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Abstract

A HPLC-fluorescence method for characterization of proteinaceous glues from binding media used in pictorial works of art prior to conservation
or restoration treatment is proposed. Fluorescence derivatization of amino acids released by acid hydrolysis of standard proteins is studied. Tl
derivatization reagent wasphtalaldehyde with 2-mercaptoethanol as catalyst. Mobile phase was a programmed gradient among two eluents
(water buffered at pH 5.8 wit 5% THF, and methanol) and is able to satisfactorily resolve the amino acid derivatives in 45 min. Peak area ratios
among amino acid derivatives and the leucine derivative are useful to characterize the proteins. The method shows good sensitivity and adequ:
linearity between 2.& 103 and 3.3 mmol/l of each amino acid, with a limit of detection of £.00~* mmol/l. The proposed method has been
successfully applied to artistic samples from items of the cultural heritage of Valencia (Spain).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ture can hydrolyze the peptide linkages, and it improves the
growth of fungis and bacteria which also break the peptide link-
Binding media are natural materials which can be found inage. Light also provokes the breakdown of the peptide bond and
pictoric works of art. They are organic substances employethe modification of structure of the protein. However, the pro-
to cover and provide cohesion to the pigments and protect thieins and their constituents, the amino acids, are more stable to
outer coat of the pictoric works of art. The most common organioxidation, temperature and environmental conditions than other
materials used as binding media are drying oils, waxes, gums armtganic material§4]. Among the proteinaceous glues, the beef
proteinaceous gludg4,2]. These organic materials are difficult and porcine gelatines, albumin, casein and egg protein are the
to analyze, due mainly to the small quantity of sample availablemost employed as binding media in tempera pictoric works of
their complexity and low puritfl]. The difficulty is additionally  art[2-4].
increased by modification of the organic material through the Spectrophotometric techniques, such as F[HR], Raman
time, due to the environmental conditions and the presence ¢6] have been studied to determine the presence proteins in pic-
pigmentg3]. torial samples. These techniques allow to found proteinaceous
The proteinaceous glues have been frequently used as bindingaterial by means of the study of the characteristic groups and
media in artistic paintings from immemorial time. The mois- the tertiary structure, but not the nature of the proteins. In order
to characterize the proteins, separative techniques, such as ion
exchange chromatograplfy,6] or electrophoresi§,6], have
* Corresponding author. Tel.: +34 963544533; fax: +34 963544436, been used. However, in the case of works of art, the structure
E-mail address: jose.v.gimeno@uv.es (J.V. Gimeno Adelantado). of the proteins can be modified, while the evolution of indi-
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vidual amino acids is less importaf]. The proteins can be ysisgrade (Fischer Chemical, Loughborough, UK). Chlorhydric

analyzed by its relative amount of amino acids. The sample mustcid 37% analysis grade (Scharlau, Barcelona, Spain). Boric acid

be hydrolyzed in order to release the amino acids, and theq@énalysis grade, Panreac, Barcelona, Spain), potassium hydrox-

obtained amino acids are analyzed by separative techniques ide (Analysis grade, Merck, Darmstadt, Germany). Ethylendi-

electrophoresi§?], gas chromatographi2,3,8] or liquid chro-  amine tetraacetic acid disodium salts, ammonia and ammonia

matographyf9-17]. chloride (Probus, Barcelona, Spain). Water (Nanopure Il grade)
Liquid chromatography with electrochemicf] or fluo-  was generated in laboratory by a Nanopure water production

rescencg10-17] detection has been used to analyze aminalevice (Sybron-Barnstead, Dubuque, IA, USA).

acids. However, the fluorescence has more sensitivity and is The following substances have been used for the chromato-

usually chosen. As the amino acids have not fluorescence prographic separation: Water (Nanopure Il grade), sodium acetate

erties, a previous derivatization step is needed. The reagent&nalysis grade, Panreac, Barcelona, Spain), acetic acid (Anal-

6-aminoquinolyl-N-hydroxysuccinimidylcarbamafél1], car-  ysis grade, Carlo Erba, Val de Reuil, France), tetrahydrofurane

bazole-N-(2-methyl)acetyl-chloride[14], 9-fluorenylmethyl (THF) (HPLC grade, Carlo Erba, France) and methanol (HPLC

chloroformatg15], 4-fluoro-7-nitro-2,1,3-benzoxadiazd&g] grade, Val de Reuil, France).

and phenylthiocabamatfl7] have been used as derivative  The amino acids used as standards were: alanine (ala), argi-

reagents for amino acids. In this paper, reagepiitalaldehyde nine (arg), aspartic acid (asp), glutamic acid (glu), glycine

with 2-mercaptoethanol (OPA/2-ME) as catalyst was employedgly), histidine (his), isoleucine (ile), leucine (leu), lysine (lys),

as derivatizan9,10]. The formed derivatives are separatedmethionine (met), phenylalanine (phe), serine (ser), threonine

by a gradient in an apolar C18 colunjh0]. The analysis (thr), tryptophane (trp), tyrosine (tyr) and valine (val). All were

of amino acids can be impaired by the presence of som&C grade and purchased from Sigma (Saint Louis, Missouri,

pigments because the metallic cations of the pigments cadSA).

form complexes with some amino acids, changing the rela-

tive amount of free amino acid. The use of a cation seques2.2. Solutions and chromatographic eluents

tering reactive as ethylendiamine tetraacetic acid (EDTA) can

avoid the interference of the pigmenii3]. Asparagine and The derivatization solutions was made solving 100 mg of

glutamine are not analyzed, because of the hydrolysis turn@PA in 25 ml of methanol, and adding 1.25 ml of 2-ME. This

them in aspartic and glutamic acjd]. The glutamic acid is solution is maintained in the dark and kept-a#4°C. Under

also partially converted into pyroglutamic acid during hydrol- these conditions, the solution is stable during one waék

ysis [2]. The hydrolysis destroys tryptophane, and it is notThe borate buffer was made solving 6194 g of boric acid and

determined?2]. The proline and the cysteine do not appear in6524 g potassium hydroxide in 200 ml of nanopure water. The

the study, because theirphtalaldehyde derivatives are weak pH is adjusted to 10.4 adding chlorhydric acid.

[10,12]. The amino acid standard solutions were made solving the
The aim of this work was to perform an analytic study of appropriate amount of amino acid in 0.1 M HCl aqueous solvent.

the proteins by analysis of the relative amount of the amindNo problems of solubility were detected.

acids released by acid hydrolysis, using HPLC as separative Eluent A was made solving 6.804 g sodium acetate in 11 of

technique and fluorescence detector. The ratios between tm@anopure water. The pH was adjusted to 5.8 by acetic acid addi-

peak area corresponding to each amino acid and the peak aran. After, 50 ml of THF were added. Eluent B was Methanol

of the leucine allow characterize the different proteins. Sam100%.

ples with different quantity of protein can be compaifeil

Leucine is a non-polar amino acid and it does not shows polag.3. Standards and samples

basic or acid interactions. Then leucine derivative provides

a chromatographic peak quite stable and with low variabil- The proteins beef gelatine, porcine gelatine, albumin, casein

ity [10]. The results would be applied to the study of pro-were purchased from Sigma (Saint Louis). The egg protein was

teinaceous glues used in artworks. The proposed method hpgepared mixing the white and the yolk of the egg, extending

allowed discriminating proteic binding media in samples fromit in a slide, and irradiating it in a OSRAM L36/37 fluores-

pictoric works of art of the Valencian Cultural Heritage in cent lamp at 350-400nm and 36 W, for 4h at a distance of

Spain. 12cm.
The real samples were taken from the surface of pictorial
2. Experimental works of art with a scalpel. The following pieces from artistic

heritage of Valencia (Spain) were analyzed:
2.1. Reagents and solvents
Sample 1: Altarpiece from San Miguel, by Vicente Nfac
The following reagents and solvents have been used for the(1542).
treatment of the samples:phtalaldehyde (OPA), analysis grade Sample 2: Triptych of the “Magdalena” by “Maestro de Alzira”
(Carlo Erba, Val de Reuil, France), 2-mercaptoethanol (2-ME) (XVI century).
analysis grade (Carlo Erba, Val de Reuil, France) (these reagentSample 3: Altarpiece from “Cinctorres” by Bernat Serra (XIV
must be stocked at4°C protected from light). Methanol, anal-  century).
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Sample 4: Altarpiece from “Muro de Alcoi” by Jeronimo Table 1

Rodiiguez de Espinosa (XVII century). Gradient elution and column clean up protocol (flow rate 1 ml/min)
Time (min) Eluent A% Eluent B%
2.4. Instrumentation 0 €0 10
12 72 28
Chromatographic analysis was carried out using a 11080 70 20
Model Liquid Chromatograph (Agilent Technologies, Wald- 22 65 35
bronn, Germany) equipped with quaternary pump, on-line vacg1 gg Z;
uum degassing system, injector (20loop volume), column g 45 55
oven and fluorescence detector. Signals were processed by the 35 65
Agilent Chemstation for LC, Rev. A 09.03-847. _ _ _
Separation of fatty acids was achieved in a Zorbax XDB-Time (min) Cleaning protocol
C18 Gg main column (15cnx 4.6cm i.d., particle size 52 0 100
5wum) thermostated at 3@. A pre-column filled with the 58 0 100
same stationary phase was used. The selected excitation aff 90 10
emission wavelengths were 340 and 450nm, respectively
[10].

acetate buffer and 5% of THF as modifier. The selected program

2.3. Hydrolysis of proteins gradient is shown iffable 1.

Proteins standards (0.5-1mg) were placed in a 0.3-ml
microvessel (Supelco, Bellefonte, USA) and treated withill00 3 Results and discussion
of 12 mol/l HCI for 24 h at 110C [2]. The HCI is evaporated
and after cooling, 2501 of 0.1 M HCl aqueous was added and 3 ; - pe ivarization conditions
the mixture was shaken in order to favour extraction. Three
extractions were made. Finally, the three extractions were mixed The OPA/2-ME is a well-known derivatization reagent n flu-

in a Pyrex test tube (Bibbi Sterilin, Staff, UK), and dried at orescence analysis of amino acids. The conditions used in this
70°C. The residue was dissolved in 0.2ml of 0.1 M HCl aque-yqrk are similar that presented by Soufleros eftial], however
ous. After cooling the mixture was ready to be derivatizedine yse of 100 ml/25 ml MeOH instead of 25 mg/25 ml MeOH,

[2]- . . _allows to analyze sample with more quantity of amino acids with
For real sample analysis, solid parts scalpered from the PiGreat robustness.

torial work of art (0.5-1 mg) were derivatized in the same way " | order to optimize the reaction time, some analyses were

as proteins standards. made at different times. For the analysis, alanine, an apolar
amino acid, serine, a polar amino acid, histidine, a basic amino
2.6. Derivatization procedure acid and glycine, the amino acid without lateral chain were cho-

sen. A solution 1.25 mM of each one is derivatized and injected
A volume of 200ul of 0.1 M HCI aqueous solution con- into the chromatographic system, several reaction times were
taining the amino acid was introduced in a Pyrex test tubetested. The results can be seenFig. 1 and show that after
and 0.1 ml of borate buffer was added. A volume of 0.4 ml of3min the yield remains roughly constant. A time of 4 min is
the OPA/2-ME solution was adddiO]. After shaking during taken for the derivatization reaction.
4 min, the mixture is filtered though a 0.45 i.d. nylon filter
and immediately 2Q.1 were introduced in the chromatographic

system. peak area (a.u.)
20000

2.7. Derivatization of the samples to avoid the effect of the

pigments 15000

A volume of 0.2ml of NaEDTA at pH 9 with ammo- 10000
nia/ammonumchloride is added instead of aqueous 0.1 M HCI.
The rest of the experimental procedure is carried out as in Sec- 5000 |
tion 2.6.

0

2.8. Chromatographic elution 0 ! z 3 ¢ > seris (mirZ)

The ch t hi ti ied out b Fig. 1. Values of peak area corresponding to the OPA derivatives of alanine, his-
ec _roma ographic separa _lon was carned out by a Cc?n}i'dine, serine and glycine at different times. Standard deviation were calculated
plex gradient program, eluent A is a water buffered at 5.8 withygy ,, =5,



J. Peris-Vicente et al. / Talanta 68 (2006) 1648—1654

3.2. Chromatographic separation LU
) " ) 400+

The chromatographic conditions and the detection parame- |
ters applied to this work are as Soufleros ef)]. However, in 88y
order to reduce the pressure over the column, the flow is reducecsoo-

gyt

arg|‘

1651

met

.Laphe leu
to 1 ml/min, adjusting the time to maintain the gradients. The ' H '
temperature is fixed to 3@ in order to improve the stability e g2 i
of the retention time. As the last amino acid appears at nearly 2007 | |

44 min, at 50min a cleanage procedure is applied. At 52min 1so. o W il .
the eluent was methanol 100%, running for 6 min, then the elu- o
ent rate is adjusted to the initial conditions for the following aw | o2
analysis. 50- lyst ' |
0
3.3. Assay with amino acids 0 10 20 30 40 50 60

min

A mixture of alanine, arginine, aspartic acid, glutamic Fig. 2. Liquid chromatogram obtained by optimized derivatization with OPA/2-
acid, glycine, histidine, isoleucine, leucine, lysine, methion-ME of 0.8 mM each amino acid alanine (ala), arginine (arg), aspartic acid (asp),
. . . . . lutamic acid (glu), glycine (gly), histidine (his), isoleucine (ile), leucine (leu),
me_’ phenylalanine, serine, threonine, tryptophane, tyrosm_e aq%tine (lys), methionine (met), phenylalanine (phe), serine (ser), threonine (thr),
valine 0.8 mM was analyzed by the proposed method. As it Cafrosine (tyr), tryptophane (trp) and valine (val). Conditions: mobile phase:
be seenirrig. 2, the amino acids were well-separated and can bgradient as explained in Secti@i7 at 30°C. Flow-rate: 1 ml/min. Excitation
guantified, evenif histidine and glutamic acid have near retentiofavelength 350 nm, emission wavelength 450 mn, injected volumgt. 20
time. Glycine and lysine show double pedk§]. To quantify
these amino acids the sum of their two peaks were taken as art@€ limit of detection, which was calculated as three times the
lytical parameter. Peaks seem approximately Gaussian but aregi@ndard derivation of the blank divided by sensitivity of each
are different for each fatty acid, which may be due to differ-amino acid18].
ent derivatization yield or different fluorescence yield of each
derivative. Leucine provides adequate sensitivity and stability3.4. Assay with proteins
and it is chosen as reference to calculate the relative amount of
amino acids. Ratios among the peak area of the amino acids and Proteins have been analyzed by HPLC using the proposed
the leucine remains roughly constant. method, and characteristically chromatograms were found for

The calibration parameters for the amino acids analysis wereach kind of protein. The chromatogram corresponding to egg
determined using 0.5mM tryptophane (trp) as internal stanprotein analysis can be seenhiyg. 3. There are no new peaks
dard. The method was tested for alanine, arginine, aspartic acidhich interfere with the amino acid derivatives peak. For each
glutamic acid, glycine, histidine, isoleucine, leucine, lysine,protein, the ratio between the peak area of each amino acid
methionine, phenylalanine, serine, threonine, tyrosine and valingerivative and the area of the leucine derivative was calculated.
and found analytical parameters are showfahle 2, where the The results for five different replicates of each protein are shown
regression line equation were obtained with the linear range arnid Table 3.

Table 2

Analytical parameters of the suggested analytical method for the selected amino acids

Amino acid (aa) A(aa)/A(trp) = (at sa)[aa] + (bx sp) R? Linear range (mM) Limit of detection

- — (x10-4mM)

Slope Ordinate in origin

asp 1.16+ 0.02 —0.04+ 0.02 0.998 0.002-5.0 6

his 1.754+ 0.01 —-0.02+ 0.01 0.9995 0.002-3.3 4

glu 142+ 0.01 0.03+ 0.01 0.9991 0.002-3.3 5

ser 1.714+ 0.01 0.02+ 0.01 0.9992 0.002-3.3 4

arg 2.08+ 0.05 0.12+ 0.05 0.993 0.002-3.3 3

thr 1.31+ 0.01 —0.02+ 0.01 0.9990 0.002-5.0 5

ala 1.63+ 0.01 —0.02+ 0.02 0.9991 0.002-5.0 4

tyr 1.52+ 0.08 0.04+ 0.04 0.994 0.002-3.3 4

met 2.42+ 0.03 0.03+ 0.02 0.998 0.002-1.6 3

val 2.42+ 0.03 0.00+ 0.02 0.998 0.002-1.6 3

phe 1.62+ 0.02 —0.01+ 0.01 0.9990 0.002-3.3 4

ile 1.16+ 0.01 0.05+ 0.02 0.9990 0.002-5.0 6

leu 1.34+ 0.03 0.05+ 0.03 0.996 0.002-3.3 5

lys 3.37+ 0.06 0.11+ 0.07 0.996 0.002-3.3 2

gly 3.15+ 0.05 0.00+ 0.06 0.998 0.002-3.3 2

The calibration lines were made with 13 points.
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Table 3
Calculated ratios among the peak area of the amino acid derivatives and the peak area of the leucine derivative for the five standards
Amino acid Values of thed(aa)/A(leu) ratio

Albumin Casein Beef gelatine Porcine gelatine Egg protein
asp 0.37+ 0.07 0.3+0.1 03+0.1 01+0.1 0.013+ 0.006
his 0.30+ 0.09 04+0.1 0.06 + 0.05 0.3+ 0.2 0.13+ 0.03
glu 0.9+0.3 1.1+ 0.6 0.8+ 0.9 0.8+1.0 0.007+ 0.005
ser 0.6+ 0.2 04+0.2 0.03+ 0.04 0.01+ 0.02 0.4+0.2
arg 16+0.3 0.77+ 0.08 42+ 0.6 54+ 0.7 1.0+£0.2
thr 05+0.1 0.41+ 0.06 0.2+ 0.01 0.3+0.1 0.24+ 0.03
ala 0.8+ 0.1 0.7+£0.3 47+£0.7 52+0.8 20+ 01
tyr 0.48+ 0.09 0.46+ 0.07 0.06+ 0.02 0.11+ 0.04 0.43+ 0.08
met 0.64+ 0.03 0.40+ 0.06 0.29+ 0.05 0.36+ 0.06 0.35+ 0.05
val 1.0+ 0.1 0.7+ 0.1 0.7+0.1 0.8+ 0.1 1.2+ 01
phe 0.62+ 0.6 0.44+ 0.05 0.50+ 0.05 0.53+ 0.08 0.40+ 0.03
ile 0.7+ 0.1 0.59+ 0.07 0.7+ 0.1 1.0+ 0.2 09+0.1
lys 3+1 3.6+ 0.7 7+1 6.7+ 0.7 0.05+ 0.3
gly 6+2 21+0.6 50 + 20 80+ 20 0.84+ 0.2

Values are average S.D. forn=3.

The amino acids glycine and lysine present high variabilitythesis of the proteins is sensible to the environmental conditions
because of they present double peaks. The calculate areas ared may present high variability for some amino a¢t]s
the sum of the areas of the two peaks, so the deviation standard The gelatines are differentiated from the other proteins due
is added. The asparaguine is changed into aspartic acid in tkspecially to their high amount of glycine. These gelatines also
hydrolysis, so the obtained values for the aspartic acid represeptovide more lysine, arginine and alanine than the other studied
in fact the amount of aspartic acid and asparaguine in the prgroteins. The gelatines are obtained from the skin of the animal
tein. Glutamine is changed into glutamic acid as the same wayhere they assure the cohesion, and then the amino acid com-
In this case, the glutamic acid is partially converted to pyroglu-position is similar for different species. However, the porcine
tamic acid[2]. These phenomena difficult the accurate measurgelatine shows more amounts of glycine, isoleucine, methion-
of their amount. However, the amino acids with apolar groupsne, tyrosine and histidine.
generally show less variability than those with polaramino acids, The egg protein shows low amount of lysine, glycine and
because of the less reactivity of apolar groups. The cysteinglutamic acid. The relative amount of arginine and alanine are
proline [10] and tryptophang2] cannot be found using this different from the other proteins and characteristic from the egg.
method. The group albumin/casein is differentiable from the other

The ratios for some amino acids have high deviation standarghroteins by the amount of glycine, lysine, arginine, threonine,
this is due to the natural origin of the standard, and the biosyralanine and methionine. However, casein hasless glycine, lysine,

arginine and threonine than albumin.
Isoleucine, phenylalanine, valine were found approxima-

"Uf 2k, vl tively in the same amount for the five studied proteins.
250 | The proteins are characterized by their relative amount of
i arg amino acidg2]. However, for a sample the comparison of 44
2003 | o ™ amino acids with those of five proteins can be difficult and
| I confusing. In order to clearly illustrate the differences among
- 3 the proteins and better organize the information, a chemometric
ohe analysis by PCA was made. The glutamic acid is not included
61 e | in the system, due to its partial alteration to pyroglutamic acid
' b ' met during hydrolysis[2]. As can be seen ifrig. 4, the five kind
5ol I thr a2 of proteins are clearly resolved, although the gelatines and the
| asp [ albumin have more dispersion then the other proteins.

-------------- b DN e N i 3.5. Analysis of proteinaceous glues from painted works of

10 15 20 25 30 35 40 45 50 art
min

Fig. 3. Liquid chromatogram obtained by optimized derivatization with OPA/2- 3.5.1. Analysis without considering the pigments

ME of the amino acids mixtured obtained by hydrolysis of egg protein. Con- L . . .
ditions: mobile phase: gradient as explained in Seigrat 30°C. Flow-rate: Samples of real paintings were taken in order to Identlfy

1 ml/min. Excitation wavelength 350 nm, emission wavelength 450 mn, injectedVhich protein was used b_y artists using the developed method.
volume: 20ul. Samples were analyzed in the same way as the standards (see
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3 PC2 Scores LU
& b ' gly1
2] .
] o O 400
1 c
3 4 .
0 : o 300 |
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E el his
-2 2
| |
E sEEY o arg aa,
] ‘
] : : : : : el 100 | asp “ |
- 20 0 20 40 60 80 [ thr I e
, X-expl: 99%,0% | .

lys1 phe
1 ser f \
Fig. 4. Scoreplotfor PC1 and PC2 obtained by means of a principal components ! et

analysis of the results obtained in the chromatographic analysis by the proposec L S S
method of (b) beef gelatina, (p) porcine gelatine, (a) albumin, (c) casein, (e) egg = Le L <0 25 L 28 = min

protein, samples 1, 2, 3and 4 (s1, s2, s3, s4), and samples 1, 2 and 3 with adding o . - o )
EDTA to avoid the effect of the pigments (s1+, s2+, $3+) Fig. 5. Liquid chromatogram obtained by optimized derivatization with OPA/2-

ME of the amino acid mixture obtained by hydrolysis of a sample taken with an
scalpel from the altarpiece of San Miguel, by Vicente Macip (sample 1). Condi-

Sections2.5 and 2.6). The resolution of the amino acids is noti°ns: mobile phase: gradient as explained in Sectigtfrom at 30°C. Flow-

. . . . rate: 1 ml/min. Excitation wavelength 350 nm, emission wavelength 450 mn,

impaired py new_p_eaks, and their peak area ratios can be ¢ jected volume: 2Qu.

culated without difficulty, as can be seen for the analysis of the

sample 1irFig. 5. As the case of the standard proteins, the ratios

among peak area of amino acids and the peak area of the leucidgents) and irradiation from light, and exact effect undergone

and their standard deviation were calculated for three replicatd®y the proteins of pictorical work of art are usually unknown

(three different samples taken from the pictorial work of art).[4,19]. The artist can also employ a mixture of glues and the

The results obtained for these ratios are showTginle 4. sum of the amino acids of all the present proteins can appear.
The standard deviations for samples were found higher than In order to characterize the analyzed real samples, the

in the case of proteins. The considerable heterogeneity arPtained data for the ratios among the area peak of the amino

complexity of the pictorial works of art may be the cause ofacid derivatives and the area peak of the leucine derivative are

this behaviour4]. The ratios obtained for the painting sam- introduced in the PCA mod¢l8]. As can be seen iRig. 4, the

ples sometimes differ from those found for the proteins. Stanobtained scores for samples 1, 2 and 4 point to the use of egg

dard ratios were calculated by means of fresh proteins. Theroteininthe artistic works of art. The samples scores deviated a

real samples have undergone natural ageing which can pdfttle from the egg protein standard, maybe a little porcine gela-

tially hydrolyzed the protein. Real ageing process occurs byine has been added in the binding media. The obtained scores

addition of some causes, such as slow attack by environme@f the sample 3 seems egg protein, but its position in the score

tal substances (dioxygen, moisture, microorganisms, pollutioRlOts is quite far from the standards.

Table 4
Calculated ratios among the peak area of the amino acid derivatives and the peak area of the leucine derivative for samples from four pictorical works of art

Amino acid Value of theA(aa)/A(leu) ratio
Sample 1 Sample 2 Sample 3 Sample 4

asp 1.2+ 0.5 20+ 0.3 2+1 26+ 04
his 20+ 0.8 224+0.2 0.13+ 0.01 0.11+ 0.03
glu 0.004 0.00 04401 214+0.7 24407
ser 0.2+ 0.2 0.4+ 0.2 05+ 0.1 0.38+ 0.05
arg 1.6+ 0.6 1.3+ 04 3.0+ 04 1.6+ 0.2
thr 05+ 0.2 0.52+ 0.05 0.6+ 0.3 0.53+ 0.02
ala 254+ 09 23+ 05 264+ 0.9 1.9+ 0.3
tyr 0.0416+ 0.0001 0.46+ 0.07 0.12+ 0.02 0.14+ 0.04
met 0.08+ 0.01 0.404+ 0.06 0.2+ 0.1 04+£0.1
val 1.2+ 0.1 0.7+ 0.1 1.0+ 0.1 1.2+0.2
phe 0.384+ 0.03 0.444 0.05 0.454+ 0.04 1.24+0.2
ile 0.70+ 0.05 0.59+ 0.07 0.7+ 0.2 1.7+ 0.2
lys 0.394 0.01 3.6+ 0.7 1.0+ 0.3 094+ 0.3
gly 9+5 214+ 0.6 25+ 5 14.0+ 0.7
Suggested proteinaceous glue Egg protein Egg protein Probably egg protein Egg protein

Values are average S.D. forn =3 (different samples taken from the pictorial works of art).
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3.5.2. Analysis considering the effect the pigments Acknowledgements
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culated. The ratios among peak area of amino acids and thgpanish Ministry for Education and Culture for Ph.D. studies.
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