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ABSTRACT

Feather ideftin€lon by visuaimeans leaves a percenlage oiunidenlitied sahplesallrre ro
levels genus and species, pancu|any singjeleatheE ors.rial lragments. Aier an init al period ol technical
developmentand research, el€drcphoresrs ol proteins eltracted idm leathers ha been used lorthe lasl
six years wth a high relab ity and rep€alabiity in iealher dentincation regardless ol tlieir origin. Prole n
extraclion irom keratin h6 been refned and standddsed @curcntly wnh the methods used lor
electroporz ng protein concenrales cunert resuLls allow accurate dentiiications ol unk.ow. sao ples ro
the specesleve proMded lhe sampescontain enoogh pluhaceous orpennaceousleatlier elemeds to
enraci abaLt 10 !loi prot€lns. comparsons ol keralin proliles s now easier becaus the colleclon ol gels

and keratin proliles used as.eierence conprises ovef 300 Nodh Ameican speces represented bv more
than one sanple in most cases, ior a tota of neany 3,s00 keralin poiles. Results show lhat lhere is lltle
indivdual vaiation and no sexualvaialron. Dilterences between species ol a sinoeqenus ca. be imponanl
and can sofrelimes be assessed visua lv but gels are roul ney scanned wiih a laset denslometertot
detecting and measuing difie.enc€s b€nveen cudes Thevaluesand patter.s thus oblained can be used
lor separanng closely relaled specLes. DiJJerences berween specles can be sma I but are sulricient to
denlt sahples Th s nelhodoLogD, is re iable lor leather samples or nore than 10 mg nol altered bv high
temperatures or bychem calprodlcG. o!r resu ts indLcate a hrgrr success raie and precFron In
LdentlicatioFs, exceeding the resuhs obta ned ead er uslng other means oi identitcalLon
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1. INTRODUCTION

The identitication ol tealhef remains can be a difiicuh l6k oanrcularlv when ihe remnants received
are very small and badly mangr€d when rhe sanple are large enough, direci compaison w h
sp€clmens in reference coll€tions coupled wlth te macroeopic examrnaion oI vlsualclus is
lsually sulficienr to insure accurate ldeftilications. Using slraiqht visualcompasons orthe external
morphology and disiinclive leaiur* ot fealhels, wirh or wihotr lhe use ol low optical magnificalion,
no less than 500,t ol the smd6 cd be identified by a expeaenc€d ornnhologisl. lt is necessary to
employ dillerenr methods to idermty lhe remaining 5@/0. a number ol identification t€chniques have
been described (Robenson el a/. 1 gaq and have been used by various idenliters and rhe t€hniqus
of iderniication ol unknown sarnpies used by myself or my Naiares include the examination of the
microscopic srruclure of leathers, rncluding downy barbules (8rom 1986, 1991), using disselio,
conpound. and scanning electrcn microscopes {chandler, 1916 Davis, 1970i sick, 1937i Vonkevich,
1 966). A cririczl evaluarion ot the resulrs obtained using hese rechniqu€s, including seri6 ot lesls lo
vetily rheir accuracy, has shown rhal rhe delailed and prsise identificalion of nond€script leathers
can be achieved o.ly lor an additional 25qo ol fte sampl€s. lhus l€aving aboul 25% of lhe samplB
submfled unidentiried beros the Family level. h s@med pertinent to explore other rechn.ques ro
reduce the percentage of samples unidentifted below lhe higher careqories. Alier a sei€. ol lesis and
expefimeds in the lale 1980s, eleclrophoresis ol reather keratin proteins proved to be reliable in
prosding an accurate means ol idemiti.qlhGe sample whch could notbe idenilied olheMise.
The r6ulls obtained proved to b€ beyond our mo$ ambftio{]s exp*lalions and ft was decided lo
pursue with rhis technique when lhe other means cannor provide lhe inlormation requ6led.
Electophoresis oi feaiher keraln is now used when it rs nol possible to idenlily otheruise maleia al

2. ME'�t}ODS

Eleclroohoresis of proteins obtained from the kerarin ol leathers has been us€d in a limited way in
laonomic work dd indicales tha these proleins have simileitis among themselves, have smal
molecular we gtrrs, and vary from species 10 species (Br|.ish 1976; Erush and wrtt 1983i Busch and
Erush 1979i Knox 1980a, 1980br O oonnell 1973; olsen etal. l9a9). These resLrlts show lha| lhe
tshnique can become a valuabl€ alternaive in rhe rdentificalion o! tearher samples that cannol be
identified by other means.

3. PROIEIN €X.rRACTION

whole tealhers, or parts ol teahe.s, are cleaned in barche by wdhing m hot detergent and I nsinq
in hor rap water. when dry, rhey are nnsed in l{o charges ot naphtha (hexanes, Fisheq, and once in
distilled wat€r. Finally, lhey are washed aqain in two changes ot denatured alcohol. Aner fie tinal
dryng each sample ls packaged and stored lor ldure use (Knox 19a0aJ. Keralin is extracled ifom 10
mg ol linelycut learher smd6lrom wtich shalts or calami have been exclud€d.lo €ach of these
sarnples 1 .0 ml ol the €xtracrinq solution consisting ot 0 05M iHAM (Flsher T-370), 8M urea (Fisher
4204-1), to which 0.05M diihiothrcitol IDrrJ eharmacia) is added ar the lasl momem (Marsialler al
1986t.

The sampies are $nred overnrgh ar room remp€raiure under an amcpheie ot nilroqen. Each
reaction mi{ure is ceftrituged 112,000 rpm, 10 min; Eppendorl5415 Microtugelto s€dimenl the
feidua fealher lragments. The supernalan is removed and slor€d d 20 C. To 25lL ol each
enraded samole, 5tL of 0.1M DTT is added al least 10 min beiore typinq (carac€do d al. 198€).
The samples are added ro Phaimacia polyacryloide Pha$get IEF 3-9, presoaked lor 15 min in a
solurion consisling of 1.011 Pharmacia Pharmalyle 3r0, 25011 20oh NP-40, 12016 sucrose, and s.Oml

4. PROIEIN ELECTFOPHOEESIS

soelecric locusing proce€ds ai 2ooov, 25mA, 4w. 20' C ior 400vh wilh a prefocusing phase al
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2ooov 25mA, 2w, 20' C lor 5OVh using a Phemacia Phast Svstem separalion and Codrol Unit
'rhe oels are ;ained rn a Phdmacia Phasl sv$em DeveLopnr€nt unit lsinq the protaoltor Phast Gel
IEF si ver starnina lehrroues {Pnsl Svsler Owner s Manua I modilred lo add an e{ra s|ep using
o o r 2 5 q o D T T { P h * m a c i a ) l o r t o r r . a ' , r o ' c w l r l s d d o 6 o F f w e e . s l e p s N o 6 S d d 9 0 f l t e
protocol supplied by the nanuladurer

5 GEL ANALYSIS

Aner drying the gels are examined vislallv and ditterences between lhe bands oi the tracls are noled
and c;pa;ed. Then each l€ck, I on each gel, is processed on a laser densitomeler (!KB U[ro Scan
xL) in or;er ro obtain quantitativ€ !€lu6 tor each of the bands shown on $e tracks as well as a
oraohc reoresenration ol l16e valu6. some or lle bands mav 90 undeteded ll'rough visual
;.;mnarion beause lhey appea lo be tused lo he aoorning ones bul ce be sepa al€d bvlhe
beam oi the densiomet;. l; ihis manner, ft is possible to oblain din'ibution cuwes ot the valu6
recorded for each sampl€ and compare th6e with curves oi unknown samples The curves thus
obrained have been d;ignaed as 'KEFATIN PFOFILES' and fie comp:fison of unknoM keratin
profiles aqaing prol5les obtained lrom loown sampls permits the identiiication ot unknown leathers
ln exact;arch cd be obtarn€d in most c66 ahhough slight variarions have be€n observed and are
considered 10 be the reuh or individual varialion or irom €iation due lo the instrumemanon and/or

6. PFIOTEIN VARIATION IN RELATION TO OBIGIN OF FE{THEFS ON BODY

ll was o'ornahv sJspeced thar va|a||o. courd o.cLr in l'eral'n prolles co(6pond'19lo lnF nalure ol

Ihe la|h;s or lhe. oigrn ol lhe oodv Tnis pcs|orliw wa lesleo wnh two sets ol sample fof two
d lerenl brds. Fealhea ror o'tferem pans ol lhe oodv or a srngle individJdl were setecleo alo
subisled lo the enire eletrophoresis process ed lh€ r6uhs indicaG rhat there is no siqniica't
difi;rence or ?aiarion in the protein bands otlhe gels nor In the kerai' profiles ollhe iealhers
obrained trom the sme indivdual, regardless of their origin on lhe body

ln adifferenl experiment, when dealing wth leathers longerthan 15lo 20 mm or with a lhick shalt

{calamus aid .&his), only lhe vanes are useO because lhe r6uhs showed meeingtul ditlerences
iaween samptes raten trom rhe van6 and lhce conlarning orly shait malenal

7. INTEFISEXUAL VAFIlATION

No iniersexual ditlerencG in kerain prolil€o were noted berween individuals ol rhe sme spe''es
uoon et(ensive comoarisons oi keratin profiles oi over aoo sp6res'

8 INDIVIOUAL VARIATION

The.esults ohained indicalerhal there is lntle individualvariaton in a given sp€cies As an etamp|e
eg dltterenl inoiviouats ot the Rrng{illed Gulis {lrrrs delaM.ens's) (Figure 1) repl€senli'g difte'eft

sera and aqa were co-pared m eacl otner and |ale' verilied by compar4orarge samol6 ol
k-rar In p olles from seveta spec 6. Tl'e lrdc\s ol me gFls show d greai ulilormrtY In te local|on o'

the vari;us bands md the ke;dn pronles are very smiar, alrowrng for negligibre individual variaion

9. INTEFSPECIFIC OIFFERENCES

Inersp4.nc drflerences beMeen croselv relared 'ongelc6 ca' bc mponani r' some cases anore
oien 6e es$-aled vr\ualry as ildrared In Fgures 2d ard b In lhs cass tne ge shows lne prolEn

etectrootrorat oatterns oiseven species ot gulis (rlrus debwatq'sis L atg$ta|IJs L glaucdd$

I^untienl L hv1ehDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDdeus | 4a4nus L netnahnL L cal4omrc's L gbucascss' rlcanbe

","'rarei u'"rlttv wnhoul rhp ad ol anv equDrenl lnal d nJaber ol bands or each ltr\ nave d
co;;;n posirid dd that the olhers ar; siiuat€d in a difierent place on lhe rack Bands fiat occupv

a smilar bosilion in a se s or tacks can be interprel€d 6 characleristics common io specres in a

""ii" &6'i".t *r"g".v *ch as the Genus F$ilv or even th€ order rhe other bands locaed in

10. coNcL

12. FIEFEF

Brom T. G
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difterent places on the tack, are considefed to be Specis characteristics. These dme.ences a.e
mofe obvious on lhe keratin protiles obkin€d hrough denshmetric scanning lhan lrom ihe
examinatEn ofth€ gels as shown lof lhe eight species ol gutls ol Fqures 2.1to 2.9 In addnion, fie
diftsencs betwen each curue can be neasufed as well as dY ooint on lhe curue. The valu6
ohained can then be used ior separaling closely related Species or Speis tna have smal dilrer
encs such as is rh€ case wilh fte eioht speies of gulls. certaln diliarences between spec es are
smallbul are suffrcientro distinguish between specres, paniculdly when values are computed and
ave.aged lor the peaks or highesr valu6 ot lhe curves. similany, ma.ked d fierences were obsetued
n ihe keralin pronl6 of two populat ons or lhe Gray{heked Ihfush (Carial6 n rtmus) (Figlres 31,
3.2) Trrese mark€d dilterenca provided lhe basic material lor an elaborate tatonomic studv of thse
populaiions which proved ro betuo dinerent spe4 (ouellet 1993)

10. coNclustoN

The merhodololy dscribed above provides a t€chnique that allos the accufate identiiicaion oi
leather samples e!€n ol smallsize. The amouft ol lealhers avarlable lor analt€is should be in exc6s
ot I 0 mg and the learhe6 should nol have been ahered by excessive hed or degene.ated by
chemica! products. For any leather meeldg these b6ic requiiements and unsuilable ior identfication
by visual methods our resuhs indicare that a hrgb succ€ss rate, combined with a high deg.e ol
precEion, exceedrng by lar rhe results ssured by any other idernilicalion techniques can be ananed
through kerarin eleclrophoi6is and subsequent analysis of the gel paiterns wth a scannrng
densitomete.. Ar prese.! the data base contains rcre than 800 sp€cies. majnly lrom Nonh America
and ahost 3,5@ proliles (Figu.6 4 and 5). 11 is hop€d lhar rhe rsuhs ot fte kerarin profils €n be
compdenzed lo generale rapid and accurare comparisons oi unknown samples again$ lhe prorein
profiles ol a dara bank. 11.
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Figure 1.

Protein lracks on gelof ividua

Figure 2A.

Protein tracks on gelof eight species of Nonh American gLrlls (Larus sp.).



Figure 28.

Schemarized protein lracks of eight species of North American gulls (Larus sp )

showing locations of bands from original gel (Figute 2A)
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Fagure 2.5. Neerfrann s Gln
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Figure 3.1 GraYt.heeked Thrush
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