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ABSTRACT. The Yangtze River Delta white goat is a goat breed
that can produce high quality brush hair (Type III hair) around the
world. This study aimed to compare Type III hair and non-Type III
hair goat skin tissues using differentially expressed proteins based
on 2-dimensional gel electrophoresis technology. The differentially
expressed protein spots were analyzed using the PDquest 8.0 software.
Ten protein spots were detected as positive for mass spectrometric
analysis based on a threshold of 2-fold change. Through matching
based on Ultraflex III TOF/TOF and MASCOT database, four
differentially expressed proteins were identified. Fibrinogen beta
chain isoform 1 and ATP synthase beta subunit were upregulated in
Type I hair, while succinyl-CoA:3-ketoacid-coenzyme A transferase
I-mitochondrial-like and actin-cytoplasmic 1 were upregulated in non-
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Type 111 hair. The 4 proteins play important roles in different aspects of
hair follicle development. These findings could pave a good foundation
for explaining the mechanism of forming Type III hair.

Key words: Yangtze River Delta white goat; Type I1I brush hair;
Two-dimensional gel electrophoresis; Proteomics

INTRODUCTION

The Yangtze River Delta white goat is a goat breed that can produce high-quality
brush hair (namely, Type III hair) around the world. Type III hair is used to make high-grade
writing brushes because of its white color, straight hair shaft, long and fine tip, bright luster,
and good flexibility (Li et al., 2013). Because of its unique style, writing brushes made of Type
III hair win popular praise, together with ink sticks, ink slabs, and rice paper, which are known
as “the scholar’s four jewels.” Chinese calligraphy was listed on the world-class intangible
cultural heritage list in 2009. As the source of high-grade writing brushes, Type III hair is
valuable. Type III hairs, which are distributed mainly in the cervical carina region and ventral
region, are at least 6 cm long and are commonly, but not always, observed in 6- to 8-month-old
male lambs. The key point of Type III hair is the formation of specific hair shafts. Hair shafts
are made by the hair follicle, which constitutes the pilosebaceous unit together with its associ-
ated structures, the sebaceous gland, the apocrine gland, and the arrector pili muscle (Schnei-
der et al., 2009). The hair follicle is an organ that experiences life-long cycles of anagen,
catagen, and telogen. Morphologically, hair follicle cycling does not begin with anagen, but
with catagen (Paus and Foitzik, 2004). Telogen is greatly significant in cycling; for instance,
estrogen receptors are maximally expressed during telogen (Conrad and Paus, 2004). Anagen
development is regulated by many factors. For example, the transforming growth factor-3
(TGF-B)/bone morphogenetic protein (BMP) family members and their functional antagonists
and cognate receptors are re-utilized during anagen (Paus and Foitzik, 2004). Hair follicles can
metabolize or synthesize growth factors including TGF-B1/2, hepatocyte growth factor, and
insulin-like growth factor 1; neuropeptides; neurotransmitters; and hormones including cor-
ticotropin-releasing hormone, prolactin, cortisol, and melatonin (Krause and Foitzik, 2006).
Matrix cells can differentiate to form the inner root sheath and hair shaft during anagen. Hair
shaft differentiation seems to be partly mediated by desmoglein (Meyer et al., 2004). WNT
signals (WNT3a and WNT7a) are capable of holding the dermal papilla in anagen. The tran-
scription factor Hr is a central, indispensable element that is involved in navigating and coor-
dinating signal transduction at the anagen-catagen conversion period of the hair follicle. Under
the influence of BMP4 and 17f-estradiol, the hair follicle stays in telogen (Botchkarev and
Sharov, 2004; Conrad and Paus, 2004). The thickness of the hair shaft is related to the size of
the hair bulb, which is dictated by the volume of the hair follicle’s mesenchymal component,
and the hair length is defined by the duration of anagen (Krause and Foitzik, 20006).

The mechanism of Type III brush hair formation could be partly illustrated by dif-
ferential proteomics, which is used to screen and identify the differential protein expression
from different types or states. In goat, no large-scale proteomics studies have been reported;
however, proteomics methods have been used for some small-scale protein characterization
investigations (Paredi et al., 2012). No previous reports on differential proteomics related to
Type III hair have been published. We first identified differentially expressed proteins between
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Type Il and non-Type 111 brush hair using differential proteomics. This study will provide use-
ful information related to the regulation mechanisms of Type III brush hair in goat.

MATERIAL AND METHODS
Sample collection

Four male lambs of Yangtze River Delta white goats, fed the same diet, were obtained
from the Haimen Goat Breeding Factory in Jiangsu Province (China); lambs ranged from 6 to
8 months old. Sample goats are shown in Figure 1 and Figure 2. Skin tissues in the cervical
carina region where Type III hair and non-Type III hair grows were obtained. Then, the skin
tissue samples were stored at -196°C.

Figure 2. Yangtze River Delta white goat with Non-Type III brush hair.

Extraction and quantification of total protein

Frozen skin tissue samples from the 2 goats producing Type III hair and 2 goats not
producing Type III hair were crushed in mortars containing liquid nitrogen. Then, lysis buf-
fer containing 9 M urea, 1% (v/v) immobilized pH gradient (IPG) buffer (GE Healthcare,
Sweden), 1% (w/v) dithiothreitol (DTT), and 4% (w/v) 3-[(3-cholesterol ammonia propyl)
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dimethylamine]-1-propyl sulfonic acid (CHAPS) was added. After incubation at 30°C for 1 h,
the solution was centrifuged at 15000 g for 15 min at 20°C. The supernatant, which was the
extracted protein solution, was collected. The skin tissue protein concentrations were mea-
sured using the Bradford method (Bradford, 1976).

Isoelectric focusing

Total protein sample (1000 pg) was mixed with fresh rehydration buffer, which con-
tained a trace amount of bromophenol blue, 1% (v/v) IPG buffer, 9 M urea, 1% DTT and 4%
(w/v) CHAPS to a final volume of 450 pL. The dry strips (GE Healthcare, UK, 24 cm, pH =
3-10, nonlinear) were placed at 20°C for 10 min. After the samples were added to the strip
holders, which were placed on the IPGphor Isoelectric Focusing System (GE Healthcare, UK),
strips were focused for 50 pA per strip at 20°C using the following program: 50 V for 12 h,
500V for 1 h, 1000 V for 1 h, a gradient increase to 10,000 V for 1 h, and 10,000 V for 11 h.

IPG strip equilibration and sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE)

After isoelectric focusing, the IPG strips were equilibrated by soaking with 2% (w/v)
SDS, 1% (w/v) DTT, 30% (v/v) glycerol, 6 M urea, 50 mM Tris-HCI, pH 8.8, and a trace
amount of bromophenol blue at room temperature for 15 min. Subsequently, proteins were
alkylated with 2% (w/v) SDS, 2.5% iodoacetamide, 30% (v/v) glycerol, 6 M urea, 50 mM
Tris-HCI, pH 8.8, and a trace amount of bromophenol blue for 15 min. Then, the strips were
transferred onto the DALT-Six SDS-PAGE Vertical system and developed on 12% SDS-PAGE
gels at 15°C; electrophoresis was for 45 min at 100 V, followed by 6-8 h at 200 V.

Gel visualization and gel analysis

Gels were visualized after electrophoresis by Coomassie Brilliant Blue stain accord-
ing to the protocol of Candiano et al. (2004). Gels were fixed with Coomassie stain fixation
solution of 10% (v/v) trichloroacetic acid for 2 h, followed by staining with Coomassie stain
solution containing 10% (NH,),SO,, 10% H,PO,, 0.1% (w/v) Coomassie Brilliant Blue G-250,
and 20% (v/v) methanol for 12 h. Then, the gels were washed until the spots of interest were
clear. Two repeats were performed for each sample (the skin tissues of Type III and non-Type
III brush hair goats) for a total of 4 2-dimensional electrophoresis (2-DE) maps. Four stained
gels were scanned by the ImageScanner Labscan at a resolution of 300 dots per inch. Gel
analysis was performed with the PDquest 8.0 software (Bio-Rad, USA). All gel images were
processed in 3 steps: spot detection, volumetric quantification, and matching. The different
protein concentrations between skin tissues of Type III and non-Type III brush hair goats were
determined as fold ratios. Thresholds of fold change more than 2-fold and P < 0.05 were used
to select differentially expressed protein spots.

Tryptic in-gel digestion

The spots were excised from the gel of each sample, washed in acetonitrile (ACN),
and dried. Gels were rehydrated with digestion buffer (25 mM NH, HCO,) containing 0.02

Genetics and Molecular Research 14 (1): 323-338 (2015) ©FUNPEC-RP www.funpecrp.com.br



Proteomic analysis to study Type III hair in goat 327

ng/uL trypsin and incubated overnight at 37°C. The peptides were extracted with 5% (v/v)
trifluoroacetic acid (TFA) and 67% (v/v) ACN. This procedure was handled as described by
Katayama et al. (2001).

Mass spectrometry (MS) and comparison with databases

The protein samples were dissolved in 5 pL 0.1% (v/v) TFA and then mixed with
a-cyano-4-hydroxy-trans-cinnamic acid solution at a ratio of 1:1. Mixed solution (1 pL) was
spotted on a sample target plate. MS detections were performed using an Ultraflex 11l TOF/
TOF mass spectrometer (Bruker, USA). Data were collected in positive ion mode, and the
scan range of mass spectra was from 750 to 3000 Da. The MS and MS/MS data were analyzed
by Mascot 2.3 (Matrix Science Ltd., UK) after integration. The search parameters were as fol-
lows: 1) National Center for Biotechnology Information non-redundant mammals database;
2) the digestion enzyme was trypsin; 3) the maximum allowed missed cleavage site was 1; 4)
fixed modifications were carbamidomethyl (C); 5) variable modifications were acetyl (protein
N-term), deamidated (NQ), dioxidation (W), and oxidation (M); and 6) the MS tolerance was
100 ppm and MS/MS tolerance was 0.5 Da. Proteins were considered to be identified success-
fully if the confidence interval of the protein score was 95% or higher.

RESULTS
Protein mapping of goat skin tissues

2-DE protein maps of cervical carina skin tissues from both goat groups were established
(Figure 3 and Figure 4). Two technical replicates, having good reproducibility, were performed
for each of the 2 samples for a total of 4 2-DE maps (Figure 5 and Figure 6). Twenty protein spots
were upregulated in Type III brush hair goats and 13 protein spots were upregulated in non-Type
III brush hair goats, but only 2 protein spots (6809 and 2702) from the Type III hair group and
8 protein spots (6713, 3410, 701, 3417, 8812, 3712, 3713, and 4701) from the non-Type III hair
group were identified using Ultraflex 111 TOF/TOF mass spectrometer (Figures 7-16). The crite-
ria to select proteins were that the protein spots in parallel samples of each group had a similar
concentration (88 £ 10%) and that the protein expression quantities of parallel samples in the
Type HI group were both higher or lower than those of the non-Type III group.

Figure 3. Two-dimensional gel electrophoretic (2-DE) maps of Type III brush hair goat skin tissue in the cervical
carina region. The small arrows indicate proteins that were upregulated in the given skin tissues.
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Figure 4. Two-dimensional gel electrophoretic (2-DE) maps of Non-Type III brush hair goat skin tissue in the
cervical carina region. The small arrows indicate proteins that were upregulated in the given skin tissues.

Al A2
Figure 5. 2-DE maps of repeated samples (A1, A2) of Type III hair goat skin tissue in the cervical carina region.
Bl B2
Figure 6. 2-DE maps of repeated samples (B1, B2) of Non-Type III hair goat skin tissue in the cervical carina
region.
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Figure 7. Peptide mass fingerprints of protein spot 6809 in goat skin tissues.
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Figure 9. Peptide mass fingerprints of protein spot 8812 in goat skin tissues.
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Figure 10. Peptide mass fingerprints of protein spot 3712 in goat skin tissues.
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Figure 11. Peptide mass fingerprints of protein spot 3713 in goat skin tissues.
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Figure 12. Peptide mass fingerprints of protein spot 3410 in goat skin tissues.
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Figure 13. Peptide mass fingerprints of protein spot 701 in goat skin tissues.
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Figure 14. Peptide mass fingerprints of protein spot 3417 in goat skin tissues.
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Figure 15. Peptide mass fingerprints of protein spot 4701 in goat skin tissues.
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Figure 16. Peptide mass fingerprints of protein spot 6713 in goat skin tissues.
Identification of differentially expressed proteins

Ten differentially expressed spots were found between Type I1I hair and non-Type 111
hair by 2-DE analysis. The complexity of proteomics and the existence of modifications after
translation, such as pyrolysis, phosphorylation, glycosylation, and oxidation, were revealed as
several protein spots that represented one protein or one protein spot that contained several
proteins in the 2-DE protein maps. In this study, protein spots 3410, 701, 3417,4701, and 6713
represented the same protein, serum albumin precursor, which probably came from the blood
accompanied by the skin tissues when sampling. Spots 3712 and 3713 were beta actin. Spot
6809 was fibrinogen beta chain isoform 1, spot 2702 was ATP synthase beta subunit, and spot
8812 was succinyl-CoA:3-ketoacid-coenzyme A transferase 1-mitochondrial-like (SCOT).
After the identification of protein types by MS analysis, 4 different proteins were considered
as real differentially expressed proteins. Two of the 4 proteins were upregulated in Type III
hair, fibrinogen beta chain isoform 1 and ATP synthase beta subunit (Table 1). The other 2
proteins were upregulated in non-Type III hair, SCOT and beta actin (Table 2).

Table 1. Protein spots upregulated in Type III brush hair goat skin tissue by Ultraflex III TOF/TOF analysis.

Protein spot Predicted protein Accession No. Score PI MW Protein  Match  Peptide
sequence queries
coverage

6809 Fibrinogen beta chain 2i:426246917 127 7.84 57346 8% 5 K.HQLYIHETVNSNIPTK.L
isoform 1 [Ovis aries] K.GGWTVIQNR.Q
K.GGWTVIQNR.Q + Dioxidation (W)
K.EDGGGWWYNR.C
K.IRPYFPEQ.-
2702 ATP synthase beta R.LVLEVAQHLGESTVR.T
subunit [Rattus norvegicus] gi:1374715 767 4.92 51171 30% 9 R.IMNVIGEPIDER.G
K.AHGGYSVFAGVGER.T
R.EGNDLYHEMIESGVINLK.D
K.VALVYGQMNEPPGAR.A
R.DQEGQDVLLFIDNIFR.F
R.IPSAVGYQPTLATDMGTMQER.I
R.AIAELGIYPAVDPLDSTSR.I
R.IMDPNIVGSEHYDVAR.G

PI = isoelectric point; MW = molecular weight.
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The protein sequence that matched peptide information of spots 6809 and 2702, which
were upregulated in Type I1I hair, is shown in Tables 3 and 4.

Table 3. Matching of protein spot 6809 mass spectrometry data with gi426246917 in database.

Start-end Observed Mr (expt) Mr (calc) Miss  Score  Expect Peptide

182-197 1893.8549 1892.8476 1892.9744 0 8 1e+03 K.HQLYIHETVNSNIPTK.L

280-288 1030.4680 1029.4607 1029.5356 0 21 35 K.GGWTVIQNR.Q

280-288 1062.4568 1061.4495 1061.5254 0 17 89 K.GGWTVIQNR.Q + Dioxidation(W)
430-439 1239.4297 1238.4224 1238.5105 0 59 0.0013 K.EDGGGWWYNR.C

487-494 1049.4673 1048.4600 1048.5342 0 39 0.74 K.IRPYFPEQ.-

Mr (expt) = experimental molecular; Mr (calc) = calculative molecular.

Table 4. Matching of protein spot 2702 mass spectrometry data with gi1374715 in database.

Start-end Observed Mr (expt) Mr (calc) Miss Score Expect Peptide

41-55 1650.9070 1649.8997 1649.9101 0 93 2.8e-06 R.LVLEVAQHLGESTVR.T
90-101 1385.6953 1384.6880 1384.7020 0 74 0.00025 R.IMNVIGEPIDER.G

172-185 1406.6731 1405.6658 1405.6739 0 109 7.7¢-08 K.AHGGYSVFAGVGER.T
188-205 2060.9954 2059.9881 2059.9884 0 45 0.17 R.EGNDLYHEMIESGVINLK.D
211-225 1601.7996 1600.7923 1600.8031 0 95 2.1e-06 K.VALVYGQMNEPPGAR.A
241-256 1921.9597 1920.9524 1920.9581 0 157 1.3e-12 R.DQEGQDVLLFIDNIFR.F
271-291 2266.0859 2265.0786  2265.0770 0 36 1.3 R.IPSAVGYQPTLATDMGTMQER.I
334-352 1988.0325 1987.0252 1987.0262 0 60 0.0053 R.AIAELGIYPAVDPLDSTSR.I
353-368 1815.8639 1814.8566 1814.8621 0 98 9.3¢-07 R.IMDPNIVGSEHYDVAR.G
DISCUSSION

Goat hair growth is mainly based on the occurrence and development of hair follicles.
In this study, fibrinogen beta chain isoform 1 and ATP synthase beta subunit were involved in
Type 111 brush hair formation in goat. The other 2 differentially expressed proteins, SCOT and
beta actin, probably played pivotal roles in forming non-Type III brush hair.

Relationship between fibrinogen beta chain isoform 1 and hair follicle growth

Fibrinogen beta is an enzyme that limits the synthesis rate of fibrinogen, and studies
related to fibrinogen level regulation have focused on the related gene, fibrinogen beta (Roy et
al., 1990), in which the promoter region contained some polymorphisms, including -148 C/T,
-455 G/A, and-854 G/A, that are related to higher plasma fibrinogen levels (Green, 2001; Brull
et al., 2002). Rallidis et al. (2010) reported that plasma fibrinogen levels can affect platelet
aggregation, endothelial cell injury, and blood viscosity. Fibrinogen cleavage products were
the mitogens for various kinds of cells, such as mesothelial cells, fibroblasts, and endothelial
cells (Herrick et al., 1999). Hair follicles, interestingly, are connected by a network of blood
capillaries, which can transport nutrients to the hair bulb. Fibrinogen beta chain isoform 1
may stimulate the formation of blood capillaries around the hair follicles by influencing blood
viscosity. This connection supports the basic knowledge that rich support of nutrition could
bring more solid parts in hair, aiding the cortex formation.

The difference between Type III hair and non-Type III hair is whether the medulla
exists at the top of the hair. Type III hair only had a cuticle and the major solid part of the hair
shaft, the cortex, while the non-Type III hair had medulla in the center of the hair shaft. The
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Type 111 hair tended to have relatively more cortex than the non-Type I1I hair. Fibrinogen belongs
to the adhesion protein family (Sun and Hu, 2004); perhaps it has a vital role in cell adhesion, cell
proliferation, and other physiological functions of the cortex. This higher expressed differential
protein in Type III hair was more conducive to forming no medullary segment.

Relationship between ATP synthase beta subunit and hair follicle growth

The ATP synthase, namely F F -ATP synthase, is an enzyme that catalyzes and hydro-
lyzes ATP. The 3 catalytic sites for ATP synthesis and hydrolysis are situated primarily on the
B subunit at a/f interfaces (Zhou et al., 1996). The production of ATP on the surface of certain
cells is important for cell proliferation (Arakaki et al., 2003). ATP synthase 3 could affect ATP
synthesis and hydrolysis through the 3 catalytic sites and then offer energy for hair follicle
growth. Besides, it could influence the proliferation of hair follicle growth-associated cells
such as keratinocytes on the corresponding cell surface. The higher content of ATP synthase 3
in the skin tissue of Type III hair compared to non-Type III hair suggests that the formation of
more solid parts in Type-III hair needs a higher content of ATP. The hair shaft cell differentia-
tion was determined by the cell division speed of the hair bulb, the keratin synthesis ability,
and the competition for keratin synthesis precursors. At one moment, the hair follicle had the
maximum capacity of keratin synthesis. When the keratin synthetic quantity could not meet
the demand quantity of cortex cells, the medulla appeared. Otherwise, the excess keratin syn-
thesis would lead to the appearance of a deputy cortex. Hence, the keratin synthesis ability was
a critical factor in determining the formation of a medulla or deputy cortex (Deng, 1997). We
suspect that the hair follicles of group Type III hair reached a maximum capacity of keratin
synthesis when there was excess energy and then formed the deputy cortex, which was pos-
sible because of the increasing cortex content. The greater the proportion of cortex was, the
thinner the wool would be. The segment without a medulla was very thin on the top of the
Type I1I hair; this result confirmed the above suspicions.

Relationship between SCOT and hair follicle growth

SCOT (OXCT) is vital to the utilization of ketone bodies as a mitochondrial homodi-
mer and is an important vector of energy transport from the liver to other organs and tissues;
it also catalyzes acetoacetate to acetoacetyl-CoA (Fukao et al., 2000). Then, acetoacetyl-CoA
is turned into acetyl-CoA, which is mainly utilized in the citric acid cycle. Many studies have
focused on SCOT. cDNA of SCOT-t, separated from human testis, was particularly expressed
in late haploid male germ cells. The SCOT-t protein was discovered at the middle piece of
ejaculated spermatozoa where mitochondria exist, demonstrating that the SCOT-t protein has
a vital role in spermatogenesis and offers energy to the semen (Tanaka et al., 2001). The
above-mentioned studies demonstrated that SCOT has an important role in testis, which is
highly relevant to androgens. Androgens affect some features of human skin, including hair
growth, sebaceous gland differentiation, and wound healing (Zouboulis et al., 2007). Andro-
gens stimulate hair growth in some regions, leading to males having dense hair on the chest
and face (Hamilton, 1958). In contrast, on specific scalp areas, androgens had the opposite
influence and lead to balding (Hamilton, 1951). Therefore, androgens exhibit a biological
paradox to hair follicles.

Androgens act after binding to the androgen receptor (AR). The AR, a steroid hor-
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mone nuclear receptor super family member, exists in the dermal papilla and in most parts of
the hair follicle (Sawaya and Price, 1997). However, the hair bulb is considered as the main
action site of androgens. When the matrix cells in hair bulb differentiate into the hair root,
androgens affected the formation of the medulla and the reduction of cortex.

Type III hairs were only produced on 5-8% of 6- to 8-month-old male lambs. Fe-
male goats and castrated goats do not produce Type III hairs. The androgens of these goats
were obviously different. A previous study also proved that the formation of Type III hair
was related to the androgen level (Li, 2013). The higher content of SCOT in the skin tissue
of Type III hair exposed to high levels of androgens would lead to the formation of a medul-
lary segment.

The coding gene of SCOT, OXCT, was also related to cell growth rate (Zhang et al.,
1990). One scholar researched the influence of OXCT1 expression on cell cycles, and the re-
sult showed that overexpression of OXCT could promote DNA synthesis; therefore, OXCT!
may promote cell proliferation and protein synthesis (Zhang, 2007). In this study, the higher
expression of SCOT in non-Type III hair demonstrated that SCOT may have a positive ef-
fect on the synthesis of the high content of proteins in the medulla including trichohyalin and
involucrin (Alibardi, 2012) and keratins such as K5, K14, K17, and K25 (Langbein et al.,
2010). Besides the androgen aspect, SCOT could influence hair follicle growth from the cell
proliferation aspect, leading to the formation of the medulla segment.

Relationship between beta actin and hair follicle growth

Beta actin (gene name ACTB) belongs to the cytoskeletal filament family. It is a
non-muscle cytoskeletal actin. Beta actin can be one of the most abundant and highly con-
served proteins, and it acts in vital roles in gene expression, wound healing, cell division,
cell migration, immune response, and embryonic development (Guo et al., 2013). For in-
stance, beta actin polymerization can push the membrane ahead by providing the protrusive
forces to drive cell migration at the leading edge (Popow et al., 2006). Keratins, the pivotal
proteins in hair fibers, were the largest and most complex group of intermediate filament
proteins that constitute important parts of the cytoskeleton. As components of the cytoskel-
eton, beta actin and keratins interact and jointly promote the important mechanical proper-
ties of hair follicle-associated cells such as cellular shape, cellular division, and intracellular
transport.

The medulla layer is composed of irregular and thin-walled keratinocytes, and it
showed a net-like structure from a cross-sectional view. The connection between medulla cells
is poor. On the one hand, the differentiation of medullary cells occurs with a peculiar process
of granule accumulation, granule fusion, and, eventually, margination that results in the for-
mation of corneous trabeculaec among hollow spaces (De Cassia Comis Wagner et al., 2007,
Alibardi, 2012). As a member of the cytoskeletal filament family, beta actin could maintain the
morphological structure of corneous trabeculae, which helps maintain the medulla layer. On
the other hand, cytoskeletal filaments act as a component of the membrane skeleton under the
plasma membrane; these filaments restrict the movement of membrane proteins (Liu, 2009).
Beta actin may restrict the movement of membrane proteins in medulla-layer keratinocytes;
this makes the connection between medulla cells not close and reduced the elasticity and
strength of wool. The higher expression of beta actin in non-Type III hair suggested that beta
actin may play an important role in the formation of the medullary space.
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CONCLUSIONS

We explored the Type III brush hair formation mechanisms using comparative pro-
teomics. Four differentially expressed proteins that were involved in Type III hair develop-
ment provide a new aspect to further study of the formation mechanisms of the high-quality
brush hair in this goat. Furthermore, the data from this study may be useful to increase the
quantity and quality of Type III hair.
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