THE COLLAGEN STATE WITHIN THE PARCHMENT AFTER INFLUENCE OF ARTIFICIAL AGING

Nataliia RAKSHA?, Tetiana HALENOVA?, Tetiana VOVK?, Olexiy SAVCHUK?, Olga ANDREYEVA?, Anna
NIKONOVA?, Tetiana KOLESNYK?
'ESC “Institute of Biology and Medicine” of Taras Shevchenko National University of Kyiv, 64/13, Volodymyrska Str., Kyiv,
01601, Ukraine, olexiy.savchuk@ukr.net

2Kyiv National University of Technologies and Design, 2, Nemirovich-Danchenko Str., Kyiv, 01011, Ukraine, annavnikonova@

gmail.com

Received: 31.01.2019 Accepted: 14.06.2019 https://doi.org/10.24264/Ifj.19.2.6

THE COLLAGEN STATE WITHIN THE PARCHMENT AFTER INFLUENCE OF ARTIFICIAL AGING

ABSTRACT. The study examines the influence of artificial aging on the stability of collagen within the parchments. Aging of the parchments
was generated by heating at 70°C in a dry oven for 72 h as well as by keeping the parchment samples in the solution of artificial sweat. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis and size-exclusion chromatography were utilised to investigate the state of proteins within
the parchment samples after exposure to heating and artificial sweat. The study has shown that the accelerated aging of the parchment
results in marked change of protein and peptide concentrations, release of collagen chains, as well as leads to the alteration in the peptide
compositions.
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STAREA COLAGENULUI DIN PERGAMENT SUB INFLUENTA TMBATRANIRII ARTIFICIALE

REZUMAT. Studiul examineaza influenta imbdatranirii artificiale asupra stabilitatii colagenului din pergamente. Pergamentele au fost imbatranite
prin incdlzirea la 70°C intr-un cuptor uscat timp de 72 de ore, precum si prin mentinerea probelor de pergament in solutia de transpiratie
artificiala. S-au utilizat electroforeza in gel de dodecil sulfat de sodiu-poliacrilamida si cromatografia de excludere a marimii pentru a investiga
starea proteinelor din probele de pergament dupa expunerea la incdlzire si transpiratie artificiala. Studiul a aratat ca imbatranirea accelerata
a pergamentului are ca rezultat o schimbare vizibilda a concentratiilor de proteine si peptide, eliberarea lanturilor de colagen, precum si
modificarea compozitiilor peptidice.

CUVINTE CHEIE: pergament, colagen, imbatranire accelerata, electroforeza, cromatografie

LETAT DE COLLAGENE DANS LE PARCHEMIN SOUS L'INFLUENCE DU VIEILLISSEMENT ARTIFICIEL

RESUME. L'étude examine l'influence du vieillissement artificiel sur la stabilité du collagéne dans les parchemins. Les parchemins ont été
vieillis par chauffage a 70°C dans un four sec pendant 72 heures, ainsi que par conservation des échantillons de parchemin dans la solution de
transpiration artificielle. L'électrophorése en gel de polyacrylamide contenant du dodécysulfate de sodium et la chromatographie d’exclusion
stérique ont été utilisées pour étudier I'état des protéines dans des échantillons de parchemin aprés une exposition au chauffage et a la
transpiration artificielle. 'étude a montré que le vieillissement accéléré du parchemin entrainait un changement visible des concentrations
de protéines et de peptides, la libération de chaines de collagéne et une modification des compositions de peptides.

MOTS CLES: parchemin, collagéne, vieillissement accéléré, électrophorése, chromatographie

INTRODUCTION

Parchment is an important biomaterial
that has been used for cultural artifacts and
household objects [1, 2]. Although parchment
is an incredibly stable material it inevitably
changes over time which can cause alteration
in its physical properties. Aging of parchment
can be accelerated by a range of environmental
(temperature, humidity), biological (bacterial,
fungal growth) as well as physical (mechanical,
radiation damage) factors [3]. All of these
factors, alone or synergistically, are capable
of altering the chemistry of the collagen

molecules that leads to destabilization of the
native conformation of parchment objects and
generates different types of deteriorations over
time. Heat-induced aging and action of artificial
sweat are among the factors that imitate the
influence which the parchment can undergo
during extensive exploitation.

For today, some destructive and non-
destructive techniques are applied for
investigation of parchment state [4-6]. However,
development and implementation of new
simple methodological approaches based on
analysis of the structure of protein component
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within the parchment might be useful for more
complete characteristic of parchment state. This
paper examines the application of biochemical
techniques with the purpose to improve
diagnostic tools for estimation collagen integrity
within the parchment. The long-term heating
and artificial sweat action were applied as agents
for acceleration wear of parchment samples.

EXPERIMENTAL
Materials and Methods

Materials

Our experiments were carried out on sheep
parchments that were manufactured by several
methods of liming. There were 4 experimental
groupsbasedonthe methodusedforthe parchment
preparation: the group 1 - the parchment for
restoration work was manufactured according to
the method [7], which involves two-stage liming
with consumption of calcium hydroxide up to
35 g/L; the group 2 - the parchment for writing
was manufactured according to the method [8],
which involves two-stage liming with consumption
of calcium hydroxide up to 26 g/L; the group 3 -
the transparent parchment was manufactured
according to the ancient method [9] by sulphide-
limy method; the group 4 - the parchment for
general purpose was manufactured by accelerated
method of oxidative liming [10]. The finishing
processes and operations for experimental groups
of parchments was executed by drying, surface
grinding as well as plasticization; in addition, the
bleaching was carried out in the groups 2 and 3
while the filling with potassium aluminum salt was
performed in the group 3 [11-12]. The artificial
aging of the parchments was done as described
below. Heat-induced aging was imitated by
keeping the parchment samplesin the laboratory
chamber at 70°C, 0% rH for 72 h. Sweat resistance
test was carried out by keeping the parchment
samples in the solution of artificial sweat (NaCl
0.2% (w/w), (NH,),CO, (0.07%), Na,HPO, (0.02%),
carbamide (2.4%), lactic acid (0.13%) at 25°C for

72 h [13]. Afterwards, the samples were dried at
room temperature for 24 h. After been dried, the
parchment was cut into small pieces (0.3x0.3cm)
with scissors. A piece was put into distilled water
(1:10 weight/volume) and left for 2 h at 90°C in
a thermostat. Then the solution was centrifuged
at 600 rpm for 15 minutes. The residue was
discarded and obtained solution was used for
further analysis.

Protein Concentration Determination

The concentration of protein was determined
according to the method described by [14] using
crystalline bovine serum albumin as the standard
protein and measuring the absorbance at 595 nm.

Peptide Fractions Isolation

The peptide fractions were obtained
according to [15]. The aliquot of the solutions
after soaking of the parchment fragments were
mixed with 1.2 M HCIO, at 1:1 (v/v) ratio in order
to precipitate the proteins. After centrifugation
(20 min, 5000 g, 4°C) the supernatants were
neutralized by 5 M KOH to pH 7.0 and the samples
were subjected to centrifugation step again.
Ethanol was added to the final concentration of
80%, the samples were kept at 4°C for 30 min
and after final centrifugation the concentration
of peptides was determined in the supernatant
by measuring the absorbance at 210 nm.

Size-exclusion Chromatography

The peptide fraction was applied to size
exclusion chromatography on Sephadex G-15
column (Bio Rad, USA) pre-equilibrated with
0.05 M Tris-HCl, pH 7.4 containing 0.13 M NacCl.
The samples were loaded and the peaks were
collected at a flow rate of 30 mL per hour. The
areas under the peaks of chromatographic curves
were calculated using the OriginlLab (v 9.1). The
molecular weight of peptides was estimated using
calibration curve. For this purpose, the column
was previously calibrated with standard marker
solution (lysozyme, 14.3 kDa; insulin, 5.7 kDa;
vitamin B12, 1.35 kDa) [16].
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Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

SDS-PAGE was done using the Laemmli
system as described by [17]. The stacking and
separating gels were 4 % (w/v) and 8 % (w/v),
respectively. Samples were concentrated by
trichloroacetic acid; the obtained precipitates
were twice washed with acetone, dried at 37°C
and then dissolved in SDS-PAGE buffer (5 mM
Tris-HCI, pH 8.3 containing 2% SDS, 5% sucrose,
and 0.02% bromophenol blue). SDS-PAGE was
performed using Mini-Protean Tetra System
(Bio Rad, USA) at 19 mA for stacking gel and 36
mA for separating gel. The amount of protein
applied to the gel was 20 ug per line. After
electrophoresis was done, the gels were stained
with 2.5% Coomassie brilliant blue R-250 in 10%
(v/v) ethanol, 10% (v/v) acetic acid, 15 % (v/v)
isopropanol and the background of the gel was
destained with 7% (v/v) acetic acid for 30 min.
The electrophoregrams were analyzed using
the program Totallab (v 2.01). The molecular
weights of proteins were estimated based on
MW standard (myosin, 200 kDa; B-galactosidase,
116.2 kDa; phosphorylase b, 97.4 kDa; bovine
serum albumin, 66 kDa; ovalbumin, 45 kDa;
carbonic anhydrase, 31 kDa; trypsin inhibitor,
21.5 kDa (Bio Rad, USA)).

Statistical Analysis

The results were reported as meanzSEM
(n=5). Statistical analysis was performed using
one-way analysis of variance (ANOVA). Differences
were considered to be statistically significant
when p < 0.05.

RESULTS AND DISCUSSIONS

Parchment is predominantly composed
of collagen type | that is a heterotrimeric
molecule consisting of three polypeptide chains,
namely two al-chains and one a2-chain [18].
These chains are organized into fibrils, which
are, in turn, grouped into fibers. Over time,
collagen molecules could lose their structural
stability, which is accompanied by decreasing of
mechanical properties of the parchment objects
[19]. Similar to other biomaterials parchment
is sensitive to the environmental conditions
which in case of sudden and significant changes
accelerate aging of the parchments. In the
current study we have investigated collagen
integrity of the parchment samples after the
influence of both long-term heating and artificial
sweat using methods of protein biochemistry.

At first, we determined the concentration
of protein in solution obtained after soaking of
the parchment samples. It has been shown the
least concentration of protein in the group 2
under control condition (Table 1) which is most
likely mediated by higher stability of protein
molecules within the parchment. The highest
concentration of protein has been detected in
the control sample of the group 3. This result
might indirectly indicate the partial destruction
of proteins during the manufacturing process.

The influence of heating and artificial
sweat leads to multidirectional change of the
protein concentration. The significant increase
of protein concentration (the group 1 under
long-term heating and artificial sweat action; the
group 2 under artificial sweat action; the group 4
under long-term heating) as well as the decrease
of protein concentration (the group 3 and the
group 4 under artificial sweat action; the group 2
under long-term heating) was shown.

Table 1: Protein concentration (mg - mL?) in the solution obtained after soaking of the parchment

samples
Condition Group 1 Group 2 Group 3 Group 4
Control 5.50£0.38 3.7540.26 8.00+0.56 7.00£0.49
Long-term heating 13.25+0.92*  1.62+0.11*  7.37¢0.51  9.3740.65*
Artificial sweat action 153740 72*  4.5040.31*  6.25+0.43*  3.62+0.25*

Values are expressed as meantSEM (n=5); *p<0.05 significantly different from the control

Revista de Pieldrie Incdltdminte 19 (2019) 2

143



N. RAKSHA, T. HALENOVA, T. VOVK, O. SAVCHUK, O. ANDREYEVA, A. NIKONOVA, T. KOLESNYK

The changes of protein concentration can
be explained by destabilizing of collagen structure
and releasing collagen chains or/and collagen
fragments into solution. In order to analyze the
gualitative composition of proteins with respect

to the presence of collagen fragments, the SDS-
PAGE technique was applied. The results of
electrophoretic analysis of the solution obtained
after soaking of the parchment samples are
presented in Table 2.

Table 2: Results of electrophoretic analysis of the solution obtained after soaking of the parchment
samples

Dimmer of a-chains of

al-chains of collagen

a2-chains of collagen Fragments of collagen

Condition collagen (>200 kDa), % (110 kDa), % (100 kDa), % (<100 kDa), %
Control 25 73 2 -
-
=3 Long.-term 27 73 ) )
k’% heggn.g
Artificial 59 37 2 2
sweat action
Control 13 54 7 26
o~
g longterm 20 63 3 14
) heating
5 s
Artificial 30 48 9 13
sweat action
Control 22 64 6 8
™ Long-term
Q
S heating 26 64 7 3
~ P
]
Artificial . 58 33 3 6
sweat action
Control 14 84 2 -
< g
2 Long. term 15 33 ) )
S heating
S s
Artificial . 4 47 19 30
sweat action
SDS-PAGE analysis has revealed the result, collagen chains were disintegrated into

presence of al-chains of collagen, the content
of which was much higher comparing to the
content of a2-chains. The appearance of both
a-chains might be due to disorder of native
structure of the parchment and extraction of
collagen fragments into solution. In general,
the influence of artificial sweat on parchment
samples was more damaging as it provoked
the release of big collagen fragments, namely
dimmers of a-chains.
dimmers is an unfavorable sign as it indicates
the changes at the level of collagen triple helix.
Moreover, loss of big fragments would potentially
lead to decrease of mechanical properties of the
parchment during its intensive exploitation in
the future. In contrast, the influence of artificial
sweat provoked significant disturbances in
ordered collagen structure in the group 4. As a

The accumulation of

fragments with molecular weights less than 100
kDa.

Taking into account that the structure of
collagen is stabilized by hydrogen bonds [20],
long-term heating might provoke break down
of collagen molecules into individual chains
by affecting hydrogen bonds within collagen
fibers. Changes of water content caused by long-
term heating of the parchment samples also
might provoke the structural alteration of the
arrangement of collagen chains at molecular
and supramolecular levels. This finding is based
on well-known fact that integrity of collagen
triple helix is in part due to the formation of
water bridges, which act as a stabilizing factor in
holding collagen chains together [21].

Depending on the strength and type of
damaging agent, the destruction of collagen
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molecules could be accompanied not only by
releasing of individual chains, long protein
fragments but also the appearance of peptides.
In order to clarify the possible mechanisms of
collagen disruption the solution obtained after
soaking of the parchment samples was analyzed
on the presence of peptides. According to the

data, the significant increase of the peptide
fraction level has been observed in the group 1
and 4 under experimental conditions (Table 3).
We suppose the accumulation of peptides could
be considered as by-effect of release of dimmers
(the group 1) or cleavage of collagen into lower
molecular weight fragments (the group 4).

Table 3: Level of peptides (r.u - mL?) in the solution obtained after soaking of the parchment samples

Condition Group 1 Group 2 Group 3 Group 4

Control 1.19+0.09 2.16+0.14 3.2940.22 0.32+0.02
Long-term heating 3.76#0.25*  0.19+0.01*  2.00£0.16*  0.71+0.04*
Artificial sweataction 5 36,0 16%  128:0.08*  1.8640.13*  2.77:0.19*

Values are expressed as meanzSEM (n=5); *p<0.05 significantly different from the control

On the other hand, the changes in the
peptide content might be the result of action of
lipid radicals. It is well-known that additionally
to collagen fibres, the parchment includes lipids
[22], the qualitative and quantitative composition
of which depend on the method of processing
the skin at the stage of parchment manufacture.
It has been established [23] that lipids presented
in the parchment samples, might interact
with the collagen possibly contributing to the
degradation of parchment. Lipids influence the
collagen structure, probably via autoxidation
of lipids and accumulation of highly reactive
peroxidation products.

The decrease of the peptide level in
the groups 2 and 3 under long-term heating
and artificial sweat action has been found
(Table 3). This observation is fully consistent
with our previous data regarding the protein
concentration in these groups.

The analysis of the qualitative composition
of peptide fraction could be useful to provide
additionalinformationaboutthecollagenintegrity
and as a consequence about the mechanical
resistance of the parchment. The more long-
size peptides are released from the parchment,
the less the parchment will be persistent to the
damages. Size-exclusion chromatography was
applied to estimate the presence of peptides

of different molecular weights. The comparison
of the results of chromatographic analysis of
peptide fractions obtained after exposure of the
parchment samples to long-term heating and
action of artificial sweat (Table 4) has revealed
that they were similar in terms of number of
peaks and distribution of peptides among the
peaks. In general, the influence of these factors
has resulted in the increase of peak numbers
as well as the appearance of low-size peptides
compared to the control samples.

As can be seen from Table 4, the majority
of peptides detected after influence of long-
term heating and artificial sweat action were
molecules with molecular weight up to 1 kDa
which correspond to peptide length less than the
10 amino acids.
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Table 4: Results of chromatographic analysis of the peptide fractions

General area under peaks

Number of peaks Molecular weight (Da) Area under peak (r.u)

(r.u)
Control 1.4 1 1881 1.4
1 1202 3.3
2 1016 5.1
. 3 780 4.9
- Long-term heating 16.9 4 635 12
Y 5 567 1.3
8 6 482 1.1
1 1166 1.8
Artificial sweat 2 973 3.1
‘ 8.4 3 755 2.4
action 4 622 0.7
5 558 0.4
1 2951 1.6
Control 4.3 2 1140 1.7
3 951 0.8
1 1114 0.6
‘g_ Long-term heating 3.1 2 987 1.6
3 3 945 0.9
G 1 1162 1.9
Artificial sweat 2 957 3.7
. 9.5 3 712 2.2
action 4 611 0.5
5 547 1.3
1 1116 5.8
Control 10.0 5 1003 a4
1 1257 1.0
2 1010 2,4
‘g Long-term heating 6.9 3 745 1.7
3 4 625 0.4
G 5 567 1.3
1 1596 3.7
Artificial sweat 2 1172 0.8
action 75 3 975 1.8
4 728 1.2
1 1140 0.6
2 963 0.7
Control 5.9 3 758 3.5
< 4 561 0.3
2 5 463 0.8
g Long-term heating 6.0 1 350 6.0
1 1017 2.5
Artificial sweat 2 690 1.0
action >2 3 556 0.7
4 444 0.6

CONCLUSIONS

Using the parchment samples obtained

by several preparation methods (modern
and ancient) we investigated the influence
of accelerated aging on protein component
of the parchment. The structural integrity of
collagen molecules was estimated applying the

SDS-PAGE and size-exclusion chromatography.

We can state that these techniques may be
employed as additional tools to monitor the
degradation of proteins within the parchments.
In our findings we have revealed that the most
suitable manufacturing technique to maintain
the collagen structure was the two-stage
method with the use of calcium hydroxide
in the concentration up to 26 g/L (the group
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2). We have also shown that the damaging
effect of long-term heating and artificial sweat
action strongly depended on the method of
parchment obtaining. Most of the times, the
damage of collagen structure produced by
action of artificial sweat on parchment was
more pronounced. Obtained data contribute to
better understanding of the mechanisms of the
parchment degradation and could be useful to
improve manufacturing process.
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