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Quick recap

e Lecture 1 - Structure and packing of DNA
e Lecture 2 - Structure of chromosomes and how genomes evolve

e Lecture 3 - Mobile genetic elements and DNA replication

e | ecture 4 - DNA replication and DNA repair



Quick recap

e Lecture 5 - Transcription and RNA processing
e Lecture 6 - Translation and protein folding

e | ecture 7 - Transcriptional control

e | ecture 8 - Post-transcriptional control



Recap: Transcription attenuation

The expression of some genes is Inhibited by premature termination of transcription

LOW TRYPTOPHAN: Anti-terminator sequence formed, transcription continues (operon expressed)
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Recap: Transcription attenuation

Attenuation is an alternative method of reducing the expression of the trp operon in prokaryotic cells

= |t relies on the capacity for prokaryotes to undertake transcription and translation at the same time (as the DNA is cytosolic)
= \\\hereas the trp repressor system blocks the initiation of transcription, attenuation blocks the completion of transcription

Located between the operator and trp genes Is a leader seqguence that encodes a short polypeptide containing two rp residues

= \\\hen transcribed, this leader sequence contains several self-complementary sections that are capable of forming hairpin [0opPs
= One such loop Is called the attenuator and functions as a site of transcriptional termination when it is formed (transcription halts)
= Alternatively, an earlier loop called the anti-terminator may form, which prevents attenuator formation (so transcription continues)

The presence of tryptophan determines whether the attenuator or anti-terminator is formed within the leader sequence

= |f tryptophan is In low supply, the ribosome will pause at the two Trp codons within the leader sequence

= This pause allows time for the anti-terminator to form on the mRNA transcript, so transcription will continue (operon Is
expressed)

= |f tryptophan is in high supply, the ribosome will not need to pause at the two Trp codons within the leader sequence

= [his means the anti-terminator is unable to form and the attenuator will form instead (transcription halted ; operon not expressed)




Recap: mIRNA, siRNA and pIRNA

MicroBNA (mIRNA), small interfering RNA (sIRNA), and piwi-interacting RNA (0iIRNA) are all small RNA
molecules involved In gene regulation, primarily by silencing or down-regulating target genes. However,
they differ in their origins, structures, mechanisms, and biological roles.



Recap: mIRNA, siRNA and pIRNA

1. miRNA (MicroRNA)

e Origin: MIRNAs are endogenously encoded in the genome. They are transcribed by BNA polymerase Il, forming primary miRNAS
(pri-miRNAs) that are processed in the nucleus and cytoplasm to mature miRNAS.

e Structure: They are usually 21-23 nucleotides long and have imperfect base-pairing, leading to stem-loop structures in
orecursor molecules.

e Function: MIBRNAS primarily regulate gene expression by binding to complementary sequences in the 3" untranslated region (3
UTR) of target mRNAS. They usually result in translational repression or mRNA degradation, although the exact mechanism
depends on the level of sequence complementarity.

e Role: mMIRBNAS are involved in various cellular processes, including development, differentiation, and disease (e.g., cancer).



Recap: mIRNA, siRNA and pIRNA

2. SIRNA (Small Interfering RNA)

e Origin: siRNAs can be endogenous (e.g., from transposons or viruses) but are often exogenous, such as those introduced
experimentally or derived from viral infection.

e Structure: siRNAs are typically 20-25 nucleotides long and have perfect or near-perfect complementarity to their target RNA.
They are often derived from longer double-stranded RNAs (dsRNAS) that are processed by the enzyme Dicer into siRNA
duplexes.

e Function: siBNAs guide the RNA-induced silencing complex (RISC) to degrade specific mBNAs through a perfect base-pairing
mechanism. [his direct pairing leads to the target mMRNA's cleavage and degradation, reducing gene expression.

e Role: siRNAs are part of the cellular defense against viral infection and transposons. They are also widely used as a tool in
research to "knock down" genes in experiments by selectively silencing speciiic mRNAS.



Recap: mIRNA, siRNA and pIRNA

3. piIRNA (Piwi-interacting RNA)

e Origin: pIRNAs are derived from specific genomic regions called pIRNA clusters, which are often transposon-rich. They do not
require Dicer for processing but are instead processed through a unigue biogenesis pathway:.

e Structure: piIRNAS are generally longer than miBNAs and siRNAs, about 24-31 nucleotides, and show a preference for starting
with a uridine at the 5" end. They do not form duplexes like sSIRNA and miIBNA and do not have a defined secondary structure.

e Function: pIRNAS interact with Piwi proteins (a subclass of the Argonaute family) to silence transposable elements, particularly in
germ cells, through both transcriptional and post-transcriptional silencing.

e Role: piIRNAS play a crucial role in protecting the integrity of the germline genome by silencing transposons and other repetitive
elements. They are essential for fertility and maintaining genomic stability in reproductive cells.



Recap: mIRNA, siRNA and piIRNA

Summary of Differences

Feature

Source

Length

Structure

Processing

Protein

Complex

Function

Primary Role

miRNA

Endogenous, genome-

encoded
~21-23 nucleotides

Imperfectly paired, stem-

loop
Dicer-dependent

Argonaute (AGO) family

Translational repression or

degradation

Gene regulation in

development, differentiation

SIRNA

Endogenous or

exogenous (e.g., viruses)
~20-25 nucleotides

Perfectly paired, double-

stranded
Dicer-dependent

Argonaute (AGO) family

MRNA cleavage

Antiviral defense, gene

knockdown
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pIRNA

Endogenous, piRNA

clusters
~24-31 nucleotides

Single-stranded, no

defined structure
Dicer-independent

Piwi subfamily of

Argonaute

Transposon silencing

Genome integrity in

germ cells



Recap: p-bodies and stress granules

P-bodies, or processing bodies, are dynamic, membrane-less granules within the cytoplasm of eukaryotic cells. They
serve as hubs for mMRNA metabolism, particularly for mRNA decay and storage. P-bodies are involved in post-
transcriptional regulation, influencing gene expression by controlling the stabllity, translation, and degradation of mRNA.

Stress granules are dynamic, membrane-less cytoplasmic aggregates of RNA and protein that form in response 1o
cellular stress, such as oxidative stress, heat snock, or nutrient deprivation. They play a crucial role in helping cells survive
by temporarily halting translation and preserving select mRNAS under adverse conditions. [his helps conserve energy and
resources, allowing the cell to prioritize iImmediate stress response needs while protecting non-essential mMRNAS for future
use.
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Recap: X-Inactivation

X-inactivation, a process occurring in female mammeals to ensure dosage compensation, randomly silences one of the
two X chromosomes in each somatic cell. This ensures that females (XX) have the same effective dose of X-linked genes
as males (XY), who have only one X chromosome.

The exact mechanism by which the X chromosome to be inactivated is chosen is still not fully understood, but
several factors contribute:

e Counting Mechanism: The cell has a counting mechanism that ensures only one X chromosome remains active. If
more than two X chromosomes are present (as in some cases of aneuploidy, like XXX individuals), all but one X will be
inactivated.

e Mutual Repression of Xist and Tsix: Xist has an antisense partner called Tsix, which is also expressed from the XIC
and acts to suppress Xist expression on the chromosome that remains active. [six and Xist are in a mutually exclusive
relationship—only one X chromosome will end up expressing Xist (and become inactivated), while the other expresses
Isix (and remains active).

e Stochastic Expression and Epigenetic Factors: The random choice may involve stochastic (random) fluctuations in
the levels of Xist and Tsix. Once one chromosome "wins' by expressing higher levels of Xist or Tsix, this choice is
stabilized by epigenetic modifications (such as DNA methylation and histone modification) to ensure only one X remains
active.
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Genomic imprinting: somatic vs. germinal cells
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) 2
(; BOTH PARENTS EXPRESS @
imprinted allele THE SAME ALLELE OF GENE A

of gene A

} chromosome inherited from father{

YY) Y'Y
expressed allele mRNA mRNA
of gene A
somatic cell somatic cell
I I
REMOVAL OF IMPRINTING IN GERM CELLS, FOLLOWED BY MEIOSIS
FEMALE IMPRINT ESTABLISHED MALE IMPRINT ESTABLISHED
A dh i ¢ *e°?
'Y 'Y
EGGS SPERM
g “@gi>
s00 MRNA
XY OFFSPRING DIFFER IN }

THE ALLELE OF GENE A
THAT IS EXPRESSED

\ | *ee
MRNA (XX
somatic cell in offspring somatic cell in offspring

13



L
@,
Vl
O
O
e
O
af
A
<
]
)
@,
L
—
®,
=

]
|
L]
O
L1
1
_I

SEVENTH EDITION

Chapter 8

Analyzing Cells, Molecules,

and Systems

Copyright © 2022 W. W. Norton & Company, Inc.

ALBERTS HEALD JOHNSON MORGAN RAFF ROBERTS WALTER

14



How do know all of this?

Progress In Science are linked to advances in technology
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Figure 8—-1 Microscopic life. A sample of “diverse animalcules” seen by van Leeuwenhoek using his simple microscope. (A) Bacteria seen in material he
excavated from between his teeth. Those in fig. B he described as “swimming first forward and then backwards” (1692). (B) The eukaryotic green alga Volvox
(1700). (Courtesy of the John Innes Foundation.)
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How do know all of this?

Biochemistry
Genetics

Molecular Biology - need to simplify the systems
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Plan

* Model organisms
® |solating cells and growing them In culture
e Studying proteins

® Protein seqguence

e Protein purification

® Protein structure

® Protein visualization

¢ \ass spectrometry
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Model organisms

Bacteria: Escherichia coli, Bacillus subtilis

g

Mouse
Mus musculus

am iz

Zebrafish
Danio rerio

o»d

Yeast
Saccharomyces cerevisiae
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Fruit Fly
Drosophila melanogaster

Frog
Xenopus laevis

Mustard Plant
Arabidopsis thaliana

Roundworm
Caenorhabditis elegans



Plan

e \odel organisms
¢ |solating cells and growing them in culture
e Studying proteins

® Protein seqguence

e Protein purification

® Protein structure

® Protein visualization

¢ \ass spectrometry
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Why do we need to isolate cells?

e [0 produce proteins in large amounts (unicellular organisms) r

® [0 get information about specific cell types in a tissue (human or mammals cells) D'*\ |

7,
e Cultured cells provide a homogeneous population to work with in the lalb or from which

to extract material I

\ : . . . (D)
e Experiments carried on cells are typically referred to as “in vitro” as opposed to
experiments with intact organisms (in vivo)

A, cti:ﬁesy of Daniel Zicha; B, courtesy of Rosalind Zalin; C, from A. Meyer-Franke et al., Neuron

15:805-819, 1995. With permission from Elsevier; D, courtesy of Gethin Roberts
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How to isolate cells?

e Disrupt the extracellular matrix and cell-cell junctions
o with proteolytic enzymes (trypsin and collagenase) to digest proteins in the extracellular matrix

o with agents like EDTA (ethylenediaminetetraacetic-acid) that chelate (bind) Ca2+ necessary for cell-cell
adhesion

e Many cells require a solid surface to grow on and divide (plastic culture dish)

e Many cells require specific materials to coat the culture dish (polylysine or extracellular matrix components) to
grow and proliferate

Primary cultures are prepared directly from the organism. They can be grown and re-cultured (passaged) repeatedly
iNto secondary cultures for weeks or months. This way, most cells keep their original properties.

Embryonic stem cells are pluripotent. 1hey can differentiate into any cell type in the body. In vitro, they need the
appropriate signalling factors and nutrients to differentiate into specific cell types.

21



Eukaryotic cell lines

o Cell cultures have one problem: cells die; they stop dividing
after a number of division (replicative cell senescence)

e Fibroblasts divide 25 to 40 times in culture

® [his reflects the shortening and uncapping of telomeres,
following the decreased production of the telomerase

¢ By providing a telomerase, fibroblasts can be propagated as
an immortalized cell line

e —Or some other cell types, the process Is more complicated

e Cell lines are often derived from cancer cells (transformed cel
ines)

e Can be stored in liquid nitrogen at -196 degrees

22

Some Commonly Used Cell Lines

Cell line* Cell type and origin

373 Fibroblast (mouse)

BHK21 Fibroblast (Syrian hamster)

MDCK Epithelial cell (dog)

Hela Epithelial cell (human)

PtK1 Epithelial cell (rat kangaroo)

L6 Myoblast (rat)

PC12 Chromaffin cell (rat)

SP2 Plasma cell (mouse)

COS Kidney (monkey)

293 Kidney (human); transformed with adenovirus
CHO Ovary (Chinese hamster)

DT40 Lymphoma cell for efficient targeted recombination (chick)
R1 Embryonic stem cell (mouse)

E14.1 Embryonic stem cell (mouse)

H1, HO Embryonic stem cell (human)

S2 Macrophage-like cell (Drosophila)

BY?2 Undifferentiated meristematic cell (tobacco)

*Many of these cell lines were derived from tumors. All of them are capable of indefinite
replication in culture and express at least some of the special characteristics of their
cells of origin.



Hybridoma cell lines and monoclonal antibodies

¢ Antibodies are extremely usetul tools in the lalb and are now also used to treat cancers
e [heir great specificity allows 10 detect selected proteins among thousands

® [hey are produced by inoculating an animal with the purified protein of interest and further isolation of
the antibodies from the serum

Polyclonal antibodies are a mixture of antibodies that recognise different antigenic sites (epitopes) on the protein of
iNterest

23



Hybridoma cell lines and monoclonal antibodies

Monoclonal antibodies are identical antibodies that recognise one antigenic site on the protein of interest

e Needs the propagation of a clone of cells from a single antibody-secreting B lymphocyte

e B lymphocytes have a limited life-span so they are isolated from animals and fused with a
transformed (cancer-derived) lymphocyte cell line

e —ach nybrid cell produces a single type of monoclonal antibody

SUSPENSION OF TWO CELL

three clones of hybrid cells
TYPES CENTRIFUGED WITH

A FUSING AGENT ADDED SELECTIVE MEDIUM
ALLOWS ONLY
HETEROKARYONS TO
CELL FUSION AND SURVIVE AND
FORMATION OF PROLIFERATE. THESE
HETEROKARYONS, s & BECOME HYBRID
WHICH ARE DR CELLS, WHICH ARE

. THEN CULTURED | o>

THEN CLONED

differentiated mouse heterokaryon hybrid cell
normal cell tumor cell
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Plan

e \odel organisms
® [solating cells and growing them in culture
e Studying proteins

e Protein sequence

e Protein purification

® Protein structure

® Protein visualization

¢ \ass spectrometry

25



Protein sequence

e |dentification of a protein but No INformation on what it does

e Comparison of proteins in databases (Basic Local Alignment Tool, BLAST)

Score = 399 bits (1025), Expect = e-111
Identities = 198/290 (68%), Positives = 241/290 (82%), Gaps = 1/290

Query: 57 MENFQRVERIGEGTYGVVYRARNKLTGEVVALKKIRLDTETEGVPSTAIREISLLKELNH 116
ME ++KVEKRKIGEGTYGVVYKA +K T E +ALKKIRL+ E EGVPSTAIREISLLKE+NH
Sbijct: 1 MEQYERVEKIGEGTYGVVYKALDKATNETIALRKIRLEQEDEGVPSTAIREISLLKEMNH 60

Query: 117 PNIVKLLDVIHTENKLYLVFEFLHQDLKKFMDASALTGIPLPLIKSYLFOLLOGLAFCHS 176

NIV+L DV+H+E ++YLVFE+L DLKKFMD+ LIKSYL+Q+L G+A+CHS
Sbjct: 61* GNIVRLHDVVHSEKRIYLVFEYLDLDLKKFMDSCPEFAKNPTLIKSYLYQILHGVAYCHS 120
Vv

Query: 177 HRVLHRDLKPONLLINTE-GAIRLADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKY 235
HRVLHRDLRPONLLI+ A+KLADFGLARAFG+PVRT+THEVVTLWYRAPEILLG +
Sbijct: 121 HRVLHRDLKPONLLIDRRTNALKLADFGLARAFGIPVRTFTHEVVTLWYRAPEILLGARQ 180

Query: 236 YSTAVDIWSLGCIFAEMVTRRALFPGDSEIDQLFRIFRTLGTPDEVVWPGVTSMPDYKPS 295
YST VD+WS+GCIFAEMV ++ LFPGDSEID+LF+IFR LGTP+E WPGV+ +PD+K +
Sbjct: 181 YSTPVDVWSVGCIFAEMVNQKPLFPGDSEIDELFKIFRILGTPNEQSWPGVSCLPDFKTA 240

Query: 296 FPRWARQDFSKVVPPLDEDGRSLLSQMLHYDPNKRISAKAALAHPFFQDV 345

FP+W QD + VVP LD G LLS+ML Y+P+KRI+A+ AL H +F+D+
Sbjct: 241 FPRWOAQDLATVVPNLDPAGLDLLSKMLRYEPSKRITARQALEHEYFRKDL 290

26



Plan

e \odel organisms
® [solating cells and growing them in culture
e Studying proteins

e Protein sequence

e Protein purification

® Protein structure

® Protein visualization

¢ \ass spectrometry
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Protein purification

VWhy do we need to purify proteins?

¢ [0 separate them from the other thousands of proteins in each cel
e [0 study them in vitro (perform biochemical assays)

e [0 get their 3D structure

28



Step 1: opening the cells

e Osmotic shock, ultrasonic vibrations, ground up in a blender, ...
® [hese processes break the cell membranes and release the content inside small memborane vesicles
® [hese processes leave most of the organelles intact

® [he components of this “homogenate” can be separated by ultracentrifugation, that separates the elements
oy size and density

(A) armored sedimenting (B) sedimenting
chamber material hinge material
1 \ /
\ |

!

MII IIH

| ﬂﬂ“llm vacuum refrigeration | “I“lllm vacuum

motor 59 motor

TT

refrigeration




Step 1: opening the cells
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viruses
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Step 1: opening the cells

® [mproving separation using gradients
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(A)

VELOCITY
SEDIMENTATION

siaiE— sample

stabilizing shallow
—— sucrose

gradient

(e.g., 5-20%)

CENTRIFUGATION

slow-sedimenting

DAY A S

component

sinifaiie— fast-sedimenting
component

FRACTIONATION
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Step 2: separating the proteins

e Using column chromatography

e A mixture of proteins is passed through a porous gel
matrix

e Different proteins are retarded to different extents
depending on their interaction with the matrix

e [hey are collected separately as they come out of the

column

32

sample
applied

.

solid

_ X
matV

porous
plug

test
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COLUMN CHROMATOGRAPHY

solvent continuously
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column from a large
reservoir of solvent

time fractionated molecules
eluted and collected



Step 2: separating the proteins

e Depending on the matrix, proteins can be separated according to

* their charge (lon-exchange chromatography),

e their hydrophobicity (nydrophobic chromatography)

e their molecular weight (gel filtration = size-exclusion chromatography)

e their ability to bind small molecules (affinity chromatography)

solvent flow

Voo

solvent flow

_ ~a— @ o
o . %020 y o ¢ o
® -® N positively . °
-® o o I * __ charged o o
+ T +, + L @ bead orn ® porous bead
@+ e I o o ®
+ + o + bound ~lp’ °®°,
+ ;¢ o O - e @
o+ o © negatively o O
; @+t 9= " charged o ° ® retarded
o * B + @ molecule e ® ® - small molecule
' ¥ o _ free ® o o
.+ + + . + .y ’ o ‘
e at @ _ positively ~ O unretarded
® o charged O ® large molecule
molecule

(A) ION-EXCHANGE CHROMATOGRAPHY

(B) GEL-FILTRATION CHROMATOGRAPHY
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Step 2: separating the proteins
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(A) ION-EXCHANGE CHROMATOGRAPHY

relative amount ————

salt concentration
protein—r\

—/

activity
A

fraction number — (—

pool these fractions and apply them
to the next column below

(B) GEL-FILTRATION CHROMATOGRAPHY
]
C
-]
o
S
@
2 protein
-
L
v activity
fraction number —» L
pool these fractions and apply them
to the next column below
(C) AFFINITY CHROMATOGRAPHY
‘ protein
=
S eluting
g solution -
= applied activity
g to column
o+
©
@ l
fraction number — L

pool these fractions, which now contain the
highly purified protein



Step 2: separating the proteins

¢ [he resolution of classical chromatography columns is limited

e Special resing (silica-based) composed of tiny spheres (3-10 um) can be packed to form a uniform

column bed to attain a high degree of resolution = high-performance liguid chromatography
(HPLC)

High Performance Liquid Chromatography

o~
(H PLC) S

PC for Data

Acquisition
r\\ [T | 7 ]
L HPLC Column
Injector
Solvent Pump Detector Waste

https://noguchi.ug.edu.gh/services/hplc-analysis/ 35 https://microbenotes.com/high-performance-liquid-chromatography-hplc/



Step 2: separating the proteins

* Immunoprecipitation (IP) as a rapid affinity purification

® ® ® O ®

Cell lysates Antigen-antibody Antigen-antibody-bead Antigen-antibody-bead Downstream
(total protein) complex complex complex applications
(with other proteins) (no other proteins) (Western blot)
4
.& Jz- o O
\Y
Sy ‘( Ce——-=>’ @ PR
k > k > - ;
Add antibodies Add Protein A/G —— ~

and incubate beads and incubate

.....
.......
™
“tea

Protein of
interest

https://www.rockland.com/resources/immunoprecipitation-technique/ 36



Step 2: separating the proteins

® Protein tags provide an easy way to purify proteins

gene for protein of interest

e His-Tag (addition of 8 His residues) strongly binds to Nickel

ENCODING PEPTIDE

EPITOPE TAG

INSERT DNA
e GST (glutathione-S-transferase, entire protein) l

INTRODUCE
INTO CELL

e Cleavage site between the protein and the tag

J
5

epitope-tagged
protein

rapid purification of tagged protein
and any associated proteins
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Step 2: separating the proteins

® Protein tags provide an easy way to purify proteins

gene for protein of interest

e His-Tag (addition of 8 His residues) strongly binds to Nickel

ENCODING PEPTIDE

EPITOPE TAG

INSERT DNA
e GST (glutathione-S-transferase, entire protein) l

INTRODUCE
INTO CELL

e Cleavage site between the protein and the tag

J
5

epitope-tagged
protein

rapid purification of tagged protein
and any associated proteins
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Plan

e \odel organisms
® [solating cells and growing them in culture
e Studying proteins

® Protein seqguence

e Protein purification

* Protein structure

® Protein visualization

¢ \ass spectrometry

39



Solving protein structures

= N\apping the precise position of each amino-acid within the 3D structure

e AlphaFold
e X-ray cristallography
* Nuclear Magnetic Resonance Spectroscopy

e CryoEM

40



Solving protein structures

e AlphaFold
AlphaFold

Protein Structure Database

Developed by Google DeepMind and EMBL-EBI

Examples: MENFQKVEKIGEGTYGV... Free fatty acid receptor 2 At1g58602 Q5VSL9 E. coli

See search help @ Gotoonline course @

AlphaFold DB provides open access to over 200 million protein
structure predictions to accelerate scientific research.

‘ Background

AlphaFold is an Al system developed
by Google DeepMind that predicts a
protein’s 3D structure from its amino

acid sequence. It regularly achieves
accuracy competitive with » |
experiment. } ? '

41




Solving protein structures

e X-ray cristallography
e X-rays are a form of electromagnetic radiation with short wavelength (~O,1 nm)

e [f 2 narrow beam of X-rays Is directed at a sample of pure proteins, most pass through it but a small
fraction is scattered by the atoms of the protein

e [f the sample is a well-ordered crystal, the scattered waves reinforce each other and diffraction spots
appear on the detector

x-ray diffraction pattern
obtained from the protein crystal

diffracted beams

\ S e - &g WA AL ¥ -
\ o — - e ., 3
o . s ! ) \ p
" Ly .~ . - Y« 0y O et 1T ) >
™ 2 Lt e 3 ' ) o - y
i /00N RN AR SR
protein crystal TN BN N e Syl
el AL ’\ L e AL A ‘

/N

X-ray source

r' _‘5 - s
' \ | FACDR |
) o PTG
beam of x-rays A, \Zz ‘\ fay RNYETER N i
J \ ‘ @ beam 8% SN e : .'/ AN
—_— StOp , \ O | . : ’
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Solving protein structures

e X-ray cristallography
e Slowest step: getting a protein crystal (large amounts of very pure protein)

® [he position and intensity of each spot of the diffraction pattern contain information on the location of
the atoms in the crystal

e Computational methods to generate a 3D electron-density map

e By trial and error, the map and seqguence are correlated by a computer to provide the best possible fit

[’h«'-in:.'!.:["h:.‘ plate

43 https://macromoltek.medium.com/what-is-x-ray-crystallography-1e186bc3d180



Solving protein structures

 Nuclear magnetic resonance (NMR) spectroscopy
e Does not depend on a protein crystal
e Only suited for small proteins

® Reqguires a small volume of a concentrated protein placed in a strong magnetic field

® Hydrogen nuclel behave as magnets and spin when exposed to magnetic field. The way they spin
depends on their environment

¢ [nterested to know more”? nttps://www.youtube.com/watch”?v=Sn3dNMv-6/k

44


https://www.youtube.com/watch?v=Sn3dNMv-67k

INn structures

Solving prote
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Plan

e \odel organisms
® [solating cells and growing them in culture
e Studying proteins

e Protein sequence

e Protein purification

® Protein structure

* Protein visualization

¢ \ass spectrometry

46



Visualizing/Separating proteins

o SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis
® Proteins have a net positive or negative charge depending on the amino-acid they contain

e \/\\nen an electric field is applied to a solution containing proteins, they will migrate depending on this charge,
Size and shape

o SDS-PAGE uses a cross-linked gel of polyacrylamide through which the proteins migrate, the pore size of the
gel can be adjusted

47



Proteins can be separated on SDS-PAGE

® [he proteins are dissolved in a powerful negatively charged detergent, SDS

e SDS binds to hydrophobic regions of the protein, causing their unfolding
and release from other proteins or membranes

e B-mercaptoethanol removes disulfide bonds

SDS B-mercaptoethanol

48



Proteins can be separated on SDS-PAGE

e Binding of SDS masks the intrinsic charge of the protein and causes it to migrate towards the positive
electrode during SDS-PAGE

¢ Proteins with the same size move at the same speed
¢ they are unfolded so their shape is the same

® they pbind the same amount of SDS so their charge is the same
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protein with two

subunits, A and B,
single-subunit

Proteins can be separated on SDS-PAGE

joined by a disulfide
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A B C
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2D-gel electrophoresis

® [WO proteins can have the same size/shape/mass/charge
e 2D-gel electrophoresis combines two separation methods

e D1: separation by intrinsic charge

e D2: classical SDS-PAGE & et
at low pH, .
4 E the protein =
is positively =
5 -

at the isoelectric
point, the protein
has no net charge

-

(o)}
T

stable pH gradient
N

g g and therefore no
sk L= longer migrates in
_‘_ the electric field;
d T for the protein
10k —6—/t € prot_eln isoelectric pH
—@5— is negatively < 6.5
~ -~ charged IS ©.
© © ©
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2D-gel electrophoresis

® [WO proteins can have the same size/shape/mass/charge

e 2D-gel electrophoresis combines two separation methods

basic -€ stable pH gradient o acidic

e D1: separation by intrinsic charge

e D2: classical SDS-PAGE

SDS migration (mol. mass in kilodaltons)

-
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Detecting proteins by Western Blot

e A specific protein can be
detected on an SDS-PAGE
using a specific labelled
antibody

¢ Transfer of the proteins from the
gel onto a nitrocellulose/nylon
membrane using an electric
current

® [Ne membrane IS soaked In
antibody solution

1

- Separation -

.

Substrate Signal

e &

e

Primary /).k\

antibody

Antigen—¢@@

Enzyme

Secondary
antibody

- Immunodetection ———

J

- Transfer -
]—F;Iter paper
- /—Gel
- : 2 — Membrane
]7Filter paper

- Visualization -

\\

https://www.biomol.com/resources/applications/western-blot/
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Detecting proteins by Western Blot

Southern Blot Northern Blot
Target molecule DNA RNA
Sample preparation DNA extraction
pie prepa enzymatic digestion RNA isolation
Separation Electrophoresis Electrophoresis
Membrane material Nylon Nylon
Probe Nucdleic acid probe with RNA, DNA, or
sequence homologous to target oligodeoxynudeotide
Probe label Radiolabel, enzyme Radiolabel, enzyme
, X-ray film, X-ray film,
Detection methods chemiluminescence chemiluminescence

Table 1: Comparing Southern, Northern, and Western Blots.

Western Blot

Protein

Protein extraction
Electrophoresis

Nitrocellulose or PYDF

Primary antibody

Enzyme

Film, cooled CCD, camera,
LED, or infrared imaging system

https://www.labmanager.com/southern-vs-northern-vs-western-blotting-techniques-854

DNA RNA

Protein

> >
Sample '

Extraction

[

=

Membrane Transfer Labeled Probe Incubation

Figure 1: Gel electrophoresis, transfer, incubation, and detection.
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Target Detection



Plan

¢ \odel organisms
e [solating cells and growing them In culture
e Studying proteins

® Protein seguence

e Protein purification

® Protein structure

e Protein visualization

e Mass spectrometry
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Mass spectrometry to identify unknown proteins

e How to identify a protein obtained from one of the purification methods”

e Genomes of most experimentally used organisms are known - catalogue of possible proteins is known

e | se of mass spectrometry combined with searches of databases

e Charged particles have very precise dynamics when subjected to electric and magnetic fields in a vacuum
* Mass spectrometry separates ions according to their mass-to-charge ratio (m/z)

e —xtremely sensitive method
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Mass spectrometry to identify unknown proteins

® |on source transforms tiny amounts of
oeptide into a gas containing individual
charged peptides

e Mass analyzer where ions are accelerated
oy electric or magnetic fields in which ions
are separated according to their mass-to-
charge ratio

e Detector on which the ions collide which
generate a mass spectrum

e Different types of mass spectrometer,
with different ion sources and mass
analyzers (e.g. MALDI-TOF)

(A) STANDARD MASS SPECTROMETRY (MS)
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. o+ + ° g _— ..11.. l .1, AW o
@ o+ OL..JM | | | it L -
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ion source mass detector to-ch tio (m/2)
analyzer mass-to-charge ratio (m/z
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...0; ] " B E
°®- inert gas 1
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Mass spectrometry to identify unknown proteins

e Use of LC-MS/MS for complex protein mixtures

ION SOURCE
(ESI or APCI)

D
E
T
E
C
T
O
R

https://blog.perkinelmer.com/posts/mass-spectrometry-explained-how-lc-ms-ms-works/



Summary

e \odel organisms
® [solating cells and growing them in culture
e Studying proteins

® Protein seguence

e Protein purification

® Protein structure

® Protein visualization

e \ass spectrometry
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Have a nice day!



