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= cut and paste DNA
= bacterial transformation
= transfection
= chromosome integration
= cellular screening
= cellular culture
= extraction of DNA
= Polymerase Chain Reaction
= DNA polymerase DNA dependent
= PCR dynamics
= PCR types

= Gel electrophoresis
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= DNA cloning reading and writing DNA

= DNA sequencing

= DNA synthesis
molecular hybridization

= Southern blot

= Northern blot

= Western blot

rewriting DNA : mutations
= random mutagenesis

= point mutation

= chromosome mutation

arrays
= DNA array
= protein array




DNA cloning

i DNA cloning overview
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cut and paste DNA O\(A

= join two DNA molecules
= insert : usually smaller

= vector : has origin of replication
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Figure 8-30. The insertion of a
DNA fragment into a bacterial
plasmid with the enzyme DNA

ligase. (Alberts et al, 2002)
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cut and paste DNA : o

~

restriction OY

= restriction nucleases enzymes cut DNA ()

= from unspecific (exonucleases) to highly specific
(type Il endonucleases)

= leaves blunt or sticky ends
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Figure 8-21. (Alberts et al, 2002)

cut and paste DNA : o
restriction OY

= why sticky ends ? O
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cut and paste DNA : o
ligation O

= DNA ligase

O
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Figure 5-14. The reaction catalyzed

eds besspair

by DNA ligase. (Alberts et al, 2002)
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sticky ends. (Lodish et al, 2000)
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i bacterial transformation O

= make cell membrane permeable \{

O
= introduce plasmid DNA into bacteria
= many different protocols
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Figure 7-16. Bacterium undergoing
! transformation. (Grifftihs et al, 2000)
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w
transfection O

m use of viruses to get DNA into cells \{
= in eukaryote and bacteria (transduction)

Donor bacterium

Figure 7-26. The mechanism of Phages canying %@ % gm
generalized transduction. soner genes %g“ \Mg o

(Griffiths et al, 2000)
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Figure 5-75. Transpositional site-specific
recombination by a retrovirus or a retroviral-like
retrotransposon. (Alberts et al, 2002)




cellular
screening
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Figure 12-6. Two plasmids designed Vo i, ey Ga1 i o
as vectors for DNA cloning, showing I J
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cellular culture

= get lots of cells
= solid or liquid media
= time varies

= E. coli : overnight
= human cells : days

adapted from Alberts et al, 2002




extraction of DNA

= take only DNA from the whole cell extract %%
= brake cell membrane

= precipitate proteins

= purify DNA from proteins bound, etc

Tetracycline-resistant call

extraction of plasmids 75"
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Chromosoma | DNA extraction
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= small circular
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i DNA cloning overview, again

O
restriction +
ligation

O plasmid extraction
transformation
—

cell
cellular culture
screening
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i movie : DNA cloning

Molecular Cell Biology 3.0 Q@@

Archivo  Editar Wisualizacion  VYentana  Ayuda

Cloning in a

Plasmid Vector

Ch7anim1. Lodish et al/, 2000
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Polymerase Chain Reaction :
copying DNA

L
i DNA polymerase DNA dependent

= copies DNA into DNA — DNA replication
= adds dNTP to a 3’OH end of an existing strand

§' triphosphate

incoming
deoxyribonucleoside
triphosphate

[ECECE
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emplate
2 stran
jap in
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W — 0.0
pyrophosphate
e . , ingers

direction of
chain growth

Figure 5-4. DNA synthesis
catalyzed by DNA polymerase.
(Alberts et al, 2002)




Polymerase Chain Reaction

double-stranded DNA

Figure 8-39. Amplification of
DNA using the PCR technique

| |
= primers
= heat tolerant DNA polymerase (Tag pol)
= dNTPs
952C 552C 722C
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e
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S " HYBRIDIZATION M |
— TRANDS OF PRIMERS Jor PRIMERS
DNA iy (Alberts et al, 2002)
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FIRST CYCLE
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i PCR dynamics
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i Polymerase Chain Reaction

suparate DNA DNA
iB) atrands and anneal synthesis
separate DNA DNA primer
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imer [ —]
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Figure 8-39. Amplification of DNA using the
PCR technique. (Alberts et al, 2002)

i PCR amplifies DNA copies
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i movie : PCR

Molecular Cell Biology 3.0 ==

Archive  Editar Wisualizacion Yentana  Ayvuda

Polymerase Chain
Reaction

Ch7anim4. Lodish et al, 2000

Laboratory Techniques

= Allele-specific PCR

= Assembly PCR

Colony PCR

Inverse PCR
Ligation-mediated PCR

Laboratory Techniques

Nested PCR and many more...




Gel electrophoresis :
separating molecules per length

|
i Gel eIectrophoreS|s
= nucleic acids in an P l
agarose gel
sEIOE S S5
. ol
= electric current through $508
Sen 00
the gel £005Se
AT
gogéf)’f’o@@’
= nucleic acids
= DNA or RNA A ——
= migrate to the + pole
= P skeleton has —charge E——

= sepa rated per Iength Figure 7-22. Separation of DNA fragments

= dyed (EtBr, SYBR green) of different lengths by gel electrophoresis.
(Lodish et al, 2000)
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Gel electrophoresis

usually the length is
inferred using a known
sample

proteins
= SDS-PAGE gel
= can be 2D: pl and weight

an EtBr gel electrophoresis

Figure 8-17. (Alberts et al, 2002)

reading and writing DNA




i DNA sequencing

= allows to know what is the exact sequence
of A, T, C, G of a DNA molecule

= Sanger method (1977)

= based on PCR reaction & gel electrophoresis
= ddNTPs radioactively labelled

Laboratory Techniques

i DNA sequencing

phasp! i v triphosphate ic 5 GCATATGTCAGTCCAG 3 | double-stranded
3 COTATACAGTCAGGTC 5 | DNA
base base]
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1 ; 3 CGTATACAGTCAGGTC 5 pna
+ excess dATP
dTTE
3 O dCTP
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Figure 8-36. The enzymatic —or dideoxy— — A
A T € &

method of sequencing DNA. T o e T T
(Alberts et al, 2002) kst
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i movie : Sanger sequencing

/Iaheled oligonucleotide primer
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Ch7anim3. Lodish et al, 2000
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DNA sequencing :

present & future
A

m fluorescence labels

capillar electrophoresis

= polonies _ -
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m pyrosequencing —
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i DNA synthesis

= commercial synthesis
= current price : from 0,80 €/bp
= production time : from 2 weeks
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i molecular hybridization ///J

ﬂMelt
= nucleic acids specifically hybridize to %
nucleic acids

DNA bind:

Double.
stranded
DNA

s ta filter

= using labelled n.a., specific detection @

is possible

Incubate with
labeled DNA (==}

Bairing smcHons .
P
(s

Hybridized
complementary DNAs|

A
A=0 Wash away labeled DNA
RAPID that did not hybridize
ZIPPERING c to DNA bound to filter
o [
e Ede
e Parform autoradiography

Figure 5-57. DNA hybridization. (Alberts et al, 2002)

assay for detecting nuc

Figure 7-17. Membrane-hybridization

leic acids.

Laboratory Techniques (LOdISh etal 2000)

molecular hybridization

stack of paper towels remove nitrocellulose
) ~— paper with tightly bound
(1] nucleic acids

(A} unlabeled
or DNA

nitrocellulose
paper
G -
P

|

labeled ANA or
DNA of known sizes
as size markers

LABELED PROBE
HYBRIDIZED TO

SEPARATED DNA

led
NUCLEIC ACIDS SEPARATED SEPARATED NUCLEIC ACIDS BLOTTED ey
ACCORDING TO SIZE BY AGAROSE ONTO NITROCELLULOSE PAPER BY SUCTION
GEL ELECTROPHORESIS OF BUFFER THROUGH GEL AND PAPER

= in combination with gel : /
electrophoresis, detection s

LABELED PROBE HYBRIDIZED TOQ

boasts its potential o Ll

WISUALIZED BY AUTORADIOGRAPHY

positions
of labeled

labeled — bands

Figure 8-27. Detection of specific RNA or DNA molecules ~ mater
by gel-transfer hybridization. (Alberts et al, 2002)




i molecular hybridization

= Southern blot (DNA)
= DNA extraction
= restriction

= gel electrophoresis
= denaturation
= filter transfer

= labelled probe hybridisation
= DNA or RNA
= detection

= Western blot (protein)
= polyacrilamide gel separation
n filter transfer

= Northern blot (RNA)
= RNA extraction
= denaturation =N

|
= gel electrophoresis ‘
. |
» filter transfer
= labelled probe hybridisation
= DNA
= detection

= probe reaction
= antibody

= detection

Southern, Northern, Western
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1
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H-digested B-digested

genomic genomic Total

Total

DNA DMNA ANA protein
S 4 +
Sokbg. - Figure 10-20. Comparison of
' B 20 B |0 B Southern, Northern, and
—_ Western analyses of Gene X.
(Griffiths et al, 2000)
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rewriting DNA :

mutations

$ mutations

variations on a given DNA
molecule

= basis of variability — evolution

= small-scale types
= silent mutation : a.a. is not afected
= missense mutation : different a.a.
= nonsense mutation : a.a. — stop

Figure 8-4. Different types of mutations.
(Lodish et al, 2000)

{a} Point mutations and small deletions
‘Wild-type sequences

AMINO NPhe Arg T lle Ala Asn-C
mANA 5-UUU CGA UGG A
DNA 3-AAA GC T

A GCC AAU-3

Frameshift by deletion

GCTA
CGAT

YTV
MN-Phe GI\( Stup
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i mutations

= large-scale types : {5) Ghromosomal abnormaites
Inversion
chromosomes ie e ——
| g — =
= inversion : changes order ==
Deletion
= insertion : adds genes LI - - I, €
= deletion .
Balanced translocation
= translocation : moves genes AB CHORNE AE CIZ
e
—
WX Y 2 WX Y | B
[} <3 -
Insertion
AB & D E A C XD E
- .
—_ —_
WX Y z w Z

Figure 8-4. Different types of mutations.
(Lodish et al, 2000)
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random mutagenesis

= use chemicals, UV or error-prone DNA

replication

= fine screening needed !

deaminated C
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A
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N b
He o 1 i .
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Rare imino form L%pi‘ H =
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Figure 16-2. Mismatched bases.

depurinated A

Figure 5-49. How chemical modifications of
(Griffiths et al, 2000) nucleotides produce mutations. (Alberts et al, 2002)
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an A-T nucleotide
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DNA
REPLICATION

old strand
unchanged




inserted narmal gent

i point mutation
= point mutation on a . kw—u-D

given site o
= PCRis widely used for (
this goal | m
= site-directed (QF?_D
= megaprimers J\w:sa.ua;?mma%zz%:;%;%wm
INTO DAUGHTER CELLS

= in vitro overlap- ...............g lom= S
extension (C%_;)* fkw.—#’_j)

j‘mscmp'non lmuscmmo«
5 GAC =—J 5 GCCmmm3
Figure 8-69. The use of a synthetic oligonucleotide lms":’" Jam"s“r"
. . . . n
to modify the protein-coding region of a gene by e i
amina acid change is made

site-directed mutagenesis. (Alberts et al, 2002)

i movie : PCR mutagenesis

HE
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cloned
gene

single-stranded
circular DNA
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Ch8anim1. Lodish et al, 2000
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chromosome mutation

= mutate = homologous
chromosomes recombination
= knock out = target DNA
= replace

= insertion : add a gene

= deletion Figure 8-64. Gene replacement,

HORMARGENEY gene knockout, and gene addition.

1
(Alberts et al, 2002)

( dh 1

GENE GENE GENE

REPLACEMENT KNOCKOUT ADDITION
v ¥ '
anky mulant geae is active peegent both gemes: are active
[ (B L)

chromosome mutation

SEQuUence selectable unique “barcode™
homologous to marker gene SEQUEnCcE
yoast target .

L . :ﬁ;‘mmm Mh:‘lm / |mmm‘\:«lmln
-ﬁ' m1 || [ ] |

e e
L yeast target gene x ——— l
HOMOLOGOUS
RECOMBINATION : | b
- s - ULELjEA 0| (T TEA To=ol THAT_TI
T e W A gancyrlne - el M_ by
target gene x replaced by selectable marker gene and RS
associated “barcode” sequence [[‘E]:l - h
cell nesisland fo body vesisian i NeEctwe
[A) YEAST nesagrin A e Fillied iwf Gasmielnii
#.= origieal ollele I
A repibace ek alichs e migraieiee binase

Figure 8-73. Making collections
of mutant organisms.
(Alberts et al, 2002)
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arrays

= DNA molecules of
variable lenght on a solid ®) Ollgonucieoride amay
support in a regular and
fixed distribution

ag
e

T
B
L1
L ogc

Q

= sample HiTHHI
« labelled DNA or RNA T
that will bind to the o LU

probes

Figure 14-27. (Griffiths et al, 2000)
m take advantage of nucleic

acid’s specific hybridization
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expression array  cme

ells Normal Cells

|
i

m probe
= usually organism’s ORFs l RNA Isolation
= ordered (oligo chip) R R
1 Reverse
Transcriptase
Labeling
= sample e e OO
= usually labelled mRNA or | Combine Targets

retrotranscribed mRNA

(cDNA) o Weroarray l

expression array

e
u monltor mRNA :ae::rqmrrr:hn:kd 5&213&5::1]}&4
el y el EFA——
quant|t|es of the whole fhumsanhimmen Pl i
MYERIDEE
genome
“nenSsl

m compare two states

inputs outputs

@ samplel
‘ sample 2

. sample 1 > sample 2
‘ sample 1 < sample 2
sample 1 = sample 2

Figure 8-62. Using DNA microarrays to monitor the expression of
thousands of genes simultaneously. (Alberts et al, 2002)
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expression array : breast cancer

1753

84 genes
number of experiments

MUSCULI ACTIVATED B.CELL FACTOR:A
EOULAGEN, TYRE V. ALPHA 1
s
; o
RANSGELRSMIZ

1t
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1, AL
G A yretie)
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ALPHAZ COLUAGEN TYPE VI
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ey
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Perou et al
(2000)
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expression array : breast cancer

Perou et al
(2000)




Antigen chip

2
= 4
Y Y Sam s a""’m_‘“ Y Antigen-antibody
Antibady chip
t .
protein array ; S S

Protain-protein

m probe

= protein molecules on a
solid support in a regular v
and fixed distribution

Protein-lipasome

Protein-drug

Enzyme-substiate

= sample —
= substrates that will bind |4 A~ e A A oo
to the probes
H p bl had Sera % % Antibody—
= proteins that could Cormororate e

Chemical Biokog

interact with prob i
Interact with probes = take advantage of protein-

substrate recognition
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= antibodies that could
recognize the probes

sources

m Alberts et al, Molecular Biology of the Cell, Garland Science, 4th ed, 2002

m Lodish et al, Molecular Cell Biology, Freeman & Co., 4th ed., 2000

m Cooper et al, The Cell - A Molecular Approach, Sinauer Publishers, 2nd
ed., 2000

m  Griffiths et al, An Introduction to Genetic Analysis, Freeman & Co. 2000

m Carlson. The pace and proliferation of biological technologies. Biosecurity
and Bioterrorism. 2003

=  Perou et al, Molecular portraits of human breast tumours. Nature. 2000

= www.ergito.com
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i farewell movie : the PCR song

http://www.youtube.com/watch?v=x5yPkxCLads
YouTube

Laboratory Techniques

the PCR song

There was a time when to amplify DNA,

you had to grow tons and tons of tiny cells.

Then along came a guy named Dr. Kary Mullis,

said you can amplify in vitro just as well.

Just mix your template with a buffer and some primers,
nucleotides and polymerases, too.

Denaturing, annealing, and extending.

Well it’s amazing what heating and cooling

and heating will do.

PCR, when you need to detect mutations.

PCR, when you need to recombine.
PCR, when you need to find out who the daddy is.
PCR, when you need to solve a crime.




more !

Biotech Nation Feat. Notorious
GFP — Transformation

Llﬁ B —— e~/ <]

http://www.youtube.com/watch?v
=cFeNIM1gloo

YouTube Laboratory Techniques

Biotech Nation —
Restriction enzymes

J— T

http://www.youtube.com/watch?v
=Gy21KhSF3PM
YouTube




