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			Abstract

			Silk fibers are found in many important historic textiles and artefacts. Raw silk is a proteinaceous fiber consists of two major proteins: The main fibrous component fibroin, and amorphous protein sericin. In commercial use, sericin is normally removed by degumming. Fourier transform infrared (FTIR) spectroscopy is a powerful tool for fiber identification and can provide both qualitative and quantitative information about protein conformations. The amino acid composition of fibroin and sericin significantly differs from each other, thus they can be easily differentiated by IR spectroscopy. In this study some archaeological silk textile specimens, obtained during the excavations in Ancien Ainos (Enez), one of the most important archaeological sites in Turkey together with 150 years old and new Bombyx mori silk textiles were investigated using Attenuated Total Reflectance-Fourier transform infrared (FTIR) spectroscopy. The main aim of our research was to investigate conformational changes of silk protein, caused by ageing depending on the environmental conditions. It was found that structural transformations from β-sheet domain to β-turn and disordered conformations occur due to degradation. By aging, the changes in molecular structure and the formation of oxidative moieties were investigated. The crystallinity and oxidation degrees of the silk fibroin were defined by the investigations of the ratios of integrated intensities of β-Sheet to disordered structure and the integrated intensity ratios of Amide I/Amide II, respectively. 
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			Introduction

			Historical textiles reflect the people’s culture, the materials available for civilization, as well as the technologies of the period, and are therefore an important reference source for cultural research. Silk fibers are found in many important historic textiles and artefacts [1-3]. By means of infrared (IR) spectroscopy the vibrational frequencies of the molecules are examined. Since these vibrational frequencies vary depending on the molecular structure, and molecular interactions, information about the molecular structure, molecular bonds and molecular interactions can be obtained by examining the intensity, band half-width and the frequency changes of the IR spectral bands [4]. Fourier transform infrared (FTIR) spectroscopy has emerged as a versatile and important analytical technique to identify of unknown compounds, or to determine the chemical structure of the components. In fact, the use of the attenuated total reflection (ATR) attachment greatly facilitated the use of this technique and allowed direct measurements from solid samples such as fabrics. 

			Raw silk is a proteinaceous fiber consists of fibrous protein component fibroin, and amorphous protein component sericin. In commercial use, sericin is normally removed by degumming. 

The amino acid compositions of these protein components of silk significantly differ from each other [1,3], thus they can be easily differentiated by IR spectroscopy. Ancient Ainos (nowadays called Enez) is one of the most important archaeological sites in Turkey [5]. During the excavations in 2005-2006 years, some textile specimens have been found and identified as raw silk [1]. In this study, the ATR-FTIR spectroscopy was used to investigate some archaeological silk textile specimens obtained during the excavations in Enez together with an old and a new Bombyx mori silk textiles. The main aims of our research were to investigate the secondary structure changes of silk protein, caused by ageing depending on environmental conditions and to examine their degradation stages of textiles.

			Methodology

			The FTIR spectra of silk fiber samples were recorded using a Bruker Tensor FTIR spectrometer equipped with a diamond ATR unit. The data were collected over a spectral range of 4000-400cm-1 and 200 scans were collected with a resolution of 1cm-1. Standard correction for ATR spectrum was applied. Spectral manipulations such as baseline adjustment, smoothing, obtaining the second derivative and curve fitting procedures, were performed using GRAMS/AI 7.02(Thermo Electron Corporation) software package. Curve fitting was done using Voigt function (the convolution of a Gaussian and Lorentzian distributions) and fitting was undertaken until reproducible and converged results were obtained with squared correlations better than r2~0.9999. 

			The second derivative profile gives valuable information about the position of the bands and bandwidths. Thus, for the curve fitting procedure (to locate the position of the peaks), the second derivative of the absorption spectrum was used as a guide. The second derivatives of the spectra were obtained by using Savitzky–Golay function (two polynomial degrees, 17 points). For SEM and EDS measurements, Scanning Electron/Focused Ion Beam Microscopy FEI Versa 3D Dual Beam system with Ga+ ion source was used. Samples were not coated with a metal. The method applied is non-destructive, enabling the re-testing of the same sample with another method. Acceleration voltage was 2.00kV. 

			Results and Discussion

			The ATR-FTIR spectra of the investigated six silk textiles are shown in (Figure 1). The excavated textiles (Figure 1 sample No 1-4) were metal ornamented textile pieces, and EDS analysis indicated that they were made of silver-plated copper wrapped silk threads. Metal threads were used commonly in ecclesiastical textiles of the Greek cultural heritage [6]. These textiles (sample 1-4) were unearthed near Chapel Hagios Gregorios Neokaiserias, in the middle of the Ainos Fortress [1]. The average result of the EDS analysis of the several points of the metal part of sample No 1 is shown in Figure 2. The Cu content is found to be 28.7-32.5 % and Ag is 3.29-5.34 % (Figure 2).
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			The SEM/FIB images of the 150 years old silk textile are shown in Figure 3. It could be seen that silk fibers had diameter of about 9.0-16.4µm Figure 2. The surface was smooth and clean and had no roughness (Figure 3).

			In the IR spectra of the all investigated samples, amide I and amide II bands, which are characteristics of the protein structure, are observed. Moreover, in some samples the 998cm-1 and 975cm-1 bands, which are typical of Gly-Ala sequences in silk fibroin [7-9], are clearly seen, and in the others, these bands are predicted from the second derivative profiles and band fitting procedures. The main difference of the archaeological (samples 1-4) from the other silk textiles, is the observation of the strong Si-O stretching band of soil around 1000cm-1 due to burial. The comparison of the 1900-400cm-1 region of the sample 3 (excavated raw silk) and sample 5 (150 years old B. mori silk) are shown in Figure 4. The signature bands of silk fibroin at 998 and 975cm-1 are clearly shown. Moreover, the sericin band at 1112cm-1 [1] was observed only in the IR spectra of the excavated textiles, indicating that they were raw silk. The presence of intensity and frequency alterations of the amide-I and II bands depending on the degradation of silk are also seen in the Figure 4. It must be noted that the sample 5 was 150 years old B. mori silk, whereas, sample 1 was the archaeological raw silk, probably belong to Roman period [1]; (Figure 4).
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			Conformational varieties of the proteins can be probed through amide bands; particularly amide I band is the most sensitive to the secondary structure of protein. Amide I mode is primary a C=O stretching motion. It may have some contributions from CN stretching and CCN deformation [4,10]. An amide I band around 1620-1641cm-1 together with weaker contributions around 1674-1697 are generally attributed to β-sheet structures [4]. The IR band components in the 1662-1686cm-1 region reflect the contribution of β-turn. Silk protein fibroin has a high degree of crystallinity with β-sheet crystallites aligned along the fiber axis. Thus, the degree of the crystallinity of the silk fibroin can be estimated through detailed investigation of amide bands, since the wavenumbers of amide bands of β-sheet, β-turn and disordered conformations are different [4,10]. Recently Koperska et al. [11] examined the degradation of the silk’s fibroin and found that the relative intensity of the Amide II band in comparison to the Amide I band decreased due to the degradation. They proposed that degradation stages of the silk fibroin could be predicted by examining of the intensity radio of Iamide-I/ Iamide II. 
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			The comparison of the amide I and II bands of the selected silk textiles are shown in Figure 5. As seen in Figure 5, the intensity radio of Iamide-I/Iamide II (where Ix is the height of band x) is altered depending on the aging of silk fibroin. Namely, the Iamide-I/Iamide II ratio increases as the degradation stage of the silk fibroin increase (Figure 5). The curve fitted amide I-II regions of the 150 years old silk textile is given in Figure 6a in comparison with its second derivative profile. The second derivative of an absorption spectrum gives information about the position of the peaks and their half widths. As seen from the Figure 6, the absorbance maxima of each band component correspond to the minimum of the second derivative. The weak band at 1697cm-1 is assigned to C=O stretching vibration. Formation of carbonyl groups is a common signature of the occurrence of oxidation processes in natural macromolecules, which is formed upon peptide bond breakage [11]. The 1666cm-1 band is assigned to β-turn and 1628cm-1 band to β-sheet [10-11] structures. The amide II band components are revealed at 1545 and 1513cm-1 and are attributable to β-turn and β-sheet structures, respectively. The curve fitted amide I-II regions of the excavated silk textile (sample 3) is given in Figure 6b.
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			The curve fitting analysis reveals three band components, at 1679, 1644 and 1619cm-1 which can be attributable to amide I structures. The 1679cm-1 band is characteristic of the β-turn structure. The 1644cm-1 band can be attributed to dis-ordered [12-14] and 1620cm-1 to β-sheet [10] conformations. The 1722, 1710 and 1701cm-1 band components are assigned to C=O stretching vibrations of the carbonyl groups [11]. The amide II band components of the excavated silk (sample 3) are revealed at 1548, and 1532 and 1515cm-1 and are attributable to disordered, β-sheet and β-sheet structures, respectively. Comparison of amide I-II region of sample 5 with that of sample 3 indicated that β-sheet contribution was decreased in favor of disordered and β-turn structures. The crystalline regions of the silk protein polymer have β-sheet conformation and upon degradation an increase in disordered structure was previously observed [11]. Thus, our results indicate that sample 3 degraded more than sample 5 (Figure 6).

			The integrated intensity ratios of A β-sheet/A(disordered+β-turn) measured from the curve fitted ATR-FTIR spectra and defined as IR crystallinity index, X, and used to define the degradation stages of the silk textiles [11]. The lower the index X, the lower the ratio of crystalline regions, would be in a specific degraded silk fibre. The IR crystallinity index X found to be decreased in the order sample No 6> sample No 5> sample No 3> sample No 2> sample No 1> sample No 4. Thus, the degradation degrees of the silk textiles have the reverse order (4>1>2>3>4>6) The oxidation degree decrease of the samples was also found to follow the same sequence.

			Conclusion

			We conclude the followings:

			
					The excavated textile samples have metal ornaments. Precious metals have been used for the decoration of textiles since ancient times to create luxury objects for the secular and religious elite. The EDS analysis of the metal ornaments indicated that they were silver-coated copper. 

					Signature peak for sericin at 1112cm-1 [1,2] was observed only in the IR spectra of the excavated textiles indicating that these textile specimens were made of partially degummed raw silk.

					Formation of carbonyl groups is a common signature of the occurrence of oxidation processes in natural macromolecules.

					The degradation degrees of the investigated samples decrease, in the order 4>1>2>3>4>6. The oxidation degree decrease of the samples was also found to follow the same sequenceAcknowledgement
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Figure 5: Amide- [ and -II bands of the investigated samples 2, 3, 5 and 6.
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Figure 1: The ATR-FTIR spectra of the investigated silk textiles; No 1-4 are archaeclogical textiles, excavated in Enez, no 5 is a
150 years old textile and No 6 is a new one.
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Figure 4: Comparison of the ATR-FTIR spectra
(a) sample 3 (excavated silk textile)
(b)  sample 5 (150 years old B. mori silk textile).





OEBPS/image/images.png





OEBPS/image/68029.png
CRIMSON PUBLISHERS Archacology & Anthropology:
Wings to the Research. Open Access

A RescarchArtide






OEBPS/image/67651.png
Figure 3: The SEM (a) and FIB (b-c) images of sample 5. The scale bars were
(2) 500pm (b)200um (c) 50um
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Figure 6: Curve fitted regions of sample 5 (150 years old silk)
(a)  1750-1200cm-1 and sample 3 (archacological silk).
(b)  1760-1480cm-1 and B -sh=P -sheet; d.o=Disordered structure.
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Figure 2: The EDS analysis of the metal ornamental part of the archaeological textile No 1.





