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D1.1.1—DNA replication as production of exact copies of DNA with identical base sequences. 
D1.1.2—Semi-conservative nature of DNA replication and role of complementary base pairing

D1.1.3—Role of helicase and DNA polymerase in DNA replication=>

-

DNA replication : production of exact copies of DNA with identical base sequences Recall : DNA is a polynucleotide made up of 4 types of nucleotides which differ by their nitrogenous base nucleicacids Al . 2
-

·

& DNA is integral for the functioning of cells and organisms thus
,

when more cells are produced ,
DNA must first be replicated completely so the new cell contains the same DNA 8

- -8replication
E

& DNA replication is required for :

↑*Growth and tissue replacement when multicellular organisms create new cells this first require DNA to duplicate
& s&eproduction in asexual reproduction A

-

S phase of cell cycle followed by division of nucleus and cell via mitosis and cytokinesis
parental cell undergoes binary

reproductionDI fission where DNA is first
*Acella nuclear division2

.
1

~ When multicellular organisms
L cells naturally age , get damaged or infected and die. ↑

replicated and then the mother grow,
cells proliferate ,

all with Cells duplicate their DNA and themselves to repair and
8

cell divides to produce two clones daughter cells identical DNA in their nucleus replace this tissue. This is an ongoing process -
DNA replication is semi-conservative : each strand of an existing DNA double helix parent strand acts as a template for the synthesis of a new strand daughter strand from free DNA nucleotides

↓ Dre to complementary base pairing ,
the DNA sequence of one strand determines the othera

-
*nucleic acids Al . Z ? TAA GGC GT A-- Adenine Thymine· original template strands new daughter strands Granine Cytosine -TT)GCAT -TT)GCAT

: It is 'semi' conservative as half of the original strand ↓ & As A always pairs with T and G with C
,

the newly synthesized base sequence will be

remains and is unchanged conserved in the new double helix identical and be easily checked for errors in pairing - ensuring a high degree of accuracy

Helicase :
enzyme responsible for unwinding and separating DNA .. etymology : Helicase works on 'helix' DNA polymerase :

enzyme responsible for synthesizing a new

double helix thereby exposing the nitrogenous bases

Helicase

"*A Polymerase

synthesiveon.
complementary DNA strand using free DNA nucleotides

strand& helicase binds to DNA and using the energy --
& helps bring free DNA nucleotides close to exposed bases on

from ATP-hydrolysis ATP ADP + P:+ parent
template

the DNA template strand
, allowing hydrogen bonds to form

it catalyzes the breaking of hydrogen bonds

holding complementary base pairs together replication fork
~ DNA polymerase catalyzes condensation reactions :

6
C

T DNA polymerase catalyzing covalent phosphodiester bond between the phosphate of

T
free DNA nucleotides a free nucleotide to the deoxyribose of growing daughter strand

·M-

↑ - ⑨ ATP strands rewind into double helix

I
[ C

I I~
hydrogen - ~ ADP + P;
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In addition
,

DNA polymerase acts as A G A G

· r
C

G
A

↑

a 'proofreader' where it can remove and ↑
H

↑
H

↑
H

↑
H free nucleotides have 3 phosphates

~ the action of helicase results in two single- Helicase works like a zipper replace bases added incorrectly more in HL H H H

and they hydrolyze , releasing 2 and
H

P
-

P

stranded DNA strands which will act as templates an uncorrected error results in a mutation
-

+ Hz0
energy for bond formation



D1.1.4—Polymerase chain reaction and gel electrophoresis as tools for amplifying and separating DNA

Polymerase Chain Reaction PCR : automated technique for amplifying selected regions of DNA Gel electrophoresis :
process used to separate fragments of DNA or proteins on a polymer get,

through multiple cycles of DNA synthesis according to size and overall charge
.. electrophoresis : movement of charged particles in a fluid get in an electric field

& with every cycle , the DNA sample is doubled
,

thus 30 cycles results in 1 billion copies 230

O & In order to be separated, samples must I have uniform charge
- and I be small enough to move through ge

~ what is required : Tag Polymerase
&

O Poheat-tolerant polymerase enzyme which synthesizes DNA sample preparation Protein sample preparation
O

target DNAsample complementary DNA strands using free nucleotides.
&

extracted sequence of DNA ⑮ Enzyme is extracted from Thermus agraticus Tag - a DNA has an overall negative charge
G Po Proteins do not have overall charge and can be

O

- hot spring bacterium which has a high optimum temperature dre to phosphate groups on backbone & large due to their many different R groups and how
G P O

free DNA nucleotides 7)2 ° C and can withstand high heat without denaturing O they fold
,

so a detergent SDS is applied to

A
,

T
,

C
,

G nucleotides for · DNA is a very long molecule
,

too large to be separated denature unfold and give the proteins an overall

use in DNA synthesis DNA primers so restriction endonuclease enzymes are used to cut DNA negative charge
tube short

, single-stranded DNA sequences which are at specific base sequences , producing different DNA fragments
Buffer solution specific to the target sequence-binding

-

provides optimal pH · complementarily to 3' end of each sequence, allowing · CTTAA T ses E
-

-conditions for Tag ·
h # Tag Polymerase to bind and begin replicating

G A ATTC

Polymerase activity

↑ Thermal cycler
& Gel electrophoresis setup : 7

power supply creates electric field :

% machine which automatically cycles between 2 cathode - I · at sample wells

Y specific temperatures required for the reaction 3 anode + · at opposite end

4 gel chamber-holds get
&
process entails cycling through the following 3 steps over and over until the desired amount is produced

7

Ai 5 buffer solution-electrolyte solution to

conduct electricity
Denaturation Annealing 6

sample wells - indents where samples are loaded

thermal cycler set to 95 °C thermal cycler set to 45
°

C-60% 567 7 gel-made of agarose from seaweed or

~ high heat breaks the hydrogen bonds - lower temperature allows DNA primers polyacrylamide ,
both clear and porous

between complementary base pairs,
to bind to the start of the target & Process :

separating DNA helices sequence on each separated strands oL UV
LONG HEAVY

.. Tag Polymerase does not denature
-

.

large number of primers ensure that they
&

thick darker band

bind to DNA
, preventing strands rejoining = more in sample

iiiiiiiiiiiiiiiiiii Uattcotactici to different primers are used one 1.I II.tem short light
ATTCCGCTACGGGTAC

TAAGGCGATGCCCATG
TAAGGCGATGCCCATG complementary to each strand ladder samples

Sample is injected into the Molecules migrate down towards After smallest molecules have

Elongation well at the top of the get using attractive anode at different rates reached the bottom
, voltage

thermal cycler set to 72
°C

Data
31g

3

31 a micropipette . Additionally,
a through the pores of the gel : is turned off and get removed

A TTCCGCTACGGGTAC A TTCCGCTACGGGTAC
:iiiiiiiiiiiiiiiiiiiiiiii ::iiiiiiii& Tag Polymerase binds onto DNA A CCCA sample of known lengths mass is smaller molecules pass through easier and stained with a dye

primers and synthesizes complementary s
M

s placed ladder where this can be : travel faster and further down which in the case of DNA
,

S'3
- -
- .

DNA strands using free nucleotides TOTAO G TTC C used as a comparison Molecules of the same length mass fluoresces under UV light
iiiiiiiiiiiii iiiiiiiL

amount of DNA has doubled TAAGGCGATGCCCATG TAAGGCGATGCCCATG : for DNA
, many copies are will travel at the same rate and Bands are compared with ladder

:. 72
°C is optimum for Tag Polymerase

3 Si 3
S Si

made and used via PCR group together in a band and with each other



D1.1.5—Applications of polymerase chain reaction and gel electrophoresis

variable STR sequences

&
and

s

note: like most genes,
individuals inherit

2 STR alleles per loci - one from each parent fewer

smaller scene evidence
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D1.1.6—Directionality of DNA polymerases. D1.1.7—Differences between replication on the leading strand and the 

lagging strand. D1.1.8—Functions of DNA primase, DNA polymerase I, DNA polymerase III and DNA ligase in 
replication. D1.1.9—DNA proofreading=

-

*nucleic acids Al . 2 DNA strand orientation direction can be - 3 Ho Si 3' Ho Si
-

determined by the carbon position
A ... 3

.

4

W5 2' '

ziz
I' ·

I
P P

;J *I I "I J *I& DNA polymeraseII requires free 3'-OH group to start synthesis of DNA, : ::: : :::
: :

where it catalyzes a condensation reaction between the phosphate of the 5' end of a ↑ & A ·free deoxynucleotide triphosphate to the Ot on the 3' end of the new strand
, forming a

·
-

I' A
-phosphodiester bond. This is possible from the energy released from clearing the phosphate

5
· 21 5

. 21
·

: it can only function in one direction : Si
i zi i

OH 5! Si OH 31

moving along template strand in a 3 to S' direction 31
P

P OH

S'
synthesizing DNA in a 5' to 3 direction adding to 3' end only P a

3 o phosphodiester
DNA replication in prokaryotes 5 + · covalent bondm O PP;

O

S H

& DNA in prokaryotes is arranged as a single , looped chromosomes & O

O

O

G
oE II Il

s

o-po

-

Op Op P
~ when they replicate their DNA

,
there is one origin of origin I I b

replication, producing two replication forks where llllll · replication forks F 0
-

0
--

3 o

Ho

replication proceeds in either direction - 5' to 31& Ho
& the process is carried out by several different

enzymes working together Discontinuous DNA replication produces the lagging strand
,

in pieces , moving away from replication fork - slower process
- -

-> 5

Helicase separates DNA
5

↓ 3
51 # 31⑮ strands by breaking hydrogensityNilililik

bonds between complementary & - ↑ Primer short DNA section · & &
base pairs RNA nucleotides DNA nucleotides Okazaki fragment -

& ......topDNA Primase synthesizes a DNA polymerase III DNA polymerase DNA Ligase joins Okazaki

-

complementary RNA primer strand binds to RNA primer Removes RNA nucleotides fragments together by catalyzing

= by catalyzing phosphodiester bonds and synthesizes a of primer from 5' end and phosphodiester bonds between

between free RNA nucleotides . complementary DNA replaces them with DNA gap in fragments, forming a

-
0 This RNA primer acts as starting strand by joining nucleotides added to the 3' end of continuous strand

-

topoisomerase enzymes ex : gyrase relieve stress in DNA S - point for DNA polymerase I to 3'-OH end S' to 3 next fragment , leaving a gap
· : · ligation = join together

and unwinds DNA from supercoiled state ahead of helicase 8
-

-

8- 111111111111111111111111111 5'

single-stranded binding proteins SSBs 1999Klin es
bind to single-stranded DNA after helicase

has separated strand in order to~ Continuous DNA replication · DNA polymerase III also acts as a proofreader , F

I

stabilize strand and produces the leading strand as it moves along and synthesizes daughter strand : CTT - GTT -

1 11 Ifrom reannealing rejoining S allowing continuously and uninterrupted, identifies mispaired nucleotide in daughter strand TC - - Tprevented iiifree nucleotides to bind. They are later towards the replication fork 2
removes incorrect nucleotide from 3 terminal 5'

removed as polymerases start replicating - faster process
3 replaces with correctly matched nucleotide
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