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ibS Outline

Towards integrated structural biology: Many types of biologieal,MS

. . Intact proteins
studying protein complexes by Protein complex challenges
native mass spectrometry Native MS: preserving interactions

Dissociation in gas phase
Dissociation in solution

Elisabetta Boeri Erba, lon mobility-MS
Institute of Structural Biology, Outlook
Grenoble
seurte Pl H
o IbS Accuracy and Precision Nomenclature iupac

Mass unit =Da= 1/12 of mass of the a carbon-12 atom= 1.6 10%" Kg

Accurate mass and exact mass are not synonymous.
Accurate mass refers to a experimentally measured mass.
Exact mass refers to a calculated mass.

Monoisotopic mass (Exact mass): is calculated using the exact mass of the most
abundant isotopes of each constituent element (e.g., C12=12.000000, C13
=13.003355)

Accurate=
French “juste”, “exact”?

Average or chemical mass: mass of an ion or molecule weighted for its isotopic
composition monoisotopic mass. (e.g., C=12.011, H=1.00794, 0=15.9994)

Nominal mass: mass of a molecular ion or molecule calculated using the isotope
mass of the most abundant constituent element isotope of each element rounded to
the nearest integer value and multiplied by the number of atoms of each element.(e.g.
CH30H= 12+4X1+16=32 Da

https://en.wikipedia.org/wiki/A
ccuracy_and_precision . .
Accurate, Not Precise Not Accurate, Not Precise

NC STATE UNIVERSITY

Murray, 2013
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Monoisotopic, average masses

protonated molecule (MH*)
Cg1H115N24036
monoisotopic mass
=1999.7905 average mass
| &~ =2000.9200

nominal mass = 1999 /(\ I

resolution = 200 —— f

resolution = 2000

— /

Figure 3.3. The mass spectrum of a protonated molecule obtained at resolving powers
0f 200, 2000, and 20,000 (using the FWHM definition of resolution). This is an example
of how the resolving power can have a dramatic effect on resolving isotopes.

Figure from The Expanding Role of MS in Bio-technology — G . Siuzdak

An Overview of Peptide and Protein Analysis by Mass Spectrometry, S. Carr and R. Annan,

in Current Protocols in Protein Science, J. Wiley and Sons (1996)

Nomenclature

Resolution =m/dm, m is the mass of the ion of interest, dm is the peak width
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Often dm is taken to be 50% and m is designated as full width at half maximum (FWHM).

Mass error = (exact mass) — (accurate mass)

Mass error in parts per million (ppm) =(mass error)/ (exact mass) X 108

Intact proteins

+ MS analyses of intact proteins by:
< LC-ESI-TOF: <100 kDa
< MALDI-TOF: >100 kDa

Boeri Erba E*, Signor L, Oliva M F, Hans F, Petosa C. Methods in Molecular Biology, 2018

LC-ESI-TOH
D-, 13C*5N- labeling of TTR
A 15+ [}
N Log s i S
3000 1000
Calculated mass (Da) _ Measured mass (Da) % of Tabeling
HTTR 14019.15 @ 14021.03 -
DTTR 14772.15® 14771.04 99.85@
CNTTR 14809.15 © 14794.15 9810 @

Yee AW..., Boeri Erba E, Forsyth VT. Angew Chem Int Ed Engl. 2016,55(32):9292-6  Experiments done by Luca Signor ~ &
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Intact proteins LC-£sI-TOF
|+ESI Scan (rt: 3.369-3.452 min, 6 scans) Frag=250.0V QC 17-156.d Subtract
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Counts (%) vs. Mass-to-Charge (m/z)
Experiments done by Luca Signor

a-N-6-Phosphogluconoylation of His Tag

- Mass.
Observed | Expectedmass | Mass deviation . :
mass (Da) (0a) (0a) SR iterpretation
(ppm)
26937.21 26936.33 0.88 33 In agreement, seq. 1-233 (59%)
27116.01 +178.8 Da (14%)
27194.89 +256.6 Da (7%)
25800.96 0.83 32 Truncated form at C-ter, seq. 1-224 (15%)
25982.21 +181.2 Da (3.5%)
26058.89 +257.9 Da (1%)
102 [VESI Scan (& 5.365:3 452 min - 17156 Subtract =202)
1 sz
05 59%
08
07
06
05
o4 15% | 14%
o 2580096 \‘ 2711601 7%
02 1 o A
o | B T
UL L

25700 25800 25300 26000 26100 26200 26300 26100 26300 26500 26700 76300 26900 27000 27100 27200 27300
i (%) vs. Deconvoluted Mass (amu)

Geoghegan et al., Anal Biochem 1999; Aon et al., Applied and Environmental Microbiology 2008 o

LC-ESI-TOF
Intact proteins: degree of phosphorylation

ap RIE2K RIP2K(K47R)

34793.9
3p | SP
2
6P

ne de-phosphorylated
34766.1 RIP2K RIP2K(D146N)

Relative Intensity (a.u.)

auto-phosphorylated 34600 34750 34900 35050 35200 36350 36500
Deconvoluted Mass (amu)

S0 TS S0 R0 A0 w0 5e00
Deconvoluted Mass (am)

Pellegrini E, Signor L, Sing_h S, Boeri Erba E, Cusack S. PLoS One. 2017

MALDI lonisation

s0c 3 337 o)

UV-absorbing
matrices

© Marrx

Signor L, Boeri Erba E, Matrix-assisted laser desorption/ionization time of flight
(MALDI-TOF) mass spectrometric analysis of intact proteins larger than 100 kDa. J
Vis Exp. 2013 Sep 9;(79). doi: 10.3791/50635




11/04/2018

MATRICES for MALDI-MS
PROTEINS, LIPIDS,
CARBOHYDRATES
PROTEINS,
PEPTIDES I
™ COOH
D/©/CH=C—COOH PROTEINS
H =
€3 CH=CH—COOH on
a-Cyano-4-hydroxycinnamic A 2,5-Dihydroxybenzoic acid

acid (HCCA) (DHB) (Gentisic acid)

OCH;3

3,5-dimethoxy-4-hydroxycinnamic
acid (Sinapinic acid)

Large Nucleic acid
OLIGONUCLEOTIDES

H
OH COCH;
| S
oz
N COOH HO' @il

3-Hydroxypicolinic acid 2,4,6-Trihydroxyacetophenone

HAP)
Davide Corpillo

Intact proteins > 100 kDa
a-cyano-4-hydroxycinnamic acid ‘

2,5-dihydroxybenzoic acid
500
30
[M+H]*
T T m/z T mz

T T 1 T T T T
100000 60000 100000

M+3H1 % M+2H12*

80004
amount: 1.7 pmoles
60004

40004

2000 CHCA_DHB

intact immunoglobulin, 1gG (148500 Da);

Signor, Boeri Erba J Vis Exp.
2013, 79. doi: 10.3791/50635 .,

MALDI-TOF

Outline

o Protein complex challenges
oNative MS: preserving interactions

Many Types of biological MS

Identifying intact proteins
“Top-Down Proteomics”

Identifying proteins
from fragments
“Bottom-up Prot ics”

Pr ics is the larg

le study of proteins.

The proteome is the entire set of proteins present in an organism or system

Aebersold, R. and Mann, M. (2003) Mass spectrometry-based proteomics. Nature, 422,
198-207.

Jensen, O.N. (2004) on-specific. proteomics: ization of
modifications by mass spectrometry. Curr. Opin. Chem. Biol., 8, 33-41

Aebersold R, Mann M. Mass-spectrometric exploration of proteome structure and function. Nature. 2016 Sep 15;537(7620):347-55.
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Many Types of biological MS

Measurement of the
Mass and Size of
intact protein
complexes

Mass and Size of
subcomplexes

Studying intact proteins
“Top-Down Proteomics”

Identifying intact proteins
“Top-Down Proteomics”

Identifying proteins
from fragments
“Bottom-up Proteomics”

Identifying proteins
from fragments
“Bottom-up Proteomics”

What is a complex?
Noncovalent Bonds
o & * Noncovalent bonds enable one large molecule
) to bind specifically but transiently to another
I e 1) Hydrogen bonding |
[}
Complexes
|
‘ Specific interactions
SharedAubunit Defined f;‘:;“;‘t’a”;‘f;ry strength of a hydrogen bond in water (=5
W kcal/mol) covalent O—H bond (=110 kcal/mol).
 bstoichiometric collexd F’;g‘;:g" sstrEazﬁ:::'gN . http://www.ncbl.nIm.nlh.gov/books/NBK21729/
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Noncovalent Bonds

2) lonic Interactions

An attraction of a positively charged ion — a
cation — for a negatively charged ion — an
anion e.g. Na*Cl~

3) Van der Waals Interactions
Caused by electric dipoles; 1 kcal/mol; O,

eyt | |
Covalent van der Waals
radius radius

(0.082 nmi (014 nim)

Noncovalent Bonds
4) Hydrophobic Bonds

Due to force that causes hydrophobic molecules
or nonpolar molecule portions to aggregate
together rather than to dissolve in water.

Specificity of Multiple Noncovalent Bonds

Protein

/ o\
L —CH,—OH -+ O=C—CH, —CH,— :;’ﬁfﬂ’"

—CH, —CH,— N, 0,

lanic
-]

—cH,
N

'CH—CH;
CH, CHy

CHy—CH—CH,— | Hydrophobic and
van der Waals
—?H—C“ﬂ CHy—CH—"{ interactions
CHy CHy

A
—cHy—c{_ H—CH,— lonichond

Analysis challenges

s « Sample features:
% @ M High mass protein complexes
] Crucial interactions may be weak

;5;3 o « Sample Polydispersity:
Multiple oligomeric states
Mammalian a-crystallin: 24-33 subunits

* Low Sample Concentration

Many Types of MS

2D interaction

Native MS |—» ‘)
‘ network of subunits

v

_____ Shape of

iM-MS |—» | ’ subcomplexes
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Many Types of MS

2D interaction
network of subunits

Native MS |—» ‘>

v

What is native MS?

)

.-10 Subunit masses
\ \ /
/
Mass of the

whole complex
\ \
( \
Stoichiometry
\

J

Information from native MS

o) = em Yy

Subunit A’ Subunit B Subunit C~__ Subunit D

- C s P

I AT\ Y
Core subunits Peripheral subunits

oGas-phase

4 ' ‘- dissociation

Composition

[]

Stoichiometry

Subunit position ‘

| oSolution
1| dissociation

d]

How to maintain non covalent
interactions in the gas phase?

« Soft ionisation (electrospray)
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Electrospray ionisation How to maintain non covalent
" Gas Phase interactions in the gas phase?
v + Soft ionisation (electrospray):

* Nano electro-spray source

-]
@ Helena Hernandez & Carol V Robinson. Nature Protocols 2, 715 - 726 (2007)

:

Solution Phase

How to maintain non covalent Denaturing conditions
interactions in the gas phase? 100, 29+27+  GroL monomer.
57 kDa
+ Soft ionisation: nano electro-spray 3t
- Aqueous buffer: 50 % Methanol
-ammonium acetate ® | o miz= 2478
miz,=2590
-detergent above critical micelle concentration 3 ‘ 272,
S.T “ “ “ J ‘ ‘ ‘ 21+
WAL | |
‘L/ WWWV | | |1 +
o ‘ Mbd : u“"w‘wu@i
Barrera NP et al., Mass spectrometry of membrane transporters reveals subunit stoichiometry 1200 1600 2000 2400 2800 3200 3600 .
and interactions. Nat Methods. 2009 Aug;6(8):585-7. doi: 10.1038/nmeth.1347. 31 wz
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Native conditions How to maintain non-
GroELy, . . .
Intact GroEL 14mer: 800kDA”] o - covalent interactions in
Nano-ES| the gas phase?
* 1-2 micron emitter ol
aperture "1
:;nglre'-r/?:lii;‘iaf:zvrof:r;s R0 iy e s Soft ionisation (electrospray)
100/0 Aqueous buffer (e.g. ammonium acetate)
= 7 ESI
Modified instruments (Q-TOF, Q-IM-TOF)
Standard ESI: *
+ ~100 micron aperture 1w GroEL,.] Q=quadropole
+ 5-10 pL/min flow rate i 750 Foroet, ] )
<larger droplets GrokL, TOF=time of flight analyser
Benesch, Ruotolo, Simmons, Robinson, Chem. Rev, 5000 12‘ /20 15000 20000 .
ESI-Q-TOF ("E What are the sample
requirements?

nancES!
Source

* Moderate concentrations (2—-20 microM)

* buffer exchanged to ESI-compatible
solutions (Ammonium Acetate)

MCP
Detector,
-

» Buffer exchange: microcentrifuge gel
filtration (e.g. Biospin), ultrafiltration
devices (e.g. Vivaspins)

*Manipulate pressure gradient
*Gas for collisional cooling

Sobott, et al. Anal. Chem. 74, 1402-1407 (2002), van den Heuvel Anal.

Chem., 2006, 78 (21), 7473-7483, Chernushevich et al. Anal. Chem., 2004,
76 (6), 1754-1760 35 36
MCP: microchannel plate; TOF: time of flight (analyser)
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Tos  semee P

: It)SI Inactive and active RIP2 kinase

LC-ESI-TOF
NP RIP2K(K47R)
34793.9
3P auto-phosphorylated
. RIP2K
Goals:
. . NP
Stoichiometry R N CS— RIP2K(D146N)

Deconvoluted Mass (am)

Direct interactions between subunits

2D interaction network of proteins ———

o0 9600 ssa0 95800
Deconvoluted Mass (amy)

Pellegrini E, Signor L, Singh S, Boeri Erba E, Cusack S. PLoS One. 2017
37

IbS I. RIP2 kinase: stoichiometry

@
: IbSI RIP2 kinase: phosphorylation site

LC-ESI-TOF

MALDI-TOF

17+ Rip2K 174 Rip2K- K47R 17+
100 ‘: g aimer 100 [ ] 17+ § dimer 100 Rip2K-D146N

0 ae w0 w0 0 w0 30
Deconvoluted Mass (am)

Rolatie Itensiy fo.u]

®

T

% % ® @
8 1 ;

| “M n 8

1000 1100 1200 1300 1400 1500 1600 3000 2000 2500 4500

mass-to-charge (mz)

DFG-LS(gKWRMMS 7,15 760S175RS 136513/KS 13/APEGGTggllY5M-PPE
o phosphopeptide 172-179] MMS,;,LS,7QS 7R

phosphopoptde [172:182] MMS,;,LS,75QS 7sRS 1S 81K

Pellegrini E_Signor L Singh S, Boeri Erba £, Cusack S _PLoS One. 2017 55 Pellegrini E, Signor L, Singh S, Boeri Erba E, Cusack S. PLoS One. 2017
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Il. Chromatin assembly factor 1 (CAF1)

®
@loon
ONA repication Y
Cact 4 3
Cac3 b =
Cac2

100

0 Cac2-Cac3

H 23+ 29+

224
il ﬁu@"m\

T T T
3000 5000 7000

m/z

Collaborators: Daniel Panne, EMBL

Sauer et al., eLife 2017

Il. Chromatin assembly factor 1 (CAF1): assessment of stoichiometry

8-

caet @l

- ONA replcation ¢ %}
B —

Cac2

14+ %yCAF1 4+
100 1 Cac2 100

1 Cac3
0 Cac1-Cac3
0 Cac2-Cac3

H 23+ 29+

¥ of ||

m/z

T T T m/z
3000 5000 7000

T T T
5000 7000

Collaborators: Daniel Panne, EMBL Sauer etal., eLife2017"

Dynamics of complexes
TTR (transthyretin)

* 4mer in blood plasma and cerebrospinal fluid
* Transport of the thyroxine and vitamin A

+ Aggregation into amyloid fibrils

* Influence of amino acidic deuteration

* Influence of a deuterated buffer

Trevor Forsyth, ILL, Grenoble

Yee AW..., Boeri Erba E, Forsyth VT. Angew Chem Int Ed Engl. 2016, 55(32):9202:6

LC-ESI-TOF
D-, *°C'SN-TTR labeling
100 15+ A 15+ B . 15+ G
|
%
t |
LALL‘LL ’ LA.lIA N . kllLk Tm/
1000 3000 1000 3000 1000 3000
Caleulated mass (Da) ~ Measured mass (Da) % of labeling
HITR 14019.15@ 14021.03 -
DTTR 14772.15® 14771.04 99.85@
CNTTR 14809.15© 14794.15 98.10¢

Yee AW..., Boeri Erba E, Forsyth VT. Angew Chem Int Ed Engl. 2016, 55(32):9292-6  Experiments done by Luca Signor 44
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Structures of H- and D-TTR T
Fibrillation of H- and D-TTR
o { Q D
A
o 2 1400
5 6000
:
£ 5000
o
[
4000
S 3000
g
. Gane 8 20004 i
Backbone atom alignment ** g j

20 oy, g 1000+ e HTTR

8, 2 ’ ——DTTR

= 04— T T T T T T T

o 0 10 20 30 40 5 60 70 80
Time (hour)
0% Thioflavin T dye
Residue Number )
Yee AW..., Boeri Erba E, Forsyth VT, Angew Chem Int Ed Engl. 2016, 55(32):9292-6 N Yee AW..., Boeri Erba E, Forsyth VT, Angew Chem Int Ed Engl. 2016, 55(32):9292-6 “©

Nano-ESI-Q-TOF

Exchange of TTR subunits

Exchange of TTR subunits

. N, N H/D exchange in H-solvent H/CN exchange in H-solvent
it A
. i 53
w g s]
L # N ] N
" & gl ! HID exchange g;s & by H i
f A Yy, 1t g i
21 b H . HAA LRI
s g 1t 3
. . BT H
R w owl com ¥ o io} @ H "L RS
Beg8- v o GINFERRIERE
i BEIEN I %4
W o W W 200w o | L Towinn -
s % s A Hoiadime + deuteration causes TTR destabilization e XXX
G- HRRUM P
I W OJHON ZHON RN 4N Nes H/D exchange in D-solvent
ET
e u s o
w LI o H oo
G [ A A + B
w8 je T
N 4 ¢ H/D exchange FEL N e oG Y
» in D-solvent % .
81| TEIER
AN . in] gu bt
500 4500 38500 4500 5y #
Beginning of reaction End of reaction 0 2w 4000 "Hnﬁﬂ\mml‘m 10000 12000
Yee AW..., Boeri Erba E, Forsyth VT. Angew Chem Int Ed Engl. 2016, 55(32):9292-6 v i poor SOIUDIIIty Of non-pOIEr prOtEIrI Slde Chalns "

12
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TTR conclusions *Dissociation in gas
phase

X-ray structures of H and D-TTR are identical
Amyloid formation accelerated for D-TTR

Subunit exchange kinetics accelerated for D-TTR

Slower subunit exchange in D-solvent [* D issoc i ati on i ns OI Utio n

Yee AW..., Boeri ErbaE, Forsyth VT. Angew Chem Int Ed Engl. 2016, 55(32):9292-6 49 50

Dissociation in gas phase

*Dissociation in gas
phase

Loss of monomers

= e P iy N
Stoichiometry I q “ ..
~ - - ' 9y . y /

Core and Core subunits Peripheral subunits

peripheral subunits . .

13
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Dissociation in gas phase

Dissociation in gas phase

ﬁ&oo

Loss of monomers

Boeri Erba et al. Analytical Chemistry, 2010

|bs Examples

"+ Protein complex, ()
| Barbara Callisto, ESRF @@

-~

* RNA protein assembly,
Carlo Petosa, IBS
\_

*Dissociation in gas
phase

~D|ssomat|on |n solutlon

Subunit interactions

14
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Dissociation in solution

Gr o
2Ad

Levy, Boeri Erba, et al., Nature. 2008, 453(7199):1262-5.
Assembly reflects evolution of protein complexes.

Many Types of MS

Shape of

IM-MS  |—» ‘~ subcomplexes

Information from IM-MS

Same mass, different shape: ring type and collapsed type

Information from IM-MS

Same mass, different shape: ring type and collapsed type

Collision cross section: the effective surface area of a macromolecularion when
it collides with a neutral gas molecule

)

15
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lon Mobility separation

Measuring the time
taken for an ion to travel
through a uniform
electric field gradient in a
gas atmosphere

lon Mobility instrumentation

nanoESI T-Wave High-m/z Trap s Transfer P
Source Ton Guide Quadrupole T-Wave T-Wave T-Wave Detector

lon mobility separation region

Uuuuuuuue
Uuuuuuue

|

Reflectron
ToF

S.D. Pringle et al., Int. J. Mass Spectrom. 261 (2007) p. 1

Native MS )

lon Mobility ¥
EM

Native MS )
lon Mobility ¥

Human eukaryotic initiation factor 3 (elF3) complex

Zhou et al., PNAS, (2008), 105, 47, 18139-18144 thm

16
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Native MS 7)
lon Mobility ¥

Human eukaryotic initiation factor 3 (elF3) complex
Zhou et al., PNAS, (2008), 105, 47, 18139-18144 fhm

Is the gas-phase structure similar to
the structure in solution?

Is the gas-phase structure similar to
the structure in solution?

» Removal of water for milliseconds
+ No immediate unfolding of proteins and

protein complexes

Meyer et al. 2009 An atomistic view to the gas phase proteome. Structure 17, 88-295.

Soft-landed enzymes retained biological
activity

-
= <8 “]'777'
L |
o a— O
B (otwiem gbnem  (otem  Swee Tonme

After MS separation, soft-landing of proteins onto surfaces

Lysozyme and trypsin retain their activity after the
ionization, mass selection, and soft-landing processes

Ouyang et al.Science 301, 1351 (2003)

17
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Solution VS gas phase structure

Influence on oligomeric state:
*Solution pH
*Solution concentration

Boeri Erba et al. Anal Chem. 2011.

Solution VS gas phase abundance
@71 18.3 uM © 2 16.9uM

(b) b 21uM

134

7,.38

3500 4500 5500

» Changing solution conditions determines
different peak intensities

0
Se0e®

IbS Why use native MS?

Moderate quantities of protein
complexes (20 uM, 20 uL)
Tolerate composition
heterogeneity, flexibility

Do not require crystals or labeling
or crosslinking

Symmetry in the structure is not
an advantage

2°%%0

:. IbSFuture of native MS and IM-MS

1) Spatial restraints from MS and IM-MS to allocate subunits in EM
structure

Jore al. Nat Struct Mol Biol 2011, 18:529-536.

Lanucara et al. Nat Chem 2014, 6: 281-292

2) High resolution instruments to get both quaternary and primary
structure.
Skinner, et al. Nat Methods 2016, 13(3):237-40

18
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|bS Future of native MS

instiut de Biloge Structurle

High sensitivity of MS: analysis of protein complexes affinity-purified
directly from cells

1000 versus 108 molecules

Hanay et al. Single-protein nanomechanical mass spectrometry in real time. Nat Nanotechnol.
2012;7(9):602-8

Sage E, et al. Neutral particle mass spectrometry with nanomechanical systems. Nat Commun.
2015. doi: 10.1038/ncomms748

http://www.edyp.fr/index.php/analytical-methods
http://www.youtube.com/watch?v=OMSMWS5NrdfA

Future of native MS and IM-MS

3) High sensitivity of MS

+ Ultra-small mechanical structures (e.g. 1.8 ym x 120 nm x 100 nm)

» High mechanical vibrational frequencies.

* Change in the resonator total mass, change in the oscillation
resonance frequency

74

http://nano.caltech.edu/research/nems-ms.html

Reviews

Boeri Erba E, Petosa C. The emerging role of native mass spectrometry in
characterising the structure and dynamics of macromolecular complexes.
Protein Sci. 2015

Boeri Erba E, Investing macromolecular complexes using top-down MS.
Proteomics. 2014

Sharon M. Biochemistry. Structural MS pulls its weight. Science.
2013;340(6136):1059-60

Barrera NP, Robinson CV. Advances in the mass spectrometry of membrane
proteins: from individual proteins to intact complexes. Annu Rev Biochem.
2011;80:247-71

Benesch JL, Ruotolo BT. Mass spectrometry: come of age for structural and
dynamical biology. Curr Opin Struct Biol. 2011;21(5):641-9

Hilton GR, Benesch JL. Two decades of studying non-covalent biomolecular
assemblies by means of electrospray ionization mass spectrometry. J R Soc|
Interface. 2012;9(70):801-16

Zhong Y, Hyung SJ, Ruotolo BT. lon mobility-mass spectrometry for structural
proteomics. Expert Rev Proteomics. 2012;9(1):47-58

Uetrecht C, Rose RJ, van Duijn E, Lorenzen K, Heck AJ. lon mobility mass
spectrometry of proteins and protein assemblies. Chem Soc Rev.
2010;39(5):1633-55

Madler S, Boeri Erba E, Zenobi R. MALDI-ToF Mass Spectrometry for Studying
Noncovalent Complexes of Biomolecules. 2012; 1-36

75

IbS Research laboratories

* Prof. Robinson
http://research.chem.ox.ac.uk/carol-robinson.aspx
* Prof. Heck http://www.hecklab.com

* Prof. Zenobi http://www.zenobi.ethz.ch/

¢ Prof. Ashcroft
http://www.astbury.leeds.ac.uk/facil/mass.htm

« Prof. Cianferano-Sanglier
http://www.iphc.cnrs.fr/Spectrometrie-de-masse.html
* Dr. Boeri Erba http://www.ibs.fr/

Groups > Viral Infection and Cancer Group > Boeri Erba

Team B
T—

19



11/04/2018

ibS :‘r‘-'-‘-"ibs Integrative

G D “: 1 Structural Biology

* Prof. Ruotolo [ Innovative tool for interaction maps ]
http://www.umich.edu/~ruotolo/

[crystallography and NMR)|  EMandsaxs | Nativems |

* Prof. Loo \
http://loolab.chem.ucla.edu/index.html

0
* Prof. Sharon
http://www.weizmann.ac.il/Biological Chemistry/s . D stracieor || oo ion
cientist/MichalSharon/ of subunits a whole complex network
* Prof. Frank Sobott l l ]
https://www.uantwerpen.be/en/staff/frank- 0 ]
sobott/prof--dr/research/ ( S 8 32::;’2:::::;" ]

Conclusions Acknowledgments
+ MS analyses of intact proteins
«+  Native MS .
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Pressure manipulation
Additional information 2 e il

Pressure 104 106
in mBar < iy — " ) .
P Py High ";;.‘:.:‘“.m
Pennirg JScsanci Vate

Lew rep rat pushgr
Y

van den Heuvel Anal. Chem., 2006, 78 (21), 7473-7483,

6-Phosphogluconolactone
From Wikipedia, the fre encyclopedia

6-Phosphogluconolactone Is an intermediate in the pentose phosphate pathway

Itis produced from g hosphate by gi hosphate

6-Phosphoglucenolactone

‘Other names
6-phospno-D-glucono-1 5-actone.

6-phospno-D-glucono-3-factone Properties.
D-6-phosphoglucono-1.5-iactone Chemical formula_[CgH110gP
D-6-phosphoglucono--actone e 558,12 gimol

D-glucono-1,5-iactone 6-phosphate
D-glucono-G-iactone 6-phosphate

Glucose 6-phosphate
Lactones are cyclic esters of hydroxycarboxylic
acids, containing a 1-oxacycloalkan-2-one
structure, or analogues having unsaturation or

J heteroatoms replacing one or more carbon
atoms of the ring
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