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Abstract

Hair is an of the epidermis in mammals and consists of two large groups of human hair
proteins. One is hard a-keratins and the other is matrix proteins. The present investigation aimed
to compare the ultrastructural of the hair scale using the scanning electron microscope, and the
proteins and amino acids content of the keratin in seven mammalian species.

The values of the hair thickness, x/y feret and hair pattern of the species in the present
study confirm the presence of species-specific characteristics and ultra structural variation. The
situation in man differs from the wild mammals due to damage of hair cuticle caused by
mechanical abuse, exposure to ultraviolet radiation and chemical over processing. The
maximum amount of extracted proteins from hair keratin was analyzed by SDS-PAGE. The
electrophoretic patterns showed an overall degree of similarity. However, differences exist
between species in the intensity of stain. Quantitatively, the electrophoretic patterns scanned and
analyzed using gel protein analyzer. The results showed no difference between the molecular
mass of some species, but different in molecular mass distribution.

Amino acid composition of keratin of mammalian hair species of the present study
showed some variation, especially for methionine, isoleucine, lysine and arginine. The other
amino acids studied are significantly present in most hair. One of the later amino acid is

cysteine. Cysteine is a very important due to the presence of disulfate cross-links.

Introduction

The molecular structure and chemistry
of hair was to be considered in seeking to
understand the damaging effects of topic-
ally applied preparations (i.e., perming,
bleaching, dyeing and shampooing),
environmental influences (i.e., sunlight and
oxidants), and mechanical factors (i.e.,
combing, brushing, and drying). The cuticle
has been recognized as a tough and imper-
vious layer providing protection for the hair
shaft emerging from the follicle. ?
Keratinized tissues such as hair have been
recognized as useful sources for the studies
on structural proteins.

Hair shaft consists of an outer cuticle
surrounding a central cortex which may
contain a central medulla. The keratin fiber
is primarily made up to insoluble keratin
intermediate filament (IF) proteins. The
inters pace between the keratin (Ifs) is filled
with a matrix of keratin associated proteins
(e.9. high sulfur proteins, high glycine
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tyrosine (HGT) proteins, an non-high
sulfur/high glycine tyrosine proteins). **®
The protein content in a keratinized
structure, including animal hair, nail, horn
and feather, is approximately 80% of the
total mass.>” Two large groups of human
hair proteins are known. One is hard o-
keratins forming microfibrous intermediate
filaments and the other is matrix proteins
forming a nonfilamentous matrix as
intermediate filaments-associated proteins.
The hard a-keratins are further resolved into
two subfamilies, consisting of at least 4—9
distinct type | acidic (40—50 kDa) and 4—
6 type Il neutral/basic (55—65 kDa)
members.?) Matrix proteins are classified
into high-sulfur proteins (10—20 kDa) and
high-tyrosine  proteins (6—9kDa). N-
terminal acetylations have been reported for
a post-translational modification of animal
hair a-keratins and the related proteins.’'”
Little is  known, however, about
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posttranslational modifications of human
hair a-keratins and the related proteins,
while epithelial cytokeratins or soft a-
keratins have been well studied.™”

A number of procedures have been
reported to isolate hard a-keratins and their
related proteins for analyses.’*™® It is
difficult to obtain them in the native state,
because the hard a keratins are highly cross-
linked with each other by disulfide bonds,
enabling  intermediate  filaments  to
covalently cross link with matrix proteins.
Proteins  extracted from  Kkeratinized
structures are generally prepared by
reduction in the presence of denaturing
agent and S-alkylation under extremely low
or high pH conditions. Using a combination
of these reagents, protein yields were not
uniform and protein hydrolysis was liable
to occur. ™

The better understanding of the
morphological variations of human hairs by
SEM.™ The scales in the basal portion
form mostly a petal pattern that often
shifted into a double chevron or an
interrupted streaked waved pattern. More
distally, they presented a single or double
chevron pattern, which is present over the
major portion of the shaft. In the apical
portion of the wool hairs the double
chevron pattern changed progressively into
a single chevron and hence into a regular
waved pattern with smooth scale margins.
The very tip of the wool hair presented a
coronal scale pattern with smooth and
parallel scale borders,1819:2021.2223.2429)
Based on a computer-assisted method and
regression analysis, several structural
parameters of the hair cuticle pattern of
primary hairs of 94 wild mammalian
species of seven orders and 44
domesticated mammals of 10 species.
Biologically relevant relationships between
the parameters examined could only be
obtained for the wild animals. In this way
domestication-induced  defects  became
evident for the hair cuticula pattern that is a
typical structural feature of the hair shaft.?®

The diameter of hair shaft measured
and scales counted for ten different body
sites which enabled them to classify hair
into three distinct types: (a) scalp, (b)

eyebrow and eyelash, (c) hair from other
areas of the body.””?® More recently, listed
six morphological types of hair: (a) head,
(b) eyebrow and eyelash, (c) beard and
mustache, (d) body hair, (pubic hair, and (f)
axillaries hair.”® The keratin fibrils are
oriented parallel to the long axis of the hair,
and pigment granules are found in and
between cells.*”

In the present study, The scanning
electron microscope has been a superb tool
for providing a better understanding of hair
morphology. Moreover, more complete,
and often more useful data can be obtained
by comparing data obtained with scanning
electron microscopy and molecular biology
of proteins and amino acids of keratins.

Materials And Methods

Experimental Animals:

A- Rousettus aegyptiacus (Fruit-eating
bats) : The specimens were captured
from Abu Rawash near (Giza).

B- Lepus capensis rothschildi (Cape Hare)
. The specimens were captured from
Southern and Northern region of
Eastern and Western Desert.

C- Gerbillus gerbillus (Lesser Egyptian
gerbil) : The specimens were captured
from Asyout, The Nile Delta and the
Western Desert.

D- Pachyuromys duprasi (Rat-tailed
gerbil) : The specimens were captured
from Natron Valley and Marsa
Matrouh.

E- Vulpes vulpes (Red fox) : The
specimens were captured from the Nile
Valley, the Nile Delta and the Southern
part of the Eastern Desert.

F- Felis chaus nilotica (Tungle cat): The
specimens were captured from the
southern region of the western desert,
El-Dakhlah and El-Farafrah Oasis.

G- Homo sapiens (Man): The specimens
were collected from some male
volunteers.

Extraction of Hair Proteins:

Mammalian hair was washed with
ethanol; external lipids were removed using
a mixture of chloroform  /methanol
(2:1,viv) for 24h. The delipidized hairs

288



S. K. Areida et al

(20mg) were extracted with various
extraction buffers (5ml), containing 25mM
Tris-Hcl, pH 8.5, 2.6M thiourea, 5M urea
and either 0.2M 2-mercaptoethanol (2-ME)
or dithiothreitol (DTT). The obtained
supernatant was filtrated and used as a hair
protein fraction. The pellet was recovered,
washed with distilled water and used as an
extracted hair sample.

Preparation of section for scanning
electron microscope (SEM):

Untreated hairs from different types
of animals and human were cleaned
according to the procedure of Hess 3V,
which consisted of placing hair samples in
small dishes of distilled water containing a
drop of detergent (Baby Johnson) and
sonicating for 5 min. Hairs were then
washed in distilled water, sonicated for 5
min. in desiccated acetone, and either air
dried, bloted on kimwipes, or blown dry
with freon in a duster before being mounted
on SEM stubs. All the specimens were gold
coated before being examined with a JEOL
JXA-840A Electron Probe Microanalyzer
Scanning Electron Microscope at 20 kv.

Determination of extracted proteins:

A hair protein fraction was dialyzed
against 2l of distilled water with 5—7
changes, lyophilized, and then dried
sufficiently in a silicagel box. Alternatively,
an extracted hair sample was washed with
distilled water and then dried in a silicagel
box. The amounts of a hair protein fraction
and of an extracted hair sample were
obtained by weighing the dried samples
using an electronic balance.

Bradford Method:

Protein amounts were determined by
the colorimetric method of Bradford 32
using the Bio-Rad protein assay (Bio-Rad).

SDS Gel Electrophoresis

SDS gel electrophoresis was done
according to the method described by
Laemmli *¥ with some deviation. The gel
scanning on a laser densitometer for height-
ened sensitivity. The scans analysed using
associated computer peripherals and gel
protein analyzer.
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Amino acid analysis of hair keratins:

The amino acid compositions of
extracted proteins of mammalian hairs
were determined on amino acid analyzer
(Biochrom 20, Amersham Pharmacia
Biotech) wusing post column ninhydrin
derivatization. Samples were centrifuged
at 3700 x g for 15 min.. After
lyophilization of the samples , hydrolysis
were carried out by 6 M HCL for 24 h at
110 °C in the presense of nitrogen. The
samples were dried under vaccum,
redissolved in 10 to 100 pl 0.2 M sodium
citrate buffer, pH 2.0, and loaded on the
amino acid analyzer equipped with a
certain  exchange  column(Amersham
Pharmacia Biotech), wich  was
equilibrated in 0.2M sodium citrate buffer,
pH 2.0. Elution was performed with a
gradient of pH and ionic strength as
instructed by the manufacturer.

Results
1-Scanning electron microscopic
observations:
A) Rosuettus agyptiacus:
Fruit-eating bats (Rosuettus

agyptiacus), which are belonging to family
Pteropodidae, have somewhat straight scalp
hair. The thickness of these hairs differs
according to the region of the hair. The top
region is about 17.3 pm in thickness.
However, the middle and basal regions are
about 19.1 pm and 22.6um, respectively
(Table 1, and fig.1). The ratio of scale
width and height (X/Y feret) also differ
according to the region of hair. The top
region is about 1.0. However, the middle
and basal regions are bout 1.5 and 1.2
respectively (Table 2). Moreover, the scale
category in the three regions are similar
which is coronal with unequal hastate and
smooth margin (Table 2) and (fig. 2).

B) Lepus capensis rothschildi:

Cape Hare (Lepus  capensis
rothschildi), which is belonging to family
Leporidae, has somewhat straight scalp
hair. The top region is about 18 pm in
thickness. However, the middle and basal
regions are about 26.2um and 47.1 um
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respectively (Table 1, and fig.1). The ratio
of scale width (X/Y feret) of the top region
is about 2.6. While, the middle and basal
region are about 2.5 and 10.5 respectively
(Table 2). Moreover, the scale category in
the three regions is similar which is
imbricate with equal hastate and smooth
margin (Table 2) and (fig. 2).

C) Gerbillus gerbillus:

Lesser Egyptian gerbil (Gerbillus
gerbillus), which is belonging to family
Cricetidae, has somewhat straight scalp
hair. The thickness of top region is about
27.7, while, the middle and basal regions
are about 51.1 pum and 62.4pum respectively
(Table 1, and fig. 1). The ratio of scale
width and height (X/Y feret) of top region is
about 3.3. However, the middle and basal
regions are about 4.2 and 4.8 respectively
(Table 2). Moreover, the scale category in
the three regions are similar which his
coronal with equal hastate and smooth
margin (Table 2) and (fig. 2).

D) Pachyuromys duprasi:

Rat-tailed  gerbil  (Pachyuromys
duprasi), which is also belonging to family
Cricetidae, has somewhat straight scalp
hair. The thickness of top region is about
20.6 pm. However, the middle and basal
regions are about 29.3 um and 37.5 pm
respectively (Table 1, and fig.1). The ratio
of scale width and height (X/Y feret) of top
region is about 1.6. While, the middle and
basal regions are about 05 and 1.4
respectively (Table 2). Moreover, the scale
category in the three regions is similar
which is imbricate with unequal hastate and
smooth margin (Table 2) and (fig. 3).

E) Vulpes vulpes:

Red fox (Vulpes vulpes), which is
belonging to family Canidae, has thickness
of hairs differ according to the region of
these hairs. The top region is about 22.2 um
in thickness. However, the middle and basal
regions are about 37.1 pum and 46.6 pum
respectively (Table 1, and fig.1). The ratio
of scale (X/Y feret) of top region is about
1.2. While, the middle and basal regions are
about 1.4 and 1.1 respectively (Table 2).
Moreover, the scale category in the three

regions is mostly similar which is imbricate
with unequal hastate and saw margin at the
top region only but smooth margin at the
middle and basal regions (Table 2) and (fig.
3).

F) Felis chaus nilotica:

Jungle cat (Felis chaus nilotica),
which is belonging to family Felidae, has
somewhat straight scalp hair. The thickness
of these hairs differ according tot eh region
of the hair. The top region is about 12.6 pum
in thickness. However, the middle and basal
regions are about 15.3 pum and 22.8 um
respectively (Table 1, and fig.1). The ratio
of scale width and height (X/Y feret) also
differ according to the region of hair. The
top region is about 2.1. However, the
middle and basal regions are about 1.3 and
4.1 respectively (Table 2). Moreover, the
scale category in the three regions is similar
which is coronal with equal hastate and
smooth margin (Table 2) and (fig. 3).

G) Homo sapiens:

Man (Homo sapiens) who is
belonging to family Hominidae has
somewhat straight scalp hair. The thickness
of hairs of top region is about 30.8 um, and
the middle and basal regions are about 35.7
um and 65.1 um respectively (Table 1, and
fig.1). This hair shaft is ultra structurally
with intact tightly overlapping cuticular
scale. The outside surface of these scales is
imbricated. They are arranged like shingle
on a roof with smooth homogenous and
shiny surface. The ratio of scale width and
height (X/Y feret) also differ according to
the region of hair. The top region is about
3.8. However, the middle and basal regions
are about 2.9 and 6.8 respectively (Table 2).
Moreover, the scale category in the three
regions is similar which is imbricate with
equal hastate and saw margin (Table 2) and

(fig. 3).

2- [Effects of time, temperature and
reductant on the protein extraction from
different mammalian hair:

In order to obtain the maximum
amount of extracted protein using in
investigation, the extraction of different
mammalian hair protein was performed at
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various conditions as time, temperature and
reductant. The obtained amounts of
extracted protein were very high in case of
using reducing agents either  with
dithiothreitol  (DTT) or with f-
mercaptoethanol (ME) (Fig. 4 and 5).
While, in the absence of reducing agents,
only about 5-10% protein was extracted
(Fig. 4 and 5). As well as, the effective
extraction  conditions as time and
temperature increase the extracted protein
amounts in the different species of
mammalian hairs. The optimal amount of
extracted protein was obtained at 50°C after
72 hours of incubation in buffers containing
DTT or ME, as shown in (Fig. 4 and 5;
table 3). Therefore, the optimal conditions
of time, temperature, and reductant, are
necessary to obtained high extracted protein
from different mammalian hair. On the
other hand, the amounts of extracted protein
were very low under short time, low
temperature and nonreducing conditions.
The extraction either at 37°C for 24, 48 and
72 hours or at 50°C for 24 and 48 hours of
incubation produced low protein content
(data not show). These results indicate that
the optimal conditions for extraction were
when mammalian hairs were incubated at
50°C for 72 hrs in the presence of reducing
agent (DTT), as shown in (Fig. 4 and 5).

3- A comparative electrophoretic patterns
of extracted protein from different
mammalian hair:

The extracted proteins were analyzed
by SDS-PAGE under reducing and non-
reducing conditions for the investigation of
the keratin structure in different mammalian
hair. The protein fractions extracted under
DTT were composed of micro-fibril
keratins with a molecular mass of (55-65
kDa), (40-50 kDa) and matrix protein with
a molecular mass of (10-15 kDa) and (15-
25 kDa) (Fig. 7). While, the protein
fractions produced wunder ME were
composed of two high molecular weight
components (about 50-60 kDa and 40-50
kDa) and two low molecular mass of 25-35
kDa and 10-20 kDa (Fig. 6). These
observations indicate that the presence of
DTT or ME in the extraction buffers cause
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an effective dissociation between keratin
proteins and keratin associated proteins as
shown by the electrophoretic patterns with
Coomassie Brilliant blue stain (Fig. 6).

Although the SDS-PAGE-patterns
showed an overall degree of similarity,
clear differences exist between species in
the intensity of stain, some protein bands,
and the molecular mass distribution of the
major zones. Interspecific differences are
illustrated in fig. 6. Protein patterns under
ME reductant of Homo sapiens, Vulpes
vulpes, Pachyuromys duprasi, and Lepus
capensis show protein bands with
molecular mass of (25-35 kDa). The protein
patterns of all species under DTT or ME
reductants showed similarity in bands with
molecular mass of (55-65 kDa) and (40-50
kDa) (Fig. 6 and 7).

To compare between  keratin
polypeptide bands in all mammalian species
quantitatively, the electrophoretic patterns
were analyzed. The Coomassie stained gels
scanned and analyzed using laser
densitometer gel protein analyzer. Analysis
showed two sharp peaks around the
molecular mass of the (10-20 kDa) and (15-
35 kDa) respectively (Fig. 8 and 9). These
peaks are similar in molecular weight in all
species but completely different in the
intensity of stain and the molecular mass
distribution of the major zones (fig. 6). As
shown in figure (6), all mammalian species
showed a characteristic pattern recogni-
zably different from each other especially
in the two peaks around (40-50 kDa) and
(50-60 kDa). These results indicate no
differences were observed between the
apparent molecular mass of some
mammalian species, but the different in
intensity of stain and molecular mass
distribution in electrophoretic patterns of
some mammalian species (Fig. 8 and 9).

4- Amino acid composition of the
extracted proteins from mammalian hair:

In order to compare between
mammalian hair species, the extracted
protein were analyzed on an amino acid
analyzer. The obtained data determined 17
amino acids. The hair of mammalian
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species showed a wide variation in amino
acid composition (table 4).

Most of the amino acids composition
of Rousettus aegyptiacus are significantly
different from those of other animals
studied except for histidine and lysine
(Table 4). Also, most of the amino acids
composition of Lepus capensis are
significantly different from those of other
animals studied except for lysine, and
isoleucine (Table 4). Moreover, most of the
amino acid composition of Gerbillus
gerbillus are significantly different from
those of other animals studied except for
lysine (Table 4). On the other hand,
Pachyuromys duprasi are significantly
different from those of other animals
studied except for lysine, cysteine, serine,
and alanine .In addition, most of the amino
acid composition of Vulpes vulpes are

significantly different from those of other
animals studied except for isoleucine,
tyrosine, phenylalanine, and aspartic acid
(Table 4). Most of the amino acids
composition of Felis chaus are significantly
different from those of other animals
studied except for tyrosine, and lysine
(Table 4). The most striking feature of
Homo sapiens is the significant difference
of all the amino acid composition in the
hair from those of other animals studied
except for lysine which is not significant
(Table 4).

From the above observations it has
been found that the level of lysine content
is the only amino acid that is not
significantly present in all mammalian hair,
while the other amino acids are
significantly present in mammalian hair
(Table 4).

Fig. (1): The thickness of hair in different mammals used in the present study.
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Table (1 ):The thickness of hair in different mammals used in the present study.

Top region

Middle region

Basal region

17.3

19.1

22.6

1.527

0.866

1121

aegyptiacus

0.683

0.387

0.501

18

26.2

47.1

4.254

0.538

L. capensis

1.902

0.240

511

62.4

2.23

0.823

gerbi.llus

0.997

0.368

293

375

[72]
©
—
o
>
©
[a

0.587

0.823

0.262

0.368

37.1

46.6

0.538

0.983

V. vulpes

0.24

0.44

153

2.941

F. chaus

1.315

35.7

H. sapiens

0.823

* Significant difference

293

0.368




Molecular Characterization Of Hair Cuticle.........

Table (2): The X/Y feret and scale pattern of the regions hair of mammals

Top | Middle

. .~ | Basal region Scale pattern
region | region

Coronal
Unequal hastate with saw margin

Imbricate

R. aegyptiacus | 1.0 15 12

L. capensis 26 25 Equal hastate with smooth margin

. Coronal
G. gerbillus 33 4.2

Equal hastate with smooth margin

Imbricate

P. duprasi - -
Unequal hastate with smooth margin

Imbricate
V. vulpes . . . Unequal hastate with saw margin at the top region only but
smooth at the middle and basal region
Coronal
Equal hastate with smooth margin
Imbricate

F. chaus

H. sapiens

Equal hastate with saw margin

Width/height (X/Y feret)
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Fig. (2): Scanning electron microscopic of the top region (I), middle region (11), and basal
region (I11) of a scalp hair shaft in different mammals used in the present study.
Note the thickness of hair shaft, overlapped long, and wide scale of the coronal
category of unequal hastate with saw margin and without long free blade. (XX1000).

A- Rousettus ae ptiacus

B- Lepus capensis rothschildi

‘Y

C- Gerbillus gerbillus

-
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Fig. (3): Scanning electron microscopic of the top region (I), middle region (11), and basal
region (I11) of a scalp hair shaft in different mammals used in the present study.
Note the thickness of hair shaft, overlapped long, and wide scale of the coronal
category of unequal hastate with saw margin and without long free blade. (XX1000).

D- Pachyuromys duprasi

E- Vulpes vulpes

F- Felis chaus nilotica

G- Homo sapiens
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Fig. (4): The time course of extracted protein from human hair at 50°C under various
conditions.

—- Without buffer
—8— Mercapto ethanol
—A— Dithiothreitol

Prokinconcentaion

80

Time (hrs)

Fig. (5): Total protein content ( mg/ ml) of different mammalian hairs at 50°C after 72
hours of incubation.
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Table (3): Amount of extracted Protein from different mammalian hairs at 50°C after 72
hours of incubation with mercaptoethanol (ME), and dithiothreitol (DTT).

H. sapiens V. vulpes | P. duprasi| G. gerbillus | L. capensis

0.139 + 0.105+ | 0.148 = 022+ 0.178 +

reductant

0.003 0.002 0.001 0.007 0.003

3.85+ 3.7+ 395+ 39+ 381+

0.035 0.017 0.013

449 + 43+ S* 411+

0.068 0.031

Fig. (6):SDS-PAGE patterns of protein extracts from different mammalian hairs under
ME reductant. From the left, Homo sapiens (1), Felis chaus (2), Vulpes vulpes (3),
Pachyuromys duprasi (4), Gerbillus gerbillus (5), Lepus capensis (6) and Rousettus
aegyptiacus (7).

KDa
60 =
=Keratin 55-65 kDa
=Keratin 40-50 kDa
40 =
35 ={gas
- =Keratin 25-35 kDa
30=- . p
20- [ Keratin 10-20 kD
" =Keratin 10- a
10— i
Marker 1 2 3 4 5 6 7
Protein
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Fig. (7):SDS-PAGE patterns of protein extracts from different mammalian hairs under
DTT reductant. From the left, Homo sapiens (1), Felis chaus (2), Vulpes vulpes
(3), Pachyuromys duprasi (4), Gerbillus gerbillus (5), Lepus capensis (6) and
Rousettus aegyptiacus (7).

KDa
60 =

— Keratin 65-65 kDa
= Keratin 40-50 kDa

40 —

30— ...-‘
20 =

e
10 = il ,
Marker 1 2 3 4 5 6 7
Protein

Keratin 10-25 kDa

Fig. (8):Profile of Laser densitometer traces of SDS-PAGE gel of keratin patterns of
different mammalian hairs. (i) Densitometer profile of protein gel stained with
Coomassie Blue under ME reductant. (ii) Densitometer profile of protein gel
stained with Coomassie Blue under DDT reductant.
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Fig. (9):Profile of Laser densitometer traces of SDS-PAGE gel of keratin patterns of
different mammalian hairs. (i) Densitometer profile of protein gel stained with
Coomassie Blue under ME reductant. (ii) Densitometer profile of protein gel
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stained with Coomassie Blue under DDT reductant.
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Table (4): Relative composition of essential and nonessential amino acids in different
mammalian hair species ( OJM/Qg).

Amino H. sapiens V.vulpes| P.duprasi| G. gerbillus| L.capensis| R.aegyptiacus

79.61 76.43*| 61.85* 58.50 * 61.85* 71.16 *
+0.319 +0322| *+0.328 +0.333 +0.328 +0.332
70.95 67.27*| 63.01* 63.67 * 66.47 * 88.20 *
+0.322 +0323| *=0.320 +0.323 +0.332 +0.328
5.96 1147*| 9.64* 9.33* 8.93 * 8.75*
+0.319 +0322| *0.325 +0.324 +0.322 +0.325
36.13 34.14 34.68 * 38.75* 34.72 30.02 *
+0.322 +0325| %0335 +0.325 +0.328 +0.322
99.16 85.25*| 814* 88.37* 92.29 * 81.26 *
+0.325 +0328 | *0.325 +0.332 +0.328 +0.325
24.37 245 39.23 * 42,16 * 34.57* 19.52 *
+0.332 0332 *0.325 +0.325 +0.335 +0.319
19.76 20.20 25.98 * 27.39* 26.46 * 16.81*
+0.319 0325 *0.325 +0.329 +0.332 +0.325
12 1488 *| 1557* 17.46* 22.5* 11.13
+0.320 0326 *0.335 +0.332 +0.338 +0.322
114 13.01* 11.2 12.49 11.7 10.95
+ 0.326 0320 *0.330 +0.332 +0.329 +0.329
76.15 68.28*| 69.17* 68.53 * 71.19* 58.78 *
+0.329 +0335| *0.332 +0.322 +0.335 +0.335
1310 1002 * 1316 1206 * 809 * 990 *
+3.535 +0.707 | %0.707 +2121 +1.303 +1.702
79.59 78.15 76.35* 82.23* 77.37* 68.51*

Aspartic acid }

Threonine

Valine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylalanine

Histidine

Lysine

Arginine

Cysteine

+ 0.327 +0335| %0311 +0.324 +0.326 +0.327
116.74 120.03*| 115.83 103.6 * 103.64 * 128.17 *
+0.325 +0325| *0.322 +0.332 +0.326 +0.335
73.4 76.41*| 70.38* 60.7 * 67.11* 90.66 *
+0.341 +0325| *0.326 +0.332 +0.335 +0.322
176.4 159.53* 160.61*| 163.17* | 162.38* 143.2*
+0.338 +0325| *0.322 +0.322 +0.332 +0.329
63.58 83.71*| 104.82* 99.82 * 93.93 * 99.33 *
+0.335 +0332| *0.325 +0.332 +0.325 +0.322
60.03 66.63 * 60.26 63.82* 64.9* 73.55*
+0.326 +0322| *=0.328 +0.319 +0.326 +0.328

Serine

Proline

Glutamine

Glycine

Alanine

The data represented as mean + S.E. * = significant difference
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Discussion
Scanning electron microscopic
observations of mammalian hairs

Characterization of hair cuticle, as
well as, its extracted proteins, retained in
the keratinized tissues is important to
advance our understanding of keratinization
in mammalian hairs. In this study, The
scales of mammalian hair were analyzed by
ultrastructural using SEM. More inform-
ation was obtained from the examination of
mammalian hair keratins by SDS-PAGE
and amino acid analysis.

The ratio of scale width to height
could reflect an effective function for the
cuticle scales in supporting (i.e. holding up)
the thin hairs. These scales form a
segmented tube that can support the rather
thin hair cortex when the hairs are erect
during cold periods in order to improve
insulation. The hair cuticle cells have an
extremely keratinized outer core, which
corroborate this idea, and they are very
resistant to mechanical deformation.®**
These aspects are of minor importance in
large mammals in which the hair cortex is
rather thick.’**” In the present material
small mammals have thin hair and small x/y
feret except in Gerbillus, which has thick
hair and large x/y feret. This might be due
to the habitat of this animal, which
accommodates itself during cold periods. It
lives in the desert in order to improve
insulation. The structural analysis of the
hair cuticle pattern can help to reveal
certain basic zoosystematical relationships
between and within different mammalian
groups.

The specific scale structure reported
in five vespertilionid species (insect-eating
bats) could generally be explained as a help
to increase flight efficiently by influencing
the airflow over the body, creating a
turbulent boundary layer to aid hovering
and gliding flight, for example.*® Similar
mechanisms are known from lobated scales
on lepidopteron wings (Butterflies and
moths) as stated by Nachtigall *®, or from
the feather structure and arrangement on the
wings of birds.***®*? In general, adaptive
significance in hair structure of bats-as
strongly denied by Nason *? and Benedict

*9 obviously exists in this mammalian

group. Nevertheless, a comparative evalua-
tion of possible contributions of physical
attributes of bat hairs to adaptations as, for
example, related to thermoregulation,
ectoparasitism, physical attachments, or
feeding activities is still lacking.***®
However, the close relationship of scale-
dependent parameters with coat density in
Chiroptera and small Rodentia may
indirectly indicate the evolution of a light
and homogenous hair coat with high
insulation qualities. This idea is partly
corroborated by the view that for effective
thermoregulation the uniformity of hair coat
thickness seems to be more important than
the maximal thickness of the hair coat at
certain body region.*® This is particularly
the case for animals with small body
volume, because homogeneity of the hair
types or the hair coat obviously implies a
better insulation, which is necessary in
these mammals because of their relatively
large body surface.”®

The ratio of scale width to scale
height clearly indicates that the species-
specific shape and size of hair cuticle scales
in mammals may be of specific value for
biological interpretation with regard to hair
coat structures and function. This seems to
be generally true for the larger families of
the order carnivora — the Canidae like fox
and the Felidae like cat.®” In the present
study the x/y feret and the scale pattern of
cat and fox are completely different.

The illustrated findings of the present
study confirm and complement previous
descriptions of the hair patterns that are
found in rabbits and are relevant for diffe-
rent fields of research.  Microanatomical
data of cover hairs are useful for studies in
wildlife biology and ecology.*’*® Whereas
the wool fibres of rabbits have been studied
in detail because of their economic value in
the textile industry. %9 The study of
Broeck % confirms the presence of species-
specific characteristics as well as individual
and breed-dependent variations of the
structural hair components in rabbits. The
present study showed that the x/y feret and
scale pattern of rabbit have a different style.
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Extraction of mammalian hair was
done in various reducing conditions. The
amounts of extracted protein were low
under the non reducing conditions , whereas
approximately 70% of the hair weight was
obtained in the presence of reducing agents.
The effective extraction conditions as time
and temperature increase the extracted
protein amount in all mammalian hairs.
Therefore, the three conditions, time,
temperature and reductant, are necessary for
extraction of protein of mammalian hair.

A number of procedures have been
reported that to isolate hard a-keratins and
their related proteins for analyses.’**® It is
difficult to obtain them in the native state,
because the hard a-keratins are highly
cross-linked with each other by disulphide
bonds, enabling intermediate filaments to
covalently cross-link with matrix proteins.
Proteins  extracted from  keratinized
structure of mammalian hairs in the present
study are generally prepared by reduction in
the presence of DTT or ME as well as
optimal time and temperature. These results
are in agreement with data from a rapid
extraction procedure of human hair
proteins.>**¥

A _comparative electrophoretic pattern of
mammalian hairs:

More information can be obtained
from the examination of mammalian hair
keratins by SDS-PAGE. In the present
study, the extracted proteins were
fractionated into many bands with different
in the molecular masses. These bands
contain many of microfibril keratins with a
molecular mass of 50-60- kDa, 40-50 kDa
and matrix with molecular masses of 10-15
and 15-25 kDa. The protein bands produced
under DTT or ME reductants have
composed of both homologous and
heterologous proteins.

The electrophoretic patterns of the
present investigation showed clear differe-
nces in some bands of mammalian hairs
indicating that the keratins contain different
proteins either homologous or heterologous.

The protein fractions of the high
sulphur  type are electrophoretically
heterogeneous. Indeed, sufficient differen-
ces exist between the mobilities of compon-
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ents even within the one species to provide
a means of distinguishing for example, the
wool proteins of one breed of sheep from
another breed.® In the present study the
improved electrophoretic resolution has
allowed the separation of a substantial
number of components from the hairs of
many different animals. Clearly, the present
results yield heterogeneity and homoge-
neity protein, which showed completely,
differences in the intensity of coomassie
blue stain and the molecular mass distrib-
ution of the major zones of different keratin
bands. These results were supported by
Woods and Orwin *® and O'Donnell *” who
observed that electrophoretic patterns of
SCM-proteins, which have bee, extracted
from the B-keratins of bird feathers and
beak have a simple structure. However, that
of wool is more comlicated.

The a-keratins showed heterogeneity
of different proteins, which were not shown
by B-keratins. Electrophoretic pattern spans
almost the same distance on the gel,
indicating that keratins are a set of
homologous  proteins,  which  cover
approximately the same range of size and
charge.

Many of the differences noted
between different species dealed with the
relative quantity of a certain polypeptide
rather than with the presence or absence of
the polypeptide.

In the present study, differences in the
intensity of the polypeptide bands were
detected in SDS-PAGE although the same
quantity of protein was loaded on the gels
for each sample.

A difference may exist in the rate of
biosynthesis of major keratin polypeptides.
It must be remembered that keratins are
heteropolymers in which at least one
member of each subfamily is always
coexpressed in any given epithelial tissue.
Furthermore, a pair of keratins coexpressed
in other epithelium.>®

In the present study it is evident from
the SDS-PAGE profiles, that each type of
mammalian hair showed a charateristic
reproducible protein pattern. In the
meantime some intragroup similarities
between the protein patterns can be
detected.®® The results of the present
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investigation are in agreement with birds,
chicken and duck which showed very
similar in electrophoretic patter of extracted
relations.®*®"

Amino_acid composition _in_mammalian
hairs:

The results obtained by amino acid
analysis showed that there is a significant
content of cysteine amino acid residue in
all-mammalian hairs in compare with other
amino acids. Keratins are generally rich in
cysteine residues but one of the most
striking features of these proteins is their
heterogeneity.®”? The most conventionally
studied amino acids of keratins are their S-
carboxymethylated  derivatives.””  The
keratins in this study contained proteins as
high cysteine proteins.

Similar results were obtained by
Gillespie ¥ and Khawar * who reported
that human hair proteins contain high
cysteine protein. The great stability of
human hair and its insolubility are caused
by the large number of disulfide cross-links
between and within the hair protein. As
well as, cysteine residues provide stability
of the hair as it is not exposed to reducing,
oxidizing and hydrolytic agents.®

The pattern of reactivity of hair is
complex because it depends not only on the
presence of reactive moieties in the fibre
but also on their availability. The pattern is
significantly affected by fibre morphology
and molecular structure. The bulk of hair is
proteinaceous in nature with the structural
lipids and other materials representing only
a minor fraction..

The macromolecular structure of
keratin derives its stability from a variety of
intra-chain and inter-chain interaction
holding the protein chain together. The
interactions range from covalent bench,
coulombic interaction (salt links), van der
waals interaction, and in the presence of
water, hydrophobic bands.®”

In our study, the amino acid
composition of most species are signific-
antly different as histidine, arginine, meth-
ionine, isoleucine phenylalanine., tryptop-
hane, valine. . Other studies have, however,
repeated similar or lower level contents of
amino acid than in whole body values.®>*®
Protein composition was apparently distinct

from the whole protein extracts, suggesting
that soluble proteins might selectively
collect into the partial extracts. Nail extract
contains both hard Keratin and Cytokeratin,
of which solubilities are very different.®”

The present results showed that the
extracted proteins of all studied mammalian
animals contained several and different
amino acid composition and these sharing
in protein bands of IF Keratins. Keratin
associated proteins have been thought to
form the rigid hair shaft by cross-linking
keratin Ifs.?

In conclusion, It could be concluded
that the present study showed some
variations in the external feature of the hair
cuticle and the proteins and amino acids
content of the keratin in seven mammalian
species. This could be a better determ-
ination of mammalian species and/or
groups according to their hair structure.
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