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Molecular Biophysics Suite

Organised by Dept and STRUBI and funded by
Fell Fund in 2008

Brought together equipment from various
sites to one location in New Biochemistry

Set up booking system and charging
Maintenance and servicing
Training and workshops
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Facility to move in February

* The facility will move temporarily to Phase 2
Biochemistry in February while basement
redeveloped

e |t will return to its new location in the
nasement in late summer 2022

* During the moves the facility will be closed for
a week
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Analytical
Ultracentrifugation
XL-I

Absolute measurement of
mass and protein
conformation in solution

Sedimentation equilibrium
gives the true MW of the
macromolecule, and
information on solution
behaviour e.g. polydispersity
Sedimentation velocity gives

information on mass, shape
and size distribution

Require 100-400ul of sample
and buffer control.

Concentration range uM
(230nm) to mM (interference)

Can identify complex
formation for weak
interactions




Toroidal
¥ Diffraction
Grating

Incident
Light
e Detector

R
P Reflector

‘/Sample

Top
View

v\
V\Reference

d / 1
. 1
! |
//'/'/ | Sample/Reference
11y [ ] | Cell Assembly
iy I il
Ui |-
/"/'/ { i i Rotor
id ol
/.’/ I B Imaging System for
/7{/ | : ! Radial Scanning
1
! |
Aperture i i |
| | 1
P
el Slit (2 nm)
\____'____,/
Xenon |
Flash Lamp !

Photo-multiplier tube

Absorbance

Solvent meniscus

l Sample meniscus

Top

Sample

Reference

Bottom



Sedimentation Velocity Experiment analysed by
Sedfit
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Velocity sedimentation analysis of Wild
type and R222A 100kDa Fn
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Extended Data Figure 7 | Amalysis of the PIRH5 -basigin complex using
analytical ultracentrifugation. a, b, Sedimentation velocity analysis. The
continuous sedimentation coefficient distributions that best fit the data are
shown for basigin (top), full-length PRHS (middle), and a gel -filtered PARHS-
basigin complex (bottom). The inset shows the fitting residuals.

¢, d, Sedimentation equilibrium analysis. PARHSAN (residues 140-526),

radius (cm)

basigin, and a gel-filtered PIRHSAN-basigin complex were analysed. The runs
lasted 20h at different speeds, as indicated in the inset legends. Ultraviolet
absorbance was monitored at 280 nm. The residuals are shown below fitted
data. The calculated molecular weights are consistent with the formation of a
1:1 complex between PFRHSAN and basigin.

Wright et al., Nature 2014



Dynamic Light Scatter Viscotek

Measure the time dependant fluctuations in
scattered light intensity to calculate the
translational diffusion coefficient D and hence
the hydrodynamic radius Rh using the Stokes
Einstein equation:

D= kT
6mnRh
where n=viscosity

12 pl sample volume, best for
100nm range of particle size.

Signal strength inversely
proportional to size therefore need
higher concentrations for small
proteins and macromolecules

Intensity

Analysis software available

Time
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VP-Capillary DSC

Measures heat energy uptake
during controlled temperature
change-heat capacity

Output is a plot of heat capacity
vs temperature

Capillary cells are used for
protein studies

Inlet/Outlet Tubes
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DSC used to routinely screen fHbp
mutants so that potential vaccine
candidates that do not bind fH and
are stable can be identified.

Stability can now be routinely
engineered into the vaccines by
identifying the key residues in each
module.

Implications for formulation of these
vaccines
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Jasco Circular Dichroism spectrometer

Absorption of polarised
light

Path length; 1mm to
0.05mm (thin cuvettes)

Protein concentrations;

0.1 -0.05mg/ml, approx
200pul sample, for Imm

cuvette.

Buffers: low buffer
concentration preferable.
Usually 10mM phosphate
buffer + 20mM NaCl

Nitrogen: need to purge
sample compartment and
lamp




Circular Dichroism —
protein secondary structure

' ' ' All data should be saved as mean residues ellipticities
prior deconvolution.
The mean residue molar ellipticity [®] is:

1000
~ len

[D] ~3298Az

in which

| is the optical width in cm

n is the number of residues

c is the molar concentration of protein
Ag is the molar circular dichroism

@ is the ellipticity

200 220 240

1 = helical
J = sheet Must be calculated accurately!

3=random coil
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Structural Analysis of the G-Box Domain
of the Microcephaly Protein CPAP Suggests
a Role in Centriole Architecture

Geomios M. Hatzopoulos,! Michéle C. Erat,' Erin Cutts,' Kacper B. Rogala,' Leanne M. Slater,” Philip J. Stansfeld,!
and loannis Vakonakis'-~



Microscale
Thermophoresis

The Monolith NT.115 can measure KDs
between 1nM and 500mM.

The fluorescence label can be on either
component.

It can measure the binding of small
molecules (300Da) or ions to a target and
it can be used with big complexes e.g.
ribosomes.

The principal is similar to shift mapping in
NMR where you are looking at multiple
effects (mass, electrostatics, etc) that give
you an indication of the bound vs
unbound state.

For an experiment you need as much of
the labelled material as you can detect
(*1nM) and then the unlabelled
component straddles the dissociation
constant by a factor of 10.

Although you only use 4ul per capillary in
the instrument you need 20ul for each
titration point just to avoid pipetting
errors.
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Use the same samples in another technique
e.g. FP and MST. ] .
Fluorescein type label used in FP. Samples in
the multi well plate can be directly loaded into
capillaries for MST analysis.

Fluorescence polarisation (FP)
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Surface Plasmon
Resonance
Biacore T200

Same principles as 2000 but
greater sensitivity, throughput,
sample temperature control.

Allows small molecule analytes
Software idiot proof

Sensor chips expensive but once
immobilisation and regeneration
conditions established very cost
effective.

Comparison of binding

Determination of binding
constants

Small molecule screening

Usually require ug of material




PEAQ-ITC

syringe

MICROCAL PEAQ-ITC Malvern

£ ar 3

reference cell <= sample cell
power feedback

adiabatic jacket
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Sebesta et al (2017) Structural insights into the function of ZRANB3 in

replication stress response. Nat Commun. 8, 15847



Fluorescence

Protein concs — about 0.05 mg/ml or 1uM
Buffers — do not absorb light at
wavelengths used

Inner filter effects
Becomes significant at absorptions above
0.05 at excitation wavelength
Check that other proteins, nucleotides and
buffer do not exceed this level

Equation to calculate ~ - !
Kubista, M., Sjoback, R., Eriksson, S.,and =% =TI} Fluoromax-4
Albinsson, B. (1994) Analyst 119, 417-419 ]

Accurate temperature control important




Current charges for
University users £

Instruments daily rate

ESI-MS (per sample) 25
SPR 150
ITC 150
DSC (per sample) 25
AUC 85
CD 50
Thermofluor (per run) 25
DLS 10
Fluorimetry 50
SEC-MALS (per sample) 50
Stopped flow 100

Thermophoresis (per run) 25



http://www.bioch.ox.ac.uk/molecular_biophysics suite/
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Introduction to MBS

david.staunton@bioch.ox.ac.uk



