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Overview of Topics 

Åscientific strategies and assay systems 

Åcell culture  

Å labelling and transfection of cells  

Åanalysis of cellular components  

Åanalysis of molecular interactions 

Åfluorescence measurements 

Åmicroscopy 

Åflow analysis (fluorescence activated cell sorting, FACS) 

Åanalysis of various cellular processes (proliferation, 
apoptosis..) 
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Details of the lecture 

1. Scientific strategies 
2. cell culture  
3. labelling and transfection of cells 

a) radioactive and chemical labelling 
b) transfections: overexpression of genes and gene suppression 
c) reporter gene assays 

4. gene-suppression (siRNA-technologies) 
5. analysis of DNA and proteins (electrophoresis and blotting) 
6. subcellular fractionation (centrifugationsé) 
7. methods to detect macromolecular interactions 

a) Yeast 1- und 2-hybrid systems 
b) co-immunoprecipitations 
c) fluorescence resonance energy transfer (FRET) 

8. methods of fluorescence measurements 
9. realtime-PCR 
10. transmitted light microscopy and contrast principles 
11. fluorescence microscopy 
12. confocal laser scanning microscopy 
13. flow analysis (FACS) 
14. analysis of various cellular processes (proliferation, apoptosis..)  
15. methods to investigate vesicular transport processes 
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General scientific strategies 
 

Å descriptive strategies: the whole system (cell, organism) is 
observed without influencing it  
 
advantage: physiological states are not altered  
disadvantage: it is difficult to elucidate cause -effect relationships 

 

Å manipulative strategies: various factors are kept constant, while 
others are altered on purpose ï the change in the whole system 
is monitored.  
 
advantage : cause-effect relationships can be monitored or 
detected 
disadvantage : the physiological steady state is altered and 
influenced. Results might be artefacts of the measurement 
system.  
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Experimental Systems I 
 

Å In vitro, biochemical systems: investigation in a solution 
(e.g. enzyme reactions): many parameters can be fixed 
(temperature, pH, buffer compositioné). 
Example: enzyme activity assay, EMSA é 
 

Å In vitro, cell biological systems: including cellular structures 
e.g. in vitro -transcription/translation with membrane 
components, in vitro-fusion of endosomes, nuclear import 
assays with isolated nuclei etc. Experimental conditions 
have to be set in a way that cellular structures are not 
damaged (e.g. isotonic buffer, physiological pHé.); reaction 
partners can be influenced widely (e.g. antibodies can be 
addedé) 
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Experimental Systems II 

Å cell culture systems  
- immortalized cell lines: unlimited passages 
 
- primary cells: limited passage number, more 
complicated cell culture (e.g. coated platesé) 
 
- co-culture of different cell types :  
e.g. keratinocytes + fibroblasts in a collagen matrix.  
 

Å xenograft systems :  
- cells are injected into immuno-compromized mice 
(nude mice, SCID mice); e.g. subcutaneously 
- tissue recombination systems (e.g. prostate epithelial 
cells with mesenchymal cells injected into the renal 
capsule of SCID mice) 
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ÅOrgan cultures   
(e.g. skin sheets,  
brain slicesé) 
 
 
 

 

 

ÅOrgan perfusions  

Experimental Systems III 
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Å Animal Experiments :  
Just the whole organism provides the full complex biological system that is relevant for most 
biomedical research topics. The whole organism includes superordinated systems such as the 
nervous system, the blood circulation, the endocrine system and so on. The cells are in their 
normal organ environment; cellular communications are intacté. ï thus the highest possible 
physiological state can be achieved. However, specific components of the system (e.g. certain 
cells) are not easily accessible ï and specific experimental manipulations (e.g. of specific cells 
without side effects) are often difficult). Cause -effect relationships are often difficult to 
elucidate ï and there is a big Ăblack boxñ due to the complexity of the system.  
It has to be considered that results obtained with animals such as mice often cannot be 
transferred to human beings despite the highly physiological system.  

 
 

Å Special case: Transgene and knock -out animals :  
Specific elimination of genes (knock-out) or incorporation of genes (transgenes, knock -in) 
allow a better elucidation of cause-effect relationships. However, classical knock-outs 
(eliminating a gene in all cells) ï is often embryonically lethal (if the gene is essential in 
embryonic development) ï and does not allow conclusions for its function in the adult animal 
(e.g. mouse). Vice versa, it can happen that there is no phenotype (if the function of the gene 
is taken over by another gene). Knock-ins can be quite artificial as well (if the transgene is 
expressed at higher levels with strong promoters). Modern approaches often aim for 
Ăconditional knock-outsñ or knock-ins: In most cases the Cre-recombinase / loxP system is 
used for that purpose:  
Conditional knock-out: the gene is placed between loxP sites ï Cre recombinase (which can be 
expressed in specific organs or cells by organ specific promoters) cuts out the gene ï thus the 
gene is deleted just in a certain organ or cell type; using inducible Cre, this system allows 
gene deletion at a defined time point (e.g. when the animal is adult).  
Conditional knock-in: the gene is placed behind a Stop-cassette, which is flanked by loxP sites. 
Without Cre activity, the gene is not expressed, with Cre activity (organ specific), the Stop 
cassette is excised and the gene is expressed 
 

Experimental Systems IV 

Conditional transgene mouse models with the 
Cre / loxP system 

Å Cre recombinase cuts out 
sequences between loxP sites 
(or inverts sequences between 
inverted loxP sites) 

Å Cre expression can be 
rendered cell-type or organ-
specific using cell-type specific 
promoters driving Cre 
expression (spatial control) 

Å Cre expression can be made 
inducible by using chimeras of 
Cre with mutated estrogen 
receptor domains 
(temporal control) 

Å Endogenous genes can be 
flanked by loxP sites (using 
recombination techniques ï 
e.g. affecting essential exons) 
> conditional knock-out 

Å Genes can be overexpressed 
conditionally by inserting an 
expression construct headed 
by a loxP-flanked ĂStop 
cassetteñ, which is cut out by 
Cre recombinase 

 

10 

1. Cre mouse  strain  
2. loxP -mouse strain  
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Examples for conditional mouse models 

11 

       Cre mER mER 

mER : mutated estrogen receptor (responds to tamoxifen as ligand; without  
the ligand it keeps the Cre in the cytosol > inactive; upon addition of 
tamoxifen, the nuclear localization sequences of mER become active leading 
to translocation of the chimera into the nucleus, where Cre recombinase can 
exert its function on loxP-flanked DNA sequences). 

cell-type specific  
promoter 

Cre-ERT2 

Stop Gene of interest Gene of interest 

loxP loxP good promoter 
(e.g. pCAGGS) 

       Cre mER mER 

Tam Tam 

       Cre mER mER 

Tam Tam 

conditional  knock -out  conditional  transgene  
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Research Methods - Overview 

Åcell culture systems 

Ålabelling and transfection of cells 

Åanalyses of cellular components 

Åanalyses of molecular interactions 

Åfluorescence measurements 

Åmicroscopy 

Åflow analysis (FACS) 

Åanalyses of cellular processes (proliferation, apoptosis..) 

 

 



7 

13 

Culturing and investigating mammalian cells 

Åcell culture of immortalized cells 

Åcell culture of primary cells (often just a few 
passages) 

Åculture of polarized cells 

Åco-culture of different cell types  

Åorgan culture and organ-like culture  

ÅOrgan-perfusion 
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What you need for cell culture  

Å Incubator (37 °C) with CO2-
supply and humidification  

 

Å Sterile bench (Laminar Flow: a 
laminar flow of filtered air keeps 
the bench sterile) ï has to be 
switched on approx. 10 min 
before using it, the filter has to 
be checked from time to time 
(Particle Measurement) 

Å inverted cell culture microscope 
(4x, 10x, 20x objectives)  

http://www.eufets.com/images/zellkultur-rv.jpg
http://images.google.de/imgres?imgurl=www.bme.columbia.edu/cell/ck40scope.gif&imgrefurl=http://www.bme.columbia.edu/cell/facilities.html&h=367&w=229&prev=/images?q=cell+culture+microscope&svnum=10&hl=de&lr=&ie=UTF-8&oe=UTF-8
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primary fibroblasts 
(from skin dermis) 

Example 

transformed 
fibroblasts 
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Çbacteria or yeast donót need complex media and grow 
in minimal media 

Çmammalian cells are more complex and need media 
with vitamins, amino acids, hormones and growth 
factors  

Ç Serum, mostly fetal calf serum (FCS), is the source of 
growth factors (such as FGF, EGFé) 

Ç Common composition 
- DMEM (Dulbeccoós Modified Essential Medium) 
- 10% FCS 
- 2 mM Glutamine (unstable amino acid, has to be added 
again, if the medium is older than app. 6 weeks)  

- Penicillin (100 u/ml)  
- Streptomycin (100 µg/ml)  

Growth of cells 
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Ç has high concentrations of growth factors 
(e.g.: EGF, epidermal growth factor; FGF, 
fibroblast growth factor; IGF, insulin-like 
growth factor) 

Ç low amount of antibodies ­ compatible 
with cells of other species 

Ç complement system is inactivated by a 
heat shock (30 min., 56 ÁC) 

Ç disadvantage of FCS: expensive (º 100 ú 
per Liter)  

Ç might contain contaminants such as 
tetracyclin (important if you use a Tet-
inducible cell culture system > purchase 
guaranteed Tet-free FCS) 

Ç Alternative sources of serum: normal calf 
serum, horse serumé 

Fetal Calf Serum (FCS) Special Growth 
Factors  

Ç Nerve- Growth Factor 
(NGF):  
for neuronal cells 

Ç Hepatocyte-Growth 
Factor (HGF): induces cell 
division of hepatocytes 

Ç Keratinocyte-Growth 
Factor (KGF): for culture 
of skin epithelial cells 
(keratinocytes) 
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Ç adherent cells versus suspension cells 

    cell culture dishes: usually made hydrophilic  
(charged groups) ï sufficient for most cell types  

Ç collagen; Gelatine (denatured collagen) 
sometimes necessary for good attachment (e.g. for 
primary endothelial cells) 

Ç Components of extracellular matrix: 

 Fibronectin, Laminin ï often better than collagen.  

Çspecial case: ĂFeederñ-cells (irradiated) ï or co-
culture of cells (e.g. fibroblasts in a collagen matrix 
with keratinocytes on top)  

Adhesion factors 
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Ç Bacteria: might be a problem, when 
they are resistant against the antibiotics 
that are used (mostly Pen/Strep) > 
then you have to use other antibiotics 
(e.g. kanamycin) 

ÇMycoplasm: procaryotes of an ancient 
evolutionary stage, which do not have a 
normal bacterial cell wall (therefore 
they are resistant against Penicillin) 
(can be eliminated with Kanamycin)  

Ç Yeast: rare (might occur when yeast 
and mammalian cell culture are not 
strictly separated) 

Ç Fungi: quite rare  

Contaminations in cell culture 
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Ç DNA-staining with DAPI or Hoechst 33258 
 
 
 
 
 
 
 
 

Ç PCR- detection of Mycoplasm-DNA 

Ç (cultivation of the Mycoplasm)  

Ç (electron microscopy) 

no Mycoplasm 
Mycoplasm 

Test for Mycoplasm-Contamination 

http://www.vu-wien.ac.at/download/AiDownload/mycoplasmen.jpg
http://www.rtc.riken.go.jp/CELL/GIF/neg-p.gif
http://pages2.inrete.it/mbiomed/massig10.jpg
http://www.the-scientist.com/yr1999/oct/oct_art/myco.jpg
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cell culture of polarized cells 

apicale side 

lateral side 

basal membrane 

the cells have to build the 
tight junctions for building up 
the polarity.  

Often they are cultivated on 
filters, where the two sides 
are accessible. 

tight junction  

22 

Methods to investigate polarized cells 

Model systems 

1. simple cell culture: just one side of the cell is accessible. 

2. cell culture on microporous membranes: both sides are 
experimentally accessible, the establishment of a tight 
polarized monolayer can be checked be measuring the 
electrical resistance between the two sides. 

3. Organ cultures: e.g. Living Skin Equivalent 

4. Organ perfusion: e.g. perfusion of isolated rat liver  
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Culture of polarized cells on membranes 

 

Measurement of electrical 
resistance 

24 

Cultivation of polarized cells on electrode 
chambers 
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Organotypic culture: Example: Skin Equivalent 

Keratinocytes (cells of the upper layer of skin, the epidermis) are 
seeded onto a collagen matrix, which contains fibroblasts (dermis 
cells). As soon as they build a monolayer, they are elevated to the 
surface of the medium (with their upper side exposed to air) ï this 
induces cell differentiation and the formation of a pseudo -epidermis 
with several cell layers.   

26 

Organ Perfusion 

Polarized cells such as hepatocytes 
can be maintained in their organ 
architecture maintaining their 
polarity. The organ is perfused 
using glas capillaries linked to the 
normal blood vessels the supply 
the organ with blood (and 
nutrients/oxygen). A buffer (37 ÁC, 
percolated with O2) containing the 
nutrients can be perfused through 
the liver. Marker substances can 
be applied and their transport 
from the blood side (basolateral) 
to the bile side (apical) can be 
determined.    

perfusion pressure (cm H2O) 

Liver 

bile canula                

V. porta 
 

V. cava canula 
 

temperature 

recording 

gas humidification 

fraction collector 

Pump          

Water Bath 

Perfusion Buffer 

http://www.testskin2.com/testskin2.gif
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Example of an experiment with polarized cells 

Transmigration of Leukocytes through a Monolayer of polarized 
endothelial cells 

Leukocytes are labeled with a 
fluorescent marker (e.g. CFSE 
ï an ester, which is turned 
fluorescent just after uptake 
into cells due to esterases) 

Cells are seed onto a layer of endothelial cells (e.g. after activating the 
endothelial cells with inflammatory cytokines ï which leads to the 
synthesis of adhesion molecules on the surface of the endothelial 
cells). Adhesion of leukocytes leads to transmigration into the lower 
chamber. The extent of the transmigration can be determined by lysing 
the cells and quantifying the fluorescence (or by counting the 
fluorescent cells) 
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Research Methods - Overview 

Åcell culture systems 

Ålabeling and transfection of cells 

Åanalyses of cellular components 

Åanalyses of molecular interactions 

Åfluorescence measurements 

Åmicroscopy 

Åflow analysis (FACS) 

Åanalyses of cellular processes (proliferation, apoptosis..) 
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Methods for labeling of cellular components 

Å Radioactive labeling: e.g. with radioactive amino acids ( 35S-
Methioniné), which are incorporated into newly synthesized 
proteins. Pulse/chase experiments can give insights into half life, 
transport. Processingé of proteins.  

Å Internalisation of high molecular weight markers  (loading of 
endosomes and lysosomes). 

Å Labeling of cell surface proteins (e.g. by biotinylation with cell-
impermeable reactive biotin compounds). 

Å Addition of cell-permeable labeled substances, which integrate into 
specific structures (e.g. Golgi-specific fluorescent lipids) 

Å Transfection of cells with expression plasmids 

Å Protein-Transduction (cell-permeable peptides) 

Å Micro-Injection  of substances. 

30 

Ç Amino acids:  [35S]Methionine, [ 3H]Leucin 
 

ÇMonosaccharides: [3H]Mannose, [ 3H]Glucosamine 

 

Ç Phosphate: [32P] phosphoric acid 
 Alternative: 33P: lower radioactivity 

 

Ç Sulfate: [35S]Sulfuric acid 

 

Ç Fatty acids: [3H]Palmitinic acid 

Radioactive Labeling of Biomolecules 
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Radionuclides 

32 

Ç usually [35S]Methionine labeling 

 advantage: high specific radioactivity 

 disadvantage: relatively rare amino acid > check first, 
how many methionine are in the protein! (e.g. 
Ubiquitin: only 1 Methionine, but 9 Leucines)  

Ç requires Methionine-free culture medium for depletion 
of endogenous stores by pre-incubation 

 (addition of dialyzed FCS) 

Metabolic labeling with amino acids 



17 

33 

Ç [3H]Mannose or [3H]Glucosamine 

  

Ç Activated in the cytosol by coupling to nucleotides ­ 

GDP-Mannose, UDP-N-Acetyl-Glucosamine (UDP-
GlcNAc) 

 

Ç requires Glucose-poor culture medium 

 

Ç Addition of alternative energy sources 

 (Glutamine, Pyruvate)  

Metabolic Labeling with Monosaccharides 
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Ç preincubation without marker (depletion of 
endogenous stores) 

Ç Addition of the labeled substance ­ "Pulse" (5 min - 

1 h or longer)  

Ç Stop of the "Pulse" by addition of an excess of 
unlabeled compound 

Ç further incubation ­ "Chase" (min - 48 h) 

Ç Stop of culture ­ Analyses 

Pulse-Chase-Experiments 
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Fibroblasts of patients, were labeled with 35S-methionine: 

Pulse: 1 h at 37ÁC 
Chase: 7 h at 19ÁC and 37ÁC (19ÁC inhibits transport from trans -Golgi to 
late endosomes/pre-lysosomes) > Immunoprec. and autoradiography  

Example for a Pulse-Chase-Experiment 
 

36 

 

Ç direct: modification of Tyrosine with [ 125J]:  
- chemical oxidation: Chloramine-T oxidizes Na125J 
and leads to iodination of Tyrosine 
- enzymatic: Lactoperoxidase: oxidizes Na125J in 
presence of H2O2. 

Ç indirect: Modification of amino groups (Lysine, N-
Terminus) with [ 125J]-labeled Bolton-Hunter-Reagenz  
(N-succinimidyl 3-(4-hydroxy 5-[125J]iodophenyl)-
propionate) 

 

   

Iodination  of Proteins (Labeling with 125J) 



19 

37 

Ç High affinity binding partner of 
Avidin and Streptavidin (> easy 
purification and detection by beads, 
coated ELISA-Platesé) 

ÇMost commonly used method to 
label cell surface proteins  

ÇModification of amino groups with 
Biotin-Hydroxysuccinimid-Esters 

ÇModification of Thioles (Cysteine) by 
Maleimide-Derivates of Biotin 

Biotinylation 

38 

Labeling of Endosomes, Lysosomes 

ÅBy high molecular weight compounds, which are 
easily detectable, not permeable for the cytoplasmic 
membrane and taken up by endocytosis  
Examples: 
a) unspecific internalization: 
- FITC-Dextran (Fluorescein-labeled) 
- Enzymes (Peroxidaseé) 
b) Specifically by receptors   
 
Pulse/Chase conditions can be used to labeled 
specifically early or late endosomes or lysosomes 
(e.g. using temperature blocks....)  
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Transfections 

Usually designates the incorporation of DNA into mammalian cells. DNA 
present in form of plasmids.  
 

Transient Transfection: plasmid remains outside of the genome and is 
slowly lost (degradation, dilution by cell division), exception: episomal 
replication ï e.g. SV40-Plasmids in COS-cells). The transfection 
efficiency varies ï but can reach close to 100%   
 

Stable Transfection: integration of foreign DNA into the genome  
(Efficiency: usually below 0.1%). Isolation of stably transfected clones 
requires selection genes (for antibiotic resistance, e.g. puromycin, 
G418é). Plasmids are usually linearized before transfection to increase 
the possibility of correct integration.  

40 

Example for a mammalian expression plasmid 

CMV-Promoter 

Multiple 
Cloning Site 

target gene 

poly-adenylation signal suited for linearization 

SV40-Promoter 

selction gene 
(bacterial 
selection with 
Kanamycin, 
mammalian-
selection with 
G418) 

poly-adenylation signal 

(Replication origins no shown) 

reporter gene 
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Selection markers for stable transfections 

ÅAminoglycoside-Phosphotransferase: Resistance against Neomycin 
(bacteria) und G418 (mammalian cells). Selektion with G418 takes 
quite long (app 2 weeks). Surviving colonies are isolated and further 
cultures under selection pressure.  

ÅHygromycin-Phosphotransferase 

ÅPuromycin-Acetyltransferase  

ÅDihydrofolat-Reductase (DHFR): Selection with Methotrexat; allows 
amplifications of the target gene.  

ÅGFP-Fusion proteins: fluorescence 
can be used for selection: example: 
EGFP-NF-kB expressing CHO-cells 

42 

Chemical Transfection Methods 

Å DNA-Calcium precipitates : at exact pH and 
Ca2+-concentration: High efficiencies with 
293-cells (90% and more), expression levels 
are usually moderate. 
 

Å Liposome mediated transfection :  kationic 
lipids which bind the negatively charged DNA, 
and which are taken up as liposomes  
Quite high transfection efficiencies but also 
sometimes toxic effects and potentially 
artefacts by high expression levels or 
alteration of cellular membranes. (e.g. 
Lipofectamine, Fugene...)  

Ca2+  

Ca2+  

Ca2+  
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 Buffers 

¶ HeBS-Buffer (Hepes buffered saline) 

8 g NaCl  - 280 mM final concentration 

0.2 g Na2HPO4.7H2O (or 0.107 g anhydrous) - 1.5 mM 

6.5 g Hepes (Sigma H-7006) (or 5.96 g of free acid) - 50 mM 

400 ml A.dest. 

Adjust the pH to exactly 7.05 (calibrate pH-meter with pH 4.01 and pH 7.00 buffers before). Add A.dest. to 500 ml, 

filter through 0.2 µm filters and store in aliquots at -20ÁC (not longer than 6 months). Thawed aliquots shouldn't be 

frozen again. 

¶ CaCl2: 29.4 g CaCl2.2H2O (MW=147) in 100 ml A.dest (final conc.: 2 M) Filter through 0.2 µm filters and store 

aliquoted at -20ÁC. 

¶ Chloroquine (optional): chloroquine. 2H2O (Sigma C-6628): 12.9 mg/ml in PBS (conc.: 25 mM). Filter through 

0.2 µm filters and store at -20ÁC. 

  

Procedure (amounts are given for 6-wells): 

1. Seed cells (about 500 000 cells per 6-well = per 10 cm2 ) one day before the transfection (in DMEM/10% FCS) 

2. (Optional: 1 h before transfection, exchange the medium for medium containing 25µM chloroquine) 

3. Thaw HeBS and CaCl2 at room temperature 

4. For each transfection prepare aliquots of 71 µl HeBS 

5. Prepare the DNA/ CaCl2-Mix: 4 µg DNA (total) in 62 µl A.dest. + 9 µl CaCl2 

6. Add the DNA/ CaCl2-Mix drop-wise to the HeBS aliquots (by screwing the Gilson pipette) and slightly mix after 

each drop. Incubate for 2 - 3 min at R.T. to form the DNA-precipitate (not longer). 

7. Add the DNA-precipitate drop-wise to the cells (by screwing the Gilson pipette and moving it to cover the whole 

surface of the cell culture; don't swirl the dish). 

8. Carefully transfer the dish back to the incubator. Incubate for 24 h (or in the presence of chloroquine: for 10 h) 

and exchange the medium afterwards. (The transfection is in the presence of FCS!). The efficiency of transfection is 

in the range of 70-90% for 293 cells. Harvest the cells after 48 h. The protocol is adapted from Neil Perkins who 

adapted it from Gary Nolan in 1995 

(See web site: http://www.stanford.edu/group/nolan/ or CP in Mol.Biol. 9.1 and 9.11.2-3) 

 

Protocoll: Calcium-Transfection 
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Lipofectamine2000 - Standard conditions 

Transfection in presence of serum (e.g. 24h ï 48h) 

http://www.stanford.edu/group/nolan/
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Chemical Transfection Methodes II 

Å Dendrimeres : charged Polymeres that bind 
DNA (e.g. Superfect / Qiagen) 

 

Å complexes with DEAE-Dextran  (polycationic 
Dextran) 
 

Å poly -ethylene -imine  (PEI):  

46 

Physical Transfection Methods 

Å Electroporation: common with 
suspension cells, 
requires much DNA 
Special case: Amaxa-
Nucleofection (now Lonza) 
 

Å Particle-gun (ñGene Gunò): 
DNA on gold particles shot by 
pressure onto cells (e.g. 
neurons in brain slices). 
 
 

Å Micro-Injection of DNA: into 
single cells (just limited cell 
number can be targeted).  

electro-
cuvette 
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Viral  Transfection Methods 

Å Adenoviruses, Retroviruses, 
Lentiviruses :  
Viruses developed fancy mechanisms to 
get into cells ï these are applied for 
gene transfer. Virus-constructs are 
generated, which contain the target gene 
but not genes for virus replication (genes 
essential for generating the viral particles 
are supplied by ñPackaging Cellsò). 
 

Å Adenoviruses: transient Expression  

Å Retroviruses: stable integration but 
target just proliferating cells  

Å Lentiviruses: stable integration, also 
transduce quiescent, non-proliferating 
cells. 

48 

Adenovirus Retrovirus 

 

ÅEpisomal gene expression  
 

ÅLong - term, stable gene expression; inheritable  

 

ÅInfects dividing & 

nondividing cells  

 

ÅInfects dividing cells only  

 

ÅHigh - level protein 

expression  

 

ÅModerate protein expression  

 

ÅViral titers of up to 10 12 

pfu/ml  

 

ÅViral titers of up to 10 6 cfu/ml (Can be 

concentrated to 10 9 cfu/ml)  

 

ÅAccommodates inserts of up 

to 8 kb  

 

ÅAccommodates inserts of up to 6.5 kb  

 

ÅElicits immune reactions in 

vivo   

 

ÅDoes not elicit immune reactions in vivo   
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Example of and 
adenoviral system 

50 
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Packaging cell line: Phoenix cells. These cells must not be too confluent since this will lower the 
production of virus significantly.  

Day 1  

Plate phoenix cells on 15 cm plate (1.5 -1.75 x 107 cells)  

Day 2  

((Transfect phoenix cells using 25 mg DNA and 75 ml Fugene6 + 1.8 ml OptiMEM.  
Incubate 30 min RT and add to cells.)) OR better use CaPO4!!!  

Day 3  

Carefully remove old medium and add 25 ml of fresh medium.  

Incubate at 32 C̄ for 24h or 48h (or 72h).  

Day 4 -5  

Harvest supernatant after 24 -48h. Virus sup can be harvested until the cells start looking unhealthy.  

Put supernatant in 50 ml tube in ice bucket in the hood. Add 22 ml fresh medium to the packaging 
cells and put back into incubator.  

Spin viral sup to pellet any remaining cells.  

For storage  of virus: transfer to cryotube and snap freeze with N2 store at -80 C̄. Upon freezing virus 
titer goes down roughly twofold!  
For use straight away : Filter virus sup through a 0.45 -mm cellulose acetate or polysulfonic filter 
(do NOT use nitrocellulose filter since it binds proteins in the retroviral membrane!). Keep on 
ice until use.  

Protocol: 
Production of retrovirus by transfection of packaging cells 

52 

Day 3 

Split the target cells into 10 cm dishes.  

Day 4 

Add 8 mg/ml polybrene to the filtered viral supernatant. Mix gently by 
inversion. 

Replace the media in the target cells with the viral sup + polybrene. 
Incubate at 37 C̄ for 6h and add equal amount of media containing 
polybrene. 

Day 5 

Replace the media. 

Day 6 

Replace the media with fresh media containing pyromycin to select for 
transfectants. The amount of pyromycin used is determined by killing curve 
experiments. Select colonies of stable transfectants keeping the pyromycin 
in the media. 

Protocol II:  
Infection of MEFs with recombinant retrovirus for 

making stable cell lines 
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Reporter-Gene Assays 

Å EGFP (Enhanced Green Fluorescent Protein) and variants thereof (e.g. 
destabilized EGFP) 

Å Luciferase  

Å CAT (Chloramphenicol-Acetyl-Transferase) 

Å ß-Galactosidase (lacZ)  

Å SEAP (secreted alkaline phosphatase) etc. 

Enzymes or other molecules, which are easily detectable, are 
applied as Ăreporter moleculesñ to detect promoter activities or the 
activities of signaling pathways.  

The reporter gene is cloned into an appropriate plasmid (e.g. 
mammalian expression vector) and transfected into the cells of 
interest, followed by the biological experiment (e.g. stimulation).  

Examples for reporter-genes:  

54 

Regulated Promoters in Reporter Gene Assays 
(artificial promoters)  

Å Tandem Repeats of transcription factor binding sites (e.g. 5x NF-kappa 
B). Often commercially available (e.g. from Stratagene or Clontech) 
> can be used to determine the activation of a certain transcription 
factor (or signaling pathway)  

Reporter Gene 
minimal 
promoter 
element 



28 

55 

Regulated, Natural Promoters in Reporter Gene 
Assays  

ÅNatural promoters usually contain binding sites for 
several different transcription factors (sometimes 
several copies of a single TF binding site) > are 
regulated by several signaling pathways.  
Example: 
 
 
 
 
 
 

 

IRF -1 GRE AP-1 NF/IL -6 
NFkB 

p65 / c-Rel 

IL -8 

Promoter 

> can be used to determine the regulation of a specific promoter of interest  
Luciferase is usually easier to measure with high sensitivity than the gene of 
interest (in this case IL-8) 

Luciferase 
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Normalization constructs with constitutive promoters  

Å CMV: from human Cytomegalo-Virus: induces strong constitutive 
expression (fast, about 1 day after transfection)  

Å RSV: from Rous Sarkoma-Virus: weaker, but very constant, constitutive 
expression, slightly slower (takes 2 d)  

Å SV40 : Simian Virus 40-Promoter  

Å Actin -Promoter : human promoter of a  Ăhousekeeping geneñ 

Å Ubiquitin -Promoter : human promoter of a  Ăhousekeeping geneñ 

 

éusually used for the normalization control in reporter gene assays  
(to compensate for differences in transfection efficiency, extraction efficiency 
or viability of cells in different samples)  

Usual setting: Pathway-specific reporter construct (e.g. with firefly luciferase)  
+ constitutive normalization construct  (e.g. Ubiquitin -Promoter driven b-
galactosidase or Renilla-luciferase) > quantification of normalized values  
(Luciferase / b-galactosidase or Firefly / Renilla-luciferase) 

Promoters for the normalization vector:  
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Example of an Reporter Gene Assay 
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Activities of different signaling pathways or molecules (p53, Rb, E2F) are 
assessed with reporter constructs containing respective transcription 
factor binding sites upstream of a luciferase vector.  

For normalization purposes a constitutively expressed control gene has 
to be cotransfected (e.g. b-galactosidase downstream of a constitutive 
promoter e.g. ubiquitin -promoter).  
Values are calculated as Luciferase/b-Gal.  
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Reporter-Gene Assay Systems for Analyses of 
Signaling Pathways 

Gene of interest 

Reporter-
Plasmid 

Transcription factor construct 

In case that the gene of interests 
activates the specific pathway, 
which leads to phosphorylation 
and activation of the used 
transcriptionfactor construct, the 
expression of the reporter (e.g. 
luciferase) is induced.   

Transcription factor construct 

Reporter-
Plasmid 
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Detection of reporter genes: GFP (and variants) 

Å Fluorescence measurement by 
fluorometry (e.g. in 96 -well 
fluorescence readers) 
 

Å Microscopy 
 
 
 
 

Å Flow analysis (cytometry, 
FACS: Fluorescence activated 
cell sorting: GFP-containing 
cells can be separated from 
other cells and if necessary 
also further cultivated after 
purification)  

GFP fluorescence > 
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Detection of Luciferase (Firefly or Renilla Luciferase) 

PMT Luciferase-

Zellextrakt 
ATP 

Luciferin 

PMT: from http://www.molecularexpressions.com   

Å Very sensitive detection in cell extracts by measuring the 
luminescence generated from luciferase in presence of 
luciferin and ATP. The substrate Luciferin has to be injected 
into the sample, and measured immediately (e.g. by 
integrating for 5 sec) as the emitted luminescence decays 
quickly. Emitted photons are measured with photomultiplier 
tubes.  
Measuring devices: Luminometer   
(also as 96well devices available) 

 

 

http://www.molecularexpressions.com/
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Detection of b-Galactosidase (lacZ) 

Å often by photometry (e.g. in ELISA 
readers) using a yellow substrates, which 
turns red in presence of Galactosidase 
(substrate: CPRG, Chlorophenolred-b-D-
Galactopyranoside). Detection at 595 nm.  

Å Alternative: Chemiluminescence 
measurement  

Å Alternative: Fluorimetric Detection: 
Substrate: e.g. 3-carboxyumbelliferyl 
beta-D-galactopyranoside, CUG is 
converted to a fluorescent product  

Å Microscopical detection: with X-Gal (5-
Bromo-4-chloro-3-indolyl-ß-D-galactoside) 
as substrate: produces a dark blue 
reaction product 
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Lyse cells  

(recommended cell lysis buffer: 0.25M Tris/HCl pH 8.0, 0.25% (v/v) NP40,  
2.5 mM EDTA) 

Pipet about 10 µl of extract into a 96 -well plate (appropriate neg. control / blank: 10 µl of mock 

transfected cells, or non-transfected cells ï as there is a slight endogenous b-Gal activity) ï leave one 
well empty for blank (A -1) 

Add 100 µl substrate solution to the wells (also to the blank -well) 

Incubate until red color develops (min to hours ï depending on b-Gal activity, if you have low activity 
you can also incubate at 37ÁC) 

Optional: Stop with 50 µl of Stop solution (only necessary if you want to time it exactly, e.g. by adding 
the substrate in a timed way and stopping the reaction in the same way)  

Measure with  ELISA Reader at 570 nm (Filter #3) optimum: 595 nm  

Lysis Buffer:  

0.25M Tris/HCl pH 7.4 (or better 8.0)  

0.25% (v/v) NP40  

2.5 mM EDTA  

CPRG-substrate solution: 1 mg/ml (= 1.65 mM)  

in PBS + 10 mM KCl, + 1 mM MgCl2 

alternative substrate buffer:  

60 mM Na2HPO4 pH 8.0, 1 mM MgCl2, 10 mM KCl, 50 mM Mercapto-ethanol 

Stop solution: 0.5M Na2CO3 

b-Galactosidase Assay with CPRG 
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Methods to suppress gene expression 
(RNA interference) 

Antisense-Technologies: to suppress gene expression were started many years 
ago. Early approaches used antisense-oligonucleotides ï but the effect was very 
variable. 

Alternative approaches used long antisense-strands hybridizing to the mRNA: 
This usually leads to downregulation of gene expression ï but quite often not 
only for the targeted gene ï but also unspecifically for other genes. The reason 
is that this is Ăsensedñ by the cells like a long viral dsRNA, leading to virus 
defense mechanisms: activation of PKR (protein kinase R), phosphorylation of 
translation factors and general downregulation of protein synthesis.  

 

Some years ago, scientists found that small dsRNA in the range of 19-21 
nucleotides interferes specifically with target genes, without affecting other 
genes (small interferent RNA, siRNA) ï because they are too small to activate 
virus defense mechanisms.   
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Principle of RNA-interference 

Small dsRNA (siRNA) binds to an 
RNA-induced silencing complex 
(RISC); consisting of argonaute 
proteins.  

Together with the RISC, one RNA 
strand binds to the target mRNA 
and leads to specific degradation 
of this mRNA.  

The RISC complex is Ărecycledñ 
leading to degradation of addition 
mRNA-targets. 
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micro-RNAós ï the biological mechanism to 
suppress gene expression  

miRNAs ï can have 
two effects:  

1) mRNA degradation 

2) inhibition of 
translation (this 
effect often does 
not require a 
100% match with 
the target mRNA!) 
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Chemically synthesized siRNA 

http://www.dharmacon.com/  

http://www.mwgbiotech.com/html/s_synthetic_acids/s_rna.shtml  

 

The two short RNAs are annealed and transfected (usually using 
methods that are suited for short oligonucleotides (e.g. 
Lipofectamine2000 from Invitrogen, XtremeGene from Rocheé).  

 

Design: traditionally the first AA-Duplett is searched ï and the following 19 
bases are checked for GC-content (should be 40 ï 50%), the sequence 
should be target gene specific (checked by BLAST) ï an appropriate RNA 
sequence and the reverse complementary RNA are chemically synthesized 
(and ordered by a company, e.g. Dharmacon, Invitrogen, MWG,é). 

Company homepages often offer a basic siRNA design: 

http://www.dharmacon.com/
http://www.mwgbiotech.com/html/s_synthetic_acids/s_rna.shtml
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Vector-coded siRNA > small hairpin RNA (shRNA)  

Åthe normal transfection methods, optimized for plasmids can be used 

ÅAntibiotics selection genes (e.g. G418, puromyciné) can be included > stable 
Ăknock-downñ cell lines can be generated (www.imgenex.com, 
http://www.oligoengine.com/ ) 

68 

small hairpin RNA: hairpin-loop 

http://www.imgenex.com/
http://www.oligoengine.com/
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Professional Design of siRNA 

Å Design via company website 
http://www.dharmacon.com/designcenter/designcenterpage.aspx  
This delivers a list of several possible sequences (gene specific, 
checked by BLAST) ï with a score based on empirically determined 
criteria: Nature Biotechnology 22, 326-330, 2004 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

criteria (all for sense strand) 19 nucleotide 

siRNA  
(add 2 bases at 5ô after selection > 21)  

score 

1 GC: 30 ï 52% 5  

2 at least 3 A/T at positions 15-19 (last 5) 11.2 

3 absence of internal repeats (Tm < 20 C) 6.4 

4 A at position 19  26.1 

5 A at position 3  14.9 

6 T at position 10  25.0 

7 no G or C at position 19 18.0 

8 no G at position 13 9.3 

Gene replacement strategy 
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gene of interest 
5óUTR 3óUTR 

siRNA 
targeting the endogenous 
mRNA via the 
untranslated region 

mutated gene of interest 

foreign  
3óUTR 

(SV40 
PolyA) 

the mutated gene 
replaces the endogenous 
gene 

good  
promoter 

Expression plasmid containing: 

endogenous mRNA 

http://www.dharmacon.com/designcenter/designcenterpage.aspx
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Important controls in siRNA experiments 

Åscrambled siRNA as negative control 

Åmutated siRNA with some mismatch as negative 
control (note: might act as miRNA !)  

Åother siRNAs targeting the same mRNA should have 
the same effect 

Åif you use shRNA (vector based RNA-interference) 
use an unrelated shRNA as negative control (e.g. 
shRNA vector with scrambled siRNA sequence). 
The empty shRNA vector is not a valid negative 
control 
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Micro-Injection:  

This allows injecting antibodies 

against certain endogenous 

proteins > interfering with their 

functions. However, just a limited 

number of cells (e.g. up to 

hundreds with automated systems) 

can be targeted > the following 

analysis should be a  single cell-

based assay, such as microscopy. 

 

Alternative Methods to influence endogenous 
protein levels 
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Research Methods - Overview 

Åcell culture systems 

Ålabelling and transfection of cells 

Åanalyses of cellular components 

Åanalyses of molecular interactions 

Åfluorescence measurements 

Åmicroscopy 

Åflow analysis (FACS) 

Åanalyses of cellular processes (proliferation, apoptosis..) 
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Analysis of Proteins by SDS-PAGE 
 

S-S 

SO4
- 

- 

- 
- 

- - - 

- 

- 
- - - 

- 
- 

- - - 
- 

- 

reducing agent (DTT) 

or Mercapto-Ethanol 
- breaks disulfide 

bonds 
95ÁC 

SDS ï sodium dodecyl 

sulfate: coats proteins 
with negative charges 
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SDS-Gels 

  For final concentration of gel ( % T): 

  Separating gel (10 ml)  

Stack gel 

(10 ml) 

  7% 10% 12,5 % 15% 5% 

30% Acrylamide-bis 

solution 29:1 
(A) 2.33 3.33 4.17 5 1.67 

4x Separation buffer 

2.5 2.5 2.5 2.5  

1.5 M Tris/HCl pH 

8.8 

4x Stacking buffer 

     2.5 

0.5 M Tris/HCl pH 

6.8 + phenol 
red 

aqua dest. 5 4 3.2 2.4 5.7 

SDS (10 %) 0.1 0.1 0.1 0.1 0.1 

TEMED  0.015 0.015 0.015 0.015 0.015 

APS (10%) 0.03 0.03 0.03 0.03 0.03 

 

2 M Tris -Cl  

(pH 6.8) 

2.4 ml 

SDS 0.96 g 

Glycerol 4.8 ml 

DTT  739 mg 

Bromophenol 

Blue 
4.8 mg 

6x SDS-buffer 
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Ç Coomassie-Blue staining: robust, 
moderate sensitivity (limit º 1 µg) 

Ç Silver staining: elementary silver is 
deposited at the site of proteins, 
very sensitive (limit º 10 ng) 

Ç protein-specific fluorescent dyes: 
SYPRO-Orange, SYPRO-Ruby, 
Deep-Purple 
(compatible with MALDI-TOF, MS) 

Ç Special stainings: Proteoglycans 
(Alcian-Blau), glycoproteins 
(Schiffós Reagent) 

Ç Autoradiographie, Fluorography 

Detection techniques 
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66 kDa  

25 kDa  

separation with 12% Acrylamide: 20 - 80 kDa 

Silver staining 
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Ç Sensitive detection of radioactively labeled proteins 

 

Ç Gel is equilibrated with a radiosensitive fluorophore: 
e.g. Diphenyloxazole (POP), Sodiumsalicylate 

 

Ç Detection by X-ray film or Phoshor-Imager devices 

Fluorography, Autoradiography 
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66 kDa  

30 kDa  

Phospho-Imager detection(1 day exposure)  

Fluorography 

80 

66 kDa  

30 kDa  

X-ray film detection (3 months exposure !!)  

Fluorography II  
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Solutions 
Fixing solution: 50 % ethanol, 10 % glacial acetic acid, ad 100 % with aqua dest.  
Incubating solution (1L): 30 % ethanol, sodiumthiosulfate anhydrous 2g,  sodiumacetat 

anhydrous 34 g, fill up to 1L with aqua dest. Before use add 125 µL of 
glutaraldehyde/50 mL incubating solution.  

Silvernitrate solution (1L): AgNO3 1 g, dissolved in 1L aqua dest.. Before use add 10 µL 
of formaldehyde/50 mL of silver nitrate solution.  

Developing solution (1L): Na2CO3 anhydrous 25 g, dissolved in 1L aqua dest.. Before 
use add 10 µL of formaldehyde/50 mL of developing solution.  

Stop solution (1L): sodium-EDTA 15.78 g dissolved in 1L aqua dest.. 

After electrophoresis, the polyacrylamide gel is taken out of the casting sandwich and 
placed in a clean glass beaker filled with fixing solution. All following steps are 
carried out while gently shaking. The gel has to be incubated with the fixing 
solution for 30 minutes. After fixation an appropriate amount of incubating solution 
including glutaraldehyde (the gel has to be at least covered by liquid) is prepared 
and added to the gel, followed by incubation for 15 minutes, discarding the fixing 
solution and washing with aqua dest. 3x for 5 minutes and 10 minutes incubation 
in silvernitrate solution including formaldehyde. The silvernitrate solution is 
collected (special waste). Developing is carried out by incubating the gel in 
developing solution including formaldehyde until the desired intensity of protein 
staining is reached, followed by discarding of developing solution and adding stop 
solution. The gel should incubate for at least 1 hour in the stop solution. 
Afterwards the gel can be stored in aqua dest. or dried with vacuum.  

Silver Staining of PAGE Gels 

EMSAós (Electrophoretic mobility shift assays) 

éused to monitor active transcription factors (by binding to short, labeled 
oligonucleotides comprising the bound DNA sequence) 

Example: 
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Defining the composition 
of TF-complexes using 

antibodies and supershifts 

supershift 
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Ç Separation of proteins 
according to their isolelectric 
point (pH at which they are 
not charged) 

Ç Usage of immobilized pH-
gradients (Ampholines) 

Ç native IEF or denaturing IEF 
(urea) can be done 

Isoelectrical Focussing (IEF) 
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Ç for analyses of complex protein mixtures 

 (­ Proteomics) 

Ç combination of IEF (1. dimension) and SDS-PAGE (2. 
dimension) 

Ç high separating resolution (> 1000 Spots) 

Ç Protein pattern databases are available and software 
for pattern comparison 

Ç identfication of spots by mass spectrometry or by 
immunological methods (immunoblotting)  

2D-Electrophoresis 

86 

Principle of 2D-Electrophoresis 
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2D-SDS-PAGE 

2D-DIGE (Difference Gel Electrophoresis) 

Protein extracts from 
two different samples 
are labeled with two 
different fluorescent 
dyes (e.g. Cy2 and Cy3) 
and mixed (usually 
together with a pooled 
standard mixture 
labeled with a 3rd dye, 
eg. Cy5). 

2D-PAGE is performed, 
followed by scanning of 
the gel with the 3 
wavelengths exciting 
the 3 dyes > the results 
are compared by 
computer analysis 
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ÇWestern Blotting: Electrophoretic protein-transfer 
from a gel (mostly SDS-PAGE) onto a membrane 

 

ÇMembranes:  Nitrocellulose,  
                    Polyvinyl-difluorid (PVDF) 

 

Ç detection via enzyme-coupled antibodies 

  

Ç Enzymes: - Horse Radish Peroxidase (HRP) 

      - alkaline phosphatase (AP)  

Immunoblotting  
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Immunoblotting  II  
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Wet Blotting 
equipment 

92 

Blotting conditions 
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Semidry blotting (BioRad) 

Å wet Millipore Immobilone -P 
membrane in MeOH, rinse with 
water, then 1 min. in Blotting buffer:  
25mM Tris Base 
150 mM glycine 
10% methanol  
(make a 90% stock without MeOH, 
which is then added freshly)  
filter 0.2 mm !!!  

Å wet 5 3MM filter papers -> anode 
Å then wetted membrane  
Å then gel 
Å then 5 wetted filter papers  
Å wet cathode, close lid quickly 

without moving back and forth.  
Å blot 250 mA for a small Bio-Rad gel 

(should be 20, increasing to 30 V) 
for 30 min.  
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Chromogenic 
detection of HRP 

Immunoblotting: various substrates  

Chemiluminescence
-substrate 
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Western Blot Protocol 

Å Detection:  
Å block 1 hour to O/N in PBS/5% milk at RT    
Å wash 3x PBS/0.1%Tween 20 
Å 1st AB in PBS/Tween, 1 h  
Å wash 3x 5 min PBS/0.1%Tween 20    

  
Å add 2nd AB in PBS/Tween (e.g., peroxidase-conjugated donkey 

anti-rabbit Amersham, at 1:10.000) for 1 hour  
Å wash 3x 5 min 

 
ECL-system:  

Å combine equal volumes of soln. A and soln. B (Amersham ECL or 
Pierce SuperSignal WestPico) 

Å add to filter, incubate 1 min. (Amersham), or 5 min (Pierce)  
Å roll away, cover with saran wrap, expose within 10 min.  
Å (exposure times can vary between  seconds and 20 min.) 
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Advantages: almost no cost; stable/reproducible, stored in frozen aliquots  

To 10 mls of 100 mM Tris pH 8.5 (RT), add 

50 µl luminol (warm to redissolve)  

22 µl of coumaric acid (warm to redissolve)  

3 µl of H2O2 (fresh < 6 months)  

Pour onto blot for 1 minute and process as normal (10 ml enough for 100 
cm2) 

Stock luminol : 250 mM 3-aminopthalhydrazide (Fluka #09253); 266 
mgs in 6 mls DMSO; store frozen in 60 µl aliquots.  

Stock coumaric acid : 90 mM coumaric acid (Sigma C9008): 38 mgs in 
2.5 mls DMSO; store frozen in 25 µl aliquots.  
 
 
STRIPPING of membranes:  with 2% SDS, 62.5mM TRIS pH6.8, 
100mM Beta-mercaptoethanol for 30 min at 50ÁC 

ECL reagent: selfmade version 
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Ç Interaction between antibody and 
antigen in solution 

Ç Isolation of immuno-complexes by 
Protein A- Agarose (Sepharose) ï Beads 
Protein A = IgG-binding protein of 
Staphylococcus aureus 

 Alternative: Protein G: often used for 

mouse monoclonal antibodies, which are not 
well bound by Protein A 
 
- or antibody covalently linked to activated 

Sepharose (CNBr-activated) 

Ç Analysis by SDS-PAGE 

Immunoprecipitation  
Antigen 
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Example of an Immunoprecipitation 

Proteins labeled unspecifically with 35S-methionine > specific detection of a 
protein of interest by immunoprecipitation > fluorography  
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Ç proteolytic processing 

Ç Glycosylation 

Ç Phosphorylation 

Ç Ubiquitination 

Çé. 

 

Analysis of post-translational 
modifications 
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Ç in vivo: cultivation of cells in presence of selective 
proteinase inhibitors 

Ç inhibition of intracellular proteinase (in cytosol, ER, 
Golgi) is possible just with membrane permeable 
inhibitors 

Ç inhibitors that are not membrane permeable act just 
in the extracellular environment, in endosomes and 
lysosomes  

Ç in vitro: Incubation with specific proteinases  

Analysis of proteolytic processing 
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101 Z-FA-CHN2 .... Benzyloxycarbonyl-Phenylalanyl-Alanyl-
Diazomethane (inhibits cysteine proteinases) 

Z-FA-CHN2 

Proteolytic processing (in vivo) 

102 

Ç in vivo:  Biosynthesis in presence of inhibitors 

Ç Tunicamycin: inhibits the initiation of N -Glycosylation 

Ç Processing of N-Glycans blocked by Glycosidase-
Inhibitors  

Detection of N-Glycosylation 

Tunicamycin (mg/ml)     0    0.1  0.5  
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Endo H ....  Endoglucosaminidase H; cleaves just 
 Mannose-rich N-Glycans 

PNGase ... Peptid:N-Glycosidase F ("N-Glycanase") 

Analysis of Glycosylation (in vitro) 
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Ç in vivo: metabolic labelling with 
[32P]Phosphate (e.g. in presence or 
absence of an expression or suppression 
construct for a specific kinase, followed by 
immunoprecipitation) 

Ç in vitro:  
- Incubation with alkaline Phosphatase 

 - Phospho-aminoacid analysis (DC) 

      - Kinase-Assays   

Ç Immunoblotting/Immunprecipitation  
  (e.g. with anti -phospho- 
specific Antibody or for instance anti-
Phosphotyrosin) 

Analysis of Phosphorylation 
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PNGase ... Peptid:N-Glykosidase F ("N-Glykanase") 

AlkPhos ... Alkaline Phosphatase 

In vitro Phosphorylation Analysis 
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Immunoprecipitated Kinase 

 

antibody 

Agarose-Bead 

 

substrate phosphorylated substrate 

32P-gATP + 

1. Immunoprecipitation of the kinase  

2. Kinase-Reaction in presence of 32P-g-ATP 

3. SDS-PAGE and Fluorography 

in vitro Kinase Assay 
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Lysis buffer (final conc.):  for 20 ml:  

20 mM Tris/HCl pH7.5400 µl 1 M150 mM NaCl600 µl 5 M25 mM b-glycerophosphate500 µl 1 M2 mM EDTA80 µl 0.5 M2 mM 
pyrophosphate400 µl 0.1 M1 mM orthovanadate200 µl 0.1 M1% Triton X-1002 ml 10%1 mM DTT20 µl 1 M1 mM 
NaF20 µl 1 MA. dest.15.8 ml  

Protease Inhibitors: added before use (Leupeptin, Pepstatin, Pefa-Block) according to stock 

Kinase buffer (final conc.):   for 20 ml:  
20 mM Tris/HCl pH7.5400 µl 1 M20 mM b-glycerophosphate400 µl 1 M100 µM orthovanadate20 µl 0.1 M10 mM 
MgCl2200 µl 1 M50 mM NaCl200 µl 5 M1 mM DTT20 µl 1 M50 µM ATP50 µl 20 mM1 mM NaF20 µl 1 MA. dest.18.7 
ml  

Lyse cells (in 6 wells) with 500 µl per well of Lysis buffer (+ protease inhibitors):  
20 min at 4ÁC.  

Clear by centrifugation (14000 rpm, 4ÁC 15 min Eppendorf centrifuge). Save an aliquot (30 µl) for Western blotting.  

Immunoprecipitate the kinase (e.g. with 10 µl anti -flag affinity matrix beads, Sigma, for flag -tagged transfected kinase; or 
with appropriate antibody for endogenous kinase + Protein A -Sepharose or directly coupled to agarose): 2h at 4ÁC 
(rotating).  

Wash the beads: 3x with 1 ml PBS (4ÁC), 1x with 1 ml Kinase buffer (4ÁC): pellet the beads by centrifugation (14000 rpm, 
4ÁC, 45sec) and remove the supernatant.  

Prepare Kinase buffer: add MnCl2 to 10 mM (stock: 1 M) and 32P-g-ATP (5 µCi per sample, usually 1/10 volume, i.e. 1 µl 
of stock solution for one 10 µl assay) and preincubate at 30ÁC for 10 min.  

Add  1 µg substrate: GST-IkB (1 µl) or mutant substrate (as control) to the beads; add 10 µl kinase buffer, mix gently and 
incubate at 30ÁC for 30 min (or longer).   

Stop the reaction by addition of 4x SDS-sample buffer (4 µl) and perform SDS-PAGE with the samples, followed by fixation 
of the gel (10% methanol, 10% HAc), drying and autoradiography.  

For detection with PhastGel: use only 5 µl beads, 5 µl kinase buffer, 0.5 µl substrate and 2 µl 4x SDS-sample buffer: Run a 
12.5% PhastGel with 4 µl per sample 

Kinase Assay- Protocol 

Detection of Ubiquitination 

Å transfection of a tagged ubiquitin 
(e.g. His-tagged) together with the 
gene of interest (e.g. flag -tagged) 

Å immunoprecipitation of the gene 
of interest  

Å optional: resuspend and heat the 
beads in 1% SDS-buffer, dilute to 
0.05% SDS and repeat 
immunoprecipitation to get rid of 
potential co-precipitating, 
interacting proteins.   

Å resuspend and heat the beads in 
SDS-PAGE buffer 

Å SDS-PAGE 

Å Western Blot for the His-tag 

Potential set-up: 
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Çmost often used: density gradient centrifugation  

 

Ç coarse separation: differential centrifugation  

 

Ç Detection of subcellular compartments by specific 
markers (enzymes that are nearly exclusively in that 
compartment) 

Subcellular Fractionation 
(Separation of subcellular compartments) 
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Differential centrifugation  
 

Subsequent centrifugation steps with increasing g-force 
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Gradient centrifugation:  
 

Samples are usually layed on top of a gradient, proteins 
or compartments migrate through the gradient in Ăzonesñ  
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Ç Gradients: continuous ª discontinuous (Ăsteps") 

Ç self-forming gradients (e.g. Percoll)  

 (density equilibrium centrifugation)  

Ç samples are either layered on top of the gradient or at the 
bottom 

Ç Fractionation after the centrifugation (e.g. by peristatic 
pump and fraction collector)  

Density gradient centrifugation  

A B 

A 

B 

0 

100 
0 

100 

volume (or time)  Magnetic stirrer 

gradient mixer:  
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Ç Sucrose: low molecular weight (342 Da), 

   osmotically active 

 

Ç Ficoll: copolymerisate of Sucrose and 
 Epichlorhydrine; Mr º 400 000 Da 

 

Ç Percoll: colloidal silica gel 

 

Ç special case for DNA: Cesiumchloride
  

Substances to generate density gradients 
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Self-forming gradients (e.g. Percoll..)  
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Separation of lysosomes (*) and Golgi ( )̧  

in a continuous Percoll gradient (density º ) 

Example for a density gradient centrifugation  
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Research Methods - Overview 

Åcell culture systems 

Ålabelling and transfection of cells 

Åanalyses of cellular components 

Åanalyses of molecular interactions 

Åfluorescence measurements 

Åmicroscopy 

Åflow analysis (FACS) 

Åanalyses of cellular processes (proliferation, apoptosis..) 
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Methods to investigate macromolecular interactions 

ÅInteraction screening with phages (Phage Display) 

ÅYeast 1-Hybrid System (protein : DNA) 

ÅYeast 2-Hybrid System (protein : protein)  

ÅMammalian 2-Hybrid System 

ÅGel-Chromatography 

ÅCo-Immunoprecipitation  

ÅFluorescence Resonance Energy Transfer (FRET)  
ï see fluorescence methods 

 

118 

Interaction screening with phages  
(Phage Display) 

A gene library is expressed on the 
surface of appropriate phages (e.g. 
M13), which are incubated with specific 
target proteins immobilized on plates. 
Unbound phages are washed off; bound 
phages are eluted by lowering the pH.  

3-4 x 

Bound phages are amplified and again 
incubated with plates containing the target 
proteins ï this repeated 3 ï 4x to enrich the 
specifically binding phages. Clones are isolated 
and sequenced > Sequence of the binding 

protein 


