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WHO WE ARE AND 
WHAT WE DO
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Shareholders
• IMP, GMI, IMBA, MPL

• Each with their own agenda
• Focus on services for the campus

Funders
• City of Vienna

• Focus on services for companies within 
Vienna

• Austrian Government
• Focus on services for all scientists within 

Austria

Scientific Community
• Good laboratory practice, benchmarking

• Focus on promoting world-wide science

ProTech Services
• Cloning

• Different strategies, multi-gene 
expression, …

• Expression
• E.coli, insect cells, HEK cells
• Small scale (construct/expression 

strategy screens)
• Large scale (liters)

• Purification
• Small scale (to screen for optimal 

expression/purification strategies)
• Large scale (for subsequent use)

• Biophysical characterization
• Details later on

WHO WE ARE
WHAT WE DO



THE 
REPRODUCIBILITY
CRISIS
What is the current 
situation



Lot of time is spent on poor quality samples

The best experiments in the world will turn garbage in expensive garbage

Improving the quality of the samples is essential to improve the quality of the 
results we produce

ANALYSIS OF THE SITUATION AT CORE FACILITIES IN 

DIFFERENT EUROPEAN INSTITUTIONS



THE INTERNATIONAL 
POSITION



RESEARCHER OPINION
• “I do not have time…”

• “My boss thinks it is a waste of time…”

• “It is the way we have prepared samples in the lab for the last ten 
years….”

• “But some experiments have worked with this sample…”

• “I do not know how to do it…”

• “I will do the experiment anyway it may work…”



THE REALITY:

QUOTING PEOPLE’S EXPERIENCE WITH 
SAMPLE NOT FULLY VALIDATED

• “ We expressed a human protein in insect cells. We visualize by Coomasie
stain in PAGE-SDS a protein band with a “correct” MW. We succeed to
crystallize, and only then we “discover” that we did not crystallize our
target. It was an ubiquitous insect cell protein ”

• “ We expressed a yeast protein. We visualize by
Coomasie staining in SDS-PAGE a protein band with a
“correct” MW. We did interaction studies and could
not reproduce our previous data. After a test by mass
spectrometry we have discovered that we were
missing 4 amino acids at one end that were essential
for the interaction.”

• “ I have done many unsuccessful tests of
crystallization with my protein. I finally decide to do a
simple quality test. I noticed that the protein was not
homogenous in the buffer I used for purification. After
buffer optimization, I have obtained a homogenous
protein that crystallized.”



PROTEIN QUALITY 
CONTROL
Why checking protein 
quality matters



List of minimum information you should know about your protein

Survey on protein quality control for statistical analysis

PROTEIN QUALITY 
CONTROL

Association of Resources for Biophysical
Research in Europe

Protein Production and Purification
Partnership in Europe

http://structuralbiology.eu/networks/p4euhttps://www.arbre-biophysics.eu/

http://arbre-mobieu.eu/
https://www.arbre-biophysics.eu/


Protein name and full primary structure, by providing a NCBI or UniProt accession 
number and cloning strategy

Protein concentration
• Specifying the method used for quantification and the molar extinction coefficient at 280nm, if 

applicable

Storage conditions
• i.e. final buffer composition (pH, buffers, salts and additives), storage temperature or 

lyophilization conditions 

WHAT? - MINIMUM INFORMATION 
ABOUT YOUR PROTEIN



Gain additional information from primary structure using SW tools
• Molecular weight
• Amino acid / atomic composition
• Number of Residues
• Potential foldstate
• …

• ExPASy ProtParam (http://web.expasy.org/protparam/ )
• pI
• In vivo / in vitro stability

• Marius Clore Group NIH Protein Calculator (https://www.gmclore.org/clore/ )
• Molecular weight (including isotopes)
• Molar Absorptivity @ 280nm AND @205nm

• Alphafold
• Possible structures

WHAT? – ADDITIONAL INFORMATION 
ABOUT YOUR PROTEIN

http://web.expasy.org/protparam/
https://www.gmclore.org/clore/
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Purity

Homogeneity

Identity

Fold State

Batch to Batch consistency

PROTEIN QUALITY 
CONTROL

minimum
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SDS-PAGE or similar (Protein contamination)
• Fluorescent / silver staining recommended!

UV-vis spectrum from 200 nm to 340 nm or higher
• DNA / small molecule contamination + protein concentration as bonus!
• Don’t use the Nano drop (<10mg/ml)

1cm cuvettes are your friend!

PURITY
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Size Exclusion Chromatography +

Static Light Scattering (SEC-MALLS)

Dynamic Light Scattering (DLS)

Mass photometry (Refeyn One)

HOMOGENEITY

diffusion / size

size / shape / 
column interaction
+ mass

Single particle mass distribution
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Intact mass spec

Peptide mass fingerprint mass spec

IDENTITY
molecular mass

peptide sequences
(from mass)
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“Melting” using CD / Thermofluor / nanoDSF (Prometheus) / DSC etc.

Batch to Batch consistency
• CD / DLS or any method mentioned before

FOLD STATE

Trp f lu ore sce n ce  @ 3 3 0 n m
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F330
double boltzman fit

temperature dependent “steps”secondary / tertiary structure
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SURVEY ABOUT QC
31 institutions

47 laboratories

186 samples
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RESULTS
31%

69%

Failed at least one of the test

failed passed

Out of the one that have been 
tested for purity, homogeneity, 
and identity, 1/3 of the samples 
did not pass all the tests

0% 10% 20% 30% 40%

Antibody production

Biochemical studies

Molecular Biophysics

Structural determination

In vivo studies

Cellular biology

HTS

Downstream application

The downstream application 
was known for 130 samples 
out of 186.
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EFFECT ON DOWNSTREAM
APPLICATION

Failed one of the minimal test

Failed Succeed partly Succeed

26% failed in the downstream application
53% succeeded only partly in the 
downstream application
21% succeeded in the downstream 
application

In conclusion only a 1/5 did succeed fully

Succeed in all the test

Failed Succeed partly Succeed

6% failed in the downstream application
20% succeeded only partly in the 
downstream application
74% succeeded in the downstream 
application

In conclusion 3/4 did succeed fully
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Purity

Homogeneity

Identity

Fold State

Batch to Batch consistency

PROTEIN QUALITY 
CONTROL

Berrow et al., European Biophysics Journal (2021)

All the methods within ONE day!



REFERENCE ON PROTEIN 
QUALITY CONTROL



Sample in good shape -> great!

Sample in bad shape -> L
What to do? -> Optimization!

PROTEIN QUALITY 
CONTROL DONE



PROTEIN QUALITY 
OPTIMIZATION
How to make your 
proteins happy



Optimization of experimental / storage conditions

Buffers
pH
Salt / ions
detergents
Cofactors / ligands
Protein concentration
…

HOW TO FURTHER 
OPTIMIZE?

Screening of different conditions

Protein is out of 
cellular environment!



Stability
• unfolding / degradation / aggregation
• during the time of your experiment (>10 h)
• Temperature dependence (Tm)
• Freeze – thaw cycles 

Crystalizability

Homogeneity

WHAT TO OPTIMIZE FOR?
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Thermofluor (DSF) syprOrange/ANS

nanoDSF

DLS

Mass photometry

SCREENING METHODS
fluorescent dye + RT-PCR

Turbidity / trp fluorescence

diffusion / size NO LABEL

Mass distributions NO LABEL



THERMOFLUOR
Differential Scanning 
Fluorimetry (DSF)
Thermal Shift Assay (TSA)



96-well plates

RT-PCR machine

~1hour

Disadvantages
• Dye
• Just Tm value
• (ΔH possible)
• No membrane proteins

THERMOFLUOR
Material needed
• 4µl 0.3-2mg/ml



NANODSF
Prometheus

http://www.nanotemper-technologies

http://www.nanotemper-technologies/


TRP fluorescence @330nm and 350nm

Protein folding

NANODSF –
PROMETHEUS
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~100nM @ 10µl x 48 samples

Thermal unfolding (Tm)

Chaotrop denaturation (GndCl, Urea, ...)

Time dependence

Similar to thermofluor (DSF), but label free

NANODSF –
PROMETHEUS



DLS PLATE 
READER



Light scattering (label free)

6µl sample >0.2mg/ml in 1536 well plate

Time dependent / temperature depend aggregation

DLS PLATEREADER
diffusion / size



BUFFER SCREEN 
AGGREGATES/STABILITY

96 conditions



BUFFER SCREEN 
AGGREGATES/STABILITY

Radius measured after 2 days

Radius measured at the beginning



SAMPLE STABILITY 
OVER TIME



Protein Quality Control
• Purity
• Homogeneity
• Identity
• Fold State
• Batch to batch consistency

Advanced Quality Control – optimization
• Buffer optimization for

• Refolding
• Stability
• Crystalizability
• Homogeneity

SUMMARY

De Marco et al., nature communications (2021)



PROTECH
EQUIPMENT
Protein Characterization / 
screening techniques

Molecular Interaction 
techniques
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UV-vis spectrometer

DLS (Plate reader) (screening possible)

SEC-MALLS + viscometer (OMNISEC)

CD spectrometer

nanoDSF (Prometheus) (screening possible)

PROTEIN CHARACTERIZATION / 
SCREENING TECHNIQUES
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Isothermal Titration Calorimetry

Microscale Thermophoresis

Grating Coupled Interferometry (Creoptix Wave Delta)

MOLECULAR INTERACTION 
TECHNIQUES
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Establishing standard operating procedures and making them available

Instrument trainings

Technology scouting – instruments for facilities/for research groups

Organizing instrument demos

Working as a technology hub (where is which technology available)

Biophysical Journal April 2021 (ARBRE-MOBIEU special issue)

MORE

https://link.springer.com/journal/249/volumes-and-issues/50-3

https://link.springer.com/journal/249/volumes-and-issues/50-3
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VBC6 (old IMP)

Offices in rooms 171, 172, 175

Contact us via the ticketing system
• https://vbc.atlassian.net/servicedesk/customer/portal/10

Contact us via email
• ProteinTechnologies@vbcf.ac.at

GET IN CONTACT

https://vbc.atlassian.net/servicedesk/customer/portal/10
mailto:ProteinTechnologies@vbcf.ac.at


THANK
YOU !

Arthur Sedivy
VBCF ProTech Biophysics

+43 1 7962324 7231
arthur.sedivy@vbcf.ac.at

tel:+43179623247231
mailto:arthur.sedivy@vbcf.ac.at


ACCURATE PROTEIN
CONCENTRATION 
DETERMINATION
of purified / recombinant 
proteins



Non important
• Gels, DLS, NMR, X-ray crystallography, Tm, ΔH, ΔG, mass spec, …

<10% accuracy important
• Calorimetry (DSC, ITC)
• Compare normalized spectra (CD, UV-vis, …)
• Interaction measurements

• KD accuracy ≥ titrant concentration accuracy

SEC-MALLS MW determination
• Utmost importance, usually conc. is measured from refractive index!

IMPORTANCE OF 
CONCENTRATION?



SEVERAL METHODS TO 
DETERMINE PROTEIN 
CONCENTRATION

Kelly et al. How to study proteins by circular dichroism, BBA (2005)



Bradford (or similar method using reference proteins)
• completely random, order of magnitude ok

IR-Spectroscopy (again using reference protein)
• No tryptophane needed

UV-Spectroscopy (280nm) (fast, easy)
• <20% if ε calculated, <10% if fold corrected, <5% if ε measured
• >50% if Nanodrop stand
• >100% if no tryptophanes present or if co-enzymes or metals bound

UV-Spectroscopy (205nm)(fast)
• <10% if ε calculated (even without tryptophanes)

Quantitative Amino Acid Analysis 
• <5%, expensive, time consuming

Refractive index measured (very accurate)
• <5% for fixed dn/dc, <2% for calculated dn/dc

SEVERAL METHODS TO DETERMINE 
PROTEIN CONCENTRATION



UV 280NM
Pace et al.
Protein Science (1995)

Edelhoch
Biochemistry (1967)

calculated for 20mM phosphate buffer, 
pH6.5, 6M GndCl

ε280 = 5690∙#Trp + 1280∙#Tyr (+ 120∙#Cystines) [M-1cm-1]

ε280 = 5500∙#Trp + 1490∙#Tyr + 125∙#Cystines [M-1cm-1]

Compare native to 6M GndCl to correct for folded protein!
(Usually within 10%)

calculated for “average protein fold” in water
(Usually within 20%)
e.g. online using ExPASy ProtParam (http://web.expasy.org/protparam/ )

Lambert-Beer law: OD = c ε d

http://web.expasy.org/protparam/


UV 205NM

Anthis and Clore
Protein Science (2013)

Goldfarb et al.
J. Biol. Chem. (1951)

ε205 ≈ 32 [mg-1ml] (usually within 25%)

ε205 = f (AA content, #peptide bonds) [M-1cm-1]

• not only trp dependent
• very similar for all proteins (usually within 10%)
• good spectrometer needed
• not suitable for all buffers

e.g. online using Marius Clore Group NIH Protein Calculator 
(http://spin.niddk.nih.gov/clore/ )

http://spin.niddk.nih.gov/clore/


REFRACTIVE INDEX
The index of refraction n is a measure of the 
velocity of light in a material.

speed of light: 

For solutes, the polarizability is expressed as the 
specific refractive index increment dn/dc (how 
much does the refractive index change for a given 
concentration of sample in solution).

On the Distribution of Protein Refractive Index Increments
Zhao et al Biophysical Journal 2011

!"
!#

variation for proteins <5%
ε280, ε205, 

𝒅𝒏
𝒅𝒄

calculated from AA sequence
in SEDFIT (by Peter Schuck)
(http://www.analyticalultracentrifugation.com/download.htm )

http://www.analyticalultracentrifugation.com/download.htm


𝒅𝒏
𝒅𝒄

FOR BIOLOGICAL SOLUTES

http://www.materials-talks.com/blog/2013/06/18/refractive-index-increment-dndc-
values/

On the Distribution of Protein Refractive Index Increments
Zhao et al Biophysical Journal 2011



SEC-MALLS SETUP TO 
MEASURE Ε280, Ε205

https://www.researchgate.net/publication/269716983_Methods_for_the_Successful_Crystallization_of_Membrane_Pr
oteins

I cOD280,	205

->	measured ε

->	measured	𝑀!
𝐼~𝑀! $ 𝑐 $

𝑑𝑛
𝑑𝑐

"
$
1
λ#



CONCENTRATION 
NORMALIZED SPECTRA
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OD = c ε l

I0/I1 = 10OD

OD=1 I0/I1= 10 Buffer-Sample difference=900%

OD=0.1 I0/I1 = 1.25 Buffer-Sample difference=25%

OD=0.01 I0/I1 = 1.0233 Buffer-Sample difference=2.33%

WHY MEASURING YOUR PROTEIN 
CONCENTRATION WITH NANODROP
STAND IS A BAD IDEA

= log[I0/I1]

10% concentration accuracy

10% concentration accuracy

10% concentration accuracy

20% detection accuracy

2% detection accuracy

0.24% detection accuracy

≈1 mg/ml

≈ 0.1 mg/ml

≈ 0.01 mg/ml

Movable parts:
l ≤ 0.1cm ± ?



Path length reproducibility

Sample inhomogeneity
• Volume nanodrop stand ≤ 1µl (l ≤ 0.1cm)
• Volume cuvette = 100µl (l = 1cm)

Sample loading reproducibility
• microbubbles

What to use the stand for than?

OD=10 … 100 (NMR/crystal solution)

Fast approximate measurements for lot of samples (DNA)

WHAT NANODROP
STAND DOES MEASURE

> 10 mg/ml up to 700mg/ml
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buffer thawed sample after spindown
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Spin your sample (even better: filter 0.2µm or smaller)

Use cuvettes (1cm, 1mm, …)(most accurate d!)

Check full spectrum (at least up to 400nm) 
• light scattering or other absorbing species (DNA, imidazole, …)

Correct for buffer (blank with water, especially for 205nm!)

Correct for light scattering

HOW TO PROPERLY MEASURE 
CONCENTRATION WITH UV-VIS 
SPECTROSCOPY

𝑶𝑫𝟐𝟖𝟎𝒏𝒎,𝒄𝒐𝒓𝒓 = 𝑶𝑫𝟐𝟖𝟎𝒏𝒎 − 𝟐 ) 𝑶𝑫𝟑𝟑𝟑𝒏𝒎


