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.Mass Spectrometry
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Evaporation
Chamber
Capillary
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= This is often coupled with LC (LC-MS)

= The solvated analyte is fed through a capillary tube
very high charge differential

= The charged droplet evaporates and ionizes the analyte
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-High Resolution Mass Spectrometry

# Fast method to determine the
elementary composition (error <5ppm)

# Use of low quantities

# Allows analysis of all types of organic
molecules
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-High Resolution Mass Spectroetry
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-High Resolution Mass Spectrotry
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. Tandem Mass Spectrometry

# Useful tool for structural characterization

# Appropriate for structural characterization of highly
symmetrical molecules: polymers, dendrimers, sugars

# Suitable for structural anomalies screening
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.Dendrimers as Drug Delivery Sstems

4
« Highly symetrical structures
b » Intrinsic cavities
X A - Funtionalizated surface
// // A \\
// ) AL A G3\\
/ // \\ G2\ \
,I / G1\ \\
e VR Y
! )
\ core
\ \\ // /I
\\ \\ S=-= / //
\ 7 y
\ ~ P / . .
Sl -- Vectorization agents

—_ e -

Jean J.M. Fréchet and Donald A. Tomalia Dendrimers and Other Dendritic Systems (2001) John Wiley & Sons 12
George R. Newcome et al. Dendrimers and Dendrons (2002) John Wiley & Sons
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.Dendrimers as Drug Delivery Stems
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PAMAM — poly(amido)amine

Main goal: Accurate characterization
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-MS Study of nanovectors
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‘ Complementary approach to non-covalently dendrimer-drug systems

Drug conjugation on the dendrimer arms
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-MS Study of nanovectors

4
\ Triazole cycle = linker
T\% Should play a role in the drug
! / delivery process
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Triazole nucleoside = anticancer activity

- High drug loading
- Can be much easier to control and predict in complex media
- Overcome the problem of poor solubility of triazole nucleoside

* Preserve the tumor targeting properties of nhanosystems
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-MS/MS Study of nanovectors i
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.MS/MS Study of nanovectors
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-MS/MS Study of nanovectors
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-MS/MS Study of impurity A
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-MS/MS Study of impurity A
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-MS/MS Study of impurity A
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-MS/MS Study of nanovectors i
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- Amphiphilic Dendrimers
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PET

SPECT

MRI

.Imaging

Positron Emission Tomography
Gamma rays emitted indirectly by a positro
emitting radioligand

Single Photon Emission Computed Tomography

Gamma-emitting radioisotope

Magnetic Resonance Imaging
Magnetic relaxation of water and fat tiss
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-1maging

PET  Positron Emission Tomography
Gamma rays emitted indirectly by a positron-
emitting radioligand

Gallium

SPECT  Single Photon Emission Computed Tomography
Gamma-emitting radioisotope

MRI Magnetic Resonance Imaging
Magnetic relaxation of water and fat tissues

Gadolintum
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[ MS & MS/MS Study ]
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[ MS & MS/MS Study ] Expected: C,,,H,,,N,50;,
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Gall-NOTAAmphiphilic Dendrimers

[C18-G2-4NOTA/Ga]?

100+

s

an
o
1

C18-G2-4NOTA/Ga]**

ano2Clinic

f:’M /—(OH HO_O
SO fﬁi’"
eNH Qg o C on
o§ Q v ° i = z;)hﬁ
S ame :é_m( N
~ Qi
/Y\’_} N_';\:,/\Nli
S ST v»i«st 2z
: 53 e o8
S R © o)*ou HN_o /—(OH °
N R ";
[\ 0™ oH
Olou

Expected: C,,,H,,,N,30;, Galll),

[[C18-G2-4N0TA/Ga]2}

400 500 600 700 800 200

1000 1100

rore Y
" 1200 1300 1400 1500 1600 1700

m/z

39
Garrigue P et al. PNAS. 2018, 26, 8594-8603



Intensity (%)

Galll-NOTAAmphiphilic Dendrimers
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‘Gal'l -NOTAAmphiphilic Dendrlmers

[ PET experiments ]
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Migration of the dendrimer in the cancerous tissue after 10min
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Ion Mobility: a New Dimension for MS

IMS separates ions based on their mobility through a neutral gas
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The mobility of an ionized molecule depends on ...

rroJd
=

... Its size ... its charge
)

\
Y
already discriminated in MS 42




INiC

-

8 Nano2Cl

inciple

Pri

ty

Which will “land” first?

N~ ” n P
27
A

\\“N\N\\\\ 5 ..\\,\\
%

.Ion Mobil

N>%

43



b
Y

Arrival Time Distribution
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http://bowers.chem.ucsb.edu/theory_analysis/ion-mobility/index.shtml
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- Ion Mobility: Principle

In IMS, ions are separated as a function of their mobility through an inert gas
under the effect of an electric field.

Same masses
but different
conformations Electric Field

Se S @

* Mobility of an ion depends on its WEIGHT, CHARGE STATE & SHAPE
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Ion Mobility: Principle
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IMS: Gas phase diffusion e
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Ion Mobility: Instrumentation |
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.Ion Mobility: Instrumentation
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.Ion Mobility: Instrumentation ‘
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.Ion Mobility: Instrumentation

INTELLTSTART'
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OIL-FREE AIR-COOLED TURBOMOLECULAR PUMPS
SCROLL PUMP

SYNAPT G2
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SD Pringle, K Giles, JL Wildgoose, JP Williams, SE Slade, K Thalassinos, RH Bateman, MT Bowers, JH Scrivens Int. J. Mass Spectrom. 2007, 261, 1-12 51
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Ion Mobility — Mass Spectrometry

N
\

# Distinguish between different conformations of the
same molecule

# Isomers separation

# Discrimination between isobaric species with
different shape

53



.1somers Separation

et Isoleucine A Leucine
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Isobaric amino acids differentiation

Knapman et al., Int J Mass Spectrom (2010) 298, 17-23.
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.1somers Separation

B-D-GleNAc-{1-6)-D-GalNAc-ol
CHy N0y,
Exact Mass: 426.18
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-IMS Applications

Dinucleotides 80 K .. 140K
B
Arrival time Arrival time
Fro:zen Dyn.:a mic
Compact Open ' I !

HO 200 X
0o ;I&-. OH 190l
‘\P,.-' 0

o=F_ HO . . 0 .
\O\l?_’ 0P~ © & 180, . \{:>
H o
° u g 1701 \G
¥ 1eok
p o]
Wi —_—
wJ g
140 \I:I
130 n-""‘*n
120— ! . . T
100 200 300 400 500 600
T(K)

T Wyttenbach, NA Pierson, DE Clemmer, MT Bowers Annl. Rev. Phys. Chem. 2014, 65, 175-196 57



-IMS Applications
Peptides: Bradikinin

Collision cross section (A2)

Water: Methanol

T Wyttenbach, NA Pierson, DE Clemmer, MT Bowers Annl. Rev. Phys. Chem. 2014, 65, 175-196

340 36
Collision cross section (A2)

Water: Dioxane

58
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-IMS Applications

Proteins: Ubiquitin

'\ o’ -
h\ Native
h state :
T -
6 : o N
Water N ] Ma I~
Water: Methanol 1: 1 \
E T
% L

Jﬁé" 11 * J

o ® )
1% acetic acid in Water: Methanol 1: 1 \ UU\_

13

I T T T T T T 1
800 1,000 1,200 1400 1600 1800 2,000 2200

Cross section (A2)

T Wyttenbach, NA Pierson, DE Clemmer, MT Bowers Annl. Rev. Phys. Chem. 2014, 65, 175-196 59



4.0E5

3.0E5

19
o3
w

Intensity (counts)

1.0E5

Tintaru et al. International Journal of Mass Spectrometry (2013) 354, 235.

588.9
[M+2H]?

[M+3H]>*
392.9

I 1
%—"2:
e 0
[M+H]|*
1176.8

1.4E6

1.2E6

1.0E6

8.0E5

6.0E5

Intensity (counts)

4.0E5

2.0E5

PAMAM

Globular Shape

200

.IMS — MS Study of Dendrimers

308.9
[M+3H )3
[M+H]* g
924.6
[M+2H]?* aén—\_{o )
462.8 i S PP ey
c;)_/—f \}\un
HgN—/_NH };a 2 HN"Iz
PSR U N S
400 600 800 1000 1200 miz

INic

PAMAM
Fan Shape

60



$88 .\ ano2Clinic

.IMS — MS Study of Dendrimer
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. l IMS-MS Study ] :
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- IMS — MS/MS Study of Dendrimers
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IMS — MS/MS Study of Dendrimers

2

Dendrimer or polymer MS/MS behavior ?
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- IMS — MS/MS Study of Dendrimers
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Conclusions

Mass Spectrometry powerful technique:
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# Accurate Mass Measurements

# Structural Characterization

# Isomers Separation

# Differentiation Based on Ions Shape
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