ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

BICH Claudia, MAEDLER Stefanie, CHIESA Katja, DE GIACOMO Fabio, BOGLIOTTI Nicolas,
VASELLA Andrea, ZENOBI Renato

Department of Chemistry and Applied Biosciences, ETH Zurich, Suisse

www.fmi.ch/student/images/link.jpg



Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

Introduction

1. Protein-protein interaction studied by mass spectrometry

| Protein-protein interaction
Non-covalent complex, High mass partners
' Methods used: MALDI mass spectrometry
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Introduction

I Methods used: MALDI mass spectrometry

Problem!! ‘D ‘D
Disruption of non-covalent
complexes due to MALDI
(sample preparation and MALDI MS Cross-linking
lonization process) ! | +MALDIMS
—s Use chemical stabilization = D

cross-linking
&
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Introduction

2. Kinetics of the binding

I Kinetics of binding for Antibody-Antigen ~few minutes
I Incubation time for cross-linking: 30-60min

Problem!!
— FInd new and faster cross-linkers
Better leaving groups
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2. Kinetics of the binding

I Kinetics of binding for Antibody-Antigen ~few minutes
I Incubation time for cross-linking: 30-60min

Problem!!
— FInd new and faster cross-linkers
Better leaving groups

Key points :

| Efficiency on protein complexes

I Kinetics of reaction

I Selectivity towards amino acids 5
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Chemistry of linkers: Mechanism and reactive groups

Cross-linkers studied= Binding with free amino groups N terminus and K

Mechanism:
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Cross-linkers studied

7 0 DSS Disuccinimidyl Suberate
N_O)‘\/\WO—N Reactive group (RG) : N-
I hydroxysuccinimidyl

o

Sa p
EuropeanPatent-OCross-linking reagents for molecular interaction

Same length

0 0 DPS Disphthalimide Suberate
RG : Phthalimide
| e synthesis adapted from (1)
SBBT 1,1’-(Suberoyldioxy)Bisbenzotriazole

) RG : HOBt (1-hydroxybenzotriazol)
="  synthesis based on (2)

O

SBAT 1,1’-
= \ (Suberoyldioxy)Bisazabenzotriazole
\ =N RG : HOAt (triazolo[4,5]pyridin-3-ol)
o synthesis adapted from (2)

Q) Van den Berg T.A. et al., Chem. Comm., (2007) 180-182, DOI : 10.1039/b613469f
(2) Ueda M. et al., J. of Polymer Sci., (1976) Vol. 14, 2665-2673
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Cross-linkers studied : Characterization

' NMR spectra
| Mass spectra (ESI-Q-ToF) MS and MS?
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GP—o

O » Reactive (leaving) group

DSS m/z 369, MS? (369) ions m/z 254
DPS m/z 465, MS? ions m/z 302
SBBT m/z 409, MSZ2 ions m/z 274, 136

SBAT m/z 411, MS? ions m/z 275, 137
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I Source: MALDI-ToF

I High mass detector, CovalX

I Cross-linking chemistry

50 fold excess of the cross-linker (2mg/
mL in DMF) in 10!L of protein solution

Species that can be detected by MALDI MS:

QQ free E Protein @\ C Decorated E protein @(} Cross-linked E protein complex
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System stud

led (1) : Antibody-Antigen
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System studied (1) : Antibody-Antigen
100 . - 5
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%60- 5 E % 40+
| Prion protein bPrP with £ | L i
one monoclonal antibody, ¢ i 0
3E7 20__U 1 100 -
' 1:1 or 1:2 complexes " T
. . N 2
| After 4min, detection of ™7 |3 VY
83% of complex (1:1 plus = < RIS
1:2) in the case of SBAT, <. | | ° 2|
only 37% in the case of ¢ g NSl W e
DSSI % 40—_ E g m/z (x10°)
ey 77
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Bich C. et al., Anal Chem, submitted 2009
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System studied (2) : homodimer of GST

1907 esT Contrpl 1997
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1Dirr, H. Chemico-Biological Interactions 2001, 133(1-3), 19-23.
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t cross-linkers
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Bich C. et al., Anal Chem, submitted 2009

% Dimer = area of the
dimer/ total area

At infinite time:
DSS ~70%
DPS ~50%
SBBT ~80%
SBAT ~90%

Cross-linker SBAT
most efficient

13
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Kinetics of the dn‘ferent cross-linkers: Evaluation

Evaluation of the kinetics based on the
* /? 6 formation of the cross-linked dimer
M, + XL k_> M,y  Cross-linking — [M2XL] — kz kXLz
" A\ [M 2] K ki
\ k, = ky, [XL]with n=12
Decoration

= Lo g

Assumptions: K (A+1)
-Only monocharged species
-several K but only one OglobalO reactivity

-only dimer in solution and not reversible reactions
-concentration of XL=cst

-A, indept. and diff. for each cross-linker
-0 of dimer can be assumed as concentration

14
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Kinetics of the dlfferent cross-linkers: Evaluation

”'.q\ &

™\ Evaluation of the kinetics based on the
formation of the cross-linked dimer

2 + XL k—> MZXL Cross-linking
J
& A\ M _ [ 2] kl kl(A+1)t
(M ] =
k(A+ 1)
Decoration
Cross-linker Kinetic constant ky, , I Cross-linker SBAT faster
DSS 71+6 L.moll.s1
DPS 417 +40 L.molt.s1
SBBT 464 +40 L.mol1.s1
SBAT 547 +50 L.mol1.s1 .

Bich C. et al., Anal Chem, submitted 2009
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Peptide tested: Fmoc-EGGGXGGGE
Only Lysine reacts
Selectivity for one type of amino acid

Peptide Peptide
X=Lys X=Arg, Tyr, Ser, Thr, His'-2

DPS Yes No

SBAT Yes No

16
@ Kalkhof, S., Sinz, A. Analytical and Bioanalytical Chemistry 2008, 392(1-2), 305-312.
(2) Maedler, S., Bich, C., Touboul, D., Zenobi, R. Journal of Mass Spectrometry 2009, 44, 694-706
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Conclusions/Outlook

l  New cross-linkers faster and more efficient than the
commercial (DSS)

o) o)
N
\\N
HO—N | ~ HO—N < N/ <
PS

I Fast and simple synthesis and utilization
| Reactivity towards only K

I Hydrolysis by HPLC
I Can be used for any kind of protein complexes

I Possibility to work on kinetics of formation (incubation

5min) o
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