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24 Abstract

25 Background. Most human hairs collected at old crime scenes do not contain nuclear DNA and
26 are therefore ot;nq value for forensic investigations. In the present study, hair shaft proteins

27  were extracted from forty healthy subjects between the ages of tywenty-one to fégy) years and
28 profiled using 5cl-based proteomics to determine if they can be used to distinguish gender and

29 ethnicity. E&‘MM

30 Methods. Extraction of the human hair shaft proteins was performed using a newly developed

31 alkaline lysis method. The extracts were profiled by 2-dimensional electrophorcms‘ﬁm : é 6

32 resolved protein spots were identified by mass spectrometry and query ?'R the human hair
33 database. ﬂﬁ vl

34 Results. Separation of the human hair shaft proteins b @.; enerated improved and highly

35 resolved profiles. Comparing the Mbh?z;shaft protein profiles of yea female wi%n male

36  subjects and their identification by mass spectrometry and query of the human hair database

37 showed significant altered abundance of truncated/processed type-II keratin peptides K81 2

38  spots), K83 (1 spot) and K86 (3 spots). QDE profiling of tl}ﬂ:q hair shaft samples taken from

39 women of similar age range but from three distinctive ethnic subpopulations in Malaysia further
40  showed significant altered abundance of one type-I and four type-II truncated/processed keratin
41 peptides including K33b, K81, K83 and K86 (2 spots) between at least two of the ethnic groups.
42  When taken together, }m( data demonstrated the potential use of keratin peptide signatures of the |

\

43 human hair shaft to distinguish gender and ethni@ough this needs to be further

44  substantiated in a larger scale study.
45 . ?QX}"T,VV"/LC) //(/
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Introduction

y

The hair shaft is formed from epidermal keratinocytes undergoing a W form of

keratinization programme cell death termed cornification. This process involves degradation and
destruction of the cell nucleus as well as the genetic material enclosed within it (Eckhart et al.,
2013). As aresult, nuclear DNA (nDNA) which may be used for genetic fingerprinting is
usually not detected in the hair shaft (Bender & Schneider, 2006). Although mitochondrial DNA
(mtDNA) remains intact during the keratinization process (Pfeiffer et al., 1999), it cannot be

used for genotyping purposes as mtDNA lacks a region that contains short tandem repeat (/S,"Pff) &U\ L {l
]

and people who share a common maternal blood line also share the same exact mtDNA profile : )23 : {&;IF

(McNevin et al., 2005). ‘)
I

—

G

Keratin intermediate filament }]& ), makes up approximately 80% of the human hair shaft

‘{/ﬂ
(Yamauchi et al., 2008). Humd]@ can be assorted into two main fannhi:{s the acidic type-I
'ﬁfﬁk\_,_

keratins and neutral basic type-II keratins, which consists of 28 and 21}‘ members, respectively

—emo S

(Jacob et al., 2018; Szeverenyi et al., 2008). Aside from@ the human hair shaft also contains

e — —

small amounts of keratin associated proteins %) which consist of 27 famlhes with each
=

family comprising at least IOOQP genes with high sequence identity (Gong et al., 2012;

Rogers et al., 2008). Many K AP$ in the i man hair have been identified over the years and

ONEE e
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mechanisms that give hairs their different shapes, colours and rigidities are not well

characterized (Rogers et al., 2006, Wolfram, 2003).

The complex interaction of these hair shaft proteins provides robust rigidity to the hair
structure and makes it resistant to many environmental factors such as pollutants, weather;%l,(/
ultraviolet light or chemical treatments (Wolfram, 2003). Despite being well conserved, previous
studies have shown that characterization of the hair shaft proteins can be challenging and
difficult. This is mainly due to difficulties in solubilizing and extracting the proteins in solvents
that are compatible with liquid chromatograp@el or electrophoresis approaches (Sun et al.,

2014; Kollipara & Zahedi, 2013, Ship etal, 2010; Han et al., 2007; Smith & Parry, 2007;

Langbein & Schweizer, 2005). ny attempts to improve the yield of proteins extracted

from the human hair shaft have been reported, the quality of published 2-dimensional gel
electrophoresis (2 3 profiles is still far from &mlgggza useful method for forensic
investigations and the process is also time-consuming and not practical to be applied in a large
scale study (Takayama & Ito, 2013; Barthélemy et al., 2012; Thibaut et al., 2009; Plowman,
2007; Fuji, Nakamura et al., 2002). However, an alkaline lysis method which is capable of
extracting substantially higher percentage of hair shaft proteins within only }ﬁ%? hours was
recently developed ( Wongie! al., 201. Q ‘With this improved method and higher yield of hair

i e
shaft proteins, we lesed the material using@ gel-based proteomics and compared

the profiles to determine if they can be used to distinguish gender and/or ethnicity.

Methodology

P
Subject recruitment @
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90 A total of j,‘m‘ny healthy individuals of different genders and ethnicities but with the same age '\f}/v v
91 range (21 to 40 years) Avere recruited in the study in accordance to the ethical clearance granted
92 by the Medical Ethi¢s Committee of University og Malagfl‘ Medical Center (Institutional Review
93 Board), which adheres to Whe Declaration of Helsinki (MEC ID.NO:
94 20158-1577). \Tab.’e ¥i “demonstrates the distribution of subjects according to demographic factors
95 including age, gender and ethnicity. Informed written consent was acquired from all subjects
96 prior to collection of their head hair samples. At least three strands of hair were collected from
97  each subject and stored at —20°C. Relevant phenotypic characteristics of the hair shaft including
98 discoloration, whitening, bleaching, weathering and permingn}if any, were recorded. Subjects
99  with previous history of bacterial or fungal-bome skin diseases, inflammation or cancer and/or

100 under treatment for such ailments and those with chemically-treated hair were excluded from the

101  study. Y}L )wqf’ » Q

102
103
104
105

106

107

108 Isolation of human hair shaft proteins

109 Human hair shaft proteins were isolated using the alkaline lysis method as previously described

110 (Wong et al., 2016). Briefly, the hair samples were sterilised with 90% ethanol, cut (1-4 mm) _
VS W)

111 and incubated in lysis buffer at 90°C for 30 minutes. The resulting supematant't/fng\isolated

112 using a QIAquick spin column (Qiagen, Hilden, Germany) and kept at 4°C. The undissolved

— \
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113 hair shaft fractions were pulverised for 30 minutes, centrifuged and the supernatant{)a;/ LO‘U\V‘

ok /\

114  separated by centrifugation. Soluti{n'}l ntaining hair shaft protein extract was precipitated using #
v (0>
115  ¢pld acetone. Protein pellets \ygs/then desolubilised in sample buffer and their concentrations Lé@‘)d

116  were assayed using the Bio-Rad protein assay (Bio-Rad, California, USA) in accordance to the

117 manufacturer’s gui del@

118

119

120 T
) Jafine
| - 4

121 @ and silver staining /‘

122 Solubilised hair shaft proteins (100 pg) suspended in sample buﬂ{'e were \incubated in
123 rehydration buffer containing 7M urea, 2M thiourea, 4% CHAPS,)2% [PGbuffer pH 4-7,

124 0.002% w/w orange G and 7 mg of dithiothreitol (DTT) for 30 minutes at room temperature.
7L
125 The sample mixtu & vds rehydrated with 13 cm DryStrip gel pH 4-7 (GE Healthcare, Uppsala,

S hVep buny sk

126  Sweden) for 18 hours at room te iperature in a glosed epvironment. The rchydrated strips were
127 subjected to first dlII}E:IISIOHEl/\; :-‘.eparatlon using/the Ettan IPGphor 3 IEF Systcm (GE Healthcare,

128  Uppsala, Sweden) according to the following settings: (i) 500 V, 1 hnﬁg step and hold; (ii) 1000

& 0 g
129 'V, 1 hqjir, gradient; (iii) 8000 V, 2 hafirs 30 mimitag, gradient; (iv) 8000 V, 55 mimht’é,é'7stcp and

4l

130 hold. Focused strips were equilibrated using DTT and lodoantamlde for 20 mmg,(q,wo/
A A czub QbR

131  respectively, before being subjected to second dimensional‘§eparation uqﬁg gradlcnt
A

132 polyacrylamide gel (8-15%) using SE 600 Ruby electrophoresis system (GE Healthcare,

133 Uppsala, Sweden). Fougels were run according to the following program: (i) 50 V, 150
134 mA, 100 W for 1 h(f’dr; (i1) 600 V, 150 mA, 100 W until tracker dye reached bottom of the gel.

7
135 The electrophoresed gels were stained using silver nitrat;11 Invthis process, gels were firstly fixed

:
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136 with 40% (v/v) ethanol and 10% acetic acid for 30 mmq,tﬂg followed by sensitization with 30%
(P8 7)
137  (v/v) ethanol, 0.5 M sodium acetate trihydrate and 12.7 mM sodium phosphatc for 30 mmﬂté’g

138  Gels were then washed thrice, each time for 5 mmm@g and stained with 14.7 mM silver nitrate

!

139  solution. After washing two more times for-an¢ min, gels were developed with 0.24 M sodium

_,‘\‘_’__

140  carbonate and 0.04% (v/v) formaldehyde. Development of spots was stopped with 40 mM 7& >
— Jlewe

141 EDTA solution and gels were finally kept in distilled water before belné\s.canucd\LSubsequent to \{
L -t A _éL

142 &hmdﬂfz}*@ﬁ; present study, a report on modification of this Q*%cthod which generated N ,,({
s N !
N et AN

143 further improved image resolution, WU*{] published (Wong, Hashim & Hayashi, 2019). _ /\w( (v

)
144

145 Data analysis

146  Silver-stained G\l;;@gels were scanned using ImageScanner III (GE Healthcare, Uppsala,

147  Sweden) and analysis of protein spot volume was performed using ImageMaster Platinum 7.0

148  software (GE Healthcare, Uppsala, Sweden). Data were analysed using the Statistical Package

149  for Social Sciences (SPSS) version 25.0 (IBM Corporation, New York, USA). All values were

150 presented as mean iLSE_& )Levene s test for equality of variances was used to assess the

151  distribution of the t-test dta sets between female and male subjects, whilst ANOV A was used to

152 analyse the differences in the abundance of proteins between three groups of subjects of different

153 ethnicities. A p value of less than 0.05 and fold change of more than 1.5-fold§(r\rere considered

&{ // W SCW;QED-W WouP

,_J

154  significant.
155

156 Mass spectrometry and database search

157 Identification of proteins was performed as previously described with minor modifications

~N
158  (Seriramalu et al., 2010). Briefly, protein spots of interests were carefully cut out from@gels

J
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and kept in high-purity wat€r at —20°C. Gel plugs were first destained using potassium
it 5 o 65 15 il

ferricyanide (IIT){15 mM)z‘qnd sodium thiosulphate((50 ml\:l} for 15 minytes at room

temperature. The des iﬁﬁ;ﬁ edure was repeated until the gel plugs became clear and

- W v
transparent. The proteins in gel plugs were reduced and alkylated usinglDTT {10 mM) and

iodoacetamide (55 mMj both in 100 mM ammonjum. They were then washed thrice with 50%

|

tonitril in 100 mM ium bicarbonat /T E}W'th IOO‘V@ d dried usi
acetonitrile in mM ammonium bicarbonate, parched jwi - and dried usin
e g 100 :
vacuum centrifugation. The dried gels were tr_]catc{si with trypsin (6 /ﬂg/}q\ in 50 mM ammonium
bicarbonate) for 18 higirs at 37°C, Thc}“ peptides wére then dried, reconstituted in formic acid
(0.1%) and desalted using ZipTip with C18 resin (Millipore, Massachusetts, USA). The desalted
and concentrated peptides were mixed with equal volume of a-cyano-4-hydroxycinnamic acid (6

mg/ml), before being spotted onto the OptiToF 384-well insert (0.7 pl) of the 5800 MALDI

ToF/ToF analyser (SCIEX, Framingham, USA).

The proteins were identified using MASCOT search engine (Perkins et al., 1999) and the
resulting mass spectral data were thoroughly queried against the human hair entries in the
Uniprot database (last update: January 17, 2019, containing 1329 sequences). The following
parameters were set: enzyme: trypsin; maximum missed cleavages: 1; fixed modification:
carbamidomethylation of cysteine; variable modification oxidation of methionine; precursor ion
mass tolerance: 100 ppm; fragment ion mass tolerance: 0.2 Da. An individual ion score of more

¥
than S@v&:ﬂﬁndicates extensive homology or identity (p<0.05).

P
- |

Results

1
181 @hair shaft protein profiling - distinguishing genders

b

"\\
caiclf
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When the human hair shaft protein extracts from male and female subjects were separated by

183 @and subjected to silver staining, similar profiles were obtained.éﬁ‘igure JWW

184
185
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p 197

Y
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201
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203

i Ul ') %
representative proteim profites-of female and matesubjects of the same ettt (Ma]aysaan »

y Wx{}@g The ‘;ﬁdgel profiles were then subjected to ImageMaster 2D y},

Platinum Software analysis. In this analysis, Levene’s test for equality was used to assess the
distribution of the data set and independent sample t-test was used to compare the mean
difference of the volume distribution between the subjects. Abundance of }@ hair shaft protein
spots was found to be significantly higher in female compared to male subjects (Fig. 2). Spot 3
showed the highest mean percentage of volume contribution for females Wﬁg/ |

compared to males é}’z\ﬂ@/@.@ﬁp/ﬁy The highest fold change difference was observed in spot 61(/ «];9 Zj

unie,contri uhgﬂ_uLfsmW(?m—I—)\D

Fi‘rgure 1:/Representative 2DE hair\shaft/protein pr files.

|
Hiair sh7ﬁ protein profiles of(A) male and (1) fcn;alc su]bjec%s Clr led are pratein sp!itl}‘\

\

\»tcrc j.ifgniﬁcaﬁ*\ly Ljferent in abundance betweer! male (r'-}=l ) artd fe :b_]ects
». \

Ffigure 27/ Mean }gercentage of volulpe contribution of\hair shaft protein spots that were

ed by ImageMasten 2D Platinum Softv'i{are (mean SEM)'T\P

demonstrate the six protein splots that werbs'ignjﬁcan ly different in abundance be
|

and fcmz!ile subjects. FEC is fgld change betweén the mean valies fof males and females.

s

\J
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205 hair shaft protein profiling - distinguishing ethnicittes

206 W@Wﬁﬁ% rotein profiles of }::ma[c ubjects from the MQLBQASJQ

207 M&l&y—@l}mseand—lﬁdlén ethnic groupsjof the same age range. The

gel profiles were

208 similarly analysed using ImageMaste latinum Software. However, statistical anw ~7

209 performed using ANOVA with use of ippropriate post- -hoc testfo analyse the dlfferences n % l&
"““‘a—‘(”/‘ j (
210 abundance of the proteins between the distin@f subjects. In this ana1y31s five protein 8

211  spots were WMgﬂlﬁcantly different in at least one ethnic group compared to the others‘ 0/(
212 (Fig. 4). Among the protein spots of altered abundance, spot 7 appeared the most intense. Wb ™ 5
213 However, spot 11 demonstrated the highest fold change differen,ce; between Indian (0.244 +
214 0.028) and Chinese (0.038 £ 0.010) subjects, as well as between Malay (0.147 + 0.018) and

215 Chinese (0.038 + 0.010) subjects. When taken together, the analysis generally showed that the ~
._,._ﬁfm""_"“\

f 216  Indian subjects had the highest mean percentage of volume contribution for spots 7, 9 and 11

217  compared to other ethnicities whilst their spots 8 and 10 were the least intense. The Chinese

f\ 218  subjects showed the highest mean percentage of volume contribution in spot 10 and lowest

. g ?
219 values for spots 9 and 11. In the Malay subjects, spot 8 had the highest mean percentage of

A

- € .
220 volume contribution, whilg{ spot 7 was the least intense.

>(\322 Figure 3: Representative 2DE hainshaft protein profiles.

-
Hair shaft protein profiles of (A) Malay,B) Chinese and (C) Indian ethnic groups. Protein spots

224  that were significantly different ilymd ance between the three ethnicities are shown in circles.

225
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Figure 4: Mean percentage of volume contribution of hair shaft protein spots that were

significantly different between the three (}J’fiferent ethnicities.
Panels demonstrate the five protein sp ‘[)4‘ significant altered abundance between Malay
(n=10), Chinese (n=10) and Indian (n#10) subjects as analysed by ImageMaster 2D Platinum

Software of 2DE gel profiles (meary + SEM). FC is fold change between mean values.

Identification of hair shaft proteins by MALDI-ToF/ToF l}g 1?(/

genders and ethnicities were identified using MALDI-ToF/ToF analysis and search of the human

) &-/
hair databast{Table 2%@%&&&%&@_@53&@&&5&% Analysis of the 11 hair
6

shaft proteins of interest identified five different types of keratins, including (1) type II cuticular

The hair shaft protein spots of significant altered abundance between subjects of different

Hb6 (K86) fbr‘épot@;ﬁ and 8, (2) type II cuticular Hb3 (K83) for spot 9, (3) type II
cuticular Hb1 (K81) for Spot{ 2 6 and 10, (4) type II cuticular HbS (K85) for spoé’l and (5) type
1 cuticular Ha3-1II (K33B) for spot 11. WILK je hair shaft of subjects of different genders
demonstrated significant altered levels of K81, K85 and K86, those from different ethnicities

showed significant different abundance of K33B, K81, K83 and K 86.

%
Table 2: MS identification of(2DH] hair shaft protein spots of altered abundance.

cov — coverage; p/ — isoelectric point. Spots that were significantly different in abundance

between subjects of distinct genders (spots 1-6 of Fig. /) and ethnicities (spots 7-11 of Fig. 2)

T s
) ”ﬂw%

Juot &%g" AP
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/

)
were excised ﬁ'omfz JE gels and subjected to in-gel trypsin digestion, MALDI-ToF/ToF analysis

and human hair database query. Experimental mass was calculated based on relative mobilities

woelZeme A leee JWU C/GVQCW@VQ

Discussion 3% /Z
e W )&Wﬁw/ woskess , ey

In the absence of@%NA, the human hair shaft is @blologlml material for forensic

investigations. Formed via cornification of keratinocytes, the hair shaft mainly contains seventeen
different types of keratins, (i.e. K31-40 (including K33a and K33b) and K81-86) (Moll, Divo &
Langbein, 2008), which are poorly analysed mainly because of their limited solubility and

extraction yield. In the present study, we have adopted a newly developed protocol that enhanced

the extraction yield of proteins from the human hair shaft((Wong et al., 201

material by@ The @fgﬁles

separated hair shaft proteins compared to those that were earlier reported (Barthélemy et al., 2012;

Thibaut et al., 2009, Nakamura et al., 2002). Identification of these Well-resolved proteins by

and reanalysed the

showed\improved resoluti§n of the

S,

WOV

mass spectrometry and search of the human hair protein database showed that they comprised the
different types of keratins, the cysteine-rich helicoidal proteins that protect the hair because of

their insolubility and impermeability.

In view of ifs high resolution and reproducibility, the 1'0 filing of the human hair shaft

proteins was further utilised in a pilot study to determine if the developed profiles could be used

to distinguish gender of individuals. Our analysis of twcn\

hair shaft samples from healthy

individuals between the age of tw%gn_e to fm({g/years b @ and mass spectrometry

demonstrated significant higher abundance of six different type}Il keratin spots, including two

.
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269 KB8I, one K85 and three K86, in the women subjects compared to men. These different types of
———— 0

270  keratins are known to be restricted to the hair shaft and not present in the follicle (Moll, Divo &

271 Langbein, 2008). However, all these spots of altered abundance appeared to be truncated or M
e , 4

c & T

272 prow as they were resolved within the molecular weight regions lower than /‘/Gt_

273  their putative primary translated precursor polypeptides (Table 2). - K /é_ﬂ
A

Similar marked shifts in molecular weights and isoelectric point (p/) values of the hair shaft /

proteins that were separated b@vhich may be due to deamidation, post-translational /, ’u‘ng

L)
modifications, or processing at the RNA level as sequence variants (Person et al., 2006), have /)?/

Tg

been previously reported (Barthélemy et al., 2012). In the present study, SDS and urea were used

during the hair shaft protein extraction. Although these chemicals are known to cause deamidation b lﬂ)(
279 and disruption of disulphide linkages (Adav et al., 2018), they are unlikely to have generated
280 substantial difference in the molecular weights of the hair shaft proteins as observed in the present
281 study. Whether this was an effect of the strong alkali used at 90°C in the hair shaft protein
282  extraction, or that the proteins were further biologically processed during their various stages of

283 genetic expression, subsequent to their translation or during comification, remains to be

: . eAD
284 investigated. ] \M
¢ QQQQQ ok %}Jﬂ@ | dhe
285 &%‘fuoﬁlmg of(30 hair shaft samples taken ﬁm@of similar age range but

286 from three distinctive Malaysian ethnic subpopulations further showed significant altered

287 abundance of one type-I (K33b) and four type-II (K81}, K83 and two K86) keratins between the
288 ethnic groups that were anall)icd. Like the earlier dezctcd keratins, the type-I K33b and all the
289  type-II keratins detected are also known to be localised exclusively in the hair shaft (Moll, Divo &
290 Langbein, 2008). Based on the rcsolvqg,,c‘i{f)::ﬁlnexltal molecular weights, all the five spots of
291 altered abundance also appeared ty@mnca‘[ed or processed keratins. In addition, the K81 and
| Pepl
W !
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309

310

311

312

313

/\/%:f

K86 spots that were also detected in this analysis were different from their counterparts that were

detected in the earlier gender analysis as they showed distinctive experimental molecular weight

and pl values.

The results of the latter study also demonstrated that the Indian ethnic group to be most

distinctive as they showed four abundantly different keratins (K33B, K81, K83 and K86 (spot 7))

. i . 7 >
compared to the Chinese and three keratins that were differently altered (K33B and two K86 (spots

7 and 8)) compared to the Malays. On the other hand, the Chinese and Malay ethnic groups only
appeared to be distinctive in the abundance of K33B (3.87-fold of difference) and their levels of
the type-I keratin were both significantly different compared to the Indians. These results are
generally comparable with the genetic data that were earlier reported. In a study using multi-
dimensional scale analysis on the population genetic structure of the different ethnic groups in
Peninsular Malaysia, Hatin et alahad previously reported that the Malay and Chinese populations

were clustered together while the Indians were further apart (

Conclusion

When taken together, the human ha@kemtin profiling that was conducted in this pilot study
provided a potential method that can be used to distinguish gender and ethnicity of individuals
based on their hair shaft samples. However, a larger scale analysis of the hair shaft proteins using
similar proteomics methods or immuno-analysis utilizing antibodies that are specific to the

As kel 17
different types of keratins that were highlighted in the present study would y‘-naih]y increase the
robustness of the results. The large scale study could eventually lead to the development of a
searchable database as well as signature keratin biomarkers that could facilitate determination of

one’s gender and ethnicity based on hyj @- hair shaft keratin profiles. However, several other

i
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314  factors such as the effects of chemical exposure as well as dietary and environmental influences

315  on the hair shaft keratin profiles are also required for confirmation of the accuracy of the results.

316

319
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Table 1(on next page)

Distribution of subjects according to demographic factors.

Hair samples were collected from healthy individuals based on their genders, ethnicities and

age range.
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Sample | Age (years) Gender Ethnicity* diseases | ph Oty'ﬁ“'i; .
characteristics
1 23 Female Malyy | /il [ il W
2 27 Female Malay Nil [ Nil W’UL\’
3 36 Female Malay Nil | Nil
4 30 Female Maly || il | it |
5 27 Female Malay || il [ N |
6 29 Female Malay | | Wil [ il
7 25 Female Malay Nil [ i
8 29 Female Malay Nil [ Nil ¢ "’:k\
9 40 Female Malay Nil l Nil N Q
10 23 Female Malay Nil I Nil IEX, M
11 24 Male Malay Nil [ il
12 36 Male Malay Nil Nil i
13 23 Male Malay Nil Nil ,.9—
14 24 Male Malay Nil 44T Nil :
15 24 Male Malay || il Nil f
16 24 Male Malay || il Nil B \DJ
17 27 Male Malay Nil Nil I\)
18 22 Male Malay Nil ‘ Nil "
19 28 Male Malay Nil T PO
20 23 Male Malay Nil | il
21 33 Female Chinese Nil Nil
22 24 Female Chinese Nil Nil
23 25 Female Chinese Nil Nil
2 24 Female Chinese Nil [ il
25 33 Female Chinese Nil Nil
26 36 Female Chinese Nil Nil |
27 25 Female Chinese Nil [ wa |
28 24 Female Chinese \ Nil / Nil \
29 32 Fernale Chinese ||  Nil Nil
30 33 Female Chinese Nil | Nil \
31 22 Female Indian Nil Nil |
32 33 Female Indien || Nil [ NI )
33 39 Female Indian | | wit / Nit
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Spot Accession . L Mascot pequence cov| Distinet Theor;tical [ Experimental) | Theoreticall Experimental
Protein name | Abbreviatio i ( \
number | number scor (%) peptides | mass (Da) }  mass (Da pl pl )
1 P7g3ge | Keratin type-ll K85 6 4 57,306 \12@'3% 6.28 5.90
cuticular HbS
Keratin, type-II
2 Q14533 cuticular Hb1 K81 51 3 2 56,832 24,381 5.40 6.00
3 o43790 | Keratin, type-ll K86 106 10 4 55,120 24,381 5.56 5.70
cuticular Hb6
Keratin, type-I1
4 043790 cuticular Lb6 K86 105 15 5 55,120 14,023 5.56 5.70
5 043790 | Keratin, type-Il K86 49 7 3 55,120 14,023 5.56 5.30
cuticular Hb6
Keratin, type-II
6 Q14533 cuticular Hb1 K81 42 1 1 56,832 14,023 5.40 5.00
Keratin, type-II
7 043790 cuticular Hb6 K86 509 35 15 55,120 45,078 5.56 5.50
8 o43790 || Keratin, type-Il K86 164 11 7 55,120 36,353 5.56 5.90
cuticular Hb6
Keratin, type-II
9 P78385 cuticular b3 K83 55 2 2 55,928 24,381 5.54 6.30
Keratin, type-11
10 Q14533 cutioular b1 K81 51 3 2 56,832 14,023 5.40 5.20
Keratin, type-I
11 Q14525 cuticular Ha3-1l K33B 18 2 1 47,338 11,302 4.81 4.80
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(A) male and (B) female subjects. Circled are, protein spots that

were significantly different in abundance between male (n=10) and female (h=10) subjects(’,{)ﬂz
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Figure 2

- bmwl \/olume contribution of hair shaft protein spots that were

5|gn|ﬁcantly dn‘ferent between male and fermale subjects. , O
subjectsy (07

——

S —

/ T — =
<2D/gé|£? were analysed by ImageMaster 2D Platinum Software (mean % SEM) Panels

demonstrate the six protein spots that were significantly different in abundance between

male and female subjects. FC is fold change between the mean values for males ang

females.
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@@Wf (A) Malay, (B) Chinese and (C) Indian ethnic groups. Protein

spots that were significantly different in abundance between the three ethnicities are shown

in circles. o /Z
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(Mér-ﬁse; ent volume contribution gf hair shaft protein spots that were

significantly different between the three iﬁw a@é\mu KTM
' e N AR
)

—
s jﬁt;e e protein spots‘of significant altered abundance between Malay

(n=10), Chinese Sn=10 and Indian (n=10) subjects as analysed by ImageMasterlatinum

Software of gel profiles (mean + SEM). FC is fold change between mean values.
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