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Generalities about painting

Paintings are a form of visual art that captures the
expression of ideas and emotions on a two-
dimensional flat surface.

Artists use the elements of shape, colors, line, tones,
and textures in unigue ways to produce paintings that
convey sensations of movement, volume, space, and
light.

Multiple painting techniques that evolved throughout
the history.

Art history is the study of objects of art considered

within their time period: to better understand,
document and preserve the artworks.
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Paintings formulation and classification
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Natural gums

Viscous and adhesive substances.

Agri-food
* Multiple origins:
= Bacteria
= Algae Pharmaceutical
(- Plants )
* Secreted by vegetal cells il .‘;’ ’I Cosmetics

* Protection and defence role.

* Continually produced when an

C 0 L Paintings
aggression is existing

Izydorczyk, M., Cui, S. W., & Wang, Q. (2005). Polysaccharide gums: structures, functional properties, and applications. Food carbohydrates:
Chemistry, physical properties, and applications, 293, 299.
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Molecular structure of gums

Gums = Proteoglycans Arabinogalactan Galactomannan
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Analytical techniques for gums

Analytical techniques for gums
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GC-MS NMR
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Limitations:

- Chemical degradation of polysaccharides
- Need of substantial amounts

Development of a sensitive and mild analytical method based on enzymatic digestion of gums and
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Analyzed gums in our investigation

Commercial natural gums

Watercolor and gouache
palettes

Paintings models

Ancient paintings

Gommes standards Genre/Espéce

Arabinogalactanes Standard

Galactomannanes Standard

Gomme arabique Acacia .
G Modern and ancient from

omme adragante Astragalus )

— different manufacturers

Gomme de caroube Ceratonia siliqua

Gomme de guar tect:r}; nggggza )

; Selection of color and
Gomme de karaya Sterculia .
_ , previous palettes

Gomme de ghatti Anogeissus

XIXth - XXth century
7 Standards



Experimental strategy

3- Digestion

1- Solubilization .
enzymatique

.

é )

€

endo-beta-1,4-mannanase

€

5- Analysis by [/
MALDI-MS

2- Centrifugation

For models
Elimination of impurities
supernatant

3-AQ acting as a matrix and derivatizing agent

4- Filtration [“"m m%wz . "
y.
L\ / PVDF 0.22 pm
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Elimination of pigments
Keep the filtrate
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Enzymatic digestion principle

Exo-beta-1,3-galactanase
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Analysis of digested standard gums

9.4 T MALDI-FT-ICR MS

Increased sensitivity and resolution compared to MALDI-TOF-MS analysis
(detection limited to Hex(11))
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Watercolor palettes’ analysis

Colors and manufacturers comparison

11

1

Watercolor Period Country Type Color Gum
J.M. Paillard - Normal 1960-2000 FR Tube/liquid Burnt Sienna Arabinogalactan
Winsor&Newton - Professional 1960-2000 UK Tube/liquid Burnt Sienna Arabinogalactan
Rowney 1960-2000 UK Cube/solid Burnt Sienna Galactomannan
Art-n-Fly 2000-2022 CH Cube/solid Burnt Sienna Galactomannan
Daler-Rowney 2000-2022 UK Cube/solid Burnt Sienna Arabinogalactan
J.M. Paillard — Extra fine <1960 FR Tube/liquide Ultramarine Galactomannan
Winsor&Newton — Scholastic <1960 UK Tube/liquide Ultramarine Arabinogalactan
Winsor&Newton — Students <1960 UK Tube/liquide Ultramarine Galactomannan
J.M. Paillard - Normal 1960-2000 FR Tube/liquide Ultramarine Arabinogalactan
Winsor&Newton - Professional 1960-2000 UK Tube/liquide Ultramarine Arabinogalactan
Rowney 1960-2000 UK Godet/solide Ultramarine Galactomannan
Talens 1960-2000 NL Godet/solide Ultramarine Arabinogalactan
Art-n-Fly 2000-2022 CH Godet/solide Ultramarine Galactomannan

Msap). @ (L Soyersite



Dried watercolors’ analysis

Burnt Sienna color, aging in ambient air for 7 days

ntens. 0 Hexose residue (CgH,,0¢) (M/z 162.0528) p | N

Intens. - N .
» 06 = T T T TS I :?OST 25072022 -116_0_J16_000001 .d: +MS
1805 57335
N Fresh Fresh
1
8 o o) o o A%64z02842 02129 Ge1s2 W o 0.8
220173044
o) o l © o o © o)
O 1+ (@)
D 13191:1418 16078
6 5 i 3 ®) 0.6
1481 46759 2453.78842 O
¥ O O
995.30761  1157.36103
4 ] 1+ 29401.;5688 0.4+
2778 89561
2616 83871 .
1+ 3265.06302
3102.95074
2 = 0.2
1+ a5 37001 42712629 3339 16705 1+ 671.12%125 O
671.20129 75120008 o 1206 1 3
i { 689.21188
| 0.0 " |
L“- LB e e e e e e
05- 1 04112022 -R1<1_TSB_1_J1_000001 .d: +MS 660 670 680 690 m'z
x10 o O 180557361 x107 04112022 -R1-c1_TSB_1_J1_000001 d: tMS
O © © o) O, o . © e} ©) . }
+
A 2291733240 o D Il ed 4 D Il e d
8. i O 1 i O
671.2885 s\) 164351912 A o N
1967.62988 o) 0.8 671.28855
1+
1481.46679 O
1+
1319 41307 o
6 T 1+
2454 79603 064
1+
M St T -
4 1 1+ 1+
887.38825 294096662 0.4+
1+
3103.00316 - 1+
687.19541
2 32651;7790 X o+ 1+
] | i 8427.15621, 3616.81724 3751.22022 0.2 O
39151.25439 >
0 seLdliE ol ; 00
500 - 1000 1500 2000 2500 3000 3500 m'z .t ,
Aging induced degradation of galactomannan gums polysaccharides

de Lille

combined to an important oxidation



Dried watercolors’ analysis

Ultramarine color, aging in ambient air for 7 days
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Dried watercolors’ analysis

Burnt Sienna color, UV-aging for 5 days
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Dried watercolors’ analysis

Ultramarine color, UV-aging for 5 days

UV aging induced crosslinks of galactomannan gums polysaccharides combined to an
important oxidation, dissimilar to that of air exposition and is pigment-dependent
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MALDI-MS techniques limitations

« Compositional but not structural information about the identified oligosaccharides

* * O —— ¥ H 0O o Ok ?

Pent(2)Hex(1)

« Semi-quantitative acquisition (relative intensity)

RPLC Electrospray ionization principle
( Y4 )

MS/MS analysis I

~ N P
RF @ E ms $ % Carbohydrates
nanoLC nanoESI | _ A - - < are hydrophilic
N RT2 cof pectrometer (MS
MS/MS < oriiiifl ® . i‘& - and cannot be
technique [ Celreiig) w separated by
£ RPLC (C18)
Retention time (min) ~ z Lu_ Uni\/ersité
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Experimental strategy

3- Digestion

1- Solubilization .
enzymatique

.

) (<

endo-beta-1,4-mannanase

y ¢

2- Centrifugation

For models
Elimination of impurities
supernatant

17

4- Filtration

,/-

//

L\ / PVDF 0.22 pm

Elimination of pigments
Keep the filtrate

Validation step
( )

5- Analysis by [/
MALDI-MS \
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nanoLC nanoESI MS/MS analysis of arabinogalactan gums

Arabinogalactan standard gum (0.4 ug)
Larch wood tree
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nanoLC nanoESI MS/MS analysis of galactomannan gums
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nanoLC nanoESI MS/MS analysis of other standard gums (0.4 ug)
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Conclusions
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Validation of gums enzymatic digestion by MALDI-MS analyses
(different oligosaccharides peaks).

This method is suitable for the sensitive analysis of gums in a small
amount of :

fresh paints (liquid or solid),

Painted models,

This method allowed us to decipher the various aging-induced
degradation/crosslinking effects of watercolor gums
polysaccharides depending on the pigment and the aging inducer.

Optimization of nanoLC nanoESI MS analyses following ABBE
labeling.

Watercolor painting, 1892
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Perspectives
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Analysis of by nanoLC nanoESI MS/MS for the qualitative and quantitative
characterization of gums.

Apply nanoLC nanoESI MS/MS to study oligosaccharides chemical modifications related to

Automation of data treatment (informatics tool). In-house software
development is ongoing

Proteomics for gums identification.

Protein

,

8 (Inefficient eFASP)

Gums = Proteog!, - —) x No peptides

‘"0"’ @
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Trypsin  (Efficient eFASP)
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endo-beta-1,4-
mannanase
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Protein part
(1-6% in weight)
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