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Cell Lines

o the scientific method,

@  slgnaling processes involved in cellular
differentiation, and
@ the use of pharmacological agents to

manipulate a cell culture system.



Cell Lines

Advantages

Controlled physiochemical
environment (pH, temperature,
oxygen, carbon dioxide, osmaotic
pressure, etc.)

Controlled and defined physiological
conditions (constitution of medium,
etc.)

Homogeneity of cell types (achieved
through serial passages)

Economical, since smaller quantities
of reagents are needed than in vitro
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Disadvantages

10 times more cheap for the same
guantity of animal tissue

Unstable aneuploid chromosome
constitution

Requirement of controlled and
defined physiological conditions



Advantages and Disadvantages of

Features

1. Ploidy

2. Transformation

3. Tomourigenicity

4. Anchorage
Dependence

Primar

cells and cell Lines

Primary cells

Diploid
Euploid

Normal

Non-tumourigenic

Yes

5. Contact Inhibition Yes

6. Density Limitation

of Growth

Yes

Cell Lines

Heteroploid
Aneuploid

Transformed

No Tumourigenic

No

No

No




Features Primary cells Cell lines
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7. Mode of :
Growth Monolayer Monolayer of Suspension.
8. Maintenance Cyclic Steady State Possible.
9. Serum .
Requirement High Low
10. Cloning :
Efficiency Low High
11. Markers May be tissue specific Chromosomal, enzymic
éZ.Sp-emal May be retained Often lost

unctions
13. Growth Rate Slow Rapid
14. Yield Low High
15. Control Generation Number in vivo

Strain Characteristics
Features. markers



Primary cells
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Fig.4 Actin and microtubular organization at various stages of neurite outgrowth. A) During early sprouting, actin (red) is
most prominent at the peripheral domain. Note that at this time point (1-2hrs of culture), microtabules (grean) are not well
organized. B) Actin dominates the peripheral domain of the growth cones, whereas microtubules are now well organized with

in the neurite (green/yellow - 12-18hrs & vitro). C) After 24hrs in cell culture, microtubules make up the core of cytoskeleta

elements.
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Primary cells

Fig.2. Morphology of adult rat neural stem cells cultured in seram-free N2 medium containing FGF-2. (a) Proliferating cells
can be seen by 3-5 days in vitro (DIV). Stem cells have small
arrows in @, d). (b) By 14 DIV, 2 large number of stem cells are present. (¢) The cultures also contain flat cells (indicated by long

arrows) which do ot stain for any stem or precursor cell markers. Small phase bright cells seem to generate on top of these
flat cells. (d) Mostly stem cells are present in the passaged cultures. Scale bar: 100pm

phase bright cell bodies and two or more long processes (small
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fig 3 Morphalogy of adult mouse neural stem cells cultured in seram-free N2 medium containing EGE, FGF-2 and beparin. (a)
eres are visible by 5 DIV. Withximcincuhnrenmospbcmxmnnsm(b)andnmdtbesphmxanachwthe
substratum (¢). Cells stream out of the n:sa.ndgmwa maonolayer. (d) Upon punp attached cells C!Euwas monolayers.

Mouse stem cells bave more elongated cell bodies (arrows in ¢, d) and smaller processes than rat stem le bar: 1ouum



Neuroscience

> biological study of the brain
» interdisciplinary field that involves many levels of
study from the

» molecular level

» cellular level (individual neurons)
» small assemblies of neurons like cortical
columns
» larger subsystems : subserves visual perception
» large systems : cerebral cortex or cerebellum

» the highest level the nervous system as a whole

¥
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Neuroscience Is a field of study that deal§ wi

estructure, function,

*development, genetics,

*biochemistry, physiology,

epharmacology,

pathology of the nervous system,

study of behavior and learning is also a division

of neuroscience.



* Want to observe the same
animal repeatedly over an
extended period of time.

» Advantages:

— Non-Invasive

— Whole brain imagining

— White and Gray Matter
 Disadvantages:

— Slow (hours)

— Spatial Resolution (tops out
around 1 x 1 x 1 um)

— Cost

— Space




S

Experimental Read-OUT In cellular ne _rgqugy.m ]

* Primary culture (directly from animal tissue)

« Extended culture (multipassage culture) —
cell strain

 Established (transformed) cell lines

« Organotypic cultures
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* Primary culture (directly from animal tissuef . —
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COMMON READ OUT primary cell line

Protein

1. Western BLOT (limitation due to cell
amount)

2. Immunocito

3. ELISA (minor limitations due to cell
amount)

4. QOverexpression (imitation due to transfectability)

1. Downregu lation (limitation due to transfectability)



COMMON READ OUT primary cell linef .. \yrg

RNA

1. PCR

2. Real Time-PCR
3. Northern Blotting
4. InSitu Hyb



COMMON READ OUT primary cell linef .-

Electrophysiology on “fake” network
single celll
field potential

30 um

30 um




COMMON READ OUT primary cell line
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Undifferentiated Cells

Oct 4 Expression

rs

-
9

Neuroprogenit

Pax6 Expression Nestin Expression

Neuronal Cells

Map2 Expression §Tubulin Expression PSA-NCAM Expression



orimary cell line
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COMMON READ OUT long term cell |i

Protein

Western BLOT (limitation due to strain)
Immunocito (limitation due to strain)
ELISA

Overexpression

A

. Downregulation



COMMON READ OUT long term cell |i €.

e

RNA

1.PCR

2.Real Time-PCR
3.Northern Blotting
4.InSitu Hyb

5. Translatability assay (ad es. Luciferase)

Electrophysiology
generally not used
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Primary cells




COMMON READ OUT Organotypic slicg,

S

Protein

1. Western BLOT (limitation due to cell mix
or trough laser capture microdissection)

2. Immunocito

3. ELISA (limitation due to cell mix or
trough laser capture microdissection)

4. Overexpression (strong limitation due to

transfectability)

1.Downregu|ation (strong limitation due to transfectability)
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COMMON READ OUT Organotypic slide ..

RNA important results only (laser capture
microdissection)

PCR

Real Time-PCR

Northern Blotting

InSitu Hyb (no need LSM)

> W Do

Electrophysiology on “real” network
single celll
field potential



Neuroscience

> biological study of the brain
» interdisciplinary field that involves many levels of
study from the

» molecular level

» cellular level (individual neurons)
» small assemblies of neurons like cortical
columns
» larger subsystems : subserves visual perception
» large systems : cerebral cortex or cerebellum

» the highest level the nervous system as a whole

¥
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Neuroscience Is a field of study that deal§ wi

estructure, function,

*development, genetics,

*biochemistry, physiology,

epharmacology,

pathology of the nervous system,

study of behavior and learning is also a division

of neuroscience.



* Want to observe the same
animal repeatedly over an
extended period of time.

» Advantages:

— Non-Invasive

— Whole brain imagining

— White and Gray Matter
 Disadvantages:

— Slow (hours)

— Spatial Resolution (tops out
around 1 x 1 x 1 um)

— Cost

— Space




Experimental Read-OUT in cellular ne FQIQ_IQQM,.T,\ |
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* Primary culture (directly from animal tissue)
* Cell lines

« Organotypic cultures
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COMMON READ OUT primary cell line

Protein

1. Western BLOT (limitation due to cell
amount)

2. Immunocito

3. ELISA (minor limitations due to cell
amount)

4. QOverexpression (imitation due to transfectability)

1. Downregu lation (limitation due to transfectability)



COMMON READ OUT primary cell linef .. \yrg

RNA

1. PCR

2. Real Time-PCR
3. Northern Blotting
4. InSitu Hyb



COMMON READ OUT primary cell linef .-

Electrophysiology on “fake” network
single celll
field potential

30 um

30 um




COMMON READ OUT primary cell line
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Undifferentiated Cells

Oct 4 Expression
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9

Neuroprogenit

Pax6 Expression Nestin Expression

Neuronal Cells

Map2 Expression §Tubulin Expression PSA-NCAM Expression



orimary cell line
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COMMON READ OUT long term cell |i

Protein

Western BLOT (limitation due to strain)
Immunocito (limitation due to strain)
ELISA

Overexpression

A

. Downregulation



COMMON READ OUT long term cell |i €.

e

RNA

1.PCR

2.Real Time-PCR
3.Northern Blotting
4.InSitu Hyb

5. Translatability assay (ad es. Luciferase)

Electrophysiology
generally not used
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Primary cells




COMMON READ OUT Organotypic slicg,

S

Protein

1. Western BLOT (limitation due to cell mix
or trough laser capture microdissection)

2. Immunocito

3. ELISA (limitation due to cell mix or
trough laser capture microdissection)

4. Overexpression (strong limitation due to

transfectability)

1.Downregu|ation (strong limitation due to transfectability)
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COMMON READ OUT Organotypic slide ..

RNA important results only (laser capture
microdissection)

PCR

Real Time-PCR

Northern Blotting

InSitu Hyb (no need LSM)

> W Do

Electrophysiology on “real” network
single celll
field potential



Neuroscience read out

Neuroscience in Vvivo :

1) behavioral
2) metabolism

3) toxicology

4) electrophysiology

NB (In vivo only on KNOWN TARGET)



Neuroscience in vitro :

TARGETS
DNA DNA — Protein
RNA RNA-Protein
PROTEIN PROTEIN-Protein

Other elements >QC)ther elements

UNKNOWN TARGET KNOWN TARGET



Neuroscience in vitro : a NOT complg

DNA Microarray Methods

*DNA Microarray Maker

ecDNA production

eRandom Priming

ejn situ Hybridization
eGenome-wide response to Glucose
Consumption

*Chuck Close and DNA Micorarrays

Genomic Circuits Methods
ePlasmids with inducible promoters
o CAT Assays

*GFP and reporter proteins/genes
eGrowth Curves

eHomologous Recombination
eBrain Anatomy

o : I.
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http://www.bio.davidson.edu/courses/genomics/method/plasmid_inducible.html
http://www.bio.davidson.edu/courses/genomics/method/CAT.html
http://www.bio.davidson.edu/courses/genomics/method/GFP.html
http://www.bio.davidson.edu/courses/genomics/method/growthcurves.html
http://www.bio.davidson.edu/courses/genomics/method/homolrecomb.html
http://www.bio.davidson.edu/courses/genomics/method/Brainparts.html
http://www.bio.davidson.edu/courses/genomics/arrays/arrayer.html
http://www.bio.davidson.edu/courses/genomics/method/cDNAproduction.html
http://www.bio.davidson.edu/courses/genomics/method/randompriming.html
http://www.bio.davidson.edu/courses/genomics/method/insitu.html
http://www.bio.davidson.edu/courses/genomics/method/metabol.html
http://www.bio.davidson.edu/courses/genomics/close/ChuckClose.html

Neuroscience in vitro : a NOT complg :
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Proteomics Methods
eDomain Functions

eYeast Two Hybrid
eArabidopsis

*|CAT (silent version)
eTransposons

*Cre / lox P recombination
eEpitope Tags

eBarcode knockout yeast
eBiotin and Avidin binding
e Affinity Chromotography
eKinase and enzyme assays
eRelative Sizes

*RNAi (RNA interference)
e|\Vlass Spectroscopy
eVisualization of Data



http://www.bio.davidson.edu/courses/genomics/method/domain.html
http://www.bio.davidson.edu/courses/genomics/method/y2h.html
http://www.bio.davidson.edu/courses/genomics/arab/arab.html
http://www.bio.davidson.edu/courses/genomics/ICAT/ICAT.html
http://www.bio.davidson.edu/courses/genomics/ICAT/ICATq.html
http://www.bio.davidson.edu/courses/genomics/method/transposons.html
http://www.bio.davidson.edu/courses/genomics/method/CreLoxP.html
http://www.bio.davidson.edu/courses/genomics/method/Epitopetags.html
http://www.bio.davidson.edu/courses/genomics/method/barcode.html
http://www.bio.davidson.edu/courses/genomics/method/biotin_avidin.html
http://www.bio.davidson.edu/courses/genomics/method/Affinity.html
http://www.bio.davidson.edu/courses/genomics/method/kinaseassay.html
http://www.bio.davidson.edu/courses/genomics/method/sizes.html
http://www.bio.davidson.edu/courses/genomics/method/RNAi.html
http://www.bio.davidson.edu/courses/genomics/method/ms.html
http://www.bio.davidson.edu/courses/genomics/method/visualize.html

Neuroscience in vitro : a NOT complg
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Genomic Medicine Methods
ePathology/Histology Slides
eKaryotypes

e|mmunoprecipitation (silent version)
*PCR

SDS-PAGE and Coomassie Staining
e\Western Blot

eSouthern Blot

eNorthern blot
e|mmunofluorescence
eChromosomal Walking

eRFLP

eKnockout Mouse and Homologous Recombination
eliposomes



http://www.bio.davidson.edu/courses/genomics/method/Histology.html
http://www.bio.davidson.edu/courses/genomics/method/Karyotypes.html
http://www.bio.davidson.edu/courses/genomics/IMPfolder/IMP.html
http://www.bio.davidson.edu/courses/genomics/IMPfolder/IMPQ.html
http://www.dnalc.org/ddnalc/resources/pcr.html
http://www.bio.davidson.edu/courses/genomics/method/SDSPAGE/SDSPAGE.html
http://www.bio.davidson.edu/courses/genomics/method/SDSPAGE/coomassie.html
http://www.bio.davidson.edu/courses/genomics/method/Westernblot.html
http://www.bio.davidson.edu/courses/genomics/method/Southernblot.html
http://www.bio.davidson.edu/courses/genomics/method/Northernblot.html
http://www.bio.davidson.edu/courses/genomics/method/IMF.html
http://www.bio.davidson.edu/courses/genomics/method/Chromwalk.html
http://www.bio.davidson.edu/courses/genomics/method/RFLP.html
http://www.bio.davidson.edu/courses/genomics/method/homolrecomb.html
http://www.bio.davidson.edu/courses/genomics/method/liposome.html

Neuroscience in vitro : a NOT complg
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Sequence Methods, Acquisition, and Analysis
eCapillary Electrophoresis

eChromatogram

*Cycle sequencing

eDendrogram

eElephant Skin Lesions

oELISA (see animated version)

*FACS (Fluorescence Activated Cell Sorting)
eKnockout Mouse and Homologous Recombination
eLiposomes

eNested PCR

eNorthern Blot

*PCR

ePulse-field Gel Electrophoresis

eReal-time PCR

*RT-PCR (reverse transcriptase-PCR)
¢SDS-PAGE and Coomassie Stain of Protein Gel
eSouthern Blot

e\Western Blot

*\Whole-Genome Sequencing

eX-Ray film



http://www.bio.davidson.edu/courses/genomics/method/Capillary.html
http://www.bio.davidson.edu/courses/genomics/seq/chromat1.html
http://vector.cshl.org/Shockwave/cycseq.html
http://www.bio.davidson.edu/courses/genomics/seq/treeparts.html
http://www.bio.davidson.edu/courses/genomics/seq/elevirus/elephantvirus.html
http://www.bio.davidson.edu/courses/genomics/method/ELISA.html
http://www.biology.arizona.edu/immunology/activities/elisa/elisa_intro.html
http://www.bio.davidson.edu/courses/genomics/method/FACS.html
http://www.bio.davidson.edu/courses/genomics/method/homolrecomb.html
http://www.bio.davidson.edu/courses/genomics/method/liposome.html
http://www.bio.davidson.edu/courses/genomics/method/NestedPCR.html
http://www.bio.davidson.edu/courses/genomics/method/Northernblot.html
http://www.dnalc.org/ddnalc/resources/pcr.html
http://www.bio.davidson.edu/courses/genomics/method/pulse_field.html
http://www.bio.davidson.edu/courses/genomics/method/realtimepcr.html
http://www.bio.davidson.edu/courses/genomics/RTPCR/RT_PCR.html
http://www.bio.davidson.edu/courses/genomics/method/SDSPAGE/SDSPAGE.html
http://www.bio.davidson.edu/courses/genomics/method/SDSPAGE/coomassie.html
http://www.bio.davidson.edu/courses/genomics/method/Southernblot.html
http://www.bio.davidson.edu/courses/genomics/method/Westernblot.html
http://www.bio.davidson.edu/courses/genomics/method/shotgun.html
http://www.bio.davidson.edu/courses/genomics/seq/autorad1.html

Neuroscience in vitro : a NOT compl tet

UNKNOWN TARGET

BIOINFORMATICS ALL TARGETS
http://www.ebi.ac.uk/ I Biochemical read out I

MicroARRAYS 2 Gel-Electrophoresys
2 Hybrid Screen
mBRI\II\IAA I Biochemical read out I
mi
ncRNA High-th.roughput screening
screenin
SNP 8 I Biochemical read out I
Protein

etc

I Biochemical read out I
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cDNA Microarray
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Prepare ' CONAPIone prepare Microarray.




Log,, expression ratio)

cDNA Microarray read out

Clustering of -5,000 significant genes
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Available microarrays
also
for RNAs and Proteins
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Protein 2D-Gel electrophoresis
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basic -+——— stable pH gradient ——— acidic

100 =

50 = =

25 -

-+— SDS migration (mol. wt x 10-3)




Neuroscience in vitro : a NOT compl tet

KNOWN TARGET

BIOINFORMATICS ALL TARGETS

PCR I Biochemical read out I

DNA Southern Blot I Biochemical read out I
SequenCing I Biochemical read out I




PCR

Ds e
LU |
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PCR
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Western Blot

* Western blots allow investigators to determine the
molecular weight of a protein and to measure relative
amounts of the protein present in different samples.

* Proteins are separated by gel electrophoresis, usually
SDS-PAGE.

o T
b

o T

ne proteins are transferred to a sheet of special
otting paper called nitrocellulose or PVDF.

ne proteins retain the same pattern of separation they

had on the gel.



Western Blot
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BEFORE SDS charged E-groups

SDS Polyacrylamide

_ “SDS-PAGES (el Electrophoresis Prt?tein Blot on
hydrophobic M 1 2 Nitrocellulose
- -
g ; I o
- - — —
AFTER $DS = ! — —
—_—— ¢
p— =Westem Blot= . Label with Specific
ey i 5 Detect Antibody Antibody
- o o
g I
- e g
,. E .
—— e :
—

. . - Eeveals Protein

of Interest
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Electrophoresis
of restriction

digested DMNA
fragments

Labellad
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Yisualzation
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Southern blot
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Hybndized
fragments

Weight
- Paper towels
i Mermbrane
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fﬁ-‘“ﬁffﬁ Buffer
Denaturation of DNA E
(~ 0.5 M MNaOH) and ponge
blotting
Washing off
unbound probe [ ]
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Balm— EEam

Hybndization with
labelled probena



Southern blot

(A) unlabeled DNA _—
cut with a S
restriction
nuclease

labeled DNA of known sizes agarose
as size markers gel

DNA FRAGMENTS SEPARATED BY AGAROSE GEL ELECTROPHORESIS

|

paper with tightly bound DNA

alkali solution

SEPARATED DNA FRAGMENTS
BLOTTED ONTO NITROCELLULOSE PAPER

Figure 10-14 part 1 of 2 Essential Cell Biology, 2/e. (& 2004 Garland Science)

HYBRIDIZED TO

l LABELED DNA PROBE
SEPARATED DNA
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Neuroscience in vitro : a NOT comp

KNOWN TARGET

BIOINFORMATICS ALL TARGETS
PCR I Biochemical read out I
Northern Blot I Biochemical read out I
RNA ,
Seq uencing I Biochemical read out I

In Situ I subcellular read out I
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In situ
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KNOWN TARGET

BIOINFORMATICS ALL TARGETS

Protein

Western Blot

Elisa

Sequencing

Immuno Istochemistry
Immuno Citochemistry

Neuroscience in vitro : a NOT comp

I Biochemical read out I

I Biochemical read out I

I Biochemical read out I

I subcellular read out I

I subcellular read out I
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Neuroscience in vitro : a NOT comp

KNOWN TARGET

BIOINFORMATICS ALL TARGETS
BASAL CONDITION “MODIFIED CONDITIONS”

DNA-Protein ~ “M"ofalinimmunor

Co immunoP + RT PCR
EMSA

Su pe rSh|ft I Biochemical read out I
Gel Shift

RNA-Protein

Protel n_Protel N FRET I subcellular read out




Neuroscience in vitro :The choice of a-ivtee
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BASAL CONDITION “MODIFIED CONDITIONS”

I Biochemical read out I I Biochemical read out I
Cell Lines
I subcellular read out I I subcellular read out I
Biochemical read out
Primary culture [limited bv the availability I
— ——
MORFOLOGICAL READ OUT MORFOLOGICAL READ OUT
I subcellular read out I I subcellular read out I
Primary culture
y I Biochemical read out I I Biochemical read out I
from Transgenic/ MORFOLOGICAL READ OUT MORFOLOGICAL READ OUT

KO/KIN Animal I subcellular read out I I subcellular read out I




Neuroscience in vitro :The choice of afoee
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BASAL CONDITION “MODIFIED CONDITIONS”

Organotypic | Biochemical read out I
limited bv the availabilitv

cultures MORFOLOGICAL READ OUT _I\'/IORFOLOGICAL READ OUT
I subcellular read out I I subcellular read out

* QOrganotypic

It I Biochemical read out I I Biochemical read out I
cultures T

MORFOLOGICAL READ OUT MORFOLOGICAL READ OUT
from Transgenic I subcellular read out I I subcellular read out I

KO/KIN Animal



Neuroscience in vitro :The choice of a Model —

e Celllines = NO REAL NEURONS

NO REAL MORPHOLOGICAL READ OUT
IN NEUROSCIENCE
STRUCTURE ‘FUNCTION



Neuroscience in vitro :The choice of a Model _

* Primary culture = NO REAL TISSUE

—)

MORPHOLOGICAL READ OUT
IN NEUROSCIENCE
STRUCTURE FUNCTION
LIMITED TO SINGLE FAMILY OF CELLS



Neuroscience in vitro :The choice of a Model

* Organotypic slice= NO REAL BRAIN

N

MORPHOLOGICAL READ OUT
IN NEUROSCIENCE
STRUCTURE FUNCTION
LIMITED TO SINGLE TISSUE

Consider Technical LIMITATIONS



Neuroscience in vitro :The choice of a Model

e Animal = NO HUMAN BRAIN

MORPHOLOGICAL READ OUT
IN NEUROSCIENCE
STRUCTURE mmmm) FUNCTION
LIMITED TO SINGLE ANIMAL SPECIEs

Consider many Technical LIMITATIONS







http://rsbweb.nih.gov/ij/

or simply type: imagej on i GO Ugle

ltalia



/e, UNIVERSITA
“e#%. DEGLI STUDI DI TRIESTE




/e, UNIVERSITA
“e#%. DEGLI STUDI DI TRIESTE




Standard Microscopy

Epi-fluoresence B o

— Advantages: | e

- Fast (biological reactions) Quatrome N Aperie

* Full Field e D tiormete el
* Affordable » |

eye Light Source
inhole
Aperture

Focal
Planes

— Disadvantages:
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Spinning Disk Confocal Microscopy

— Advantages:

* High resolution

* Full field

* Fast (better than video rate)
 Great for biological reactions

— Disadvantages:

* Photobleaching and phototoxic
* More expensive, more technical
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