
 THE U.S. FIRST LADIES GOWNS: A BIOCHEMICAL STUDY

 OF SILK PRESERVATION

 MARY A. BECKER, POLLY WILLMAN, AND NOREEN C. TUROSS

 ABSTRACT-The degradative changes in silk are
 investigated with amino acid analysis and solubility

 under denaturing conditions (7M urea). These
 biochemical techniques use extremely small samples

 for quantitative analyses and are capable of detecting
 chemical alterations at the molecular level. The

 biochemical results are used to place the fabric

 samples from a museum collection within the context

 of artificially aged silks. Analyses of the naturally aged

 samples reveal two populations: sericin-rich and
 sericin-depleted. Denaturing solvents such as soap
 will remove the protective protein coating from

 sericin-rich fabrics; sericin-depleted fabrics are al-

 ready a high risk for light-induced damage. The data

 suggest that silk fabrics manufactured during this cen-

 tury are likely to have their sericin coatings totally

 removed and therefore at great risk to light damage.

 1. INTRODUCTION

 In 1987, the exhibition of the U.S. First Ladies

 gowns, a popular and important Smithsonian
 Institution collection, closed for renovation to
 allow the curatorial staff to reassess the

 collection's use and to give conservators a
 chance for long overdue examinations and
 treatments. This conservation project provided
 a unique opportunity for extensive collaborative
 research between scientists and conservators

 into the deterioration of silk, the material

 predominant in this collection.
 The scientific research focused on, first, the

 effectiveness of several analytical approaches

 with minimal destructive sampling as a means
 of evaluating the object's state of preservation,
 and, second, the mechanisms involved in the

 degradation of silk. Since silk is a biopolymer,
 the effects of the environment on both the

 physical and the chemical properties over time

 are of interest to biochemists and bio-engineers
 as well as conservation scientists.

 Traditional textile testing methods such as
 measuring color difference and tensile strength

 have a limited usefulness in evaluating naturally

 aged fabrics with unknown histories. Although
 color measurements can be made nondestruc-

 tively, a color difference cannot be quantified

 because the original color is unknown. Tensile
 strength measurements require large samples by

 museum standards and then provide evidence of
 deterioration only after significant damage has
 occurred at the molecular level.

 Previously, biochemical techniques were
 used to quantify the initial degradative changes
 found in artificially aged silk fabrics. Quantita-
 tive results can be obtained from very small

 samples. Becker and Tuross (1994) reported
 that the selective degradation mechanism
 progressed to random destruction along the

 molecular polymer chain with increasing length
 of exposure and increasing energy content of
 the incident radiation.

 This paper discusses how biochemical inves-
 tigations are used to relate naturally aged silk

 fabrics from a museum collection to artificially

 aged silk fabrics. The changes monitored in
 solubility and amino acid compositions are in-
 dicators of deterioration at the molecular level.

 The overall recovery of amino acids not only
 provides evidence of the extent of protein
 preservation but also serves as an indication of
 the state of preservation of the garment.

 A comparison between the overall amino
 acid composition of naturally aged silk and that
 of new, degummed silk (essentially pure
 fibroin), provides insight into the presence or
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 absence of sericin, silk's natural coating. The
 presence of sericin and the impact of this

 protein on the state of silk preservation were

 also investigated.

 2. HISTORY OF THE FIRST

 LADIES COLLECTION

 The collection of costumes and accessories from

 the First Ladies of the United States of America

 is part of the Division of Political History at the
 Smithsonian Institution's National Museum of

 American History (NMAH), Washington, D.C.
 Fifteen silk gowns attributed to the First Ladies

 of the White House were displayed as part of a
 Period Costumes exhibit in the original U.S.

 National Museum building (now known as the
 Arts and Industries Building), opened to the
 public on February 1, 1914 (Smithsonian
 Institution 1914). The term "First Lady," first
 used in 1860, is given to the "hostess" of the
 White House. Within just a few years, the
 exhibit was declared "one of the most

 interesting and popular in the Museum"
 (Smithsonian Institution 1919, 66).

 Of the original 15 silk gowns on display at

 the opening of the hall in 1914, 12 were still on
 display when the exhibition hall closed in 1987,
 and 11 had been shown continually during this

 73-year period. The exhibit was initially lo-
 cated in the west-north range of the Arts and In-

 dustries Building (A&I), where the gowns were
 exposed to sunlight through large, west-facing
 windows, although these windows were inter-
 mittently protected by heavy curtains. In 1931
 the exhibition was transferred to the north-west

 range of A&I where they could be illuminated
 with north light in order to make "artificial

 lighting of the collection unnecessary" (Smith-
 sonian Institution 1931, 12) (see fig. 1).
 Daylight was not eliminated from the Collection

 of Dresses of the First Ladies of the White House
 exhibit until the construction of a series of

 period-room displays in the 1950s. Reduction
 of artificial light levels was initiated during the
 installation of the First Ladies Hall in the new

 Museum of History and Technology building
 (now NMAH) in 1964. Currently light levels
 in areas displaying the First Ladies costumes are
 3 footcandles or less.

 Over the years the gowns in the First Ladies
 Collection have been subjected to various forms
 of museum and user handling as well as dif-
 ferent types of light. The collection is accom-
 panied by irregular historical documentation on
 the garments, covers a broad time period from
 1780 to 1989, and consists of fabrics in variable

 states of preservation. Of the 44 gowns on ex-
 hibit in 1987, 42 are constructed primarily of
 silk.

 The deleterious effects of light and dirt, as

 well as the demands of long exhibition, are so
 serious that some of the gowns are now too
 fragile to be exhibited. The silk fabrics in the
 gowns display a variety of museum-acquired
 degradative states. One example, Sarah Yorke
 Jackson's wedding dress, crumbling at the hem,
 was in such poor condition that now only the
 embroidered chiffon skirt is exhibited as part of

 a conservation section of the reopened exhibi-
 tion. On the other hand, the silk in Barbara

 Bush's gown is in pristine condition.

 3. SILK: FIBROIN AND SERICIN

 Silk fibroins (Howitt 1946; Lucas et al. 1958;

 Rudall 1960) are the extracellular proteinaceous
 filaments produced by certain species of the

 phylum Arthropoda, classes Insecta and
 Arachnida. Many species belonging to the class
 Insecta spin cocoons in which they pupate, such

 as the classic example, Bombyx mori (order
 Lepidoptera, subclass Bombycidae). This
 domesticated silkworm, actually a caterpillar,
 spins its cocoon after feeding on mulberry

 leaves for nearly a month. The cocoon consists
 of two extruded triangular-shaped filaments of a

 proteinaceous polymer called fibroin, held
 together by a gumlike protein called sericin.
 Removal of the sericin from silk fibroin is

 accomplished by a process called "degumming,"
 usually by one of three methods: (1) extraction
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 Fig. 1. The First Ladies Hall in the Arts and Industries Building as it appeared around 1931. Photograph
 courtesy of the Smithsonian Institution, Washington, D.C.

 with water at high temperatures, (2) extraction
 with dilute aqueous alkali or soap solutions, or
 (3) removal by proteolytic enzymes.

 A fundamental distinction between fibroin

 and sericin is the composition of amino acids
 that make up these two proteins (see table 1).
 Characteristic features of the fibroins in general

 are the high proportion of the smaller side
 group amino acids glycine, alanine, and serine
 and their insolubility in aqueous solutions. The
 large percentage of the small side-chain amino
 acids allows for a close-packing arrangement of
 the molecules characteristic of the fibroins and

 is a general feature of extracellular matrix

 proteins. Sericin, on the other hand, has over
 30 mol % serine (Komatsu 1980) and is readily
 soluble in hot, dilute alkali solutions (Lucas et
 al. 1960).

 4. MATERIALS

 4.1 FABRICS FROM THE FIRST

 LADIES COLLECTION

 Fabric samples were taken from several of the

 gowns that had been on exhibit in the First
 Ladies Hall when it was closed for renovation

 in 1987 (see table 2). Whenever possible,
 examples of silk fabric were taken from
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 TABLE 1

 AMINO ACID COMPOSITIONS OF BOMBYX MORI SILK PROTEINS (mol %)

 AMINO ACIDS NEW HOT WATER SERICIN

 SILKf EXTRACT WHOLEt

 Glycine Gly 43.7 36.7 13.5
 Alanine Ala 29.3 15.9 6.0

 Serine Ser 10.7 11.9 33.4

 Tyrosine Tyr 5.5 1.5 2.6
 Valine Val 2.4 4.2 2.8

 Aspartic acid/ Asx 1.8 10.9 16.7
 asparagine
 Glutamic acid/ Glx 1.2 5.9 4.4

 glutamine
 Threonine Thr 0.9 3.5 9.7

 Phenylalanine Phe 0.9 2.8 0.53
 Isoleucine Ile 0.7 3.6 0.72

 Leucine Leu 0.6 2.7 1.14

 Proline Pro n.d. n.d. 0.68

 Arginine Arg 0.5 n.d. 3.1
 Lysine Lys 0.3 n.d. 3.3

 n.d. = not determined

 t silk habutae, Testfabrics, Inc. #609
 $ Komatsu 1980

 inconspicuous places (e.g., accessible unfinished
 inside seam allowances). As samples were taken
 from unexposed areas of the garment, they

 were likely to be in better condition than the
 fabric in exposed areas. These samples were,
 however, considered typical of both the silk
 fabrics from their respective eras and of textiles

 in many museum collections. Sample sizes
 varied, but all were approximately thumbnail
 size with weights varying from 1.0 mg to 1.3 g.
 Prior to this study, the gowns from the First

 Ladies Hall had been vacuumed as part of
 ongoing conservation treatment. The fabric
 samples taken directly from the gowns in the
 Ceremonial Court Exhibition case (those of
 Jacqueline Kennedy and Patricia Nixon) had
 not been vacuumed prior to sampling. Samples
 of the fabrics used in Barbara Bush's inaugural

 gown were donated to the collection by the
 designer.

 4.2 ARTIFICIALLY AGED SILK

 HABUTAE

 A plain woven silk habutae (Testfabrics style

 #609) was used for comparison to the naturally
 aged fabrics in the First Ladies Collection. The
 use of commercial degumming, causing re-
 moval of the sericin, was confirmed by amino
 acid analysis of the material extracted (0.5% of

 fabric weight) after boiling the habutae in
 deionized water for 30 minutes (table 1). The
 hot water extract had an amino acid composi-
 tion similar to the amorphous region of silk

 fibroin, not sericin, confirming that the fabric

 was completely degummed (Becker 1993).
 The new silk fabric was artificially aged by

 exposure to a xenon arc light source in an Atlas
 Ci-65 Weather-ometer (Atlas Electric Devices
 1986). Fabric samples were mounted in sample
 holders with four exposed areas of 42 x 50 mm
 per holder and irradiated for varying lengths of
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 TABLE 2

 FIRST LADIES GOWNS SAMPLED

 FIRST LADY ATTRIBUTION FABRIC TYPES
 DATE

 Barbara Bush 1989 satin, velvet

 Patricia Nixon 1969 chiffon, lining, satin*

 Jacqueline Kennedy 1961 chiffon, middle layer, inside layer
 Mamie Doud Eisenhower 1953 dress fabric

 Eleanor Roosevelt 1941 charmuese

 Lou Henry Hoover 1929 charmuese
 Helen Herron Taft 1909 lining, embroidery thread, tulle, china silk, inner bodice fabric

 1945 chiffon--restoration

 Edith Kermit Roosevelt 1905 lining*, metallic thread fabric
 Ida Saxton McKinley 1901 satin, lining*
 Mary Harrison McKee 1889 faille, brocade, velvet
 Caroline Harrison 1889 brocade, gray faille, apricot faille*
 Frances Cleveland 1886 satin, lining*
 Lucretia Garfield 1881 satin, lining*

 Lucy Webb Hayes 1877 dress fabric

 Julia Dent Grant --1873 satin, lining*
 Harriett Lane Johnson 1866 moire, tulle, lining, lining-possible alteration
 Mary Todd Lincoln 1861 moire, purple thread, black thread
 Sarah Polk 1845 dress fabric

 Sarah Yorke Jackson 1831 chiffon
 20th century satin-alteration

 * Presence of Tin detected by energy dispersive x-ray fluoresence spectroscopy (Becker 1993)

 time up to a total dose of 1000 kJ/m2 (Becker
 and Tuross 1994). Three sets of artificially aged
 habutae were prepared by exposures using three
 different combinations of glass filters-borosili-
 cate-soda lime, borosilicate-borosilicate, and

 quartz-quartz-with lower wavelength cutoffi
 at 300, 285, and 230 nm respectively. These fil-
 ter combinations correspond to exposures of
 electromagnetic radiation spectra simulating sun-
 light through glass, artificial sunlight, and nearly

 direct output from the xenon arc light source,

 respectively.
 Light (3.8 hours) and dark (1.0 hours) ex-

 posures were alternated to simulate the radiative
 environment that occurs during the lifetime of

 museum objects. The average operating
 temperature in the Weather-ometer was 21"C,

 and the relative humidity fluctuated between
 55% and 63% with the cycling.

 5. METHODS

 5.1 SOLUBILITY

 New silk fibroin goes into solution only with
 very aggressive treatments, such as those using

 LiBr or LiI, which degrade the molecule,
 rendering it partially or totally soluble (Lucas et
 al. 1958). Urea was chosen as the solvent for
 this study because of its known denaturing

 properties (Stryer 1988) that allow the protein
 molecules to assume a random-coil chain

 conformation with no evidence of main chain

 peptide cleavage.
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 All samples were extracted in 1 ml of 7 M
 urea, 0.05 Tris(tris(hydroxymethyl)
 aminomethane) solution (pH 8) for one week
 with constant rocking and occasional vortex
 mixing to facilitate dispersion of the solution

 throughout the fabric. After one week, the
 urea-Tris solution was removed, and the

 remaining fabric was rinsed a minimum of five

 times with deionized water. The fabric samples
 were prefrozen, then lyophilized to dryness.
 Percent weight loss was calculated using the
 comparison of preextraction to postextraction
 dry weights.

 5.2 AMINO ACID ANALYSIS

 Microgram-sized fabric samples were
 weighed and put into hydrolysis tubes, dissolved

 in 200-400 ptl of 6N HC1, flushed with
 nitrogen, and tightly capped. The samples were
 then hydrolyzed at 110'C for 22 hours. After
 hydrolysis, samples were dried in a vacuum

 evaporator at 50?C and stored dry at -20'C
 until just prior to chromatographic separation.

 All samples from the First Ladies gowns were fil-

 tered through 0.45 ltm Millipore filters to
 remove particulates prior to injection.

 Asparagine and glutamine residues are
 deamidated to aspartic and glutamic- acid upon
 acid hydrolysis (Robinson and Rudd 1974) and
 therefore reported as the sum of both the acid
 and amide (Asx and Glx).

 Amino acid compositions of 45 silk fabric
 samples from the First Ladies gowns were deter-
 mined using reverse-phase high-pressure liquid
 chromatography (RP-HPLC) on a Millipore
 Waters Pico-Tag Amino Acid Analysis system.
 Amino acids were precolumn derivatized with
 phenylisothiocyanate (PITC) and separated by
 RP-HPLC (Bidlingmeyer et al. 1984; Cohen et
 al. 1986). Amino acids were eluted using a
 gradient buffer system and detected by UV ab-
 sorbance at 254 nm.

 Amino acid compositions of the artificially
 aged silk fabrics were determined by ion-ex-
 change high-pressure liquid chromatography

 First Ladies

 * 0 Fabrics

 v First Ladies
 S~ Sn-Weighted Fabrics

 0

 400 0 0 0 So

 S8o oo ~2o 0 0 0 0 0 So 0

 1850 1900 1950

 Year

 Fig. 2. The percent weight loss of the First Ladies
 fabrics after 1 week under denaturing conditions

 (IE-HPLC) (Benson and Hare 1975; Stathoplos
 1989). Primary amino acids were separated by
 ion-exchange and detected by postcolumn
 derivatization with o-phthaldialdehyde /2-mer-
 captoethanol (OPA) to form fluorescent-sub-
 stituted isoindole products. Two runs were
 required to adequately separate the basic amino
 acids from the interfering buffer peaks (Hare

 1977). For analysis, hydrolyzed samples were

 diluted to a concentration of 1 Lg/gl. The
 compositions are based on daily calibrations to
 standard solutions of each amino acid reported.

 5.3 DESALTING THE

 PROTEIN-UREA EXTRACTIONS

 Urea was removed from the silk that came

 into solution using a rapid desalting procedure
 (Cooper 1977). Rapid desalt columns were
 prepared from a slurry of polyacrylamide gel
 (Bio-Gel P-6DG) and 50 mM ammonium
 acetate (pH 7.2) loaded into 10 ml disposable
 pipettes. A column was calibrated for a 2 mL
 sample with bromphenol blue (670 MW) and
 blue dextran (2,000,000 MW) dissolved in urea.
 Samples were loaded onto the individual
 columns, eluted with 50 mM ammonium

 acetate, and collected into vials. Sample collec-
 tion was terminated just prior to the elution
 volume of bromphenol blue, before the urea
 eluted. Samples were lyophilized, resuspended
 in distilled water, and then relyophilized to ob-

 tain a final dry weight.
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 1 O0 um

 Fig. 3. A scanning electron micrograph of brittle
 tin-weighted silk lining fabric from Edith Roosevelt's
 1905 dress. 190x

 6. RESULTS AND DISCUSSION

 6.1 SOLUBILITY DATA

 More than 88% of the silk fabrics evaluated

 from the First Ladies costumes lost more than

 20% of their dry weight under denaturing
 conditions (fig. 2). Half the naturally aged
 fabrics had weight losses of greater than 30%.
 Although a 7M urea solution is more aggressive
 than a traditional conservation treatment with a

 mild detergent, it illustrates the strong

 possibility for material loss with solvent cleaning.
 There is also a variation in the amount of

 weight loss in urea between different fabrics

 from the same garment. American-made silk
 fabrics were used for both Caroline Harrison's

 and Mary Harrison McKee's gowns, dating to
 President Benjamin Harrison's 1889 inaugura-
 tion. In the 7M urea, fabrics from Caroline

 Harrison's gown had a 32-84% weight loss,
 while fabrics from Mary McKee's gown ex-
 hibited a 22-35% weight loss. Dating to a
 similar period, Frances Cleveland's 1886 wed-
 ding dress lost 32% and 34% of its original
 weight for the satin and lining fabrics respec-

 tively. These high percentages of weight loss
 cannot simply be attributed to removal of dust
 or other particulate matter that has adhered to

 50

 Fibroin

 40 Sericin

 /Jackson's
 Satin

 Hayes'
 Satin

 20

 10

 Asx Ser Glx Gly Ala Val Ile Le u Tyr Phe
 Amino Acids

 Fig. 4. Diagram showing the amino acid
 composition of the material extracted under
 denaturing conditions compared to fibroin and sericin

 the fabrics but is indicative at least in part of the

 loss of actual silk protein.

 The fabric samples known to be tin weighted
 tend to be more soluble than many non-
 weighted silk fabrics. Tin used as a weighting
 agent has been reported by conservators to ac-
 celerate the deterioration of silk based primarily

 on the loss in tensile strength of the fabrics

 (Bogle 1979). Caroline Harrison's apricot faille
 (1889) exhibited an 84% weight loss after urea
 extraction. This faille was also particularly fri-

 able when handled physically. Julia Grant,
 Edith Roosevelt, Ida McKinley, and Frances
 Cleveland's gowns contained tin-weighted
 lining fabrics that exhibited 45%, 40%, 69%,
 and 34% weight losses, respectively. The rela-
 tively new tin-weighted satin from Patricia

 Nixon's gown (1969) revealed only a 22%
 weight loss. The weighting of silk often results
 in "shattered" silk as evident by the lining fabric

 of Edith Roosevelt's gown (see fig. 3) showing
 the fiber fracture morphology associated with

 brittle materials (Bresee and Goodyear 1986;
 Hearle et al. 1989).

 Compared to artificially aged silks, most of
 the First Ladies gowns have solubilities under
 denaturing conditions exceeding that of the

 1000 kJ/m2 exposure to sunlight through glass
 (18%). Based on the artificially aged fabrics,
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 which show a progressive increase in solubility
 with increasing exposure time and increasing
 energy content of the incident radiation
 (Becker and Tuross 1992), an increased loss of

 proteinaceous material would be expected from
 those fabrics in extremely poor condition. Due
 at least in part to the complications of adhering

 dirt and sericin coating, there is no correlation
 between the attribution date or a fabric's tactile

 properties and the amount of fabric that is

 solubilized under denaturing conditions in the
 collection of the First Ladies gowns.

 6.2 COMPOSITION OF THE

 EXTRACTED DEGRADATION

 PRODUCTS

 Since all the First Ladies silk gowns ex-
 amined were soluble to some extent in 7M urea

 treatment, the composition of the proteinaceous
 material solubilized was analyzed. The amino
 acid compositions of the extracts from two of
 the gowns, Lucy Hayes's and Sarah Jackson's
 satins, revealed different protein constituents in

 the soluble material. As determined by
 postcolumn OPA IE-HPLC, the overall pattern
 of amino acids recovered from the extract of

 Sarah Jackson's satin is indicative of fibroin (i.e.,

 large quantities of glycine and alanine with
 some serine) (fig. 4). It should be noted that
 the satin in Jackson's gown is probably early

 20th century and consists of a silk warp-cotton
 weft. In contrast, the soluble extract from Lucy
 Hayes's satin (1877), which had a 45% weight
 loss, had an amino acid composition nearly
 identical to sericin (fig. 4).

 The presence of sericin in the fabric increases
 the loss of silk fabrics under denaturing condi-

 tions due to the solubility of this protein. The
 present data suggest that any denaturing solvent

 treatment, in addition to removing surface con-
 tamination, presents the possibility of removing

 some proteinaceous material, either sericin or
 fibroin, from the silk garment.

 The artificially aged fabrics show an in-

 cremental loss of the protein with solubilization

 in urea, first associated with the amorphous

 regions of fibroin and secondarily from both the

 amorphous and crystalline regions of the fibroin
 as the dose and ultraviolet content of the inci-

 dent radiation increase (Becker and Tuross
 1994). The percentage of serine in both the
 urea-extracted silk degradation products and the
 overall exposed habutae remained constant, at
 approximately 11%, indicating an even distribu-
 tion of serine throughout both the amorphous
 and crystalline regions.

 Thus for our artificially aged habutae, the

 amorphous regions of fibroin are degraded first

 under mild exposure conditions and then, as the
 UV content and dose increase, the whole

 fibroin matrix-crystalline and amorphous
 regions-are affected. This result provides
 evidence for threshold effects in the deteriora-

 tion process of silk fibroin and suggests a selec-
 tive deterioration mechanism that becomes

 random as exposure to light persists. Selective
 destruction of amino acids has been reported for

 both thermal decomposition reactions (Vallen-
 tyne 1964) and photodegradative experiments
 (Meybeck et al. 1971; Becker and Tuross 1994).

 6.3 OVERALL FABRIC AMINO ACID

 COMPOSITION

 The amino acid analyses of 41 different fabric

 samples from the First Ladies collection yielded
 amounts of glycine, alanine, and serine in the

 characteristic 4:3:1 ratio of Bombyx mori fibroin.
 The fabrics were therefore confirmed as consist-

 ing primarily of silk. Minor variations in the

 compositions could be due to the effects of im-

 purities such as starch coatings, dyes, mordants,

 and weighting agents, which could result in ar-
 tifactual losses or alterations during the

 hydrolysis prior to analysis (Hunt 1985). As
 with the solubility data, there is no temporal

 correlation between the quantity of amino acids
 recovered and attribution date, even for dif-

 ferent fabrics from the same garment.
 In artificially aged silk, there is a decrease in

 the total number ofpicomoles detected by
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 Fig. 5. Diagram showing amino acid profiles for
 three First Ladies fabrics compared to modem silk
 habutae

 amino acid analysis per 1 Rtg dry weight of the
 artificially aged habutae after standard acid

 hydrolysis as both the dose and UV content are
 increased (Becker and Tuross 1994). The
 decrease in total amino acids recovered from

 the artificially-aged fabrics as a function of in-

 creasing dose and UV content follows a pattern
 similar to the increase in material removed

 under denaturing conditions. Thus, the main

 peptide chain cleaves upon prolonged exposure
 to light and facilitates the removal of degraded

 fragments with solution treatments.

 A comparison of the amino acid profiles of
 three First Ladies fabrics shows that these

 naturally aged silks fall into two populations,

 sericin-rich and sericin-depleted. The amino
 acid profile ofHayes's satin is high in serine and
 aspartic acid, and the tyrosine content is com-
 parable to new habutae. Both serine and aspar-
 tic acid are present in larger quantities in sericin

 than in fibroin (fig. 5). The combination of the
 overall amino acid data with the composition of
 the material extracted indicates that Hayes's
 satin can be considered sericin-rich.

 Sarah Yorke Jackson's and Patricia Nixon's
 satins, which exhibit low amino acid recoveries,

 are notably lower in serine, glycine, alanine,
 and tyrosine content than new habutae. How-

 First Ladies

 . Fabrics O k O Artificially-aged
 SC Habutae

 600 0!Ao A -o ~ O Fibroin-20% Sericin

 o . o sericin-rich (calclated)
 oo o o

 '400

 A 0

 Serine seicinmoug)

 depleete?" 200W

 ,0

 0-
 0 500 1000 1500 2000 2500

 Serine (pmol/ug)

 Fig. 6. The amounts of tyrosine and serine recovered
 from the artificially aged modem habutae and the

 naturally aged fabrics in the First Ladies Collection

 ever, some of the fabrics can contain other

 fibers. For example, Jackson's satin includes a
 cotton weft, which, affecting the initial starting

 weight of the fabric, can slightly decrease the

 overall recovery. But the analysis of the

 proteinaceous material within the fabric can be
 useful as an investigative tool to evaluate the

 presence or absence of sericin. The material ex-
 tracted from Jackson's satin indicates an absence
 of sericin. The decrease in the amount of serine

 present in the overall amino acid composition
 of the First Ladies fabrics compared to modem
 silk habutae is evidence that the sericin has been

 removed and the fabric is at risk. Nixon's satin

 is a relatively modem fabric (1969) that has
 probably been subjected to extensive process-
 ing, including essentially complete removal of
 the sericin, similar to the modem habutae.

 Tyrosine is known to be effectively degraded

 by light (McLaren and Shugar 1964), and its
 loss from fibroin is evidence that photodegrada-
 tion has occurred (Becker and Tuross 1994).
 The two amino acids, serine and tyrosine, serve
 as proxy for the presence of sericin (serine) and

 photooxidative damage (tyrosine), and these can
 serve as an analytical tool to assess the general

 biochemical state of the silk fabrics (fig. 6).
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 The artificially aged fabrics (pure fibroin)
 show a linear decrease in both amino acids with

 a slope of nearly one (r2 = 0.923, slope =
 0.969). The tyrosine-serine (pmol/%g) data for
 the First Ladies fabrics show that some samples

 contain more serine and tyrosine, while others

 have less of both compared to the artificially

 aged silks. Again the high serine content is in-
 dicative of the presence of sericin. When
 evaluated by linear regression analysis, the

 tyrosine-serine ratios of the First Ladies fabrics

 are best described by a line (r2 = 0.822) with a
 much lower slope than the artificially aged
 fabrics. The First Ladies fabrics indicate a

 smaller loss of tyrosine per loss of serine, par-

 ticularly for those fabrics with serine contents

 greater than those of the habutae. Calculated
 tyrosine-serine points for compositions of
 fibroin with 20% and 30% sericin fall in the

 upper-right-hand corner of figure 6. Those
 amino acid compositions that show a serine con-
 tent higher than the pure fibroin habutae have
 sericin associated with the fabric. Furthermore,

 tyrosine appears to be well preserved when a
 large serine content is present, probably due to

 the protective coating effect of sericin.

 Photodegradation is initially a surface
 phenomenon; thus the sericin coating could
 provide a screen for incident light or increase

 the length of the induction period before
 destruction of the main peptide chain by
 cleavage.

 7. SUMMARY AND

 CONSERVATION IMPLICATIONS

 Biochemical characterization of a proteinaceous
 textile, particularly silk, not only identifies the

 major constituents of the fabric but also

 indicates the state of preservation of the
 material. All the historic fabrics exhibited some

 degree of degradation, as evidenced by their
 solubility in denaturing conditions and the
 composition of the solubilized degradation
 products. An overall decrease in all the amino
 acids recovered, particularly tyrosine, can be

 used to relate a historic silk to artificially aged

 fibroin. Once an artificially aged sample,
 comparable to the actual object, has been
 prepared, it can then be used in lieu of the
 object in the evalution of prospective
 treatments.

 The compositional data from the silk fabrics
 of the First Ladies Collection revealed two

 populations; sericin-rich and sericin-depleted
 materials. These two populations present dif-
 ferent concerns to the conservator. While

 sericin yellows easily, it protects the fibroin fila-

 ments against light damage as exhibited by the

 state of protein preservation of the sericin-rich

 fabrics. The naturally aged fabrics that retain a

 sericin coating are at great risk of losing that

 protective coating with any wet treatment.

 Conversely, the sericin-depleted fabrics are
 more likely to have already suffered severe light

 damage, and their increased solubility is a result

 of actual fibroin loss. Any conservation treat-
 ment that involves washing sericin-depleted
 fabrics not only jeopardizes the integrity of the

 object but provides an opportunity for further

 light damage to the newly exposed fibroin.
 The analytical techniques described require

 an extremely small amount of fabric that can

 easily be sampled from the unfinished edge of
 an inside seam. Spot treatments of fabrics to be
 cleaned with any solvent can be examined for
 material removed in the washing solution.
 Amino acid analysis of the cleaning solution can
 determine not only how much material is lost
 but also the nature of the protein being

 removed. The aggregate data from the analysis
 of the First Ladies costumes indicate that silk

 fabrics manufactured in this century are likely to

 have been extensively processed, resulting in a
 complete loss of the sericin coating. This
 processing puts these recently produced fabrics

 at extreme risk for light damage.
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