




















































































































































































Nishimura et al., 1999). IM fat may serve as an immediate energy source for muscles due 

to its immediate proximity to muscle cells and IM fat may also serve as a depot for fatty 

acids not oxidized by muscle fibres. The deposition of PM fat is closely linked to breed 

(Zembayashi et al., 1995; Herring et al., 1996), the sire used (Vieselmeyer et al., 1996), 

and the finishing system (Zembayashi 1994; Allen et al., 1996) and is also associated 

with excessive deposition of fat in other depots of the body, particularly the SC depot 

(Mervyn and Leat 1983; May et al., 1992). IM hyperplasia has been observed at 14 mo of 

age (Allen 1976; Hood 1977; Enser and Wood 1978) and results from our lab have 

shown hypertrophy up to 24 mo of age (Albrecht et al., 1996). Indeed, Nishimura et al. 

(1999) demonstrated that longissimus IM fat depots have only reached 40% of their 

maximum size by the typical age of slaughter in Europe (18 mo of age). The low (P < 

0.05) PPARy mRNA levels observed in the IM fat depot suggest that this depot has only 

partially matured and still has great potential to develop IM adipocytes. May et al. (1995) 

concluded that PM fat is a less mature depot than SC fat at the time of slaughter in 

conventional management regimens, confirming our observations. 

We demonstrated a significant correlation of PM fat PPARy expression with leptin 

in the SC fat depot for both Holstein and Charolais bulls. The lipostat theory (Rousseau et 

al., 1997) states that leptin serves as a signal reflecting the state of energy stores 

(including body fat, cell size and number) in the fat depot. The authors also state that 

leptin expression is under nutritional (both quantity and quality) control. We hypothesize 

that the SC fat depot may influence IM fat development through leptin. Qian et al. (1998) 

previously demonstrated that injection of leptin results in an increase in PPARy levels, 

giving credence to our theory. Smith and Crouse (1984), however, have shown that IM 
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fat development is independent of the development of other fat depots. The significant 

correlation observed in Holstein between IM PPARy and longissimus IM fat might 

indicate that PPARy could serve as a marker for IM fat development because through 

biopsy measurements of mRNA expression level may be obtainable early in the life of 

the animal. A clear understanding, however, of why the relationship was only observed in 

one breed must be obtained prior to further interpretation. 

Torii et al. (1998) demonstrated that bovine skeletal muscle contains fibroblast-

like cells that possess functionally active PPARy and suggested that these cells contribute 

to the deposition of JJVI fat. Other reports have described PPARy expression in human 

skeletal muscle (Lapsys et al., 2000), fibroblast cells adjacent to murine skeletal muscle 

(Ldhrke et al., 2000), and human vascular smooth muscle cells (Benson et al., 2000). 

Using immunohistochemistry, PPARy expression was observed within the nuclei of 

human quadriceps muscle, rat soleus muscle, and adjacent vascular endothelial cells 

(Zierath et al., 1998). The origin of the cells expressing PPARy in MU is not completely 

clear. One potential source is a population of mesenchymal stem cells resident in rat 

skeletal muscle, observed in both neonatal and adult animals (Pate et al., 1993; Lucas et 

al., 1995). Conversely, the expression of PPARy in muscle may stem from endothelial 

cells that have also been shown to express PPARy (Marx et al., 1999). In our 

investigation, PPARy mRNA expression in MU was lower (P < 0.05) compared to SC, 

PR, OM, and IM fat depots, as we used whole longissimus, separated from IM fat, as the 

source of the mRNA for our analysis. Torii et al. (1998) observed only slightly lower 

PPARy protein level in the bovine skeletal muscle-derived fibroblast-like cells when 
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compared to PR fat. Differences in protein level and mRNA expression profiles may 

account for this difference. 

An alternate source of PPARy mRNA is the muscle fibres themselves. Zierath et 

al. (1998) clearly demonstrated that PPARy is expressed in the nuclei of muscle fibres. 

The number of muscle fibres expressing PPARy was not measured, so the primary source 

of PPARy in muscle is not currently known. The fibroblast-like cells expressing PPARy 

in skeletal muscle most likely contribute to the formation of adipocytes (Torii et al., 

1998), whereas PPARy expressed in the muscle fibres contributes to the sensitization of 

insulin in insulin-resistant cells (Zierath et al., 1998). In addition, Boelsterli and 

Bedoucha (2002) have shown that prolonged activation of PPARy in liver has been 

shown to result in steatosis. PPARy in the muscle may therefore be a target used in the 

prevention of steatosis in cattle. The significant correlations we observed between MU 

PPARy mRNA levels and fat carcass characteristics may result from signals between fat 

depots and fibroblast cells in the muscle, which possess the ability to differentiate into 

adipocytes. A better understanding of the respective roles of hyperplasia and hypertrophy 

in the tissues could be obtained if the expression of PPARy that caused adipogenesis 

could be differentiated from the expression of PPARy that maintains the adipocyte. 

Further investigation in this area could shed new light on the process of bovine 

adipogenesis. 

3.6 Conclusion 

The absolute expression level of PPARy mRNA may be an indication of the extent of 

adipocyte development in cattle. As expression of PPARy was equivalent in SC and PR 

78 



depots, and only slightly higher in Charolais bulls for OM fat, the formation of new 

adipocytes in these depots had most likely finished while hypertrophy continued until 

slaughter as long as sufficient nutrients were available. On the other hand, IM fat 

hyperplasia is still active while adipocyte hyperplasia in MU tissue is at an early stage of 

development. MU PPARy expression most likely originates from both muscles and 

mesenchymal cells resident in the skeletal muscle. Leptin expression from the SC fat 

depot may have a role in the regulation of PPARy expression in the IM fat depot, 

resulting in the development of marbling fat in the muscle. The nutritionally controlled 

SC fat depot, therefore, may have a role in the determination of IM fat development 

through PPARy and leptin. This could have an impact on breeding strategies aimed at 

increasing IM fat formation while decreasing other depot fat stores for better meat quality 

and greater production efficiency. 
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4. I M M U N O H I S T O C H E M I C A L L O C A L I S A T I O N O F P R E A D I P O C Y T E 

F A C T O R - 1 : P O T E N T I A L M A R K E R O F P R E A D I P O C Y T E S IN B O V I N E 

M U S C L E T I S S U E 

4.1 Abstract 

The objective of the present study was to develop an immunohistochemical technique to 

locate and quantify preadipocytes in bovine muscle tissue. Preadipocyte factor-1 (pref-1) 

is a transmembrane protein that possesses six Epidermal Growth Factor (EGF)-like 

sequences at the extracellular domain, a single transmembrane domain and a short 

intracellular tail and is part of the family of EGF-like repeat-containing proteins that are 

involved in cell fate determination. Pref-1 is highly expressed in preadipocytes, but 

expression is completely abolished during differentiation into an adipocyte. In the present 

study, reverse transcription polymerase chain reaction demonstrated the bovine 

intramuscular adipose tissue contains the three splice forms of pref-1 (A, C2, and E) 

previously demonstrated to be expressed in bovine adipose tissue. As well, Western blots 

were used to confirm that the protein for pref-1 was expressed in intramuscular adipose 

tissue. The polyclonal antibodies against pref-1 were then tested against a cell culture of 

bovine preadipocytes from an embryo source to confirm that the antibody would function 

at immunolocating bovine preadipocytes. The antibody was tested in sections of 

longissimus dorsi muscle from Charolais and Holstein cattle. Immunohistochemical 

results showed that pref-1 is expressed in the perimycium near mature adipocytes and 

near blood vessels. The pool size of preadipocytes appeared to be low. Previous reports, 

however, have demonstrated that preadipocytes are known to divide providing an endless 

source of adipogenic precursor cells. 
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4.2 Introduction 

During times of decreased food availability or during extended periods away from 

an immediate source of food, animals must have a source of energy that is both light and 

compact. Triacylglycerol (TAG) serves this purpose because it is energy dense and 

hydrophobic, as one gram of TAG contains virtually no water whereas a gram of 

glycogen contains upwards of 75% water. TAG can be stored in virtually any cell of the 

body (Pond, 1992). Lower vertebrates store the majority of their TAG in skeletal muscle 

and liver whereas higher vertebrates have evolved a speciality type of cell, the adipocyte, 

to store TAG. Adipocytes are the major cellular component of adipose tissue with the 

other cellular components including blood vessel and lymph channel cells along with 

connective tissue and preadipocytes (also known as fibroblast-like mesenchymal cells). 

Anatomical studies by Pond (1986) showed that there are some 16 adipose depots 

in mammals and birds in the abdominal cavity, within the musculature and under the 

skin. The intramuscular (i.m.) adipose depot comprises a true adipose tissue being 

composed of adipocytes embedded in a connective tissue matrix and occurring in close 

proximity to a blood capillary network (Hood and Allen, 1973). In cattle, adipocytes from 

the i.m. depot are generally smaller in diameter (Cianzio et al., 1985) and generally occur 

in clusters of 15 to 20 adipocyte cells. The smaller i.m. adipocyte size and their proximity 

to blood vessels in muscle tissue suggests that they serve as an immediate source of 

energy for muscle fibres (Pond, 1992). 

The development of large deposits of i.m. adipocytes in cattle is called marbling. 

Marbling has been shown to have a low association with meat palatability, tenderness and 

juiciness (Wheeler et al., 1994; Jeremiah, 1996; Johnston, 2003). Marbling is an 
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important trait to the meat packing industry because carcasses containing greater amounts 

of marbling are given a higher sale value. In addition, the deposition of i.m. fat in cattle is 

a continuously varying trait exhibiting a high degree of heritability with levels of up to 

0.65 when evaluated in individual cattle at a constant age (Marschall, 1999). The 

relatively high level of heritability, along with the poor association between the 

deposition of i.m. fat and fat in other adipose depots (Cianzio et al. 1985), opens up the 

opportunity to select for the marbling traits using breeding schemes (Kinghorn and 

Simm, 1999). 

The differentiation process of a preadipocyte to an adipocyte, known as 

adipogenesis, involves the change in expression of approximately 2000 different genes 

(Guo and Liao, 2000). Of those genes, very few have been characterised for their 

respective function in the differentiation process as over 100 expressed sequence tags 

representing uncharacterised genes were expressed only in preadipocytes or in adipocytes 

(Guo and Liao, 2000). In addition, unlike adipocytes, preadipocytes are capable of 

undergoing cell division making attempts at quantification of the adipocyte 

developmental potential in tissue difficult (reviewed by Gregoire et al., 1998). 

Numerous methods to stain for and quantify fully mature adipocytes in muscle 

tissue have been developed and validated (Preece, 1972; Hausman, 1981). These 

procedures have been established because the major component of adipocytes, TAG, is 

easily visualised microscopically with the use of stains such as Oil Red O and Sudan 

Black B. Undifferentiated adipocytes, or preadipocytes, however, cannot be distinguished 

solely on the basis of their morphology. Attempts therefore have been undertaken to 

develop immunohistochemical techniques to locate and determine the number of 
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preadipocytes in order to assess the size of the preadipocyte population in different 

tissues. Hollenberg and Vost (1968) first demonstrated the existence of preadipocytes in 

adult tissue through studies in rat adipose tissue using thymidine incorporation into DNA. 

The origin of these preadipocytes, however, is still under debate. Research using 

multipotent clonal cell lines has suggested that the lineage of preadipocytes originate 

from embryonic stem cell precursors that have the capacity to differentiate into 

adipocyte, chondrocyte, osteoblast and myocyte mesodermal cell types (Gregoire et al., 

1998). Conversely, a bone marrow stromal cell type has been shown to give rise to 

adipogenic and osteogenic cells (Gregoire et al., 1998) thus suggesting an unlimited 

supply of progenitor adipocyte cells. 

Histochemical studies with rats indicated that S-100 protein, thought to be a 

carrier of FAs in the lipolytic mechanisms of adipocytes (Haimoto et al., 1985), is present 

in normal, early and late preadipocytes that are found in mature epididymal adipose tissue 

in vivo and in vitro (Cinti et al., 1989). Additional studies indicated that S-100 protein is 

expressed in preadipocyte cells of human embryonal subcutis (mesenchymal cells 

differentiating into fibroblasts and fibrocytes and endothelial cells) origin (Atanassova, 

2001). Both studies indicated that S-100 protein might be used as a reliable biochemical 

and immunocytochemical marker to distinguish early preadipocyte cells from fibroblast 

cells. S-100 protein was expressed, however, in mature adipocytes thus limiting the use 

of S-100 protein as a preadipocyte-specific marker. Analyses by Wright and Hausman 

(1990) also indicated that certain cellular cell surface components could be used as 

targets for differentiating between immature and mature adipocytes. The monoclonal 

antibodies AD-1 and AD-2 were developed by Wright and Hausman (1990), and later Yu 
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et al. (1997) developed the A D - 3 antibody, used as a marker of preadipocytes, which 

immunolocates an unidentified cell surface protein. 

Preadipocyte factor-1 (pref-1), also known as dlk (Lee et al., 1995), is a 

transmembrane protein that possesses six Epidermal Growth Factor (EGF)-like sequences 

at the extracellular domain, a single transmembrane domain and a short intracellular tail 

(reviewed by Laborda, 2000). Pref-1 contains two proteolytic processing sites, that upon 

cleavage by an as yet uncharacterised protease, result in 50 and 25 kDa soluble proteins 

(Smas et al., 1997). Pref-1 is abundantly expressed in preadipocytes, characterised by 

complete abolishment of expression during adipocyte conversion, with constitutive 

overexpression blocking adipogenesis (Smas and Sul, 1993). Results therefore indicated 

that pref-1 may serve as a potential marker of preadipocytes. The current study 

demonstrates an immunohistochemical method for immunolocalizing preadipocytes in 

tissue using pref-1 as a marker of preadipocytes. 

4.3 Materials and Methods 

4.3.1 Animals and Diet 

German Holstein and Charolais bulls (Bos taurus) were used in the investigation. 

Animals were cared for according to the regulations of the Animal Protection Committee 

from the German Ministry for Consumer Protection, Food and Agriculture. Calves were 

fed with a milk replacer diet up to 4 mo of age. After weaning, the bulls received a body 

weight-related diet consisting of concentrates based on barley, beet pulp and soybean 

extract meal (92.8% organic matter, 15% crude protein, and 9% crude fibre) and hay. All 
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animals were reared using a tethering system in individual pens and were fed the same 

diet. The dietary intake of the study animals in described in Kiihn et al. (2002). 

4.3.2 Muscle Sample Collection 

All animals were slaughtered at 18 mo of age in the Research Institute's abattoir. 

Muscle samples were obtained immediately post mortem from the central surfaces of 

longissimus dorsi muscles of German Holstein or Charolais cattle. The samples were 

immediately flash frozen in liquid nitrogen and stored at -80°C until sectioning or 

RNA/protein isolation. 

4.3.3 RT-PCR 

Total RNA was isolated from the i.m. fat samples using TRIzol reagent (Life 

Technologie GmbH, Karlsruhe, Germany) according to the manufacturer's instructions. 

Samples of muscle tissue were magnified 20x using a dissection microscope (AskAnia 

GSZ 2T, Germany) while the i.m. fat was separated from the muscle tissue that was held 

on dry ice. I.m. fat was stored in RNAlater (Ambion, Inc. Austin, Texas) at -20°C until 

RNA or protein extraction within a 2 week period. 

RNA yields and purities were assessed by absorbance at 260 and 280 nm using a 

RNA/DNA calculator (Pharmacia GeneQuant™, Erlangen, Germany). Ratios of 

absorbtion (260/280 nm) of all samples were between 1.7 and 2.0. 

The cDNA was synthesised using 1.0 ug of total RNA from each sample. To 

eliminate residual genomic DNA from the RNA sample, 1 unit of DNasel (Roche 

Diagnostics GmbH, Mannheim, Germany) was added, prior to the reverse transcription 

(RT) reaction, and incubated at 37°C for 30 min followed by heat inactivation of the 

enzyme at 75°C for 5 min (Huang et al., 1996). RNA samples were denatured at 65°C for 
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15 min and placed on ice for 5 min before RT. The final reaction volume of 25 uL 

contained lx reaction buffer, 5 mM MgCl2, 1 mM of dNTPs, 3.2 u.g of random hexamer 

primer, 50 units of RNase inhibitor, 0.01 mg/mL gelatin and 20 units of AMV reverse 

transcriptase ( 1 s t Strand cDNA Synthesis Kit, Roche Diagnostics GmbH). The reaction 

was performed at 25°C for 10 min, 42°C for 60 min, 99°C for 5 min for enzyme 

inactivation, and 4°C for 5 min. The RT products were either stored at -20°C or used 

immediately for polymerase chain reaction (PCR). 

The PCR reaction was performed in a 50 uL reaction volume containing 2 uL of 

tissue-specific cDNA (equivalent to 80 ng starting RNA), 1.5 mM MgCb, 2 units of Taq 

DNA polymerase (Roche Diagnostics GmbH), 0.2 mM of dNTPs and 0.4 uM of each 

primer. For amplification of pref-1 the following primer pairs were used: forward 5 '-

GGT GAC TTC CGC TGC CGT TGC-3' and reverse 5'-GAT GGT GAA GCA GAT 

GGC CTG, the latter of which brackets the alternative splice-donors and splice acceptors 

and are both specific for bovine pref-1 (Figure 12) (Minoshima et al., 2001; Fahrenkrug 

et al., 1999). After amplification, 10 uL of the PCR products were used for 

electrophoresis on a 2% agarose gel. Gels were stained with ethidium bromide and 

imaged using the Kodak DS Electrophoresis Documentation and Analysis System 120 

(Eastman Kodak Company, Rochester, NY, USA). For the control samples, 2 uL of 

water was used instead of the tissue-specific cDNA. 

4.3.4 Western blotting 

Protein expression was analysed using Western blotting. Equivalent 

concentrations of i.m. fat protein (50 jig) were resolved by SDS-PAGE (Laemmli, 1970) 

with a separating gel consisting of 12% acrylamide/bis (12% total concentration; 1.1% 
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atggccgcgaccgcagccctcctgcccgccctcttgctcctgctggctttcggccgcagt 60 
A H G A E C F P A C H P E N G F C D D D 
gcccatggagctgaatgcttcccggcctgccaccctgaaaatggattctgcgacgatgac 12 0 
S V C R C Q P G W Q G P L C D Q C V T F 
agtgtgtgcaggtgccagcctggctggcagggtcccctgtgtgaccagtgcgtgaccttt 180 
P G C V N G L C V E P W Q C I C K D G W 
cccggctgtgtgaacggcctctgcgtggagccatggcagtgcatctgcaaggacggctgg 24 0 
D G H L C D L D I R A C T S T P C A N N 
gacggacacctctgtgacctagacatccgggcttgcacctcgaccccctgcgccaacaac 3 00 
G T C L N L D D G Q Y E C S C A P G F S 
ggcacctgcctgaacctcgatgacggccagtacgagtgctcctgcgcccccgggttctca 360 
G K D C Q E M D G P C V V N G S P C Q H 
ggaaaggattgtcaggaaatggatgggccctgcgtggtgaatggctcgccctgccagcac 42 0 
G G S C V D D E G R A P H A V C L C P P 
ggaggcagctgcgtggacgatgagggccgggccccccacgctgtctgcctgtgcccccct 4 80 
G F S G N F C E I V T N S C I P N P C E 
ggcttctcgggcaacttctgcgagatcgtgaccaacagctgcatccccaacccgtgcgag 540 
N Q G I C T D I G G D F R C R C P A G F 
aaccagggcatctgcaccgacatcgggggtgacttccgctgccgttgccccgccggcttc 600 
M D K T C S R P V N T C T S E P C L N G 
atggacaagacctgcagccgcccggtgaacacctgcaccagcgagccgtgcctcaacggc 660 
G T C L Q H S Q V S F E C L C K P A F T 
ggcacctgcctgcagcactcccagg^ C2tgagcttcgagtgtctgtgcaagcccgcgttcacc 72 0 
G P R C G R K R A A G P Q Q V T R L P S 
ggcccccggtgtggccggaagcgcgcggcgggcccccagcagg A

Etcacccgtctgcccagc 7 80 
G Y G L T Y R L T P G V H E L P V P Q P 
ggttacgggctgacctaccgcctgacccccggggtgcacgagctgccggtgccgcagccc 840 
E H R V L K V S M K E L N K S T P L L S 
gagcaccgcgtcctgaaggtgtccatgaaggagctcaacaagagcactccgctcctctcc 900 
E G Q A I C F T I L G V L T S L V V L G 
gagggacaqq A

C2/KCcatctqcttcaccatcctqqqcqtqctcaccaqcctqqtqqtcctqqqc 960 
T M G I V F L N K C E A W V S N L R Y N 
accatgggcatcgtcttcctcaacaagtgcgaggcctgggtgtccaatctgcgctacaac 102 0 
H M L R K K K N L L L H Y N S G E E L A 
cacatgttgcgcaagaagaagaacctgctgctgcactacaacagcggggaggagctggcc 108 0 
V N I V F P E K I D M T T F T K E A G E 
gtcaacatcgtcttcccggagaagatcgacatgaccaccttcaccaaggaggccggcgag 114 0 
E E I * 
gaggagatctga 1152 

Figure 12. Nucleotide and deduced amino acid sequence for bovine pref-1 A. The forward 

(single underlined nucleotide sequence) and reverse (double underlined nucleotide 



sequence) primer sequences are noted. The reverse primer sequence is broken into two 

segments due to the predicted alternative splicing events. The symbols * C 2 and ^ E 

denote the alternative splice sites that produce the C2 an E splice forms. Beginning at the 

translation start site, the underlined amino acid sequence denotes the respective location 

of the signal peptide, epidermal growth factor (EGF)-like repeats 1, 2, 3, 4, 5, and 6, and 

the transmembrane region. 
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cross-linker). Protein was obtained after RNA extraction following the TRlzol reagent 

protocol (Life Technologie) according to the manufacturer's instructions for protein 

extraction. The gel was electroblotted onto nitrocellulose, and placed in lx TBS (10 mM 

Tris-HCl, pH 7.5, 150 mM NaCl) for 20 min. The blot was blocked for 60 min at room 

temperature with shaking in a 3% (w/v) solution of gelatin in TBS. Immunoblotting was 

performed following the protocol for the goat anti-rabbit IgG (H and L) horse radish 

peroxidase (HRP) Immun-Blot Assay Kit (Bio-Rad Laboratories, Munchen, Germany) 

using a pref-1 antibody concentration of 1:500. The antibody was designed based on both 

the intracellular and extracellular regions of the rat pref-1 sequence and is described by 

Carlsson et al. (1997). 

4.3.5 Immunocytochemical reaction with pref-1 antibody 

Bovine embryonic muscle preadipocytes were acquired from the Federal 

Research Centre for Virus Diseases of Animals, Insel Riems, Germany. Cells were 

maintained in Dulbecco's Modified Eagle's Medium supplemented with 10% fetal 

bovine serum. Prior to the immunocytochemical reaction, cells were fixed in 4% 

paraformaldehyde at 4°C for 20 min. Cell permeabolization was performed using 0.2% 

Triton X-100 in lx phosphate buffered saline (PBS) (500 uM K H 2 P 0 4 , 5 mM N a 2 H P 0 4 , 

68.5 mM NaCl, 1350 uM KC1, pH 7.4) for 20 min at room temperature. Cells were 

centrifuged at 310 x g for 5 min at room temperature, rinsed with lx PBS for 5 min, and 

centrifuged again. The immunocytochemical reaction followed the protocol for the 

Tyramide Signalling Amplification (TSA) Kit #19 (Molecular Probes, Eugene, OR, 

USA) with a few modifications. Procedures were performed at room temperature except 

where stated. Endogenous peroxidase activity was blocked with 1% H2O2 for 60 min and 
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cells were subsequently spun at 310 x g for 5 min at room temperature. Cells were 

incubated in 1 % blocking agent for 60 min at room temperature, incubated with pref-1 

antibody diluted 1:30 in blocking agent overnight at 4°C, rinsed once with lx PBS for 

five min, and incubated with a 1:100 dilution of HRP conjugate working solution for 60 

min. Cells were rinsed once for 5 min in lx PBS. Tyramide labelling of the cells followed 

the manufacturers recommended protocol. Counter-staining was performed using 

1 mg/mL bis-benzimide (Hoechst, see below) (Sigma-Aldrich, Taufkirchen, Germany) to 

stain for all cell nucleic acid for a 10 min incubation period. Cells were spun as above, 

plated on Super.Frost*/Plus slides (Menzel-Glaser, Karlsruhe, Germany) previously 

treated with 0.1% poly-L-lysine (Sigma), cover-slipped with an aqueous-based mounting 

media, and viewed with the fluorescent microscope. 

4.3.6 Immunohistochemical reaction with pref-1 antibody 

Ten micron thick transverse muscle sections were cut using a Cryostat 2800N 

Frigocut (Reichert-Jung, Leica, Bensheim, Germany) set at -21°C. Sections were placed 

on SuperFrost*/Plus slides (Menzel-Glaser) previously treated with 0.1% poly-L-lysine 

(Sigma). Sections were allowed to sit at room temperature to dry, fixed in 2% 

paraformaldehyde, 0.1 M L-lysine, 0.1 M sodium meta-periodate in 0.1 M NaiHPG}, (pH 

7.4 (PLP) solution (made immediately prior to use) for 20 min at 4°C and rinsed three 

times for five min in lx PBS. Antigen retrieval was performed by microwaving the 

sections two times for five min each in Coplin jars each time in 0.05 M glycine-HCl 

buffer (pH 3.5) that was changed every five min. Sections were rinsed three times in lx 

PBS for five min, permeabolized with acetone for 20 min at -20°C, and rinsed once with 

lx PBS for five min. 
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The immunohistochemical reaction followed the protocol for the TSA Kit #19 

(Molecular Probes, Eugene, OR, USA). Endogenous peroxidase activity was blocked 

with 1% H2O2 for 60 min. Briefly, sections were incubated in 1 % blocking agent for 60 

min at room temperature. The tissue was incubated with pref-1 antibody diluted 1:20 in 

blocking agent for 60 min, rinsed three times with lx PBS for five min each and 

incubated with a 1:100 dilution of HRP conjugate working solution for 60 min. Sections 

were rinsed three times for 5 min each in lx PBS. Tyramide labelling of the sections 

followed the manufacturers recommended protocol. Table 5 provides an overview 

comparing the immunocytochemical and immunohistochemical staining procedures. 

Controls for cell culture and tissue staining consisted of the respective immunostaining 

protocol with the absence of pref-1 antibody. 

4.3.7 Nuclear localisation and adipocyte staining 

Bis-benzimide (Hoechst, Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany) 

was used to stain for all cell nucleic acid. Stock bis-benzimide was made by dissolving 

0.001 g of bis-benzimide in 1 mL of deionised water. A sufficient aliquot of the stock to 

cover the sections was incubated for 10 min at room temperature after which the sections 

or cells were rinsed once for 5 min in water. 

A stock solution of Oil-Red O (Chroma GmbH+Co. KG, Munster-Roxel, Germany) was 

prepared by adding 0.50 g oil red O in 0.10 L isopropanol (CHROMA GmbH+Co. KG). 

Prior to staining, 12 mL oil red O stock was diluted in 8 mL deionized water and left to 

stand for 20 min. The diluted oil red O solution was filtered through Whatman paper 

number 42 (Whatman, Maidstone, UK) to remove any crystallized oil red O. Only muscle 

sections were immersed in the final working solution for 10 min at room temperature and 
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washed three times using deionised water for 5 min each. Muscle sections and plated 

preadipocyte cells were covered with a coverslip using MOWIOL (Sigma). 

4.3.8 Image acquisition 

Cells and sections were visualised using a Microphot-SA fluorescence microscope 

(Nikon, Europe B.V., The Netherlands) equipped with 3-CCD colour camera (Sony, 

Japan) attached to a Pentium III 700 MHz PC computer. Immunostained sections were 

examined in brightfield as well as in epifluorescence using a FITC/Auramine excitation 

filter (420 - 490 nm). Digitally captured images were processed using Image C software 

(version 2.52, Level 510, Aquinto, Berlin, Germany). Images containing positive 

reactions for pref-1 antibody were captured from different areas of multiple sections. All 

images (768 x 576 pixels) were saved as TIFF files to maximize image quality. 

4.4 Results 

4.4.1 Expression of pref-1 mRNA 

The coding sequence for full length pref-1 A shown in Figure 12 was obtained 

from Fahrenkrug et al. (1999) along with the derived information outlined in Vuocolo et 

al. (2003). The PCR primers used to amplify the three characterized bovine splice forms 

(pref-1 A, pref-IE, and pref-lC2) are noted along with the deduced amino acid sequence 

and the location of the signal peptide, six EGF-like repeats and the transmembrane 

region. RT-PCR was used to amplify the splice forms from bovine i.m. adipose tissue, 

identified based on the size of the migrated bands (Figure 13). Results indicated that i.m. 

adipose tissue in cattle contain the mRNA for the three splice forms (two analogous to 
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Table 5. Summarized immunocytochemical and immunohistochemical staining protocol 
for preadipocyte factor-1 (pref-1). All protocols were performed at room temperature 
unless otherwise stated. a This procedure has also been performed using 0.8 M urea with 
a lesser degree of permeation. b This procedure has also been performed using Triton X-
100 for bovine muscle tissue and was unsuccessful due to the delipidising effect of Triton 
X-100. 
Treatment Bovine Preadipocyte Cell Bovine Muscle Tissue 

Culture 
Fixation 4% paraformaldehyde, 4°C, PLP, 4°C, 20 min 

20 min 
Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 

rinsed lx PBS, 5 min, 
recentrifuged 

Pretreatment a - Microwave, 0.05 M glycine-
HC1 (pH 3.5), 2x, 5 min 

Rinsing - lx PBS, 3x, 5 min 
Permeabolization b 0.2% Triton X-100 (in lx Acetone, -20°C, 20 min 

PBS), 20 min 
Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 

rinsed lx PBS, 5 min, 
recentrifuged 

Peroxidase Quench 1%H 2 0 2 , 60 min 1% H 2 0 2 , 60 min 
Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 

rinsed lx PBS, 5 min, 
recentrifuged 

Blocking 1% Blocking Agent, 60 min 1% Blocking Agent, 60 min 
Incubation Pref-1 Ab 1:30, overnight at Pref-1 Ab 1:20, 60 min, 

4°C 
Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 

rinsed lx PBS, 5 min, 
recentrifuged 

Incubation Horse Radish Peroxidase Horse Radish Peroxidase 
conjugate 1:100, 60 min conjugate 1:100, 60 min 

Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 
rinsed lx PBS. 5 min, 
recentrifuged 

Incubation Tyramide labelling, 1:100, Tyramide labelling, 1:100, 
10 min 10 min 

Rinsing Centrifuged 310 x g 5 min, lx PBS, 3x, 5 min 
rinsed lx PBS, 5 min, 
recentrifuged 

Staining Bis-benzimide, 10 min Bis-benzimide, 10 min 
Staining - Oil-Red O, 10 min 
Rinsing deionised water, 5 min deionised water, 5 min 
Mounting MOWIOL MOWIOL 
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Figure 13. The expression of pref-1 mRNA in the intramuscular adipose depot from 

Holstein and Charolais cattle. Total mRNAs were extracted, sampled after slaughter, and 

reverse transcriptase-polymerase chain reaction (RT-PCR) was performed using a pair of 

bovine-specific pref-1 primers. PCR products resolved by electrophoresis on 2% agarose 

gels for the purpose of confirming the presence of pref-1 mRNA in the intramuscular 

adipose depot. The bp ladder is denoted to the left of the gel whereas the proposed splice 

forms of pref-1 are denoted on the right. Lanes 1 and 2 are from Holstein whereas 3, 4 

and 5 are from Charolais, with lane 6 as a negative control (water replaced cDNA in the 

reaction). The letters A, E and C2 designate the respective splice forms known to exist in 

cattle. 
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the human and mouse forms and one unique cattle form (E)) identified previously by 

Fahrenkrug et al. (1999). 

4.4.2 Expression of pref-1 protein 

To confirm that pref-1 protein was present in bovine i.m. adipose tissue, Western 

analysis of isolated protein was conducted. Use of pref-1 specific antibody detected 

multiple forms of pref-1 in the range of 45 to 60 kDa indicating that bovine i.m. adipose 

tissue contains cells expressing pref-1 protein (Figure 14). 

4.4.3 Immunolocalization of pref-1 in bovine preadipocytes 

To confirm that the pref-1 antibody would immunolocate bovine preadipocytes, a 

bovine preadipocyte cell culture was used as a positive control. The preadipocyte cells 

were used within a 24 hour period of culturing because any delay resulted in the 

development of triacylglycerol (TAG) droplets in each cell due to the presence of fetal 

bovine serum in the culture medium stimulating adipogenesis, thus indicating that 

cellular differentiation had occurred. In the culture, pref-1 immunoreactivity was 

localized to the cellular surface of each preadipocyte. The morphological sign of the 

immunocytochemical reaction was a fluorescent green stain in pref-1 positive cells, 

whereas nucleic acid was morphologically fluorescent blue. The pref-1 positive cells 

were round in shape with centrally located nuclei (Figure 15). Most of the positive cells 

in culture displayed strong staining (Figure 15A) to the pref-1 antibody, but not all cells 

in culture were positive (Figure 15B). All controls appeared negative (see Appendix 2, 

Figure 23). A permeabolization step was required for staining to occur as attempts at 

staining using only the TSA procedure resulted in no staining (data not shown). 
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Figure 14. The expression of pref-1 protein in the intramuscular adipose depot from bulls. 

Total protein was extracted, sampled after slaughter, and applied to a SDS-PAGE (50 ug 

per lane) using a separating gel consisting of 12% acrylamide/bis (12% total 

concentration; 1.1 % cross-linker). The gel was electroblotted onto nitrocellulose and 

immunoblotted using antibodies against pref-1 (1:500 dilution) for the purpose of 

confirming the presence of pref-1 protein in the intramuscular adipose depot. Lanes 1 

through 6 denote protein from six different German Holstein bulls, whereas lanes 7 

through 12 denote protein from six different Charolais bulls. Western blots performed 

with no antibody did not exhibit any banding. 
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Figure 15. Immunocytochemical reaction (arrows) for pref-1 (A) and corresponding 

nucleic acid stain (B) in bovine embryonic muscle preadipocytes. Results confirm that 

the antibody employed in the present study, developed from the rat pref-1 sequence 

(Carlsson, et al., 1997), was capable of immunolocating bovine preadipocytes. 
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4.4.4 Immunolocalization of pref-1 in muscle tissue sections 

The pref-1 immunostaining protocol was applied to muscle sections. Muscle sections 

were fixed in PLP to preserve tissue morphology and antigenicity. Permeabolization was 

performed using acetone rather than Triton X-100 due to the delipidizing effect of Triton 

X-100 on adipocytes in the muscle section. Positive reactions for pref-1 were localized to 

two regions: in the perimycium near fully differentiated adipocytes (Figure 16) and in the 

perimycium near blood vessels (Figure 17). No differences were observable between 

either cattle breed, thus, all experimental results were considered together. 

4.5 Discussion 

Previous investigators have developed methods to quantify preadipocytes 

(Kirkland et al., 1994), but the tissue morphology was destroyed during processing. Thus, 

no information about preadipocyte localization was obtained. In order to develop an 

immunohistochemical procedure to localize and quantify preadipocytes in undisturbed 

whole muscle tissue, we used antibodies against pref-1 to immunolocate bovine 

preadipocytes. The present study suggests that preadipocytes are expressed in low 

numbers in the perimycium of bovine skeletal muscle and are located near mature 

adipocytes and blood vessels. 

In the present study, RT-PCR analysis demonstrated that bovine i.m. adipose 

tissue contains the three splice forms previously reported for bovine pref-1 (Fahrenkrug 

et al., 1999). Different expression levels of each i so form are visible in the gel, but 

quantification of each isoform was not performed. Minoshima et al. (2001) demonstrated 
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Figure 16. Immunohistochemical reaction (arrow) for pref-1 (A) and corresponding 

nucleic acid stain (B) in bovine longissimus dorsi muscle; *, Adipocyte, +, Muscle fibre. 

A positive reaction for pref-1 in the perimycium may indicate the location of a 

developing preadipocyte. 
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FIGURE 17. Immunohistochemical reaction (solid LINE ARROW) for pref-1 in BOVINE muscle 

TISSUE near blood vessels (dashed line arrow) (A) and corresponding nucleic acid stain (B) 

in bovine longissimus dorsi muscle; +, Muscle fibre. A positive reaction for pref-1 in the 

perimycium may indicate the location of a developing preadipocyte. 
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that the pref-1 A and pref-lC2 splice forms are present in neonatal fat tissue, but no splice 

forms were detectable in adult abdominal fat tissue (sampled at 30 mo of age), thus 

suggesting that pref-1 expression was suppressed in an age-dependent manner. Pref-1 

expression is known to be restricted to the stromal-vascular (SV) fraction, but not the 

adipocyte fraction of adipose tissue (Mei et al., 2002), possibly explaining the lack of 

pref-1 expression observed by Minoshima et al. (2001) due to a lack of enriched SV cells 

in their preparation or possibly due to the use of a detection technique with low 

sensitivity. 

The present study also indicated differences in the expression of pref-1 splice 

forms in different breeds of cattle. Results suggest that bovine pref-1 splice forms may be 

expressed in a breed-specific manner.Vuocolo et al. (2003) demonstrated expression of 

the pref-lC2 splice form in bovine cardiac, kidney and omental fat and in cardiac, 

semitendinosus and longissimus dorsi muscle using RT-PCR and quantitative real time 

RT-PCR, techniques known to have greater sensitivity. The use of whole skeletal muscle 

tissue as opposed to isolated i.m. fat may explain the expression of only one splice form 

of pref-1 as compared to the present study. Vuocolo et al. (2003) were unable to detect 

expression in subcutaneous or brisket adipose depots in the two animals used (one at 24 

mo of age and one of unspecified age) and suggested that these depots have little capacity 

for further adipogenesis. Robelin (1981), Cianzio et al. (1985) and Truscott et al. (1983) 

have all shown apparent subcutaneous adipose tissue hyperplasia in mature animals, but 

no animals over 20 mo of age were sampled. Results suggest that adipocyte hyperplasia 

in the subcutaneous adipose depot may be age-dependent or adipocyte cell size dependent 

as suggested by Robelin (1981). 
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Each adipose depot grows at a different rate and differently with respect to 

hypertrophy or hyperplasia. As a general rule, during the finishing phase, the early 

developing depots (i.e. intermuscular, perirenal and mesenteric fat) have completed their 

hyperplastic development and thus deposit fat by hypertrophy, whereas the subcutaneous 

and intramuscular depots continue to develop by hyperplasia and hypertrophy of already 

recruited adipocytes (May et al., 1994; Sainz and Hasting, 2000). In addition, Wegner et 

al. (1998) clearly outlined i.m. adipocyte hyperplasia in Wagyu crossbreeds over a 24 

month period in longissimus dorsi demonstrating that new adipocytes arise in muscular 

tissue with age. Nishimura et al. (1999) provided anecdotal evidence of adipocyte 

hyperplasia by demonstrating significant increases in crude fat content after 24 mo of age 

in Japanese Black steers. Results indicated that the i.m. adipose depot may develop at a 

later stage of bovine development and, thus, the expression of pref-1 mRNA may be 

different in this depot. In addition, Aso et al. (1995) demonstrated that the intramuscular 

adipose tissue from 24 mo old Japanese Black cattle contain a pool of preadipocyte cells 

that can differentiate into adipocytes. 

The high sequence similarity among bovine, mouse, human and rat dlk proteins 

has been described previously (see Figure 2 from Laborda, 2000). Alignment analysis of 

the protein sequences from four mammalian species demonstrated a high level of 

homology among a variety of species. Results indicated that antibodies developed from a 

rat source might be used to immunolocate bovine pref-1 protein. Western blot analysis 

confirmed that the rat pref-1 antibody used in this study was capable of detecting the 

immobilized blotted antigen. 
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The low number of pref-1 positive cells in the cell culture may be due to a delay 

in the harvesting of the cells. Bovine serum is known to stimulate preadipocytes to 

differentiate into adipocytes (Torii et al., 1996). In the present study, differentiation was 

visualized by the development of small TAG droplets in the cytoplasm of the 

differentiating cells. The first stage in the development of an adipocyte is known to be the 

slight increase in the expression of pref-1, shortly followed by the complete loss of pref-1 

(Hansen et al., 1998). Therefore, those cells not expressing pref-1 protein have most 

likely begun the differentiating steps leading to the formation of an adipocyte. 

Nevertheless, a positive reaction for pref-1 in the bovine preadipocyte culture 

demonstrated that the antibody in use has the potential to immunolocate bovine 

preadipocytes. In addition, the expression of pref-1 in preadipocyte cells suggests that it 

has a role in preadipocyte differentiation. 

Structural and histochemical analyses by Hausman and Thomas (1986) indicated 

that a positive relationship existed between adipocyte cluster size and the proximity to the 

entry point of large (parent) blood vessels in both perirenal and subcutaneous adipose 

tissues. This relationship suggested that lipid deposition and capillary development 

depended on blood flow. In addition, the supply of blood vessels within 1° and 2° muscle 

bundles has been shown in Japanese Black cattle to result in the formation of i.m. adipose 

tissue (Hoshino et al., 1987). Results indicated that adipose tissues were formed around 

the vessels within the 2° muscle bundles. Thus, the supply of nutrients to the muscle 

tissue is directly related to the formation of i.m. adipocytes. Results from the present 

study demonstrated the expression of pref-1 near blood vessels in bovine skeletal muscle, 

but the expression level of pref-1 was low based on the number of pref-1 positive cells in 
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the immunohistochemical image. Nevertheless, a stem cell population that is maintained 

by 'asymmetric' division in muscle tissue is believed to serve as the source of 

preadipocytes (Grounds, 1999). As such, for each cell that differentiates into an 

adipocyte, another daughter cell is returned to the stem cell pool creating a possibly 

endless source of i.m. adipocytes. Histochemical images from the present study suggest 

that preadipocytes arise near mature adipocytes. Thus, the population of preadipocytes 

present in the i.m. adipocyte depot may arise from the same preadipocyte cell. Therefore, 

detection of one preadipocyte may indicate the location of a newly developing i.m. 

adipocyte population and may explain why i.m. adipocytes arise in clusters of 15-20 

cells. Additionally, some stem cells in muscle are derived from a bone marrow source via 

the blood stream (Grounds, 1999). These results, in addition to the observations in the 

present study, possibly indicate that quantification of adipocyte precursor cells in muscle 

tissue may not be a viable indication of marbling potential in an animal. 

Taylor-Jones et al. (2002) demonstrated that adipogenic markers were expressed 

in myoblasts from older mice that were undergoing myogenic fusion thus increasing the 

adipogenic potential of these cells. The authors' results may explain an additional source 

of adipocyte precursor cells in skeletal muscle tissue from older cattle not observed in the 

present study. Also, PPARy 1 and y2 (transcription factors that regulate the expression of 

several genes involved in lipid metabolism and adipogenesis) were both expressed in 

older myoblasts, concomitant with no repression of myogenic gene expression. Results 

indicated that signalling pathways in myoblasts inhibit specific functions of PPARy. 

Previous reports, however, have demonstrated inhibition of myogenic differentiation by 

this transcription factor class (Hu et al. 1995; Lecka-Czernik et al., 1999). Overall, results 
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from these investigations have suggested that, with ageing, mesenchymal stem cell 

populations are replaced with cells that have increased adipogenic potential. Conversely, 

ageing mesenchymal cells may inherently activate adipogenic gene programs. 

It should also be noted that the Callipyge mutation, causing muscle hypertrophy 

and leanness, is co-located to the same chromosomal region as pref-1 (Vuocolo et al., 

2003) and that sheep containing the Callipyge mutation over-express pref-1 (dlk therein). 

They propose that pref-1 overexpression may indicate a precursor cell population that 

contributes that abnormal muscle hypertrophy. Conversely, enhanced pref-1 expression 

may suppress muscle differentiation, resulting in abnormal muscle cell growth. 

4.6 Conclusion 

The following study demonstrates that pref-1 may be used as a biochemical and 

immunohistochemical marker for preadipocytes in bovine muscle tissue. Results, 

however, demonstrated that the number of preadipocytes present in the perimycium is 

low suggesting that the preadipocyte population is small, that i.m. preadipocytes arise 

from a cell population external to the muscle, or that the i.m. adipocyte population arise 

from the same preadipocyte precursor cell. Interestingly, Mei et al. (2002) recently 

demonstrated that only the large soluble form of pref-1 inhibits adipocyte differentiation. 

Thus, the generation of antibodies directed towards each respective protein i so form 

synthesized from the spliced mRNA may further characterize their respective roles in 

bovine adipogenesis. 

105 



4.7 Acknowledgements 

This study was supported by the Deutsche Forschungsgemeinschaft (DFG project 

WE 2181/1-2). The antibody against preadipocyte factor-1 used in the present study was 

a kind gift of Dr. Jens H. Nielsen of the Hagedorn Research Institute, Gentofte, Denmark. 

From the Research Institute for the Biology of Farm Animals, Dummerstorf, Germany, 

the authors would like to recognize Mrs. Marquardt for her superb technical assistance 

with the histochemical sectioning and Dr. Rehfeldt and Mrs. Steinborn for their technical 

assistance with the preadipocyte cell culture. 

106 



5. C O N C L U S I O N S A N D I M P L I C A T I O N S 

The absolute expression level of PPARy mRNA may be an indication of the 

extent of adipocyte development in the animal, but protein expression levels would better 

characterize such a relationship. A pool of PPARy mRNA may have been measured that 

explains the equivalent levels observed among some of the depots. We hypothesize, 

based on the low PPARy mRNA levels that IM fat hyperplasia is still active while 

adipocyte hyperplasia in MU tissue is at an early stage of development. MU PPARy 

expression most likely originates from both muscles and mesenchymal cells resident in 

the skeletal muscle. The SC fat depot may have a role in the determination of IM fat 

development. Breeding strategies aimed at increasing PM fat formation while decreasing 

other depot fat stores may potentially apply knowledge about the adipocyte development 

potential of the respective depots. 

The immunohistochemical technique to localize preadipocytes may be used as a 

biochemical or histochemical marker to determine the location and number of 

preadipocytes in tissue. The application of the technique may be widespread in that the 

determination of the preadipocyte population may be an indication of the adipocyte 

developmental potential of a tissue. By determining the potential to which a particular 

animal may deposit adipocytes in the muscle, cattle breeders may exploit this trait to 

amplify the marbling potential of their animals through the use of immunohistochemical 

tests on biopsy sections. Conversely, breeders attempting to develop a leaner animal with 

a limited amount of adipocytes deposited in the muscle may wish to know the extent to 

which their animals may develop i.m. fat deposits and 'breed-out' this trait. In either case, 

cattle breeders will benefit by knowing their animal's adipocyte developmental potential. 
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The development of an applicable test, however, is many years away as evidence has 

shown that preadipocytes may have an extramuscular origin, not accounted for using the 

method presented. 

In addition, with the significant increase in the number of overweight and obese 

people in society, testing the adipocyte developmental potential of an individual may be 

an indication of their respective risk at developing obesity, or weight-related disorders 

such as arteriosclerosis or diabetes. Nevertheless, because preadipocytes may arise from 

external sources to the tissue under investigation, the extent to which results of 

preadipocyte number may be applied, is limited. 

The image analysis computer program to determine the amount of i.m. fat in 

whole muscle tissue is in use by Dr. Luigi Faucitano from Agriculture and Agri-Food 

Canada. Results may potentially better demonstrate the effect of different feeding 

systems or better characterize the effect of circulating hormone levels on the deposition 

of i.m. fat in muscle tissue. It is expected that this program will be substantially improved 

upon based on the experience and requirements of initial users. 
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6. F U T U R E D I R E C T I O N S 

The following section describes recommended directions that the research 

outlined in this thesis may take based on my experiences while conducting this research 

project. The suggestions may serve as the impetus for additional projects or directions 

that current projects may take. The section is divided into the three main subject areas 

investigated in this study. 

6.1 Investigations into PPARy Expression in Cattle 

The interpretation of the research results were limited in this part of the thesis 

study because mRNA expression levels do not always reflect the level of protein in a 

biological system. Quantification of PPARy protein levels would therefore be a natural 

extension of the investigation. As such, the significant experimental correlations observed 

herein would be reinforced by significant correlations that may be observed among 

PPARy protein levels, carcass characteristics and protein levels of other adipogenic 

genes. In addition, real time RT-PCR measurements would reinforce our semi­

quantitative RT-PCR results. Another extension of the research would involve the search 

for DNA polymorphism in the promoter region of PPARy. Such results would show 

whether variation in the promoter region of PPARy may result in variations observed in 

the cattle population. 

6.2 Investigations into pref-1 Expression in Cattle 

Adaptations to the methodology presented may indicate the predominant pref-1 

splice form expressed in bovine tissue. The antibody used in the present thesis 
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immunolocates both the intra- and extracellular portions of the pref-1 protein. Therefore, 

the use of splice-form specific antibodies would produce information about the degree of 

differential splice-form expression. Furthermore, a time-course application of the 

procedure to bovine preadipocyte cell culture systems, from the preadipocyte stage to a 

fully differentiated adipocyte, may allow for the visualization of pref-1 expression 

throughout adipocyte differentiation. A better understanding of the slice form expression 

may provide information about each splice form's respective role in bovine adipogenesis. 

Quantification of the respective splice form expression using real time RT-PCR may also 

provide information about the respective role of each splice form. 

Through the use of muscle biopsy techniques, currently in use at the Research 

Institute for the Biology of Farm Animals in Dummerstorf, Germany, samples of muscle 

tissue throughout the life of the same animal may be obtained. Therefore, through the 

application of the technique described in this thesis, measurements of preadipocyte 

number over an animal's lifetime may be obtained. 

In situ hybridisation analysis of muscle tissue to characterize the mRNA 

expression of pref-1 would also be a future direction that the research may take. 

Currently, a pref-1 cDNA clone obtained in Japan is available to the researchers in 

Germany. Attempts to locate the mRNA for pref-1 would potentially confirm the protein 

expression results and possibly shed light on the location of other potential preadipocytes. 

The additional results presented in the Appendix demonstrate that pref-1 may also 

be expressed in a muscle fibre type specific manner. Serial sections that respectively stain 

for pref-1 and for the three different muscle fibre types may allow for the characterization 
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of pref-1 in muscle tissue. In addition, Western blot expression or RT-PCR analysis 

would corroborate the histochemical sections already obtained. 

6.3 Computer Image Analysis of Visible Intramuscular Adipose Tissue in Muscle 

The current computer program may benefit from a number of additions. For 

example, one important aspect of the deposition of i.m. fat as it relates to a marbling 

grade is the distribution of the fat islands throughout the muscle. Currently, the program 

does not produce any data that describes the distribution of fat deposits, but this may be 

incorporated into the program. The ImageC program will allow each individual pixel in 

an image to be weighted based on the colour intensity of the respective pixel. Using such 

a function, the muscle's virtual centre of gravity may be determined thus allowing the 

muscle to be divided into four equilateral sections. Thus, the quantity of visible fat 

deposits in each quadrant may be determined after which the deviation among the four 

quadrants can be calculated and the degree of deviation from an equal distribution among 

the four quadrants determined. Results obtained from the current program, however, 

would allow for correlation analysis to feeding systems, the deposition of fat in other 

adipose depots, circulating hormone levels such as leptin or insulin along with other 

carcass characteristics. 

Similar image analysis programs have also been used in the objective analysis of 

marbling in a slaughterhouse environment. The only limitation to such an application 

would be the necessity to section and stain the muscle, which may result in a greater 

amount of work than necessary for the information obtained. The application may 

however be viable without the use of staining via the inclusion of UV lighting, a light 
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source known to illuminate connective tissue thus allowing for the subtraction of the 

effect of the white connective tissue from the i.m. fat. 
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A P P E N D I X 1 

D E V E L O P M E N T O F A C O M P U T E R I M A G E A N A L Y S I S P R O G R A M F O R 

T H E Q U A N T I F I C A T I O N A N D C H A R A C T E R I Z A T I O N O F 

I N T R A M U S C U L A R A D I P O S E T I S S U E 

Introduction 

In order to be able to objectively characterise the visible adipose tissue that is 

deposited in muscle tissue, computer image analysis (CIA) programs have been 

developed. Currently, marbling in the slaughterhouse is subjectively given a marbling 

score based upon scales respective to each country's standards (Canada, Canadian Beef 

Grading Agency, 2002; USA, Food Safety and Inspection Service, 2002; Japan, Japan 

Meat Grading Association, 1988). Many research groups are using CIA programs as a 

method to obtain data that is used to evaluate feeding studies, evaluate carcasses, and 

characterize adipose tissue deposition based on the amount of fat deposited in the 

intramuscular (i.m.) depot (Albrecht et al., 1996; Karnuah et al., 2001; Kuchida et al., 

2000). A CIA program was written that is able to characterise adipose tissue deposited 

intramuscularly from connective tissues that often appear as white as the deposited fat. 

The following methods and computer program were developed to evaluate the fat content 

in bovine and porcine muscle tissue samples. The program is currently being evaluated. 

Sample Preparation and Staining 

A visual outline of muscle sample preparation and the staining protocol is shown 

in Figure 18. A 1.5 to 2 cm slice of the 24 hpost mortem muscle tissue under 

investigation was obtained (Figure 18A). The slices were fixed in 5% 
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formaldehyde/calcium for 1 to 3 days and stored in 5% formaldehyde until further 

processing. The variability in the length of time in the 5% formaldehyde/calcium solution 

depended on the thickness of the section. Using any standard universal meat slicing 

machine (Figure 18B), 1 to 2 mm thick slices of the fixed muscle section were obtained 

(Figure 18C) and placed in distilled water for 12 h. Oil-Red O (Chroma GmbH+Co. KG, 

Munster-Roxel, Germany) was dissolved to make a stock solution by adding 0.50 g oil 

red O in 0.10 L isopropanol (CHROMA GmbH+Co. KG). Prior to staining, 12 mL oil red 

O stock was diluted in 8 mL deionised water and left to stand for 20 min. The diluted oil 

red O solution was filtered through Whatman paper number 42 (Whatman, Maidstone, 

UK) to remove any crystallised oil red O. The muscle slices were placed in the staining 

solution (Figure 18D) for 6 to 8 h and rinsed in distilled water overnight. The stained 

slices were then placed in a 70% isopropanol solution for 2 to 4 h under constant motion. 

Samples are rinsed for a minimum of 12 h and then stored in 5% formaldehyde until 

image acquisition (Figure 18E). Figure 19 provides a close-up view of the final stained 

muscle section prior to image acquisition. 

Image Acquisition 

Muscle sections were visualised using a Kodak DS 120 digital camera attached to 

a standard camera stand (Eastman Kodak Company, Rochester, NY, USA). Digital 

images were imported into a Pentium III 700 MHz PC computer. All images (768 x 576 

pixels) were saved as TIFF files to maximize image quality. 
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Figure 18. General set up and equipment for staining whole muscle sections for computer 

image analysis. A, Muscle tissue after treatment with formaldehyde/calcium; B, meat 

sheer; C, muscle section after slicing; D, muscle section immersed in oil red O solution 

on shaker, E, muscle section after staining procedure is completed. 
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Figure 19. Close-up image of whole muscle tissue section after oil red O staining 

procedure is completed. The muscle tissue section at this stage is ready for computer 

image analysis. 
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Image Analysis 

The program for the CIA was written in the Visual Basic Language, a 32 bit 

application development language, for the ImageC Image Analysis Program (version 

2.52, Level 510, Aquinto, Berlin, Germany). The Visual Basic program integrated CIA 

components of the ImageC program allowing for the development of an individualised 

program. The complete program is as follows: 

^Reference (8E7DF211-6FA5-11D0-9B10-
0000C06606DF)#1.0#0#C:\Progranmiev\IMTRONIC\ImageC\Bin\WIMCDSP.dll#Wimc 
dsp 
^Reference {DDE31561-056F-11D0-9AA8-
0000C08206DF}#1.0#0#C:\Programme\MTRONIC\taageC\Bm\WIMCDEVX.dll#wim 
cdevx 
^Reference {BF5ACDC1-0164-11D0-9A99-
0000B4235D27}#1.0#0#C:\Programme\TMTRONIC\ImageC\Bin\WIMCBAS2.dll#Wim 
cbas2 
Option Explicit 

Sub Main() 
Dim Anw As Object 
Dim AreaMuscle As Double 
Dim Count As Long 
Dim stat As New Wimcdsp.StatisticX 
Dim ds As Wimcbas2.AtmDataSource 
Dim Buffer As Variant 
Dim AreaPercentage As Double 
Dim FatLength As Double 
Dim area3biggestl As Double 
Dim area3biggest2 As Double 
Dim area3biggest3 As Double 
Dim length 1 island As Double 
Dim length2island As Double 
Dim length3island As Double 
Dim zaehlerl As Integer 
Dim zaehler2 As Integer 
Dim zaehler3 As Integer 
Dim areabig As Double 
Dim anzahldichtel As Double 
Dim anzahldichte2 As Double 
Dim anzahldichte3 As Double 

139 



Dim areawholel As Double 
Dim areawhole2 As Double 
Dim areawhole3 As Double 
Dim flachendichtel As Double 
Dim flachendichte2 As Double 
Dim flachendichte3 As Double 
Dim gesamtflachendichte As Double 
Dim lean As Double 
Dim fatweight As Double 
Dim leanweight As Double 

Set Anw = GetObject( "", "wimc.Anwendung" ) 
Anw.AnsichtListe.Eintrag( 0, 0, "Image" j.Aktivieren 
Anw.OperationsClearOverlay 

Anw.DokumentListe.Offnen "D :\Huff\Muskel\mucelmethod.osz" 

Measure 240,256,True 

Set ds = Anw.DokumentListe.Eintrag(0, "ObjectData").Data 
Count = ds.GetNumberOfRecords (Wimcbas2.ADS_SRC_OBJ) 
Buffer- ds.GetDataArray (Wimcbas2.ADS_SRC_OBJ,"Area$", 1, Count) 
stat. Create 
stat.PutData Buffer 
Dim Results As Variant 
Results = stat.StatisticParameters() 
AreaMuscle = Results( 1 )*Results(2) 
stat.Delete 
'IIIIIIIIIIIIII1IIII1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIUIIII 
'End of MuscleArea 

Anw. An si chtLi ste. Eintrag( 0, 0, "Image" ).Aktivieren 
Anw. Operation s_C learO verl ay 
Anw.OperationsSeparateChannels 0, 1, 0, 0, 0, 0, 1 
Anw.AnsichtListe.Eintrag( 0, 0, "Image" ).Ansicht_Farbtabellen 0 
FilterX 
Anw.AnsichtListe.Eintrag( 0, 0, "ObjectData" ).Aktivieren 
Anw.DokumentListe.Eintrag( 0, "ObjectData" ).Specimen_DeleteAllData -1 
Anw.AnsichtListe.Eintrag( 0, 0, "ObjectData" ).AktuellesBild 0 

Measure 0,50,False 

Count = ds.GetNumberOfRecords (Wimcbas2.ADS_SRC_OBJ) 
Buffer= ds.GetDataArray (Wimcbas2.ADS_SRC_OBJ,"Area$", 1, Count) 

stat.Create 
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stat.PutData Buffer 
stat.Sort True 

areaSbiggest 1 =stat.GetData( 1) 
area3biggest2=stat.GetData(2) 
area3biggest3-stat.GetData(3) 

zaehlerl =0 
areabig =0 

Do 
zaehlerl= zaehlerl + 1 
areawholel =areawholel +areabig 
areabig - stat.GetData(zaehlerl) 
Loop Until areabig <= 21400000 
'areawholel = areawholel -areabig 
zaehlerl =zaehler 1 -1 

zaehler2=zaehlerl 
areabig =0 

Do 

zaehler2= zaehler2 + 1 
areawhole2=areawhole2+areabig 
areabig = stat.GetData(zaehler2) 

Loop Until areabig <2700000 

'areawhole2=areawhole2-areabig 
zaehler2=zaehler2-1 

zaehler3=zaehler2 
zaehler2=zaehler2-zaehlerl 
areabig =0 

Do 
zaehler3= zaehler3 + 1 
areawhole3=areawhole3+areabig 
areabig = stat. Get Data(zaeh 1 er3) 

Loop Until Count=zaehler3 



areawho le3-area who le3-areabig 
zaehler3=zaehler3-zaehler2-zaehlerl 
Results = stat.StatisticParameters() 
Dim AreaFat 
AreaFat = Results(l)*Results(2) 
stat.Delete 
AreaPercentage -AreaFat /AreaMuscle * 100 

Buffer- ds.GetDataArray (Wimcbas2.ADS_SRC_OBJ,"Faserlaenge$", 1, Count) 

stat.Create 
stat.PutData Buffer 
stat. Sort True 

length! island- stat.GetData(l) 
length2island= stat.GetData(2) 
length3island= stat.GetData(3) 

Results = stat.StatisticParameters() 
FatLength =Results(7)/10000 

Dim xl As Object 
Set xl =xlS 

'umrechnen 

lean = (AreaMuscle-AreaFat) 
fatvveight =((AreaFat*0.94)/((AreaFat*0.94)+(lean* 1.07))) 
leanweight -((lean* 1.07)/((AreaFat*0.94)+(lean* 1.07))) 
lean =lean/100000000 

flachendichtel= areawholel/AreaMuscle *100 
flachendichte2:= areawhole2/AreaMuscle *100 
flachendichte3= area\vhole3/AreaMuscle * 100 

AreaMuscle- AreaMuscle/100000000 
AreaFat-AreaFat/100000000 

length 1 island-length 1 island/10000 
Iength2island=length2island/10000 
length3 island-length3 island/10000 

anzahldichtel = zaehlerl /AreaMuscle 
anzahldichte2 = zaehler2/AreaMuscle 
anzahldichte3 - zaehler3/AreaMuscle 
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area3biggestl = area3biggestl /100000000 
area3biggest2 = area3biggest21100000000 
area3biggest3 = area3biggest3 /100000000 

xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 

xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 
xl 

cells( 1,1). value 
cells( 1,2). value = 
cells(l,3).value= 
cells(2,l).value= 
cells(2,2).value= 
cells(2,3).value= 
cells(3,l).value= 
Cells(3,2).Value 
cells(3,3).value-
cells(4,l).value-
Cells(4,2). Value 
cells(4,3).value= 
cells(5,l).value= 
cells(5,2).value 
cells(6,1). value 
cells(6,2).value 
cells(6,3).value-
cells(7,l).value 
cells(7,2).value 
cells(7,3).value 
cells(8,l).value-
cells(8,2).value= 
cells(8,3).value= 

"Muskelflache:" 
=Format(AreaMuscle,"0.00") 

cells(10, 
cells(10. 
cells(10 ; 

cells(ll. 
cells(ll. 
cells(ll. 
cells(12 ; 

cells(12. 
cells(12 ; 

'qcm" 
'Fettflache:" 
Format( AreaFat,"0.00") 
'qcm" 
'Fettanteil:" 
=Format(AreaPercentage,"0.00") 
*%" 
'Fettstranglange:" 
=Format(FatLength,"0.00") 
"cm" 
'Anzahl Fettinseln:" 
Format(Count,"0") 
'GroBte Fettinsel:" 
Format(area3biggestl,"0.00") 
'qcm" 
'2gr68te Fettinsel:" 
Format(area3biggest2,"0.00") 
'qcm" 
'3gr66te Fettinsel:" 

Format(area3biggest3,"0.00") 
"qcm" 

l).value="langste Fettinsel:" 
2). value=Format( 1 ength 1 island,"0.00") 
3).value="cm" 
l).value="21angste Fettinsel:" 
2).value=Format(length2island,"0.00") 
3).value-'cm" 
l).value="31angste Fettinsel:" 
2).value=Format(length3island,"0.00") 
3).value="cm" 

xl.cells( 13,1) .value-" Gesamtanzahldichte:" 
xl.cells(13,2).value=Format((Count/AreaMuscle),"0.00") 
xl.cells(13,3).value="x/qcm" 
xl.cells(14,l).value-'Anzahldichte >21.4:" 
xl.cells(14,2).value=Format(anzahldichtel,"0.00") 
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xl.cells(14,3).value="x/qcm" 
xl.cells( 15,1 ).value="Anzahldichte 21.4>= x >=2.7:" 
xlxells(15,2).value=Format(anzahldichte2,"0.00") 
xl.cells(15,3).value="x/qcm" 
xl.cells(l 6,1). value-" Anzahldichte <2.7:" 
xl.cells(16,2).value=Format(anzahldichte3,"0.00") 
xl.cells(l 6,3).value="x/qcm" 

xl.cells(19,l).value="Flachendichte >21.4:M 

xl.cells(l 9,2).value=Format(flachendichtel ,"0.00") 
xl.cells(20,l).value="Flachendichte 21.4>= x>=2.7:"' 
xl.cells(20,2).value-Format(flachendichte2,"0.00") 
xl.cells(21,1 ).value="Flachendichte <2.7:" 
xl.cells(21,2).value=Format(flachendichte3,"0.00") 

xl.cells(24,l).value="Lean:" 
xl.cells(24,2).value=Forniat(lean,"0.00") 
xl.cells(25,l).value="Fatweight:" 
xl.cclls(25,2).value=Format(fatweight,"0.00") 
xl.cells(26,l).value="Leanweight:" 
xl.cells(26,2).value=Fonnat(leanweight,"0.00") 

End Sub 

Sub Measure(ByVal thrsl As Long,ByVal thrs2 As Long,ByVal Inverse As Boolean) 
Dim Anw As Object 
Set Anw = GetObject("","Wimc.Anwendung") 
Dim s As String 
s -"ObjectData" 
On Error GoTo Ml 

Anw.AnsichtListe.Eintrag( 0, 0, "ObjectData" ).AktuellesBild 0 
GoTo Ml 
s = "Objektsuche" 
Ml : 

Anw.AnsichtListe.Eintrag( 0, 0, s ).AktuellesBild 0 
Dim o As Object 
Set o - Anw.AnsichtListe.Eintrag( 0, 0, s ).SearchOptions 
o.Thrs2 = thrs2 
o. Thrsl = thrsl 
o. Inverse = Inverse 
Anw. Stop 
Anw.DokumentListe.Eintrag( 0, s ).Search_SearchOptsons.Beenden 
Anw.AnsichtListe.Eintrag( 0, 0, s ).NewField 
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Anw. AnsichtListe.Eintrag( 0, 0, s ).AutomaticalSearch 
End Sub 

Function xlS() As Object 
Dim x As Object 
Set x = CreateObject("Excel.Application") 
x.Visible -True 
Set xlS-x.WorkBooks.Add' "test.xlt" 
Set xlS -x lS .Sheets ( l ) ' xlS.Sheets("Tabellel") 

End Function 

Sub FilterX 
Dim Anw As Object 
Set Anw = GetObject("","Wimc.Anwendung") 
Anw.AnsichtListe.Eintrag( 0, 0, "Image" ).Aktivieren 
Anw.FilterFiltersExtended 
Anw.FilterFiltersExtended.Aktivieren 
Anw.Filter_FiltersExtended.FilterFromName "Median (5x5) circle", 1, False 
Anw.FilterFiltersExtended.Beenden 

End Sub 
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Digital Image Processing 

The stained muscle tissue image was imported as a TIFF file and given a 

calibration value to allow absolute data values to be calculated. Using the Micro : Line 

Coincidence (LinCo) 2 method of the ImageC program, the image was converted to gray 

scale and a threshold function was performed. The threshold was then set for the entire 

image (0 - 256) so that the entire muscle was selected in order to determine the Muscle 

Area. The program allowed for interactive adjustment of the threshold to account for 

minor differences between samples. A Median (5x5) Circle filter was then performed 

followed by a Green Channel selection on the original colour image. The green 

component was used for binarization because the variance of the green channel was the 

largest for fat in meat samples. The (LinCo) 2 method was again performed resulting in a 

grey scale image of the filtered original image. A threshold was set to select for the fat 

flecks and the following group of marbling characteristics was calculated: marbling fleck 

area (cm 2); proportion (%) of areas of fat flecks as the ratio between the total fat areas 

and the muscle area; number of marbling flecks as a global count of fat flecks on the 

muscle surface; number of marbling flecks divided by the total muscle area (flecks/cm ); 

total length of marbling flecks (cm); size (cm 2) of the first, second and third largest 

marbling fleck area (cm ); proportion (%) of the three largest fat areas compared with the 

total fat area; length of the first, second and third longest marbling fleck length (cm). 

In order to account for the effects of marbling abundance (density), a slightly 

modified model from Gerrard et al. (1996) was applied. According to this model, 

marbling flecks were classified into two arbitrary categories according to their area (A): 

Ai : A< 2.7 mm 2 
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A.2 : 2.7 mm 2 < A < 21.4 mm 2 

Thus, marbling abundance was evaluated by using the following parameters: number of 

marbling flecks in both size categories expressed on the total muscle area (flecks/cm ) 

and sum of marbling area in both size categories. Both parameters define two marbling 

densities, being the expression of count density and area density for each fleck size 

category, respectively. 

Example of CIA Data and Concluding Comments 

An example of how CIA data appears after analysis of the muscle sample is 

completed is shown in Figure 20. Data provided by the program can be imported into any 

statistical analysis software program for the analysis of any combination of i.m. fat 

deposition. In addition, because the data is provided in a transferable form, correlation 

analysis is greatly simplified. The described program was developed for the purpose of 

analyzing muscle tissue from any species that deposits i.m. fat in muscle tissue that can 

be visualized with a standard digital camera. Additional researchers who have access to 

the computer program have expressed interest in modifying the program to characterize 

the distribution of different coloured areas on the hides of cattle. As of 2003, the program 

had been used by Dr. Luigi Faucitano for the purpose of analyzing the deposition of i.m. 

fat in the muscle tissue of both cattle and swine from the Agriculture and Agri-Food 

Research Centre, Lennoxville, Quebec, Canada. 
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Figure 20. Sample output of marbling fat characterisation data in an Excel spreadsheet 

obtained using computer image analysis in the ImageC program developed using Visual 

Basic. 
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APPENDIX 2 

Figure 21. Immunohistochemical reaction (arrow) for pref-1 (A) and corresponding 

nucleic acid stain (B) in bovine longissimus dorsi muscle; *, Adipocyte, +, Muscle fibre 

containing pref-1 positive reaction. A positive reaction for pref-1 occurred in select 
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muscle fibres indicating the pref-1 may be expressed in a muscle fibre type specific 

manner. 
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Figure 22. Immunohistochemical reaction (arrow) for pref-1 (A) and corresponding 

nucleic acid stain (B) in bovine longissimus dorsi muscle; *, Adipocyte, +, Muscle fibre 

containing pref-1 positive reaction. A positive reaction for pref-1 occurred in select 

muscle fibres indicating the pref-1 may be expressed in a muscle fibre-type specific 

maimer. 
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Figure 23. Control tissue for the pref-1 immunohistochemical reaction (A) and 

corresponding nucleic acid stain (B) in bovine longissimus dorsi muscle. 
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A P P E N D I X 3 

ctttacctccgccggtgatcagaagcctgcgtcgtctaaattcttaagtccccttgctta 60 
gttgttcaggtttgaaagaagccacaacatacaactctaagccagagacatacaagaggg 120 
acgtttccgtaaacaagtgtcattcctgaacagtcagaaattaccatggttgacacagag 180 
atgccgttttggcccaccaactttgggatcagctccgtggacctttctatgatggatgac 240 
cactcccatgcctttgacatcaagcccttcaccaccgttgacttctccagcatttccact 300 
ccgcactatgaggacattccgttcccaagagctgacccgatggttgcagattataagtat 3 60 
gacctgaagctccaagagtaccaaagtgcaatcaaagtggagcctgtatccccaccttat 420 
tattctgaaaagactcagctgtacagtaagcctcatgaagagccttccaactccctcatg 480 
gccattgaatgccgggtctgtggggataaagcgtcagggttccactatggagttcatgct 540 
tgtgaaggatgcaagggtttcttccggaggacaatcagattgaaacttatttacgatagg 600 
tgtgatcttaactgtcggatccacaagaaaagtagaaataaatgtcagtactgtcggttt 660 
cagaagtgccttgctgtggggatgtctcataatgccatcaggtttgggcgcatgccacag 720 
gccgagaaggagaagctgttagcggagatctccagcgatatcgaccaactgaacccagag 780 
tctgctgacctccgggccctggcaaagcatttgtatgactcgtacataaagtccttcccg 840 
ctgaccaaagcaaaggcgagggcgatcttgacgggaaagacgacagacaaatcaccgttt 900 
gttatctatgacatgaactccttaatgatgggagaagataaaatcaagttcaagcacatc 960 
agtcccctgcaggagcccagcaaagaggtggccatccgcatcttccaggggtgtcagttt 1020 
cgctccgtggaagccgtgcaggagatcacagagtacgccaagaatatccccggctttgtg 1080 
aaccttgacttgaacgaccaagtaactctcctaaaatacggcgtgcacgagatcatttac 1140 
acgatgctggcctccttgatgaataaggatggggtcctcatatccgagggccaaggattc 1200 
atgacaagggagtttctaaagagcctgcgaaagccctttggtgactttatggagcccaag 1260 
ttcgagtttgctgtgaagttcaacgcactggaattagatgacagcgacttagcaatattt 1320 
atagctgtcattattctcagtggagaccgcccaggtttgctgaacgtgaagcccattgag 1380 
gacatacaagacaatctgctgcaagccttggagctgcagctcaagctgaaccaccccgag 1440 
tcctcccagctctttgccaagctgctccagaaaatgacagacctcagacagattgtgaca 1500 
gaacacgtgcagctgttgcaagtaataaagaaaacagagacggacatgagtctccaccca 15 60 
ctcctacaggaaatctacaaggacttatattagcagagaagtccgagttcactgacagca 1620 
tcttccttctcccaattgcactattattttgagggaaaatctgacacctaaaaattactg 1680 
tgaaagcattgaaaagaaagtttagaataat 1711 

Figure 24. Nucleotide sequence for bovine PPARyl. The forward primer (single 

underlined nucleotide sequence) and reverse (double underline nucleotide sequence) are 

noted. 
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cctggtcctctgtgagttattcccacctcctccaaacatttggaaacggacgtcttgact 60 
cattggtgcgttcccaagttttactgccatgcatctttttctttgaacggaactggcctt 120 
ttgcaagaaatagaccaaatatcggtgggagtcgtggcaaatccctgttccgtgctgtga 180 
tgggtgaaactctgggagatgctcttattgacccagagagtgagcccttcgctgtcacag 240 
tgtctgcaaggacctcacaagaaattaccatggttgacacagagatgccgttttggccca 300 
ccaactttgggatcagctccgtggacctttctatgatggatgaccactcccatgcctttg 360 
acatcaagcccttcaccaccgttgacttctccagcatttccactccgcactatgaggaca 420 
ttccgttcccaagagctgacccgatggttgcagattataagtatgacctgaagctccaag 480 
agtaccaaagtgcaatcaaagtggagcctgtatccccaccttattattctgaaaagactc 540 
agctgtacagtaagcctcatgaagagccttccaactccctcatggccattgaatgccggg 600 
tctgtggggataaagcgtcagggttccactatggagttcatgcttgtgaaggatgcaagg 660 
gtttcttccggaggacaatcagattgaaacttatttacgataggtgtgatcttaactgtc 720 
ggatccacaagaaaagtagaaataaatgtcagtactgtcggtttcagaagtgccttgctg 780 
tggggatgtctcataatgccatcaggtttgggcgcatgccacaggccgagaaggagaagc 840 
tgttagcggagatctccagcgatatcgaccaactgaacccagagtctgctgacctccggg 900 
ccctggcaaagcatttgtatgactcgtacataaagtccttcccgctgaccaaagcaaagg 960 
cgagggcgatcttgacgggaaagacgacagacaaatcaccgtttgttatctatgacatga 1020 
actccttaatgatgggagaagataaaatcaagttcaagcacatcagtcccctgcaggagc 1080 
ccagcaaagaggtggccatccgcatcttccaggggtgtcagtttcgctccgtggaagccg 1140 
tgcaggagatcacagagtacgccaagaatatccccggctttgtgaaccttgacttgaacg 1200 
accaagtaactctcctaaaatacggcgtgcacgagatcatttacacgatgctggcctcct 1260 
tgatgaataaggatggggtcctcatatccgagggccaaggattcatgacaagggagtttc 1320 
taaagagcctgcgaaagccctttggtgactttatggagcccaagttcgagtttgctgtga 1380 
agttcaacgcactggaattagatgacagcgacttagcaatatttatagctgtcattattc 1440 
tcagtggagaccgcccaggtttgctgaacgtgaagcccattgaggacatacaagacaatc 1500 
tgctgcaagccttggagctgcagctcaagctgaaccaccccgagtcctcccagctctttg 1560 
ccaagctgctccagaaaatgacagacctcagacagattgtgacagaacacgtgcagctgt 1620 
tgcaagtaataaagaaaacagagacggacatgagtctccacccactcctacaggaaatcj 1680 
acaaggacttgtattagcagagaagtccgagttcacteacagcatcttccttctcccaat 1740 
tgcactattattttgagggaaaatctgacacctaaaaattactgtgaaagcattgaaaag 1800 
aaagtttagaataat 1815 

Figure 25. Nucleotide sequence for bovine PPARy2. The forward primer (single 

underlined nucleotide sequence) and reverse (double underline nucleotide sequence) are 

noted. 
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