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Biotechnology is the application of molecular biology tech- 
niques to problems and questions in many diverse disciplines. 
Using this relatively new technology (developed largely in the 
last 10 years) it is possible to examine both processes; e.g., 
expression of specific genes for muscle proteins, and ultimately 
mechanisms responsible for their expression. The reciproca- 
tion session detailed several applications of biotechnology 
which provide information about specific development and 
physiological processes in muscle/meat. 

Measurement of steady state messenger RNA (mRNA) for 
specific proteins or protein subunits, accomplished by quanti- 
tating hybridization of complementary DNA (cDNA) specific 
for that protein to tissue RNA extracts, is commonly used to 
estimate protein synthesis. The basis for fiber type differences 
and differentiation resides in the differential expression of 
muscle proteins. Expression of the genes for myofibrillar pro- 
teins myosin (heavy chain, light chain) and a-actin during de- 
velopment, exercise or growth, by quantitating mRNA lev- 
els provides an estimate of amount of a specific protein 
synthesized. Thus, variable protein synthesis and differential 
protein expression can be evaluated. 

An application of biotechnology to the issue of meat ten- 
derness is exemplified by measurement of the inhibitor of 
calpains, calpastatin. Calpain protease activity is intimately 
associated with post-mortem changes in muscle ultrastruc- 
ture consistent with increased tenderness. The main regula- 
tor of calpains is its inhibitor calpastatin. By cloning and se- 
quencing cDNA to bovine calpastatin, measurement of mRNA 
for calpastatin is possible and estimates of amount and activ- 
ity of calpastatin in muscle tissue can be made. Because there 
is an inverse relationship between calpastatin and calpain 
activity, increased amounts of calpastatin occur in muscle tis- 
sues (e.g., p-agonist-treated lamb) which demonstrates de- 
pressed calpain activity and limited muscle protein degrada- 
tion post-mortem. 

A third application of biotechnology to the measurement of 
synthesis and differential expression of muscle proteins in- 
volves the extracellular matrix protein collagen. By using cDNA 
to rat Q chains from procollagens type I and type 111, differen- 
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tial synthesis of these major fibrillar collagens in muscle tis- 
sues can be detected. Muscle collagen characteristics pre- 
sumed to affect meat quality traits such as concentration, 
crosslinking and phenotype proportionality can be correlated 
with increased or decreased expression of these collagens. 

Quantitation of mRNA using cDNAs to specific muscle pro- 
teins is a useful tool for identifying differential gene expres- 
sion. The technology can also be applied to estimation of spe- 
cific protein synthesis if several caveats are observed. For 
example, gene expression, i.e., level of mRNA, may not ac- 
curately reflect actual protein synthesis and accumulation. 
Regulation of protein synthesis can occur via degradation of 
mRNA prior to protein translation. In some instances, signifi- 
cant proportions of newly synthesized proteins are degraded 
before they are incorporated into cellular or extracellular struc- 
tures. With intracellular proteins (myofibrillar proteins and 
calpastatin), there is a good correlation between increases in 
gene expression and the occurrence of increased amounts of 
protein. In the case of collagen, increased expression of fibril- 
lar collagen genes and protein synthesis usually results in in- 
creased degradation as well. The fraction of collagen degraded 
(newly synthesized or existing collagen) is not distinguished 
by methods which detect variations in gene expression. 

A second aspect of biotechnology/molecular biology is 
development of techniques which probe mechanisms respon- 
sible for alterations in gene expression. Eukaryotic genes con- 
tain exons that are translated into protein, introns that are 
spliced out, and DNA sequences that regulate transcription. 
Differences in DNA sequence outside of exons may allow 
specificity of response to intracellular transcription factors. One 
question regarding genes is how they are controlled. Both pro- 
moter and enhancer regions of the gene may be studied for 
the capacity to regulate transcription. The promoter is defined 
as the minimal amount of DNA sequence that directs the cor- 
rect start site of transcription and usually contains the TATA 
sequence. The enhancer is defined as DNA sequences that 
stimulate or inhibit transcription. It is also considered one of 
the main modulators of transcription. 

Regulatory sequences on genes may be identified by mak- 
ing a fusion gene that contains the promoter of interest in a 5' 
position toa reporter gene (he., CAT, GH, luciferase). Reporter 
genes typically lack their own promoters; thus, reporter genes 
can only be transcribed if a functional promoter is inserted in 
a 5' position to the reporter coding sequences. After the fu- 
sion gene is made, it is typically inserted into cells and regula- 
tory sequences are tested. If cells have all of the components 
for transcription of the gene of interest, the reporter protein 
should be produced at high levels. Deletion analysis will aid in 
identifying specific sequences in the promoter and enhancer 
regions that regulate transcription. 

64 




