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Sample Preparation and Characterization Facility, EMBL Hamburg

spc@embl-hamburg.de

September 2022



SPC facility @ EMBL Hamburg
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EMBL SPC Services: Consulting, training, data analysis

HTX laboratory

Customised

crystallisation for

soluble and membrane

proteins

CRIMS, CrystalDirect

& CD-Harvester

Biophysics platform

Interactions, stability and

size of biomolecular

assemblies

Cutting-edge technologies:

ITC, MS, CD, DSF, MST,

DLS, FTIR, SPR, BLI, MP

Data analysis platform

User friendly web

server for the analysis

of biophysical

experiments

Cross-platform,

requires only browser
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Access to our core facility is easy!

Easy access for everyone

1 Contact us via spc@embl-hamburg.de

2 You will get an access for our booking

system (iLab)

3 Arrange a training

4 Book machines and measure

Flexible services and low costs

Consulting

Training

Help with data analysis

We mostly only charge consumables!
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Funding possibilities for access to SPC

MOSBRI

Trans-national access

to 13 European

biophysical labs

EMBL-SPC access

(+SAXS)

iNEXT Discovery

Access to structural

biology research

infrastructures

EMBL-HH: Acces to

MX and SAXS

Instruct ERIC

pan-European research

infrastructure in

structural biology

EMBL-HH: Acces to

Biophysics, MX, SAXS
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Current status of the biophysics facility

Characterization

CD

ThermofluornDSF

MP

DLS

UV/Vis FT-IR

MS

1
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CD

ThermofluornDSF

MP

DLS

UV/Vis FT-IR

MS

1

Binding/kinetics

SPR

MST

ITC

Stopped-flow

BLI

2
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SPC: Sample preparation and characterization facility

Characterization of biomolecules and

assemblies

Size

Shape

Stability

Interaction

Wide range of methods

Initial quality control

More sophisticated biophysical
characterization

e.g. time-resolved methods

→ Open to internal+external researchers
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EMBL SPC data analysis platform

Common problems for users

Proprietary software for data analysis is

not acessible

Data analysis with general tools is

limited without programming skills

→ Offer data analysis web server for users

Advantages of webserver

Requires only browser

No installation necessary

Cross-platform (Windows, MacOS,

Linux)
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nDSF: nano differential scanning fluorimetry
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nDSF: nano differential scanning fluorimetry
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nDSF: practical considerations

Temperature range: nanoDSF analyses are usually performed in a temperature

gradient of 20–95◦C, with a heating rate of 1◦C per min. However, these settings can

be adapted for the specific protein

Capillaries: Depending on the aggregation behavior, two different types of capillaries

can be chosen for nanoDSF assays to ensure optimal signal (regular or coated

capillaries).

Buffers: nanoDSF offers free choice of buffers. There are no restrictions to buffer

substances or salt concentrations. nanoDSF is the optimal tool to determine the buffer

conditions providing optimal thermal stability.

Detergents: nanoDSF assays can be performed using any kind of detergent. This is of

special interest for membrane protein characterization.
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Applications of nanoDSF

Common applications

Check protein stabilisation effect of...

Buffer conditions

Detergents

Mutations

Ligand binding → Mostly qualitative
Advantages: Low sample consumption

Easy to set up

4Scientific Reports |         (2019) 9:10379  | https://doi.org/10.1038/s41598-019-46686-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

detergent fluorescence contributed up to 25% of the overall signal in some cases, none of the detergents showed 
a sigmoidal curve in the F350/F330 ratio in the absence of protein. However, strong scattering signal similar 
to aggregation transitions were detected for PEG derivatives, ethylene glycol alkyl ethers, Tween-20, NID-P40, 
Triton X100 and Triton X115 (Supplementary Table 2). Consequently, these conditions were removed from the 
subsequent analysis when it has not been possible to distinguish whether the protein or the detergent contributed 
to the scattering signal.

Targets stabilized by long chain maltoside detergents.  All transporter proteins analyzed in this 
study (DtpA, DgoT, MdfA, LacY and Ij1) are stabilized by detergents from the maltose-NG family (Figs 4 
and 5). Specifically, the detergent Lauryl Maltose Neopentyl Glycol (LMNG) (Table 3), represented in posi-
tion D4, generated positive shifts in both Tm and Tagg for all five transporters. In addition, detergent GDN-
101 (position D9) has been the second best stabilizing detergent. DtpA has been the most destabilized 
protein after its dilution in the detergent screen, indicating that the IMP was already very stable in DDM. 
Consistently, OGNG (Glucose-NG; position D5) destabilized all analyzed transporters. For MdfA and Ij1, 
n-Dodecyl-α-D-Maltopyranoside (α-DDM) seems to be a better stabilizer than the mostly used and cheaper 
version DDM (n-Dodecyl-β-D-maltoside). Indeed, alpha isomers of the maltosides display positive hits (DαM, 
UDαM and DDαM) for Ij1 (Fig. 5). Finally, detergents belonging to the PEG family have shown a major destabi-
lizing effect resulting in lower Tm or curves without transitions indicating that the proteins are likely denatured at 
room temperature in this detergent class (Fig. 5).

Figure 1.  Flow chart of the thermostability assay. Solubilized and purified proteins in DDM (see Supplementary 
Table 1 for DDM concentrations for each protein) are diluted tenfold to a 94 detergent screen followed by DSF 
and scattering measurements. Apparent melting and mid-aggregation temperatures (Tm and Tagg respectively) 
are estimated after curve fitting. Successful measurements for the thermodynamic parameters are plotted using 
a color code (red “denatured” and green “native”) for visual identification of stabilization conditions.

Kotov et al., Sci. Rep. 2019, 9:10379.

Quantitative determination of binding affinities

Isothermal analysis (Niebling et al., Sci. Rep. 2021)

Available via data analysis webserver: spc.embl-hamburg.de
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Before experiment: Check for chromophores

Chromophore check

How many tryptophanes?

How many tyrosines?

→ 3 times weaker chromophore
If structure is available:

How many of the

chromophores are

solvent-exposed?

How many are buried?
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New technology: Mass photometry (MP)

BIOPHYSICS

Quantitative mass imaging of single
biological macromolecules
Gavin Young,1* Nikolas Hundt,1* Daniel Cole,1 Adam Fineberg,1 Joanna Andrecka,1

Andrew Tyler,1 Anna Olerinyova,1 Ayla Ansari,1 Erik G. Marklund,2 Miranda P. Collier,1

Shane A. Chandler,1 Olga Tkachenko,1 Joel Allen,3† Max Crispin,3† Neil Billington,4

Yasuharu Takagi,4 James R. Sellers,4 Cédric Eichmann,5 Philipp Selenko,5 Lukas Frey,6

Roland Riek,6,7 Martin R. Galpin,1 Weston B. Struwe,1

Justin L. P. Benesch,1‡ Philipp Kukura1‡

The cellular processes underpinning life are orchestrated by proteins and their interactions.
The associated structural and dynamic heterogeneity, despite being key to function, poses
a fundamental challenge to existing analytical and structural methodologies.We used
interferometric scattering microscopy to quantify the mass of single biomolecules in
solution with 2% sequence mass accuracy, up to 19-kilodalton resolution, and 1-kilodalton
precision.We resolved oligomeric distributions at high dynamic range, detected
small-molecule binding, and mass-imaged proteins with associated lipids and sugars.
These capabilities enabled us to characterize the molecular dynamics of processes as diverse
as glycoprotein cross-linking, amyloidogenic protein aggregation, and actin polymerization.
Interferometric scattering mass spectrometry allows spatiotemporally resolved
measurement of a broad range of biomolecular interactions, one molecule at a time.

B
iomolecular interactions and assemblies
are central to a wide range of physiolog-
ical and pathological processes spanning
length scales from small complexes (1) to
the mesoscale (2, 3). Despite considerable

developments in techniques capable of providing
high-resolution structural information (4), such
techniques are typically static, involve averaging
over many molecules in the sample, and there-
fore often do not fully capture the diversity of
structures and interactions. Solution-based en-
semblemethods enable dynamic studies but lack
the resolution of separation required to distin-
guish different species (5–7). Single-molecule
methods offer a means to circumvent heteroge-
neity in both structure and dynamics, and prog-
ress has been made in terms of characterizing
interactions (8) and mechanisms (9, 10). So far,
however, no single-molecule approach has been
capable of quantifying and following the diversity

of interactions of biomolecules with the required
spatiotemporal accuracy and resolution.
Given sufficient sensitivity, light scattering is

an ideal means for detecting and characterizing
molecules in low-scattering in vitro conditions
because of its universal applicability. In an in-
terferometric detection scheme (Fig. 1A), the
scattering signal scales with the polarizability,

which is a function of the refractive index and
proportional to the particle volume (11). Combin-
ing the approximation that single amino acids
effectively behave like individual nano-objects
with the observation that the specific volumes
of amino acids and refractive indices of proteins
vary by only ~1% (fig. S1 and table S1) suggests
that the number of amino acids in a polypeptide,
and thus its mass, are proportional to its scat-
tering signal. This close relationship between
mass and interferometric contrast, which has
been predicted (12, 13) and observed (14, 15) to
hold coarsely even at the single-molecule level,
could thus in principle be used to achieve high
mass accuracy.
Building on recent advances in the experi-

mental approach (fig. S2) that improved imaging
contrasts for interferometric scattering micros-
copy (15, 16), we were able to obtain high-quality
images of single proteins as they diffused from
solution to bindnonspecifically to themicroscope
coverslip/solution interface (Fig. 1, B and C, and
movie S1). Reaching signal-to-noise ratios >10,
even for small proteins such as bovine serum
albumin (BSA), together with an optimized data
analysis approach (16), allowed us to extract the
scattering contrast for each molecular binding
event with high precision (Fig. 1D and fig. S3).
These data revealed clear signatures of different
oligomeric states of BSA,with relative abundances
for monomer to tetramer of 88.63, 9.94, 1.18, and
0.25% of the detected particles. For nonspecific
binding to an unfunctionalized microscope
coverslip, surface attachment was effectively
irreversible (12,209 binding versus 372 unbind-
ing events). As a result, we could determine

RESEARCH
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Fig. 1. Concept of interfero-
metric scattering mass
spectrometry (iSCAMS).
(A) Schematic of the experi-
mental approach relying
on immobilization of individual
molecules near a refractive index
interface. Oligomeric states
are colored differently for clarity.
(B) Differential interferometric
scattering image of BSA. Scale
bar, 0.5 mm. (C) Representative
images of monomers (top left),
dimers (bottom left), trimers
(top right), and tetramers
(bottom right) of BSA. Scale
bars, 200 nm. (D) Scatter plot
of single-molecule binding
events and their scattering
contrasts for 12 nM BSA
from 14 movies (lower panel).
Corresponding histogram
(n = 12,209) with a zoomed-in
view of the region for larger
species (upper panel). The reduc-
tion in landing rate results from
a drop in BSA concentration with
time owing to the large surface-
to-volume ratio of our sample
cell (supplementary materials).
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Advantages

Measurement in solution

Low sample consumption

MDa range is no problem

Easy measurement

Young et al., Science. 2018, 360, 423–427.
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Mass photometry of membrane proteins

Olerinyova et al., Chem. 2020, 7, 1–13.
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Mass photometry with detergents

Refeyn application note: “Mass photometry with detergents”
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Feel free to contact us!
spc@embl-hamburg.de

stephan.niebling@embl-hamburg.de

Thank you for your attention!
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