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COLOUR CODE USED THROUGHOUT THESE NOTES

DNA / STRUCTURE CHROMATIN / HISTONES REPLICATION / REPAIR MUTATION / DAMAGE CLINICAL / DRUGS

LEARNING OBJECTIVES — tick off as you go

[0 Describe nucleotides, base pairing and the double helix.

[0 Outline the genome and chromatin packaging, including histone marks.

[0 Explain semi-conservative replication, the fork enzymes and telomeres.

[0 Match DNA repair pathways to the diseases caused when they fail.

[0 Classify mutations and link to drugs that target DNA (incl. PARP inhibitors).

1 DNA Structure

IN ONE LINE: Two antiparallel sugar-phosphate strands, bases paired inside (A=T, G=C), twisted into a right-
handed helix. Avery (1944) showed DNA is the genetic material; Watson, Crick, Franklin and Wilkins solved
the structure (1953).

DNA structure
Base pairing and the backbone
5 3
PURINES (2 rings)
D n q Adenine, Guanine — 'PURe As Gold'
PYRIMIDINES (1 ring)
[>n R Q Cytosine, Thymine (DNA) / Uracil (RNA) — 'CUT the PY'
A=T
>ER o B
G=C
l> . . n Q ( 3 hydrogen bonds — GC-rich DNA melts at higher temperature
Nucleoside vs nucleotide
base + sugar vs base + sugar + phosphate(s)
SEE o B
B-DNA (normal)
3 5 right-handed, ~10.5 bp/turn, 3.4 nm per turn, 2 nm wide; major groove = protein recognition
yellow = phosphate e grey = deoxyribose e dotted = H-bonds A-DNA/Z-DNA
ANTIPARALLEL strands; phosphodiester bonds join 3' = 5° A: compact, RNA-DNA hybrids  Z: LEFT-handed, alternating GC
Figure 1. Base pairing and helix.
MNEMONIC / MEMORY HOOK

'PURe As Gold' (purines = A, G — two rings) ® 'CUT the PY' (pyrimidines = C, U, T — one ring).
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2 Genome and Chromatin

Feature Key points ‘

~3.2 billion bp; 22 autosome pairs + XX/XY; ~20,000 protein-coding genes =

Nuclear genome ~1.5% of DNA

Mitochondrial genome 16,569 bp circle, 37 genes (Lecture 79)
Gene parts E.xons (c0(.1|ng), introns (spliced out), 5'/3' UTRs; promoters, enhancers,
silencers, insulators
Microsatellites (1-6 bp — QF-PCR, forensics, MSI), minisatellites, satellite
Repeats

(centromere); SINEs (Alu ~1 million copies), LINEs (L1)

Chromatin packaging — from double helix to chromosome

M h Nucleosome = ~147 bp around a histone OCTAMER
(2 each of H2A, H2B, H3, H4) + linker H1

00000000 OO0.0_. . . 10000-0ld compaction overal
EUCHROMATIN: open, active (acetylation, H3K4me3)
DNA helix NUCLEOSOMES HETEROCHROMATIN: closed — constitutive (centromeres,

2nm 'beads on a string' 10 nm i telomeres) or facultative (Barr body; H3K9me3, H3K27me3)
30 nm fibre LOOPS on a \_JS\J
(classic model) protein scaffold
METAPHASE
chromosome

Figure 2. Chromatin packaging.

e The 30 nm fibre is the textbook model; live-cell studies suggest chromatin is more irregular. Histone code:
acetylation (H3K27ac) opens chromatin; H3K4me3 marks active promoters; H3K9me3 / H3K27me3 silence.

3 Replication

The replication fork (schematic) “‘\.(\uﬂ"S
O

Semi-conservative
\,EPD\“ 3 each daughter = 1 old + 1 new strand (Meselson-Stahl)

Always 5' = 3'
polymerases add to the 3'-OH only

Sliding clamp
PCNA keeps the polymerase on

parental DNA HELICASE
When

( ) SSB/RPA S phase; many origins, bidirectional

Accuracy
~10"" raw — ~10"7 proofreading — ~10""-10""* with mismatch repair

topo-
isomerase

LAGGING strand — OKAZAKI fragments (Pol &), RNA primers (pink, primase/Pol a)
primers removed (RNase H/FEN1) = gaps filled = DNA LIGASE seals

Figure 3. The replication fork.
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ORC + MCM helicase Mark origins; unwind the helix

T e ReIiev:le supercoiling ahead of the fork (target of etoposide, doxorubicin;
bacterial gyrase = quinolones)

SSB / RPA Keep single strands apart

Primase + Pol a RNA primer + short DNA start

Pole/Pol & Leading / lagging strand; 3'->5' proofreading

PCNA Sliding clamp

RNase H / FEN1 + ligase Remove primers; seal Okazaki fragments

Telomeres and telomerase

End-replication problem

lagging strand can't finish the very end — telomeres shorten each division — senescence (Hayflick limit)

Telomerase

TTAGGG repeats .
reverse transcriptase (TERT) + RNA template (TERC) re-extends TTAGGG

Where active
germ cells, stem cells, ~B5-90% of cancers (others use ALT)

gap: last primer

can't be replaced Relevance

ageing, dyskeratosis congenita (short telomeres), cancer target

Figure 4. Telomeres.

4 DNA Repair

DNA repair pathways and the diseases when they fail

Pathway Fixes Key genes If faulty

MISMATCH REPAIR wrong base after replication MLH1, MSH2, MSHé, PMS2 LYNCH syndrome; microsatellite instability

single damaged base glycosylase, APE1, Pol f3;

BASE EXCISION (oxidised, deaminated) PARP1 for 55Bs

MUTYH polyposis

bulky lesions — UV PYRIMIDINE

NUCLEOTIDE EXCISION DIMERS, cisplatin adducts

XPA-XPG XERODERMA PIGMENTOSUM

double-strand break — accurate,

HBOC; Bloom (BLM);
needs sister chromatid (5/G2) BRCAL, BRCA2, RAD51, PALB2

BRCAZ2 = FANCD1

HOMOLOGOUS RECOMBINATION

double-strand break — fast,

NON-HOMOLOGOUS END JOINING error-prone, any phase

Ku70/80, DNA-PKcs, ligase IV immunodeficiency (V(D))); radiosensitivity

interstrand crosslinks

FANCONI / CROSSLINK REPAIR {cisplatin, mitomycin)

FANC genes FANCONI ANAEMIA: marrow failure, cancers

Figure 5. Repair pathways.
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PARP inhibitors — synthetic lethality

Normal tissue BRCA-mutant cancer
N ' ™
single-strand break single-strand break
_/ \ _/
v v
'd ) 4 ™\
PARP inhibitor blocks repair PARP inhibitor blocks repair
- B - J
L] Y
4 3 ' A
= double-strand break = double-strand break
at the replication fork at the replication fork
| # J - * J
' N\ ( R
NORMAL cell; BRCA works = BRCA-deficient TUMOUR: no HR =
HR fixes it — cell SURVIVES error-prone repair —» cell DIES
. J . J

SYNTHETIC LETHALITY: losing either pathway alone is survivable; losing both kills. Olaparib, niraparib, rucaparib — BRCA-mutated / HRD ovarian (maintenance), breast, prostate, pancreas.

Figure 6. PARP inhibitors.

5 Mutations

Types of mutation (sentence analogy)

THE CAT ATE THE RAT

codons read in threes

NORMAL

THE CAT ATE THE RAT (GAA-GAG: Glu - Glu)
same amino acid

THE CAT ATE THE BAT - HbS: GAG-GTG, Glu6Val

different amino acid

THE CAT [STOP]
early stop codon — short protein / NMD

THE CAT AAT ETH ERA T (1 base inserted)
indel not a multiple of 3 — garbled + early stop (DMD)

THE ATE THE RAT (3 bases lost)
1 amino acid lost — e.g. CF F508del

MISSENSE

NONSENSE

FRAMESHIFT

IN-FRAME

intron-exon junction « CAG/CGG/CTG expansions # deletions/duplications
B-thal splice variants « HD, FXS, DM1  a-thal, DMD, 22q11

SPLICE / REPEAT / CNV

Germline = in every cell, heritable » Somatic = one clone, not inherited (most cancers). Mutagens: UV (dimers), ionising radiation (DSBs), alkylating agents, intercalators, base analogues.

Figure 7. Mutation types.

6 Clinical Correlates

Drug DNA mechanism / O&G use

Cross-links DNA — ovarian, cervical, endometrial cancer; BRCA/HRD tumours

Cisplatin / carboplatin .
P / P more sensitive

.. . Topoisomerase Il inhibitors (doxorubicin also intercalates) — sarcoma, GTN
Doxorubicin / etoposide

(EMA-CO)
Methotrexate E:Z;:;zfcoylfgnr\;eductase inhibitor = stops nucleotide synthesis — ectopic
5-Fluorouracil Thymidylate synthase inhibitor — VIN/VAIN topical, Gl cancers
PARP inhibitors Olaparib, niraparib, rucaparib — maintenance in BRCA/HRD ovarian cancer
Quinolones / rifampicin Bacterial DNA gyrase / bacterial RNA polymerase
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% PEARL

MMR - Lynch (MSI); NER - xeroderma pigmentosum; HR - BRCA; crosslink repair - Fanconi anaemia.
PARP inhibitor + BRCA loss = synthetic lethality. Leading strand continuous, lagging strand in Okazaki

fragments.

7 MRCOG Exam Pearls — Last-Minute Page

Numbers to know

2/3 ~10.5 2 nm
H-bonds A=T / G=C bp per turn (B-DNA) Helix width
~20,000 ~147 bp ~107°-107°
Protein-coding genes DNA per nucleosome Final error rate

HIGH-YIELD CHECKLIST

Purines A, G; pyrimidines C, T, U; A=T (2), G=C (3).

Antiparallel, right-handed B-DNA; major groove for proteins.

~3.2 Gb, ~20,000 genes (~1.5% coding); Alu, LINEs, microsatellites.
Nucleosome: octamer (2x H2A, H2B, H3, H4) + H1; ~147 bp.
Acetylation opens; H3K9me3/H3K27me3 close.
Semi-conservative; leading (€) vs lagging (6, Okazaki); ligase; PCNA.
Telomerase: germ/stem/cancer cells.

Repair pathways <> Lynch, XP, BRCA, Fanconi, Bloom.

Ny o o A O

Drugs: platinum, topo Il inhibitors, methotrexate, PARP inhibitors.

Self-assessment — cover the right-hand column

~3.2x10°

bp in genome

TTAGGG

Telomere repeat

Mutations: silent, missense (HbS), nonsense, frameshift, in-frame (F508del), splice, repeat, CNV.

Question ‘ Answer ‘
Which bases are purines? Adenine and guanine

Why is GC-rich DNA more stable? Three hydrogen bonds per G—C pair

Composition of the histone octamer? Two each of H2A, H2B, H3 and H4

What does 'semi-conservative' mean?

strand
Which strand is made in Okazaki fragments? The lagging strand
Enzyme that seals Okazaki fragments? DNA ligase
What does telomerase use as a template? Its own RNA component (TERC)

Repair pathway defective in xeroderma
pigmentosum?

Type of mutation in sickle cell (HbS)? Missense (Glu6Val)

Why do PARP inhibitors kill BRCA-mutant cells?
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Nucleotide excision repair

Each daughter helix has one old and one new

Synthetic lethality — no homologous
recombination back-up
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