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/ Introduction and Background \

[Concept}

 Covalent labelling of a protein can be used to reveal
solvent accessibility of the protein’s surface

* Quantitative changes in labelling associated with masking

by a binding partner allow binding sites on the protein to
be identified
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Introduction and Background
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/ Introduction and Background \

[ Probes }
Radicals
OH (e.g. from H,O, and hv @248 nm in FPOP)
Gross et al. JACS, 18724 (2012)
CF3; (e.g. from OH and CF3;SO,Na)
Gross et al. Angew. Chem., 14007 (2017)
Carbenes
O . O N
_ NH; i NH;
O from O and hv @352 nm

N ~
. >N
\ Schriemer et al. Anal. Chem., 2913 (2011)
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Introduction and Background

[ Carbene Probe}

and hv @352 nm

/ F3C/,/ | \
. /% D  singlet
Na® O FsC.,,
. triplet
k o) Ar

/

Manzi et al. Nat. Comm., 13288 (2016)
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Introduction and Background

[Example Output}

a-helix 6

r\,/\,] a-helix 10 B Masked
(/ 28 \ pe> \ ) 4r B Unmasked
\;{ (\“ \ .,@ 33 M No effect
' ) UL o Not detected
a-helix 13 Lok 55 " ’

a-helix 12T

\
a-helix 15 7%=
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Protein and Probe

[Protein }

* Typical concentration 10-50 uM, typical volumes 20-100 pL

e Suitable buffers include Tris-HCI, PBS etc.

* No special considerations — just keep conditions constant
across experiments

~

,




/ Protein and Probe

N=N

[Probe } Na* - OT(@%CFB

O
* Free acid (TDBA) is commercially available

(Merck (Novabiochem) 25 mg - £ 180)

To make sodium salt —add 1.1 mol. excess. of TDBA to
NaOH solution of desired conc. (e.g. 40 mM) and
centrifuge to remove undissolved free acid. Solution can

be freeze dried, but is stable at 4 °C
\ /9
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(20-100 pM)

Protein

(10-50 uM)
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Probe
0-30 mM)
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Protein and Probe

v Protein + Binder
(20-100 puM)

§

v

i
Ch
s i

&

Protein + Binder

Probe
(10-50 uM)
(20-60 mM) .
Probe
(10-30 mM)
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Photochemical Activation

v

5 uL

Flash freeze

—

Liquid nitrogen

Laser irradiation

~
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Photochemical Activation \

For normal

operation

the beam
should be

| E fully
Nd:YLF laser 120 wJ / 1 kHz at 349 nm enclosey
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Proteolysis and MS analysis

Covalent labelling is irreversible

Protein sample can be separated by SDS-PAGE

Band

32kDa

25kDa

~ 22kDa

N oo o B WN

17kDa

20S proteasome
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Proteolysis and MS analysis

Protein digestion can be in gel or in solution

A range of enzymes can be used:

Trypsin

AspN <®
GluC

Pepsin

Chymotrypsin

Elastase

Run digests (in silico and
actual) on the protein(s)
before labelling to guide
enzyme choice

~
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Proteolysis and MS analysis

Nano or cap LC-ESI-MS preferred for digest analysis
FT-MS or TOF-MS (HR and accurate mass) beneficial

MS/MS (CID or ECD/ETD) confirms ID of unlabelled
peptides; and can be used to map labelling at the sub-
peptide level

No special requirements for MS analysis beyond those
typically adopted for peptide analysis/bottom-up
proteomics
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/ Data Processing

* OQOutput of experiment —~10 LC-MS files containing data for
modified and unmodified peptides (usually in 2 groups)

* Data can be analysed manually -

 generate EICs for each labelled and unlabelled peptide

¢ integrate peaks - PA
PAmod

* determine fractional modification f,,, = o PA
mod unmod

\ * Plot f,,, for each peptide and compare between groups
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Data Processing

e Differences between groups report areas of masking and

unmasking
B with binding partner

[] without binding partner
S 0.8 - T e p<0.05, t-test
= ®
2 0.6 -
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Manzi et al. Nat. Comm., 13288 (2016) 1
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Data Processing

Differences can then be plotted on protein structures
(X-ray, NMR, cryoEM or homology models)

M Significant masking by binding partner

Manzi et al. Nat. Comm., 13288 (2016)




Data Processing

Semi-automated data analysis

e Batch processing

e Data visualisation

Released under the GNU Lesser General Public License
@ 2019 Jeddidiah Bellamy-Carter, University of Nottingham

github.com/jbellamycarter/pepfoot Bellamy-Carter and Oldham. J. Proteome Res., 2925 (2019)



https://github.com/jbellamycarter/pepfoot

File Edit Help

53 2 5 L4 Modifications Enzymes
Peptide Level | Analysis = NGL Viewer
Peptides
NERDTAR =

© RSNGDGVGGSISYEYEGFGIVGAYGAADR
© SNGDGVGGSISYEYEGFGIVGAYGAADR

© TNLQEAQPLGNGK
TNLQEAQPLGNGKK
© KAEQWATGLK

© AEQWATGLK

© AEQWATGLKYDANNIYLAANYGETR

~ YDANNIYLAANYGETR

& VDAKNKMTVI AANVCETDMATDTThIK
[]

Predicted 100 %
Experimental 95 %
221-236

Charge State 2 -

Unmedified m/z 924.43
Modified m/z 1025.44
Unmodified m/zerror 3.06 mmu
Modified m/zerror -6.68 mmu
unmodified Area 2258413651
Modified Area 226751858
Modification 0.09

* Remove Assignment
Zoom Extrackt Integrate

Chromatogram extracted!

Data Processing

Hide
Data Files + 3 -

LM_AD_OmpF_1_040816.mz5

LM_AD_OmpF_2_040816.mz5
LM_AD_OmpF_3_040816.mz5

Sequence

GAELYNKDGNKVDLYGKAVGLHYFSKGNGENSYGGNGDMTYA
RLGFKGETQINSDLTGYGOWEYNFOGNNSEGADAQTGNKTRL
AFAGLKYADVGSFDYGRNYGVVYDALGYTDMLPEFGGDTAYS
DDFFVGRVGGYATYRNSNFFGLVDGLNFAVQYLGKNERDTAR
RSNGDGVGGSISYEYEGFGIVGAYGAADRTNLOEAQPLGNGK
KAEQWATGLKYDANNIYLAANYGETRNATPITNKFTNTSGFA
NKTODVLLVAQYQFDFGLRPSIAYTKSKAKDVEGIGDVDLVN
YFEVGATYYFNKNMSTYVDYIINQIDSDNKLGYVGSDDTVAVG
IVYQF

Modifications

Acetyl =
Acrylamide adduct

Amidation

Aryldiazarine-TDBA

Biotinylation

Carbamidomethyl

Carbamylation -

x10% m/z: 924.41-924.45 %106 m/z: 1025.42-1025.46
1.2 1
4l
1.0
34
0.8
0.6 5
0.4 1
14
0.2
0.0 ‘ ‘ 2 ‘ 0 ‘ ‘ ¥ - ‘
0 10 20 30 40 5 0 10 20 30 40 5
Time Time
%108 rt: 25.8-30.1 %107 rt: 28.7-35.4
52443 o, o3 3.5 1025.95
1025.45
2.5 1
3.0
2.0 - 2.5
2.0 1 1026.45
157 925,44
1.5
1.0
1.0
1026.96
05 4 925,94
0.5
J J 926.44 1024.48 / \ | J 1027.45
0.0 ‘ . . S — 0.0 Ao\ A ‘ \ . ‘
923 924 925 926 927 1024 1025 1026 1027 1028
mjz mjz

Aryldiazarine-TDBA -
Digestion

Trypsin -
Peptide Length 5 > - |40 |5
Peptide Charge 1 = - |4 |=
# Missed Cleavages 1 =
MS Parameters

Tolerance 20 mmu  ~

#sExplore i Batch




File Edit Help
L1 2 5 ' Modifications Enzymes

Peptide Level | Analysis | NGL Viewer

Data Processing

Apo
LM_AD_IsoT_tryp_dig_sample1_CID_1096.mz5|

LM_AD_|soT_tryp_dig_sample2_CID_1096.mz5 |
LM_AD_lsoT_tryp_dig_sample3_CID_1096.mz5|

4 +
Holo
LM_AD_|soT_DiUB_tryp_dig_sample1_CID_109 1.0 4
LM_AD_IsoT_DiUB_tryp_dig_sample2_CID_109 B
LM_AD_IsoT_DiUB_tryp_dig_sample3_CID_774
[l v g 081
=i
[+
=
=
Threshold |0.05 S
g 0.6
Significance | 0.05 :l =
=
v/ Unity .S
w
Difference Plot T 0.4
'S
| Update
0.2 4
0.0 1

1-19
101-115

101-123

124-135

136-146

147-164

149-164

181-193

208-223

225-249

241-249

250-287

291-305

| [ | I L}
| — -
L
.
, I, ,I,,,,,,x, el - - ,,-,,,,,
n —~ < "al —~ m w M~ [Ta T o — =+ ™ — (=] '=] [f=] ~ r~ M~ w n 's] o o T3] ~ [=+] r~
S m 0N oo 2o o = oM WY~ o A N M~ M~ © o 0 o0 o M 0 o oo;m M oMmon
Mo mom o T 37T T T T 9@ L omw B o0 © O O KR 0 0
F O N ™~ M ™ oMy T 0 - N WmWn W @ s M~ Do m & WO M~ H o B o @
AR ARRERYIIFTIFTILILERZTIRBELIERIIILRRIAR I
332-NLGNSAYLNSVVQVLFSIPDFQR-354
Apo
0.33 0.31 0.18 Mean: 0.27 Deviation: 0.07
Holo

0.08 0.17 0.05 Mean: 0.10 Deviation: 0.05

Hide
Data Files A -

LM_AD_IsoT_tryp_dig_sample1_CID
LM_AD_lIsoT_tryp_dig_sample2_CID
LM_AD_lIsoT_tryp_dig_sample3_CID
LM_AD_IsoT_DiUB_tryp_dig_sample
LM_AD_IsoT_DiUB_tryp_dig_sample
LM_AD_IsoT_DiUB_tryp_dig_sample
4 3

Sequence

GSMAELSEEALLSVLPTIRVPKAGDRVHKDECAFSFOTPE
SEGGLYTCMNTFLGFGKOYVERHFNKTGORVYLHLRRTRR
PKEEDPATGTGDPPRKKPTRLAIGVEGGFDLSEEKFELDE
DVKIVILPDYLEIARDGLGGLPDIVRDRVTSAVEALLSAD
SASRKQEVOAWDGEVRQVSKHAFSLKQLDNPARIPPCGWK
CSKCDMRENLWLNLTDGS ILCGRRYFDGSGGNNHAVEHYR
ETGYPLAVKLGTITPDGADVYSYDEDDMVLDPSLAEHLSH
FGIDMLKMOKTDKTMTELEIDMNQRIGEWEL IQESGVPLK
PLFGPGYTGIRNLGNSAYLNSVVOVLFSTPDFORKYVDKL
EKIFQNAPTDPTQDFSTQVAKLGHGLLSGEYSKPVPESGD |~

Modifications

Acetyl

Acrylamide adduct
Amidation
Aryldiazarine-TDBA
Biotinylation

Carbamidomethyl

Carbamylation -
| Aryldiazarine-TDBA - |
Digestion

|anpsin - |
Peptide Length |s s - |£|§|
Peptide Charge |1 :| - |Z|§|

# Missed Cleavages [ |3

MS Parameters
Tolerance 20 ||mmu  ~|
#SExplore I i Batch

21



File Edit Help

Peptide Level = Analysis
PDB
USPS (demo).pdb

Load PDB

Colour Scaling

V| Continuous

Controls

C: Cartoon Toggle

H: Hetero Object Toggle

R: Recenter view

I: Spin Toggle

K: Rock Toggle

Left Move: Rotate around center
Right Move: Move in plane

Shift + Left or Middle: Zoom

Shift + Middle: Clip Plane

= 52 L4 Modifications Enzymes

NGL Viewer

Data Processing

Hide
Data Files + 3 -

LM_AD_IsoT_tryp_dig_sample1_CID
LM_AD_IsoT_tryp_dig_sample2_CID
LM_AD_IsoT_tryp_dig_sample3_CID
LM_AD_IsoT_DiUB_tryp_dig_sample
LM_AD_IsoT_DiUB_tryp_dig_sample
LM_AD_IsoT_DiUB_tryp_dig_sample

4 »

Sequence

GSMAELSEEALLSVLPTIRVPKAGDRVHKDECAFSFDTPE
SEGGLYICMNTFLGFGKQYVERHFNKTGQRVYLHLRRTRR
PKEEDPATGTGDPPRKKPTRLAIGVEGGFDLSEEKFELDE
DVKIVILPDYLEIARDGLGGLPDIVRDRVTSAVEALLSAD
SASRKQEVQAWDGEVRQVSKHAFSLKQLDNPARIPPCGWK
CSKCDMRENLWLNLTDGSILCGRRYFDGSGGNNHAVEHYR
ETGYPLAVKLGTITPDGADVYSYDEDDMVLDPSLAEHLSH
FGIDMLKMQKTDKTMTELEIDMNQRIGEWELIQESGVPLK
PLFGPGYTGIRNLGNSAYLNSVVQVLFSIPDFQRKYVDKL
EKIFQNAPTDPTQDFSTQVAKLGHGLLSGEYSKPVPESGD ~

Modifications

Acetyl =
Acrylamide adduct

Amidation

Aryldiazarine-TDBA

Biotinylation

Carbamylation =
Aryldiazarine-TDBA .
Digestion

Trypsin v
Peptide Length 5 v - |40 (S
Peptide Charge 1 = i I =
# Missed Cleavages 1 |=

MS Parameters

Tolerance 20 mmu ¥

#%Explore #Batch
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