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=PrL

§ CH-313

General Course Information

= Moodle: htips://go.epfl.ch/CH-313
= Lecture slides (evening before the lecture)
= Distributed presentation topics (assignments)
= Forum (for questions and announcements)

- Examination (written, graded, detailed information will follow)

= Contact:
= Moodle forum (for questions)
= markus.jeschek@epfl.ch

= “Concepts over details!”
= Interact! Ask! Discuss! Anytime!
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® CH-313

Group Presentations

Critical discussion of primary literature
lllustrative examples for topics from the lecture

Why?
* Repetition of core concepts, techniques etc.
* Presentation skills and critical discussion of research
* Insight into current research topics

How?
= Two students per group
= Assignments distributed one week before delivery of presentation (via Moodle)
= Send slides: markus.jeschek@epfl.ch (Mon evening before presentation)
= 15 min presentation (both group members should present!) + Q&A
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® CH-313

PFL - Tipps for Group Presentations

= Rough structure
e Short intro on general topic
* Main presentation according to assignment

* Brief outlook incl. points of criticism/open questions/personal opinion as kick-starter for
the discussion

= Everybody should participate in the discussion, incl. constructive(!) feedback on
presentation style

= Questionnaires with different points, feedback by peers

= Typical assignment:
* You will receive a certain topic including a related publication
Introduce the topic using the publication
present the motivation behind the research, methodology, key results (not every graph!)
Additional questions will be provided hinting towards central points
Be encouraged to look/present beyond the questions and the provided paper
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® CH-313

Group Presentations — Schedule
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Wininger Quentin
Ema
Benjamin
Ivana
Mridhula
Abigail
Eva
Bastien
Melodie

Nicole

Jeremy
Ariane
Matthieu
Ipek
Elodie
Robin
Florian
?
Sioléne (E-Mail)

Maria

Sep 23, 2025
Sep 30, 2025
Oct 7, 2025
Oct 14, 2025
Oct 28, 2025
Nov 4, 2025
Nov 11, 2025
Nov 18, 2025
Nov 25, 2025
Dec 2, 2025
Dec 9, 2025

Sep 16, 2025
Sep 23, 2025
Sep 30, 2025
Oct 7, 2025
Oct 14, 2025
Oct 28, 2025
Nov 4, 2025
Nov 11, 2025
Nov 18, 2025
Nov 25, 2025
Dec 2, 2025
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=PrL

§ CH-313

Course Topics — Overview

= Week 1 | Introduction + DNA
= Week 2 | DNA

= Week 3 | DNA

- Week 4 | DNA/RNA

« Week 5 | Protein/Enzymes
 Week 6 | Enzymes

 Week 7 | Enzymes

« Week 8 | Membranes

« Week 9 | Metabolism

= Week 10 | Metabolism

« Week 11 | Engineering

= Week 12 | Engineering

= Week 13 | Engineering

= Week 14 | LSAM Intro + Exam Preparation

[tentative schedule]
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§ CH-313

DNA (“read”)
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"L NGS — Main Methods (Overview) 8

- “Second generation“ methods
* (1) Pyrosequencing (Roche 454) g gy
llumina

* (2) Sequencing by synthesis (lllumina)

* (3) Sequencing by ligation
* (4) lon semiconductor sequencing i

—J

.2 v
* (2) Nanopore sequencing (MinlON etc.; Oxford -

Nanopore Technologies) o

NANOPORE

Technologies

= “Third generation” methods (single molecule)

* (1) Single-molecule real-time sequencing (SMRT;
Pacific Biosciences)
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EPFL. Nanopore Sequencing

Oxford Nanopore Technologies (MinlON,
PromethlON etc.)

- Label-free, single-molecule technique
= Portable equipment, real-time results

- Long-read technology (> 4Mbp successfully
demonstrated)

- 512 — 2,675 pores per flow cell, repeated passage
possible

= Error rates of 3-8% (lately improving drastically)

- Modified bases and other molecules (RNA,
proteins) can be directly “sequenced”

§ CH-313
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=PFL. Nanopore Sequencing - Principle

§ CH-313

single-stranded DNA/RNA molecules are “pushed” through
nanopore via processive enzyme (e.g. DNA helicase)

pore embedded in membrane and surrounded by electrolyte

electric field across the membrane - electrophoretic motion
of ions through pore

if a larger molecule (e.g. DNA strand) occupies pore, ion flux
is disrupted (detectable by voltage change in real time)

voltage changes are specific for base/molecules

pores: biological (a-hemolysin, MspA) or solid-state (metal,
metal alloy)

mostly synthetic membranes

https://www.youtube.com/watch?v=E9-Rm5Ao0ZGw

10
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® CH-313

Pyrosequencing
(Roche)

Sequencing by
synthesis
(lllumina)

lon
semiconductor
(lon Torrent)

SMRT sequencing
(PacBio)

Nanopore

Sequencing
(Oxford)

Sanger

max. read

length [bp]

700

50-600

600

30k-100k

> 4000k

1200

error rate

[%]

0.1-1

0.1-1

~0.5

5-15

3-8

0.01

max. reads
per run

1M

52B

80M

4M

dep. on
length
(~few 100k)

time per
run [h]

24

4-48

0.5-20

72

0.2-3

single
molecule?

no

no

no

yes

yes

no

10k

2-150

50-1000

5-50

5-100

2-3M

discontinued, expensive,
homopolymer errors

expensive equipment,
cheap Gb price, low error
rates

cheap equipment, very
fast, homopolymer
errors

expensive equipment,
long reads, fast,
methylation

handheld, cheap
equipment, longest
reads, other molecules

gold standard, low
throughput
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=PFL DNA Sequencing — Costs

Cost per Human Genome
$100,000,000

$10,000,000

Moore’s Law
$1,000,000

$100,000

$10,000

National Human Genome
Research Institute

genome.gov/sequencingcosts

$100
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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EPFL

DNA

(‘How to interrogate and manipulate DNA in cells?”)

®§ CH-313
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=PFL. The Eukaryotic Cell Cycle " .

(mitosis)
= Four main phases
G2 G1
1l (Gap 2) (Gap 1)

= “normal” functions, preparations for division
* S (Synthesis) EUKARYOTIC

= DNA replication CELL CYCLE

’ Cells that
* G2 (Gap 2) el
S phase

= continued growth
* M (Mitotic phase)
= mitosis (nuclear division) & cytokinesis
(cytoplasmic division)

(DNA synthesis) division (GO)

= Checkpoints for transition between phases
(e.g. G1/S, G2/M)

= Interphase = G1+S+G2
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= GO = resting phase



=FL Green Fluorescent Protein (GFP)

® CH-313

Fluorescent protein from Aequorea victoria

Important reporter protein

Excitation: ~488nm / emission: ~510-530nm
O,-dependent fluorophore formation (“maturation”)
Many alternatives (YFP, RFP, mCherry etc.)

GFP-derived

Exc. 380 433452 488 516 4s7s04 540 548 554 568 574 587
Em. 440 475505 509 529 sazse2 553 562 581 585 596 610 620 625 636 648 nm

)

(aumio) d4A
maphauoHw
ojewo] p}

auuabuej w

mRFP1-derived

Auagmensw

Evolved by SHM

595 596 605 590 nm

Assqdseyw

Autocatalytic Fluorescent Protein Chromophore Formation

.
AN | Tyré6 St )
Gly67 g 7 [ Cyclization ;'Y 7 ‘/ ‘
—> LS
* N / P
.. Sergb - , Imidazolinone
( “ ¢ Ring System
P ! Extended Formation
Polypeptide
Backbone
Dehydration
-H,0
Green
s q Fluorescence % i
N Oxidatis S
Y O\ — 7 Q)
NN O, / o
| o 7~
= - ) Cyclized Ring
% / Mature GFP L 4 System
Chromophore

RECAP
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=PFL Fluorescence Microscopy

® CH-313

Fluorescence Microscopy

‘ t Detector
e

Image A

Excitation [y ——=— Emission
ﬁlter\ P, filter
L e

=—— Dichroic
mirror

111

Light source

[ ~—— Objective

- Specimen

RECAP
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=PFL Flow Cytometry

Cells from

sample ﬁ

n @
ﬂiihde?lzhw /

/ e e

SSC

7

w ~ J \ J
¢ Filters and Detectors
Waste dichroic mirrors

Laser

§ CH-313

—J

green channel (RFU)

17
“histogram”

I I
0 10 10* 10° 10°

red channel (RFU)
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EPFL DNA Intercalators 18

NH;
= Propidium iodide (PI) CHs
* stains DNA (and RNA) intercalating between bases HaN AN N -Chg
-
CHa

°* membrane impermeable
Y « o excitation max: 493 nm
dead cell stain emission max: 636 nm (red)

- DAPI (4',6-diamidino-2-phenylindole)
O « 2HCI
excitation max: 358 nm

* stains dsDNA intercalating at AT-rich regions ~ HzN O
°* membrane permeable emission max: 461 nm (blue)

» Hoechst 33342

o~
* stains dsDNA intercalating at AT-rich regions Y©/
N :

* binds minor groove

IT=Zz

* binds minor groove

o - excitation max: 355 nm
membrane permeable emission max: 465 nm (blue)
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=PFL Nucleoside Analogues — Labelling

] H H (13 H H 11 O 'O
= BrdU (5-bromo-2'-deoxyuridine, “broxuridine”) o HoC
NH NH
* incorporates in DNA instead of T | /K HO | N/J\o
HO
* detectable with anti-BrdU antibodies (fixed samples!) 0 oo ©
® cancerogenic
OH OH
* in vivo use possible BrdU thymidine
. EdU (5-ethynyl-2’-deoxyuridine) 9
NH
* incorporates in DNA instead of T |
oratesint HO N
* labelling with “clickable” dyes o
. : "
no denaturing required! o EdU

* DNA damage via interstrand crosslinking

® CH-313

19
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=PFL Click Chemistry

= Nobel Prize Chemistry 2022: “...for the development
of click chemistry and biorthogonal chemistry”

labelling/modification through azides and alkynes

minimal invasive for biological systems!

simple, modular

e.g. copper(l)-catalyzed cycloaddition (CUAAC)

e.g. strain-promoted cycloaddition (SPAAC)

O
HC\\

NH

HO |/&

@)

N
7;27
EdU

OH

® CH-313

Source: ® Nobel Prize Outreach/Niklas ElImehed

The 2022 chemistry laureates (left to right) Carolyn Bertozzi, Morten
Meldal and Barry Sharpless

Azide Alkyne

20
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=PFL Nucleoside Analogues — Labelling

] H H (13 H H 11 O 'O
- BrdU (5-bromo-2'-deoxyuridine, “broxuridine”) o HaC
NH NH
* incorporates in DNA instead of T | /K HO | /J\
HO N~ 0
* detectable with anti-BrdU antibodies (fixed samples!) 0 oo ©
® cancerogenic
OH OH
* in vivo use possible -
BrdU thymidine
; T O
- EdU (5-ethynyl-2’-deoxyuridine) HC "
* incorporates in DNA instead of T |
oratesint HO N
* labelling with “clickable” dyes o
* no denaturing required! EdU + @
OH —
* DNA damage via interstrand crosslinking incorporated

into DNA

® CH-313

Q: In which phase of the cell cycle do these analogues act?

21
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=PFL Labelling — Examples

Hoechst 33342

|043u0)

3nug

® CH-313

Q: What does the drug do here?

22
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=PFL Labelling — Examples

transmission DAPI EdU / BrdU Merge

Q: What can you say about the green cells?
How would these samples look in flow cytometry (2D plot)?

® CH-313
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ePFL Nucleoside Analogues — Therapeutics

: . . o]
= Aciclovir (Zovirax) \
NH
7
* antiviral medication HO < |
* herpes simplex virus (amongst others) ~

* inhibits viral DNA polymerase acyclovir

= Cytarabine (cytosine arabinoside)

* chemotherapeutic medication

NH,

* different forms of leukemia
SN
* incoporates in DNA, DNA damage (in S phase) HO | N/KO
* inhibits DNA and RNA polymerases CLO
Q: What could be a second mode of action for acyclovir? OH

§ CH-313

What must these drugs not do to be of medical use? cytosine arabinoside

HO OH

OH
deoxycytidine

24
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=PFL Nucleotide Analogues for Mutagenesis *

NH;

. . . Ho—ﬁ—o—ﬁ—o—r:—o </
- Deoxyinosine-triphosphate (dITP) o 5 b b »
o o 0 N NH
* pairs with A, Gor C HO,F\O,L'\O,F\O </ij IATP
OO dn W N
* mostly A>G / G>A mutations Y
OH
dITP
- 8-0x0-2'-deoxyguanosine (8-oxo-dGTP) 4{/%
N c‘> é 6
* pairs with C and A B & dGTP
o N S

* various mutations (mainly G>T/A) _
™ 8.ox0-dGTP

- Used in error-prone PCR (epPCR)

—> will be discussed in “Engineering” part of the lecture
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RNA

Prof. Dr. Markus Jeschek, LSAM
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=PFL RNA Aptamers

- Short, single stranded RNA molecule
- Defined 3D structure
- Specific binding of molecules with high affinity

= In vitro selection for improved binders: SELEX method

* 5

= Can be used as versatile sensors/reporters
* Spinach aptamer \A‘ 'ﬁf

* catalytic aptamers
* Quenching-/FRET-based beacons

* riboswitches

§ CH-313

eeeeeeeeeee

Functional aptamer Target binding

49

. T

27
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=PFL. RNA Aptamers (examples)

Fluorogen

N

DFHBI
(3,5-Difluoro-4-hydroxy-

. . . . Spinach i
benzylidene imidazolinone)  “spinach aptamer” i DFHBI f_%‘;‘ﬂg}‘
(A) AMP a
ptamer n
AMP ’/ oNE D ABTS + H,0 ﬂ
2Y2
rer————— U/ +Hemin A
ﬁ P neTs* U Quencher Acceptor
G-quadruplex
Quenching-based beacon FRET-based beacon

® CH-313

Q: What could this such RNA aptamers be used for?
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=PFL Riboswitches

§ CH-313

part of mMRNA

contain an aptamer

“expression platform”: interaction with gene expression machinery

Can act as ON-/OFF-switches via different mechanisms

(e.g. translation, transcription, mMRNA degradation etc.)

‘/x/ Ribosome
3 —

3 ) m
GOl : - RBS

Aptamer

Q: What could riboswitches be used for in nature and biotechnologically?
What are pros and cons compared to the aptamer examples before (e.g. Spinach)?

29
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=PFL SELEX

- Systematic Evolution of Ligands by *.l.

EXponential enrichment o
= Process of in vitro selection for RNA (or o -

DNA aptamers) Bonimnca (\ o
- Binders are enriched from large pools of PXX Con

e
random sequences x
g ',?.';' SELEX )

- |terative enrichment, increasing stringency Selcin Target
- Routinely leads to binders with PCR Ampifcaton S

' frm Unbouns
|
9 .

e

(sub-)nanomolar affinity .

® CH-313

Q: How is binding affinity commonly calculated here?
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