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Labelling techniques to study higher order structure

/ HDX \ /Chemical Iabelling\ /Radical Iabelling\

Labelling of protein
surface by reactive
radicals

« Mapping dynamics
and solvent
accessibility

- AN /

Coupled to high resolution mass spectrometry

LABORATORY OF
STRUCTURAL BIOLOGY

ms

AND CEL SIGNALING



Footprinting (Radical)

Labelling of residues:

* Labelled ones - reactive and exposed to
solvent

« Unlabeled ones - nonreactive to probe,
or consequence of solvent inaccessibility
due to structure/interactions

« examination of
— higher order structure of biomolecules
— interaction of biomolecules
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Radical labelling
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Figure: Summary of radical-based footprinting reagents of (a) proposed pathways and (b) residue specificity.

X. R. Liu, M. M. Zhang, M. L. Gross, Chem. Rev. 2020, 120, 4355-4454.
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History of footprinting techniques

DNA- protein interaction Protein- protein interaction
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4. Hydroxyl radical footprinting of proteins ORI I —
(Fenton reaction) : -— .
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Wang L, Chance M., Moll Cell proteomics, 2017
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History of footprinting techniques

Fe(Il) + H,0, — Fe(II) + OH™ ++ OH

6. Fast Photochemical oxidation of proteins

(FPOP)
Mms
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Fast Photochemical Oxidation of Proteins (FPOP)

Sample in 150mM
ammonium acetate, pH 6.8

1.
5 1% H,0, + hv— 2 HO®

15mM H,O, in 150mM
ammonium acetate, pH 6.8

.’

75mM methionine in 150mM The relative reactivity of the
ammonium acetate, pH 6.8 : amino acids side chains

Tryptophan
Tyr > Phe > His
>Leu~lle >
Arg ~ Lys ~ Val
> Ser ~Thr ~
Pro > GIn ~ Glu
> Asp ~ Asn

Quench flow system allows time-controlled
single shot on a protein+H,O, mixture
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Fast Photochemical Oxidation of Protein-DNA complex

Sample in 150mM
ammonium acetate, pH 6.8

1.
5 1% H,0, + hv— 2 HO®

Aim of study: FPOP of protein-DNA complex:

15mM H,O, in 150mM .

ammonium acetate, pH 6.8 :
FPOP > "

75mM methionine in 150mM The relative reactivity of the

ammonium acetate, pH 6.8 : amino acids side chains

Tryptophan
Tyr > Phe > His

>Leu~lle >
i - Arg ~ Lys ~ Val . . . .
;?il:]eTChfflch SyStemt a.”msé'me. Cton”o”ed e Protein: DNA Binding domain of FOXO4
gle snot on a protein 2V, MiXiure Pro > Gln ~ Glu

> Asp ~ Asn

dsDNA: Insulin Response Element (IRE):
5'-GAC TAT CAA AAC AAC GC-3
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FPOP of FOXO4-IRE complex

14+
'842.73 FOX04-DBD
>
% . . .
& Trypsin/LysC digestion
S
S
- >
id LU
84273
2 ' DNA digestion w/
ey
g 14+ Bensonase
£ '843.79
‘g_ 14+
-ig 844.93 y
[4F) 14 +
o '341.30 '846.08
LC-MS(MS)
'842.73 FOXO04-DBD+IRE
P
G
<
2
£
s
R
&
QUL
14+
= 842.73
G
c
2
£
4]
-% 84379 14
D '844.93 . L———J\——
¥ .
lay 846.08 10 20 30 40 50
841.50 Retention time
842 844 846 848 850 m/z

S8 | LABORATORY OF
@, STRUCTURAL BIOLOGY
AND CEL SIGNALING



Extent of modification of modified residues
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T-test leged: *(P < 0.05), **(P < 0.01), **(P < 0.001), ****(P < 0.0001)
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Plotting residues onto a crystal structure

WA173 1 More affected in apo form
' [ More affected in holo form

g '\
B '
Y=

180°

Model of FOXO4-IRE built based on an available structural model in Pymol (entry: 3I2c)
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Boura E., Acta Crystallogr D Biol Crystallogr, 2010
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What information can be obtained from the DNA site?

' ‘
[} 1
Jo
180°
Boura E., Acta Crystallogr D Biol Crystallogr, 2010
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Fast Photochemical Oxidation of Protein-DNA complex

Mms

Sample in 150mM
ammonium acetate, pH 6.8

15mM H,O, in 150mM
ammonium acetate, pH 6.8

75mM methionine in 150mM
ammonium acetate, pH 6.8
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Aim of study: Oxidation of DNA

Protein: DNA Binding domain of FOX0O4

dsDNA: Insulin Response Element (IRE):
5'-GAC TAT CAA AAC AAC GC-3




Mechanism of DNA fragmentation (mer]-3P
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Balasubramanian, B., PNAS , 1998; Jain, S., Tullius, T., Nature Methods, 2008; Dizdaroglu, M., Jaruga, P., Free Readical Research, 2012; Dumont, E., Monari, A., Frontiers in Chemistry, 2015
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FPOP of dsIRE

Proteinase K digestion § %

2-55% MeOH gradient,

LC-MS(MS) 8mM TEAc, 50mM HFIP,
(negative ion mode) pH 7.0

B I
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Intens,
x107

Extracted ion chromatograms of DNA fragments
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TRE_FPOP_1_23634.: EIC 1716.9680020.05 Al NS
IRE_FPOP_1_23634.d: EIC 1336.88900:0.1 -All MS
IRE_FPOP_1_23634.d: EIC 1391.72900:0.1 -All MS
IRE_FPOP_1_23634.d: EIC 782.1260040.1 -All MS
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——TRE_FPOP_1_23634.0:EIC 1647.2740020.1 AT MS.
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Verifying DNA fragments — Isotopic envelope

5 1 O H _ [13 m e r] _3 1 O H Inzgr;)sé i N IRE_FOXO_FPOP_1_23630.d: -MS, 24.64min, #235
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Available on: https://valkenborg-lab.shinyapps.io/pointless4dna/
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Plotting residues into a crystal structure model

[ More affected in apo form
[ 1 More affected in holo form
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Model of FOXO4-IRE built based on an available structural model in Pymol (entry: 3I2c)
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Boura E., Acta
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Conclusion

W173 B More affected in apo form
" [ 1 More affected in holo form
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