Molecular and Cellular Biology

5a. Basic Molecular Genetic Techniques

Prof. Dr. Klaus Heese

Overview of four basic molecular genetic processes
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Practical methods in the laboratory for Protein

isolation, identification and characterization

Molecular and Cell Biology Technologies —

Strategy to characterize a gene of interest (goi)

brain tissue ---> brain cells ---> total RNA ---> mRNA --->

By Reverse Transcriptase (RT) enzyme:
---> complementary DNA (cDNA; single strand) synthesis --->

---> dsDNA (goi) (and amplified dsSDNA)
cloning: sub-cloning: .
---> goiinp,DNA ---> goiin p,DNA  ---> sequencing

(plasmid DNA)

---> followed by other tests

By polymerase chain reaction (PCR): generation of double strand DNA:
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(a) Differential centrifugation  (b) Rate-zonal centrifugation

0 Sample is poured into tube [l Sample is layered on top of density gradient
= s N
Larger particle P /)

°.~— Larger particle  Smaller particle ———=-

—

—Smaller particle
Low density
(low sucrose

/\ concentration)

o igh density
Particles settle ) (high sucrose
according to concentration)
mass Centrifuge
2] Particles settle

according to

Centrifuge Sucrose

gradient

Centrifugal —>
>\ force

mass
Centrifugal force —>

3] Stop centrifuge
Stop centrifuge n Collect fractions
Decant liquid and do assay
into container

ﬁ \{ Pellet

P

Supernatant

[
Decreasing mass of particles

— 5 cell lysis to release total RNA
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Traditional cDNA synthesis
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Synthesis of the first strand of cDNA using an oligo(dT) primer and reverse transcrip-
tase.
¢DNA is a DNA copy synthesized from mRNA. The enzyme used is reverse transcriptase an RNA-dependent DNA
polymerase isolated from a retrovirus (AMV or MMLV). As with other polymerases a short double-stranded sequence is
needed at the 3' end of the mRNA which acts as a start point for the polymerase. This is provided by the poly(A) tail found
at the 3' end of most eukaryotic mRNAs to which a short complementary synthetic oligonucleotide (oligo dT primer) is
hybridized (polyT-polyA hybrid). Together with all 4 deoxynucleotide triphosphates, magnesium ions and at neutral pH,
the reverse transcriptase synthesises a complementary DNA on the mRNA template. The progress of synthesis can be
monitored by incorporation of P-32 radioactive nucleotides.

Each mRNA molecule in the mixture with a poly(A) tail | Traditional cDNA synthesis
can be a template and will produce a cDNA in the form | .t
of a single stranded molecule bound to the mRNA

. ]
3" OH
(cDNA:mRNA hybrid). The cDNA requires to be 5 cap \(/WVVV\NWVVV\/VV\NVVVVVVV\A i‘;u

converted into a double stranded DNA before it can be structure

. o . N I conamANA hybric | .
manipulated and cloned. This is carried out using o .,
another DNA polymerase - DNA Pol I (Klenow Qanaiure cONAmANA .-
fragment). This is the large fragment (75kDa) of DNA

or
polymerase I following its proteolysis with subtil Hydrolyze mRNA with OH-

the resulting enzyme has 5'-3' polymerase activity and 3 ‘T

5 Vi 3 AWV VLV VIV VIV LV VVVVVV R
3'-5' exonuclease activity but has lost the 5'-3 Lo
exonuclease activity associated with the whole enzyme. l .t

Commercial sources of the Klenow enzyme use a
truncated pol A gene cloned and expressed in E.coli.
Klenow polymerase is used to avoid degradation of the
newly synthesised cDNAs. To produce the template for

3 poly(A) tail

: ss cDNA

the polymerase the mRNA must be removed from the ss hairgin loop ar o i y
¢DNA:mRNA hybrid. This is achieved either by aore | 15 pobymerase 1 [No 5~ exonuclease actvity]
boiling or by alkaline treatment. The resulting ss cDNA R R e el
is used as the template to produce the second DNA 3

strand. As with other polymerases a double stranded W\MNWVVVWV\M

primer sequence is needed and this is fortuitously

provided during the reverse transcriptase synthesis |

which produces a short complementary tail at the 5' end
of the cDNA. This tail loops back onto the ss cDNA
template ( the so-called hairpin loop ) and provides the I souviesancea cona |
primer for the polymerase to start the synthesis of the ————————=
new DNA strand producing a double stranded cDNA (ds |

cDNA). A consequence of this method of cDNA -
synthesis is that the two complementary cDNA strands %MMMMAMMNV\N\AAMN T
are covalently joined through the hairpin loop ie. the ds
¢DNA is essentially a single molecule ( shown by i
electrophoresis on denaturing gels ). The hairpin loop is A )
removed by use of a single strand specific nuclease ( S1 MV e )
nuclease from Aspergillus oryzac).

| Oigest win nuciease $1

Synthesis o double-stranded ¢DNA by the self-priming method

ds cDNA :

—CDNA synthesis by RNA replacement (RNase H)
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1 Replacement synthesis of double-stranded ¢cDNA :
D e e o o o o e o e e e e e
Another strategy for cDNA synthesis employs a ribonuclease ( RNase H ) which recognises the RNA component of a

DNA:RNA hybrid and cleaves the RNA at a number of non-specific sites leaving short oligoribonucleotides attached to the
cDNA. These serve as primers for the polymerase to synthesise the second strand cDNA; DNA Pol I (not Klenow) is used
since the 5'-3' exonuclease activity is needed to remove RNA in front of the enzyme. The newly synthesised strands of
¢DNA are joined by ligation using T4 ligase enzyme (+ATP).




‘ Gene (cDNA) cloning ‘
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cDNA Library Construction

Since the cDNA's resulting from either
of the first two methods have no
specific ends (ie restriction sites or
sticky ends) they sometimes need to be
manipulated for efficient joining to a
vector DNA molecule. If the cDNA's
are blunt-ended they may be cloned
directly into a vector which has been cut
with any blunt end cutting restriction
enzyme such as Sma I. Blunt-end
ligations are usually much less efficient
than sticky end ligations and so it is
usual to provide cDNA's with cohesive

ends.

cDNA is a synthetic DNA molecule with no ‘specific’ ends to the molecule

CDNA

TTTTTT

How can such molecules be joined (ligated) to vectors for cloning?

[1] ¥ the molecules are accurately biunt or flush ended they can be ligated directly
into a restriction site in the vector which produces blunt ends.

—
Smal
- CCCGGG cce
mcs ce
l J——
‘vecter ‘vector

TTTTT CCC

l ligate (T4 ligase)

| o

Synthetic cohesive ends can be
attached (ligated) to cDNA's with
blunt ends. Commonly an
oligonucleotide containing a specific
restriction site (usually for an enzyme
producing a sticky or cohesive end) is
made; since most restriction sites are
palindromic the synthetic
oligonucleotide immediately
hybridises to itself ( becomes double-
stranded ). These oligos or 'linkers'
are then attached to the ends of the
cDNA's using T4 ligase (+ATP);
chemically synthesised DNA does not
have 5' phosphate groups (5' hydroxyl
groups only) essential for this ligation
and so oligonucleotides are treated
with T4 polynucleotide kinase (+ATP)
which phosphorylates the 5' ends.
Following ligation to the cDNA's they
are then treated with the
corresponding restriction enzyme to
produce cDNA's with cohesive termini
suitable for efficient ligation to a
vector with compatible cohesive ends.
Ligation of synthetic ends to DNA is
efficient because high concentrations

Lof oligonucleotides can be used

[2] Acdition of restriction enzyme sites by synthetic DNA (cligonucieotide knkers)

<ONA
syt ol sisperucrmotsse rker
»CCAAGCTTGG
= compiamentary.
\ 50 lrkars dimeree inetanty
=CCAAGCTTGS
5 ance
T4 kinase
CCAAGCTTGS
GGTTCGAACC»
\ gace o cONA
CCAAGCTTGG: -AAAAAAACCAAGCTTGG
GGTTCGAAC: TTTTTTTGOTICGAACC
| e
ccA AAAAAAACCA AscTres
GoTTCGA Acc A Acc
OMA with Mt asicky ende
_—
@ e
— AAGCTT A accTT
e TTCGAA A
e
g vector
—cca AGCTTGG——
TTTTTTTGOTICGA Acc—
l opute T4 Mgune
AAAAANS
TrrTTTT

A drawback when using the
oligonucleotide linker approach is that
any cDNA's containing a restriction site
for the same enzyme whose site is
incorporated into the oligonucleotide
will be cleaved internally when the ends
are cleaved, to produce two truncated
cDNA molecules. One way to avoid
this is to protect any internal restriction
sites in the cDNA's by pre-treatment
with the methylase enzyme (also known
as a methyltransferase) specific for the
restriction site being used in the oligos.
For example if Hind III oligos are being
used the cDNA's can be methylated
using Hind III methylase and S-
adenosyl methionine (methyl group
donor) which protects any internal Hind
11T sites from subsequent restriction
with Hind III. After protection the
methylase enzyme is removed and the
oligos attached as before.

[2A] But what if the cDNA has a restriction site for the enzyme used to cut the linkers?

c AAGCTT “AAGCTTGG
TTCGAA TTTTT

Acc T
CONA fragments with Hindiil sticky ends

OR —~~ ot v

ligate linkers as before

Intact CONA with Hindill sticky ends.

l Hgato to vector and ransitorm
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Ligation will join any compatible DNA
ends irrespective of the DNA molecule
to which they are attached. In a
conventional cloning operation using a
plasmid vector with a unique restriction
site the majority of the ligation reaction
rejoins the restricted plasmid back to
itself (self-ligation). This is a
consequence of the relatively high
concentration of compatible ends - the
two compatible sequences at either end
of the same molecule! One trick which
is often used to prevent an unwanted
ligation is to remove the 5' phosphate
group from the ends - ligation requires
a 5' phosphate group and a 3' hydroxyl
group on the ends of the compatible
DNA fragments. The enzyme used for
this is alkaline phosphatase from
bacterial sources or calf intestines.
Once treated DNA fragments (eg
plasmid) cannot ligate back together.
In cDNA cloning this means that
ligation can only take place between
the plasmid and a cDNA - only a
recombinant plasmid is produced (ie
one containing an insert).

Phosphatase treatment of restricted plasmids prevent self-ligation

——
. Hindill

)

=

——AAGCTT— —ae ®accrr—
——TTCGAA— o5
self-ligation
— AGCTT—
—TTCGAR) ® eA—

alkaline phosphatase
(bacterial, calf intestine)

—ne | OE—

plasmid cannot ligate to itself

mix with cONA
+ T4 ligase

cDNA @ vector

-AACCHGY T

l 7
tigation

niek
——A AGCTTGG -AnccallaceTr—
——TTCH cC TGGTTCGA A——

J, transformation

nicks repaired by bacterial host enzymes after transformation

Another technique used to efficiently
clone cDNA's is to produce cohesive
ends on cDNA's and plasmid exploiting
the activity of terminal transferase, a
template independent DNA
polymerase. This enzyme from calf
thymus catalyses the addition of
'homopolymer tails' to the 3' ends of
the DNA; in the presence of a single
base nucleotide (eg dCTP) the enzyme
builds up a string of C's ( poly C tail )
at both ends of the DNA's. It will use
either blunt ended DNA or 3'
protruding ends produced by restriction
enzymes such as Pst I. Choosing
compatible homopolymer tails on
cDNA's (eg. poly C) and vector ( eg.
poly G ) allows these ends to anneal
(hybridise) together so inserting the
fragment into the vector. Using this
system there is no requirement to ligate
since the inserted fragment is stably
maintained until the transformed E.coli
host enzymes repair any gaps and
covalently seal the plasmid.

[3] Use the enzyme terminal transferase to produce homopolymer sticky ends

CDNA

[—

CONA (dC tails)
—_—
Pst!
- CTGCAG CTGCA G
GACGTC ACGTC

vector (G tails)

l.........“._-

transformation (host repairs gaps)

[The development of (he Polymerase Chain
Reaction (PCR) using the thermostable DNA
polymerase Taq polymerase has seen several
applications developed for the production and
cloning of cDNA's particularly in situations
where only very small quantities of mRNA is
available (small amounts of tissue; low
abundance of mRNA). The example shown in
the figures is only one of many techniques
which combine the activities of reverse
transcriptase and Taq polymerase in what has
become known as RT-PCR. The objective in
most of these approaches is to provide
sequences at both ends of the cDNA's to which
complementary primers can be hybridised to
allow amplification of the sequence between. In
the strategy shown here, the poly-A tail of the
mRNA is used initially (as in the traditional
cDNA synthesis) to provide the start point for
the reverse transcriptase using oligo-dT as the
primer. Note the modified oligo-dT primer
contains additionally a restriction site sequence (
here e.g. for the Bam HI enzyme ). The initial
synthesis of cDNA is otherwise exactly the same
as in the traditional method. Following the
synthesis of the first strand of cDNA and
removal of the mRNA ( see earlier), the 3' end of
the cDNA is homo-polymer tailed using dGTP
and terminal transferase - this produces a poly-G
tail at the 3' end. The poly-G end can then be
used in a similar fashion to the poly A end in the
original mRNA.

Reverse Transcriptase linked to Polymerase Chain Reaction (RT-PCR)

MRNA + primer 1 (BamHl)

§ AAAAMAAAA 3
TTTTTTTTTTTGGATCC §'

Reverse transcriptase !
.

5 AAAAAAAAA 3/

.._.= TITTTTITITIGGATCC §'
CDNA - MRNA duplex AAAAAAAAA
TITTTTTTTTIGGATCC
Remove mRNA {
¥ TITTTTTTTTGGATCC &'
Terminal transferase l dGTP

GGGGGGGG TTTTTTTTTTTIGGATCC §'

A second primer - oligo dC can now be used to

provide a start point for the DNA polymerase to
synthesise the second starnd of cDNA. Note i)

RT - Polymerase Chain Reaction 2

that the oligo dC primer also has a restriction
site (e.g. Hind IIT ) incorporated at its end and
ii) there is now a primer site at both ends of the
C¢DNA ( the requirement for PCR amplification
). In the presence of the oligo dC primer,
dNTP's and Taq polymerase the second strand
of cDNA is completed. Note that the synthesis
proceeds through the poly-A region and
completes the retriction site at the 3' end ( Bam
HI). Thermal cycling in the presence of both
primers ( oligo dT and oligo dC ) Taq
polymerase will amplify the sequences between
the two primers in a typical PCR reaction - note
that the second restriction site at the 5' end is
also completed so that all amplified cDNA's
will contain a Hind IIT site at the 5' end and a
Bam HI site at the 3' end. Note also because of
these restriction sites that this particular
strategy allows directional cloning of cDNA's -
useful if an expression library is planned for
screening with antibodies. After amplification
the final step is the double restriction of the
c¢DNA's with Hind III and Bam HI and ligation
into a similarly cut plasmid vector followed by
transformation. Note that a plasmid vector cut
with two different restriction enzymes will not
have compatible ends and cannot therefore be
rejoined to itself ( self-ligated ); only if a
fragment with suitably compatible ends ( ie a
cDNA ) is inserted will a (recombinant)
plasmid be formed.

Taq polymerase

AAGCTTCCCCOCCC mmmmmmmmen )
6666666

TITTTTTTTTTGGATCC

AAGCTTCCCCCCCC AAAAAAAAACCTAGG
GGGGGGGG GGATCC

primer 1 + primer 2 l

AAGCTTCCCCCCCC AAAAAAAAACCTAGG

(O s TTTTTTTTTTIGGATCC

AAGCTTCCCCCCCC mummmmm| )

GGGGGGG! GGATCC

Amplified total cDNA (BamHI / Hindlll ends)
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RT - Polymerase Chain Reaction I

Amplified total cDNA((BamHI / Hindlll ends|

AAGCTTCCCCCCCC AAAAAAAAACCTAGG
-, TTTTTTTTTTTGGATCC

AAGCTTCCCCCCCC @)
TTTTTTTTTTTGGATCC

l 15-30 cycles
AAGCTTCCCCCCCC AAAAAAAAACCTAGG

TTCGA TTTTTTTTTTTGGATCC

AAGCTTCCCCCCCC AAAAAAAAACCTAGG

TTCGA TTTTTTTTTITTIGGATCC
l BamHI + Hindlll

o ololo]
GGG

l ligate to BamHI / Hindlll cut vector

e ——
Cycle 1] Denaturation of DNA

Annealing of primers
—_—

} Elongation of primers

|

polymerase chain reaction |  cyete 2 Jgraturationotona

|

} Elongation of primers

Hﬂﬂﬂ

Denaturation of DNA
Cycle 3| pnnealing of primers

—n
“=—— | PCR-products with

BamHI and HindIII ends

|
Cycles 4, 5, 6, etc.

‘ Gene (cDNA) cloning ‘

Plasmid cloning vector (pDNA) ‘ OQ/

Hindlll
\\\\
Sall [[mck = s Region into which
/M@fﬁtiple cloning site exogenous DNA
BamHI L can beinserted
Smal 7
Kpnl //
Sacl s <
EcoRlI aﬂ“’
Polylinker Plasmid

cloning vector

Restriction Enzymes for gene cloning; example for Ecorl site:

~

v w

Cleavage| EcoRlI

Sticky ends

5’ e (G
T CTTAA

AATT C Emm—— 3
G5

BamHI and HindIII have similar sticky ends
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Region to be amplified
————

PCR

polymerase chain reaction

s 3
3 s’
s'CeATccEms

Primer1 DNA synthesis

Round 1
3 e | s 5
s'[EEaTcc

o ——
Ed TTCGAA]S
DNA synthesis

Primer 2
Round 2
Haasaas 3
3 [CCTATs TTceRRls
S[CcATccmmy =
Primer 1 DNA synthesis
Round 3
i i
3 [CCTAGE TTceRAls
E e = _rwwxa=af}
BamHi site Hindlll site
Continue for=20
PCR cycles
Cut with restriction
enzymes
3 T TCG A S
Masiaa 05
Sticky end Sticky end

Ligate with plasmid vector
with sticky ends

TABLE Selected Restri n Enzymes and Their Recognition Sequences
ENZYME SOURCE MICROORGANISM RECOGNITION SITE* ENDS PRODUCED
Bacillus amyloliquefaciens Sticky
{
Sau3A Staphylococcus aureus -G-A-T-C- Sticky
-C-T-A-G-
{
EcoRI Escherichia coli -G-A-A-T-T-C- Sticky
-C-T-T-A-A-G
Haemophilus influenzae Sticky
{
Smal Serratia marcescens -C-C-C-G-G-G- Blunt
-G-G-G-C-C-C-
T
13
Notl Nocardia otitidis-caviarum -G-C-G-G-C-C-G-C- Sticky
-C-G-C-C-G-G-C-G-
iF
PCR product or

Cloning of DNA fragments
Into pDNA

Genomic DNA fragments

(a)
P—AATT— e 3'

Vector DNA OH—{=—= = 5’
(a’) (b)

5’ m— OH + P—C G- 3

3’ TTAA—P HO - 5

(c)
P—A G C T 3’
HO-==—=—=m15'

Complementary
ends base-pair

OH P
w \ / (a)
5t II\ II\ T T 3’ Unpaired genomic

¥E=——1TTAA =15 — fragments(b)and ()

2ATP
T4 DNA ligase
2AMP + 2PP;
(a’) (a)
5' EE—A AT T 3’

[l
3’ ——T T A A-— 5’

E. coli transformation
with pDNA

+ DNA fragment
to be cloned

Enzymatically insert
DNA into plasmid vector

Recombinant
plasmid
Mix E. coli with plasmids
in pi of CaCly; heat-pul.
Culture on nutrient agar
E.coli plates containing ampic
chromosome

growing (proliferating)
bacterial cells (E. coli)
used for pDNA
amplification

o &

Transformed cell Cells that do not
survives take up p
on ampic

Plasmid replication

1 Cell multiplication

Colony of cells, each

ing copies
of the same recombinant
plasmid
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Summary of mRNA cloning steps ‘

Single-stranded 3@
DNA
5
e

Double-stranded 51
DNA

‘mRNA 5°

oligo-dT primer [
TrTTS

=
3" poly(A) tail

Hybridize mRNA with

oligo-dT primer

TrrEs

ﬂl Transcribe RNA into cONA

——
[—— i
| Remove RNA vithalkali
Add poly(dG) tail
se——rrrrs

| Hrbridize witn
oligo-dC primer

Ga——rrrrs
| Sythesize complementary
strand

R eSS
B2

3| Protect cDNAby
Chy |, methylation at EcoR sites

E 3
seeac——rTTTs

EcoRl linker

cH,

Ligate cDNA to restriction
S— sitelinkers
BOerrar@

Individual Select for amp”
clones’

([CleNuECE NN )G A A T T (&) § a
B creave with £cort AN /'
=W

e e o aaal
GG GGG ITTTTLICTTAN mlcu: with EcoRl

| Transtorm . coli

Plasmid with

sticky ends

Culturing E. coli cells transformed by plasmid DNA on agar plates,
checking for positive clones and amplifying such positive clone

E. Coli — mini-scale prep E. Coli - large-scale prep

(Ampicillin-containing growth media)
—_—>
@ E e.g. No.
[ [
le [ 5

Gl
+=- )
g

— ol
*--(=

(Ampicillin-containing agar plate)

(Ampicillin-containing

@ growth media)

Isolate pDNA and check by PCR and/or restriction
enzyme analysis and sequencing for positive clones
-—>

e.g. No 5 is positive

DNA agarose gel to
separate (and isolate) DNA
fragments

characterization of DNA quality ‘

(a) DNA restriction fragments
“Es
Y/
N
%

Place mixture in the well of
an agarose or polyacrylamide
gel. Apply electric field

- (Negative electrode)
t— Gel particle

2= Pores
e

+ (Positive electrode)
Molecules move through pores
in gel at a rate inversel
proportional to their chain length

+
Subject to autoradiograph
orincubate with fluorescent dye

(b)

Signals
corresponding
to DNA bands

Sequencing of DNA (I’_ ‘I’
_O_II,=° _o_[|)=0
i 1
_o_?=o _O_T=o
o o
o) ol
o—||>=o o—||==o
characterization of o Base o Base
I

DNA quality by
specific gene (pDNA
+ gene of interest)

sequencing.
OH H
Deoxyribonucleoside Dideoxyribonucleoside
triphosphate triphosphate
(dNTP) (ddNTP)
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characterization of DNA quality by specific gene (pDNA + gene
of interest) sequencing. - How does DNA sequencing work?

5’5"TAGCTGACTC 3'
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...

DNA polymerase
+ dATP,dGTP, dCTP,dTTP
+ ddGTP in low concentration

55TAGCTGACTCAG 3'
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...
+

55TAGCTGACTCAGTTCTTG 3’

3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...
+

55TAGCTGACTCAGTTCTTGATAACCCG 3'
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...

characterization of

. Primer 5'=—
DNA quality by Template 3’ 5
SpeCiﬁC gene (pDNA DNA polymerase
+ gene of interest) + dNTPs (100 pM)
sequencing.
+ ddATP +ddGTP [ \+/ddTTP +/ddcTP
(1 M) (1 pMm) (1 pM) (1 pM)
A —G —T —c
—A G T (©
A G =T d
etc. etc. etc. etc.

b b

Denature and separate daughter strands by electrophoresis

Dividing and dying

Divided into four batches is added to each batch

One batch of DNA will contain only pieces that
endinA,CTG

Then a different fluorescent dye is also added to
each batch of DNA

How does DNA sequencing work?

Gel electrophoresis In electrophoresis, DNA is placed at one end
of a gel
TR ] ] . o
: / j Cause the DNA molecules to move through
-\{’A/ \&\_'__/\ [ acrylamidegel the gel
=
| || ,
B / DNA molecules become separated into
® — o) different bands according to their size.

- - =2 hours
=0 =1 hour 1=2hours (Andy Virsracte 1999)
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DNA sequencing process

D A mixture of DNA go into sequencing SEGUENCING
machine. MACHINE LASER COMPUTER

TAGACTA

(@ Move past a laser that causes the dye
molecules to fluoresce.

@ A detector reads the color of the
fluorescence.

FINISHED SEQUENCE
1: blue-T, blue-TAGACT

2: 1ed-TA, red-TAGA @
3: yellow-TAG IR i]

Mary 5. Gibos (GNN)

4: green-TAGAC

characterization of DNA quality by specific gene (pDNA + gene of
interest) sequencing.

TNNNNAAT G CCAAT ACGACT CACTATAGGGCGAATTCGAGCT CGGTACCCGGGGATCCT T AGAGT CGACCTGCAGGCATGCAAGCT TGAGTATTCT

il ok DAL

firnmar ACCTARATAGCTTGG CGTAATCATGGTCATAGCTGITTCCT GTGIGAAATT GTTAT CCGCTCACARTTCCACA CARCATA

ol i 1)

Separation method is similar to SDS-PAGE (see slides further below)

Qualitative and quantitative DNA (Southern-) and RNA (Northern-)
analysis by Southern blot and Northern blot.

Southern blot (Northern blots (RNA) similar, but more difficult due
to RNA degradation)

%—j DNA

Cleave with
restriction enzymes
Gel

@ Nitrocellulose Autoradiogram
‘a
o ”
e Filter Nitrocellulose Hybridize with
H — ybridize wi
s paper labeled DNA or
o RNA probe
g —_——  — e [ snienians
w Alkaline solution

e EE——
JL Capillary action transfers

DNA from gel to nitr.

use isotope labeled probes or digoxigenin-dUTP-labeled probes. DIG-labeled hybrids
are detected with an anti-DIG-alkaline phosphatase conjugate and the substrates NBT
(nitroblue tetrazolium salt) and BCIP (5-bromo-4-chloro-3-indolyl phosphate,
toluidinium salt), which give a light-blue precipitate. Substrates can be also fluorescent
and detected with photo-films.

Northern blots (RNA) analysis example

UN 48h 96 h [iN =lCE)r:itrol orlun_

RNA size (length) - stimulated sample)
in kilo base pairs
(kbp or kb)

5kb —

2kb —

1kb —

~0.65 kb — - - __ B-globin
mRNA
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Comparative
Gene (mRNA)

Expression

Analysis

Fibroblasts
without serum

1 Isolate total nRNA 1

Reverse-transcribe
Gresndye \lto CDNA labeled withl/_

a fluorescent dye

Fibroblasts
i dded

Mix
Hybridize to DNA

¢DNAs hybridized to l %
microarray

DNAs for a single gene

A Wash

ﬂiﬁ/é/ Measure green and red

fluorescence over each spot

A

Array of
8600 genes

A If aspotis green, expression of that gene decreases
in cells after serum addition

[Bl If a spot is red, expression of that gene increases in
cells after serum addition

Comparative
Gene
(mRNA)
Expression
Analysis

Each column represents a different gene at

times after addition of serum

Time

. . (@)
Expression of proteins lac
. RT . .. —~<" promoter —lacz _,
in E.coli (bacteria, @ pi: < i) e
prokaryotic cell) gene B-galactosidase
IPTG (isopropylthio-B-galactoside) e + PTG
CH,0H /K
OH}—0_§ (b)
i G-CSF
4_/ <DNA
OH
X ;i Plasmid
.blue, LacZ protein produced that acts on Xgal to turn expression LacZ (one of
it blue P! the genes fi
white: cloning into mes successful and no Lac] vector ’\ lacz b e‘ genes for
protein produced gene %
el galactosidase)
Substrate; if lacZ
gene has been Transform
kept and mcs E. coli
inside the LacZ
lac
< promoter ,G-CSF_,@
mRNA
)\ G-CSF G-CSF
Colonies cDNA poslr
Agar / protein
= if no LacZ gene or - IPTG + IPTG

if a normal vector
has been used to
transform
eukaryotic cells
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describes a technique widely used in biochemistry for protein separation

SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis,

by molecular weight)

Separating
gel solution

Gel caster

Isopropanol

Stacking
gel solution

E‘j

o

[]

Acrylamide gel

Gel cassette
Anode

n | buffer

Negative

Anode (+) —

|
electrode O
[ chamber

Cathode Hamilton
buffer syringe

Sample

Cathode (-}

ﬁ o

=

Separate protein
bands

Power source

Sodium Dodecyl Sulfate —

Poly-Acrylamide-Gel Electrophoresi®,

SDS-PAGE

(a)

Separation of proteins
in a gel matrix by
their size (Molecular
Weight (MW in kilo
Dalton (kDa)))

Denature sample with
I'.Il sodium dodecylsulfate
>
@
2 2  sps.coated
QS & @ ¥ proteins
® )
2] Place mixture of proteins on gel;
Load samples, apply electric field
here AN
Wells/’ == | Cross-llnked'
= polyacrylamide
Partially oo gel
ted
;erz:;’n: lDirection of migration
£
v
3] Stain to visvalize ®) s
separated bands 55
Decreasing MMM FLILIL 5 3
size  HHENNEEN kDa g
§— = 200
- - 116
97
> - o~ 5
« — a5 M
3

SDS-PAGE

oy
¥

f‘ M—L,MQM

'té' FELEE RS tg- RARYNR

C'-- '

R
H
3

_

.

Tier

m“ﬁ

bobe $6,Ts

3

3
|nuahuﬁﬁ§uaﬂWH9¢9

LA ]

Yabo, 51, Hepes

.
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2D-Gel Protein pH4.0 1D -
mixture . . .
first dimension
Separation of proteins -,snﬂ;;",—';.m— (1] odlechie
. Hi focusing (IEF)  Separation of]
by their charge due to | dimension C
. ; by proteins in a gell
different Isoelectric matrix by their
points. pH 10.0 charge (pl values).
>
. Apply first gel
Remember, amino | to top of segoml (2]
acids can exist as

hybrid ions, can act

pH 4.0 C—T—TTT—TTT 1 pH 10.0

Separation off
“proteins in a gel|

as ampholytes, thus, . : — . matrix by their|
proteins move here | geparate . . molecular weight
T 3 sDs
through the pH :;1 second gy . slectroplione SMW).
imension .

gradient based on
their specific charges.

by

2D Gel analysis Isoelectric focusing ( n) —_

after — -

a) Coloring of
proteins

-]
o
|

Or

b) Radioisotope

Molecular weight X 10>
»
w
|

<— SDS electrophoresis ( )

2D -
second dimension

Separation of Proteins by their Size
Gel filtration chromatography

.~ Large protein — T

3%~ Small protein

Add buffer Collect
i:.y:;h to wash , fractions b
on proteins ool
column through o %

Polymer gel bead

labelling i
Or
16 —
¢) DIG labelling . K »
= - 5 == -
4.2 5.9 7.4
pl
Separation of Proteins by their Charge
lon-exchange chromatography
Negatively charged
protein ® .
= 5 Anions
Positively charged retained Elute negatively
protein © by beads charged protein
Layer —_— ——— with salt solution
sample Cations (NaCl) @ @
on elute
column out
Eluted
fractions
Positively m E@ b
charged (¢ Eluted > ° oS
gel bead 3 2 1 (fractions 4 2 1

7/11/17
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Separation of Molecules by their Specific Interaction — Purification of 6xHis-tag-p60TRP protein from Ecoli by NiNTA-
Immune-Affinity: Antibody-Antigen-Interaction columns

p60TRP from E.coli supernatant after lysis in HEPES-buffer / 500 mM
NaCl : total cell lysate loaded on SDS-gel matrix for SDS-PAGE

Antibody-affinity chromatography

Load in s
pH 7 buffer
@ Protein Qi.a
recognized % Elute
by antibody Wash with
—

oS ==
Ojg E::f?er
25

® Protein not
recognized
by antibody

0 0

Eluted fractions

Purification of p6OTRP-6xHistidin-tag protein from E.coli by Ni-NTA- ‘ Western Blotting ‘
columns. Total cell lysates (HEPES buffer) were purified using the Ni-
NTA-columns and different 1.5ml fractions collected and analyzed by

SDS-PAGE.

Transfer buffer

Cathode ()

Filter paper
Gel

Nitrocellulose membrane * L

terp AR
Anode (+) Membrane

(with transferred
proteins)

|
1Y
ol

*If proteins are hydrophobic,
use PVDF membrane instead.

Horseradish

!
Mmid
peroxidase

conjugated

l ’ Primary antibody secondary antibodies
AN /

Blocking buffer ~_Wash buffer TBST 4 . TBST

=

Membrane
(ready to be
visualized)

Memb
A . embrane
(with TN
: ) transferred \ﬂ

proteins)

Incubate blots

." . h overnight at 4" C

Incubate blots 2
hours at room
temperature

13



‘ Western Blotting ‘

I Electrophoresis and transfer nlniibody detection ] Chromogenic detecti
Electric
current
—
SDS-polyacrylamide Membrane Incubate with React with substrate
gel (nitrocellulose  Ab, (Y); Incubate with enzyme-  for Ab,-linked enzyme
or PVDF) washexcess  linked Ab,(Y);

wash excess

Molecular and Cell Biology Technologies —
Strategy to characterize a gene of interest (goi)

.. . RT ---_ PCR
brain tissue ---> brain cells ---> total RNA ---> mRNA ---> ¢cDNA --->

cloning sub-cloning
dsDNA (goi) ---> goi in p;DN - —--L>0nmé’g0i in p,DNA --->
sequencing . . .
---> check tissue/organ-specific expression

of goi by Northern-/Southern blot or cDNA
library screening

expression of goi in E.cofieJ--l;/scllsleck by SDS-PAGE / Western blot
---> purification by Affinity-/Ion-Exchange-Chromatography

---> (if possible: crystallization ---> X-ray analysis ---> 3D-structure
---> drug development

---> (if not possible: expression of goi in eukaryotic cell system:

---> transfection using electroporation system or lipofectamine solution
or e.g. lentivirus system

---> visualizing by confocal microscopy

Western Blotting ‘

Chemiluminescent detection

---> (if not possible: expression of goi in eukaryotic cell system:
add signal peptide to goi to express extracellular

---> transfection using electroporation system or lipofectamine
solution or e.g. lentivirus system

---> check goi in cell culture supernatant (native folding?!?)

---> check by SDS-PAGE / Western blot

---> purification by Affinity-/Ion-Exchange-Chromatography

---> (if possible: crystallization ---> X-ray analysis ---> 3D-structure
---> drug development

7/11/17
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Application of Virology in Modern Molecular &
Cellular Biotechnology

1s a virus that

bacteria

a non-enveloped
DNA virus,
mainly/only lytic
pathway

A bacteriophage

infects only

scale-bar = 50 nm

Bacteriophage T4

Lytic Replication cycle
of E.coli bacteriophage
T4, a non-enveloped
virus with a double-
stranded DNA genome

g |Free virion

%
D 5 G

Lysis and E.coli

release

Adsorption \m‘ chromosome

YR,

é Assembly of viral early

and injection__.

%

Expression

proteins

Viral
proteins

Replication of viral DNA
Expression of viral late proteins

A-phage

The lytic and lysogenic cycles of phage A, a temperate phage

Phage

‘The phage attaches to a

host cell and injects its DNA.
Many cell divisions
2 Phage DNA produce a large

circularizes population of bacteria

Phage infected with the
Occasionally, a prophage prophage.
B-imml exits the bacterial chromosome,
chlemosome initiating a lytic cycle.

%\,
@ Lytic cycle Lysogenic cycle 3
Certain factors The bacterium reproduces.
The cell lyses, releasing phages. determine whether normally, copying the prophage

Lyticcyele | [ Lysogenic eyele | Prophage and transmitting it to daughter cells.

is induced is entered ' /
Phage DNA integrates into

the bacterial chromosome,
becoming a prophage.

&
New phage DNA and
proteins are synthesized
and assembled into phages.

[ (@)X Phage genome

A-phage

region, Lytic functions

Nul A

(b) A Phage assembly

O

Preassembled
A head

(49 kb)
cos__

cos

Concatomer of A DNA

Nu1 and A proteins
promote filling of A head
with DNA between COS T

sites

(25kbp/A-genome)
cDNA library

Preassembled T
A tail

total mRNA

f

total RNA

@ X genome (1 copy) (49Kbp) cell

A\ tail attaches only
to filled head

Complete A virion

tissue
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pe——— -
e
) iyt s it
ongo-ar prmer Il | LiyBridize mens
TTTTS" Le

TTTEs
-l Transcribe RNA into cDNA

C———AaAaAA3
It

PRI
Bl SETEmNS

GGG ———TTTTSs"

<DNA

Hybridize with
B | XSG primor
5 o
s eeee————rTrTs
Synthesize complemen
[ = ]| iy e i
Dout -
coNA 3 Gocot ITTTTS
K| Protect cona by
crn, | methyistion at Ecori sites
-
¥ GGeGL—JTTTT E
Cry
S Ligmte conA 1o rascion Repla
OGAAaTTCI Site linkers
R CCISSNNN ]
IeaATTCCI 1IcAATTCC Bacteriophage . DNA
EETTAAGOGGGGL T T T TG T TAAGE] CINSSNN ]
El Cleave with Ecor1 Cut with EcoRl
IR - Remove replaceable region
GGGt T T T T T AN
Sticky ena . . i
El|L-ganamAarms | — ] AATTCEE A vector arms with
¥ CcTTAA G sticky ends

6 | Package in viro

S PPPPP

ml Infect E. coli

Individual

Confluent layer of susceptible host cells
growing on surface of a plate

Add dilute suspension containing virus;
after infection, cover layer of cells
with agar; incubate

Plaque

Each plaque represents cell lysis initiated by one viral
particle (agar restricts movement so that virus can
infect only contiguous cells)

Plaque

Individual phage plaques

Master plate of
A phage plaques
on E. coli lawn

RN

DNA
_—

J

Bound Melt and place

single- DNA on filter Place nitrocellulose filter on plate
stranded to pick up phages from each plaque
DNA

Filter
! Nitrocellulose filter

Incubate with
labeled DNA (~)

Hybridized
~ complementary
- DNAs
=1
A A=~ = Single-stranded phage
o= o 2/~ DNAbound tofilter
l Wash away labeled DNA Soe o

that does not hybridize
to DNA bound to filter Hybridize with labeled probe;
perform autoradiography

/{%// Signal appears over
et phage DNA that is
complementary
l to probe
Perform autoradiography

solution to lyse phages and

Incubate filter in alkaline
denature released phage DNA

7/11/17
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Screening colonies with isotope labeled probes (e.g. a cDNA library
cloned into A DNA)

Individual colonies Bound single-stranded

DNA
Master plate of o Filter
E. coli colonies i
'
J
H l Incubate with labeled DNA (~)

Place nitrocellulose filter on plate !
to pick up cells from each colony 5
Hybridized

Nitrocellulose filter ’ > complementary DNAs

Incubate filter in alkali S Wash away labeled DNA that does
s't‘;l::ti:net‘; I;:e"::eallsaa::ie / not hybridize to DNA bound to filter
denature released plasmid DNA ,'/
Hybridize with labeled probe ,” /f’///}

—~—

Perform autoradiography
Perform autoradiography

Signal appears over
plasmid DNA that is
complementary

to probe

Transient transfection of eukaryotic cells

Promoter
e.g. CMV

) Viral origin of
replication

Transfect cultured
cells by lipid treatment
or electroporation

Protein is expressed from cDNA in plasmid DNA

Stable transfection (transformation) of eukaryotic cells

CUNR

Promoter

or electroporation
Select for G-418 resistance
G-418-resistant

Transfect cultured
cells by lipid treatment
= clones

Protein is expressed from cDNA integrated
into host chromosome

Rabies virus @ Nucleocapsid protein

Lipid bilayer 3 Matrix protein
Genomic RNA 3 < A Receptor-binding glycoprotein
@ Viral RNA polymerase

Budding& \ﬂ\ /.

Virus receptor Cell membrane

Cytosol

Association
Fusionﬁ' 12] | at membrane
Endocytosis

m Progeny capsid
assembly

Golgi %%imxmd < AP 3 Endosome (Ei;}

Transport d nucleocapsid .
& synthesis Fusion

i

mRNA Replication

Glycoproteln
ER synthesis Transcription” 3 ~——J}—

p— m ) Release

7/11/17
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Genomic
ssRNA

Budding

Reverse
transcriptase

Host-cell
Fusion chromosomal DNA

Nucleocapsid

Retrovirus
proteins

Reverse
transcription

ﬁ Transcription

Provirus

Transport to
nucleus and
integration

Viral DNA

Progeny virions of
enveloped viruses are
released by budding
from infected cells.

EF.CMV.GFP copy2 -> Graphic Map

DNA seguence 8154 bp CAGGTGGCACTT ... TTTACAATTTCC circular
Bsm BI 7490
Avrll 7474
o 436 Scal

Sfil 7420
Bpll 7418

914 Ahdl

Bbs | 6919
Sal | 6807
> Hincll 6807
Bsr Gl 6787
&
e EF.CMV.GFP

———————3 Bam HI 6059

BstBl 6048 i
- Eco47Ill 6016 8154 base pairs - o

Nhel 6013 Unique Sites 2306 Sp!
= 2331 Bae |
o Acell 6013 AR

Sna Bl 5760

Ndel 5655
—_— EcoRV 5409
2850 Nrul

BspMI 4684

Sy,

36:
3947 San DI

36 Bsa BI

"‘q Infection
€ < =
C\<g >
[ N )
S
~a
]
» Viral ANA
“ RNA-DNA hytrid
v
Doutle-stranded DNA

b Reporter protesn

)

oy Tansiavon <

y
-
+ -
-
e
‘-
-
—

-

— - g /m

e

Integration

%

K
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Lentiviruses

Retrovirus Family
Single Strand (+) RNA virus
Contains 2 copies

Can infect non-dividing @

cells o
Contains regulatory Absorption to Specific Receptor

proteins Cytoplasm
Latent or active viral states s Endocytosis
SpLeaéi_ Ib);Ibl_zod and other Stran Twﬂﬂ’m"

odily fluids

Long lived virus leading to m}m

reservoir for persistent to Nucleus

infection ustzar 3

Virus type present in many
vertebrate species

PlasmaMembrane

Retrovirus replication

Expression of

Lentiviral vector foreign protein
(modified envelope) i ’J

o

e R 2 - mRNA

RNA DNA

T~ N ‘b ~— mf
g — 7 > Y
¢ ¢ 5y ~

Reverse Preintegration
transcription  complex

Nondividing hematopoietic stem cell

Structure of HIV
env —_—

Surface Glycoprotein SU
gpl20

env
Transmembrane

Glycoprotein TM = ‘
gpa] .

909
Membrane Associated
(Matrix) Protein MA,
pl7

999
Capsid CA
(Core Shell)

p24

RNA
(2 molecules)

pol
Protease PR p9
Polymersase RT &
RNAse H RNH pé6
Integrase IN p32

A general siRNA lentivirus RSV 5'LTR
pDNA sample AmpR

/ PSIH1-HT
shRNA Vector cMv

~7.2 kb
Puro

or
SV40 ORI Baml—Q/EcoRI
SV40 Poly-A “— WPRE copGFP
HI1

3’ALTR

+1

ﬁ SiRNA template insert

pUC ORI

H1
e

Transcription

=
W) shrna
antisense

Dicer

sense
UU  siRNA

antisense

GFP =

Green
Fluorescent
Protein
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Generation of a Lentivirus for Target-Cell Transduction|

Recombinant
lentiviral particle

Retroviral RNA

Gene for
viral coat
C:;r:‘eed protein

i~ neor Promoter
/ \ &

LR Vector i LTR

ViraPower™ Packaging Mix

Cross-sectional views of the three structures formed by
phospholipids in agueous solutions

Liposome for Drug Delivery

Oz | Lot f@ TK( \}{V SW
. hs ?}?2; ISILIRT

Phosphollpld b|Iayer
The white spheres depict the hydrophilic heads of the phospholipids, and the squiggly black lines
(in the yellow regions) represent the hydrophobic tails. Shown are a spherical micelle with a
hydrophobic interior composed entirely of fatty acyl chains; a spherical liposome, which has two
phospholipid layers and an aqueous center; and a two-molecule-thick sheet of phospholipids, or

Practical Applications in Modern
Protein Cellular Biology
Intracellular Protein
Visualization / Localization

with a Gene-GFP

bilayer, the basic structural unit of bio-membranes.

7/11/17
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Cell Transfection with a Gene-GFP

(pDNA) using a Lipid System

Transfection of CHO cells with plasmid DNA bestgar—0-—
n the meantime wash the 6
wells with PBS+/+ 2 times

2 groups have to share one 6-well plate. and add the 1 serum-free

medi

incubate ~ 30 mins  |add ~124 pl of

Then add the lipofectamir

. + i'::ﬂ‘he PDNA tube, mix | [248Kl -, o plate and tubes under |the transfection
18ul Lipor in 1 pDNA [gently insi ihe hood N olution into
100yl seryj b 00p1 serum-free Tube-2: ~30UNDNA,
media media 18ul lipgfectamin each of the 2

tube-1 tube-2 200yl sefum-free med wells 1
Group-1 Control transfeation-1 rahgfection-2 o
add ~124 i of the add~124plofthe A FI/
transfection solution transfection solution 44l serum-
dishes ~1 ml_ serum- htaining
with FOt?talnlng media ~1 ml serum-free ~1 n}] ?en.lm—free lia into
H inside edia inside wedia inside 12+3.
CHO Then
cells fubate
ovér night
Control transfection-1 ransfection-2 at 7 degC
add ~124 pl of the add ~124 pl of the
Group-II transfection solution transfection solution
P ~1 ml serum-
containing media ~1 ml serum-free ~1 ml serum-free
ipside media inside nedia inside
On day-3, pdd 4-6pl-Hoe dye irjto well , inculjate 15-30-min 37 degC in

the CO,incubator, then check at the microscope.

Cell Transfection with a Gene-GFP

(pDNA) using a Lenti-Virus System

In the meantime exchange the

Day-1: Transfection of HEK293 cells with plasmid DNA HEK cells media with 4.5 m]

serum-free media
10 cm dish // 1 dish per 1 hood (= ~4 groups)

Then add the lipofectamin

into the pDNA tube, mix
1 pDNA [gently

+30ul ViraPower > Tube-A:

S0pl serum-free 36pl lip

tbe-A 1edia

incubate ~ 30 mins  |add ~114 pl
Leave the plate and tubes under |serum-free

the hood > IDMEM media
fectamin and then add the
m-free media 300 pl
transfection
solution into the
10 cm dish

!

After 2-4 hrs add ~ 10 ml
serum-containing
(‘complete’ ) media into the
dish.

Then incubate over night
(~12 hrs) at 37 degC in CO,
-incubator

10 cm dish
with HEK cells
transfection

add ~300 pl of the
transfection solution

~4.5 ml serum-free
DMEM media inside

¢ old media and
6 ml serum-
Sntaining ( ‘complete” )
media into the dish.
Then incubate ~72hrs at
37 degC in CO, -
incubator

Remo

7/11/17
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Day-2: Transfection of PC12 cells using lenti-virus system
Add the 2ml lenti-virus solution directly into the well-3.

2 groups have to share one 6-well plate.

Group-I

dishes
with
PCI12
cells

well-1

well-2

well-3

Day-3: Stimulation of PC12 cells with NGF (stock-solution:
10pg/ 100l or 100ng/1pl; 100ng/ml final concentration)
Adding 3ul = 300ng of the stock-vial into 3 ml media gives you
300ng/3ml = 100ng/ml]. Add the 3ul directly into the dish.

2 groups have to share one 6-well plate. First et fresh media in all 3 well

Control

3 ml ‘complete’
media inside

Control

3 ml ‘complete’
media inside

+
add 2ml of the
lentivirus solution

1 ml ‘complete’
media inside

Group-1

well-1

well-2

well-3

Group-II

---> incubate ~ 1-2 days, exchange with fresh 3ml ‘complete’ media

Control

3 ml ‘complete’
media inside

Control

3 ml ‘complete’
media inside

+
add 2ml of the
lentivirus solution

1 ml ‘complete’
media inside

dishes
with
PC12
cells

Control

3 ml complete media
inside

+ NGF
add 3 pl of the stock
solution

3 ml complete medja

+ NGF
add 3 pl of the stock
solution

(transfected cells)

3 ml complete medig
inside

after ~ 1-2 days into all wells

Group-II

Control

3 ml complete media
inside

+ NGF
add 3 pl of the stock\
solution

3 ml complete medja

+ NGF
add 3 pl of the stock
solution

(transfected cells)

3 ml complete medig
inside

On day-6 to -14 (check with supervisor), add 4-6ul Hoechst dye into well-3, incubate 15-30
mins at 37 degC in the CO,incubator, then check at the microscope.

7/11/17
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Co-expression of and in CHO cells Stimulation of PC12 cells with NGF (stock-solution:

10pg/ 100ul or 100ng/1ul; 100ng/ml final concentration)
Adding 3pl = 300ng of the stock-vial into 3 ml media gives you
300ng/3ml = 100ng/ml]. Add the 3ul directly into the dish.

2 groups have to share one 6-well plate.

961

Group-1 Control + NGF + NGF
add 3 il of the stock add 3 pl of the stock
solution solution
dishes 3 ml complete media
with inside 3 ml complete medjA 3 njl(ljcomplete medig
inside
PC12
cells
Control + NGF + NGF
add 3 pl of the stock add 3 pl of the stock
Group-II solution solution
3 ml complete media
inside 3 ml complete medja 3 ml complete medig
inside

"|PC12 cells + NGF
pY / PC12

4

APP-gfp-fusion-protein

23
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Living proliferating cells: p48ZnF in the nucleus Living differentiated neuronal cells: p48ZnF in the cytoplasm

a-tubulin p48ZnF/DAPI o-tubulin p48ZnF/DAPI
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Molecular and Cellular Biology

5b. Visualizing, Fractionating, and

Isolation of Cells

Prof. Dr. Klaus Heese

The Cell and its Major Systems & Compartments

Nuclei  Microtubules  Golgi Actin fibers Mitochondria

The Cell and its Major Systems & Compartments

animal cell Il Plasma membrane

5 H Mitochondria

H Lysosomes

A Nuclear envelope

H Nucleolus

B Nucleus

Smooth endoplasmic reticulum (SER)
H Rough endoplasmic reticulum (ER)
Bl Golgi complex

I Secretory vesicles
plant cell

[ Peroxisomes

[B cytoskeletal fibers
IE Microvilli

& Cell wall

B vacuole

[ Chloroplast

The Cell and its Major Systems & Compartments

@ Mitochondrion Nuclear  secretory
Nucleus membrane yesicle

TR atreg

(b)
Secreted protein

Secretory vesicle —

Golgi vesicles

Rough ER

LY A
Golgi Endoplasmic Plasma Intercellular
vesicles reticulum membrane space
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The Cell and its Major Systems & Compartments

Phagosome
-

Plasma
membrane

Bacterium

E1 Phagocytosis Q Primary
{ lysosome
- 1] Primary lysosome —@ \
& Endocytosis <
"o > > ~ Secondary
; - i : i lysosome

Early Late
endosome endosome

& Primary
Mitochondrion D lysosome

Autophagosome
>

Autophagy

ER

The Cell and its Major Systems & Compartments

Plant Cells | :=

Outer

Plal’lt CellS Inner membrane Cristae membrane

Intermembrane Matrix Matrix
space granules

Plasma membrane

Plant Cells Grana

Thylakoid
membrane

Stroma
Chloroplast
membranes
(outer and inner)

Starch
granule
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Optical microscope | Microscopy
Detector —

right-field light path
— Phase-contrast light path
? Image plane
jecti Excitation I
Pro;ecf::‘r; filter I Refracted or
Lalran “ ‘ deffracted light
Dichroic — mmn
mirror 0 =g Phase plate
Unobstructed light
=
Objective —@ % gbjet:tive lens
pecimen
Specim
Specimen —.
stage o g s | ﬁ,
Condenser —<=——>  (Collector %
‘:, s (& Condenser lens
Mirror — x \ <ﬂ
e J a2 —— Annular diaphragm
v
'
A e

Microscopy

Undifferentiated cells

Differentiated cells
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Epifluorescence light path

| _— ]

% Dichroic mirror
/ 1
<>

Specimen

(a) Conventional fluorescence microscopy (b) Confocal flu

Focal —f/ . |1+ Imaged
plane

PN

lorescence microscopy

Imaged
volume

nuclear (blue)
DAPI or
Hoechst dye
staining of
chromosomes

Undifferentiated cells

nuclear (blue)
DAPI or
Hoechst dye
staining of
chromosomes
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Differentiated cells

Microscopy

a) Immunecytochemistry
using -labeled
(red / green) antibodies
directed specifically to
proteins of the cell

a) Genes expressing fusion
proteins with e.g. green
fluorescence proteins
(GFP)

The Cell and its Major Systems & Compartments

a)

a)

Microscopy

Immunecytochemistry
using -labeled
(red / green) antibodies
directed specifically to
proteins of the cell

Genes expressing fusion
proteins with e.g. green
fluorescence proteins
(GFP)
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Microscopy
a)

Immunecytochemistry
using -
labeled (red / green)
antibodies directed
specifically to proteins
of the cell

a) Genes expressing
fusion proteins with
e.g. green
fluorescence proteins
(GFP)

Living proliferating cells: p48ZnF in the nucleus

o-tubulin

p48ZnF/DAPI

Living differentiated neuronal cells: p48ZnF in the cytoplasm

Fluorescence Activated Cell
Sorting (FACS) of Living Cells

~ Cell suspension
> Sheath fluid

o-tubulin p48ZnF/DAPI

; Filter

( \ Condenser
Fluorescent | 5 / |
light .l 2| L/
detector =

electrical charging
ring

Laser beam ~

°} Fluorescent cells

» Nonfluorescent cell

L]

% Fluorescent cell droplets

o Nonfluorescent cell droplet

‘ H —~ 2] Scattered
\!J light
M ™ detector
\. ‘
lo
‘g
PR
'~ \'\\‘\i":}
o\ 8
n ‘.‘j{/’\ Drops with
05 0g® no charge
0 eo °
REossea_
~J Drops with
greater charge

Sorted charged
droplets containing
fluorescent cells
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Detector

o N
« Detector

St of Make Dun
oo

lwuv%mv

104
T 103
(] C
[v] C
g r
3 =102k
v Z'UE
o= N
= o
S a * .
c .
3 10" e ‘:ﬁ ."
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