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UV-Vis & CD

Far-Uv Near-UV & visible
Secondary structure Aromatic residues & chromophore microenvironment
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e CD spectroscopy reveals local changes around chlorophylis/carotenoids
in LHCII in the absence of major changes in protein conformation
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Forster Resonance Energy Transter (FRET)
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e Ensemble FRET suggests the formation of
parallel (head-to-head) Baxab dimers
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Single molecule FRET (smFRET)

Multiparameter fluorescence detection (MPD) + Pulsed interleaved excitation (PIE/ALEX)
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* (Color: Stoichiometry (S)

FRET effici
* Arrival time: Lifetime (t) FRET histogram - (Ee |C|§ncy -
* Polarization: Anisotropy () FRET

Interdye distance
(Rg)

Donor only Donor-Acceptor 200
200 —
150 —

150 — 150 —
100 —

100 | 100 —
50
50 7 0 0 150 50

0 0 200 400 L 0 0 200 400
L 1 Lo 1o

1.2
1.0
0.8

oy 06-
0.4
0.2
0.0

0.2

0 5000

EFRET EFRET T(pS)
Dynamics r<02 = k?=2/3

e MFD enables accurate measurements of FRET efficiencies
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Inferrlng proteln dynamlcs with sSmFRET
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e Differential dynamics of intrinsically dlsordered- vs foldable proteins
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Separatlng multiple populations by smFRET
real f=H 4 U: Unfolded

D U D U

D: Donor only

Thioredoxin: 1XOB

e (Co-existing folded and unfolded populations at low denaturant
concentrations can be characterized individually.
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https://www.rcsb.org/structure/1XOB

Confocal vs total internal reflection fluorescence (TIRF)
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e Can we combine the best of these two worlds?
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SWIFT: Single Molecules Without Immobilization for TIRF

PDMS
Before collapse
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e SWIFT is complementary to
TIRF and confocal
microscopies, especially for
observing long trajectories
of large biomolecules and
complexes which are

difficult to immobilize.
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Measuring dynamics of biomolecules by SWIFT
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« Holliday junction:
* Atleast 2 different
folding states
« The exchange s
[Mg?*]- dependent
« 200 ms (50 mM
MgCl,)
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https://www.rcsb.org/structure/2Q3Z
https://www.rcsb.org/structure/1KV3
https://www.rcsb.org/structure/5DSB

Fluorescence correlation spectroscopy (FCS)

Raw data: Fluorescence fluctuation
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e FCS is the fluorescent counterpart to dynamic light scattering (DLS)
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G (1)

Measuring protein aggregation with FCS

Particle radius (nm)
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FCS suggests the formation of LHCII clusters at low pH and low [detergent]
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Time-resolved anisotropy

Revealing the ability of molecules to rotate while being in the excited state
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e Internal dynamics (orientational fluctuations) are faster in proline-kinked GPA
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https://www.rcsb.org/structure/1AFO

Labeling of proteins with fluorophores

AFDye488 (DONOR MB660R (ACCEPTOR)
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e Genetic code expansion technology can be used to incorporate non-
canonical amino acids bearing reactive handles which are subsequently
reacted with suitable dyes
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Absorbance Units

Infrared spectroscopy of proteins
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nfrared difference SpectroSCOPY ,crrureaTion METHODS:
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https://www.rcsb.org/structure/3P7N
https://www.rcsb.org/structure/5C8D
https://www.rcsb.org/structure/5C8F

|Isotope-edited IR spectroscopy of proteins

12c=16(0)
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» With stable isotope labeling, FTIR can be used to derive accurate information on
single amino acids
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Structure & dynamics of peptide/lipid complexes

Orientation of Baxa5 in supported membranes by polarized ATR-FTIR
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Time-resolved IR spectroscopy of photoreceptors

Ground state, Singlet, Triplet
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Glutamine * Monitoring the early steps in signal transduction of LOV
flipped (light-oxygen-voltage) proteins with IR + quantum chemistry
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Time-resolved Raman spectroscopy
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https://www.rcsb.org/structure/1A6K

Conclusions

UV/VIS & CD Medium sensitivity  Low information  Allin far-UV, need of a

(LM), content chromophore otherwise
FLUORESCENCE High sensitivity Potential All, particularly intrinsically
(pM, nM), perturbation by  disordered proteins

in vivo applications, the dyes
ps time resolution

INFRARED Global & local Low sensitivity All, particularly membrane
information, (mM), proteins
water is a
nuisance
RAMAN Excellent for Low sensitivity Best for cofactor-
cofactors, (mM) containing proteins

+ high-resolution methods (MX, EM, NMR)
+ protein engineering tools (GCE)
+ computer simulations (QM, MD)
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