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How to read a paper?

* Not about memorizing/learning ALL the different mutations, etc.
* Read the abstract, read the figures -> what is the paper trying to
present

* Then do a deep dive -> The introduction should explain the previous
work and why this is important for the field —if it is very novel you can
check additional short reviews

* Pick a couple of sections that sound most interesting and do a deep
dive into those.

* Think about why they performed these experiments, have they
explained everything?

* What is the key message



How to understand and convey information?

From the perspective of a journal club:

* What is the key message?

* What are the main findings? (you don’t have to show all the figures
and all the supplementary figures)

* What is innovative about it?
* |s there anything that remains unanswered?

* What is the impact of this publication on a larger scale (let’s say
cancer field).



Why do we perform research?

* To understand ->

* basic biology (how things work),

* to discover underlying mechanisms,
* to be able to advance science,

* cure diseases



What is a disease”?

Contribution of environmental factors
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Complex diseases/traits

T » Type 2 diabetes : .
Monogenic diseases . Cardiovascular disease Accidental injury

* Muscular dystrophy e Cancer * Traffic accident
* Werner syndrome + Height * Disaster

One risk variant « Body weight

Many risk variants throughout genome Tanisawa et al., 2016



What is a molecular mechanism?

A molecular mechanism describes the detailed, step-by-step sequence
of events that occurs at the molecular level to carry out a biological
process.

v'Molecular mechanisms are the processes that explain how genetic variations lead to

observable disease phenotypes. They also refer to the underlying processes that
contribute to cell and organismal physiology

v'The molecular processes that underlie the pathogenesis of diseases

v'Alterations in mRNA translation or protein stability that affect a phenotype

o Sickle Cell Anemia: Normal: Gene makes correct hemoglobin - round red

blood cells » good oxygen delivery Mechanism disrupted: One letter change in
gene > abnormal hemoglobin > sickle-shaped cells > poor oxygen delivery

o Insulin and Diabetes: Healthy mechanism: Insulin gene > properinsulin >
glucose enters cells Type 1 Diabetes mechanism: Immune system attacks
insulin-producing cells > no insulin > high blood sugar



Gene expression pathway - Central Dogma
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Transcription -> DNA into RNA

transcription factors

of eukaryotic cells

1 Activator proteins bind to pieces of
DNA called enhancers. Their binding

causes the DNA to bend, bringing note
themneara gene pmmoter' even This d';agram S|mp|lﬁes tl:le DNA
greatly—promoters, enhancers,
though_‘they may be thousands of and insulators can be dozens or even
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Other transcription
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—r , from binding to the promoter, if a
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RNA polymerase
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Translation

—> MRNA into protein

1 An enzyme called aminoacy! tRNA synthetase (not shown)
attaches amino acids to their corresponding tRNA
molecules using energy from ATP. Each amino acid has
its own tRNA molecule with the anticodon for that

Peptide bond

7 When theril boso_me reaches a stop codon,
5 The first tRNA drops off its amino it releases the finished polypeptide.
acid, breaks off and leaves to pick
%, upanother amino acid. The second
v’ﬁ,h moves over to make room for another tRNA.

tRNA (transfer RNA)
molecules

Glydne

/
4 Other tRNAs with anticodon: Fo>ning Polypeptide (amino acid chain)
matching the mRNA codons peptide bo
fall into place in the ribosome. 6 gﬁ“@‘ eaifrtgg'fi?\’:Aa g‘fgp
e hey form a chain of

amino acids linked by
ide bonds.
Large ribosomal subunit peptide bonds.
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Initiator tRNA-
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There, the first tRNA an Arginine
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(Methionine

. Codon
Anticodon (group of three
nucleotides) Stop Codon

2 A small ribosomal subunit
attaches itself to the 5' end
of an mRNA strand. 5' untranslated region

-3 RNAtranslation

Small ribosomal subunit

mRNA (messenger RNA)
strand

3'untranslated region

Nuclear pore

Wikimedia Commons



Protelin turnover
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DNA damage

Common Causes of DNA Damage
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P53 (gene TP53)

”guardian of the genome”
Activated by DNA damage
Transcription factor
Induces cell cycle arrest,
allowing damage repair or
Inducing apoptosis

No stress

Cellular stresses

Stabilization

p53 ON




DNA damage - cancer treatments

Common Causes of DNA Damage

. * Oxygen radicals + lonizing radiation gghlfig;;"c
Replication * lonizing radiation « Chemotherapeutics aromatic

stress * Chemotherapeutics hydrocarbons
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Base mismatch Single- Double- Interstrand Bulky adducts/
strand break strand break crosslinks Intrastrand crosslinks

e Many cancers = TP53 mutated

* Yet DNA-damaging chemotherapies still induce
apoptosis

> There must be alternative pathways



Activation of p53

DNA Hypoxia Ribosome rNTP Spindle Heat or Cold Nitric

Stress Signals Damage biogenesis Depletion Damage  shock Oxide  Oncogene
\\‘\ & / / (NO)  Activation
Coactivators with Corepressors with Other p53
Kinases

Acetyltransferase Activity  Deacetylase Activity  Activity Modulators

.

Core Regulation

Harris SL, Levine AJ, Oncogene, 2005



p53 - dependent apoptosis .
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p53 - independent apoptosis
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Apoptosis

FAS receptor
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Pro-caspase-8
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Stages of in Cancer Cells

.

Non-apoptotic Cell shrinkage Nuclear Apoptotic body
cancer cell and chromatin fragmentation formation
condensation and membrane

blebbing



MRNA translation
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Ribosome stalling

e Ribosome
pauses at a codon
It cannot decode
e Causes ribotoxic
stress

e Can activate
downstream
signaling
pathways
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Peptidyl-transferase f/-—-\ QA
center (PTC) [ [ stalled
@ Mechanisms of . % | ribosome
ribosome stalling —re
mRNA Decoding — Stall-inducing

center sequence

.
stall £ ol
@ deioction @J i /
|

Ribosome
splitting )

v
@ Cellular

@ Quality control
responses

and recycling
of components

e tRNA
> recycling
]
mRNA Nascent protein
surveillance degradation
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Ribosome stalling

No stall No stall Stall Stall
Poly-Lysine
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Trends in Biochemical Sciences

Yip MCJ, Shao S, Trends in Biochemical Sciences, 2021



Codon usage

e Common codons
= abundant tRNA

e Rare codons (e.g.,
UUA) = low tRNA

e Missing tRNA -
ribosome stalls




Methods



Methods to measure translation

* Puromycin incorporation:

Puromycin is an antibiotic that prevents protein synthesis by binding to the C-terminus of nascent
peptide chains. This causes premature chain termination, releasing the polypeptide chain
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Methods to measure translation efficiency

RNA-seq -> total RNA from the cells -> transcriptional changes
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Methods to measure translation efficiency

Polysome profiling -> translational efficiency changes -> high polysomal fractions over free mRNA / low translated

free mRNA
408

60S

80s

disome

sucrose gradient 10-50%

sucrose gradient 10-50%

polysome




Methods to measure translation efficiency

Polysome profiling -> translational efficiency changes -> high polysomal fractions over free mRNA / low translated
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Methods to measure translation efficiency

Ribosomal profiling (ribo-seq) -> translational efficiency changes and positional information about the ribosome
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Methods to measure translation efficiency

Ribosomal profiling (ribo-seq) -> translational efficiency changes and positional information about the ribosome
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Methods to measure translation efficiency

Ribosomal profiling (ribo-seq) -> translational efficiency changes and positional information about the ribosome
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Combined with RNA-seq to adjust translational changes for transcriptional changes
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sgRNA Design

rrrrrrii
<
<

Target-specific tracrRNA
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The protospacer adjacent motif (or PAM
for short) is a short DNA sequence (usually
2-6 base pairs in length) that follows the
DNA region targeted for cleavage by the
CRISPR system, such as CRISPR-Cas9. The
PAM is required for a Cas nuclease to cut
and is generally found 3-4 nucleotides
downstream from the cut site.

CRISPR

Cleavage

2: dsDNA



CRISPR

Target Sequence

Cas9

Constant part of sgRNA
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. S PAM
Target specific region in sgRNA l

S LT NRNRAN NN TN NNRRNATNN T —-—

NHEJ HDR F_” Donor template

S NN RNRRRA ATNRURRNRNNANTTN —

Cui Yy, et al., Interdisciplinary Sciences: Computational Life Sciences, 2018



CRISPR

Traditional transfec-
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Ding, W, et al., Applications of Nanoscience in Photomedicine, 2015



Thank you for your attention.
Any questions?

Please feel free to contact me @
adrianna.dabrowska@ucsf.edu
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