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Extra questions

How is heterochromatin attached to the nuclear lamina?

® |[Nhe nuclear lamina interacts with heterochromatin througn proteins. 1his anchors
sllent chromatin at the nuclear periphery.

® |[Ne nuclear peripnery Is generally a transcriptionally repressive environment. By
tethering heterochromatin there, the cell ensures genes in these regions remain
sllent.

The arrangement creates a functional separation:
e - chromatin (active, loosely packed) is often more central in the nucleus.
® Heterochromatin (inactive, dense) is peripheral, adjacent to the lamina.




Extra questions

What is the difference between FISH and chromosome painting

e Both FISH and chromosome painting are cytogenetic technigues that rely on fluorescent probes to visualize DNA
seqguences, but they differ in scope, purpose, and resolution.

FISH (Fluorescence In Situ Hybridization)
e Definition: A technigue where fluorescently labeled DNA probes bind (hyboridize) to specific DNA sequences on chromosomes.
e Scope: Can target small, specific DNA sequences—for example, a single gene, a locus, or even repetitive seqguences.

e Resolution: High—can detect specific genes or small chromosomal abnormalities like microdeletions, duplications, or
translocations.

e Uses:
O Location of a given DNA seguence in the nucleus
O Diagnosing genetic disorders (e.g., Down syndrome, DiGeorge syndrome).
O Detecting cancer-associated chromosomal rearrangements (e.g., BCR-ABL fusion in leukemia).
O |dentitying copy number variations.




Extra questions

What is the difference between FISH and chromosome painting

Chromosome Painting (a type of FISH)

o Definition: A special application of FISH where entire chromosomes (or large chromosomal regions) are
‘painted” with fluorescent probes that cover thelr full length.

e Scope: Whole chromosomes— probes are made from DNA libraries spanning an entire chromosome.

e Resolution: Lower than gene-specific FISH, since it labels the whole chromosome rather than pinpointing a
small locus.

o ses;
O |dentifying structural chromosomal abnormalities (e.g., translocations, insertions, complex rearrangements).
O Karyotyping in cancer research.
O Studying chromosome evolution across species (comparative genomics).




Extra questions

What is the difference between biotin or fluorescent probes?

Biotinylated Probes
e How they work:
O Probes are labeled with biotin (a vitamin).

O After hybridization to the target DNA, a secondary detection step is needed: Biotin is recognized by avidin/streptavidin/
antiboady, which are conjugated to a fluorescent dye or an enzyme.

¢ Advantages:

O Signal amplification: Multiple fluorescent molecules can bind to a single biotin, giving a stronger signal—useful for detecting
lowW-Copy seqguences.

O Flexibility: The same biotin probe can be detected with different labels (fluorescent or enzymatic).
O Stable labeling: Biotinylation is chemically stable and easy to incorporate into probes.

¢ Disadvantages:
O Requires extra steps (hybridization + detection), so more time-consuming.



Extra questions

What is the difference between biotin or fluorescent probes?

Fluorescent-Labeled Probes
e How they work:

O The probe itself is directly tagged with a fluorescent dye

O After hybridization, you can visualize the probe immediately under a fluorescence microscope.
e Advantages:

O Faster and simpler—no secondary detection step.

O Lower background compared to biotin-based methods.

O Great for high-copy targets (like repetitive seguences or chromosome painting).
e Disadvantages:

O Lower sensitivity (since only one dye per labeled nucleotide).

O Less flexible (if you want to change the color, you need to remake the probe).

O Fluorescent dyes may photobleach faster.




MOLECULAR BIOLOGY OF

THE CELL

SEVENTH EDITION

Chapter 4

DNA, Chromosomes, and
Genomes

" P ’ .' T P,
. w o Sy
./ . T‘k .. %"&'K.Q.

A " =
ot 0 T4

ALBERTS HEALD JOHNSON MORGAN RAFF ROBERTS WALTER




uick recap: genomes
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Quick recap: genome evolution

® [volution depends on accident and mistakes followed by non-random survival
® Failures in the mechanisms by which genomes are copied or repaired
® \Vhen errors (mutations) happen in germ cells, they are passed on to the next generation

® [rrors are “rare” events: ~ 1 1n 108 per generation (Implying that each gamete has in average 30 mutations)

What are the different types of mutations”
® Simple, local changes - point mutations
® | arge-scale genome rearrangements - deletions, duplications, inversion, translocations

¢ |n addition, important role of mobile genetic elements




Fluctuation test

= How do we know if mutations are induced by a given condition or if they are random and later selected by
the given condition”/

Luria and Delbruck (1943)
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Fluctuation test

0=

0=

(B) Spontaneous
mutation
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(A) Induced
mutation



Quick recap: the human genome

rtrotanpoon

_DNA transposons 3%

Simple sequence repeats 3%

Segmental duplications 5% SINEs 13%

Misc. heterochromatin 8%

LINEs 20%

Misc. unigue sequences 12% Introns 26%

Protein coding
genes 1.5%
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Plan

e Quick recap

e \obile genetic elements

e Comparing genomes
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Mobile genetic elements

e All cells contain mobile genetic elements
* Mobile genetic elements

o [ypically between few hundreds to tens of thousands base pairs

e Fach carries a unigue set of genes

e Often, one of these genes catalyses the movement of that element
® [hey move within the genome

® |nthe process, they might disrupt the function or alter the regulation of existing genes

14



Mobile genetic elements

® [hey are typically part of the repeated sequences in our genome

o (vertime, random mutations affected their sequence and only a small fraction is still active

® [hey are considered to be molecular parasites (or selfish DNA) that persist in cells because they cannot get rid of them
® [he genes they carry can provide an advantage to the host (e.g. antibiotic resistance in bacteria)

e (ver long periods of evolution, mobile genetic elements are considers as drivers of evolution and biodiversity

15



Transposons

Transposable DNA elements (=transposons) are parasitic DNA seguences that can integrate and spread in the genomes
they colonise (=one class of mobile genetic element

Transposase enzyme binds
Transposon inverted repeats ends
|',vv :

’ ‘
l Excision

l Integration

|

Donor DNA

'I

https://www.researchgate.net/publication/311653875_Local_Alignment_on_Highly_Unigalanced_DNA_Sequence_Lengths



Transposons

¢ \obile elements that move by transposition are called transposons

e A transposase (Usually encoded by the transposon) is an enzyme that acts on specific DNA seqguences at each end of the
transposon, causing it to insert at a new DNA location

e [hey are typically not very selective in choosing their target site
e Most transposons move rarely

® [ransposons belong to 3 large classes, based on their structure and transposition mechanisms

17



Transposons

Retrotransposon (Class 1) DNA transposon (Class 2)
N =
Donor DNA Donor DNA  Donor DNA Donor DNA
Transcription lExcision
DNA intermediate
RNA intermediate [
N .
lReverse transription Target DNA
1
DNA intermediate
I
Integration
Integration
Transposable element Transposable element
E— R ===
Target DNA Target DNA Target DNA Target DNA

https://www.onlinebiologynotes.com/transposable-elements-in-eukaryotes/ 18



Transs e

Three Major Classes of Transposable Elements

Class description and structure Specialized enzymes Mode of movement Examples
required for movement

DNA-only transposons

4 )

Short inverted repeats at each end | Transposase Moves as DNA, either P element (Drosophila),
by cut-and-paste or Ac-Ds (maize), Th3 and Tn10
replicative pathways (E. coli), Tam3 (snapdragon)

Retroviral-like retrotransposons

> -

Directly repeated long terminal Reverse transcriptase and Moves via an RNA Copia (Drosophila),
repeats (LTRs) at each end integrase intermediate whose Ty1 (yeast), THE1 (human),
production is driven by a Bs1 (maize)

promoter in the LTR

Nonretroviral retrotransposons

AAAA

TTTT
Poly A at 3’ end of RNA transcript; Reverse transcriptase and Moves via an RNA F element (Drosophila),
5" end is often truncated endonuclease intermediate that is L7 (human), Cind (maize)

often synthesized from a
neighboring promoter

These elements range in length from 1000 to about 12,000 nuclectide pairs. Each family contains many members, only a few of which are listed
here. Some viruses can also move in and out of host-cell chromosomes by transpositional mechanisms. These viruses are related to the first two
classes of transposons.
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DNA-only transposons

® Predominate in bacteria transposon in donor

chromosome A
| |

¢ | argely responsible for the spread of antibiotic resistance

- these elements can be moved from one bacteria to the transp'osase \ Hanspososome
other by horizontal gene transfer monomers ct;mgsgfn”;; rejoined donor
e Once inserted In a cell, it will be passed to the progeny shortlnver/ted I
repeat sequences
e Cut-and-paste transposition £
3’ 5’
( ) r ' : : , 5/ —3,
e [he "hole” left by excision Is repalred by recombinational target chromosome B
double-strand break repair l
e Short direct repeats around the transposon allow to track et
fransposition In genomes CA— _ 5’
5 LK 7-1 3

short direct repeats of target DNA
sequences in chromosome B

20



Transposition used by viruses

® SOme viruses are considered mobile genetic elements
because they can insert their genome in the host DNA by
transposition - but they can also infect other cells

* [ransposition has a key role for specific viruses like
retroviruses (e.g. HIV)

® Important role of the retrotranscriptase and integrase

e Retroviral-like retrotransposons move by a similar
mechanism

envelope

1. Transcription of the whole transposon

capsid

2. Production of the retrotranscriptase and integrase
3. Double-strand DNA copy from the RNA
4. Integration in the genome by integrase

e They cannot leave their host cell (unlike viruses)

RNA

21

REVERSE TRANSCRIPTASE
MAKES DNA/RNA AND
THEN DNA/DNA

DOUBLE HELIX

transcriptase

ENTRY INTO
CELL AND LOSS
OF ENVELOPE

INTEGRATION

OF DNA COPY
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CHROMOSOME integrated DNA

————
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———————————
many S
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I

TRANSLATION ‘
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Nonretroviral retrotransposons ...

5
3’ I T T T

TRANSCRIPTASE/
ENDONUCLEASE

e A significant fraction of vertebrates chromosomes JSYNTHESIS OF REVERSE

L7 RNA

e A few retained the ability to move e

5’ ooeee—— A\ A A

e Need an endonuclease and a reverse transcriptase

CLEAVAGE OF
FIRST STRAND
OF TARGET DNA

o | INEs and SINEs make up over 30% of our genome S —

A4
target DNA 3
3!
5!

REVERSE
TRANSCRIPTION

5 !
4q.7f] ﬁﬁ

l DNA-PRIMED

}

MULTISTEP
PATHWAY PRODUCES
SECOND DNA STRAND

}
5' f

L7 DNA copy at new
position in genome

TTT
AAA
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Mobile genetic elements in Humans

A
Transposable Elements in Human

DNA transposons (TE Class Il)

Retrotransposons (TE Class |)

I

[ LTR Elements ]

l

|

|

Non-LTR
Elements

[ HERV ] . LINE J [ SINE ] [Pmcessed

(Gss1 | [en

https://europepmc.org/article/med/34867957

Pseudo

[Class 11 ] [ Class IV
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Mobile genetic elements in the human genome

Transposable DNA elements (=transposons) are parasitic DNA seguences that can integrate and spread in the genomes
they colonise

— A a T Ty L NI A =T D = = Ry N T = TSN Pty = N = re TN iy e R R A W S

i  percentage

P 0 10 20 30 40 50 60 70 80 90 100
L | | | | | | | | | ]
- :
i LINEs SINEs introns |
} retroviral-like elements protein-coding regions
| ]
| DNA-only transposon “fossils” — | GENES '

TRANSPOSONS
— nonrepetitive DNA that is
simple sequence repeats — neither in introns nor codons 3
segmental duplications — }
| | | j
REPEATED SEQUENCES UNIQUE SEQUENCES
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Using transposons In research

Building Tn-libraries and Tn-Seq

Figure 1: Transposon insertion sequencing method (from Chao et al. 2016)

Transposon

Transposon

Mutant 1

Mutant 2 D —@D @D

Mutant 3 (D —CD @ D-
Gene A Gene B GeneC

Condition A

i

Condition B

Create transposon library

Condition A

p

Condition B

Read counts

Pool high-density
transposon mutant library

Grow transposon library
under desired conditions

Mutant 1 @D G-

Mutant 2 -G —@D @D

il —

Read counts
>
Dz
C
~t
QO
=
N

Map and count reads for
each insertion site

Identify loci required for growth
under different conditions

25

Attach sequencing adaptors
and amplify transposon
junctions from library DNA

High-throughput
sequencing of
insertion sites
in each library



https://training.galaxyproject.org/training-material/topics/genome-annotation/tutorials/tnseq/tutorial.html#Chao2016

Plan

e Quick recap
e \obile genetic elements

e Comparing genomes
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How can we reconstruct evolution?

® Differences in genomes have accumulated over 3 billon years

® Nucleotide substitution rate reflects the time availaple for the
accumulation of mutations

e (Comparative genomics use phylogenetic trees, built using
comparison of genes or protein sequences

® [Iming has been calibrated with fossil record and mutations
occur at a nearly constant rate (molecular clock for evolution)

® Some clocks run faster than others

27



How can we reconstruct evolution?

15 Iast common ancestor
+ 1.5 c
C [ ]
) O
(V5]  d
Q S
— o+
o e,
W
210 9
@) >
v 1.0 2
Q " Q
O ©
wv )
S O
O Q
> @)
0 5 =
“n 0.5 +~
C -
0 S
= Q
- o

. ; 0.0
human chimpanzee gorilla orangutan
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How can we reconstruct evolution?

e Mutation rate is different in different parts of the genome

Negative selection or purifying selection is the selective removal of alleles that are deleterious

exon «—>» intron

mouse
GTGCCTATCCAGAAAGTCCAGGATGACACCAAAACCCTCATCAAGACCATTGTCACCAGGATCAATGACATTTCACACACGGTA-GGAGTCTCATGGCGGGGGACAAAGATGTAGGACTAGA

GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGGATCAATGACATTTCACACACGGTAAGGAGAGT-ATGCGGEGGACAAA-—-GTAGAACTGCA
human

mouse
ACCAGAGTCTGAGAAACATGTCATGCACCTCCTAGAAGCTGAGAGTTTAT-AAGCCTCGAGTGTACAT-TATTTCTGGTCATGGCTCTTGTCACTGCTGCCTGCTGAAATACAGGGCTGA
GCCAG--CCC-AGCACTGGCTCCTAGTGGCACTGGACCCAGATAGTCCAAGAAACATTTATTGAACGCCTCCTGAATGCCAGGCACCTACTGGAAGCTGA--GAAGGATTTGAAAGCACA

human

Figure 4-65 The very different rates of evolution of exons and introns, as illustrated by comparing a portion of the
mouse and human leptin genes. Positions where the sequences differ by a single nucleotide substitution are boxed in green,
and positions that differ by the addition or deletion of nucleotides are boxed in yellow. Note that, thanks to purifying selection,
the coding sequence of the exon is much more conserved than is the adjacent intron sequence.

29



Comparing human and mouse genomes

ancestor

opossum
wallaby
armadillo
hedgehog
bat
cat
orea 009 ® Human and chimpanzee genomes are much more
o alike than mouse genome, although they have
_ indian muntjac similar sizes and carry a nearly identical set of genes
P19
rabbit
‘rat e Mouse and human have diverged 80 million years
galago ago (only 6 million for human and chimpanzees)
lemur
marmoset

squirrel monkey

vervet

baboon

macaque
orangutan
gorilla
chimpanzee

human

30

e Rodents have fast molecular clocks (generation
time Is shorter)



Comparing human and mouse genomes

e \Mouse (20 chromosome pairs): Human (23 chromosome -
oairs)
* Heavy chromosomal rearrangement during evolution : ' o
(e.g. 180 breakage/fusion events) o
e DNA was lost over evolution in mice ! A F5 1
TR NT
RN
. 1 HUTP
Stretches of DNA with conserved gene order are called synteny ¥ i 2411 BT R
| E .;..l 1111 FER L
. l l | l . i392
h m h m m 14 . - 3 =

10 11 12 13 14 15 16 17 18 19 X

200,000 bas
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Short introns do not affect gene function

® [he size of vertebrate genomes reflects the rate of deletion and addition of DNA

¢ | arge difference in genome size between similar organisms

human gene

3.2x 10° bp

4x 108 bp

Less introns and intergenic regions

Fugu gene Small genome for a vertebrate

Figure 4-70 The puffer fish, Fugu

rubripes. (Courtesy of Byrappa Venkatesh.) 0.0 100.0 180.0
thousands of nucleotide pairs
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Conservation of genes across evolution

Homologous genes are genetic sequences inherited from a common ancestor. They are similar in sequence and can likely
oerform similar functions. Paralogues and orthologues are homologues.

Paralogues are homologues in the same genome that arose from a gene duplication event.
Orthologues are homologues in different genomes derived from a common ancestor,

Analogues are similar sequences In different genomes without a commaon ancestor.

Gene duplication :  Speciation : Q
: : &
\2\\)

Human histone H1.1

Human histone H1.2

do|eJed
so|joyuQ
dojeuy

Histone H1.1

Ancestral
Histone
H1 gene

Histone H1.2

Chimpanzee histone H1.1
&’73@ Chimpanzee histone H1.2
Q

Ancestral
HNS gene

Bacterial HNS protein

E. coli
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Plan

® [he maintenance of DNA seguences

® DNA replication mechanisms
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Maintaining DNA

DNA replication

o Accurate duplication of vast guantities of DNA

® (ccurs before a cell can produce two genetically-identical daughter cells

DNA repair

e DNA is continuously damaged by chemicals, radiation, thermal accidents or reactive molecules inside the cells

® Protein machineries that repair DNA

36



Maintaining DNA

® GSexually-reproducing animals or plants have two types of cells: germ cells and somatic cells

® Both need to protect their DNA: germ-cells to maintain the species and somatic cells, to maintain the
structure of the boay

® [Uncontrolled mutant proliferation in somatic cells = cancer

Germ-cells transmit genetic information from parent to offspring while somatic cells form the boady of the organism

37



Plan

® [he maintenance of DNA seguences

o DNA replication mecnhanisms

38



DNA replication principles

® Separation of the DNA helix into two strands
® Recognition of each template nucleotide by a free complementary nucleotide (deoxyribonucleotide triphosphate)
® [Polymerisation of the nucleotide by the DNA polymerase

® \ost mechanisms uncovered in bacteria and viruses

template S strand

5' 3’
S strand 6 6 6 6 6 6 6 o o &
5' 3’ new S’ strand
TR TR TR IR TI A R T
3/ 5/ new S strand
S’ strand 3 6 6 6 6 0 60 6 0 o &
parent DNA double helix \ SR P T B R
3’ 5'

template S’ strand

39



DNA replication mechanism

3’ end of strand

I
O
5" end of strand
|
?
“0-P=0 o~ GH
G @)

| ]
O C — |
H,c O O=p-0~
O
PRIMER b
TEMPLATE
STRAND (I) STRAND
“0-P=0 o~ CH,
H,C O O= IP—O
O
OH ‘< >\
CH
3’ end of strand C rm— G O (I) 2
O O @) o L
| Il O=P-0

|
"0-P-0-P-0-P-0-CH, O
[

O
| O O | O ‘ ‘
pyrophosphate
OH O (I:Hz
A O

|
incoming deoxyribonucleoside triphosphate O=pP-0O"
|

O
‘ O CH2

T O

|
O=p-0O~
I

@)

|
5’ end of strand
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DNA replication mechanism

5" triphosphate

]

primer - OH —> O+
strand ( pyrophosphate

>’ 3 5’ 3' 5'-to-3’

—OH ) - oH direction of

] (IR 1 - L L TR chain grOWth
3’ 5’ 3! 5!
template
strand
(A)

template \\ 5 \\ \
strind ¢ v
' ~ ~
3 l | l / / -3 | l / —
/ l / AN -t / l / / | N

5’ / s\ / 7z \

primer \ 'Y CORRECT

stran POSITIONING NUCLEOTIDE

OF INCOMING INCORPORATION
DEOXYRIBONUCLEOSIDE FOLLOWED BY DNA
/ TRIPHOSPHATE TRANSLOCATION

DNA . >
polymerase 1

Q) P (P
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DNA replication principles

o DNA replication is semiconservative as the two daughter cells will inherit a double helix that contains one “original” and
one ‘new’ strano

(A}REPLICATION
S S
SIS
(/g( ((}\jEPLICATION
¢ S8 S
SC8S
SGad
SESTSESISTSESRS

N
N



DNA replication principles

® | ocalised region of replication that moves along the DNA = replication fork

e At the replication fork, a multienzyme complex (with DNA polymerase) synthesises the DNA of both
new daughter strands

replication

/ forks _/>:
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DNA replication principles

DNA polymerase can only polymerise from 5’ to 3’ —> How does it work for the other strand"’

44



DNA replication principles

® [ransient existence of pieces of DNA that are ~ 100-1000 nucleotide long at the replication fork = okazaki fragments
® [hey are synthesised from &’ to 3’ and joined together after synthesis

® [he replication fork has therefore an asymmetric structure with a leading strand (synthesised continuously) and a
lagging strand (synthesised non-continuously)

3!

3!
, leading strand 5\
- most recently -
» 3 3 —» synthesized 5 3 3
31 DNA S 3
> « lagging strand with ’ -
3,' agging strand wi

3
Okazaki fragments ’
5!

5!
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Building an RNA primer

T«
o DNA polymerase cannot start synthesis de novo without a primer KERRRRRRRRRRRRRRRRRRRARRRRRRARRRAANE
o "
® [orthe leading strand, a primer is needed at the start of replication l
® [orthe lagging strand, a primer is needed at each new Okazaki fragment 0
® [his mechanism depends on the DNA primase which uses ribonucleotides I5I’I I””“””m“m”mm”””;’
triphosphate to synthesise short RNA primers on the lagging strand 1
e |n eukaryotes, those are about 10 nucleotide long and are made at intervals of RNA primer XA primase

100-200 nucleotides on the lagging strano

3'HO — 5’
IIIIIIIII||||||||||IIIIIIIIIIIIIIIIII
5' 3'
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DNA synthesis on the lagging strand

e On the lagging strand, DNA synthesis stops when the DNA
polymerase runs into the next RNA primer

e A special DNA repair system acts quickly to erase the RNA primer

and replace it with DNA

® A DNA ligase then joins the 3" end of the new fragment to the 5" end of

the old fragment

47

new RNA primer

RNA synthesis by DNA
primer primase
3’ I 5 35
5’ / 3’
lagging- DNA polymerase adds to new
strand RNA primer to start new
template Okazaki fragment
y
3’ I 5 3
5’ 3’

DNA polymerase finishes
DNA fragment

y

3" Y —— s
5! 3!

old RNA primer erased
and replaced by DNA

\

3" I ————— 5
5' 3

sealing by DNA ligase
joins new Okazaki fragment
to the growing chain

\

3’ I 5
5' 3



DNA synthesis on the lagging strand

® (On the lagging strand, DNA synthesis stops when the DNA polymerase runs into the next RNA primer
o A special DNA repair system acts quickly to erase the RNA primer and replace it with DNA

e A DNA ligase then joins the 3’ end of the new fragment to the 5" end of the old fragment

5" phosphate A(P

\ %OH A(P(PYP - \4\ A(P
. "" Wy L ) Ny, J ) 0 0 0 ©

1] 1]
5 3 STEP 1 STEP 2

ATP AMP

used released
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Opening up the double helix

> 3 ® [he double helix should be opened anead of the replication fork
DNA helicase

binds e DNA Is very stable, in the lab, we use very high temperatures to separate two DNA
/ ' strands

=~ » (ATP ® DNA helicases hydrolyze ATP when they are bound to single strands of DNA, they
ADP +P, move along the strand and open the helix once they encounter double-stranded DNA
//w» , ' (1000 nt/sec)
/"
% o

1
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Opening up the double helix

single-stranded region

/ N~ a4
DNA polymerase L7 / 7
AN =~ - 3 of DNA template
/7 w =~ . .
QT & /\ > = \\\\ hy & with short regions
e ~ ~ H u H H "
\\ y - D ~ 3 AV X o of base-paired “hairpins
3 it 1\ 3 - 2 SN ///1\\\\
=~ 7
g A TS T

single-strand ‘ ‘ )

DNA-binding protein

monomers :‘ .‘ —
, \

NN NS
PPV

|
\\\ I

N
.......... A

3's
S’M

cooperative protein binding straightens region of chain

50

® Single-strand DNA binding proteins (S5SB)
bind to single-stranded DNA without covering

the bases (available as templates)

® [hey help helices by stabilising and
straightening the DNA

® [hey are unable to open a long DNA helix

sugar-phosphate
backbone of DNA
single strand

DNA bases single-strand

2 nm
domain A domain B
(A) single-strand binding protein



Holding the DNA polymerase onto the DNA

® DNA polymerases need to be able to “fall off” the DNA to synthesise the lagging strand
® (On the leading strand, it needs a sliding clamp (proteins) and clamp loader

® [he clamp keeps the polymerase onto the DNA until running into double-strand regions

RECYCLING OF RELEASED CLAMP LOADER

clamp loader -

N\

3/

N
ADP + DNA
polymerase \
+ (P N
v, % >
slldlng clamp
ATP BINDING TO DNA ENGAGED ATP HYDROLYSIS LOCKS DNA POLYMERASE
CLAMP LOADER IN CLAMP SLIDING CLAMP AROUND BINDS TO SLIDING
OPENS SLIDING CLAMP DNA AND RELEASES CLAMP
(B) CLAMP LOADER
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The replication machine

® Nost of the proteins discussed betore act together as a large multi-enzyme complex that rapidly synthesizes

newly
synthesized
strand leading-
\ strand
template DNA polymerase on
/\‘ leading strand
sliding clamp parental
and clamp Ioader\ DNA helix
5!
newly synthesized
single-strand DNA- DNA primase Iead/mg strand
binding proteln et .
. —— DNA helicase
\\ ‘-_ lagging-strand
o\ template
U\
: /\‘ N Cewl parental
DNA polymerase ~ synthyesized DN'.A‘
RNA on lagging strand newly 5' lagging helix
primer Okazaki (just finishing an synthesized strand
NEWw Lkazaxl Okazaki fragment) strand
(A) fragment (©)

Bacterial replication fork
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Have a nice day!



