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Nr. Nachname Vorname Thema
Teilnah

me

1 Al-Halhouli Mohammad
Elektrophorese 

DNA Extraktion
X

2 Cenova Iva Krasimirova Zellbiologische Grundlagen X

3 Donchev Doncho

4 Frank Andreas Zellkulturtechniken X

5 Hilzensauer Alexander (x)

6 Kleiser Stefan

7 Lu Ming

8 Vellinger Martin

9 Zaß Anja Real Time PCR X

2.2.3  Hands-on course 2008/2009

Thema 1        Immunoassay und Photometrie:             Immunofärbetechniken und wie man sie optisch auslesen kann. 

Thema 2        Zellbiologische Grundlagen:        Aufbau der einzelnen Zellarten und Besonderheiten (gram-positive, 

negative...) 

Thema 3        Zellkulturtechniken:                                 Wie arbeitet man mit Zellen? Techniken, Verfahren... 

Thema 4        Grundlagen Gentechnik:                         Von grundlegenden Begriffen  wie DNA, Gen bis grundlegenden 

Techniken wie PCR, Ligation, Restriktionsverdau 

Thema 5        Genetische Techniken:                            Wie man Gene in Zellen bekommt, nachweist und wiedergewinnt 

Thema 6        Generelles zur PCR                                 Die Grundidee, Techniken und Anwendungen 

Thema 7        Real-time PCR                                         Detaillierte Beschreibung dieser Technik und der Varianten davon 

Thema 8        Elektrophorese und DNA-Extraktion:    Grundlagen zu beiden Techniken 
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2.2.3  Preliminary Time Table 2008/2009

Tag 1 Tag 2 Tag 3 Tag 4

9:00 Einführungsvortrag_Roth Immunoassay 1 / DNA-Extraktion 2 Einweisung Zellkultur_Welsche Auswertung Zellkultur +

Studentenvorträge 1-4 Zellkultur 1 / PCR 2 Auswertung Massenausstrich +

10:00 Informationen für Protokolle 1 /

Elektrophorese 2

11:00 Sicherheit_Birkle

biologische Sicherheit_von Stetten Mittagspause Mittagspause

12:00 Einführung/Versuchsablauf Mittagspause

Mittagspause Immunoassay 2 / DNA-Extraktion 1 Auswertung Zellkultur +

13:00 Zellkultur 2 / PCR 1 Auswertung Massenausstrich +

Ansetzen von Lösungen alle Informationen für Protokolle 1 /

14:00 Elektrophorese 2

15:00 Transformation alle

Studentenvorträge 5-8 Auswertung Transformation alle

16:00 Massenausstrich alle

To dos

1. Register (all with x, are registrated allready)

2. Select a theme

3. Read Email that will be sent tomorrow

4. Contact theme assistant in first week of February (at latest)

5. Send draft of talk to assistant on 09.02.2009

6. Appear at Monday 16.02.2009

7. Give 15 to 20 min talk about theme

8. Be there for the course
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2.2.3  Outline

2.4. Microbiological methods

2.4.1. Sterile working

2.4.2. Isolation and cultivation of micro organisms

2.4.3. Reference stocks / Cell banks 

2.4.4. Germination number

2.4.5. Growth

2.4.6. Bacteriophages

2.4.7. Antibiotics

2  Molecular Biotechnology

2.4  Microbiological methods 2.4.5  Growth
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Definition and History of Antibiotics

0 Antibiotic are agents (which are produced by microorganisms and) 

kill or inhibit the reproduction microorganisms

ü Bacteriostatica (no growth or replication)

ü Bacteriocidics (kill)

ü Bacteriolytics (destroy)

0. Antibiotic observance by Ernest Duchesne (1897)

1. Antibiotic by Paul Ehrlich produced Arsphenamin (1910), organic 
arsenic compound against syphilis

2. Antibiotic by Alexander Flemming found Penicilin (1928), broad 
band antibiotics, but first use around 1940!

3. Follow up antibiotics by Rene Dubos (Tyrothricin, too toxic), 
Selman Waksman (Streptomycin, tuberculosis)

Source: Lab FAQS, Roche

2  Molecular Biotechnology

2.4  Microbiological Methods 2.4.7  Antibiotics
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Some samples of Antibiotics

Antibiotic Mechanism of action Mechanism of resistance

Ampicillin (Amp), 

a Ăb-lactamñ 

antibiotic

Binds covalent in the active center of the 

enzyme for crosslinking cell walls ­

dividing bacteria die (cell wall synthesis)

A resistance gene (Ăblañ) codes 

a b-lactamase which disrupts 

the b-lactam ring

Chloramphenicol 

(Cm)

Prevents the formation of peptide bonds 

by binding to the 50 S ribosomal subunit 

(translation)

A resistance gene (Ăcatñ) codes 

a acetyltransferase which 

acetalates Cm

Kanamycin (Kan) Translation error by binding to the 70 S 

ribosome (translation)

A resistance gene (ĂKanñ) 

codes a phosphotransferase 

which inactivates Kan

Ampicillin, b-lactam-Ring

Source: Lab FAQS, Roche

2  Molecular Biotechnology

2.4  Microbiological Methods 2.4.7  Antibiotics

Chloramphenicol Kanamycin
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Systematic of Antibiotics (Point of action)

0 Cell wall: prevention of enzymes for cell wall synthesis  

ü Influence on the crosslinking of the cell walls (e.g. b-
lactam antibiotics like penicillin and ampicillin)

ü Glycopeptides, e.g. vancomycin: integration in GRAM (+) 
cell wall ­ pore formation

0 Cell membrane: integration in the cell membrane, properties 
of ion channels

0 Replication: Inhibition of gyrase (gyrase inhibitor, produced 
synthetically)

0 Transcription:

ü DNA intercalators: (e.g. daunomycin)

ü Bonding to RNA-polymerase (e.g. rifampicin)

0 Translation: Influencing protein biosynthesis at the ribosome 
(e.g. tetracycline, chloramphenicol, kanamycin)

0 Synthesis antagonists: Block synthesis of the coenzymes 
e.g. tetrahydrofolic acid a methyl group donor in the 
metabolism (Sulfonamides)

DNA-intercalator daunomycin

Source: Koolman, Taschenatlas der

Biochemie; Wikipedia

3
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Application of Antibiotics

0 Medicine: Therapy against bacterial infections

0 Micro- and molecular biology:  
ü Selection of antibiotic resistant bacteria. 

ü Selection of bacteria which contain a vector (e.g. plasmid, transposon) with antibiotic 
resistance gene (coupling of antibiotic resistance to cloned DNA fragment)

Restriction site of the 

Multiple Cloning Site

DNA fragment with 

complementary 

Site for cloning

Anwendung von Antibiotika zur Selektion von Bakterien mit Resistenzplasmid. 

E. coli

Origin of 

Replication

Multiple

cloning site

Reporter Gen

(LacZ, codes 

b-Galactosidase)

Ampr (Ampicillin resistance gene)

Plasmid

Sac I

Not I

Xba I

Bam HI

Sma I

Pst I

Eco RI

Eco RV

HindIII

Cla I

Sal I

Xho I

Apa I

Kpn I

Growth of E. coli on 

LB-agar with ampicillin and IPTG 

(inductor for LacZ), X-Gal 

(chromogenic substrate for enzyme 

b-galactosidase) 

­ Blue-White-Screening

LacZ-Promotor

2  Molecular Biotechnology

2.4  Microbiological Methods 2.4.7  Antibiotics
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2  Outline

1. Introduction

1.1 Definition

1.2 History

1.3 Fields of the Biotechnology

1.4 Applications for Microsystems

2. Molecular Biotechnology

2.1. Introduction

2.2. Micro- and Molecularbiological Basics

2.3. Laboratory, Instrumentation & Automation

2.4. Microbiological Methods

2.5. Molecularbiological Methods

2.6. Genome Sequencing

2.7. Analysis of the Gene Funktion

2.8. Active Pharmaceutical Agents Research

2.9. Industrial Contribution to Recombinant Antibodies

2  Molecular Biotechnology

2.5  Biomolecular  Methods
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2.2.3  Outline

2.5. Biomolecular Methods

2.5.1. Buffers and Media

2.5.2. Peptide and Protein Analysis

2.5.3. Nucleic Acid Analysis

2.5.4. Enzymes for Modification of Nucleic Acids

2.5.5. Application of PCR in Genetic Engineering

2.5.6. Mutagenesis and Selection for Strain Improvement

2.5.7. Cloning Methods

2.5.8. Expression of Recombinant Proteins

2.5.1  Buffers and Media

2  Molecular Biotechnology

2.5  Biomolecular Methods
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Buffers ïProduction and Buffer Ranges

0 Production

ü Production of stock solutions, e.g. Ă10xñ

ü De-ionised water (conductivity < 18 MOhm/cm)

ü pH Adjustment

Á pH is temperature dependent!

Á pH-electrode can be damaged by some reagents (SDS)

ü Autoclaving

ü Reactive components sterilize by filtration (e.g. SDS, glucose, b-
mercaptoethanol)

0 Buffer ranges and pkS values of some typically used buffers

6,2

7,3

7,6

8,1

9,3

10,4

pH 5,5 6 6,5 7 7,5 8 8,5 9 9,5 10 10,5 11 pkS

MES

MOPS

HEPES

TRIS

CHES

CAPS

Source: Lab FAQS, Roche

2.5.1  Buffers and Media

2  Molecular Biotechnology

2.5  Biomolecular Methods
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Important reagent components by Function (I)

0 Osmolality, Cofactors
ü NaCl

ü MgCl2: Magnesium is e.g. responsible for function of Taq polymerase

0 Buffering
ü Tris (tris(hydroxymethyl)aminomethane)

0 Stabilization, Density enhancement and ĂBlockingñ
ü Saccharose: non-reducing sugar, e.g. as stabilizer in drying

ü Glycerin: sugar alcohol, e.g. as cryoprotectant, for density enhancement

ü PEG (polyethylenglycol): cryoprotectant, Ăblockingñ of surfaces

ü Proteins: gelatine, casein, BSA (bovine serum albumin): ĂBlockingñ of surfaces

ü Salts: ammonium sulfate (Stabilization of proteins)

0 Complexing agents
ü EDTA (ethylendiamintetraacetatic acid): chelating agent, reduced enzyme activity, e.g. of 

metalloproteases

0 Flocking agents
ü Ammonium sulfate: ionic flocking of proteins (salt out), antichaotropic bonding

Quelle: Lab FAQS, Roche

2.5.1  Buffers and Media

2  Molecular Biotechnology

2.5  Biomolecular Methods
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Important reagent components by Function (II)

0 Detergents

ü Anionic: SDS (sodium dodecyl sulfate)

ü Cationic: CTAB (cetyl trimethylammonium bromide)

ü Nonionic: Tween 20, Triton X-100

0 Alcohols

ü Phenol: two phases with water: for nucleic acid extraction

ü Butanol: two phases with water, enrichment of nucleic acids

0 Chaotropic reagents (dissolve hydrogen bonds)

ü Guanidin-HCl

ü Urea

0 Staining

ü Nucleic acids: Ethidium bromide (Mutagen, toxic), SYBR Green

ü Proteins: Coomassie Blue, Silver

0 Culture medium for E. coli

ü LB-agar

0 Gene expression

ü IPTG (Isopropyl b-D-thiogalactopyranosid): Inductor for promoter of the LacZ Gene

ü X-gal: chromogenic substrate for b-galactosidase
Quelle: Lab FAQS, Roche

2.5.1  Buffers and Media

2  Molecular Biotechnology

2.5  Biomolecular Methods
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Applications for Reagents of different Components

0 DNA electrophoresis

ü ĂRunning bufferñ: TAE (Tris, Acetic Acid, EDTA), pH 8,0

ü Agarose gel: TAE Buffer + Agarose, cook, cool down

ü ĂLoading bufferñ for gel lanes: glycerin, bromophenol blue

0 RNA electrophoresis

ü DEPC (Diethylpyrocarbonat) treated water (enzyme inactivation by 
modification of Histidyl-residues ­ RNase free)

ü Sample buffer: MOPS, formaldehyde, formamide (denaturation of RNA ­
Dissolving of hairpin structures

0 Protein electrophoresis (SDS PAGE)

ü ĂSample bufferñ: Tris, SDS, b-mercaptoethanol (disrupts disulfide bridges), 
glycerin, bromophenol blue

ü ĂRunning bufferñ: Tris, SDS, glycin (stabilisation)

ü Polyacrylamide gel: H20, Tris pH=8,8, SDS, acrylamide, N,Nó-
methylenbisacrylamide (content of crosslinkers variable), ammonium 
persulfate (APS ­ Initiation of radical polymerisation), TEMED 
(tetramethylethylendiamin ­ Catalysis of polymerisation)

Quelle: Lab FAQS, Roche

2.5.1  Buffers and Media

2  Molecular Biotechnology

2.5  Biomolecular Methods
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2.2.3  Outline

2.5. Biomolecular Methods

2.5.1. Buffers and Media

2.5.2. Peptide and Protein Analysis

2.5.3. Nucleic Acid Analysis

2.5.4. Enzymes for Modification of Nucleic Acids

2.5.5. Application of PCR in Genetic Engineering

2.5.6. Mutagenesis and Selection for Strain Improvement

2.5.7. Cloning Methods

2.5.8. Expression of Recombinant Proteins

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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Rules for Working with Proteins

0 Avoiding degradation

ü Use of appropriate protease inhibitors 

(e.g. EDTA, cocktails with different 

inhibitors)

ü Reducing agents avoid oxidation of 

thiol- and cysteingroups: e.g. b-

mercaptoethanol, dithiothreitol

0 Stabilize protein solution

ü Ions: NH4
+

,, SO4
2-, K+, Cl-

ü Nonreducing sugar (saccharose), 

sugar alcohols (glycerin, xylitol): 

prohibition of reactions between 

amino groups and reducing sugars                                                                                             

ü Osmolytes: mono- and 

polysaccharides, neutral amino acids 

(glycin)

ü Proteins: stabilization of highly diluted 

protein solutions (e.g. with BSA)

ü Improvement of viscosity by PEG ­

reduced aggregation

0 Storage

ü Identify optimal storage buffer ­ test 

the activity of the protein

ü Short term storage in the refrigerator

ü No freezing of samples in 50 % 

glycerin or 3 M ammoniumsulfate ­

denaturation by coldness

ü Avoid periodically freezing and 

melting (shear forces due to 

crystallization)­ monthly factoring

ü Shock freezing in liquid nitrogen and 

long term storage after addition of 10 

% glycerin

0 Handling

ü Work on ice

ü Wear gloves

ü Avoiding fierce Vortexen, shaking and 

pipetting

ü Avoiding dust contains ca. 60 % 

creatines

ü Never re-pipette used solutions

Quelle: Lab FAQS, Roche

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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Methods of Protein Analysis

0 Isolation and Cleaning

ü Production of protein extracts

ü Separation via polyacrylamide gel electrophoresis

ü Detection in gels

ü Precipitation

ü Removal of detergents

ü Dialysis

ü Column chromatography

ÁSize exclusion chromatography

ÁHydrophobic-interaction chromatography (Gel filtration)

Á Ion-exchange chromatography

ÁAffinity chromatography

ü Antibodies

ü Metals

0 Quantification

0 Sequencing via Tandem Mass Spectroscopy
Quellen: Wink, Molekulare Biotechnologie; Lottspeich, Bioanalytik

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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Production of protein extracts

0 Base material:
animalistic and herbal tissue, 
blood, milk, cell cultures, 
recombinant proteins

0 Tissue: homogenising in 
presence of extraction buffer 
(e.g. with Ultra-Turrax)

0 Cells:

ü enzymatic decomposition: e.g. 
lysozyme and detergents (have 
to be removed)

ü mechanic decomposition: e.g. 
with swing mill, ĂFrench Pressñ or 
ultrasound

0 Removal of insoluble 
components in refrigerated 
centrifuge resp. ultracentrifuge 
(before HPLC)

Polyacrylamide Gel electrophoresis 
(PAGE)

ü Separation by charge and molecule 
size

ü Use only for analysis

Á Pattern recognition

Á Sequencing of bands

0 Native PAGE

ü Protein activity remains!

ü Isoelectric focusing (IEF) by pH 
gradient gel: 
1st Dimension of a 2D-PAGE ­
Separation only by IEP

0 Denaturating SDS PAGE

ü Denaturation of proteins with SDS ­
negative charge (masking)

ü Separation only by molecule size (­
pore size)

ü 2nd Dimension of the 2D-PAGE

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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Production of a Polyacrylamide Gel

Polymerisation of acrylamide and N,N-methylenbisacrylamidVertical electrophoresis chamber

Casting of a gel between two glass

plates with comb and spacer

Acrylamide N,N-Methylenbisacrylamid

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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2D Polyacrylamide Gel Electrophoresis

1st Dimension: Isoelectric focusing

pH Gradient
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Sample loading

Note: The pictures for 1st and 2nd 

dimension are taken from different 

proteins+

+
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-

2  Molecular Biotechnology
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Standard sizes (molecular weight 

marker, examples)

0 Insulin chain B 3 kDa

0 Lysozym 14 kDa

0 BSA 66 KDa

0 b-Galactosidase 116 kDa

Detection in gels

Precipitation (Preparative)

0 Precipitation substances

ü Ammoniumsulfate (Ăsalt outñ)

ü Acetone

ü Chloroform-Methanol

0 Protocol

ü Sample + precipitation substance

ü Mixing

ü If necessary 30 min cooling

(0 °C .. -20 °C)

ü Centrifugation (5 min, 10.000 g)

ü Removal of supernate

ü Air-drying of pellet

ü Solve pellet in buffer

Staining methods Sensitivity 

[ng / Band]

Coomassie Blue 100

Silver 1

SYPRO Fuorophor 1

2  Molecular Biotechnology

2.5  Biomolecular Methods 2.5.2  Peptid and Protein Analysis
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Use of detergents

0 For Dissolving of proteins with 

hydrophobic ranges (e.g. 

membrane-bound proteins)

0 For denaturating gel 

electrophoresis

Removal of detergents

0 Ionic detergents

ü Size exclusion chromatography

ü Dialysis

0 Nonionic detergents

ü Dialysis

ü Affinity chromatography

Dialysis

0 Goal: buffer change of a sample

0 Choice of dialysis tube after 

Molecular-Weight-Cut-Off

0 Protocol:

ü Pretreatment of the dialysis tube: 

cooking in EDTA, store in 

ethanol

ü Insert protein solution in dialysis 

tube

ü Dialysis against buffer in stirred 

beaker glass

ü Over night at 4 °C

0 Alternative method: Size 

exclusion chromatography

2  Molecular Biotechnology
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Size exclusion chromatography Hydrophobic interaction 

chromatography

0 Principle: hydrophobic molecules 

bind at high ionic strength at 

hydrophobic surfaces

0 Protocol:

ü Adsorption in presence of high 

salt concentration

ü Elution: Reduction of salt 

contents in linearly decreasing 

gradients

1. Loading 2. Separation

Elution volume

A
 2

8
0

 n
m

Flow

direction

Solid phase

Chromatogram

2  Molecular Biotechnology
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