Cellular and Molecular Biology |

B10-205-9

Camille Goemans - 2024



V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins

» Protein sequence

» Protein purification

» Protein visualization

» Protein structure

» Mass spectrometry



Model organisms

* Model organisms
to understand par
assumption that d
generalized to ot

are species that are extensively studied
icular biological processes, with the

iscoveries made In these organisms can be

Ner species, Including humans.

e [hey are chosen for their short generation times, ease of
care, well-understood genetics, and the avallability of

research tools




Model organisms

Model Organism

Scientific

I\ |mmr\

Type

Key Uses in Research

Bacterium - Escherichia coli

E. coll

Prokaryote (bacterium)

- Gene expression and regulation

- DNA replication and repair

- Basic metalbolism

- Biotechnology and genetic engineering (e.g., plasmid vectors)

Yeast - Saccharomyces cerevisiae

S. cerevisiae

Eukaryote (unicellular
fungus)

- Cell cycle and division

- Aging and metabolism

- Eukaryotic gene expression
- Protein folding and secretion

Nematode — Caenorhabditis
elegans

C. elegans

Multicellular animal (worm)

- Developmental biology

- Nervous system and behavior

- Apoptosis (programmed cell death)
- Genetic regulation of lifespan

Fruit Fly - Drosophila melanogaster

D.
melanogaster

INnsect

- Genetics and heredity

- Embryonic development

- Neurobiology and behavior
- BEvolutionary biology

Zebrafish — Danio rerio

D. rerio

Vertebrate (fish)

- Developmental biology and organogenesis
- Genetics of vertebrates

- Disease modeling (heart, brain, cancer)

- Regeneration studies

Mouse - Mus musculus

V. musculus

Vammal

- Human disease models (cancer, diabetes, neurodegeneration)
- Immunology

- Genetics and genomics

- Drug testing and pharmacology

Plant — Arabidopsis thaliana

A. thallana

Plant

- Plant genetics and development
- Photosynthesis and metabolism
- Stress responses

- BEvolutionary biology of plants

Frog — Xenopus laevis / Xenopus
tropicalis

XENOPUS
Species

Amphibian (vertebrate)

- Embryonic development
- Cell cycle regulation
- Signal transduction pathways
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Model organisms

Model organisms are super important because:

e Conservation of genes and pathways. Many fundamental biological processes are conserved across Species.
e -thical and practical advantages. tasier and cheaper to study than humans or other large animals.

e Genetic tools: Many have fully sequenced genomes, genetic mutants, and tools like CRISPR or RNA!.
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Cell culture

e Cell culture is the process of growing cells under controlled laboratory conditions — typically outside their natural environment (in
Vitro).

¢ Cells are maintained in a nutrient-rich liguid medium within sterile containers, such as flasks or Petri dishes, under specific
temperature, gas (CO,), and humidity conditions.

e [his technigue allows us to study the behavior, physiology, and biochemistry of cells in a controlled setting.
' Cell culture is used in many areas of biology, biotechnology, and medicine:

e Research: Studying cell growth, signaling, differentiation, and genetic regulation.
e \edicine: lesting drugs, vaccines, and studying disease mechanisms.

e Siotechnology: Producing proteins, antibodies, and vaccines.
| lissue engineering: Growing cells for artificial tissues or regenerative medicine.
f e [Oxicology: Testing effects of chemicals or cosmetics on cell health.



Cell culture - types of cell cultures

Type Description Example Uses

Cells taken directly from tissues and cultured for the first time.  [Studying normal cel

(P)E?;g Cell They closely resemble the original tissue but have a limited ohysiology, metabolism, and
ifespan. cell-cell interactions.
n .
Secondary/ Cells that have been transferred (subcultured) from a primary Useq 0 expanq the culture or
Subcultured ] continue experiments over
Cells culture to new growth media. e

Cells that have adapted to continuous growth in vitro. Derived |Used in long-term studies,
Cell Lines from primary cultures that have undergone transformation drug testing, ano
(Spontaneously or induced). biotechnology production.




Cell culture - types of cell lines

Type Description Examples

Limited numlber of divisions
pbefore senescence (cel Human fibroblasts, kidney cells.

aging).

Finite Cell
Line

Continuous |Can divide indefinitely due to |Hela (human cervical cancer), HEK293
(Immortal) transformation (natural or (human embryonic kidney), CHO (Chinese
Cell Line artificial). hamster ovary).




Cell culture - cell isolation

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.
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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
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Some Commonly Used Cell Lines

' Cell line* Cell type and origin

373 Fibroblast (mouse)

f 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, H9 Embryonic stem cell (human)

S2 Macrophage-like cell (Drosophila)

BY2 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
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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
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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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Real-life example: my PhD

Molecular Cell

CnoX Is a Chaperedoxin: A Holdase that Protects Its
Substrates from Irreversible Oxidation

Graphical Abstract

Bleach stress

HOCI-mediated
Activation

Normal conditions

Substrate

Inactivation binding

Substrate
Release

Grx

Cytoplasmic

Foldases /

GSH/GSSG
Increase

Authors

Camille V. Goemans,
Didier Vertommen, Rym Agrebi,
Jean-Francois Collet

Correspondence
jfcollet@uclouvain.be

In Brief

Bleach is a powerful oxidant that kills
bacteria by causing protein aggregation.
Goemans et al. identified Escherichia coli
CnoX (YbbN) as a bleach-activated
chaperone that uniquely combines
holdase activity with the ability to protect
its substrates from irreversible oxidation.
After bleach stress, CnoX transfers its
client proteins to GroEL/ES and DnaK/
J/GrpE.
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Caell

A molecular device for the redox quality control of

GroEL/ES substrates

Graphical abstract

CnoX Mediated Redox Quality Control of
GroEL/GroES (Hsp60/Hsp10) Substrates

GroEL-CnoX complex

Oxidized
non-native

Reducing
substrate systems

¥ S-OH
CnoX SH

SKS SH {/;\ W /
£
(F6p60) 2> 2> 2>

SH
GroES
(Hsp10)

Authors

Emile Dupuy,

Sander Egbert Van der Verren,
Jiusheng Lin, ...,

Camille Véronique Goemans,

Han Remaut, Jean-Francois Collet

Correspondence

camille.goemans@embl.de (C.V.G.),
han.remaut@vub.be (H.R.),
jfcollet@uclouvain.be (J.-F.C.)

In brief

CnoX is a redox quality-control molecular
plugin for an evolutionarily conserved
Hsp60 chaperonin complex crucial for
protein folding in all living cells.




Understanding the funtion of ChoX*

In the presence of HOCI

S 1.0
5 e
9 - AcnoX
qV)
= 0 — WT e the cnoX gene is important for bacteria to survive oxidative stress (HOCI)
o AcnoX, pcnoX
an
0.0

0 100 200 300 400

Time (min)

How does this work”?
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Understanding the funtion of ChoX*

Reductase
f or Protection

— SH

HOCI HOCI
SH > > — S-OH —>» — S-OoH —> — S-OsH
\ k Chaperone

<

Holdase

~Foldase+ATP
HSP60-10 (GroEL-ES) I

HSP70-40-24 (DnakJE) HOC
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Getting information from the protein sequence

e [dentification of a protein but no iNnformation on what it does (uniprot, NCBI, ...)

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° GNIVRLHDVVHSEKRILYLVFEYLDLDLKKFMDSCPEFAKNPTLIKSYLYQILHGVAYCHS 120
Vv

Query: 177 HRVLHRDLKPONLLINTE-GAIRLADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKY 235
HRVLHRDLKPONLLI+ 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
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Getting information from the p

NCB

rotein sequence

BE  An official website of the United States government Here's how you know v

National Library of Medicine

National Center for Biotechnology Information

Protein Protein v| CnoX Search
Advanced Help

GenPept « Send to: «
Change region shown =

0 This record is a non-redundant protein sequence. Please read more here.

. . . . Customize view v
chaperedoxin [Escherichia coli]

NCBI Reference Sequence: WP_001571052.1

Identical Proteins FASTA  Graphics Analyze this sequence
Run BLAST

ORIGIN
msvenivnin esnlqqvleq smttpvlfyf wsersghclg ltpileslaa qynggfilak
ldcdaegmia aqfglraipt vylfgnggpv dgfqgpgpee airalldkvl predelkaqq

amglmgegny tdalpllkda wglsngngei glllaetlia lnrsedaeav lktiplqdqd '
trygglvagi ellkgaadtp eiggqlgqgqva enpedaalat gqlalglhqvg rneealellf Pro-teln Sequence

ghlrkdltaa dgqtrktfge ilaalgtgda laskyrrqly ally
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Getting information from the protein sequence

.

1 i S ..

[Function SMP77395 - CNOX_ECOLI

Names & Taxonomy

Protein’ | Chaperedoxin Amino acids | 284 (go to sequence)
Subcellular Location Gene' | cnoX Protein existence' | Evidence at protein level
Phenotypes & Variants Status' | % UniProtKB reviewed (Swiss-Prot) Annotation score' @
PTM/Processing Organism' | Escherichia coli (strain K12)
Entry Variant viewer Feature viewer Genomic coordinates Publications External links History
Interaction
Structure BLAST .t Download @ Add Add apublication Entry feedback

Family & Domains

Function’

Sequence Chaperedoxin that combines a chaperone activity with a redox-protective function (PubMed:16563353, PubMed: 18657513, PubMed:29754824).

Involved in the protection against hypochlorous acid (HOCI), the active ingredient of bleach, which kills bacteria by causing protein aggregation (PubMed:29754824).
Functions as an efficient holdase chaperone that protects the substrates of the major folding systems GroEL/GroES and DnaK/DnaJ/GrpE from aggregation. In addition, it
prevents the irreversible oxidation of its substrates through the formation of mixed disulfide complexes (PubMed:29754824).

After bleach stress, it transfers its substrates to the GroEL/GroES and DnaK/DnaJ/GrpE foldases (PubMed:29754824).

Lacks oxidoreductase activity (PubMed:21498507, PubMed:29754824). [N 4 publications |

Similar Proteins

Activity regulation’
The holdase activity is activated by HOCI, via the reversible chlorination of several residues in the TPR domain. Chorination probably increases the hydrophobicity of
CnoX and enables it to bind a variety of substrates. Reduced glutathione (GSH) is required to resolve CnoX-substrate complexes. [™ 1 Publication |

GO annotations'

Access the complete set of GO annotations on QuickGO [4

https://www.uniprot.org/uniprotkb/P77395/entry
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Getting information from the protein sequence

BLAS

National Center for Biotechnology Information

m National Library of Medicine

Home Recent Results Saved Strategies Help

BLAST ®

Basic Local Alignment Search Tool

BLAST finds regions of similarity between biological sequences. The

BLAST+ 2.15.0 is here!
We have included two exciting new features in the latest

program compares nucleotide or protein sequences to sequence BLAST+ release
databases and calculates the statistical significance. Learn more

Tue, 28 Nov 2023 2 More BLAST news...
Web BLAST
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Getting information from the protein sequence

BLAS

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ¥  Selectcolumns ¥ Show | 100Y | @
select all 100 sequences selected GenPept Graphics Distance tree of results  Multiple alignment MSA Viewer
Max Total Que E Per. Acc.
Descuiption Scientiﬁf Do Score Score Covg value Ident Len Accession
v - o i v -
similar to H. influenzae HI1159 [Escherichia coli] Escherichia coli 572 572 100% 0.0 100.00% 296 AAB40246.1
chaperedoxin [Enterobacteriaceae] Enterobacteriaceae 570 570 100% 0.0 100.00% 284 WP_001300573.1
paral putative thioredoxin protein [Escherichia coli H617] Escherichia coli H617 570 570 100% 0.0 99.65% 296 OSL37467.1
putative thioredoxin-like protein [Escherichia coli O157:H7 str. EDL933] Escherichia coli O157:H7 str. EDL933 570 570 100% 0.0 99.65% 296 AAG54849.1
TPA: chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 HAW3244858.1
chaperedoxin [Escherichia coli Escherichia coli 569 569 100% 0.0 99.65% 284 MCV5904056.1
chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 EKD4395722.1
chaperedoxin [Escherichia coli Escherichia coli 569 569 100% 0.0 99.65% 284 MBB7921250.1
TPA: chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 HBL5511935.1
chaperedoxin [Escherichia coli] Escherichia coli 569 569 100% 0.0 99.65% 284 WP_097402439.1
chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 WP_160508142.1
chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 WP_305854801.1
TPA: chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 99.65% 284 HCL0969155.1
chaperedoxin [Escherichia coli) Escherichia coli 569 569 100% 0.0 9965% 284 WP _097345291.1
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Protein purification

VWhy do we need to purity 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

26



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 57 motor

TT

refrigeration




Step 1: opening the cells
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A cell
‘@ homogenate

ce’' ..

0...¢..'....

‘o Y ele,

®%. o e

... 0.9 ¢

LI e, .
A pellet contains
“feco

o®e.:® whole cells
e e ® '...'. .

2 000 nuclei

—» cytoskeletons

SUPERNATANT SUBJECTED TO
MEDIUM-SPEED CENTRIFUGATION

et pellet contains
SR mitochondria

e lysosomes
%esese/ — . peroxisomes

SUPERNATANT SUBJECTED TO
HIGH-SPEED CENTRIFUGATION

LN

pellet contains
" microsomes
o :
20,000/ —» small vesicles
.::3.0

SUPERNATANT SUBJECTED TO
VERY-HIGH-SPEED CENTRIFUGATION

!

pellet contains
ribosomes
viruses
;| = large

macromolecules



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

30

sample
applied

.

solid

_ X
matV

porous
plug

test
tube

COLUMN CHROMATOGRAPHY

solvent continuously
applied to the top of
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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solvent flow

Voo

(‘ c \ m bead with
\ 'I) ~ _//covalre]ngly

tt
@ /, 9 Subi(’:craete

bound
enzyme

e e’

\ m / molecule
~ —
P ‘ . >other proteins

/

(C) AFFINITY CHROMATOGRAPHY



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

33

(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/ 34 https://microbenotes.com/high-performance-liquid-chromatography-hplc/
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Visualizing/Separating proteins on a gel

o SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis

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
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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
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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

38



protein with two

subunits, A and B,
single-subunit

Proteins can be separated on SDS-PAGE

joined by a disulfide

bridge protein
A B C
e | arger proteins are retarded more than small ones in the acrylamide s
mesh
* Proteins can be stained (for example using Coomassie blue) HEATED‘WWH < AND MERCAPTOETHANOL
1 2 3 4 5 molecular f:_::_— = _ ::__ _::—_; _:: —— -
mass RS NSH AN - TNy gy
(daltons) = T e = _—_____—_ _—: -
- 100,000 —:—_——_:—_:tl_s_—_:z_ = negati\(ely g o
(A) sample Ioagledontogel = =—= = charged SDS C
by pipette - ="~ molecules
A - B
cathode
O plastic casing
— / POLYACRYLAMIDE-GEL ELECTROPHORESIS
- e GDE@Y OO0 = 7 ! ! o
- -
A3 o | Nt
buffer c
gel —]
Iy
15,000 buffer \ @
——— e slab of polyacrylamide gel
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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.

—>

Electrophoresis

Target Detection



Purifying CnoX*

| L P

S Ni-NTA Q SEC
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Using purified CnoX for biochemical tests®

[est it biochemically
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V. Molecular and Cellular Biology in the lab

1. Model organisms
2. Cell cultures

3. Studying proteins

» Protein sequence

» Protein purification

» Protein visualization
> Protein structure

» Mass spectrometry
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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
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AlphaFold

AlphaFold
Protein Structure Database

Developed by Google DeepMind and EMBL-EBI

| prediction of the structure

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

See search help @ Go toonline 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. )7 ’
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AlphaFold

CnoX

Chaperedoxin = fi
AlphaFold structure prediction

Download PDB file mmCIF file Predicted aligned error
Share your feedback on structure with Google DeepMind | Looks great I | Could be improved I

Information

Protein

Gene

Source organism
UniProt

Experimental structures

Biological function

Chaperedoxin

cnoX

Escherichia coli (strain K12) go to search &
P77395 go to UniProt &

2 structures in PDB for P77395 go to PDBe-KB

Chaperedoxin that combines a chaperone activity with a redox-protective function (PubMed:16563353, PubMed:18657513, PubMed:29754824).

Involved in the protection against hypochlorous acid (HOCI), the active ingredient of bleach, which kills bacteria by causing protein aggregation
(PubMed:29754824). Functions as an efficient holdase chaperone that protects the substrates of the major folding systems GroEL/GroES and
DnaK/Dnal/GrpE from aggregation. In addition, it prevents the irreversible oxidation of ... 4 [show more] g0 to UniProt &
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3D viewer
Sequence of AF-P77395-F1 ¢ Chain $ 1:Chaperedo... + A 3 (©)
X Structure Tools
MSVENIVNI )-]ESNLDCI"."I.EDSNTT?'-/LF‘:'?/IS ERSQHCLOQLTPILES L}\AD‘;(I'CGO?I LAKLDCDA I
EQMIAAQFGLRAIPTVYLFONGQPVDGFQGPOQPEEATRALLDKVLPREEELKAQQOAMOLMOESNY 0 Structure
TDF—.L?LLKDAHG LSNQNGETI GL: LAETLIALNRSEDAEAVLKTIPLODQDTRYQGLVAQIELLKD
AF-P77395-F1 ol
I
¢ Type Model
= ©
/= Quick Styles
Default Stylized lllustrative
5 @ Components AF-P77395-F1
 Preset + Add Ers
Polymer Catoon ® [

7. Measurements

1
T

+ Add

14
Tl

5 Export Animation

=@ Export Geometry

[
lel'

Model Confidence @

B Very high (pLDDT > 90) AlphaFold produces a per-residue model

. confidence score (pLDDT) between 0 and 100.
High (90 > pLDDT > 70) (PLDDT)
Some regions below 50 pLDDT may be unstructured

Low (70 > pLDDT > 50) in isolation.

M Very low (pLDDT < 50)

Predicted aligned error (PAE)

Aligned residue

Scored residue

[ . |
0 5 10 15 20 25 30

Expected position error (Angstroms)

Click and drag a box on the PAE viewer to select
regions of the structure and highlight them on the
3D viewer.

PAE data is useful for assessing inter-domain
accuracy — go to Help section below for more
information.



X-ray cristallography

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

® [f a narrow pbeam 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 reintorce each other and diffraction spots appear
on the detector

x-ray diffraction pattern
obtained from the protein crystal

diffracted beams
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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

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

e By trial and error, the map and sequence are correlated by a computer 1o provide the best possible fit

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



Using purified CnoX to solve its 3D structure®

Solve its SD-structure (cristallography)

urewop xi|

Ulewop Hd.l




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

Cryo-Electron Microscopy (CryoEM)

e fcchnigue that uses an electron microscope to Image samples that are rapidly frozen in a thin layer of ice

e Unlike X-ray crystallography, CryoEM does not require crystals, making it ideal for large or flexible complexes.

- Sample prep:
1. purified protein or complex is applied to a tiny grid
2. the grid is plunged into liquid ethane to freeze the sample

= molecules are trapped In random orientations, this can capture multiple conformations, it any.
- Data collection:

1. The sample Is loaded in a cryo electron microscope and an electron beam passes through the sample

2. An electron detector captures thousands to millions of 2D projections of images in different orientations
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Cryo-Electron Microscopy (CryoEM)

- Image processing

1. the software identifies and “cuts-

out” the particles (protein projections) ——

2. 2D classification: the similar 2D . 7 AR A
Cryo-EM grids setup Cryo-EM imaging Data collection

particles are averaged together (2D

class averages) to enhance signal

and reduce noise

3. 3D reconstruction using 2D

rojections | e . .
IO Structural analysis Model building Map reconstruction Data pre-processing
4., Building of an atomic model into

the density
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Have a nice day!



