. DVA polymomse Con only add new nudestides to te e 37 OH ond
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|I DNA (Deoxyribonucleic acid) I|

Isa T

[

| Double stranded polymer

With a

Can only occurin a

Involves

Semi-conservative

5' to 3' direction l

Double helix structure | ’

Have Are involved in
[ [Linked by ‘ Where the ‘ Because
p Phosphodi C y -10 nucleotides per turn Parental strand acts as DNA polymerase
bonds base pairing of helix (3.4nm) template for daughter cannot synthesis a new
(A=T, G=C) -uniform helix diameter strand synthesis DNA strand de novo
1) deoxyribose (2nm) —
sugar Formed \Hence - anti-parallel orientation | Proven by Therefore]resulnng n
2) phosphate between  ['gase sequence of | | Of strands Messelson-Stahl Semi-di inuous
group , tal strand i DNA replicati
¥ 3' OH f parental experiment replication
3) nitrogenous Sroup oL 8 determines  base Is packed
base nucleotide in the v into
growing DNA ZZﬁ:ﬁ?:fstrandso In which the
strand a?q 5 POy = Highly compact Leading strand is synthesized
of 2 9’°l|1p tc')d incoming chromosomes -continuously
types nuciectides . - - -from a single RNA primer at the
- KIV: Organisation of Eukaryoti In progressive 5' end
- Zhis __Genome stages -in 5' to 3' direction towards
Purines etermines| | evel 1: DNA double helix (2nm) replication fork
(Aand G) Level 2: Nucleosome (10nm)
Fyr Level 3: Chromatin fiber/solenoid (30nm) Lagging strand is synthesized
(CandT) Level 4: Looped domains (300nm) -discontinuously

Level 5: Fully condensed chromosomes (1400nm)
NB: Only fully condensed chromosomes exist only
during metaphase, and hence are always found as
pairs of sister chromatids. The width of one chromatid
is therefore 700nm.

-as Okazaki fragments
-in a 5' to 3' direction against
overall direction of replication fork

# HWA CHONG INSTITUTION / 2023-2024 H2 BIOLOGY / Core Idea 2/ DNA Structure and Replication

End replication problem occurs when
the ends of linear chromosome cannot

be replicated

- it occurs when the final RNA primer at
the end of lagging strand is removed

- resulting in no upstream strand with a
3’ OH available for DNA polymerase to
add nucleotides to fill the resulting gap




Ex pmssion ot eukaryote PNVA
+mw.-(,ﬂm . OV —> RVA RNA & wmdm\,
fruslotion | RVA —> polypeptides

Sim'lortes btw. BVA od DNA:
Both o Polr nu[@a-(-idls
* both hae suor- phosgre backbone joired by phesphodeser bond
both hae 3 nit® genous b ases
both oz determined by comfl!m«fwy e polky v/ a templore
* both formed vt condmsuibn ren whie weer mole s remaed

Di Hoeme

B evass . ONAD

2 2.2 Differences between RNA & DNA Characteristic RNA o namid S8 - 2
9

form
Basic forms Several different kinds and sizes of | Only.one basic forr
RNA, each with its own function:

Characteristi
eristic ‘ DNA i m:_tgenRNN(mBW’ﬁ
Molecular mass | Smaller kargey Lo
|95 (MW 20 kDa to 2000 kDa) (MW 100 kDa to 150000 kDa)
2 [ No. of Onel Two 4. smalrnuclearRNA(mN'Al |
polynucleotide Y shondtd 5. small interfering RNA (SiRNA) S—
| | chain(s) Syﬁmeslsﬁd in the nuclews but 5‘6%?;’.: almoslhexcluslve:y in th:f
3 | Secondary A!most always a sing nded | Always a [doublesstranded: helical throughout the cell witt exceptions
structure filical molecule, wh.cl%ﬂcﬁa!n‘gg molecule | ochondria‘and chiloroplasts ‘
gx;uu remo a complex tertiary | Amount _ per | Amount varies from cell to cell and, | Amount is €GRStantifor all somatic
ol = cell within a cell according to metabolic | cells of a species |
|4 | Monomers Ribonucleotides | Deoxyribonucleotides:
5 | Pentose sugar TR G GI
OH
[Ribose, 3 /Deoxyribose 2.DeoxyrBite
6 | Chemical — ribose has an | MoFelstable — deoxyribose lacks
stability J addltlﬁa m!‘gu group |i250H group dae
7 | Nitrogenous Adenine (A), Guanine (G) Cytosine | Adenine (A), Guanine (G), Cytosine
bases (C) and Uragil(U) ~mu (C)and
PURINES PURINES
NH, [
é
5 P
SR N/C\g,/ \I
W
Adenine (A) Guanine (G) Adenine (A) Guanine (G)
PYRIMIDINES PYRIMIDINES

NH, NH,
> i
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Packing of DNA in Eukaryotic Chromosome

DNA is packaged in an orderly and systematic manner within a cell. Fig. 9 depicts the progressive levels of DNA coiling and folding of a double
stranded DNA molecule which leads up to the formation of chromosomes in eukaryotes ‘Qfz‘,’;"‘ﬁl‘;{mﬁg’*;f;j:h;";f;;:"h,;:r
spaific ond Wue

Chromatid
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(h)
First level of Second level of i
Role of condensartion: . 4 Third Ievellof
Do organre ond pork DU b vhusturs condensation condensation condensation
Hhat “tagiitole ther wygoﬂm ony 4»35'0 e
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Fig. 9: Figure depicting the various levels of condensation of DNA in an eul?é?yslt‘i?: cﬁﬂ 5 o



Organation o evk. gene
| protein - codhv gene: (exons)
2. frangertpibe Uy
3. nod —codig WA rtgthbry sequenus
0- fﬂ) Motor
b. wntro| glemme
i pronotor - proxima) elepent
. it glemenss
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Comparisons between Centromere and Telomere (Fig- 17) %
L centromere telomere : |
The centromere is the region | The telomere is located at \he‘\
1. Region found on|where two sister chromatids | two physicaliends or tips of a
chromosome are [joined in a replicated | linear eukaryotic chromosome
chiromosome; during cell division

7% TRen - Gff DNA 5 T
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3. Nature of DNA e = =T
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Typts of oume /point mutations | mut ations resutt fom:

a. nuilatide  substifufions I tese / poiot mutofioy

b. nwhotde Wsprtion /e |otions 2. chiomosomb) o brrotion
i.in mukigls of 3

. not mMiYis of 3
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Chromosomal o bberation
change a Structue / vo- of chrormos omes

Ghan’z i etrutue:

i) Deletion ( chro mosopy breaks iy > ) plares)

L 9L Potype alfered
L tatal  deletion offene san gor loci on pofh l-mmbgaaé ohro megm

Origin of terminal- deletion
A 8 CDEF B CUDIELGE
L LR

W

A e
Break Gama (Lost)
Origin of intercalary deletion

D, C
Break Break

(@)
A B E f A8 EULF
] — ARG SR

. .l :
A B £ F DOE
e R
Deleted chromosome (Lost)

Fig. 11: Chromosomal deletion

) Duplmtbn (unequ crassfzy over) W) Taversion (reamyec lhens segnenre. )

A A £

7 A |
o 1 ‘f G (= ‘ 1 £ 8
T He i3
N g Break created ¢ Rejoining
} ; _— _—
L : D c ) © D (=
e

1 Inverted sequence
A F
G

Fig. 13: Chromosomal inversion 5 )

w m O A = o»




iv) franslocation ( move ment i chromosomal S@”"’" to nev btafon 4 rowe

Wmltrqff@noiﬁsnndjﬂ-i«f f tdFDfa, transloc afion .
exchage b 2 non - hamalagou! chromosomes

Fig. 14: Chromosomal translocation
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> Mon dizjunckon — farlup o divide
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Ortyins:
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Molecwlar fechigues
Poymimsy,  Chain Reactien [ PLR)

Stwd  needed :
I. DVA -ftmp{a-fe 4. Ther mostuble Tag ONA  poly néroge
2. P(R primers 5. PR reaction buthe

3. Free gWPs Cdeoryrivonudrecite Hrihsplots)

PCR cycle :
® Denaturation of D4 +em plots

> 45°C for30s
o hydrogin bonds t helixbrak —>  begome chgl - sfronded

@ Ameo.h‘/ﬁ of primecs
L S4°C for | ma presene ol lafgt exsol VA primirs
* anmel speatalh w/ 3 end o 55 Dl tonlop v b oo

®) Extusa o} primers

b ~729C for 2min (ot temp ob Ty bWA pip)
* prve PNA sph volg ANTP +h "> 37 digeim

Impt Peofueg -

= choin rmortion —> ney Syrth VA shods o fempbs  for nte Mg
t by SR T only sepune of defieest v compltied

+ Al WA mokteugs op er cut top¥ ot amo+ interest

tvo- o DA weltols T exponenfidly

Explain why RNA cannot act as o template fort PCR amplification:

L RNA single stranded

2 Togq polymerases need double-stranded template (two strands neded for both primers to
bind to gene of interest

3. Conformation of active site of Toaq polymerase complementary 1o DNA but not RNA

4. Rna is unstable and will degrade upon heating



practical applications of PCR:
1. amplification (large no. of copies of DNA sequences in a short time)
2. specifically amplifies section of DNA btwn two primers

advantages:

1. sensitivity (can amplify minute amts of DNA)

2. speed and ease of use (rapid and can be easily automated)

3. Robustness (permits amplification of DNA from badly degraded material)

limitations (ep- wrong Pﬁmr used )
1. risk of contamination (as PCR is extremely sensitive, contamination of non-template

nucleic acid may cause non-target sequences to be amplified)
Infidelity of DNA replication in vitro (Taq polymerases lack 3’ to 5’ exonuclease activity)
Short size and limiting amounts of PCR products (can only amplify sequences up to a few
thousand base-pairs)

4. Need for target DNA sequence information (some prior sequence information is needed)

( for pri aer o bind 1o

Gel Electrophoresis:
By application of a direct current through a semi-solid gel material, DNA molecules are
separated by rate of movement and thus lenght

shorter DNA fragments are less impeded by the pores than longer ones, and size fractionated
into discrete bands

practical applications of GelE:

1. separate DNA fragments according to size

2. determine ~molecular weight of DNA fragments
3. isolate/purify indiv. DNA fragments

4. determine if a PCR experiment is successful



Practical steps of GelE:

1.

agarose powder is mixed with a buffer solution (to maintain stability), then poured into a
gel tray with a gel comb (to create wells in the gel) and allowed to cool and solidify.

gel tray placed in electrophoresis chamber (allows DC electric current flow through gel).
Gel comb is removed.

DNA samples mixed with loading dye (makes DNA visible). One well is reserved for
molecular weight marker

DC power supply is connected; negatively charged DNA moves from -ve electrode to +ve
electrode

DNA molecules stained with DNA-binding dye (with methylene blue; ethidum bromide;
radioactively labelled)

Nucleic acid hybridisation: (Includes Southern Blot, Northern Blot etc)

the process by which two complementary, single stranded nucleic acid chains base pair
and reform a double stranded helix

DNA denaturation:
double helix is separated into two single stranded strands (disrupt h. bonds)
heated to 100°C; high ph =13; low salt concentration

2. DNArenaturation

+ permit hydrogen bonds between c.b.p to re-establish, anneal and re-form double helix
« prolonged period at lower temp of 65°C

application:

to detect specific DNA and RNA base using ss nucleic acid probes of known sequences

advantages:

highly sensitive : complementary sequences as low as 1 mol. per cell can be detected
highly selective : probe only hybridises to nucleic acid molecules carrying all/part of the
complementary sequence



practical applications of nucleic acid hybridisation:

1. to detect, characterise and quantify specific nucleotide sequences/genes
to locate particular genes of interest in cells, tissues and organisms

to study gene expression and changes in gene expression profiles

to screen libraries to identify colonies carrying DNA insert of interest

o M D

to compare nucleotide sequences in phylogeny stides

Southern blotting:

- after GelE separates DNA sequences,

+ replica is made by transferring DNA in gel onto a membrane made of nitrocellulose/nylon
+  DNA denatured by exposing it to alkaline denaturing conditions

* membrane incubated in solution containing labelled ss dna/rna probe

+ DNA-probe hybrids are located by autoradiography/ chemical means

+ size determined by reference to the molecular weight markers

practical steps of SB:

1. DNA molecules separated on basis of size by GelE

2. gel placed on paper wick (absorbing buffer solution from a reservoir)

3. nitrocellulose/nylon membrane binds nucleic acids

4. capillary action draws (alkaline) buffer solution through gel and it separates DNA molecule

5. nitrocellulose membrane containing DNA incubated in a sealed bag with a buffered salt
solution containing radioactively labelled DNA/RNA probes, which hybridises with gene of
interest

6. detection of bound probe — membrane removed and washed thoroughly

7. autoradiography used to show DNA which shows up as bands on autoradiograph

Soufltem blot | DVA
Northn dot - RNVA

Weskern blot : mea‘/.
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Characteristics totipotent stem cells | pluripotent stem multipotent stem
cells cells
1 potency can specialise to can specialise to be | can specialise to be

nearly every type of
cell

many types of cells

give rise to all/any
types that form a

give rise to cells that
develop from the

differentiate into a
limited number of

derived from stem
cells

type in the adult
body AND any cell
of the
extra-embryonic
membranes

whole organism three germ layers cell types
cannot form
extra-embryonic
membranes
2 specialised cells give rise to any cell | give rise to any cell | give rise to a

type in the adult
body

specific cell type in
the adult body

3 types of stem cells

consists only of
zygotic stem cells

consists only of
embryonic stem
cells

consists of adult
stem cells / specific
e.g. blood stem cells

4 presence of stem
cells

present at the
earliest stage of
embryonic
development/ before
blastocyst stage

present after
blastocyst stage

presents during
adulthood

5 located in

in the zygote

in the inner cell
mass of developing
embryo

adult tissues /
organs

6 function of stem
cells

mainly involved in
growth

mainly involved in
growth

maintain and repair
tissues / replace
cells that die
because of injury or
disease




The use of stem cells for research and medical applications has potentiol
benefits and risks. Discuss why and how societies should regulate this technology

Max 6 from ‘Why socieites should regulate this technology’

1. Ethical implications in research and medical applications for human ESCs

any two from A1 - A3: Potential benefits:

A1 ability to create ESC by somatic nuclear transfer (SCNT) to produce cells for therapy
A2 able to be created fom the cells of patients suffering from rare, complex diseases, creating

a vast resource available for research

any four from B1-B8: Potential risks

B1 three main sources of human ESCs; most controversial is using spare embryos

B2 if stem cell therapies become routine, there will be a decrease repect for human lifee,
ref. to respect for person

B3 beginning of slippery slope, dehumanising scenarios from embryo farms, cloned babies
etc

B4 encourages society to tolerate the loss of life to save a life

B5 usage of SCNT may lead to misguided individuals to create a cloned person

B6 increased use of ESCs might result in exploitation of women to donate their eggs

B7 therapeutic/medical applications may only be available to those who can afford etc

max five from ‘How societies should regulate this technology’

C1 increase research on induced pluripotent stem cells (iPSCs) instead of ESCs for
medical and research applications

C2 benefits of iPSCs: iPSCs can provide a source of patient-specific specialised cells
that will not be rejected by the patients' body

C3 : avoids ethical issues

C4 regulation of accessibility of iPSCs (and ESCs) based therapies



C5 requires well-developed healthcare system
C6 requires laws and regulations to be created
C7 establishing a bioethics council

C8-9 informed consent; public education;
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epithelial cells
growing on
accidental production basal lamina
of mutant cell /|

N’

cell with CELL
2 mutations _ PROLIFERATION

~

cell with
3 mutations __

DANGEROUS CELL
PROLIFERATION

1) Tumour cell releases angiogenesis-

activating proteins that attract

endothelial cells
2) Endothelial cells secrete proteases -
matrix metalloproteinases (MMPs)
3) MMPs break down components of
extracellular matrix (ECM), allowing
endothelial cells to become organised
into new networkds of blood vessels

cells grow as benign tumor in epithelium

cells become invasive and enter capillary

normal epithelium

mn?‘rm/. Lo

basal lamina

hrough bloodstream
1in 1000 cells will survive

adhere to blood vessel
wall in liver

escape from blood vessel colonize liver, forming
to form micrometastasis full-blown metastasis

* Genesis of a cancerrequires
gradual accumulation of several
independent mutations in cancer-
critical genes in asinglecell lineage

Cancer critical genes
* Proto-oncogenes
e Tumour supressor genes
e Telomerase gene
e Angiogenesis-activated protein
gene

e Telomerase genes are activated;
telomerase is produced andmaintains
telomere lengthsso cancer cells
candivide indefinitely

e Evade apoptosis

«—

Growing tumour stimulates formation of
new blood vessels
(angiogenesis)/vascularisation

«—

1) Cancer cells invade surrounding
tissues and penetrate through walls of
lymphatic and blood vessels, gaining
access to bloodstream
2) Cancer cells transported by
circulatory system

3) Cancer cells leave bloostream and

establish new secondary tumours at

distant sites from primary tumour

«—

How dysregulation of checkpoints may occur:

- Mutation in Cdk gene that codes for synthesis of
Cdk/enzymes which break down Cdk

- Change in specific 3D conformation of cyclin -->
results in hyperactive/overproduction of cyclin

- More Cdk complexes formed/Cdk being countinually
bound to cyclin

<«— 1) Accumulation of mutations < \

v

2) Activation of telomerase

3) Angiogenesis

v

4) Metastasis

Polycyclic aromatic

Heterocyclic amines (HCAS)

Free radicals
produce double-
stranded breaks in

hydrocarbons and PAHs can form when )
(PAHSs) bind to meats are cooked using high DNA, leading to UV-B radiations
DNA for form an temp methods; HCAs and chromosomal are DNA damaging
adduct, causing PAHs bind to DNA and cause rearrangelflents
DNA damage mistakes in DNA sythesis and deletions
f f t
Cigarette and SpeEis Tonising radiation UV radiation

tobacco smoking

{ !

chemical carinogens

!

]

The accumulation of mutations
in a single cell lineage

A
A

A

Cdks phosphorylate
substrates through

—— transferring of

|

Lifestyle & Diet Radiation Exposure

{ !

Accumulation of

mutations increases

with age

|

Inheriting an

oncogene/mutant
allele of a tumour-
suppressor gene are
more likely to get

ancer types like

colon and breast

cancer

(_f

Genetic
Predisposition

f

|

Causes of cancer

Multi-step model of
cancer progression

Cell cycle

phosphate groups from
ATP
Role of Cyclins
- and Cyclin- ‘
Cyclins activate Cdks depedent. protein
by binding to them, e e 1 ol
forming cyclin-Cdk cycle
~ complexes «
(maturation-
promoting factors);
promote mitosis
M Checkpoint -- assessment of mitosis:
- Occurs at metaphase
- check for successful formation and
attachment of spindle fibers to kinetochores
—> —
of chormosomes
- Ensres successful separationof DNA to two
daughter cells

- If spindle fibers not formed/attached
adequately, mitosis is arrested

v

checkpoints (not LO) )

In normal tissues, rate of cell division
and rate of cell loss are kept in
balance so no net accumulation of
new cells ocucrs

In cancer cells, rate of cell division
far exceeds the rate of cell loss

G1 Checkpoint -- assessment of cell growth:

G2 checkpoint -- assessnent of DNA

replication - Checks for - Checks for - Checks for
-Checks if DNA is presence of growth factors (proteins)
- successfully replicated - apoptosis if <« required to stimulate cell division
w/o damage there is - Checks for DNA damage and cell size
irreperable - Checks if nutrients are sufficient
damage

- Apoptosis occurs if DNA is damaged and
cannot be repaired

Molecular basis of
cancer

>

Mutation in genes

controlling cell cycle

|

Important
characteristic of
cancer cells

|

—

1. High rate of
cell division

e (Cell devides/profilerates in absence
ofgrowth factors

.2 ' Ger.u.)me e Increased rate ofaccumulation of
instability & ]
. mutationsat chromosomal and gene level
mutation
e In normal somatic cells, telomerase genes
are not expressed (can only divide a limited
amt of times
3. Replicative . Te.lomer'ase genes are
. . reactivatedincancer/tumour cells, where
immortality . .
telomerase is produced andmaintains
telomere lengthsso cancer cells divide
indefinitelyTelomerase enables cancer cells
toevade apoptosis(programmed cell death)
e Cancer cells are able to proliferate
4. Loss of . :
without needing to attach to a
anchorage .
surface(anchorage-independent growth),
dependance } .
unlike normal somatic cells
e Normal cells displaycontact
inhibitionwhile cancer cells don’t
5. Lack of : :
L * Normal cells proliferate until they make
contact inhibition . )
. contact w neighbouring cells
and density- . .
e (Cancer cells continue to divide after
dependent i . .
inhibition making contact w neighbours, growing over
adjacent cells in disordered, multilayered
patterns
* Angiogenesis— the formation of new
blood vessels
e To grow larger, tumourstimulates the
. formation of new blood vessels,
6. Inducing

Angiogenisis

whichsupply nutrients and
oxygenandremove toxic waste products
e Tumour cell expressesangiogenesis-
activating protein genesto
produceangiogenesis activating proteinss

7. Metasisis

Metastasis — Process where primary tumour
cells invade local tissues and blood vessels,
and establish secondary tumours
(metastases) at distant sites

1. Cancer cellsinvade surrounding
tissuesand penetrate walls
oflymphaticandblood vessels, gaining
access to bloodstream

2. Cancer cellstransported by circulatory
systemthroughout body

3. Cancer cellsestablish new secondary
tumours at distant sites from primary
tumour

8. Avoiding
immune
destruction

e Some tunour cells canevade immune
destructionby disabling components of
immune system

A transcription factor that binds

to DNA to trigger transcription

of genes involved in cell cycle

inhibition

- it itself does not directly repair
DNA

]

P53 gene

Activates DNA repair

Activated pS3 protein binds to
proteins when DNA

specific DNA control elements

\
v

has sustained damage and promotes transcription for

the relevant genes eg. p21 gene
Arrests cell growth by
holding cell cycle at the

G1 regulation point
(Ensures damaged

p21 protein stops the cell cycle
by binding to proteins that are

v

involved in cell cycle
progression such as Cdks

DNA is not replicated)

A

Tumour supressor
gene

Initiates apoptosis

v

e {D} Abolish protein function g
* Both copies (recessive) of the tunour

(inhibits uncontrolled
cell division)

N
\ 4
@ Protein kinases
4 \
- @ Protein that Damaged DNA
— inhibits the is not replicated
NUCLEUS cell cycle

v

suppressor genes must be mutatedso thatno
functional gene product can be produced

. |
gt NGOG _.

() DNA damage ) Active form () Transcription

o

Proto-oncogene
(stimulates normal

cell division)

|

ras protein
(a GPLR)

Activated ras protein relays
signals from a growth factor
receptor to a series of protein
kinases.

Last protein kinase of signal —>» Last protein kinase of signal ——»

transduction pathway
activates transcription of
genes encoding proteins that

stimulate cell division

4) Inhibitors of apoptosis
5) Transcription factors

©2014 Pearson Education, Inc.

gain of function mutation and be
converted to oncogenes; promotes

excessive cell division Only 1 copy needs to

t be mutated
(dominant); leads to
proteins being over-

expressed
Activated ras protein relays
signals from a growth factor
receptor to a series of protein GIF mutation changes 3D

Ras protein is in
constant"activate' state
even in absence of growth
factor (hyperactive protein)

conformation of ras
protein; GTP remains
bonded to protein as a ras-
GTP complex

kinases.

transduction pathway
activates transcription of
genes encoding proteins that

stimulate cell division

@ G/rowth factor

€ G protein
-~ - (5) NUCLEUS) Protein that
P G Transcription stimulates
A X factor (activator)|  the cell cycle
\ p» —
@ Receptor ) Protein Normal
kinases cell division
(a) Normal cell cycle-stimulating pathway
MUTATION
Ras Overexpression
(\% N \ NUCLEUS of protein
N A Transcription
factor (activator) >
Ras protein active ‘ —_—
with or without D >
growth factor. Increased
cell division

(b) Mutant cell cycle-stimulating pathway

Fig. 13: Effect of normal ras proteins and mutated form of ras proteins on cell cycle.

Functions of gene proteins: in genome of p53 No cell
1) Take part in cell signaling pathways to inhibit cell cycle division
2) Halt cell division if DNA is damaged (a) Normal cell Cycle_inhibiting pathway
» 3) Trigger DNA repair mechanisms, preventing cells from
accumulating DNA damage
4) Inititate apoptosis (if DNA damage cannot be repaired) e ™ Inhibitory Cell cycle is
5) Maintain cell adhesion protein not inhibited
uv Z ) absent
Function of gene products: light M SN :‘?;es?:‘ge oL O
) ot fowims (G1F) DNA damage transcription
_ 2) Growth factor receptors in genome factor.
" 3) Protein kinases Incre_a;.gd
Proto-oncogenes can undergo cell division

(b) Mutant cell cycle-inhibiting pathway

Fig. 11: Effect of normal p53 proteins and mutated form of p53 proteins on cell cycle.

increase in cell signalling,
transcriptiong and
stimulationof cell cycle
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Non-epistatic gene interactions: Two independently assorting genes may interact to influence
a single character (eg. comb shape in chicken)
- dHD x dHR = genetic ratio of 9:3:3 : 1

R;"’ Rote
9'7\3'& Vo ot
T
wP_ Pea

Epistatic gene interactions — Expression of an allele of one gene inhibits the expression of

allele of a different gene
* Recessive epistasis — two recessive alleles at the gene locus will suppress inhibit the
effect of either allele of the hypostatic gene at a different locus
- dHD x dHR = genetic ratio of 9 : 3 : 4 E
v ¢
Brown Enzyme 8 5> Black De pivon ol pig mert 5 Colourrion

ee l'nhc'hl;':h de position C broun /black )
6% "3”" 7e yLllow

+ Dominant epistasis — one dominant allele at the epistatic gene locus will suppress the

effect of both allele of the hypostatic gene at a different locus
- dHD x dHR = genetic ratio of 12: 3 : 1

AV Y.

AL L
Pre cureor E, s Teorsadtok E, > Yelbw
Lwhite) (grten) <

+ Duplicate recessive epistasis — two recessive alleles at either of the two gene loci
suppress/inhibit the effect of the dominant allele at the other locus
- dHD x dHR = genetic ratio of 9 : 7

E E

Pre cursor ! 5 Iniradtet 2 > P e
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Variation — discontinuous and continuous

Discontinuous Continuous variation

variation
Observable Discrete phenotypic Range of phenotypes observed
phenotypes classes observed

Intermediates are observed
Intermediates are not

observed

No. of genes Variation controlled by Variations controlled by multiple

controlling phenotypic a single/a few gene(s) genes — polygenic inheritance

variation
Genes can act in an additive
manner, combined effect produce
infinite no. of varieties

Effect of environment  Little or no Phenotypes modified by the

on phenotype environmental effect  cumulative effect of varying

environmental factors

Opportunities for genetic variation arise via:

1. Crossing over between non-sister chromatids of homologous chromosomes during
prophase | of meiosis

2. Independant assortment of bivalents along the metaphase plate during metaphase | of
meiosis

3. Random fertilisation



(d)

Can be detected by performing a test cross.

- If genes are on diff chromosomes, 4 diff phenotypes, ratio 1:1:1:1

« If genes are completely linked, 2 (parental) phenotypes, no recombinant phenotypes, 1:1

+ _If genes are incompletely linked, 4 diff phenotypes, two parental, two recombinant, no
fixed ratio but larger percentage of parental phenotypes and smaller percentage of

recombinant phenotypes

Coupling: two dominant alleles on one chromosome, two recessive on other chromosome

AB
[

Repulsion: dominant allele is linked with a recessive on one chromosome
Ab

a's (c)  Explain how it is then possible to obtain the observed numbers in the 100 progeny from the
series of crosses between the F1 offspring and brown, chinchilla rabbits. [3]

any three from:

1 both genes B/b and H/h are incompletely linked ;

2 crossing over occurs between the linked genes'during prophase I, results in mutual
exchange of seg 1ts of non-sister chr ids ;

3 in Fy offspring, where the linked genes are in a repulsion arrangement / AW ;

4 resulting in production of recombinant gametes, with both dominant alleles B and
H, and thus recombinant phenotype of black, full colour in progeny as minority ;

OR

resulting in production of recombinant gametes, with both recessive alleles b and
h, and thus recombinant phenotype of brown, chinchilla in progeny as minority ;

Suggest how researchers can use similar breeding experiments with many different pairs of
characters to map the position of genes on the chromosomes of rabbits. [3]

any two from:

1 recombinant frequency (RF) / cross-over value (COV) may be determined via
numerous breeding experiments, by calculating number of individuals showing
recombinant phenotypes / total number of offspring x 100% ;

2 distance between genes can therefore be determined by / RF / COV / proportion of
recombinants OR a COV of 1% represents a relative distance of 1 centimorgan (cM)
/ map unit on the chromosome ;

3 asthe chance for crossing over occurring between two linked genes is proportional
to the distance between them / reduced if they are located close to each other /
ORA;

4 AVP: e.g. if the expected phenotypic ratio is obtained, there is no linkage present ;

and

5 *thus by analyzing the relative distance between different pairs of genes, the exact
order / position of genes on a chromosome can be determined and used to generate
a chromosomal map ;

* Note: MP5 is compulsory for full credit.
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P hoto synthesis

P) Hently components ot choropbet 5. and mipckndra. 7 drawigs, obmiLrs grm phe
a'd em ﬂ mws fl():omp\g\lr::\nzlirzr:?hts ;ia.a Iglaegcl:;n how structure A is related to its function. [3]

many thylakoid" sacs are stacked up to form a granum to increase surface area for:
. the thylakoid have containing pigments

eembedded on the surface for light absorption;
the thylakoid membranes have electron carriers/electron transport chain embedded on
the surface to pump protons/create a proton gradient between the thylakoid space and

o‘ b‘o , . the stroma;
un WWS © . thylakoid have ATP synthase* embedded on the surface for
chemiosmosis and ATP synthesis;

thylakoid membranes have NADP reductase" to reduce NADP;
1. Size and shape

core of bilayer is to protons thus allowing a
2. Chloroplast

w Na

L I

high of protons inside the thylakoid

7§7Table 1: Structural Features of the Chloroplast

Lens-shaped (in plants).
About 5 - 10

envelope
> to some solutes.

e. Substances pass through with

* Agellike matrix% |
e Contains circular/DNA 70S ribosomes
{ ; , stal i
€nzymes involved in the Calvin ¢ cle. i P
® A third membrane system within the stroma consisting of flattened sacs or

mpartmentalisation allows chemiosmosis to take place and for A
to be produced by photophosphowla& 4 " TP j

5. Granum e A stack of thylakoids

: e This nd the amount of pigments available for 1
(plural: grana) the light-!epengen! reac!non o! pHotosynthesisL : i

e Connecting the grana are flattened tubular thylakoids known as intergfariél :
lamellae (singular: lamella). These lamellae connect the thylakoid
compartments into a single, continuous compartment within the stroma.

Thylakoids

pcation of
Inner / Colvin cpefe (LT R)

Intermembrane
membrane

space

Outer
membrane

ETC prote's

152 @ fhylabad
{Mbrong.

Lumen

(stack of thylakoids) (inside of thylakoid)

Thylakoid
NCP B CP

occwsin ghotosysfems
embrided in ut}:km
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LOCO
4. PHOTOSYNTHESIS: A THREE STAGE PROCESS

« Photosynthesis is essentially a process of @nergy transduction’ where light energy is converted intg
n

chemical energy.
« Photosynthesis has three main stages (Fig. 13):

(1) Light Harvesting Stage
o Light energy is captured by
pigments including chlorophyll.

the plant using a mixture of

The first two

(2) Light-dependent / Light Reaction S
o Light energy is harnessed to excite and displace an electron d and occur in
the i

from chlorophyll.
o Light energy is converted to chemical energy through a

flow of electrons that is coupled to ATP synthesis.

o NADPH is produced.
o Photolysis of water — light is involved in the splitting of water

into hydrogen ions and oxygen.

(3) Light-indepe ndent Reaction/

o Chemical energy of ATP and NADPH (produced from the
light-dependent stage) is used in the reduction of carbon
dioxide and hence, the manufacture of sugars.

of
chloroplasts.

E———— O |

The third stage @6€s)
ireslight and

of

chloroplasts.

\
Carbon dioxide,

\ Thylakoid

<

%\
\\

Chloroplast
oo c,01

(sugar)

(1)Is the light harvesting stage. ATP and NADPH from the (2) lig

Ein 13: Photosvnthesis as a three-stage process.
14 ~mctnbuideatas AND and NADP ret!



Light dependant reaction (Production of ATP and reduced NADP)
Non-cyclic phosphorylation

1) A photon of light strikes a pigment molecule in a chloroplast, and the energy is
transferred via resonance energy transfer until it reaches the P680 (in PSIl) molecule
in the reaction center of PSII. It excites in electron in P680 to a higher energy state

2) This electron is captured by the primary electron acceptor and passed from PSII to
PSI via an electron transfer chain.

3) The photolysis of water produces an electron, a proton and O2 gas. The electron
replaces the lost electron from PSII.

4) As the electron flows unidirectionally down the ETC, it drops to lower energy levels.
This energy is used to pump H+ from the stroma into the thylakoid space, creating a
proton gradient

5) This proton gradient drives ATP synthesis by diffusing into the ATP synthase complex
embedded in the thylakoid membrane.

6) Meanwhile, another photon of light strikes a pigment molecule in PSI. The energy is
transferred via resonance energy transfer until it excites a P700 molecule in the
reaction center of PSI, which causes it to lose an electron.

7) The electron from PSII travels down the ETC until it reaches PSI where it replenishes
the lost electron

8) The excited electron is passed down a second ETC through ferrodoxin, where NADP

reductase transfers electrons from Fd to NADP, forming reduced NADP



Cyclic photophosphorylation:

1) A photon of light strikes the light harvesting complex (LHC) and is passed on to P700
via resonance energy transfer. This causes an electron in P700 to be excited and be
picked up by the primary electron acceptor in the reaction center.

2) The energised electrons are passed to ferrodoxin (Fd) where they are cycled back to
cytochome (into the first electron transfer chain) back to PSI.

3) As these electrons are passed down the ETC, enough energy is released to synthesize
ATP from ADP

Ways cyclic phosphorylation and non-cyclic phosphorylation differ

1.

Non-cyclic phosphorylation(NCP) involves both the PSI and PSII system, while cyclic
phosphorylation(CP) only involves the PSI system/p700

In NCP, first electron donor is water while in CP first electron donor is P700 in PSI

In NCP, photophosphorylation of water occurs while in CP it does not

In NCP, through the flow of electrons via the electron transfer chain. the electron does not
return to the same molecule while in CP, electron returns to the same molecule

In NCP, final electron acceptor is NADP while in CP, the final electron accptor is P700 in
PSI

In NCP, NADP reductase is required in the process while in CP, it is not

In NCP, products of NCP are ATP & NADPH while in CP, products of CP are ATP only
In NCP, O2 is produced as a byproduct while in CP, it is not
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Light independent reaction (Calvin cycle) @ 5freme
3¢
3 molecules
CH,0 co
: —2 ® : Stage 1:
%*SL E; OOH Carbon fixation
&HoH 3%4C
I —
CH,0—-P) é:oo
3 molecules rubisco Pkl
fues cHo-® | hr3C
6 molecules
3-PGA
6 ATP
Calvin Cycle 6 ADP
Stage 3:
Regeneration of Stage 2:
e g 16 ¢ Reduction
5 molecules G3P
CHO C 6 NADPH
(i:HOH_® 6 NADP® +6 P,
CH,0

6 molecules
Gar | b3l

[ 172 molecule glucose (CgH1,06) |

+  Occurs in the stroma of chloroplasts

+ Reduce CO2 using ATP (energy source) and NADPH (reducing agent)



1) Carbon fixation
CO2 diffuses through stomata into cytoplasm of mesophyll cells and into the chloroplasts,
where it combines with a 5C acceptor ribulose bisphosphate (RuBP) to form an unstable
6C intermediate. (reaction catalysed by ribulose bisphosphate carboxylase oxygenase -
rubisco)
Unstable 6C intermediate breaks down spontaneously into phosphogyceric acid (PGA)/
glycerate-3-phosphate (GP)

2) Reduction of PGA/GP
Each molecule of PGA is phosphorylated by ATP, forming 1,3 - bisphosphoglycerate
A pair of e from NADPH further reduces 1,3 - bisphosphoglycerate into glyceraldehyde-3-
phosphate (G3P) / triose phosphate (TP). Energy for this step comes from ATP

3) Regeneration of CO2 acceptor (RuBP)
For every 3 CO2, 3 RuBP are invested and 6 TP are formed
Only one molecule of TP is considered a net gain; other 5 molecules of TP are used to
regenerate the 3 molecules of RuBP used in step 1 (3 ATP used)

RuBP is generated

Product synthesis and sugar formation:
2 TP are used to synth 1 hexose sugar. One molecule of hexose sugar requires 2 turns of

the Calvin cycle

in 1 turn; (_TP) /CHP.)
€0, :RuBP: Giymrock - 3- pophote (6P) © 13- bsmn,ne )\ yreratdegle =3 ~ ghosphorty - 31««&
303 6 6 6 = s+l ¢
I Se 3C \5;,/' it W 3¢ —
3ATP
R bisghaphoit € Sc )
0, . ATP @ NADPYH 3

3.9 ¢
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Light intensity:
* nof normally & ma.jor lmiting factor

* compensation point — no NET gaseous exchange; exists at low light-
intensity

Sun and shade plants:
* shade plants have o lower rate of respiration; have fewer cells (req. less

energy) — have o compensation point at o lower light intensity compared
to sun plants

* sun plants have o higher level of respiration + higher rate of photosynthesis

Chlorophyll concentration - coused by:
 dseases, mineral deficiency, normal ageing process, lock of light

Water — plants close their stomata in response 1o less water, which prevents
access of corbon dioxide

Specific inhibitors:
e DCMU, cyonide
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Importance of glycolysis:
vital source of energy through production of net 2 molecules of ATP by
substrate-leve| phosphorylation

|. Glycolysis is the only catabolic process that does not require O
2 . In the presence of 02, is required for the Link reaction to occur
NADH and RAD supply energised e for ATP production

Supplies cells w essential biosynthetic precursors

o liver carries out glycolysis to provide precursors for fats, cholesterol, bile
ocids etfc

e In o well-fed anmol, pyruvate is converted to fats (fat biosynthesis)
Regulation o Glyalyer (Prie)
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f) Outline the process of the link reaction and Krebs cycle, highlighting the
location, row materials used and the products formed (in terms of
dehydrogenation and decarboxylation)
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Respira.tory poison / inhibitors:

| . poisons that block electron flow (down the ETC)
- eg . carbon monoxide, cyanide, Hydrogen sulphide
- ATP production is completely inhibited

2 . Poison that inhibit ATP synthase
- eg . oligomycin — prevents the influx of protons through ATP synthase

- although proton gradient T, its potential energy cannot be tapped to make
ATP

3 . Poisons that make the inner mitochon. membrane leaky to protons
- eg.24 - dinitrophenol (uncoupling a.gents) — carry protons across the
inner mitochon membrane
- Proton gradent dissipates ; no ATP can be formed

i) Explain the production of a small yield of ATP from anaerobic respiration in
yeast and mommalion tissue

In an absence of oxygen no further oxidation of pyruvate occurs, no
acetyl CoA is formed and no additional ATP can be generated
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QUESTION 5

(a)

tion that allow energy from a glucose

Describe the fe of the p of aerobic respi 18]
molecule to be harnessed.

any fourteen from:

A1
A2

A8

A9

A13 ¢

A14
A15

A16
A17

A18
A19

A2

(=]

A21
A22

ref. to aerobic respiration being the process in which gl is completely
ref. to yield total of 36 / 38 ATP ;

ref. to, glucoselpyruvatelcﬂratela- bemg the

ref. to decarb | of carbon dioxide from, pyruvate during link
reaction / citrate during Krebs cycle / a-ketoglutarate during Krebs cycle ;

ref. to dehy I of hydrogen atoms from, PGAL / TP during

9

glycolysis / citrate during Krebs cycle / a-ketoglutarate during Krebs cycle ;
R: ref. to substrate being ‘broken down’ or ‘converted’ instead of being decarboxylated or
oxidised

do  reactions e Sion L D al gl LA Ak, o 5
ref. to substrates such as PGAL / pyruvate / citrate / being oxidised by
removal of hydrogen atoms ;
ref. to coenzymes such as NAD / FAD being reduced by ing hydrogen atoms from
substrates ;

R: substrates, e.g. glucose / PGAL / pyruvate / citrate are - are oxidised

and coenzymes are reduced!

subs
ref. to endergomc phosphorylatuon of ADP
being coupled to exergonic deph

I: *formation of ATP from ADP’ without reference to substate as the source of phosphate

ylation of an organi 3

ref. o oxidative phosphorylation
ref. to reduced coenzymes / NADH and FADH,
transport chain ;
ref. to electron transport occurring across the inner mitochondrial membrane ;
ref. to final electron acceptor, oxygen, being reduced to water ;
ref. to energy released from the electrons flowing through the ETC being used to power the
pumping of H* ions across the inner mif , to ish an proton
gradient ;
ref. to diffusion of hydrogen ions through the ATP synthase complex ;
ref. to idea of phosphorylation of ADP with P, to ATP ;

I: *formation of ATP from ADP" without reference to inorganic phosphate
ref. to 3 ATP per NADH and 2 ATP per FADH:;

down the

ref. to glycoly g in cytosol / cytopl =

(a) ref. to phosphorylation of glucose ;

(b) ref. to one molecule of glucose being converted to 2 molecules of pyruvate, with the
generation of 2 net ATP and 2 NADH during glycolysis ;
R: merger of glucose activation with oxidation of gly
separate steps in glycolysis

— these are

yde-3-ph
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A23 ;exl.yg\:nll.nk reaction / Krebs cycle occurring in mitochondrial matrix in the presence of
A24 ref. to one molecule of bein: idativel boxyl: i
Py t | CoA
NADH during link reaction ; 9 Y P B
R: tally of p without consideration of stoichi y. i.e. wrt per glucose or per pyruvate
A25 ref. to one molecule of acetyl CoA with a 4C molecule / oxal. to form a

6C intermediate / citrate during Krebs cycle ;
A26 ref. to regeneration of oxaloacetate ;
A27 ref. to oxidative decarboxylation to release 2 carbons as CO; ;
A28 ref. to substrate-level phosphorylation to generate 1 ATP per acetyl CoA ;
Z; ;ally of products without consideration of stoichiometry, i.e. wrt per glucose or per acetyl
A29 ref. to dehydrogenation to produce 3 NADH and 1 FADH, per acetyl CoA ;
:o: Alally of products without consideration of stoichiometry, i.e. wrt per glucose or per acetyl

* compulsory for award of full marks
QWC: Good spread of knowledge communicated without ambiguity to include (1) accurate

description of key features of aerobic respiration (* points must be present), and (2) responses that
are structured appropriately using paragraphing for separate features / stages of the process.

C H flagged-out key. of aérobic resp and nised their
responses as such. Nearly all students spammed details of the four stages of aerobic respiration
and the mark for QWC was not awarded. Most students maxed out the marks for content simply
because there were twice the number of mark points. There is a pressing need to work on
organisation of responses beyond basic paragraphing.
Content-wise, many responses lacked resolution. Generic terms such as broken down, converted
were used to refer to key biochemical processes. Many students were penalised for merging two
(e.g. ion of substrate with substrate level phosphorylation).
Soma students went the opposite way and referred to substrates being reduced in process of aerobic
respiration, when substates should have been oxidised.

(b) Discuss the significance of membfs‘nes in aerobic respiration. [10)

M1 ‘ref. to hydrophobic core of cell suface membrane forms an effective barrier to the
movement of polar / charged solutes such as phosphorylated glucose out of the cell ;
A: impermeable to H* in relation to MP11

M2 ref. to phosphorylated glucose being retained in cy for glycolysis to i H

M3 ref. to glucose transporters (GLUT) on cell surface membrane allowing for facilitated
diffusion of glucou into the cell ;
M4 ref. to porte on outer mitochondria

membrane allowmg Ior facilitated diffusion of pyruval
A: ref. to shuttle system for NADH

drial

I Inner
into mitochondrial matrix ;

M5 “*ref. to iInner mitochondrial membrane, being highly folded / forming cristae ;
M6 ref. to idea of increasing surface area for embedding electron transport chain / ATP

synthase ;
A: attach many enzymes (o i ation of enzy for higher rates
M7  ref. to electron port chain ing for of electrons down energy levels ;
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M8 ref. to proton pumps that pump H* from mitochondrial matrix into intermembrane space

M9 ;el to ATP synthase catalysing phosphorylation of ADP with P, to ATP ;

ly permeable ;

M10 ‘ref. to inner hondrial b being
M11 ref. to formation of proton gradient ;

M12 ‘ref. to compartmentalisation ;
M13 ref. to allowing for opﬂmal cnndlllnn: for biochemical reactions ; A
M14 ref. to ing | to occur ly ;

* compulsory for award of full marks

QWC: Good spread of knowledge communicated without ambiguity to include (1) linking of structural
features of membrane with a particular process (* points must be present) (2) responses that are
structured appropriately using paragraphing.

Comments: Good responses appropriately linked | of (e.g. cell
surface membrane, OMM, IMM)-with how the feature facilitated a particular step in aerobic
respiration.
Low scoring scripts simply rep: ing of process of ylation in part (a)
without reference to how membranes (i.e. which aspect of membrane? What does it do?) facilitated
the processes. Conversely, other low scoring scripts spammed fluid mosaic model of membrane
without explicitly relating to the process of aerobic respiration.

[Total: 25]
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E volution

Biological evolution [D] — descent with modification through the mechanism of natural

selection

Microevolution [D] — Small-scale evolutionary change within the species level; caused

by changes in allele type/genotypic frequencies that occur in a

population over a few generations

Macroevolution [D] — large-scale evolutionary events over geological times; descent of

different species from shared ancestors over many generations

Essential features of Darwin-Wallance theory of evolution

1. Organisms have great potential to reproduce — large numbers of offspring

2. Environmental restrictions/Constancy in numbers — most populations are able to maintain
relatively constant numbers

Struggle for existence / survival — competition is inevitable

Variation within a population — no two sexually produced offspring are identical

Survival of the fittest by Natural Selection

o o AW

Differential reproduction leading to reproductive success — those that survive to breed
are likely to produce offspring similar to themselves

7. Formation of new species — over many generations, the proportion of individuals
possessing the advantageous traits increases, whereas the proportion of those lacking the

characteristics decreases, leading to evolution of the population

NATURAL SELECTION [D] — the process where the environment or nature selects for
well-adapted individuals with inherited traits that are best suited to the local environment
Adaptation — an evolutionary modification that improves the chances of survival and

reproductive success in a given environment



seeo‘ex pame : Homo sapée

Evidence for Darwin’s theory of evolution

1) Homologies & Divergent evolution

« homologous structures — show evidence of shared ancestry

+ early embryonic development

+  vestigial structures

* Molecular/biochemical homologies — similar nucleotide sequences in DNA/RNA and aa
sequence in proteins

2) Fossil evidence — fossil records
- Progressive changes in the structures of organisms/increase in complexity in structures
of fossilised organisms in younger rocks than older rocks

— Shows Descent with modification through changes in homologous structures due to

environmental selection pressures

3) Biogeography
— Evidence to support evolutionary deductions based on homology:
— Closely related species sharing similar characteristics found in same environment
+ Island biogeography
+ Most island species are closely realted to species from the nearest mainland or
neighbouring island ; islands tend to have larger no. of endemic species
« Continent biogeography (analogies and convergent evolution)

— — Shows descent with modification from a common mainland ancestor

4) Direct observations of evolutionary change

Convergent evolution and analogy — where species from different evolutionary branches
come to resemble each other if they have similar ecological roles and same environmental

selection pressures which shaped similar adaptations



Natural selection [D]:

1. The process by which certain individuals that are better adapted to an environment

survive to reproduce (i.e. differential survival and reproduction)

2. which increases the frequency of favourable alleles in the gene pool, and the resultant

population becomes adapted to its particular environment

Genetic drift — the random change of allele and genotype frequencies, as a result of chance
alone, can differ from generation in a small gene pool
Effects: 1) Genetic drift is significant in small populations
2) Genetic drift causes random change of allele frequencies
3) Genetic drift can lead to loss of genetic variation within populations and
creates genetic divergence between populations

4) Can cause harmful alleles to become fixed
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Species concepts:

Genetic species concept — A genetically distinct group of natural populations that share a
common gene pool
Limitation: common gene pool and common karoytypes may change due to:
+ _directional selection

+ _interbreeding bwtn two different species

Biological species concept — SPECIES: a population/group of populations whose

members have the potential to interbreed in nature and produce viable, fertile offspring

REPRODUCTIVE ISOLATING MEASURES



Advantages & limitations of the biological species concept

Advantage: The focus on reproductive barriers and how speciation occurs

Limitations:

1. No way to evaluate the reproductive viability of fossils

2. Does not apply to species that reproduce asexually / self-fertilising species
Designated as the absence of gene flow — does not account for the formation of rare
hybrids between different species

4. Some invididuals of the same species rarely interbreed

Phylogenic species concept [D] — The smallest group of individuals that share a common

ancestor

+ as they descent from a common ancestor, they have a shared and unique evolutionary
history

« Done by comparing the morphological characteristic/molecular sequences such as DNA

sequences with those of other organisms

Advantages:
« ability to distinguish groups of individuals that are sufficiently different to be considered
separate species

* Reveals the existence of “sibling species"

Limitations

+ difficulty in determining the degree of difference required to determine separate species



4.1.4 MO

Morphological '
species concept’

EchSQIEai‘
species concept

Ecological niche is
the unique set of
habitat  resources
that a species
requires, as well as
its influence on the
environment and
other species. For
example, two species
of amphibians might
be similar in
appearance but differ
in the foods they eat
or in their ability to
tolerate dry
conditions. Within
their own  niche,
members of a given
species compete with
one another  for
survival.  If  two
organisms are very
similar, their needs
will overlap, which
results in
competition. Such
competing organisms
are likely to be of the
same species.

415 {ECOLOGICAL SPECIES

It characterize,
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. pecies if
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Advantages:

= ltcan be g
pplied to g
sexually, all organisms whether they are reproducing asexually o
r

It can be ! useful T o
- useful even without information on ok
practice, this is how scientists distinguish moo"' the extent of gene flow. In

st species.

Limitations:
- It may be difficult to decide how ma:
> decide how mar M e
consider when characterizing individuals. orphological characters! fo

It is difficult to anall

: mong members o‘;‘zt:: ::rr\rt‘lzguvev.graltitnggygg ":f?;?mum -

ow muc iffarel ¢ ® Oflon Sisgares abol
] o h morphological difference is necessary to separate dlfferen:
- Members of the same species sometimes look very different an
Versely, members of different species so’m‘etlrvtiacss'R mﬁf:\?&?‘?@%
each other. For example, Figure 4.8(a) shows two different frogs of the :
species Dendrobates tinctorius, commonly called the dyeing poison fro
This species exists as many different-coloured morphs, which a?é
individuals of the same species that have noticeably dissimilar
appearances. In another example, in Figure 4.8(b) shows two different
species of frog, the Northern leopard frog (Rana pipiens) and the Southern
leopard frog (Rana utricularia) look similar.
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« Advantages:

- Unlike the biological species concept, the ecological species concept
amommodate asexually reproducing as well as sexually reproducing specfﬂ%

- According to this concept, species are formed because evolutional
mechani;ms control how each type of species uses resources. This spec 3
concept is particularly useful in distinguishing between: bacterial species
reproduce asexually. Bacterial cells of the same species are likely to u:
same types of resources (sugars, vitamins, etc.) and grow u d: thé sam
types of conditions (temperature, pH, etc.). . i

« Limitation:
- It does not take into account the snamiec’ marmhalam. ~nd cameadictive:



Mechanism of speciation

speciation — the evolution/origin of species; occurs whenever the inherited characteristics of

a population or of a species change over a period of time

STAGE 1: Single ancestral population

STAGE 2: Barrier developes (geographical isolation & ecological isolation)

- members can still interbreed if brought together

STAGE 3: Differentiation due to different selection pressures

- Gene flow between geographically isolated populations is interrupted

« the different environment delivers different selective pressures, leading to the genetic

distinctiveness of each separate population. Due to natural selection and changes

in the gene pool, each population becomes more adapted to its own environment

STAGE 4: Barrier disappears((reproductive isolation)

+ when different populations come into contact, whether they reform and become a single

species or if they remain different species depends on the time where RIMs have

sufficiently accumulated

+ when accumulation of sufficient reproductive isolating mechanisms (RIMs),

adaptations and genetic diversity forms, the two populations are reproductively

isolated/genetically incompatible and have become two different

@) Plc EYRIEE (‘before the zygote') impede mating between species or hinder the fertilization

g mbers of different species attempt to mate. Such mechanisms are those that prevent.
for otes by blocking fertilizatior

Prezygotic Mechanisms
Species 1

Species 2

Types|of Prezygotic Barriers 5

« HABITAT ISOLATION (infludbs geographic isolation): Species may occupy different habitats, so
they never come in contgft with each other.

* TEMPORAL ISOLATION: Sfecies have different mating or flowering seasons or times of day,
or become sexually maturk at different times of the year. Different flowering times in plants may
mean that cross-pollination isfjppossible. These are both examples of seasonal isolation.

« BEHAVIOURAL ISOLATION: Sexual attraction between males and females of different animal
species is limited due to di in i ey
Before copulation can take place, many animals undergo elaborate courtship behaviour. This behaviour is
often stimulated by the colour and markings on members of the opposite sex, the call of a mate or particular
actions of a partner. Small differences in any of these may prevent mating. The song of a bird or the call of
a frog must be exadt if it is 1o elicit the appropriate breeding response from the opposite sex. The timing of
courtship behaviour and gamete production is also important. If the breeding season of two
groups does not coincide, they cannot breed.

wemmad mw
T
+  PHYSIOLOGICAL ISOLATION!
o Mechanical Isolation: Morphological features such as size and incompatible genitalia may
prevent two members of different species from interbreeding.
o eti jon:/Gametic transfer takes place, but the gametes fail to unite with each other.
is can occur because the male and female gametes fail to attract, because they are unable

to fuse, or because the male gametes are inviable in the female reproductive tract of another
species. In plants, the pollen of one species usually cannot germinate a pollen tube after
landing on plant tissue of another species to fertilize the egg cells of that species.

b) W
( er the zygote") of\en.prevenl the. h‘brld zygote from developing into a viable,

fertile adult. Postzygotic barriers They are mechanisms that create
sterile hybrids.

Types of Postzygotic Barriers

o Hybrid-inviability. The egg of one species is fertilized by the sperm from another species, but
the fertili fails to develop past the early embryonic stages.

o Hybridssterility: The interspecies hybrid survives, b ile, For example, the mule, which
is produced from a cross between a male donkey (Equus asinus) and a female horse (Equus
caballus), is sterile.

. The Fi int

hybrid is viable and fertile, but succeeding generations (Fz,
This is usually due to the formation of less fit genotypes by
genetic recombination.

llrmmpoclu hybrid

o



Allopatric speciation

— where a new species if formed when one population becomes geopgraphically deparated
from the rest of the species and evolves by natural selection and/or genetic drift

« any physical barrier can block gene flow

- Different selection pressures accentuate divergence caused by genetic drift

Sympatric speciation
— where a new species evolves within the same geographic region as the parental species
OR geographically overlapping populations
+ Can occur very rapidly and in a short time
+  POLYPLOIDY

+ Autopolyploidy — Non-disjunction of chromosomes lead to the formation of
diploid gametes (4n) through meiosis. If self fertilisation occurs, fertile tetraploid
offspring is produced [instantaneous speciation event]

» Allopolyploidy — Fusion of haploid gametes from two different species results in
sterile offspring being produced (due to odd number of chromosomes in each
gamete). If subsequent errors (eg. non-disjunction) occurs to produce
chromosomal duplications, a fertile tetraploid hybrid species can exist)

+  ECOLOGICAL ISOLATION
« when different areas of the same landmass have different ecological niches

(think an island with both a forest and a desert)

*However, if a population of allopolyploids becomes established, it can either :
1) be less well adapted compared to to parents and go extinct
2) Assume an ecological niche and co-exist w parental species

3) be more well adapted than parental species and replace it



Macro-evolution

— large-scale phenotypic changes in a population that result in a formation of a new species

Adaptive radiation
— evolutionary diversitifcation of many related species from one or a few ancestral species in

a relatively short period of time

Due to

A) Ecological opportunities — availability of new or novel types of resources.

+ As a colonising species will encounter no competitors, they can rapidly diversify which
leads to efficient use of the available resources.

+ Succeeding generations diversify into new species,leading to rapid speciation

B) Evolutionary novelties through morphological innovation
+ Environment selects for members with a key morphological trait which allows descendants

to exploit resources (usually from modifications of pre-existing structures)

Phylogeny

Biological classification — act of systematically arranging organisms into groups based on

particular shared characteristics (mainly morphology)

Phylogeny — organisation of species according to particular characteristic which takes into
consideration the evolutionary relationship between species
« Phylogenetic tree — visual representation of a phylogeny to illustrate lineages and their

evolutionary relationships



Reconstructing phylogeny using molecular homologies:

« The greater the degree of homology / similarity in the primary sequences of
macromolecules between two species, the more closely related the two species are
considered to be

« Number of differences may reflect thow much time has passed since the groups

branched/diverged from a common ancestor

Multiple Sequence alignment

align comparable sequences from the species being studied

« Ifthey are closely related, they only differ at one/two sites

- If distantly related, different bases at many sites and may have different lenghts (as
insertions and deletions accumulate over long periods of time)

+ May not be aligned cleanly, making comparison difficult

Amino acid sequences

«  Compare structure (aa sequence) of homologous proteins— variable residues

VA extraction * 50"70 Qﬁ";wvl/j'
)

(ii) State one reason why classification Y is a better representation of evolutionary relationships

than classification X. M
W %Wﬂ any one from:
1 genome sequence variation, have a clear genetic basis, that is easy to interpret ;
q/ 2 All the fish possess nucleic acids hence, data can be for
comparison ;
3  molecular evidence, in the form of the genome sequences of the fishes is
unambiguous ;
mm Se’m a(‘ m‘ﬂ‘{' 4 genome sequences are premse and ifi which ili the
of i ips / open to istical analysis ;
5 flshes have certain molecular traits i |n common (such as rlbosomal RNA sequences),
offering a valld basis for i among all or i
6 mor istics more subjective / i | may be due to
w_‘_'\c dﬁ,F - convergent evolution ;

> dtfpone nudeside ey, , leas loslly nfosd
< Qtene ---- - - - W/t(lu%(lf eloid
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Why less? :

| The energy in ethanol is permanently unavaiable to yeast as | carbon has
been lost as CO2 and cannot be regen to pyruvate (nefficient)

2 Loctic ocid con be reconverted 1o pyruvate for use in the Krebs cycle



Genetics oF Viruses

Kf) Discuss how viruses challenges the cell theory and concepts of what is
considered living

Viruses lock enzymes for most metabolic processes, as well as moachinery for
protein synthesis.

e Depends on host cells for a.o. and nucleotides, rbosomes, ATP

Arguments for Viruses being living organisms

Viruses can reproduce (can only reproduce in the intracellular state)

viruses are oble to drect metobolic processes (drect them when existing in

0. virus state — intracellular)

. Viral genomes can evolve

- Viruses vary greatly in their structural and genetic complexity

- Viruses evolve with their host and acquire their metobolic and
translational genes from the host cells (genetic recombination)

Arguments for viruses being non-iiving organisms

Viruses are not cells (no protoplasm or organelles)

Viruses lack some of the characteristsic of living organisms
- unoble to carry out metabolic processes

- do not require nutrition + unable fo grow nor excrete
- _unable to synth own ATP

- unable to respond to stimuli



How do viruses challenge the cell theory
Cells are the smallest unit of life
- Viruses lock the necessary moleuclar machinery; however they contain the
genetic material to reproduce and can evolve

All cels come from pre-existing cells
- viruses rely on host cells 1o provide energy and materials needed to
replicate genome + synthesis proteins — cannot replicate until they have
entered o. host cell

All living organisms are composed of cells
- viruses are acelulor and do not have protoplasm or organelles
(metabolically inert)

Describe the structural components of viruses, including enveloped viruses and
boacteriophages, and interpret drawings and photogrophs of them

Group Type of virus lllustration of viral genetic
material
| Double-stranded DNA viruses DVA
eg. T4 and lambda phages OVA
v (-) Sense single-stranded RNA viruses RVA dependant RNVA po Iy merorsc
by [ (¢ ) S—— 1715
Genome must be converted to (+) sense RNA A | mscipien ot
RNA-dependant RNA polymerase before
translation .
eg. Influenza viruses proteins
Vi Single-stranded RNA -Reverse transcriptase
(RT) viruses Y—
U
Makes use of reverse transcriptase which is an lmm trans cion
RNA-dependant DNA polymerase, to produce -

DNA from the initial viral RNA genome
eg. HIV
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General reproductive cycle of viruses

L adsorption (attaches to host cell by specific binding
of its glycoproteins to host cell receptors

2 penetration

3. Synthesis and replication (of viral proteins and
replication of viral nucleic ocid)

4. Assembly

S. Release



Bacien'ofha%s > IyR 8 iysogem ey ( bhmbdo , ¢ poz)

T4 phage (virulent pha.ge)
|, Genome : ineor double-stranded DNA

2. Copsid : copsomeres surrounds nucleic acid, contained in head of
the pha.ge

3. Head containing DNA of the virus

Tal

e consisting of tail sheath, multiple tail fibres and o base plate

Tail fibres

*  allows phage to adsorb onto surface of the bacterial cell by
binding to specific receptor site found on cell surfoce

. Enables base plate to come into contact with the surface of
the cell; friggers conformal change such that the central tube
is pushed through the bacterial wall

4. Bose plote
» comes info contact with the host cell surface and undergoes a

conformal change o allow DNA 1o be extruded from the head, through
the central tube and into the host cell




Stage | : Adsorption
» multiple tail fibres of the T4 phage attach to specific receptor sites on

the surface of o bacterial host cell such as E. coli
* base plote settles on host cell surfoce

Step 2 : Penetration
« conformal changes occur in the fail, causing it fo contract and tube

pierces the bacterial cell wall and cell membrane
e T4 uses lysozymes 1o hydrolyse peptidoglycan
« DNA is extruded from the head, through the tail tube into the host cell
» copsid is left on the outside of the bacterial cell wall

Step 3 : Synthesis and replication
o ofter DNA is injected, synthesis of host DNA, RNA and proteins is
halted Host mochineryis token over by virus for:

(A) T4 pho.ge DNA s replicated by host DNA polymerase
- host DNA is degraded into nucleotides, providing raw materials
for pha.ge DNA replication

(B) T4 pha.ge mRNAs are synth by host RNA polymerase via. transcription
- phage mRNAs are synthesised by host cell rbosomes, tRNAs and
translation factors into viral proteins oand enzymes

Step 4 : Assembly
* \Virol proteins are assembled to form pha.ge heads, tais and tail fibres,
diff components are assembled into complete bacteriopha.ge
Stage 5 : Release
* T4 phage lyse the host cell through lysozyme, which digests bacterial cell woll
» Water enters the cell by osmosis, causing the cell to swell and burst




Lombda. phage — femperate phage

|. lineor double-stranded DNA

2. Copsd : Copsomeres surrounds the nucleic acid, contained in the head of
the phage

3. Heod contains the DNA of the virus
o the 5-terminus of each DNA strand is a single-stranded tail of 12

nucleotides long; important in propha.ge forma.tion

4. Asngle tail fibre enables phage to adsorb on to the surface of the bacterial
cell by binding to specific recpetor site on cell surface

Step | : Adsorption

* single tail fibres attach to specific receptor sites on the surface of the bacterial
host cell

» base plate settles down on host cell surface

Step 2 : Penetration

e DNA extruded from the head, through the tail fube and injected into the
host cell passing through both the bacterial cell wall and cell membrone,

e Copsd is left on the outside of the bacterial cell wall




Step 2A : *Prophage formation*

* lambda phage DNA circularises and inserts itself into a. specific site on the
bacterial chromosome (propha.ge insertion site) — genetic recombination;
does not cause the loss of host DNA

* viral DNA is replicated along with chromosomes each time the host cell

diides, and is passed on 1o generations of host daughter cells
* o single infected host cell can give rise to o large population of bacterio

carrying viral DNA in prophage form

Step 2B
* when there is an environmental trigger, viruses switch from lysogenic to
lytic cycle

* couses lambdo. phage genome to be excised from bacterial

chromosome and give rise o new active pha.ges



Influenza. virus
Genome : eight different segments of negative sense sSRNA

(-) sense strand RNA must be converted 1o complementory (+)
sense RNA before being used for translation of viral proteins

Capsid : nucleoprotein (NP) associated with with the viral nucleic
ocid to form nucleocopsid

Viral envelope : phospholipid bilayer obtained from host upon budding

Surface Glycoproteins:
* Haemmagglutin (HA) - HA binds to sialic acid containing receptors
- attaches virus to host cell membrane
* Neuraminidase (NA) - hydrolyses muscus allowing virus to enter celis of the
respiratory troct
- faciitates budding by cleaving sialic acid containing
receptors
Protein envelope - matrix proteins forms second layer of envelope,

enclosing the nucleocapsid
. - M| - monomers of matrix protein

- M2 - acts as ion channel to lower/maintain pH of endosome
in host cell
Enzymes - PB, PB2, PA. To form RNA-dependant RNA polymerase (replicase)
NS | - regulates viral replication mechanisms and cellulor signalling

pathways



Reproductive cycle of influenza. virus
Step | : Adsorption
e Haemmaglutinin (HA) molecules on viral membrane bind to sialic-acidic containing

receptors on host cell membrane

Step 2 : Penetration

e virus faken in by receptor mediated endocytosis, forming an endosome

* fusion of endosome with acidic lysosome lowers pH of vesicle, riggering
conformal changes in the HA protein which causes viral envelope and
endosome membranes to fuse, releasing the eight viral segments of the
influenza. genome into host cell cytoplasm

Step 3 : synthesis of viral components
» Viral replicose (RNA-dependont RNA polymerase) copies (-) sense RNA
template into (+) sense RNAs used for:

(A) Viral nucleic Acd syth
+ +ve sense RNAs used as templates for synth of fullenght (-) sense strond

virol RNA by viral replicase
* new (-) sense viral RNAs can be packaged info new viral particles

(B) Viral protein synthesis

e (+) sense RNAs used as mRNAs which are translated in cytoplosm by host cell
synth machinery

o viral fransmembrane proteins synth by host cell machinery are incorporated
into the host cell membrane via. vesicle which fuses with host cell membrane




Step 4 : assembly of new virion

* assembly is complete when eight (-) sense viral RNAs associate with
NP and enzymes eq viral replicase are packaged

* glycoprotein studded membranes are acquired during release of virus

Step 5 : Release
o virus is released from host cell by budding, acquiring lipid bilayer containing HA,

NA and M2
» HA on viral envelope and sialic-acid containing cellular receptors results in

new viral particle being attached to the host cell
» NA cleaves sialic acid residues on cellular receptor that binds newly formed

virions 1o the cell

*host cell lyses when phospholipid bilayer is depleted through excess budding
pPlaks @ 4% hrs



HIV
Genome : two identical ssRNA ;
* sSRNA is converted to DNA for integration into host genome.
o it is then used for transcription of viral mMRNA which is fransla.ted

into viral proteins
Copsid : copsid surrounds nucleic acid

Viral envelope : phospholipid bilayer obtained from host upon budding

Surface glycoproteins : gpl20 - binds to CD4 receptors on mocrophages and T
helper cells
gp4l - 0ids in fusion of the HIV envelope and the host
cell membrane

Protein coat : matrix protein forms the 2nd layer of the protein envelope,
enclosing the copsid

Enzymes :

e reverse fronscriptase - 2 molecules each associate with | RNA molecule to
reverse fronscribe viral RNA info DNA

* Infegrase - faciitates integration of dsDNA info host cells genome

» Protease - cleaves viral polypeptide into functional proteins during viral

moturotion



Step | : adsorption
* glycoprotein gp 120 on HIV binds to CD4 receptor on T helper cells

Step 2 : Penetration

* upon bindng to (D4, gp 120 undergoes a. conformal change, allowing it to
bind to o co-receptor (CXCCR4) on the surface of T helper cells (and CCRS on
mo.cropha.ges)

o gp4l pulls virus closer to the host cell coreceptor (CXCCR4 / CCRS) facilitates

entry of gpl20-CD4 complex through host cell membrane
* HIV envelop fuses with host cell membrane, releasing viral contents into cell

Step 3 : Synthesis of viral components

e reverse tronscribes viral RNA into complementary DNA strand RNA strand is
broken down, and the remaining DNA is replicated to produce dsDNA

» DNA passes through nuclear pore and enters the nucleus

* integrase catalyses the infegration of viral DNA into the genetic material
of the host

* newly integrated DNA is a provirus — (latent phase)

When stimulated by an immune response :

(A) nucleic acid synthesis
» when host cell recieves a. signal, proviral DNA is transcribed by host RNA
polymerase into new viral RNA




(B) Viral protein synthesis

proviral DNA is transcribed into viral mRNA, which is franslated into
long chain of HIV proteins which is later cleaved

viral surface glycoproteins are incorporated into the host cell
membrane via vesicles

Step 4 : Assembly of new virions

copies of HIV proteins and viral RNA genome assemble near the host cell
membrone

ossembly occurs when 2 ssRNA molecules associated with reverse
franscriptase and enzymes (eg. integrate and proteins) are surrounded by
assembled copsid

Step 5 : Release

acquision of glycoprotein studded membrane envelope occurs during release
of virus

immature HIV buds off

HIV protease cleaves single long chain of HIV proteins into smaller
functional proteins, forming a. mature HIV particle



Pathogenesis of HIV (LO)
Infected macropha.ges ‘lose their abiity fo ingest and kill foreign microbes
HIV attacks Th cells w primary CD4 receptor and macropha.ges and
dendritic cells (requires the presence of a. co-receptor CCRS or CXCR4)

Reverse franscriptase allows for ssRNA to be generated and infergrase

faciitates the integration of viral DNA into host chromosome

HIV replicates predominantly in activated T cells

HIV can establish latent infection in T cells and remain invisble to cytotoxic T
cells

Viral particles bud off an infected cell over time

Development of symptoms
o Cell mediated immunity is lost, body becomes susceptible to opportunistic
bacterio.

Acute phose (Primary HIV infection)

within 2 - 4 weeks : flu-ke symptoms (eg. fever, swollen glands, sore throat
efc

active replication to infect as many Th cells, virus particles in bloodstream is
the highest

Depletion of Th cell population (through excessive budding)

Depletion to viral set point, after set point Th cells begins to increase

High risk of transmitting HIV due to high concentration in blood stream



2 Chronic phase (Clinical latency) — asymptomatic HIV infection

integration of viral DNA info host genome allows infected Th 1o evade
immune system

HIV virus continues to reproduce at very low levels

Macrophages act as ma. jor reservoirs for the virus

Eventually, viral load will begin to rise and Th cell count declines

3. Crisis phase (AIDs, symptomatic)

immune system badly dama.ges, vulnerable to opportunistic bacteria.
Destruction of WBC population leads to immune-compromised / state of

immune deficiency
HIV is considered to progress to AIDs when Th cells falls below 200 cells /

cubic milimetre of blood

4. Transmission to other organisms
asymptomatic host with latent phase passes virus to others through sex or
blood transfusions



Mechanism for variation in viral genome:

o) mutation — no proofreading mechanisms (of RNA) in host cell causes
RNA viruses to experience a. much higher rate of mutations + reverse
franscriptase has very low fidelity, causes antigenic drift

b) Recombination — viruses undergo recombination with genome of another
strain, resulfing in a. new combination of alleles

¢) Reassortment — host cell may be infected with two viral strains —
introduces two sets of genetic material into host genome. During forma.tion,
this results in different segments of viral genome being packa.ged into progeny
virus. Reasults in sudden; drastic.change in viral genome (antigenic. shift)

Antigenic shift — a. sudden change in the antigenicity of a. virus owning to
reassortment of the segmented virus genome with another genome of a
different antigentic type
- oceurs due 1o the reassortment of RNA from different strains (eg.
new combinations of NA and HA)

Anftigenic drift — the gradual accumulation of minor mutations in the
genes of influenza. that results in altered antigenicity (small changes which
produce viruses which are closely related to each other and usually
share the same antigenic properties)

- RNA strands lock o complementary strand, polymerases cannot
perform proofreading
- viral polymerases are also prone fo errors and will infroduce
mutations during replica.tion
- results in production of surface proteins w different 3D
conformations
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Accumulation of Point mutations in
the gene of the surface antigen

Mechanism for
change

Results in minor alteration of 3p
hemagglutinin or | conformation of hemagglutinin or

of

nNeuraminidase on progeny virus neuraminidase on Progeny virus
Abrupt and major change in genome | Gradual accumulation of minor point-
Nature of change 2 E = 7 .
of virus mutations in genome of virus
Rate of Occasionally occurs to give rise to Regularly oceurring to give rise to
andemics

occurrence seasonal epidemics
A proportion of the Population may
still have Pre-existing immunity to
the modified surface proteins

p
Population has no immunity to novel
combination of surface proteins

Effect of host
immunity

Anti-viral drugs and seasonal

vaccines available to treat virus
Virus only infects individuals of the
Same species

No drugs or vaccines present to treat
virus
May result in a progeny virus which
can infect a new species

Cross-species
transmission

Table 1: Differences between antigenic shift and antigenic drift,



Genetics of Bacterio

Cell ultra. structure
All bacterial cells are prokaryotic and lock a frue nucleus and membrane-
bound organelles

Cell surfoce structures
(peptidoglycan) cell wall : glycan comprises of a. lineor polymer of alternating
monosaccharide subunits — N-acetylglucosamine and N-acetyimuramic acid
. "peptido” portion is a short string of aa. that serves to cross-
lnk adjocent polysaccharide strands, forming network with high
tensile strength

Grom-positive bocterio. :

e have thick, multi-layered peptidoglycan cell walls that are exterior 1o
the membrone

o  teichoic acids are ma jor cell surfoce antigens

. retain crystal violet dye

Grom-negative bacterio. :
e two membranes — outer membrane and inner (cytoplasmic) membrane.
* peptidoglycan layer is located between the two membranes (periplosmic
spoce)
* peptidoglycan layer is thin
e outer membrane has presence of various embedded lipopolysoccarides
* polysaccaride portion is antigenic
* lipid portion is toxic To humans and animals
* must be counterstained with red dye sofronin

3. Cell membrane 4. Flagellum 5. Pilus
6. Rbosomes



Prokaryotic genome
e single, circular, dsDNA that contains essential genes

e DNA is associated with +vely charged histone-ike proteins

that aid in supercoiing
. Genes ore grouped into operons where mulfiple genes come
under the control of the saome promoter, and same

regulatory elements
. Prokaryotic genes lack introns (due to no nucleus, no clear

separation btwn franscription and translation)

Plasmids : small, circulor ds extrachromosomal DNA
* contains beneficial genes which confer protective fraits such as

antibiotic resistance, toxin synthesis and enzyme production

Binary fission — transmisison of genetic material from parent to
offspring

L  Bacterial chromosome attached to plasma. membrone before DNA replication
2. DNA replication begins are single origin of replication, replication bubble is formed
ond two DNA strands separate.
- each used as template for synthesis of daughter strand through semi-
conservative DNA replication Replication bubble grows bi-drectionally
each circulor DNA is attached to cell membrane as cell grows
cell elongates, causing two chromosomes to be moved apart
5 septal ring drects assembly of septum
- extends as cell membrane grows, adding peptidoglycan
6 forms new septum, split cell by cytokinesis, gives rise to two
geneftically identical daughter cells
* no genetic variation created

A w



Horizontal gene transfer (genetic recombination)

Transformation : recipient cell uptokes naked DNA
* donor bacterial cell lyses and releases DNA into surrounding environment

» only competent bacterial cells (w competence factors) con up‘rake DNA
b2 g uirgs competenty) forbrs = profoh whivh cow bH o raved DA

L Donor bacterial cell lyses and released naked DNA fragments (donor DNA)

2 competent recipent cell takes up DNA fragments via competence factor

3. Homologous recombination

4. homologous segment is incorporated into the recipient cell’s chromosome 1o
form o recombinant cell

can be induced artificially through
e heat shock
e electroporation

Generolised Transduction

during the reproduction of virulent pha.ges (lytic cycle), new virions may contain

a random fragment of the bacterial genome

* oceurs due to accidental incorporation of a random fragment of DNA
from its first host cell

* when defective phage infects second host cell, donor genes are integrated
into the recipient cells genome by homologous recombination

generalised fransduction — as each portion of the bacterial genome has the
same probabiity of being transferred



L virulent phage injects its DNA into its first host cell degrading host cell
genome

2 phoage uses host DNA replication machinery 1o synth more pha.ge DNA,
and host gene expression machinery 1o sytnh more phage proteins

3. occasionally, piece of first host's degraded DNA is accidentally packaged
within pha.ge capsid during assembly of the lytic cycle (defective pha.ge).
Defective phages are released into env when bacterium is lysed

4. defective phage contains first host cells DNA fragments may infect o
second host cell

5. Donor DNA is incorporated into second host cell's genome by
homologous recombination (recombinnt cell)

Speciolised Transduction (Temperate phage)
Only genes near the prophage insertion site on the host (donor chromosome
have o high probabiity of being transferred

L genome of the temperate phage integrates info chromosome @
prophage insertion site

2. Upon induction, phage genome is excised from host cell
chromosome. Pha.ge DNA sometimes takes a small region of the
bacterial DNA that was adjocent to the prophage insertion site

3. new phages contain part of the first host cell's DNA

4. host bacterium is lysed, releasing pha.ges.

5. donor DNA Is incorporated into the second cells genome

() Propha.ge insertion (if DNA contains genes required to enter lysogenic cycle
(i) homologous recombination (if segment of pha.ge DNA does not contain genes rep
1o enter lysogenic cycle



Conjugation:

L
2
3

F+ donor cell uses a sex pilus to attach to F- recipient cell (drect contact)
temp. cytoplosmic mating bridge formed

sugar-phosphate backbone of one strand of the F plasmid is nicked by an
endonuclease. ssDNA moves 1o F- recipient cell through the cytoplasmic DNA
Each parental strand becomes o. template for the DNA sysnthesis of o
complementary daughter strand by semi-conservative replication DNA ligase
catalyses synthesis of a phosphodiester bond to close gap

Cells move opart and sex pilus breaks, forming two bacterial cells that are
both F+

3 differences between prokaryotes and eukaryotes:

L

2

Degree of compoaction of chromosomes — prokaryote chromosome less
compoct compared to eukaryote chromosomes

presence of operons — prokaryotic genes are grouped into a cluster under
the control of one promoter while eukaryotic genes have o promotor for
each gene

Presence of nuclear membrone — obsent in eukaryotes

*State two ways in which o plasmid such as the F plasmid differs from the
bacterial chromosome
» The F plasmid contains genes which are selectively useful, while the bacterial

chromosome contains genes essential for the bacterium’s survival
e The F plasmid is much smaller than the bocterial chromosome




Structure

Eukaryotes

Prokaryotes

Promoter structure

contains TATA box — binding site

for general transcription factor(eg.

TFIID) — facilitates binding of
RNA polymerase into a
transcription initiation complex

and transcription start site

RNA polymerase recognition
site (-35 bp recognition
sequence) +

Pribnow box(RNA
polymerase binding site) —
(35bp and 10 bp upstream)

Coding region

Presence of introns and exons —
introns are excised by

Not interrupted by introns

exonucleases
5 -UTR after transcription, 5’- When transcribed, gives rise
methylguanosine cap is added on | to the Shine-Dalgarno
mRNA sequence required for
ribosome binding
3-UTR after transcription, enzyme sequences immediately

catalysed addition of the 3’- poly
a tail on mRNA

following the stop codon +
terminator sequence to
dislodge the RNA
polymerase from the
template DNA

Stage 1: initiation

GIFs assembled along the
promoter + TFIID binds to TATA
box (forms a TIC)

RNA poly. binding causes DNA
double helix to unwind and 2
strands to separate
- hydrogen bonds disrupted
- transcription bubble
created
Forms phosphodiester bonds
between ribonucleotides

RNA polymerase binds to
the promoter in the
presence of a sigma factor

@ _-35bp recognition site

RNA transitently unwinds
DNA to form a transcription
bubble

Stage 2: elongation

RNA poly. reads the DNA template strand in a 3’ to 5’, RNA poly

moves down the template strand

RNA added in the 5’ to 3’ direction

ssmRNA formed, DNA upstream are re-wound (& reannealed)

Euk. RNA poly have proofreading abilities, pro. RNA poly do not

Stage 3: termination

Transcription continues until after
the RNA poly. transcribes a
termination
sequence(polyadenylation signal
sequence)

transcription continues until

occurs when core RNA
polymerase dissociates from
the template DNA (not
usually tested)
a. Intrinsic
termination(rho-inde




around 10 to 35bp downstream of
the polyadenylation sequence.

- cleavage site triggers the
release of the RNA and
dissociation of the RNA
polymerase from the DNA

- cleavage site is also site
of addition of poly A tail

b.

pendent transcription
termination)

i. utilisesa
terminator
sequence
(GC-rich
followed by 4
or more U
residues)

i. GCrich
region forms
a hairpin loop
structure via
complementa
ry base
pairing —
causes
dissociation)

rho-dependant
termination

i. usesa
termination
factor (rho
factor) which
binds at rho
recognition
site and
moves along
the mRNA
towards RNA
poly

i. Whenp
factor
reaches the
RNA poly, it
destabilised
the
mRNA-DNA
hybrid




Oper

L pl;zr;:ofer for structural genes — provides a. site for RNA polymerase to
bind to and initiate transcription

2 Operator — regulates the rate of transcription of the structural gene by
binding fo repressor protein

3. Structural genes — regulatory genes that lie outside of the franscription

unit formed by the operon ; codes for o. protein/RNA molecule that forms
part of a cellular structure or have an enzymatic function

Strwcturny y,m — t)wood.'ﬂ tor o P +thert is & £xna) celblgr prmb

reawa.by yere —> ‘)woodr':’ for o fp whh functions g a re(jvlﬁwy fxm‘a'q

rp operon (repressble operon)

The trp operon is under the control of a repressor protein coded for by the trp R gene.

(a) In the absence of tryptophan (Fig. 45), > an bolic pothway
The trp repressor is in an inactive conformation and cannot bind to the operator as it does
not have a complementary conformation to the trp operator sequence.

RNA polymerase can bind to promoter and allow the transcription of trp operon genes.

Hence the operon is switched on and the genes are expressed to give enzymes involved in
the metabolic pathway.

. Sﬁfme"sis of tryptophan takes place.

DNA trp operon

Promoter

Promoter Regulatory gene Genes of operon

3 Operator
Start codon Stop codon

mRNA l 4  Polymerase
/ mRNA 5w \
5 l /

Protein
“ Inactive e “
repressor

Polypeptide subunits that make up
enzymes for tryptophan synthesis




‘mntomw;

Iementary in conformation to the trp operator sequenQe i

mMRNA =
A

Protein@
repressor

ryptophan

(corepressor)

ent, repressor active, operon of




(a) In the absence of lactose (Fig. 48), ( Nqaa-fbe te ‘5u,la‘ﬁm)

= RNA polymerase is prevented from binding to the promoter and transcription cannot take!

place. i

Hence the operon is switched off and hydrolysis of lactose cannot occur as |
galactosidase is not produced. ]

The /ac repressor protein is in an
the operon as it is complementary in conformation to the /ac operator sequence.

active conformation and binds to the operator sequer

Regulatory Promoter h
Operator ]

; RNA
polymerase

Lol GG <

~ Active
. repressor

(a) Lactose absent, repressor active, operon off

©2074 Poarson Education, . i

(b) In the presence of Gctosa (Fig. 49)

Allolactose, an isome

< r of lactose, is formed in small amounts from lactose that enters the cell. It
acts as an

The & | et by binding to the /ac repressor, switching it to its inactive conformation.
S Inact,ve repressor cannot bind to the operator as it does not have a complementary
conformation to the /ac operator sequence.

RNA polymerase can bind to promoter and allow transcription of /ac operon genes.

Hence the operon is switched on and hydrolysis of lactose occurs.

DNA lac operon
A

Gl l ANA RolIerse Start codon Stop codon

3
il MRNA 5/ eSS

5 Byl
Protein l 1 l
T i——» ‘ p-Galactosidase Transacetylase |

<P

& Inactive
Q repressor
Allolactose
(inducer)

(b) Lactose present, repressor inactive, operon on

0214 Paarson Ecucazon. .



3.4.3.2 Positive Regulation of lac Operon —

Bacteria preferentially utilize glucose over lactose,
all glucose in the environment is completely. us
enzymes for lactose breakdown if glucose is a
mechanism is known as_catabolite repression.

of glucose.

Dt
a) In the presence of. 50),
@ mem—M"

cyc\ic adenosine monophosphate, a signal molecle) concentration falls.

- No binding between cAMP and CAP (catabolite activator protein) occurs.

. CAP assumes an inactive conformation (does not have a complementary conformation fo th

and will not utiize lactose for energy produc
ed up. Hence, bacterial cells would only req
bsent, dn addition to lactose being presan 1

The posilive regulation mechanism ulizes g

‘&:ataholite activator protein (CAP) to greatly increase production of B-galactosidase in the abseng .

N Unj
Uire he .

CAP binding site sequence), cannot bind to the CAP binding site in the /ac operon.

= Transcription of the fac operon proceeds at only a low rate, even in the presence of lactose.

Promoter

CAP-binding site RNa Operator
(> polymerase less camp &
likely to bind
Inactive
CAP Inactive /ac

repressor

(b) !@dose present, glucose present
little Jac mMRNA synthesized

Fig. 50

AMP level low):
NENG

(b) In the absence of glucose (Fig. 51),

EA:; assumes an active conformation, binding to
pstream of the Promoter) as itis complementary in

CAP-binding site

m{: e Inactive /ac
eAD repressor
Allolactos

CAMP (cyclic adenosi
nosine monophosphate, a signal molecule) concentration increases:

Binding oc
g occurs between cAMP and CAP (catabolite activator protein).

CAP binding site (a short DNA sequence
conformation to the /ac operator sequence.

Binding of
proceegs gt ::A polymeras.e to promoter is enhanced and transcription of the lac operon
igh rate (provided that lactose is present).

Promoter
Operator

> ——RNA
polymerase
binds and

transcribes

Active
CAP

e

(a) Lactose present, glucose scarce (CAMP level high):
lac mR i

3.4.4 Comparison of Inducible a

nd Repressible Operons

Inducible Operon

Repressible Operon
Anabolic

e of metabolic pathway Catabolic _
E)sl’:ual condition of operon Switched off Switched on
Example lac operon trp operon :
Usual state of repressor Active conformation > binds to Inactive conformation - does noti
protein operator > prevents RNA | bind to operator 9 RNA
polymerase from binding to | polymerase can bind to
promoter promoter
Molecule bound to | Inducer (allolactose in the case of | Co-repressor (tryptophan in the
repressor protein lac operon) case of trp operon)
Conditions under which | Availability of substrate Availability of end product in
transcription occurs sufficient quantity
Significance This ensures that enzymes are | This ensures that resources are
only synthesized when needed, | not used to synthesize products
hence conserving available energy | that are already present in
and resources sufficient quantity, hence
conserving available energy and
resources




Concept Check 2

Complete the tables by filling (+/ -) in the correct boxes accordingly.

lac Operon
C
: binding  ANApolymeraso
.? S site binding site s
ol % 4 9 Opocator B c
S| S |8zEis = Gong coding lor e
Ofl oS 5 an enzyma that 9o
3|85 |8s alows the cell o §2
molabolizg tactose =
alet iAo ne
AR X / no
X (il ne
N VAR X Y4
trp Operon rqnﬁble,, ) oM)
5 operator c
@ promoter genes of operon 2
c b °
= o sl % 285
-3 o) = " Tgenel | gene ne 3 | gene 4 e5 S5
g |8g - [gene T [ gene 2 [ gene 3 | gene 4 | gene s PN\ 28
> | eE =5
= -2 AT k2
o m | oene 1 | gene? | gene3 | gened | genes NINE
_+ —+ active repressor o
T ) .l genel [ gene2 ] gene3 | gene4 | genes PN\
e &
Terle == RNA
polymerase
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TB transmission
TB transmitted of droplet contact transmission and airborne transmission of fine droplets of

respiratory mucus

Evasion of phagocytosis:

+ alveolar macrophages engulf the bacteria and pathogen is enclosed in endosome/
phagosome

« endosome fuses with lysosomes. TB modifies the endosomal compartment such that
lysosomal fusion cannot occur

+ pathogens can remain in the endosomal compartment within macrophages and replicate

Pathogen multiplies within macrophages:

+  Specific infection sites (tubercles) may form, consisting of a central core contaiing TB
bacteria, enlarged infected macrophages and an outer wall made of fibroblasts,
lymphocytes and neutrophils

« Latent phase — no symptoms, and infection is not contagious

Active stage:

« if immunity is weakened, tubercle may expand and eventually rupture, causing damage to
lung tissue and function

+ _symptoms of chest pain, cough, contagious

« TB bacteria may disseminate and cause secondary infections in lymph nodes, bones and

gut
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ET8: Climete change,
Explain how human activities have contributed to climate change :

increased emission of greenhouse gases through :
* burning of fossi fuels linked o increasing energy uso.ge
* clearing of forests

o food choices (increasing consumption of meat)

How climate change affects
. plant distribution (vertical and latitude)
. plant adaptations (morphology and physiology)

Consequences to the global food supply from climate change

How temperature change impocts insects :

* increosed metabolism and norrow temperature toleronce of insect

 outline the life cycle of the Aedes mosquito + development of viral
dengue disease

* How global warming causes the spread of mosquito-borne infectious
diseases (including malario. and dengue) beyond the topics



Sample question : Describe and explain the effect of climate change on the
dsstrbution of rain forest vegetation in the tropics as shown in fig. 9 |

Explain :

I') Rain forest vegetation will only grow in temp range of 2| - 27 C

2) Lower temperatures at higher altitude

3) As temperature increases the distribution of rainforest vegetation
moves upwords

Organism has o specific habitable range — o temperature increases,
temperature of the environment increases above the habitable range.
Hence, proteins in organisms become denatured, organism des, loss of
biodiversity due to species extinction
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