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Abstract 

Thj. primiparous Holsteins were received either recombinant bovine growth 

hormone (bGH), growth hormone releasing factor (bGRF), or no treatment. Both 

treamients elevated milk production and nonesterified fatty acid concentration 

without changing miik fat percentage. We examined acetyl-CoA carboxylase and 

fatty acid synthase as a measure of de novo synthesis, and lipoprotein lipase as an 

indicator of fat uptake in the mamrnary gland and omental fat. Finally, stearoyl- 

CoA desaturase was exarnined as an indication of fatty acid desaturation. Both 

bGH and bGRF treatment were hypothesized to result in elevated lipid 

metabolism in the mammary gland and reduced lipid metabolism in adipose tissue. 

Neither treatment exerted a signifiant effect on the parameters measured in the 

mammary gland, while both treatments significantly reduced al1 the omental fat 

measurements. We conclude that the majority of substrate required for increased 

milk fat synthesis may be provided by the increased uptake of nonesterified fatty 

acids. 
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Chapter 1 - Introduction 

The Role of Bovine Growth Hormone and Growth Hormone-Releasing 
Factor in Fat Synthesis of the Holstein Cow. 

Introduction 

Lactation is a complex physiological process that is mediated by hormones which 

influence mammary gland development and redirect nutrients to the mammary 

gland fiom other tissues. One of the key lactogenic hormones in ruminants is 

growth hormone (GH). Administration of the recombinant and pituitary denved 

venions of this hormone increases yield of milk and mi& cornponents (5, 8, 20, 

21,22,27, 28,44,49,68,71, 76). The composition of the milk of animals treated 

with this hormone is generally unaltered, although there have k e n  reports of 

increases in milk fat percentage (10, 45). In order to understand the exact means 

by which growth hormone stimulates miik production, and in particuiar its impact 

on milk fat synthesis, we designed an experiment in which we examined the 

a u e n c e  of bGH and bGRF on enzymes involved in fat metabolism. This 

chapter provides background information on the control of initiation and 

maintenance of lactation with particular reference to the hormones and enzymes 

evaluated in thk study. 

I.1- Hormones 

The omet of lactation in the bovine is mediated by a hormonal cascade that begins 

prior to parturition. In the latter portion of gestation, progesterone begins to 

decline and drops off dramatically at parturition (30). During gestation when the 

progesterone concentration is high, the synthesis of lactose is inhibited thus 

preventing commencement of milk production. At this time estrogen and 

placental lactogen concentrations are hi& (5). Elevated estrogen dimulates the 

release of prolactin fiom the anterior pituitary which then acts on the mamrnary 



gland to maintain the functional and structural integrity 

stimulate milk production as progesterone levels decline. 

of the celIs, and to 

Placental lactogen is 

similar in structure to GH and prolactin and acts upon adipose tissue, mammary 

gland and liver. .4t the end of gestation, when estrogen Ievels are elevated and 

progesterone levels are depressed mammary development and lactose synthesis 

are stimulated. Oxytocin is also secreted fiom the posterior pituitary which 

stimulates u t e ~ e  contractions and milk secretion. At this stage GH, which is 

accepted as the principle hormone involved in the maintenance of milk production, 

(29) is also elevated. Growth hormone acts directly on tissues such as adipose 

tissue and liver, and indirectly on the mammary gland, although there is some 

evidence to suggest that the action on the mammary gland may also be direct. 

This resuits in nutrient partitioning to the mammary gland, and the synthesis of 

insulin-like growth factor 1 (IGF-1) in the liver, which acts on the mammaty gland 

and is involved in the process of nutrient partitioning. The hormonal changes 

occur in concert to initiate lactation. 

1.2 - Lactation C m e  

Lactation in the bovine is compnsed of three distinct periods: early, mid and late 

lactation, and lasts approximately 305 d followed by a 60 d dry penod. Milk 

yield follows a defined pattern which can be used to create a lactation curve 

(Figure 1.1). Eady lactation is defined as the first twelve weeks of lactation (79). 

During this t h e ,  the a d  reaches peak production. AAer parturition, milk 

production gradually increases reaching a peak at 4 to 8 weeks post-partum. 

Administration of bGH helps to maintain the peak and persistency of the 

lactation curve. The exact time at which the animal's milk production peaks can 

vary, and is a reflection of the nutritional and health status of the animal. In early 

lactation, the animal is in negative energy balance as milk yield peaks prior to the 

peak in feed intake. Adipose tissue is mobilized to provide the additionai 



substrate needed to meet the energy requirernents for milk production. In 

addition, Iipogenesis in adipose tissue is suppressed in order to favour miUc fat 

production. Adipose tissue mobilization acts as a source for long chah fatty acids 

which can be incorporated into rniik fat. During early lactation, the rniik fat 

percentage tends to be lower than in rnid or late lactation. In addition, during early 

lactation C6 - C 16 tend to be higher in concentration and C4 and C 18:O - 1 8:2 tend 

to be reduced (49). The stage of lactation can greatly influence the fatty acid 

composition of mi&. 

Mid lactation is defined as the period of production occurring between twelve and 

thirty weeks post-pamim (79). Durllig this time milk production continues to 

decline. The concentration of milk components is higher during rnid lactation than 

during early lactation. The animals are in positive energy balance as feed intake has 

been elevated to accommodate the demands of milk production. When the animals 

are in positive energy balance, adipose tissue is not being mobilized to the same 

extent. However, during this t h e  lipogenesis in adipose tissue is reduced in order 

to direct the dietary nutrients away fiom adipose tissue to the mammary gland. 

During this period and late lactation, C6 - Cl 6 and C l  8 remain relatively stable 

(49). 

Late lactation is defined as the period fiorn approximately 30 weeks post parturn 

to drying off which occurs at around 44 weeks (79). During this period, milk 

production continues to decline until the animal is dried off at around 305 days of 

lactation. At this time the milk is more concentrated so that the milk fat 

percentage is higher than dining early or rnid lactation. The anirnals are still in 

positive energy balance and are not experiencing lipolysis. As well, Iipogenic 

activity in adipose tissue is higher than during rnid lactation. As a result, lipid 

storage in adipose tissue is active as the animal regains its body condition. 



1.3 - Mük Composition 

Bovine milk is characterized by milk lipids that are primarily triglycerides (Table 

1.1) (17). Of the fatty acids in milk, approxirnately 25 % are short and medium 

chah fatty acids which are synthesized in the mammary gland. The majority (64 

%) of fatty acids in milk are saturated fatty acids while the remainder are 

primarily monounsaturated fatty acids (17). The action of niminal 

biohydrogenation on dietary lipid results in a hi& degree of saturation of dietary 

fatty acids. This maintains unsaturated and polyunsaturated fatty acids at a low 

concentration in milk. Stearoyl-CoA desaturase is present in the mammary gland 

and its action results in the introduction of a cis A9 double bond in palmitic 

(C16:O) and stearic (C18:O) acids to yield palmitoleic (C16: 1) and oleic (C 18: 1) 

acids. 

Milk protein is largely made up of two major groups: casein and whey proteins. 

niere are four kinds of casein proteins: al, a,, p, and K. The whey proteins are 

comprised of &lactoglobulin, a-lactalbumin, Iactoferrins and imrnunoglobulins. 

The other proteins that are represented in rnilk include a wide array of enzymes. 

Caseins are important for cheese production while the whey proteins are king 

examined for a variety of different uses including some bactenocidal properties. In 

addition to protein, milk possesses nitrogen in the fom of non-protein nitrogen 

(NPN). Amino acids are provided by diet and muscle turnover. Growth hormone 

stimulates muscle turnover and partitioning of dietary arnino acids to the 

mammary gland to support the enhanced rnik production. 

Carbohydrates in milk are represented by lactose, monosaccharides, and 

oligosaccharides. Lactose is the most important of these components as it 

functions as the osmoregulator of mik. The production of lactose in the 



marnmary gland directly determines the amount of miik that is being produced. In 

order to cause miUc increases, lactose must fust be hcreased. The ability of 

lactose to osmoregulate milk meam that the synthesis of lactose and milk are 

closely associated. At the onset of lactation, progesterone deciines which enables 

lactose to be synthesized. This action dong with the release of prolactin, 

stimulates milk production. Following treatment with bGH, gluconeogenesis in the 

Liver is stimulated (7) which increases the potential for lactose synthesis in the 

mammary gland. Glucose transporters are required for the uptake of glucose into 

the mammary gland as glucose can only be synthesized in the Liver. Growth 

hormone stimulates milk production by increasing lactose synthesis. However, 

Zhao et al (80) demonstrated that bGH and bGRF treatment had no impact on 

glucose transporter GLUT 1 protein in the mammary gland. This suggests that 

the uptake of glucose into the mammary gland is not a rate limiting step in milk 

lactose synthesis. The remaining components of the solid fraction of milk are 

comprkd of minerais, vitamins and salts. 

1.4 - Milk F u t  Synfhesis 

Bovine milk fat is derived fiom three sources: de novo synthesis in the mammary 

gland, dietary lipids and adipose tissue mobilization. Milk fat is estimated to be 

made up of 50 % fatty acids fiom de novo synthesis, 40 - 45 % fiom dietary 

sources and 10 % fiom adipose tissue mobilization (59). The animal's energy 

balance, stage of lactation and diet will greatly infiuence the extent to which any of 

these three sources an utilized for rnilk fat synthesis. Short and medium chah 

fatty acids are synthesized directly from acetate, fbhydroxybutyrate and lactate in 

the mammary gland through the action of acetyl-CoA carboxylase and fatty acid 

synthase. Other fatty acids are denved fiom dietary lipids and adipose tissue 

mo bilization. 



1.4.1 - De Novo Fatty Acid Synthesk in the Mamary  G h d  

The marnmary gland is one of the two primary sites of lipogenesis in the nuninant 

animal. At parturition, the lipogenic genes acetyl-CoA carboxylase (ACC) and 

fatty acid synthase (FAS) are induced in the mammary gland and the enzymes are 

produced in abundance (9, 60). The genes are induced to accommodate de novo 

synthesis that is required in the mammary gland for rnük fat synthesis. Fatty 

acids of up to 1 6 or 1 8 carbons can then be synthesized. Long chah fatty acids 

cannot be synthesized in the mammary gland as there is no elongase activity in the 

mamrnary gland within the alveolar epithelial cells (17). Long chah fatty acids are 

provided by the diet and adipose tissue mobilization. 

Fatty acids in the mammary gland are synthesized using acetate, p- 

hydroxybutyrate and lactate as the substrate (5, 17, 53). These are produced in 

the rumen as a result of microbial degradation of dietary carbohydrates. Acetate is 

the primary substrate and P-hydroxybutyrate is the second most common 

substrate for ndk fat synthesis. B-hydroxybutyrate favours the synthesis of 

medium chah fatty acids (MCFA). The VFAs are converted to acetyl-CoA 

which cm be used as the substrate for ACC to yield malonyl-CoA which is then 

used as the substrate for fatty acid synthesis. Unlike monogastrics, ruminants are 

not able to use the products of glycolysis, Le. pyruvate, for miik fat synthesis. 

The pynivate/malate cycle which is required for the utilization of pyruvate is not 

active in the ruminant mammary gland (64). Volatile fatty acids are the only 

substrate source utilized in de novo synthesis of fatty acids in the ruminant 

mammary giand. 

Fatty acid synthesis occurs in the cytosol of mammary alveolar cells through the 

action of ACC and FAS. The majonty of milk fats that are synthesized in the 

mamrnary gland are 4 - 16 carbons in length. Acetyl-CoA carboxylase is generally 



considered to be the rate limiting enzyme of fatty acid biosynthesis. The enzyme 

enables the conversion of acetyl-CoA to malonyl-CoA which is the substrate for 

fatty acid biosynthesis, and occurs via the addition of CO2 nom the donor HC03'. 

The resdtant malonyl-CoA is the substrate for FAS which can then synthesize 

fatty acids of up to 16 or sometimes 18 carbons in length. 

In the first step of fatty acid biosynthesis, acetyl-CoA and malonyl-CoA are 

condensed through a senes of reactions which are carried out by the 

multifunctional FAS enzyme. The result is an acyl chah of four carbons in length. 

The steps of fat synthesis following this initial step, involve the cyclic addition of 

two carbons from malonyl-CoA resulting in the acyl chab elongation up to a 

maximum of 16 carbons. Mammary gland FAS is unique in its ability to release 

SCFA and MCFA as activated CoA estes (17, 65, 66). This enables SCFA and 

MCFA to be released in a form which cm then be incorporated into triglycerides 

and secreted in milk. 

1.4.2 - Adipose Tissue Mobilizatim 

In ruminants, unlike monogastrics, the b e r  is capable of virtuaily no lipogenic 

activity (19). This is primarily due to the fact that there is very Iittle ACC 

activity in the liver (3). Also, the liver bas only limited capacity for fatty acid 

secretion (19). For this reason, lipids derived fiom body stores are denved 

exclusively fiom adipose tissue. 

Adipose tissue mobilization is mediated by two events: enhanced lipolysis and 

reduced lipogenesis. This process is stimulated in the early part of lactation when 

animals are in negative energy balance (5) which occurs when the energy 

requirements of lactation exceed those provided by the diet. The animals then 

rnobilize their energy reserves in order to meet the energy demands of lactation. 



De novo synthesis accounts for approximately 50 % of miik fatty acids which 

means that the remainder are provided by dietary lipids and adipose mobilization. 

During lactation, insulin levels are reduced while GH levels are increased. Insulin 

normaiiy stimulates Lipogenesis in adipose tissue and inhibits lipolysis. Growth 

hormone acts upon adipose tissue via GH receptors and renders the tissue 

insensitive to insulin (45,54,73). In addition, epinephrine stimulated li po ly si s is 

enhanced by GH (5). These combined events result in nutrients king directed 

away fiom adipose tissue to the mammary gland for miik fat synthesis. As well, 

the rnobilization of lipid provides long chah fatty acids to the mammary gland for 

milk fat synthesis. 

Epinephrine stimulates lipolysis by activating adenylate cyclase which results in a 

p hosphory Iation cascade that activates hormone sensitive lipase (HS L) ( 1 3). 

Hormone sensitive lipase then stimulates lipolysis resulting in the release of non- 

esterified fatty acids (NEFAS) and glycerol into the blood stream. The NEFAs 

can be transported to the mammw gland where they are taken up via a 

concentration gradient which is created as the fatty acids are incorporated into 

ûiglycendes in the tissue. The avaiiability and uptake of NEFAs into the 

mammary gland is increased dlrring early lactation (56) when the animals are in 

negative energy balance. This represents one of the two sources of long chah 

fatty acids in rnilk fat. The other source is dietary lipid. 

1.4.3 - Utilzation of Dieta y Fat 

Dietary lipids are the final source of milk fatty acids. Lipids are ingested as part 

of the forage and grain or in the fom of lipid supplements such as tallow and oil 



seeds. Normally, lipid accounts for less than 5 % of the total diet (59). Ngher 

levels of fat can have detrimental effects on the rumen environment and microbes, 

resuiting in impaired fermentation. The majority of lipids are acted upon b y 

rumen microbes and are biohydrogenated. The rumen bacteria f ~ s t  hydrolyse 

dietary triglycendes to yield fatty acids and glycerol. These fatty acids can then 

be acted upon by both bacterial and protozoan populations and are saturated. 

The extent of saturation depends upon the nimen conditions as this will determine 

what microbes are present in the nimen (59). The saturation of fatty acids in the 

rumen causes fatty acids feaching the smaü intestine, regardless of the degree of 

sahiration of fatty acids in the diet, to be primarily saturated. 

Recently, there has been a lot of work done on the feeding of protected lipids to 

the animal. The oil droplets can be protected in a variety of ways, e.g. 

fomaidehyde or calcium ion protection, to yield a product which resists 

biohydrogenation in the rumen. These lipids are not acted upon by the ruminal 

microbial population which results in their king made available to the animal Li 

their original form. The lipids are absorbed in the mal1 intestine and c m  then go 

directly to the mammary gland. This enables the amount and type of unsaturated 

fatty acids present in milk to be aitered. 

Dietary fatty acids of Cl2 or less can be absorbed directly into the blood strearn 

from the rumen. The remainder and d protected lipids are absorbed from the 

small intestine. Fatty acids are formed into micelles primarily in the jejunem of 

the small intestine. These are then taken up into the villous cells and are packaged 

as triglycerides into chylomicrons. The chylomicrons are released into the blood 

strearn and c m  be transported to the marnrnary gland. 



Dietary fatty acids are taken up into the mammary gland from chylomicrons 

following catalysis by lipoprotein lipase (LpL). Lipoprotein lipase catalyses the 

hydrolysis of triglycendes contained within the lipoprotein to release fkee fatty 

acids and monoglycerides. The fatty acids and rnonoglycerides are then taken up 

into the mammary gland through a concentration gradient which is created as the 

fatty acids are converted into triglycendes in the mammary gland. These 

triglycerides can then be released in the mik as a portion of milk fat. 

Like the lipogenic genes, ACC and FAS, LpL is induced at the tirne of parturition 

in the mammary gland and demonstrates high activity during lactation (26, 35). 

Lipoprotein lipase activity increases during late gestation and remains high 

throughout lactation (42,47). This enables dietary fatty acids which are packaged 

in chylomicrons, to be utilized by the rnammary gland for milk fat synthesis. 

1.4.4 - Synihesis of Uns~turated Milk Fatîy Acids 

The marnmary gland possesses the ability to introduce a cis double bond at the C9 

position of palmitic (C16:O) and stearic acid (Cl 8:O). This enables the animal to 

maintain rnilk fluidity by ensuring a minimum percentage of unsaturated fatty 

acids. The ability of the animal to desaturate fatty acids in the marnrnary gland is 

an essential adaptation to m e n  biohydrogenation. 

Stearoyl-CoA desaturase (SCD) is induced at the onset of lactation and displays 

high activity. This enables palmitic acid which is generated fiom the three sources 

of milk fat, and stearic acid which is derived fiom adipose tissue mobilization and 

diet, to be desaturated at the A 9  position. This maintains the percentage of 

unsaturated fatty acids at a concentration suficient for maintainhg milk fluidity. 

Normally, C 16: 1 and C 18: 1 account for approximately 30 % of milk fatty acids 

( 1 7) with C 1 8 : 1 being the predominant monounsaturated fatty acid. The rnaj ority 



of C16:l and C18:l are derived through the action of SCD in the mammary gland. 

This is an essential function in the ruminant animai for maintainhg the fluidity of 

miUc 

1.5 - G r o h  Hormone 

Growth homone is a naturally occurring hormone which belongs to the same 

f d y  of hormones as prolactin and placentai lactogen and is released fiorn the 

anterior pituitary. The receptors for these hormones are also sirnilar in structure 

and signai transduction (1 0). Growth hormone-releasing factor and somatostatin 

(SS) are produced in the hypothalamus and act directly on the anterior pituitary. 

Growth hormone is stored in secretory granules of the somatotroph cells of the 

anterior pituitary which are released via exocytosis (10). Growth hormone- 

releasing factor stimulates the release of GH fiom the pituitary while SS inhibits 

its release (7,33,48). As well, elevated senim GH levels feedback and inhibit the 

release of GRF and stimulate the release of SS which in tum inhibits the release of 

GH (10). Insulin-like growth factor 1 also acts in this way to prevent the . 

secretion of GH when serum IGF-1 levels are high (10). Growth hormone is 

involved in growth and in rnilk production and is elevated during lactation and in 

ruminants, is the major hormone involved in lactation (4, 74, 76). Prolactin 

stimulates the onset of lactation and GH is the primary hormone involved in the 

maintenance of lactation. The secondary role of prolactin was dernonstrated by 

bromocriptine treatment which counteracts the action of prolactin. Bromocriptine 

treatment had no effect on miik production which indicated that in ruminants, 

prolactin is not the primary lactogenic hormone as it is in monogastrics (27). 

Milk production is believed to be stimulated by GH indirectly rather than 

directly. Growth hormone stimulates the partitionhg of nutrients fkom other 

tissues in the body, in particular adipose tissue, to the mamrnary gland (5,29, 56). 



In addition, IGF-1 concentration is elevated by GH. bulin-like g r o w ~  factor I 

then acts directly on the mammary gland epithelial ceils through IGF-1 receptors 

and nimulates mük production (29, 61). Insulin-like growth factor I is also 

mitogenic and stimulates the division of the mammary epithelial cells which 

supports the increased milk production (29). 

Nutrient partitioning fiom the adipose tissue is supported by a combination of 

processes. When animals are in positive energy balance it is generally accepted 

that nutrient partitioning away fiom adipose tissue to the mammary gland is 

supported by a reduction in adipose tissue lipogenesis. This prevents the 

precursors of lipid synthesis from being directed to adipose tissue for lipid storage 

and leaves them available for III& fat synthesis in the mamrnary gland. Growth 

hormone acts on adipose tissue directly by binding to GH receptors. This inhibits 

the action of insulin on adipose tissue which results in inhibition of lipogenesis 

(7,51,72). The end result is that the activity, mRNA and protein abundance of 

the lipogenic enzymes are significantly reduced by GH action (22,45,76). 

In addition to inhibiting lipogenesis, epinephrine stimulated lipolysis is enhanced 

by GH action on adipose tissue (5, 22, 63, 72, 77, 78). Lipolysis occurs when 

animals are in negative energy balance (7, 45) and underlies adipose tissue 

mobilization. Growth hormone stimulates the action of HSL resulting in lipolysis 

of the adipose tissue depot. Lipolysis is also supported by the ability of GH to 

inhibit the anti-lipolytic action of adenosine and prostaglandin E2 (72). The 

increased lipolysis releases NEFAs into the blood Stream which are then 

transported to the mammary gland and are taken up for milk fat synthesis. 

Growth hormone also stimulates the uptake of NEFAs by the rnamrnary gland 

(14,55). 



Growth hormone acts upon the liver to stimulate gluconeogenesis, glycogen 

mobiiization and IGF-1 release. This ensures that glucose is available to the 

rnammary gland for lactose synthesis. During lactation, glucose is preferentially 

utilized by the mamrnary gland which enables the maintenance of mük production 

(5). As weli, GH stimulates mobilization of protein fkom muscle to provide 

amino acids to the mammary gland as substrate for milk protein synthesis. 

The nahiral galactopoietic action of GH has lead to its use as means of enhancing 

milk yield. Originally, an attempt was made using pituitary derived GH. 

However, the yield of GH that was obtained fiom pituitary glands did not rnake 

this a possibility for large scale use in miU< production. The advent of 

recombinant DNA technology in the 1980's enabled the production of large 

arnounts of relatively inexpensive recombinant bovine GH (bGH) (10). This has 

allowed wide scale investigation and the use of this product in commercial milk 

production. 

The galactopoietic effect of bGH has been arnply demonstrated (5, 8, 20, 21, 22, 

27,28,44,49, 68,71, 76). Trials with bGH at different stages of lactation and at 

varying doses have demonstrated significant increases in milk yield. As a result of 

this, bGH is now king used in the United States in commercial production to 

stimulate milk yield. Recombinant bGH has been demonstrated to increase milk 

production mainly without altering milk composition (7, 20, 21, 37, 38, 49, 67) 

although there have been some reports of milk fat percentage increases (3 1, 45). 

In particular, mik fat percentage and composition are normally unaltered (2, 20, 

37, 38, 49, 67). Therefore, although milk composition is generally unaltered the 

yield of milk components is enhanced as a result of elevated m i k  yield. This 

requires increased uptake and synthesis of fat, lactose and protein in the 

mamrnary gland. As miUc yield is increased, the processes which are naturally 



Uiduced or inhibited by GH during lactation are enhanced by exogenous bGH 

administration. 

The action of GH and the ability of bGH to enhance milk production without 

dramatically altering miJk composition makes GH an interesting hormone for 

examination. There is still much information to be gained about the exact nature of 

the action of GH on the mammary giand While the direct evidence to date 

suggests that GH exerts its effects on the mammary gland indirectly, &A for 

GH recepton has been demonstrated (32) and IGF-1 and IGF-II have been 

dernonstrated to be ineffective in their ability to maintain milk production at the 

same level as GH. This is a complex issue which needs to be resolved through 

M e r  investigation. 

i .6 - AcetyIKoA Carboxylase 

Acetyl-CoA carboxylase is synthesized in lipogenic tissues such as adipose 

tissue, mammary gland and the liver of monogastrics. This enzyme canies out the 

first committed step to fatty acid synthesis which involves the carboxylation of 

acetyl-CoA to yield mdonyl-CoA. This is the product of the following half 

reactions which comprise the rate limiting step of fatty acid synthesis. 

(1) Enzyme-biotin + WCOJ' + ATP -4 Enzyme-biotin-CO2 + ADP + Pi 

(2) Enzyme-biotin + acetyi-CoA --> Enzyme-biotin + malonyl-CoA 

There are two catalytic regions in ACC which catalyse these half reactions (34). 

The net result is that acetyl-CoA is carboxylated in an energy requiring reaction 

using bicarbonate as a donor to yield malonyl-CoA as a product. 



Acetyl-CoA carboxylase is norrnally expressed in the adipose tissue of niminant 

animals. Unüke monogastncs, ACC activity is extremely low or absent in the 

nuninant iiver which has virtuaiiy no fatty acid biosynthetic or secretion capacity 

(3). At the omet of lactation, ACC is induced in the mammary gland in order to 

carry out de novo synthesis of fatty acids in the rnammary gland for rnik fat 

synthesis. This increase is associated with a rise in the total amount of ACC as 

weii as the proportion which is in the active -te (50). In addition to the 

stimulation of iipogenesis in the mammary gland at parturition, ACC activity, 

mRNA and protein abundance are reduced Li adipose tissue (75). This ensures 

that substrate for mdk fat synthesis wiiI be preferentially directed to the 

mammary gland* 

The regdation of ACC is cornplex. It is subject to homonal and dietary 

regulation Covalent modification and allostenc control aliow the enzyme to be 

responsive to the physiological requirements of the animal. The enzyme is 

subject to both rapid and long term regulation. Rapid regulation is accomplished 

through covalent modification and ailostenc feedback while long terni regulation is 

exerted when gene transcription is altered. 

The enzyme can be reversibly activated or inactivated through covalent 

modification. In this way, protein kinase A, CAMP and AMPK phosphorylate 

specific serine residues rendering the enzyme inactive (16,57). Serine residues 77, 

79 and 1200 can be reversibly phosphorylated. When the enzyme is 

phosphorylated it becornes inactive, but it can be re-activated by 

dephosphorylation. This process is determined by the physiological state of the 

animal and whether there is a requirement for fatty acid synthesis. 



Ailosteric feedback control is exerted by citrate and long chah fatty acyl-CoA 

(57). Citrate is a substrate which can be converted to acetyl-CoA through the 

removal of oxaloacetate. As a result, higher concentration of citrate stimulates 

acetyl-CoA carboxylase activity while low concentrations are inhibitory. Ln 

addition, the products of fatty acid biosynthesis, long chah fatty acyl-CoA 

inhibit ACC activity when the concentration is hi& When concentration of the 

acyl-CoAs is low and there is sufncient substrate, fatty acid biosynthesis and 

ACC activity are stimulated. 

Long terni regdation is exerted at the level of transcription (40). Lactation is an 

excellent example of this process as the gene encoding ACC is induced at 

parturition. This gives rise to elevated mRNA concentration and activity in the 

mamrnary gland. Messenger RNA abundance, and there fore transcription, of 

ACC in adipose tissue is reduced. At the end of lactation, the opposite situation 

occurs when transcription of ACC king tumed off in the mammary gland and 

upregulated in adipose tissue. This enables the animals to respond to the demand 

for mik fatty acids which is created by lactation. 

Diaing lactation, serum innilin concentration is reduced and ST concentration is 

increased. Insulin is a potent stimulator of adipose tissue ACC, but during 

lactation with its reduced concentration and the increased concentration of ST, the 

ability of insulin to stimulate ACC activity in adipose tissue is inhibiteci. This 

results in the activity of ACC king significantly reduced in adipose tissue during 

lactation. Recombinant bGH has k e n  demonstrated to reduce ACC activity 

M e r  in the adipose tissue of lactating cows and goats (22,45,77). 

Acetyl-CoA carboxylase has 265 and 280 kDa protein isofonns which are tissue 

specific. The 280 kDa protein is found in heart and skeletal muscle and is 



insensitive to the nutritional status of the animal (34). The 265 kDa protein is 

found in adipose tissue, mammary gland, and the monogastric Liver and is 

idluenced by the nutritional status of the animal, and is therefore insulin 

responsive. In lipogenic tissues, fatty acid biosynthesis responds to the dietary 

availability of fatty acids and substrates of their synthesis. 

The coding sequence of the gene for acetyl-CoA carboxylase has also been 

demonstrated to possess two promoters denoted PI and PII, in mice (18, 43, 60). 

It is Likely that this is the case in ruminants also due to the hi& degree of 

conservation in the coding and amino acid sequence of this enzyme among species. 

The promoters give rise to multiple transcripts of varying sizes due to differential 

splicing of the five exons of ACC, and are active in a tissue specific rnanner also 

(18, 43, 60). Promoter I is active in adipose tissue, is insulin responsive, and is 

responsible for producing Class 1 transcripts which are found only in adipose 

tissue. Durhg lactation, the activity of PI and the concentration of Class 1 

transcripts are reduced (60). Prornoter 1 is not active in the mammary gland. It is 

believed that PI1 is ubiquitous aithough it does not function to an appreciable 

degree in adipose tissue (43). It bas been proposed that PI1 may fûnction to 

provide the fatty acid requirements essential for cellular function (1 8). Prornoter 

II is active in the mammary gland and can be induced so that the level of 

expression is enhanced during lactation (18,60). This enables ACC protein to be 

synthesized in the marnmary gland during lactation. Unlike PI, PI1 is not insulin 

responsive (43) which M e r  supports the differential expression of ACC. 

The existence of different promoters and isozymes enables ACC to respond to the 

demands of the specific tissues based upon the animal's physiological and 

nutritional status. This enables the animal to respond to its lipid requirements 

rapidly and over the long tem. In this way, the animal has adapted to complex 



physiological processes in such a way that a gene may be m e d  off in adipose 

tissue and tumed on in the mammary gland. This enables nutrients to be 

favourably directed to the mammary giand in order to support the Uicreased 

demand for substrate required for lactation. 

Acetyl-CoA carboxylase is the key enzyme iovolved in fatty acid synthesis. As 

the rate limiting enzyme, understanding the influence of GH on ACC action 

provides insight into its regdation in the bovine mode1 during lactation. This is an 

essential element in the eventual goal of manipuiating milk fat percentage to meet 

consumer demand. 

1.7 - Fat@ Acid Synthase 

Fatty acid synthase (FAS) is a multifunctiond protein which carries out a series 

of reactions resultùig in the formation of fatty acids of up to 16 or sornetimes 18 

carbons in length. The FAS enzyme exists as a native homodimer comprised of 

two 260 kRa polypeptide chains organized in a head to tail m g e m e n t  (34). 

The protein is arrangeci into a rnuitifunctional globular arrangement with six 

catalytic activities and an acyl carrier protein (ACP) (34). Fatty acids are 

synthesized through cyclic elongation resulting in the sequential addition of two 

carbons to the acyl chain. In each cycle, al1 emyme activities are required with the 

exception of the thioesterase. The cycles continue until the fatty acid has reached 

a maximum length of 16 carbons at which time the thioesterase catalyses its 

release from the enzyme. 

The fust step involves the condensation of acetyl-CoA and malonyl-CoA and 

yields a four carbon acyl chah Both substrates are bound to the ACP and are 

brought into contact with the multifunctional enzyme so that the other catalytic 

functions can be canied out. Once the four carbon acyl chah has been generated. 



the cycle of reactions beglis again with the malonyl moiety bound to the ACP 

acting as the two carbon donor. This continues until the thioesterase releases the 

f d  acyl-CoA h m  the enzyme (Figure 1.2). 

The first reaction is catalysed by acyl tramferase. In this step, acetyl-CoA and 

mdonyl-CoA then malonyl-CoA alone, are bound to the enzyme at the 4' 

p hospho pantetheine residue and CoA-SH is released. The second reaction 

involves B-ketoacyl synthase and results in the condensation of the ACP bound 

acetyl and malonyl groups and subsequently between the acyl chah and a malonyl 

group. fi-ketoacyl reductase then acts on the condensed products to reduce them 

using NADPH + H+ as a reducing agent to yield a reduced acyl chain and NADP'. 

The fourth step involves the removal of a water molecule and is catalysed by $- 

ketoacyl dehydrase to yield a water molecule and an acyl chah possessing a 

double bond between C2 and C3. This is then reduced in the fi* step under 

catalysis by enoyl reductase using NADPH + H+ as a reducing agent. The cycle is 

then repeated several times using malonyl-CoA as the two carbon donor until the 

acyl chain is released. 

Normally, this process occurs util pdmitoyl-CoA (C16:O) is released. In many 

species this cm then be extended by elongase to produce long chah fatty acids. In 

the ruminant mammary gland, there is no elongase activity (1 7) which means that 

fatty acids which are greater than 16 carbons in length can only be denved fiom 

the diet or adipose tissue rnobilization. As well, the bovine mammary gland FAS 

is unique in the ability of the thioesterase to release activated short and medium 

chah fatty acyl-CoA (C4 - C14) as well as palmitoyl-CoA (65, 66). This is 

especialty important in the cow mammary gland as SCFA and MCFA comprise a 

significant portion of miUc fat. BoWie mammary gland FAS aiso lacks substrate 

specificity which enables acetoacetyl-CoA and crotonyl-CoA to be utilized in 



addition to acetyl-CoA and malonyl-CoA as substrates for fatty acid synthesis 

(1). This enables fat synthesis to be canied out when acetyl-CoA is limiting. 

Fatty acid synthase is induced in the mammary gland at parturition. It is also 

significantly reduced in adipose tissue at this time (74). In the same way as ACC, 

this enables the substrates for fat synthesis to be concentrated to the mammary 

gland in order to promote mdk fat synthesis. During this state, lipogenesis in 

adipose tissue is suppressed so that lipid storage is not favoured. Fatty acid 

synthase is subject to hormonal and dietary regdation which c m  be exerted during 

transcription and translation (34,55). Insulin nonnally stimulates FAS in adipose 

tissue, but the reduced insulin concentration and increased GH Ievels associated 

with lactation, result in the reduction of activity, protein and mRNA abundance in 

adipose tissue. 

As in ACC, two promoters (Pi and PH) have been identifieci in the FAS coding 

sequence (39). Promoter II is downstream fiom PI. This may also be tnie in the 

bovine due to the highly conserved nature of the FAS coding and amino acid 

sequence. It is possible that these function in a tissue specific manner similar to 

ACC which may in part determine the differential expression of FAS in mammary 

gland and adipose tissue during lactation. 

Treatment with bGH has been demonstrated to m e r  reduce FAS activity in 

adipose tissue (36, 45). The ability of GH to act directly on adipose tissue and 

not on mamxnary gland rnay also form the basis for the ciifference in action 

between these two tissues. 



WhiIe de novo synthesis accounts for only a portion of milk fat synthesis, 

understanding the action of FAS is essential to the eventual manipulation of miUc 

fat. 

2.8 - L@oprutein Lipase 

Lipoprotein Iipase (LpL) catalyses the hydrolysis of tnglycerides contained 

within lipoproteins such as very low density lipoproteins (VLDL) and 

chylomicrons. In adipose tissue and muscle, LpL is synthesized in the 

parenchymai ceiis and is transported to the capillary endothelium where it is 

bound to the surface with heparin sulfate linkages (25). In mammary gland, LpL 

is synthesized in the epithelial cells of the marnrnary alveoli and is then 

transported to the capillary endothelium (1 1,4 1). 

At parturition, LpL is induced in the mammary gland and is reduced in adipose 

tissue (52). Exogenous bGH tends to enhance this process (46). However, bGH 

apparently has no effect on the activity of LpL in the mammary gland (46). 

During lactation, LpL activity in the rnammary gland is high which increases the 

delivery of fatty acids fiom dietary and endogenous sources. In niminant animais, 

the triglycerides being delivered to the marnmary gland are mainly of dietary origin 

and are contained within chylornicrons as the ruminant Liver has very little 

capacity for either fatty acid synthesis or VLDL release. 

Dietary fatty acids are packaged into chylomicrons in the srna11 intestine and are 

transported to the tissues of the body. During lactation, the concentration of 

chylomicrons which are directed to the mammary gland is enhanced and the 

triglycende delivery to adipose tissue and muscle is reduced. This is reflected in 

the LpL activity in the peripheral tissues. This results in dietary triglycendes 

being preferentially directed to the m a m m q  gland Once the chylomicrons have 



reached the target tissue, LpL bound to the capillary endothelium is activated b y 

apolipoprotein CII which is contained in the chylomicron (25). The triglycerides 

contained within the chylomicron are then hydrolysed to yield primarily free fatty 

acids and 3-monoglycerides (25). The fiee fatty acids and monoglycerides are 

then taken up into the target tissue via a concentration gradient which is created as 

the fiee fatty acids and monoglycerides are converted to triglycerides in the tissue 

(62). The eiglycerides which are forrned in the mammary gland are then utilized 

for milk fat production. This is one of the sources of long chain fatty acids and 

potentiaily unsaturated fatty acids in the rnik fat of the ruminant animal. 

Lipoprotein lipase is stirnulated by insulin (23, 24). Nonesterified fatty acids are 

believed to inhibit LpL activity (25). The activity of LpL can be controlled at the 

level of transcription, translation, post translational modification, processing and 

secretion (23). This enables short and long term regdation of LpL. Although the 

activity of LpL in the lactating mammary gland of the moue has been reported to 

be as much as 20 x times higher than in the non-lactating mammary gland, t h i s  

change was not accompanied by equivalent increases in LpL mRNA abundance 

(42). This is a particularly interesting finding as it implies that mRNA abundance 

does not reflect the enzyme activity. 

The seruin insulin and GH concentration associated with lactation result in 

adipose tissue insuiin insensitivity. For this reason, since LpL in adipose tissue is 

çtimulated by insulin, LpL activity is reduced during lactation. Prolactin has been 

demonstrated to be the secondary regulator of LpL in rats. This could provide the 

basis of LpL stimulation in the mammary gland durhg lactation as prolactin acts 

directly upon the mammary gland. However, while prolactin is essential to 

lactation, in the niminant animal the prirnary hormone involved in lactation is GH . 

As a result, it is likely that GH may have a role in the activation of LpL in the 



lactating mammaty gland However, Liesman et al (46) demonsîrated that there 

was no effect on LpL activity in the mammary gland arising f3om bGH 

administration in spite of the fact that milk yield was increased without any 

changes in m.& composition. This suggests that GH does not have a direct role in 

the activation of LpL, but rather exerts its effects through the suppression of its 

activity in adipose tissue. Insulin-like growth factor 1 may also play a role in the 

increase in activity of LpL in the mammary gland due to its struchual similady to 

insulin. The results of Liesman et al (46) would seem to contradict this statement 

though, since LpL activity was not increased even though IGF-1 concentration 

was elevated following bGH treatment. 

The potential for LpL to be inhibited by NEFAs rnay lead to a reduction in its 

activity during times when the animal is in negative energy balance. At this t h e ,  

the animal expenences enhanceci lipolysis as the energy intake of the animal has 

not yet caught up with the energy output in the milk This forces the animal to 

mobilize its own body reserves resuiting in higher s e m  concentration of NEFAs. 

This may lead to suppression of LpL activity in the mammary gland and adipose 

tissue when NEFA concentration is high. At this tirne, adipose tissue 

mobilization would then be the preferred source of long chah  However, when 

the animal is in positive energy balance and it is no longer necessary to mobilize 

the body reserves, the activity of LpL may be restored and the diet may then 

become the preferred source of long chah 

The activity of LpL in the jactating rnammary gland and the suppression of action 

in adipose tissue, leads to delivery of fatty acids to the marnmary gland. This 

ensures that dietary fatty acids are preferentially directed to the mamrnary gland 

in order to support milk fat synthesis. This represents one of the three routes of 



d fat synthesis. This is also one of the ways in which long chah fatty acids 

cm be delivered to the mammary gland. 

1.9 - Stearoyl-CoA Desaturase 

Stearoyl-CoA desaturase (SCD) is normally expressed in the smali intestine, 

muscle and adipose tissue of the niminant animal (12). There is no SCD activity 

in the iiver of the Nminant animal although there is hi& activity in the 

monogastric mode1 (69). At the omet of lactation, SCD is induced at hi& levels in 

the mammary gland (1 5). 

Stearoyl-CoA desaturase exists in two forms, SCDl and SCD2. Stearoyl-CoA 

desahirase 1 is the fom found in the lactating mammary gland and adipose tissue. 

There are three major proteins which make up SCD - NADH-cytochrome b5 

reductase, cytochrome b5 and the texminal desaturase. Through a transfer of 

electrons between these proteins, stearoyl-CoA (C l8:O) and palmitoyl-CoA 

(C 16:O) can be converted to oleoyl-CoA (C 1 8: 1) and palmitoleoyl-CoA (C 16: 1 ) 

respectiveiy (15) (Figure 1.3). This transfer of elecîrons enables animais to 

introduce A9 double bonds into these fa- acids. Polyunsaturated fatty acids 

cannot be produced by animals and must be consumed in the diet. In the ruminant 

animal, these will only become available for milk production if they are protected 

from biohydrogenation in the rumen. 

Steamyl-CoA desaturase is subject to hormonal and die- regulation. The 

terminai desaturase is the site of regulation and influences the total activity of the 

enzyme. During the dry penod, insuiin stimulates SCD activity. During 

lactation, as with the other enzymes examine4 the depressed level of insulin and 

the GH induced insensitivity to insulin, result in the suppression of SCD activity, 

protein and mRNA abundance in adipose tissue. This is accompanied by an 



increase in activity, protein and mRNA abundance in the mammary gland In 

addition, arachidonic acid and linolenic acid have been demonstrated to d u c e  

SCD activity in lymphocytes (58, 62). Oleic and palmitoleic acids do not inhibit 

SCD activity. 

Stearoyl-CoA desaturase is synthesized in the mammary gland alveolar epithelial 

cells. It is produced in the mammary gland in order to ensure a level of 

desaturation in milk fat  The animal has adapted this process in order to maintain 

the fluidity of the rnik Milk which is heavily concentrated with saturated fatty 

acids and has very few or no unsaturated faîty acids will be much more viscous 

and will require more energy for secretion. The action of SCD is particularly 

important in the ruminant animai as the fatty acids consumed in the diet are 

saturated by the m e n  microbes. This reduces the supply of unsaturated fatty 

acids which are available for milk production. 

Treatrnent with bGH has been demonstrated to have no effect on the amount of 

unsatutated fatty acids which are present in rdk (2, 49). As a result, since the 

yield of milk is increased and the amount of waturated fatty acids present in 

rnilk is not altered by treatment, the yield of unsaturated fatty acids is increased. 

For this reason, it is likely that the activity of SCD in the mammary gland is 

increased to meet the demand for unsaturated fatty acids. In adipose tissue, 

however, bGH treatment is likely to M e r  reduce SCD activity since it enhances 

the insensitivity of adipose tissue to insulin. 

In order to evenhially be able to manipulate milk fat composition or to select cows 

which have naturally higher levels of SCD activity, it is necessary to study this 

gene and the enzyme it encodes completely. There is a lot of potential for 

increasing the amount of unsaturated fatty acids which occur in milk fat naturally 



simply by selecting animals which produce higher levels of SCD. There is 

considerable consumer pressure to produce bovine milk products which have 

higher concentrations of the unsahirated fatty acids which may have health 

advantages over the saturated fatty acids. This wodd provide a means of 

enhancing the level of unsaturated fatty acids in milk. . 

Conclusion 

Milk fat synthesis is a coordinated process requiring the balance of three sources 

of fatty acids. Understanding the regulation of these three pathways will enable 

us to ultimately change the composition and percentage of miUc fat. Consumer 

trends indicate that people desire a dairy product which is lower in fat and 

contains more unsaturated fatty acids. Changes in the composition of milk can be 

achieved by altering feeding practices as well as through the selection of animals 

which are perceived to produce milk with desirable qualities. Understanding the 

way in which the genes and enzymes involved in the synthesis, uptake and 

desaturation of fatty acids are regulated, will enable us to recommend practices to 

help match composition to changhg consumer demand. We are hopeful that the 

end result of this research will bring us closer to understanding the sources of 

regulation of mi& fat synthesis regulation. 



Table 1.1 - Lipid Composition of Bovine Milk (17) 

1 Lipid Class 1 Percentage 

1 Diglycerides 1 0.36 % 

1 Monoglycerides 1 0.027 % 

1 Cholesterol Esters 1 trace 

1 Cholesterol 10.31 % 

1 Free Fatty Acids 1 0.27 % 



Figure 1.1 - Average Lactation Curve of the Bovine 

Lactation Curve 

Week of Lactation 



Figure 1.2 - Fatty Acid Synthesis (34) 

1. Acyl transferase 
O O 
II II 

CH&-S-CoA + HS-pan-E <--> CH,GS-pan-E + CoA-SH 

2. Acyl transferase 
O O O O 
II II II II 

-OCCH&-S-CoA + HS-pan-€ C-> -OCCH,C-S-pan-E + CoA-SH 

3. PketoacyI synthase 
O O 
II II 

a) CH&-S-pan-E + HS-cys-E <-> CH,Gs-cys-E + HS-pan-E 
O O O O O 
II II II II II 

b) -OCCH&-s-pan-€ + CH,C-Sqs-E <-> CH3CCH2-C-S-pan + HS-cyç-E .c CO, 

4. fLketoacyl reductase 
O O O 
II II H Il 

CH3CCH,C-S-pan-E + NADPH + H+ <-> CH,CCH,C-S-pan-E + NADP 
OH 

5, &hydroxyacyl dehydrase 
O O 

H 1 H II 
CH,CCH,C-S-pan-€ c-> CH,C=CGS-pan-E + H20 

OH H 

6. Enoyl reductase 
O O 

H II II 
CH3CSC-S-pan-E + NADPH + H+ <-z CH3CH2CH$-S-pan-E + NADP 

H 

7. fl-ketoacyl synthase 
O O 

II 11 
a) CH,C&CH,C-S-pan-E + HSqs-E <--> CH3CH,CH2C-S-cys-E + HS-pan-E 

O O O O O 
II II II II Il 

8 - 10 Repeat reactions 4, 5 and 6. 

11 - 30 Repeat reaction 3,4,5 and 6 five times, with the molecule growing by two carbons each 
t h e  (Fewer times if yielding shorter fatty acids than C 16). 

31. Thioesterase - to yield fatty acid. 



Figure 1.3 - Fatty Acid Desaturation (58) 

cyt b5 reductase oleoyl-CoA 

NAD' cyt b5 reductase 2 cyt b5 stearoy 1-CoA 
FADH2 ~ e ~ '  
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Chapter 2 

Influence of recombinant bovine growth hormone and growth hormone- 
releasing factor on acetyl-CoA carboxylase mRNA and protein abundance. 

Introduction 

Growth hormone (GK) is released from the antenor pituitary and is elevated 

during lactation (14). The release of GH fkorn the antenor pituitary is tightly 

regulated by growth hormone releasing factor (GRF) which stimulates, and 

somatostatin (SS) which counteracts the release of GH (4, 17). In the bovine, GH 

is recognized as the key lactogenic hormone and is believed to act by elevating 

s e m  insulin-like growth factor 1 (IGF-1) (9, 14, 41, 46, 52) and favouring 

nutrient partitionhg from other tissues to the mammary gland (2, 4, 13, 35, 41, 

47, 49). uisulin-like growth factor 1 then acts directly upon mammary gland via 

IGF-I receptors. Although the message for GH receptors has been detected (16), 

GH has never been demonstrated to act directly upon the mammary gland. 

The ability of administration of recombinantly denved bovine growth hormone 

@GH) to enhance miik production has been arnply demonstrated (5, 7, 1 1, 12, 1 8, 

19, 22, 31, 42, 43, 49). Bovine GRF has been show to increase the serum 

concentration of endogenous GH (19, 30), and to elicit increases in d k  

production equivalent to those achieved by bGH administration (4,7). 

The effects of bGH and bGRF on the composition of mük have also been well 

documented. Milk fat percentage and composition tend to be unaitered by either 

treatment (4, 7, 1 1, 18, 19, 3 1, 42, 43) although there are reports of mik fat 

percentage behg increased by bGH treatment when cows are in early lactation 

(15, 26). The effects of exogenous and endogenous GH on lipogenesis in the 

marnrnary gland and adipose tissue have also k e n  well examined in a nurnber of 



species. Recombinant and endogenous GH inhibit Lipogenesis (1, 25, 28, 46, 49) 

and enbance lipolysis in adipose tissue (2, 12, 26, 46, 48, 5 1). As well, the an& 

lipolytic effect of molecules such as adenosine and prostaglandin E2 is inhibited by 

GH (26). Finally, at the omet of lactation when endogenous GH levels are 

elevated, Lipogenesis in the mammary gland is stimulated ( l , 3  1,33). 

Acetyl-CoA carboxylase (ACC) catalyses the biotin dependent conversion of 

acetyl-CoA to malonyl-CoA. This is considered to be the rate limiting step of 

fatty acid synthesis. For this reason, its regulation may play a role in the action 

of bGH and bGRF on milk fat synthesis. Acetyl-CoA carboxylase is 

allosterically controlled and covalently modined and responds to both hormonal 

and metabolite stimuli (20,36,39). -4s well, transcription and translation of ACC 

are induced in the mammary gland at parturition while the message and protein 

concentration in adipose tissue are dramatically reduced (39). The existence of 

tissue specific promoters provides the basis for the differential expression during 

lactation. Growth hormone has been demonstrated to reduce the total activity of 

ACC in adipose tissue without changing the proportion of ACC in the active date 

(26, 48, 49). There are no reports in the literature on the influence of GH on 

mammary gland ACC in cattle. 

The objective of this study was to examine the influence of continuous 

intravenous infusion of bGH and bGW on the expression and synthesis of acetyl- 

CoA carboxylase (ACC) in the mammary gland and adipose tissue of pnmiparous 

Holstein cows. We hy~othesized that the abundance of ACC message and 

protein would be increased in the mammary gland and decreased in adipose tissue 

as a result of bGH and bGRF treatment and that there would be no merence 

between the effects exerted by these treatments. 



Materials and Methods 

2.1 - EkperimentaL Design 
The animals used in this study were part of a larger study conducted at Michigan 

State University. Details of the study are provided in Binelli et a1 (4). In brief, 30 

prirniparous cows were assigneci at random to one of ten blocks on the b a i s  of 

parturition date. Within each block, one animal was treated with continuous 

intravenous infusion of 29 mg/day of recombinant bovine growth hormone (bGH) 

(Somavubove, The Upjohn Company, Kaiamzoo, MI, USA). Another animal was 

treated with continuous intravenous infusion of 1 2 mg/day of recombinant bovine 

growth hormone releasing factor (1 -45) homoserine lactone @GRF) (The Upj O hn 

Company). The 1st animal in each block received no treatment. The bGRF levels 

were designed to achieve similar circulating GH as that caused by bGH treatment 

and was based on the results of Dahl et al (9). Animais received treatment fiom 

1 18 to 18 1 + 1 d postpartum. On the final day of the treatment, animals were 

slaughtered, tissue was harvested, fiozen on liquid nitrogen and stored at - 70 OC. 

2.2 - Northern Blotting 

2.2.1 - RNA l.solation 

Total ribonucleic acid (RNA) was isolated fiom 200 mg of the marnmary gland 

tissue of six animais fkom each of the control, bGH and bGRF treated groups 

using TRIzol (Gibco BRL 1 Life Technologies) and chloroform in a protocol 

modified fiom that described by Chomczynski (6) (Appendix 1). The resultant 

pellets were resuspended in 100 - 200 pl of stenle Milli-q water. Total RNA was 

isolated fiom four 200 mg samples of the adipose tissue of four animals fiom each 

treatment group. The pellets were resuspended in 25 - 50 pl of sterile Milli-q 

water then pooled. Total RNA was isolated fiom 200 mg of rat liver and bovine 

liver and was resuspended in 200 pl of sterile Milli-q water. The number of 



animals examinai for mammary gland ACC daers fkom the number of anirnals 

exafnined for adipose tissue ACC as the adipose tissue sample of the remaining 

two animals was not available. 

2.2.2 - RNA Quality and Quanlity Determination 

Ribonucleic acid was quantified by measirrkig its absorbance at 260 nm using a 

Gene Quant spectrophotorneter (Pharmacia, Cambridge, England). Absorbance 

values of 0.1 - 0.8 were considered to be within the linear range of readig for this 

instrument. 

The fust indication of RNA quality was provided by rneasuring the absorbance of 

the RNA at 280 nm and taking the ratio of the absorbance at 260 an: 280 nm. 

Values of 1.7 - 2.0 were deemed acceptable and were used for analysis. Ratios 

withui this range indicate that the RNA has very little TRIzol contamination. The 

second detennination of RNA quality was provided by ninning 5 pg of total RNA 

nom each sample on a 1 % agarose - fomaldehyde mini-gel for 1.5 h at 100 V in 1 

x MOPS (Appendix 1). The gel was then photographed on a W transilluminator 

with Polaroid 665 film. Samples which had a ratio of 2:l for the ethidiurn brornide 

stained 18 and 28 s ribosomal RNA species were considered useful for further 

anaiy sis. 

2.2.3 - Detection Level Determination 

In order to determine the RNA concentration required for ACC detection, a dosage 

gel of increasing amounts of RNA was analysed. Using a 1 % agame - 
formaldehyde denaturing gel, RNA samples of 10 - 40 pg fiom fiesh bovine 

marnmary gland, bovine liver and rat liver were electrophoresed at 100 V for 5 h 

using 1 x MOPS as the bufTer. Transcript size determination was achieved ushg 



7.5 pg of a 0.24 - 9.49 kb molecular weight size rnarker (Gibco BRL / Life 

Technologies cat # 15620 - O 16). 

The gel was photographed on a W transillurnator using Polaroid 665 film. The 

gel was placed on a capillary transfer apparatus and the RNA was transferred to 

the Nitropure nylon supported nitrocellulose (Micron Separations Inc.) for 18 - 
20 h (Appendix 1). The membranes were baked at 80 OC for 2 h. 

2.2.4 -Preparation of cDNA Probe 

A 2.0 kb cDNA clone of a m e n t  of the coding sequence for ovine acetyl-CoA 

carboxylase (ACC) in pGEMizf+, was obtained fiom Drs. Mike Barber and 

Maureen Travers at the Hannah Research Institute in Ayr, Scotland and was used 

to transform Eschericia coli X L I  blue. Plasmid-insert DNA was then purified 

h m  the bactena using a plasmid purification kit (Sigma Chernical Company, St. 

Louis, MO, USA). The cDNA insert was excised fiom the plasmid DNA using 

EcoRI. Insert cDNA was separated fiom plasmid DNA by running the excised 

DNA on a 1.2 % agarose gel for 2 h at 50 V in 1 x TAE. The insert cDNA was 

then purined fkom the agarose using a Gene Clean kit (Bio 1 01, Vista, CA, USA) 

(Appendix 1). Five pl of the purified ACC cDNA was radiolabelled using a 

random primer DNA labelling kit (Gibco BRL / Life Technologies) and 

U [ ~ ~ P ] ~ A T P  (Appendix 1). 

2.2.5 - Hybridization, Warhing and Aufuradiograpliy of Dosage Gel 

The dosage membrane was prehybridized at 65 O C  for 1 h in 25 ml of prewarmed 

prehybridization / hybridization solution (6 x SSPE, 0.5 % SDS, 5 x Denhardt's 

solution) (Appendix 1). The prehybridization solution was then replaced with 

hybridization solution containhg the probe reaction and 100 pl of yeast tRNA. 

Hybridization was carried out at 65 O C  for 16 - 18 h. The membrane was washed 



at room temperature in three 200 ml changes of low stringency wash (2 x SSPE, 

0.1 % SDS) foilowed by a high s t~gency  wash (0.1 x SSC, 0.1 % SDS) at 65 OC. 

The membrane was exposed to x-ray film (Kodak X-Omat AR) in a cassette with 

two intensifier screens for 1 d at -70 OC. 

2.2.6 - Electrphoresk and Tramfer of RNA of Treafmenf Samples 

Thirty pg of the mammary gland total RNA fkom six animals of each treatment 

group were m on duplicate 1 % agarose - formaldehyde gels for 5 h at 100 V in 1 

x MOPS. Twenty pg of total RNA isolated fiom the adipose tissue of four 

animals fkom each of the three treatment groups were nin on duplicate 1 % agarose 

- fomaidehyde gels at 100 V for 5 h in 1 x MOPS. Equivalent loading of RNA 

was corrected for by quantitating the ethidium bromide stained 18 s ribosomal 

RNA and dividing it fiom the volumes calculated by densitometry for the 

autoradiograph (6,38,43,5 1,52). 

Following electrophoresis, the gels were photographed using Polaroid 665 film on 

a U V  transilluminator. The gels were placed upon the capillary transfer apparatus 

and RNA was transferred to nylon supported nitrocellulose membrane 

(NitroPure, Micron Separations Inc.) for 18 - 20 h. RNA was then fixed to the 

membranes by baking at 80 OC for 2 h. 

2. 2.7 - Hybridifia fion and Wmhing of the Sample Membranes 

The cDNA probe was prepared as for the dosage gel using a random primer DNA 

labelling kit (Gibco BRL 1-Life Technologies) and a [ 3 2 ~ ]  dATP. Two membranes 

were prehybridized in 30 ml of pre-warmed hybridizatiodprehybridization 

solution (6 x SSPE, 0.5 % SDS, 5 x Denhardt's solution) at 65 OC for 1 h 

(Appendix 1). The solution was then replaced with 30 mi of fiesh pre-warmed 

prehybtidizatiodhybndization solution containhg the radiolabelled probe reaction 



and 100 pl of yeast RNA. Hybridization was canied out at 65 O C  for 16 - 18 h. 

The membranes were washed in the same way as the dosage gel. The membranes 

were placed in an x-ray cassette with two intensifier screens and were exposed to 

x-ray film (Kodak X-Omat AR) for 1 - 3 d at - 70 OC. The films were then 

developed and the bands were quantitated using a .  imaging densitometer (E3ioRad 

Laboratones, Mississauga, ON). 

2-3 - Western Bfotring 

2.3.1 - Protein Isolation 

Approximately 1 .O g of marnmary gland tissue from the same six animals, and 

fkom adipose tissue of four animals, of each treatment group, were homogenized in 

4 O C  homogenization bufïer (50 mM Tris-HCI, pH 7.5, 0.25 M sucrose, 1 mM 

EDTA, 10 mM p-mercaptoethanol) (Appendix 1) containing 4 @ml leupeptin, 

antipain and pepstatin and 10 mM PMSF, with a 30 s burst using a Brinkmann 

Polytron power homogenizer. The homogenate was then ultracentrifuged in at 

160 000 x g (48 000 rpm) for 1 h. The supernatant was stored at - 70 OC and the 

pellet was discarded. The supernatant derived fiom the adipose tissue protein 

isolation was centrifuged at 15 000 x g (10 000 rpm) for 20 minutes then was 

filtered through cheesecloth in order to remove the remaining lipid contamination. 

2.3-2 - Protein Quantita fion 

Proteins were quantified ushg a bicinchoninic acid (BCA) Protein Assay Reagent 

kit (Pierce, Rockford, IL,. USA). A standard curve was developed using bovine 

senun albumin @SA). Concentration of protein was detemiined by measuring the 

absorbance at 540 nm and extrapolating fiom the standard curve. 



2-33 - Gel EfectrophorerLr and Protein Transfr 

Proteins were separated using SDS-PAGE with duplicate 4 % stacking - 5 % 

separating gels as described by Laemmli (24). Twenty-five pg of protein of the 

rnammary gland samples were loaded dong with a molecular weight marker 

(Rainbow 14.3 - 220 kDA molecular weight marker, Amersharn International cat. 

# RPN 756) in 1 x denaturing sample buffer. The samples were separated on the 

gel 100 V for 2 h in 1 x electrode running buf5er (5 mM Tris, 50 rnM glycine, 0.02 

% SDS). Using the sarne conditions, 60 pg of protein &om the adipose tissue 

samples was separated. 

Protein was transferred to nylon-supported nitrocellulose membrane (Nitropure, 

Micron Separations Inc.) ushg a current of 250 rnA for 2 h in 4 O C  Towbin's 

transfer buf5er (25 mM Tris, 192 m M  glycine, 20 % rnethanol, 0.05 % SDS ). 

The transfer was confirmed by staining the membrane for protein with Ponçeau S. 

2-3-4 - ACC Proteitt Detection 

Membranes were blocked for non-specific protein binding by soaking in 10 % 

Blotto/PBS/O. 1 % Tween 20 on a shaker for 2 h. The mamrnary gland membrane 

was incubated with the streptavidin-honeradish peroxidase (Jackson 

lmmunoResearch Laboratories, Inc., West Grove, PA, USA) at a concentration of 

1 :7500 for 1 h. Streptavidin recognizes the biotin molecule in ACC and can be 

used in place of a more specific antibody. The adipose tissue membrane was 

incubated with a concentration of 15000. The horseradish peroxidase was 

activated using ECL cherniluminescent ragent (Amersham International, 

Buckinghamshire, England) and the signal was detected with Hyperfilm ECL 

(Amersham International}. The films were then developed and quantitated using 

an imaging densitometer (BioRad Laboratories, Mississauga, ON). 



2.4 - StaiLsiicaI Anaiysk 

Results were amiysed using SAS with the General Linear Models Procedure for 

least square means and the Student Neuman-Keuls test. Ydata, which was the set 

of raw data, was used as the dependent variable. Cow, gel and treatment 

variances were accounted for in the model. The error t e m  was cow(treat). 

Resdts were expressed as least square means with standard error of clifference 

(SED). Significance was set at P < O. 10. 

Results 

2.5 - Northern Hybridiza fion Results 

2.5.1 - Mammary Gland 

Northern hybridization analysis of the 10.1 kb ACC message (Figure 2.1) revealed 

that there was no signifiant effect exerted by either bGH or bGRF treatment on 

the expression of ACC in mammary gland (Table 2.1). Least square means of 

arbitrary densitometric units (OD x mm2) were 2.93, 3.63 and 4.1 6 for control, 

bGH and MiRF respectively and were not significantly different. 

2.5.2 - Adipose Tksw 

Northern hybridization analysis of the 10.1 kb ACC message (Figure 2.2) revealed 

that treatment with either bGH or bGRF resuited in suppression of the detectable 

message of ACC in adipose tissue (Table 2.2). The least squares rnean abundance 

of the control values was 4.80 OD x mm2. 



2.6 - W&ern Bloi ResuCfs 

2. 6.1 - Maltrntllry Gland 

Western blot analysis of the 265 and 280 kDa ACC protein isoforms (Figure 2.3) 

revealed that there was no effect of either bGH or bGRF on the synthesis of the 

ACC protein in the marn.maq gland (Table 2.3). Least square means of the 

control, bGH and bGRF were 13.98, 10.69 and 12.56 OD x mm2 respectively and 

were not significantiy different 

2.6.2 - Adipose Tissue 

Western blot analysis of the adipose tissue samples revealed that the 265 kDa 

isoform (Figure 2.4) reveded that bGH @<0.004) and bGRF @<0.004) 

treaments significantly reduced its abundance when compared to control animals. 

Least squares means of the abundance of this protein were 6.6 1,0.22, and 0.23 for 

control, bGH and bGRF treatment groups respectively (Table 2.4). 

Discussion 

Both bGH (3,4, 7, 1 1, 12, 18,23, 26, 27, 3 1, 43, 49) and bGRF (4, 10, 19) have 

been demonstrated to increase mik yield in dairy cows. Recombinant bGH is 

believed to stimulate rnilk yield by enhancing nutrient partitiming fkom other 

organs to the marnrnary gland (2, 3, 13, 14, 3 5, 49) and by elevating serum IGF-1 

(13, 40, 45, 51) which in tuni acts directiy and indirectly upon the mammary 

gland. The message for GH receptors has been detected in the mamrnary gland 

(1 6) which suggests that bGH may also act directly upon the rnammary gland, but 

the latter has not k e n  confirmed (17). Bovine GRF has been shown to increase 

serurn GH levels by stimulating the release of endogenous GH fiom the anterior 

pituitary (4, 10, 19, 30). Recombinant bGH and bGRF have been demonstrated 



to have little or no effect on milk fat percentage or composition (3, 4, 7, 1 1, 18, 

27, 3 1, 42) although there have been reports of increases in milk fat percentage 

when cows in early lactation are treated (1 5,26). 

Relative to controls, milk yield was elevated in cows treated with bGH or bGRF, 

but there was no treatment effect on rnilk fat percentage in the anhals ewmined 

here (4). Milk yields were 29.1, 34.1, and 33.3 kgid for the control, bGH and 

bGRF treated anirnals respectively (4). As milk fat percentage was unchanged and 

mille yield was increased by treatment, the yield of milk fat was enhanced, 

therefore, it was predicted that there would be an increase in the abundance of 

message and protein for lipogenic enzymes in the m a m a r y  gland. In particular, 

as ACC catalyses the rate lirniting step of lipogenesis an increase in its synthesis 

and gene expression was expected. However, analysis of  the 10.1 kb ACC 

banscript in the mammary gland of six animals fiom each group revealed that bGH 

and bGRF had no effect on the expression of the ACC gene in the mamrnary 

gland. This was supported by analysis of the 265 and 280 kDa isoforms of ACC 

protein in the mammary gland which were not altered by bGH or bGW 

treatment. Liesman et al (28) reported a similar Iack of effect of bGH or bGW on 

lipogenesis with these animds as they failed to demonstrate increases in fat 

synihesis fiom acetate, fatty acid estenfication or lipoprotein lipase activity in the 

mammary gland. 

There are a number of possible explmations for the increased mik fat yield 

without an associated increase in ACC message or protein abundance. The 

activity of ACC can be controlled by covalent modification in which the senne 

1200, 77 and 79 are phosphorylated rendering the enzyme inactive (20, 21: 36, 

39). The proportion of ACC in the active to inactive state can be altered by  

hormonal treatrnent in both mammary gland and adipose tissue (26, 29, 49). It is 



possible that the proportion of ACC in the active state to that in the inactive state 

is increased by bGH and bGRF administration without altering the total amount 

of protein. Examination of this process as well as analysis of the enzyme activity 

is required, in order to more completely understand the statu of ACC activity in 

the mammary gland. Also, protein turnover in marnmary @and may be altered so 

that the enzyme half-Me is increased in the mammary gland by the treatment 

r e n d e ~ g  an increase in expression of the gene or protein to meet the needs of the 

increased mi& fat yield unnecessary. 

Bine@ et al (4) also reported that there were elevated senun NEFA levels in the 

animals treated with bGH and bGRF and adipose tissue depots were significantly 

smder than those of the control animais. Animais were calculated to be in 

positive energy balance aithough the treated anirnals were in a lower energy 

balance than the control animais. However, the elevated senun NEFA 

concentration of the treated aaimals when compared to the control animais, 

indicated that the animals were in negative energy balance (4). As well, Liesman et 

a1 (28) reported that hormone sensitive lipase (HSL) activity was elevated in the 

adipose tissue of anhals fiom both treatment groups. Hormone sensitive lipase 

catalyses the lipolysis of îriglycendes contained within adipose tissue. 

Additionally, adipose tissue depots were diminished by both treatments (4). This 

revealed that iipolysis was ongoing in the treated animals which is a characteristic 

of negative energy balance. Buielii et al (4) accounted for this by stating that the 

net energy of lactation (NEL) of the diet was probably overeçtimated. This 

resulted in an inaccurate calculation of the animais' energy balance. The metabolic 

state of the adipose tissue revealed that the treated anirnds were actudly in 

negative energy balance. 



The elevated NEFA concentration reveals that a bigher concentration is king 

delivered to the mammary gland as substrate for milk fat synthesis which then 

could be passively taken up fiom blood. We also found that lipogenesis in 

adipose tissue was profoundly reduced by both bGH and bGRF with no 

dinerence between the treatments. The abundance of the ACC message was 

suppressed below the Ievel of detection in adipose tissue. In addition, analysis of 

the protein abundance in adipose tissue revealed that the 265 kDa ACC protein 

was signincantly reduced by both bGH (p~0.004) and bGRF (Pe0.004) 

treatment. Finally , Liesman et al (28) also reported a decrease in fat synthesis 

fkom acetate in adipose tissue. Acetyl-CoA carboxylase gene expression is under 

the control of two different promoters in rats (9,22, 39) which may also form the 

foundation for differential expression during lactation in cows. Promoter 1 is 

active in adipose tissue and its activity is reduced at parturition when lipogenesis 

is suppressed (9, 39). Prornoter II is ubiquitous (except for adipose tissue) and 

constitutive, but is induced at parturition in the rnarnrnary gland and is upregulated 

to accommodate the need for milk fat synthesis (22). Growth hormone may have a 

greater ability to act upon PI than on PI1 as it is believed that GH acts directiy on 

adipose tissue to inhibit insulin stimulated lipogenesis (52). Growth hormone is 

not believed to act directiy on the mammary gland which means that it may not 

act directly on ACC in the mammary gland, but rather to mediate its effects 

through IGF-1. This may account for the ability of GH to profoundly inhibit 

adipose tissue lipogenesis, but to not significantly stimulate lipogenesis in the 

mammary gland. 

De novo synthesis of fatty acids in the mammary gland is reported to account for 

50 % of aIl fatty acids in milk and is limited to short (SCFA) and medium chah 

fatty acids (MCFA) as the mammary gland lacks elongase, the enzyme required 

for extending fatty acids past palmitic acid (38). The remainder of SCFA and 



MCFA, and a i l  long chah fatty acids (LCFA), are provided by uptake of 

triglycerides and NEFAs nom the blood. Ponce - Castaneda et al (39) determined 

that increased need for fatty acid synthesis during lactation in rats was met by 

increased de novo synthesis and uptake of fatty acids fiom blood. As ACC 

expression and synthesis were not af5ected by treataient, de novo synthesis does 

not appear to be enhanced by bGH and bGRF. The increased miUc fat, therefore, 

may be accounted for by the increased uptake of fatty acids fiom the blood. 

nius, the results provide support for the view that the additional rnilk fat 

production arising from bGH and bGW treatment was due to increased 

incorporation of storage fipids in miik fat rather than elevated de novo synthesis 

of fat in the marnmary gland. 

The ability of bGH and bGRF to inhibit lipogenesis and to enhance lipolysis in 

adipose tissue ensures enhanced nutrient partitionhg to the mammary gland. As 

lipogenesis is inhibited in adipose tissue, nutrients are directed preferentially to 

the mammary gland. A~so, enhanced GH leads to the increased release of NEF As 

as reported by Binelli et al (4). These factors combine to provide more substrate 

to the mammary gland. 

Further research is required to determine the proportion of ACC protein in the 

active state to that in the inactive state. Also, ACC activity studies on fiesh 

tissue would provide valuable information on the true level of de novo synthesis. 

Finally, an examination of the role of fatty acid synthase is necessary for an 

understanding of the impact of bGH and bGRF on lipogenesis in the mammaq 

gland. These results are presented in Chapter 3. 



Conclusion 

Acetyl-CoA carboxylase message and protein abundance in the rnammary gland 

are not affected by bGH and bGRF treatment. Recombinant bGH and bGRF 

cause a reduction in the abundance of ACC message in adipose tissue to below the 

level of detection. Our hdings suggest that de novo synthesis may not be 

increased in the mammy gland. The increased substrate for milk fat synthesis 

may therefore be nom the increased uptake of NEFAs. 



Table 2.1 - Effect of bGH and bGRF on ACC mRNA Abundance 
in Mammary Gland (OD x mm2) 

Table 2.2 - Effect of bGH and bGRF on ACC mRNA Abundance 
in Adipose Tissue (OD x mm2) 

Treatment 

Control 
bGH 
bGRF 

Least Squares 
Mean (OD x 
mm2) 
2.93 
3.63 
4.16 

Treatment 

Control 
bGH 
bGRF 

Standard 
Emr of 
Difference 
0.95 
0.95 
0.95 

* a, b superscript denotes significant difference 

Least Squares 
Mean (OD x 
mm2) 
4.8007a 
ob 
ob 

Significance 

d a  
ns 
ns 

Standard 
Error of 
Difference 
0.52 
0.52 
0.52 

Number of 
Animals 

6 
6 
6 

b 

Significance 

da 
p<O.OOO 1 
pc0.000 1 

Number of 
Animals 

4 
4 
4 



Table 2.3 - Effect of bGH and bGRF on ACC Protein Abundance 
in Mammary Gland (OD x mm2) 

Treatment 

Control 

Least Squares 
Mean (OD x 
mm2) 

standard 
Error of 
Difference 

~ i~n i f i eance  ~ u m b e r  of 
Anirnals 

Table 2.4 - Effect of bGH and bGRF' on ACC Protein Abundance 
in Adipose Tissue (OD x mm2) 

Control C-- 
Least Squares Standard Significance Number of 
Mean(0Dx Emrof  Animals 
mm2) Difference 
6.61a 1.17 d a  4 

* a, b superscript denotes significance 



Control bGH bGRF 

Control bGH bGRF 

C. Control bGH bGRJ? 

d. Control bGH bGRF 

Figure 2.1 - Northern Blot of ACC Message in Mammary Gland 
a) Northem blot of ACC mRNA in mamrnary gland of control, bGH and bGRF 
treated animals detected with 2.0 kb ovine cDNA probe, animals 1 - 4. b) 
Northem blot of ACC mRNA in mamrnary gland of control, bGH and bGRF 
treated animals detected with 2.0 kb ovine cDNA probe, animals 2, 5 ,6 .  c) 
Ethidium bromide stained rRNA corresponding to a). d) Ethidium bromide 
stained rkYA corresponding to b). 



Control bGH bGRF Rat Liver 

10.1 kb - 

Coatrol bGH bGRF Rat Liver 

Figure 2.2 - Northern Blot of ACC Message in Adipose Tissue 
a) Northem blot of ACC mRNA in adipose tissue of control, bGH and bGRF 
treated animais detected with 2.0 kb ovine cDNA probe, animals 1 - 4. b) 
Ethidium bromide stained rRNA correspondhg to a). 
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a. Control bGH bGRF 

Control bGH bGRF 

Figure 2.3 - Western Blot of ACC Protein in Mammary Gland 
a) Western blot of ACC protein in marnmary gland of control, bGH and bGRF 
treated animals detected with streptavidin-horseradish peroxidase, animals 1 - 4. 
b) Western blot of ACC protein in rnammary gland of control, bGH and bGRF 
treated animals detected with streptavidin-horseradish peroxidase, animals 3 - 6. 



Control bGH bGRF 

Figure 2.4 - Western Blot of ACC Protein in Adipose Tissue 
Western blot of ACC protein in adipose tissue of control, bGH and bGRF treated 
animals detected with streptavidin-horseradish peroxidase, animals 1 - 4 
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Chapter 3 

Influence of recombinant bovine growth hormone and growth hormone- 
releasing factor on the mRNA and protein abundance of fatty acid synthase. 

Introduction 

Lactation is a complex process mediated by hormonal changes. Growth hormone 

(GH) is known to be the major lactogenic hormone in ruminants (4). Endogenous 

GH is released fÏom the anterior pituitary under the control of growth hormone 

releasing factor (GRF) which positively affects its release and somatostatin (SS) 

which inhibits its release (4). Since the advent of recombinant DNA technology it 

is now possible to generate large quantities of recombinant bovine growth 

hormone 0 and growth hormone releasing factor @GRF) thus facilitating the 

use of these hormones in commercial milk production. The ability of both bGH (3, 

4,5,9, 10, 14, 15,22, 23, 24, 26, 27, 29, 49) and bGW (3, 9, IO, 14, 23, 27) to 

enhance milk production has been demonstrated. Recombinant bGH is believed to 

enhance milk production through increased nutrient partitionhg (1, 2, 2 1, 3 7) and 

elevated serum IGF-1 levels (45). Bovine GRF acts by hcreasing the secretion of 

endogenous GH (5,9,23). 

Milk fat composition and percentage tend to be unaltered by bGH and bGRF 

admlliistration (4,5,9, 15,22,23,29,42,43), but there have been some reports of 

increases in milk fat percentage in early lactation cows (1 7, 26). The enhanced 

fatty acid supply necessary to accommodate the hcreased milk fat yield, may 

corne fiom the diet, adipose tissue mobilization or de novo fatty acid synthesis in 

the mammary gland. Growth hormone alters adipose tissue metabolism by 

inhibiting insulin stimulated lipogenesis (4, 16, 26, 30, 39, 46, 47, 50) and 

enhancing lipolysis (1,4, 13, 26, 3 1, 5 1). This ensures that dietary nutrients are 

not stored in adipose tissue, but are preferentially directed to the rnammary gland. 



While this is a normal process in lactation, bGH and bGRF increase the extent of 

nutrient partitionhg to support enhanced rnillc production. Growth hormone is 

believed to act upon adipose tissue directly through GH receptors, but while 

mRNA for GH receptors has been demonstrated in mammary gland epithelial ceUs 

(19) the ability of GH to act directly upon mammary gland has not been 

demonstrated. Insulin-like growth factor 1 (IGF-1) is believed to mediate the 

effects of GH on the mammary gland via IGF-1 receptors. 

Fatty acid synthase is one of the key enzymes involved in the synthesis of fatty 

acids in lipogenic tissues. The native form cf this protein is a dimer of 260 kDA 

polypeptide chains arranged in a head to tail fashion which are organized into 

globular multifimctional domalis (20, 40, 52). The protein has six catalytic 

activities and an acyl carrier protein which together catalyse the synthesis of 

palmitic acid through the sequential addition of two carbons. The mammary gland 

form of FAS is unique in its ability to also produce shon (SCFA) and medium 

chain fatty acids (MCFA) (40,41). This is made possible through the use of acyl 

transferase which has chah specificity for shorter acyl chahs as well (40). This 

ailows SCFA and MCFA to equilibrate between the enzyme and CoA bound 

forms of the fatty acids which enables their incorporation into trigiycerides. 

Mammary gland FAS is induced at parturition and is subject to hormonal and 

nutritional regdation (7). 

Growth hormone bas been demonstrated to reduce the abundance of FAS mRNA 

and protein in the adipose tissue of pigs (21, 43), sheep (48). In cattle GH has 

k e n  shown to reduce FAS activity (26). An insulin responsive element in the 

sequence of FAS allows insulin to stimulate FAS synthesis (1 2, 18,34), but when 

anhals are treated with bGH or bGRF the ability of insulin to stimulate FAS 



synthesis in adipose tissue is inhibited (1 1). In the mammary gland of rats, GH 

has been demonstrated to increase FAS mRNA abundance (1). 

In order to provide a more clear understanding of the effect of bGH and bGRF on 

milk fat synthesis, it is necessary to elucidate the direct effect of bGH and bGRF 

on adipose tissue and mammary gland fatty acid metabolism. Therefore, the 

objective of this experiment was to determine the effect of bGH and bGRF on the 

abundance of FAS mRNA and protein in the mammary gland and adipose tissue. 

We hypothesized that both bGH and bGRF treatment wodd result in an elevation 

of FAS mRNA and protein abundance in mamrnary gland and a decrease in &A 

abundance in adipose tissue. 

Materiais and Methods 

3. 1 -. Ekperimental Design 

As described in Chapter 2,30 prirniparous Holstein cows were assigned to one of 

ten blocks on the basis of parturition date. Within each block, one animal was 

treated with continuous intravenous infusion of 29 mglday of recombinant bovine 

growth hormone (Somavubove, The Upjohn Company, Kalamzoo, MI, USA). 

Another animai was treated with continuous intravenous infusion of 12 mg/day of 

recombinant bovine gmwth-hormone releasing factor (1-45) homoserine lactone 

(The Upjohn Company). The last animal in each block received no treatment and 

served as  the control. The bGH and bGRF levels were calculated to produce 

similar circulating bGH levels based upon a previous expriment by Dahl et ai, 

1993 (10). Animals received treatment from 118 to 181 + 1 d postpartum. On 

the final day of the treatment animals were slaughtered. The tissue was harvested, 

snap fiozen in liquid nitrogen and stored at - 70 OC. 



3.2 - Nurthern Blotting 

3.2.1 - RiVA Isolation 

Total nbonucleic acid (RNA) was isolated &om 200 mg of the mammary gland 

tissue of six anirnds corn each of the control, bGH and bGRF treatrnent groups 

using TRIzol (GibcolBRL) and chiorofom extraction with isopropanol 

precipitation in a protocol modined fiom that of Chomczynski (8) (Appendix 1). 

The RNA was then resuspended in 100 pl of sterile Milli-q water. Total RNA 

was also isolated fkom four 200 mg samples of adipose tissue fiom four anirnals of 

each of the control, bGH and bGRF treatment groups. The pellets were 

resuspended in 25 pl of sterile Milliq water, then pooled. Total RNA was also 

isolated fiom 200 mg of bovine liver fiom untreated animals and rat liver and was 

resuspended in 200 pl of sterile Milli-q water. The numben of animals differ 

between tissues as the adipose tissue sarnples were not available for aü six 

anirnals . 

3.2.2 - RNA Quantitation and Qualiiy Determination 

Ribonculeic acid was quantified using a Gene Quant spectrop ho tomete r 

(Phamiacia, Cambridge, UK). The absorbance of the sample at 260 nm was used 

to determine the concentration of the sample (Appendix 1). Samples which had 

absorbances of 0.1 - 0.8 were determined to be within the linear range for accuracy 

of this instrument. 

The first indication of RNA quality is provided by detennining the ratio of the 

absorbance of the sample at 260 nm:280 nrn. Values between 1.7 - 2.0 were 

considered to be of sufficient purity for further analysis. The second 

determination of quality was provided by running 5 pg of each sample on a 1 % 

agarose-formaldehyde. Sarnples that did not dernonstrate degradation and had a 



ratio of 2: 1 for the ethidium bromide stained 28 s and 18 s ribosomal RNA 

species, were used for m e r  analysis. 

In order to d e t e d e  the amount of total RNA that was required for the detection 

of the FAS message with rat FAS cDNA, a dosage gel of increasing quantities of 

RNA was m. Ten - 40 pg of total RNA fiom bovine mammary gland, bovine 

liver and rat Liver were nin on a 1 % agarose-formaldehyde gel dong with an RNA 

molecular weight marker (0.24 - 9.49 kb, GibcoBRL / Life Technologies cat # 

15620-016) for transcript size determination. The samples were electrophoresed 

for 5 h at 100 V with 1 x MOPS as the buffer. 

Follo wing electrop horesis, the gel was checked for RNA integrity b y visualizing 

ethidium bromide stain with a UV transilluminator, and were photographed with 

Polaroid 665 film. The RNA was transferred to nylon supported nitrocellulose 

membrane (NitroPure, Micron Separations Inc.) by capillary transfer for 18 - 20 

h then was fixed to the membrane by baking at 80 O C  for 2 h. 

3.2.4 - cDNA Probe Preparation 

A 2.5 kb cDNA clone of a fiagrnent of the rat fatty acid synthase coding sequence 

was obtained fiom Dr. Stuart Smith of the Children's Hospital Oakland Research 

Institute, Oakland, CA., USA, and was used to transform Eschericia coli X I  Hue. 

Amplified plasmid DNA was isolated using a DNA purification kit 

(PlasrnidPURE DNA Miniprep kit, Sigma Chernical Company, St. Louis, MO, 

USA). 

Fatty acid synthase insert cDNA was excised kom plasmid DNA using EcoRI 

and XbaI. The insert cDNA was then separated fiom the plasmid DNA by 



ninning it on a 1.2 % agarose gel for 2 h at 50 V in 1 x TAE. The cDNA was then 

eluted fiom the gel using a Gene Clean kit (BiolOl, Vista, CA, USA). The FAS 

cDNA insert was labelled using a PPI~ATP and a random primer DNA labelhg 

kit (GibcoBRL / Life Technologies). 

3.2.5 - Hybridization, Washing and Autoradiography of the Dosage Gel 

The dosage membrane was prehybridized in 25 ml of pre-warmed 

prehybridizatiodhybridiition solution (6 x SSPE, 0.5 % SDS, 5 x Denhardt's 

solution) at 65 O C  for 1 h. The prehybridization solution was then replaced with 

the same volume of pre-warmed prehybridizatiodhybridization solution 

containing the probe reaction and 100 pl of yeast tRNA (GibcoBRL / Life 

Technologies). Hybndization was carried out for 16 - 18 h at 65 OC. The 

membrane was washed in three 200 ml changes of low stringency wash (2 x SSPE, 

0.1 % SDS) at room temperature. This was foiIowed by one 200 ml change of the 

high stringency wash (0.1 x SSC, 0.1 % SDS) at 65 OC for 5 min. Following 

washing, the membrane was placed in an x-ray cassette with two intensifier 

screens and a Kodak X-Omat AR nIm. The nIm was exposed for 1 d at - 70 OC 

then deveioped. 

3.2.6 - Electrophoresis and Tramfer of Treated Samples 

Twenty pg of total RNA fiom the mammary gland of each of the six animals from 

the three treatment groups, were nin on duplicate 1 % agarose - formaldehyde 

gels. Sarnples were nui for 5 h at 100 V in 1 x MOPS. Twenty pg of total RNA 

isolated fiom the adipose tissue of fou. animais fiom each treatment group were 

run on duplicate 1 % agarose - f o d d e h y d e  gels. Samples were electrophoresed 

at 100 V for 5 h in 1 x MOPS. 



FolIowing electrophoresis, 

transiliuminator and the gel 

the integrity of the RNA was examiElai on the W 

was photographed using Polaroid 665 film. The RNA 

was then transferred by capillary transfer to a nylon-supported nitrocellulose 

membrane (NitroPure, Micron Separations Inc.) for 18 - 20 h. The membrane was 

photographed once more and was baked at 80 OC for 2 h. 

3.2.7 - H y b r ~ t i u n  of Treated SampIes 

Insert cDNA isolation and probe preparation were performed as for the dosage 

gel. Two membranes were incubated together at 65 O C  for 1 h in 30 ml of 

prewarmed prehybndizatiodhybridization solution. e prehybridization 

solution was then replaced with 30 ml of fiesh prewarmed solution containing the 

probe reaction and 100 pl of yeast tRNA (Gibco BRL / Life Technologies). The 

membranes were then hybridized at 65 OC for 16 - 18 h. The washing steps were 

canied out as described for the dosage gel with the same volumes of solution. 

The FAS message was detected in the same way as for the dosage gel. The signal 

was then quantified using an imaging densitometer (BioRad Laboratones, 

Mississauga, ON). Equal loading of RNA was corrected by quantifying the 

ethidium brornide stained 18 s ribosomal RNA and dividing it from the quantified 

autoradiography (7, 35, 37, 43, 52, 53). Values of densitometric analysis were 

expressed in arbitrary units (OD x mm2). 

3.3 - Western BIotting 

3.3.1 - Profein Isolation 

Protein was isolated fiom 1 .O g of mammary gland tissue of the six animals and 

h m  the adipose tissue of four animals fiom each of the three treatment groups. 

Tissue was homogenized on ice in 4 " C homogenization b a e r  (50 m M  Tris-HCI 



pH 7.5, 0.25 M sucrose, 1 mM EDTA, 10 m M  &mercaptoethanol) containhg 4 

m g h i  aprotinin, antipain and leupeptin as weil as 0.5 mM PMSF, ushg a 

Brinkmaon Polytron power homogenizer for a 30 s burst. The homogenate was 

then cenaifuged at 160 000 x g (48 000 rpm) for 1 h. The supematant was then 

stored at - 70 OC and the pellet was discarded. The supematant from the adipose 

tissue samples was subjected to an additional centrifbgation step at 15 000 x g (1 0 

000 rpm) for 20 minutes then was filtered through cheesecloth in order to remove 

the residuai lipid contamination. The supematant was then also stored at -70 O C .  

Protein was quantified using a bicinchoninic acid protein assay kit (Pierce, 

Rockford, IL, USA, cat # 23225). A standard c w e  of concentration was 

developed using bovine s e m  albumin (BSA). The absorbance of the protein was 

measured at 540 nrn and was used to determine the concentration of the protein 

by extrapolating fiom the standard curve. 

3.3.3 - Gel EIectmphoresLs and Antîbody Detection 

Twenty five pg each mammary gland sample and 60 pg of each adipose tissue 

sample were run on duplicate 4 % stacking - 5 % separating gels as descnbed by 

Laemmli (25) dong with a molecular weight marker (Rainbow 14.3 - 220 kDa 

molecular weight marker, Amersham International cat.# RPN 756). 

Electrophoresis was carried out at 95 V for 2 h in 1 x electrode running buffer (5 

m M  Tris, 50 mM glycine, 0.02 % SDS). Protein was then transferred to a nylon 

supported nitrocellulose membrane (NitroPure, Micron Separations Inc.) at 250 

mA for 2 h with 4 OC Towbids buf3er (25 mM Tris, 192 mM glycine, 20 % 



methanol, 0.005 % SDS). Transfer of protein was then confirmed using Ponçeau 

S. 

Mammary gland membranes were incubated with sheep-anti-rat FASIACL 

(generously provided by Dr. Lee Witten at Dartmouth Medical College, Hanover, 

NH, USA) for 1 h at a dilution of 1 :4000 in TBST. Adipose tissue membranes 

were incubated with the antibody at a concentration of 1:2500. The membranes 

were then incubated with secondary antibody anti-sheep IgG conjugated to 

horseradish peroxidase (Jackson IrnrnunoResearch Laboratories, Inc., West Grove, 

PA, USA, cat # 3 13-035-003) at a dilution of 1 :7500 for mammary gland and 

adipose tissue in TBST for 1 hour. The horseradish peroxidase was activated 

using ECL cherniluminescent detection agent (Arnersham International cat # RAN 

2106). The membranes were exposed to Hyperfilm ECL film (Amersham 

International) for 15 - 30 s, then developed. The signals were quantified using an 

Maging densitometer (BioRad Laboratories, Mississauga, ON) and were expressed 

in arbitrary uni& (OD x mm2). 

Statistical analysis was perfomed using the General Linear Mode1 of least square 

means and the Student Neuman-Keuls test. The mode1 included treatment, cow 

and gel variances. Ydata was the term used to describe the raw data set and was 

set as the dependent variable. The error term was cow(treat). Results were 

expressed as least square means with SED. Significance was set at P < 0.10. 
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Results 

3.5 - Northern Blor Results 

3.5.1 - Mammry G h d  

Quantitation of the 9.3 kb FAS message in marnrnary gland (Figure 3.1) revealed 

that both bGH @<0.0 1) and bGRF (pc0.03) significantly increased FAS mRNA 

abundance (Table 3.1). Least square means expressed in arbitrary densitometric 

uni& of measure (OD x mm2) were 9.42, 16.55 and 15 S6 for control, bGH and 

bGRF respectively . 

3.52 - Adipose Tissue 
Treating animals with bGH and bGRF was found to reduce the 9.3 kb FAS 

message (Figure 3.2) in adipose tissue to below the level of detection (Table 3.2). 

The l e s t  squares mean of the control animais was 4.22 OD x mm2 and differed 

significantly from both bGH (p<0.002) and bGRF (p<0.002) treated animals. 

3.6 - Western BIot AnaCysis 

3.6.1 - Mammury Gland 

Western blot analysis of the 260 kDa denatured FAS protein (Figure 3.3), revealed 

that there was no significant effect of either bGH or bGRF on FAS protein 

abundance in the rnammary gland (Table 3.3). The least squares means were 8.8 1, 

9.29, and 9.48 OD x mm2 for the control, bGH and bGRF groups respectively. 



3.6.2 - Adipose Tissue 

Analysis of the FAS protein abundance in adipose tissue revealed that both bGH 

(~~0.0062) and bGRF @<0.0054) caused a sigdicant reduction. The least 

squares rneans were 6.92, 0.71 and 0.55 OD x mm2 for the control, bGH and 

bGRF treated aLilmals respectively (Table 3.4). 

Discussion 

The gdactopoietic effects of bGH and bGRF have been demonstrated previously. 

Sirnilar results were reported by BineIli et al (5) for the animds used in this study. 

Milk production was significantiy higher and mik composition was unaltered as a 

result of bGH and bGRF treatment. Yields of mik constituents, in particular milk 

fat, were therefore also significantly increased. 

Increased mik fat yield would suggest that there is increased uptake of nutrients 

and de novo synthesis of fatty acids in the rnarnmary gland. To elucidate this 

process, we examineci the impact of bGH and bGRF on the expression and 

synthesis of FAS in the mammary gland. Analysis of gene expression revealed 

that both bGH and bGRF significantly increased the mRNA abundance of FAS in 

the mammary gland to 16.55 (pc0.01) and 15.56 (p<0.03) OD x mm2 respectively 

as compared to 9.42 for controls. However, protein abundance was not altered by 

either treatment. This obse~ation suggests that the activity of FAS in the 

rnarnrnary gland was unaf3ected by treatment since the amount of protein 

translated was simiiar across treatments. The level of protein synthesis in the 

marnmary gland implies that there is no increase in the level of de novo fatty acid 

synthesis in the mammary gland in spite of the increased milk fat yield. The 

disparity between the increase in rnRNA abundance and the lack of change in 

protein abundance, suggests that the relationship between mRNA and protein 



abundance in the mammary gland may not be directly correlated. Fatty acid 

synthase is known to be controlled at both the level of hanscnption and of 

translation (20) and is influenced by both hormonal and nutritional stimuli (7). It 

is possible that transcription and translation are differentidy infiuenced by the 

indirect effects of bGH and bGRF. However, it is also possible that protein 

turnover is altered by treatment so that synthesized FAS enzyme has a longer half 

life. The results of Liesman et al (28) indicate the fat synthesis fiom acetate was 

not aitered by either treatment. This suggests that the activity of the enymes 

involved in milk fatty acid synthesis is not increased by either treatment. 

The absence of treatment effects on de novo fatty acid synthesis in the mammary 

gland is aiso supported by our previous findings (Chapter 2) in which we 

demonstrated that there was no effect of bGH or bGRF treatment on abundance 

of ACC mRNA or protein in mammary gland. As ACC is the rate lirniting 

enzyme of fatty acid synthesis and there is no effect of treatment on this enzyme, 

this provides strong supportkg evidence of a lack of treatment effect on de novo 

synthesis of fatty acids in the mammary gland. The data for FAS reported here 

supports this finding and suggests that de novo synthesis in treated animais was 

sllnilar to that of the control animals. In addition, ACC provides the malonyl- 

CoA substrate to FAS for fatty acid synthesis. As the amount of ACC protein 

was not increased the assumption cm be made that substrate supply was not 

increased by treatment. 

Using animais fiom this experimenf Liesrnan et al (28) reported similar hdings 

for this group of animals. They examined the synthesis of fatty acids from acetate 

in the mammary gland and adipose tissue and detemllned that there was no effect 

of either treatment on fat synthesis in the mammary gland However, fat 

synthesis from acetate was dramatically reduced in adipose tissue. These resuits 

indicate that while lipogenesis in the mammary gland is not increased, nutrients are 



king directed away fiom adipose tissue to the mammary gland in order to 

support miik fat synthesis. 

Our results demonstrated that mRNA abundance of FAS in adipose tissue was 

reduced below the level of detection by both treatments. As weii, FAS protein 

abundance was sigdicantly reduced by bGH @<0.0062) and bGRF (pe0.0054) 

administration. Binelli et al (5) reported elevated non-esterified fatty acid (NEFA) 

levels in bGH and bGRF treated cows fiorn this experiment even though they 

were in positive energy balance. In addition, Liesman et al (28) reported that the 

activity of hormone sensitive lipase was increased in the adipose tissue of animals 

in both treatment groups. Finally, adipose tissue depots were depleted in the 

arilmals receiving bGH and bGRF treatment. This indicates that the treated 

animals were undergokg lipolysis and were actuaily in negative energy balance. 

Binelli et al (5) explained this discrepancy by proposing that the net energy of 

Iactation (NEL) for the diet was overestirnated which allowed them to 

overestirnate the animals' energy balance. These hdings support previously 

reported observations which have demonstrated that GH inhibits lipogenesis (4, 

26, 30, 46, 49) and stimulates lipolysis (1, 4, 13, 26, 31, 50, 51). This ensures 

that nutrients are directed to the mammary gland rather than king stored as 

triglycerides in fat tissue. Growth hormone has been shown to enhance the 

uptake of NEFAs by the mammary gland fiom blood (29, 33). Adipose tissue 

mobilization supplies NEFAs to the mammary gland as an additional substrate for 

milk fat synthesis. As de novo synthesis of fatty acids does not appear to be 

enhanced by either treatment, it is possible that the increased requirement for 

fatty acids in the milk is met by increased uptake of NEFAs and triglycerides into 

the mammary gland. Fi* percent of mük fatty acids come fiom de novo 

synthesis, 40 % are derived fiom diet while the remahing 10 % of milk fatty acids 

come fiom adipose tissue mobilization (35). The proportion of fatty acids that 

are derived from adipose tissue mobilization is increased when the animals in 



negative energy balance. Short and medium chah fatty acids are provided by de 

novo synthesis while long chain fatty acids are derived from diet and adipose 

tissue mobilization. Recombinant bGH and bGRF treatment rnay result in an 

increase in the extent of fatty acids that are provided by adipose tissue 

mobilization. 

Lipoprotein lipase (LpL) is responsible for hydrolysing triglycerides in very low 

density lipoproteins (VLDL) and chylomicrons to monoglycerides and fatty acids 

which c m  then be taken up passively by the mammary gland. Liesman et al (28) 

anaiysed LpL activity in the marnmary gland and adipose tissue fiom the anirnals 

examineci in this experirnent in order to determine the impact of these treatments 

on uptake of fatty acids fiom triglycendes. Lipoprotein lipase activity in the 

mammary gland of treated animals, was found to be unafSected by treatrnent. This 

implies that the arnounts of fatty acids and monoglycerides taken up by the 

mammary gland through hydrolysis of triglycerides are also unaltered by 

treatment . 

Conversely, analysis of LpL activity in adipose tissue by Liesman et al (28) 

revealed that LpL activity was significantly reduced. Ou .  own results in Chapter 

4 support the fudings of Liesman et al (28). These results combined with the 

reduced FAS abundance and enhanced lipolysis reported by BineU et al (5) in 

adipose tissue of treated animals, support the hypothesis that NEFAs provided 

the substrates required for the increased milk fat synthesis. 

Additionai research on the activity of FAS in the mammary gland is required in 

order to d e  out increases in de novo synthesis of fatty acids. Our results 

confhed previously reported observations for this group of animals and would 

suggest that de novo synthesis is not enhanced in the marnrnary gland. Al1 miUc 

fat increases are apparently met by the increased uptake of NEFAs into the 



mamrnary gland fiom senun. This supply is met by increased mobilization of 

adipose tissue as  a result of bGH and bGRF treatment. 

Conclusion 

Fatty acid synthase mRNA abundance in mammary gland was increased by bGH 

and bGRF treatment while protein abundance was unaitered. The abundance of 

FAS mRNA and protein in adipose tissue were significantly reduced by both 

treatments. These collective findings imply that the increased milk fat yield was 

most likely due to increased uptake of NEFAs. Our resuits suggest that the 

increased availability of fatty acids for milk fat does not corne fiom increased de 

novo synthesis as we had originally hypothesized, but rather was due to increased 

uptake of NEFAs by the mammary gland as a result of bGH and bGRF stimulated 

adipose tissue mobilization. 



Table 3.1 - Effect of bGH and bGRF on the mRNA Abundance of 
FAS in Mammary Gland (OD x mm2) 

* ns P > 0.10 

** a,b supercripts denote significance 

Treatment 

Control 
bGH 
bGRF 

i 

Table 3.2 - Effect of bGH and bGRF on the mRNA Abundance of 
FAS in Adipose Tissue (OD x mm2) 

Least Squares 
Means (OD x 
mm2) 
9.42a 
1 6 . 5 ~ ~  
15.~6~ 

Treatment 

* a,b superscnpts denote significance 

Standard 
Emr of 
Difference 
1.84 
1.84 
1.84 

Control 
bGH 

Least Squares 
Mean (OD x 
mm2) 

Significance 

da 
p < 0.01 
p < 0.03 

4.22a 
ob 

Number of 
Animals 

t 

6 
6 
6 

Standard 
Error of 
Difference 
0.73 
0.63 

Significance 

d a  14 
D<O. O02 14 

Number of 
AnimaIs 



Table 3.3 - Effect of bGH and bCRF on FAS Protein Abundance 
in Mammary Gland (OD x mm2) 

Treatment 

bGH 
bGRF 

Table 3.4 - Effect of bGH and bGRF on FAS Protein Abundance 
in Adipose Tissue (OD x mm2) 

Least Squares 
Means (OD x 
mm2) 
8.8 1 

* a,b superscripts denote significance 

Standard 
Error of 
Difference 
0.74 

Treatment 

ControI 
bGH 
bGRF 

Significance 

da  

Least Square 
Means (OD x 
mm2) 
6.92" 

Number of 
Animals 

6 

Standard 
Error of 
Difference 
1.24 

Significance 

d a  
0.71b 
0 .55~  

Number of 
Animals 

4 
p<0.0062 
~<0.0054 

1.24 
1.24 

4 
4 



Control bGH bGRF 

b. Control bGH bGRF 

Control bGH bGRF 

Control bGH bGRF 

Figure 3.1 - Northern Blot of FAS Message in Mammary Gland 

a) Northem blot of FAS mRNA in mammary gland of control, bGH and bGRF 
treaûnent groups detected with 2.5 kb rat cDNA probe, animais 1 - 4. b) 
Northem blot of FAS mRNA in marnmary gland of control, bGH and bGRF 
treatment groups detected with 2.5 kb rat cDNA probe, animais 3 - 6. c) 
Ethidium bromide stained 18 s rRNA corresponding to a). d) Ethidium bromide 
stained 18 s rRNA corresponding to b). 



Control bGH bGRF RatLiver 

Figure 3.2 - Northern Blot of FAS Message in Adipose Tissue 

a) Northem blot of FAS mRNA in adipose tissue of control, bGH and bGRF 
treated anirnals detected with 2.5 kb rat cDNA probe, animals 1 - 4. b) Ethidium 
brornide stained 18 s rRNA correspondhg to a). 



a. Control WH bGRF 

b. Control bGH bGRF 

C. Control bGH bGRF 

Figure 3.3 - Western Blot of FAS Protein in Mammary Gland 
and Adipose Tissue 

a) Westem blot of FAS protein in mammary gland of control, bGH and bGRF 
treated animals detected with sheep anti-rat FAS/ACL and anti-sheep IgG- 
horseradish peroxidase, animals I - 4. b) Western blot of FAS protein in 
mammary gland of  control, bGH and bGRF treated animals detected with sheep 
anti-rat FAS/ACL and anti-sheep IgG-horseradish peroxidase, anbals 3 - 6.  c )  
Western blot of FAS protein in adipose tissue of  control, bGH and bGRF treated 
anirnals, animals 1 - 4. 
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Chapter 4 

Influence of recombinant bovine growth hormone and growth hormone 
releasing-hormone on the mRNA abundance of lipoprotein üpase and 
stearoyl-CoA desaturase. 

Introduction 

At parturition, lactation is induced as prolactin, growth hormone (GH) and 

insulin-like growth factor 1 (IGF-1) are increased and progesterone decreases. As a 

result, the genes involved in milk component synthesis and the uptake of nutrïents 

are induced in the mammary gland. Bovine growth hormone is recognized as the 

key hormone involved in the maintenance of lactation (5) .  Development of 

recombinant DNA technology has enabled low cost production of bGH which 

enables its use io commercial dairies for the enhancement of miuc production. 

Treatment wiîh recombinant bGH or (bGRF) results in enhanced mil.  production 

(2, 3, 6, 12, 14, 15, 20, 2 1, 26, 28, 29, 3 1, 49) with little or no change in milk 

composition (5 ,6 ,  1 1, 15, 20,2 1,3 1,43,44). 

Endogenous GH is released by the antenor pituitary under the inhibitory control 

of somatostatin and StimuIatory effect of bGRF (5). Administration of bGH is 

believed to stimulate milk production indirectly by elevaîing insulin Ne growth 

factor 1 (IGF-1) (38, 47) and by partitioning nutrients to the mamrnary gland fiom 

other tissues (2, 4, 33). While mRNA for GH receptors has been isolated fiom 

mammary gland (19), the ability of bGH to directly on the mammary gland has 

not been conclusively demonstrated. Exogenous bGRF acts to increase milk 

production by stimdating release of endogenous GH &om the anterior pituitary. 

The elevated endogenous GH then acts in the same way as bGH to stimulate IGF- 

1 release and nutrient partitioning. 



Lipoprotein lipase (LpL) is produced in mammary gland alveolar epithelial cells of 

the lactating animals (8, 41) as well as in the parenchpal celIs of muscle and 

adipose tissue. Lipoprotein lipase is then transported to the capillary 

endotheliurn where it is bound to the surface and activated (8, 39). Once active, 

LpL catalyses the hydrolysis of triglycerides contained in very low density 

lipoproteins (VLDL) and chylomicrons to yield monoglycerides and fke fatty 

acids (32, 37, 39, 40). The products of hydrolysis are then taken up into the 

tissue via a concentration gradient which is created as the fkee fatty acids and 

monoglycerides are utilized by the tissue (40). Lipoprotein lipase is induced in 

the mamrnary gland and is reduced in adipose tissue at the onset of lactation to 

ensure the preferential delivery of nutrients to the mammary gland. The 

preformed fatty acids taken up in this way are substrate for milk fat synthesis. 

Lipoprotein lipase is subject to hormonal and control by metabolites (16, 25). 

Stearoyi-CoA desaturase (SCD) is nonnally expressed in the adipose and 

intestinal tissue of ruminants. At the onset of lactation, expression of the SCD 

gene is induced at high levels in the alveolar epithelial cells of the marnrnary gland 

(1 0). Stearoyl-CoA desaturase is made up of three proteins, NADH-cytochrome 

b5 reductase, cytochrome bs and a terminal desaturase, which catalyse the 

formation of a A9 cis double bond in stearic and palmitic acid to yield oleic and 

palmitoleic acids (10, 22, 34, 35). The double bond formation is enabled by the 

sequential transfer of electrons f7om NADH-cytochrome b5 reductase to 

cytochrome b5 to terminal desaturase then to molecular oxygen. The final 

products are oleoyl-CoA or palmitoleoyl-CoA and water. The terminal 

desaturase of SCD is subject to hormonal and dietary regulation (34,35). 



The objective of this experiment was to determine the influence of bGH and 

bGRF administration on the mRNA abundance of LpL and SCD in the marnmary 

gland and adipose tissue. We hypothesized that mRNA abundance of both LpL 

and SCD would be increased in m m a r y  gland and decreased in adipose tissue 

when compared to control animals. 

Materiais and Methods 

4. I - Experimental Design 

As described in Chapter 2 and 3, 30 prirniparous Holstein cows were assigned to 

one of ten blocks on the basis of their parturition date. Within each block, one 

animai was treated with continuous intravenous infusion of 29 mg/day of 

recombinant bovine growth hormone (Somavubove, The Upjohn Company, 

Kalamzoo, MI, USA). Ano ther animal was treated with continuous intravenous 

infuçion of 12 mg/day of recombinant bovine growth hormone releasing factor (1- 

45) homoserine lactone (The Upjohn Company). The last animai in each block 

received no treatment and served as the control. The bGH and bGRF levels were 

caiculated to produce similar circulating bGH levels based upon a previous 

experiment by Dahl et al, 1993 (12). Animais received treatment from 1 18 to 18 1 

+ 1 d postpartum. On the final day of the treatment, animais were slaughtered - 
and tissue was harvested, fiozen on liquid nitrogen and stored at - 70 O C .  

4.2 - Norihern Bfofling 

4.2.1 - RNA Isolation 

Total ribonucleic acid (RNA) was isolated fiom 200 mg of the mammary gland 

tissue fiom six anllnals of each of the control, bGH and bGRF treatment groups 



using the TNzol - 
precipitation modined 

RNA was resuspended 

chlorofon extraction method with an isopropanol 

fiom the protocol described by Chomczynski (9). The 

in 100 - 200 p1 of stenle Milli-q water. Total RNA was 

also isolated fiom four 200 mg aliquots of ornentd adipose tissue fiom four 

animals of each of the treatment groups using the same method. Pellets were 

resuspended in 25 - 50 pl of sterile Milli-q water, then pooled. The number of 

animais analysed for each tissue dBered as the nurnber of adipose tissue sarnples 

was ümithlg. 

4.2.2 - RNA Quantita fion and Quaiity Determination 

The RNA was quantified by measushg the absorbance at 260 nm using a Gene 

Quant spectrophotometer (Phamacia, Cambridge, UK). Values within 0.1 - 0.8 

were considered to be accurate within the linear range of this instnunent. 

Absorbace values were then used to determine the concentration of the RNA in 

the sample. 

The f i s t  indication of quality of the RNA was provided by taking the ratio of the 

absorbance of the sample at 260 nm:280 nm. Values between 1.7 - 2.0 were 

considered to be of sufficient purity and were used for M e r  analysis. The 

second detemination of RNA quality was provided by nuuiing 5 pg of each 

sample on a 1 % agarose - formaldehyde gel at 100 V for 1.5 h in 1 x MOPS. 

Samples which had a ratio of approximately 2:l for the quantity of ethidiurn 

bromide stained 28 s:18 s ribosomal RNA species and did not demonstrate any 

degradation were used for further analysis. 

4.2.3 - Detection Levei Determination 

Ten - 40 pg of total RNA fiom fiesh mammary gland, bovine Liver and rat liver 

were loaded ont0 a 1 % agarose - formaldehyde gel in order to determine the 



amount of RNA that was required for detection of the SCD and LpL message. As 

well, we ran three lanes of polyadenylated RNA enriched samples of 5, 10, and 15 

pg dong with the other samples. Sarnples were electrophoresed for 5 h at 100 V 

with 1 x MOPS. The gel was then placed on a W transilluminator and the 

ethidium bromide stained RNA was photographed with Polaroid 665 nIm. The 

RNA was transferred to nylon supported nitrocellulose membrane (Nitropure, 

Micron Separations Inc.) by capillary transfer for 18 - 20 h, and was then fixed to 

the membrane by baking at 80 O C  for 2 h. 

4-14 - cDNA Probe Preporation for the D m g e  Gel 

A 2.4 kb cDNA hgment of the human lipoprotein lipase (LpL) coding sequence 

in pUC 1 9 was obtained fiom Dr. Tom Clandinin at the University of Alberta and 

was used to transform E. coliXLI blue. The plasmid-insert DNA was isolated 

using a plasmid DNA purification kit (Sigma Chemical Company, St. Louis, MO, 

USA). 

A 2.6 kb cDNA £kgment of the coding sequence of rat stearoyl-CoA desaturase 

(SCD) in p91023 - B, was obtained from Dr. Elizabeth Moore at University 

College Dublin, Ireland. The insert cDNA was excised from the plasmid with 

EcoRI and was subcloned into pBluescript SK- which was then used to transform 

Eschericia cdi Xfi lue .  The plasrnid-insert DNA was isolated using a plasmid 

DNA purification kit (Sigma Chemical Company). 

The LpL insert cDNA was excised f?om the plasmid using SaII. The SCD insert 

cDNA was excised fiom the pBluescript SK- vector using EcoRI. To separate the 

insert cDNA from the plasmid DNA, the digested sample was run on a 1.2 % 

agarose gel for 2 h at 50 V in 1 x TAE. The insert cDNA was purified from the 

agarose using a Gene Clean kit (Bio 1 O 1, Vista, CA, USA). The LpL and SCD 



cDNA Üiserts were labelled with a random primer DNA labelling kit (GibcoBRL / 

Life Technologies) and c~[~*P]~ATP. 

4.2.5 - Hybridizatiun, Washing and Aufuradiogaphy of the Dosage Gel 

The membrane was prehybridized in 25 ml of pre-warmed prehybndization / 

hybridization solution (6 x SSPE, 0.5 % SDS, 5 x Denhardt's solution) for 1 h at 

65 O C .  The solution was then replaced with 25 ml of fresh hybridization solution 

containing the probe reaction and 100 pl of yeast tRNA (GibcoBRL I Life 

Technologies). Hybridization was cmied out at 65 OC for 16 - 18 h. The 

membrane was washed in three 200 ml changes of low stringency wash (2 x SSPE, 

0.1 % SDS) at room temperature. This was followed by one 200 ml hi& 

stringency wash (0.1 x SSC, 0.1 % SDS) at 65 OC. n i e  membrane was then placed 

in an x-ray cassette with two intensifier screens and x-ray film (Kodak X-Omat 

AR) and exposed to the film for 1 day at - 70 OC. The film was developed and the 

signals were quantified using an imaging densitometer (BioRad Laboratories, 

Mississauga, ON). 

4.2.6 - Electrophores<S and Tramfer of Treaied Sumples 

In order to detennine mRNA abundance of LpL in the mamaary gland, 30 pg of 

total RNA fiom each of the rnammv gland samples of six animais fiom each 

treatment group were nui on duplicate 1 % agarose - fonnaldehyde gels. 

Messenger RNA abundance of LpL in adipose tissue was determined by &g 

20 pg of total RNA fiom each of the adipose tissue samples fiom four animals 

fiom each of the treatment groups on duplicate 1 % agarose - formaldehyde gels. 

Gels were nrn for 5 h at 100 V in 1 x MOPS. 



For analysis of the level of expression of the SCD gene in the marnmary gland, 10 

pg of total RNA fiom the six animals of each treatrnent group, were run on 

duplicate 1 % agarose - formaldehyde gels. Gels were run at 100 V for 5 h in 1 x 

MOPS. Twenty pg of total RNA fkom each of the adipose tissue samples were 

also nm on duplicate 1 % agarose - formaldehyde gels using the same conditions of 

electrophoresis. 

Gels were placed on a U V  transilluminator and photographed using Polaroid 665 

film. The RNA was iransferred to nylon supported nitrocellulose membrane 

(Nitropure, Micron Separations Inc.) by capillary transfer for 18 - 20 h, and was 

then fixed to the membrane by baking at 80 OC for 2 h. 

4.2.7 - Hybridiz~fiion, Wmhing and Autoradiography of Treated Sarnpies 

Lipoprotein lipase and SCD insert cDNA were labelied with a random primer 

DNA labelling kit (GibcoBRLLife Technologies) and u[~'P]~ATP. Membranes 

were prehybridized in 30 ml of prewarmed prehybridization / hybridization 

solution (6 x SSPE, 0.5 % SDS, 5 x Denhardt's solution) for 1 h at 65 O C .  

Membranes were then hybridized in 30 ml of fiesh prewarmed prehybridization 1 

hybridization solution dong with the probe reaction and 100 pl of yeast tRNA 

(GibcoBRL / Life Technologies), for 16 - 18 h at 65 O C .  

Membranes were washed in three 200 ml changes of low s t ~ g e n c y  wash (2 x 

SSPE, 0.1 % SDS) at room temperature. This was followed by one 200 ml high 

stringency wash (0.1 x SSC, 0.1 % SDS) at 65 OC. Membranes were then placed in 

a x-ray cassette with two intensifier screens and x-ray film (Kodak X-Omat AR) 

and was exposed to the film for 1 - 3 d at - 70 OC. The film was developed and the 

signds were quantified using an Unaging densitometer (BioRad Laboratones, 

Mississauga, ON). Loading differences were corrected for using quantitation of 



ethidiurn brornide stained 18 s rRNA which was then divided fiom the values of 

the autoradiograph (7,35,37,45,51,52). 

4.3 - Statistical Anaiysis 

Statistical sipificance was deterrnined using the General Linear Model of Least 

Square Means incorporating treatment, cow and gel variances into the model. The 

error term was cow(treat). Ydata referred to the data set and was assigned as the 

dependent variable. As well, Student Neuman-Keuls test was performed. Results 

for LpL and SCD mRNA abundance were expressed as least square means with 

SED. Signincance was set at P < 0.10. 

Results 

4.4 - Lipoprotein Lipase 

4.4.1 - Mammary Ghnd 

Neither bGH nor bGRF administration had any effect on the abundance of the 3.4 

and 3.6 kb LpL transcripts in the mamrnary gland (Figure 4.1). Least square 

means of OD x mm2 were 19.0 1, 20.28 and 12.75 for control, bGH and bGW 

treated animals respectively and did not differ sidcantly (Table 4.1). 

4.4.2 - Adipose Tissue 

Both bGH @ < 0.0043) and bGRF @ < 0.01 19) reduced the abundance of the 3.4 

and 3.6 kb LpL transcripts in adipose tissue significantly (Figure 4.2). Least 

square means (OD x mm2) were l8.71,2.73 and 4.8 1 for control, bGH and bGRF 

treated animals respectively (Table 4.2). 



4.5 - Stearoyï-CoA Desaturase 

4.5.1 - M a m r y  Gland 

Recombinant CGH had a no significant effect on the abundance of the 4.9 kb SCD 

message in mammary gland (Figure 4.3). Bovine GRF significantly reduced 

(pcO.03) the abundance of the 4.9 SCD transcript. Least square means of 

arbitrary densitometric units (OD x mm2) were found to be 1 1.29, 9.76 and 7.18 

for control, bGH and bGRF respectively (Table 4.3). 

4.5.2 - Adipose Tksue 

The 4.9 kb message of the SCD gene in adipose tissue was reduced below the level 

of detection by both bGH and bGRF (Figure 4.4) (Table 4.4). There was no 

daerence between the effects exerted by these treatments. The least squares 

mean mRNA abundance of the control animals was 1 4.16 OD x mm2. 

Discussion 

The galactopoietic effects of bGH and bGRF have been amply demonstrated. In 

an analysis of milk yield for the a d s  in this study, Binelli et al (6) reported 

that there was a significant increase in rnilk yield @ < 0.01) due to bGH or bGRF 

with no change in milk composition. Specific composition analysis for the rnilk 

produced by treated and control animals was not perfomed, but previous studies 

by Lynch et al (3 1) and Apps et al (1) revealed that bGH does not alter fatty acid 

profiles. In particular, these two studies reported that the concentration of the 

unsaturated fatty acids palrnitoleic (C 16: 1) and oleic acids (C 1 8: 1)  were 

unchanged by bGH treatrnent. The treated animals were mobilizing body reserves 

in this experiment which means that the fatty acid composition may have k e n  

altered. 



As bGH and bGEW increased milk fat yield we assumed that there m u t  be an 

increase in de novo synthesis and uptake of preformed fatty acids fiom the blood 

in the mamrnary gland. This would be necessary to meet the increased substrate 

requirements for fat synthesis. Our previous results (Chapter 2 and 3) 

suggest that de novo synthesis in the mammary gland is not aitered by either bGH 

or bGRF treatment. For this reason, the increased substrate is likely to be 

provided by uptake of fatty acids from the blood. 

Lipoprotein Lipare 

The delivery of prefomed fatty acids to the mamrnary gland is accomplished 

through the action of LpL and by the uptake of s e m  NEFAs by the rnarnmary 

gland. Lipoprotein lipase is synthesized in mammaty alveolar epithelial cells 

during lactation and is transported to capillary endothelium where it is bound to 

the surface and activated. Lipoprotein lipase hydrolyses the tnglycendes 

transported in VLDL and chylomicrons to yield monoglycerides and fiee fatty 

acids. These products are then taken up by the mammary gland via a 

concentration gradient which is created as the rniLII1IIIar-y gland converts the 

hydrolytic products back into triglycendes within the tissue. Northem blot 

analysis of the mRNA abundance of LpL in the mammary gland revealed that 

there was no significant difference between the treated and control animals. This 

result was supported by the fmdings of Liesman et al (30) who reported that the 

activity of LpL in culhired mamrnary gland of these experimental animals was 

unaltered by either treatment. From this we cm conclude that the increased 

substrate did not come fiom increases in LpL activity in the mammary gland. 

This is also supported by the results reported in Chapters 2 and 3. 



Messenger RNA abundance of LpL in adipose tissue was reduced to 14.6 % and 

25.7 % of that of control animals for bGH and bGRF treated animals respectively. 

Liesman et al reported that LpL activity in omental fat cultures fiom these animals 

was also reduced significantly by both treatments (30). The reduced activity of 

LpL in adipose tissue ensures that triglycendes carried by VLDLs and 

chylomicrons are preferentially directed to the marnmary gland for milk fat 

synthesis and not to adipose tissue for lipid storage. Control of LpL activity is 

complex and is detennined by control at the transcription and translation level as 

well as at the point where LpL is transported to the capillary endothelium and is 

activated. Growth hormone has been previously demonstrated to act on LpL not 

at the transcription level, but rather at the translation or post-translational level 

(36). Our results indicate that the effect on adipose tissue by GH is to directly 

reduce the expression of LpL. Although GH receptoa exist in adipose tissue, it is 

generally accepted that GH exerts its effects on LpL activity and lipogenesis in 

adipose tissue by inhibithg the effect of i d i n  (5, 17, 50). Normally, in the 

absence of elevated GH, insulin stimulates LpL activity in adipose tissue. But 

when GH is elevated during lactation and further by bGH and bGRF treatment, 

insulin cannot exert its h u l a t i n g  effect. Insulin-like growth factor has also been 

demonstrated to increase LpL activity in the mammary gland (23,24). Insulin-like 

growth factor I acts directly on IGF-I receptors in the mammary gland. 

Vanderkooi et al (47) reported that these animals exhibited elevated IGF-1 level 

following bGH and bGW treatments. This dong with the apparent lack of a 

increase in de novo synthesis of fatty acids in the mammary gland and the 

constant milk fat percentage, suggested that LpL activity may have been one of 

the components of mik fat synthesis that was increased. 



Binelii et al reported (6) that the animals in this experiment demonstrated 

significantly @ < 0.01) elevated nonesterified fatty acid levels following bGH or 

bGRF administration. Free fatty acids are believed to negatively affect the 

concentration of LpL on the surface of capiliary endothelium thus negatively 

affecthg LpL activity (36). It is possible that the elevated s e m  NEFA 

concentration associated with bGH and bGRF treatment, attenuate the effects of 

elevated serum IGF-1 concentration resulting h m  bGH and bGRF treatment. 

The stable LpL activity and mRNA abundance in the mammary gland support our 

hypothesis that the increased substrate required to sustain increased milk fat 

yield, m u t  be provided by increased semm NEFAs. Increased supply of NEFAs 

is ensured by increased lipolysis and reduced lipogenesis in adipose tissue 

following bGH and bGRF treatment. Non-esterified fatty acids are taken up into 

the marnmary gland fiom semm and can the be utilized by the mammary gland for 

milk fat synthesis. The increased lipolysis which is accompanied by a reduction 

in LpL rnRNA abundance and activity (30) in adipose tissue, ensures that 

nutrients are supplied preferentially to the rnammary gland and not to the other 

tissues of the body. This is a nomal process during lactation that is enhanced by 

bGH and bGRF treatment. 

StearoylCoA Desaturare 

The amount of unsaturated fatty acids present in t-nilk fat has been previously 

demonstrated to be unaffected by bGH treatment (1 ,3  1). Fatty acid composition 

can be greatly influenced energy balance. The treated animals in this study were 

apparently in negative energy balance since they were actively undergoing 

lipolysis. This may have produced ciifferences in the fatty acid composition of 

the treated animals. Control anirnals were apparent1 y in positive energy balance. 

Lynch et al (3 1) reported that bGH treatment had no effect on the percentage of 



palmitoleic and oleic acids when compared to controls. However, the control and 

the treated animals were all in negative energy balance in that study which meant 

that they were experiencing the same changes in milk composition that amse fiom 

adipose tissue mobilization. We had hypothesized that the level of unsaturated 

fatty acids would not be dtered by bGH or bGRF treatment. For this reason, we 

had expected that the level of desahirase activity would be increased in the 

mammary gland. To m e a m  the transcription level of SCD in the mammary 

gland we analysed the mRNA abundance and deterrnined that there was no 

increase resulting from either bGH and bGRF treatment. In fact, bGRF 

significantly reduced SCD mRNA abundance (p < 0.03). As we do not have the 

milk fatty acid profile information for the anllnals in the experirnent, these results 

rnight indicate that the level of palmitoleic (C 16: 1) and oleic (C 1 8: 1 ) acids in milk 

were reduced by the treatments. We can ody speculate in the absence of this 

data. 

On average mik fat percentage accounts for 4 % by weight of mik. Of this milk 

fat, 24 % of fatty acids are C16:07 2 % are C16:1, 12 % are C18:0, and 24 % are 

C 1 8: 1. If the assumption is correct and the concentration of C 16: 1 and C 1 8: 1 are 

unaltered by treatment, the increased C16: 1 and Cl 8: 1 must have been provided 

by uptake of preformed fatty acids fiom blood. Al1 fatty acids of C l8:O and 

above are denved &om the blood and corne fiom the diet and adipose tissue 

mobilization. Unsaturated fatty acids provided by diet in ruminants are low as a 

result of rumen biohydrogenation of dietary fatty acids. This means that the 

pnmary source of unsaturated fatty acids in milk when not produced in the 

marnmary gland, is adipose tissue mobilization. Since SCD activity is normally 

high in adipose tissue there is some degree of desaturation in lipids stored in 

adipose tissue in ruminants in spite of dietary deficiency. During lactation this is 

significantly reduced. Both bGH and bGW reduced SCD message in adipose 



tissue still m e r  to below the level of detection. Additional evidence to suggest 

that the increased substrate for unsaturated fatty acids was not derived from 

increased uptake of dietary source, is provided by the observation that LpL 

mRNA and activity are not increased by either treatment. Lipoprotein lipase 

catalyses the hydrolysis of triglycendes fiom dietary ongin which are carried from 

the smail intestine in chylomicrons. The enzyme is therefore a reflection of the 

amount of dietary fat that is being taken up by the mammary giand. The amount 

of dietary fat taken up by the mammary giand was apparently undected by 

either treatment. 

The influence of bGH and bGW on SCD expression in the mammary gland is 

accompanied by the ability of both hormones to suppress SCD mRNA abundance 

in adipose tissue below the level of detection. In adipose tissue there is no 

difference between treatments in the extent of the exerted effect. The absence of 

detectable SCD message suggests that the activity is also reduced in adipose 

tissue, although this was not determined. During the dry period, insulin increases 

the concentration of SCD mRNA as well as activity in adipose tissue (10, 33, 34). 

Somatotropin suppresses the ability of insulin to stimulate adipose tissue 

metabolism and in particular desaturation (13). Growth hormone exerts its action 

on SCD by inhibiting the induction ability of insulin. While this is a normal 

process of lactation, bGH and bGRF treatment cm enhance this process. There 

has been no evidence presented in literature on the ability of bGH and bGRF to 

influence SCD directly, but GH is known to act on adipose tissue directly. The 

reduction in SCD rnRNA abundance associated with reduced FAS, ACC and LpL 

abundance in adipose tissue and elevated NEFA levels in senun (6), ensure 

enhanced delivery of nutrients to the mammary gland. This enables the 

composition of mik  to remain unaltered by bGH treatment. 



Conclusions 

Lipoprotein Lipase mRNA abundance was unaffected by treatment in the 

mammary gland, but was reduced to 14 % and 25.7 % of that of control animals 

for bGH and bGRF respectively, in adipose tissue. Stearoyl-CoA desaturase 

mRNA abundance was not affected by bGH in the mammary gland, but was 

reduced by bGRF treatment. Messenger RNA abundance of SCD in adipose 

tissue was reduced below the level of detection by both treatments. The results 

suggest that the increased substrate for milk synthesis, is not king met by 

increased hydrolysis of triglycendes from VLDLs or chylomicrons or from 

increased desaturation in the mamrnary gland. Mead, the elevated substrate 

demand seems to be met by mobilization of fatty acids fiom adipose tissue depots 

and fiom suppressed lipogenic gene expression in adipose tissue. 



Table 4.1 - Influence of bGH and bGRF on LpL mRNA 
Abundance in the Mammary Gland (OD x mm2) 

Treatment 

Table 4.2 - Influence of bGH and bGRF on LpL mRNA 
Abundance in Adipose Tissue (OD x mm2) 

Control 
bGH 
bGRF 

Least Squares 
Mean (OD x 
mm2) 

* nsP>O.IO 
** superscript a, b denotes significance 

19.01 
20.28 

Treatment 

Control 
bGH 
bGRF 

Standard 
Error of 
Difference 
3 -44 
3 -44 

Least Square 
Mean (OD x 
mm2) 
l8.7la 
2.73b 
4.81b 

Significance 

12.75 1 3.44 

Number of 
Animals 

d a  
ns 

Standard 
Error of 
Difference 
2.27 
2.27 
2.27 

6 
6 

ns 6 

Significance 

d a  
p<0.0043 
p<O.O 1 19 

Number of 
Animals 

3 
3 

3 L 



Table 4.3 - Effect of bGH and bGRF on SCD mRNA Abundance 
in Mammary Gland (OD x mm2) 

* ns DO.10 
** superscript a,b denotes significance 

Treatment 

ControI 
bGH 

TabIe 4.4 - Effect of bGH and bGRF on SCD mRNA Abundance 
in Adipose Tissue (OD x mm2) 

Least Squares 
Mean (OD x 
mm2) 
1 1 .2ga 
9-76" 

* superscript a,b denotes significance 

bGRF 1 7 . 1 8 ~  

Treatment 

Control 
bGH 
bGRF 

Standard 
Error of 
Difference 
1.20 
1.20 
1.20 

Least Squares 
Mean (OD x 
mm2) 
14, 16a 
ob 
ob 

Significance 

d a  
ns 

Number of 
Animais 

1 

6 

6 I 

pKO.03 

Standard 
Error of 
Difference 
1.20 
1.20 
1.20 

6 

Signifieance 

da  
p<O.OOO 1 
p<O.OOO 1 

Number of 
Animals 

4 
4 

4 L 



Control bGH bGRF 

b. Control bGH bGRF 

Control bGH bGRF 

Control bGH bGRF 

Figure 4.1 - Northern Blot of LpL Message in Mammary Gland 
a) Northern blot of LpL mRNA in mammary gland of control, bGH and bGRF 
treated animais detected with 2.4 kb hurnan cDNA probe, animals 1 - 4. b) 
Northern blot of LpL mRNA in marnrnary gland of control, bGH and bGRF 
treated animais detected with a 2.4 kb human cDNA probe, animais 2, 5,6.  c) 
Ethidium brornide stained 18 s rRNA corresponding to a). d) Ethidium bromide 
stained 18 s rRNA corresponding to b). 



Control bGH bGRF' 

Control bGH bGRF 

Figure 4.2 - Northern Blot of LpL Message in Adipose Tissue 
a) Northem blot of LpL mRNA in adipose tissue of control, bGH and bGRF 
treated animals detected with 2.4 kb human cDNA probe, animals i - 3.  b) 
Ethidium bromide stained 18 s rRNA corresponding to a). 



Control bGH bGRF 

b. Coatrol bGH bGRF 

c . Control bGH bGRF 

Figure 4.3 - Northern Blot of SCD Message in Mamrnary Gland 
a) Northern blot of SCD rnRNA in marnrnary gland of control, bGH and bGRF 
treated animals detected with 2.4 kb rat cDNA probe, animals 1 - 4. b) Northem 
blot of SCD mRNA in marnmary gland of control, bGH and bGRF treated animds 
detected with 2.4 kb rat cDNA probe, animds 1,2,5,6. c) Northem blot of SCD 
mRNA in mammary gland of control, bGH and bGRF treated animais detected 
with 2.4 kb rat cDNA probe, animals 3 - 6. 



Control bGH bGRF 

2 8 s  - 

1 8 s  - 

Control bGH bGRF 

Control WH bGRF 

Figure 4.4 - Ethidium Bromide Stained 18 s rRNA in Mammary 
Gland 
a) Ethidium bromide stained 18 s rRNA corresponding to a) in Figure 4.3. b) 
Ethidium bromide çtained 18 s rRNA corresponding to b) in Figure 4.3. c) 
Ethidium bromide stained 18 s rRNA corresponding to c )  in Figure 4.3. 



Control bGH bGRF Rat Liver 

Control bGH bGRF Rat Liver 

Figure 4.5 - Northern Blot of SCD Message in Adipose Tissue 
a) Northem blot of SCD rnRNA in adipose tissue of control, bGH and bGRF 
treated animals detected with 2.4 kb rat cDNA probe, animals 1 - 4. b) Ethidium 
bromide stained 18 s rRNA corresponding to a). 
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Chapter 5 - General Discussion and Conclusions 

The Influence of Bovine Growth Hormone and Growth Hormone Releasing 
Factor on the Synthesis and Uptake of Milk Fatty Acids in Primiparous 

Holstein Cows. 

5.1 - Introducrion 

Growth hormone (GH) plays an instrumental role in the maintenance of milk 

production in ruminants. This is accomplished through direct action on tissues 

such as adipose tissue and liver, and through indirect action on the marnmary gland 

(6). Growth hormone stimulates the release of insulin-like growth factor 1 (IGF-1) 

fiom the liver which is released into the blood stream and transported to the 

mammary gland where it acts directly (1 8). Also, GH acts directly on peripheral 

tissues such as muscle, adipose tissue and liver, to ensure nutrient delivery to the 

marnmary gland. 

Administration of bGH and bGRF has been demonstrated to enhance rnilk 

production with little or no alteration in the composition of mi.&. There have aiso 

been some reports of milk fat percentage increasing as a result of bGH treatment 

(10, 12). This requires the nutrient supply to, and metabolic activity in the 

mammary gland to be increased in order to meet the demand for miIk component 

substrates. Recombinant and pituitary derived bGH reduce insulin 

responsiveness in adipose tissue so that insulin stirnulated lipogenesis is 

suppressed below control levels (4, 8). in addition, epinephrine stirnulated 

lipolysis is enhanced in treated a-als (2, 4). As well, IGF-1 levels are elevated 

which then stimulates the mammary gland (1 8). These combined forces contribute 

to increased milk production. 

Binelli et al (5) demonstrated that bGH and bGRF treatment resulted in 

significantly increased rnilk yield with no change in rnik composition in the 



animals exarnined in these experiments. Specifically, milk fat concentration was 

unaltered by either treatment. As a result of the increased mik yield and constant 

milk fat percentage, there was an increase in the total yield of d k  fat in the 

anirnals exarnined. This motivated out analysis of the processes involved in mi& 

fat synthesis. 

5.2 - Milk Fat Synthesis 

Increased miik fat synthesis can be achieved by increasing the activity of the 

normal pathways involved in milk fat synthesis as well as by enhanchg substrate 

supply to the mammruy gland. In the mammary gland, de novo synthesis of fatty 

acids may be elevated in order to accommodate production of the short and 

medium chah fatty acids in mille In addition, LpL activity may be increased t O 

enhance hydrolysis of triglycerides fiom VLDLs and chylomicrons. This would 

result in an increase in the supply of preformed monoglycerides and fi-ee fatty 

acids fiom blood, which are then converted in the mammary gland to triglycerides. 

Finally, fatty acids for rnilk fat synthesis cm be derived from the uptake of senun 

NEFAs bound to albumin which are generated primarily by adipose tissue 

mobilization. In order to more clearly undentand these processes we ana[ysed de 

novo synthesis and the uptake of triglycerides into the marnmary gland. 

Adipose tissue metabolism is altered during lactation to support milk production. 

This is accomplished by increasing lipolysis and reducing lipogenesis in adipose 

tissue in order to ensure the preferential supply of nutrients to the marnmary 

gland (3, 7). Lipolysis and reduced lipogenesis are characteristics of animals 

which are in negative energy balance, i.e. the energy requirements of milk 

production and maintenance ex& dietary energy. Animals in positive energy 

balance, i.e. their dietary energy exceeds the energy requirernents of milk 



production 

Iipogenesis 

and maintenance, do no t experience lipo ly sis, but have suppressed 

in adipose tissue (4). Enhanced milk production associated with 

hormones such as bGH can be supported by a modulation of these processes. 

This results in reduced Lipid storage so that lipids are preferentially directed to the 

mammary gland. Additionally, the increased lipolysis of adipose tissue results in 

the release of NEFAs into blood when animals are in negative energy balance. 

These lipids can then be transported to the mamrnary gland and utilized in milk fat 

synthesis. 

5.2.1 - De Novo Syntlresir 

To elucidate the status of de novo synthesis of fatty acids in the mammary gland, 

we quantified the mRNA and protein abundance of the key Lipogenic enzymes, 

acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS). Acetyl-CoA 

carboxylase is recognized as the enzyme which catalyses the rate limiting step of 

fat synthesis and is therefore a good indicator of fatty acid synthesis. Northem 

blot analysis of the 10.1 kb ACC transcript in the mammary gland, revealed that 

there was no significant effect of bGH or bGRF treatment on the level of 

transcription of this gene. In order to determine if there was any influence of 

either treatment on the abundance of the ACC protein in the mammary gland, 

Western blot analysis was perfomed using streptavidin which recognizes the 

biotin molecule in ACC. Quantitation of the 265 and 280 kDa isozymes revealed 

that there were no significant effects of either bGH or bGW treatment on the 

abundance of this protein. 

The second key lipogenic enzyme examined was the multifunctional FAS enzyme 

which catalyses the sequential addition of two carbons fiom the malonyl-CoA 

donor to yield fatty acids of up to 16 carbons (1 1). Analysis of the 9.3 kb FAS 

transcript abundance as a measure of gene expression, revealed that bGH increased 



FAS expression signifi~cantly @ < 0.01). Bovine growth hormone releasing factor 

also significdy @ < 0.03) increased the abundance of FAS mRNA in the 

mammary gland. However, analysis of the abundance of the 260 kDa protein as a 

measure of translation, revealed that there was no change in the amount of protein 

in treated animais fiom either group when cornpared to control animals. 

In adipose tissue, we examined ACC mRNA and protein abundance as an 

indicator of lipogenic activity. The 10.1 kb ACC transcript was reduced below 

the level of cDNA probe detection in adipose tissue by both treatments. As well, 

preliminary Western blot analysis of the 265 kDa isozyme revealed that ACC 

protein abundance was significantly reduced by both bGH and bGFW treatments. 

Autoradiographic analysis was also conducted on the mRNA and protein 

abundance of FAS in adipose tissue. Messenger RNA abundance of FAS was 

reduced by both bGH and bGRF treatments to below the level of the cDNA 

probe detection. As well, bGH and bGRF signifïcantly reduced FAS protein 

abundance in adipose tissue. Since activity of these enzymes cm be influenced 

both at the level of transcription and translation, these results suggest that 

lipogenesis is significantly reduced in adipose tissue. This fmding is supported by 

previous experiments which have indicated that GH has the ability to significantly 

reduce insulin stimuiated lipogenesis in adipose tissue (4,8). 

In addition, Liesman et al (13) examined fatty acid synthesis fiom acetate of tissue 

cultured mamrnary gland tissue fiom these experimental animals as a measure of de 

novo fatty acid synthesis, and found that there was no change in the treated 

animals when compared to the controls. The increase of milk fatty acids required 

to support increased miik fat yield must have corne either fiom uptake of dietary 

fatty acids or fkom adipose tissue mobilization. 



The analysis conducted by L i e m  et al (13) on fat synthesis nom acetate, 

revealed that this process was significantly reduced in adipose tissue foIlowing 

treaûnent with bGH and bGRF. These results support our fïndings and suggest 

that fatty acid synthesis is significantly reduced by both treatments. Reduced fat 

synthesis in adipose would favour nutient partitioning to the mammary gland to 

sustain the elevated mük fat yield. 

5.2.2 - Uptake of Diefary Lipids 

Once we had detemüned that there was no apparent effect of either treatment on 

de novo fatty acid synthesis in the marnmary gland, we evaluated the infiuence of 

treatment on the enzyme involved in the uptake of fatty acids. Lipoprotein lipase 

catalyses the hydrolysis of triglycerides contained within serurn lipoproteins 

releasing free fatty acids and monoglycendes which c m  then be taken up by 

tissues such as mamrnary gland. Activity of LpL is induced in the mamrnary 

gland and is reduced in adipose tissue during lactation (14, 16). Abundance of the 

3.4 and 3.6 kb LpL transcript in the mammary gland was not affected by bGH or 

bGRF treatment. As we11, Liesman et al (13) analysed the total activity of LpL in 

the m a m a r y  gland cultures fiom these animals and determined that bGH and 

bGRF did not influence the activity of LpL. These results indicate that it is 

unlikely that the substrate for increased milk fat production is provided by LpL 

cataly sed hydroly sis of trigly cerides. 

We also examined the Uifluence of bGH and bGRF treatment on the expression of 

the gene encoding LpL in adipose tissue. This was used as a mesure of fatty acid 

uptake for lipid storage. We observed that W H  and bGRF reduced LpL rnRNA 

abundance to 14.6 and 25.7 % of that of control anirnals. These results support 

the work of Liesman et al (13) who analysed the activity of LpL in adipose tissue 



cultures from these aaimals and found that both treatments significantly reduced 

its activity. This suggests that the uptake of fiee fatty acids into adipose tissue 

mediated by LpL catalysed hydrolysis of triglycendes, is diminished by both of 

these treatments. This process ensures that triglycerides contained within serum 

lipoproteins are preferentially directed to the m m a r y  gland in order to support 

the treatment enhanced milk fat production. 

5.2.3 - Adipose Tissue Mobilizatioo 
Animals in this trial were -in early-rnid lactation and were calculated to be in 

positive energy balance (5). Whde the energy balance of treated animals was 

lower than that of the control animals, treated animals were also calculated to be in 

positive energy balance. However, bGH and bGRF treatment significantly 

increased NEFA concentration, Elevation of NEFAs is a direct indication of 

adipose tissue mobilization resulting from lipolysis which is a characteristic of 

negative energy balance. Binelli et al (5)  explained this result by stating that the 

calculated net energy of lactation (NEL) for the diet must have k e n  overestimated 

and the animals were in negative energy balance. T h i s  is M e r  supported by the 

findings of Liesman et al (13) which demonstrated that these animals also had 

elevated hormone sensitive lipase in the adipose tissue following bGH and bGRF 

treatment. As well, Binelli et al (5) reported that the carcass fat depots were 

diminished by both treatments. Finally, dry matter intake (DMI) of the treated 

animals was not increased in spite of the enhanced miUc production ( 5 )  which 

would force the animal to mobilize body reserves in order to meet the substrate 

demand for increased milk synthesis. Al1 of these factors support the observation 

that the animals were mobilinng body reserves to satisfy the energy requirements 

of milk production. The a d s  were therefore in negative energy balance 

following bGH and bGRF treatment. 



Milk fat is derived fiom three sources: de novo synthesis in the mammary gland, 

uptake of dietary lipids and uptake of fatty acids provided by adipose tissue 

mobiiization. Normally de novo synthesis is estimated to provide 50 % of milk 

fatty acids, diet is the source of another 40 %, while the remaùiing 10 % are 

provided by adipose tissue rnobilization (1 7). During negative energy balance, the 

percentage of fatty acids which are derived fiom adipose tissue mobilization is 

increased. This is the case with the treated animais in this experiment. Also in 

these treated anirnals, de novo fatty acid synthesis appears not to be increased by 

either bGH or bGRF treatment based on the lack of response in ACC and FAS 

mRNA and protein abundance, and the lack of increase in fat synthesis fiom 

acetate (13). Furthermore, uptake of dietary triglycerides is apparently not 

increased by either treatment since neither the mRNk abundance nor the activity 

(13) of LpL are altered by either treatment. Thus, the supply of fiee fatty acids 

and monoglycerides derived fiom the hydrolysis of triglycerides contained within 

lipoproteins would not be altered by treatment. Finally, senun NEFA 

concentration was enhanced indicating that adipose tissue mobilization is 

increased by both treatrnents. Free fatty acids mobilized fiom adipose tissue 

could then be transported to the mammary gland in the blood and taken up 

directly for fat incorporation into mük fat. Thus, NEFAs may be the pnmary 

source of the fatty acids required for additional rniik fat production in treated 

anllnals. The lack of effect on the enzymes responsible for de novo synthesis 

provide additional support for the hypothesis that NEFAs are the pnmary source 

of the enhanced milk fat production. 

5.2.4 - Fa@ Acid Desaturation 

We were also interested in the influence of treatments on the action of SCD in the 

mammary gland. Previous experknents have demonstrated that bGH has no effect 

on the amount of unsaturated fatty acids in milk and in particular palrnitoleic 



(C 16: 1) and oleic (CM: 1) acids (1, 15). In order to accommodate the increased 

demand for unsaturated fatty acids required to keep their concentration in milk 

constant, there must either be increased desaturation of fatty acids in the 

mamrnary gland by SCD or increased uptake of C 16: 1 and C 1 8: 1 frorn blood. We 

analysed the rnRNA abundance of SCD as a measure of the effect of bGH and 

bGRF on endogenous desaturation in the mammary gland The results 

demonstrated that bGH had no effect on SCD mRNA abundance in the mammary 

gland, but bGRF negatively @ < 0.03) afTected SCD expression. Since control can 

be exerted at the level of transcription and may determine SCD total activity, the 

results obtained suggest that SCD activity is unaltered by bGH treatment and 

slightly diminished by bGRF. As a result, the increased unsaturated fatty acid 

substrate required to maintain a constant level of unsaturation in rnilk, must be 

met by uptake of fatty acids fiom blood. In this case, fatty acid profiles were not 

analysed, however, previous expenments by Apps (1) and Lynch (15) support 

our hypothesis that these are not altered by treatment. The increased 

concentration of fatty acids may be met by uptake of long chah unsaturated fatty 

acids fkom blood. 

5.3 - Conclusions 

The results obtained in this series of experiments suggest that the increased 

substrate for milk fat synthesis that is required foilowing bGH and bGRF 

treatment, is provided by increased uptake of NEFAs by the mammary gland. We 

had hypothesized that bGH and bGRF treatment would result in an increase in 

the expression of ACC, FAS, LpL and SCD in the mamrnary gland. We had also 

proposed that the expression of these genes in adipose tissue would be 

downregulated b y these treatments. Our hypothesis about marnrnaiy gland 

lipogenic status was not supported as we did not see any significant changes in 



the genedenzymes of interest. Our hypothesis in regards to adipose tissue was 

supported by o u  experimental data as we saw signifiant decrases in the mRNA 

abundance of al1 the genes of interest. 

We had hypothesized that we wodd see increases in the lipogenic function of the 

mammary gland to support increased rnilk fat yield associated with bGH and 

bGRF treatment. Our data indicate that de novo synthesis and uptake of fatty 

acids and monoglycerides f?om triglycende containhg lipoproteins were not 

enhanced by treatment, implying that these processes are not enhanced in the 

m a m m y  gland. For this reason, it is reasonable to assume that the third source 

of milk fatty acids - adipose tissue mobilization, accounted for the observed 

differences in milk fatty acid yield. This is supported by the fact that the anirnals 

receiving the bGH and bGRF treatments demonstrated eievated NEFA 

concentration when compared to the control animals (5). As well, carcass energy 

and size of fat depots were reduced in the treated animais (9, demonstrating that 

energy was king mobilized to support the increased substrate required by the 

mammary gland. Finally, the reduced lipogenic activity in adipose tissue rendered 

more substrate available to the mammary gland to favour milk fat synthesis. 

As nutrient supply to the marnmary gland would appear to be increase due to a 

reduction in adipose tissue lipogenic activity, enhanced lipogenic activity and 

uptake of triglycerides in the mammary gland would be expected. However, as we 

have seen this was not the case. In the case of ACC and FAS, the apparent 

inability to increase de novo synthesis is surprising since the downregulation of 

these genes and reduced fat synthesis £kom acetate in adipose tissue, would 

potentially provide more substrate to the mamrnary gland for de novo synthesis. 

Since increased substrate normally results in an increase in the activity of ACC 

and FAS, we would expect that the elevated substrate would lead to increased 



lipogenic activity. It is possible that the enhanced delivery of substrate leads to 

only marguiai changes in the mRNA and protein abundance which are not 

quantifiable. Lipoprotein lipase can be downreguiated by elevated NEFA 

concentration (9) which may actually attenuate the stimulatory effect of the 

treatments on lipoprotein activity. The increased circulating NEFAs appear to 

have been the primary substrate for enhanced milk fat yield. 

Recombinant bGH and bGRF treatments are likely to increase the total yield of 

unsaturated fatty acids. Previous observations have indicated that the percentage 

of oleic and palmitoleic acids are not altered following bGH treatment (1, 1 5). We 

observed that the mRNA abundance of SCD is not altered by either treatment 

which çuggests that the level of de novo desaturation in the mammary gland is not 

enhanced. If the reports of unchanged fatty acid composition are supported in 

this experiment also, we can assume that the increased substrate may be denved 

from the uptake of long chah NEFA which are unsaturated and the uptake of 

these same fatty acids dirough the action of LpL on lipoproteins. 

Additionally, our results indicate the status of the animals foUowing 63 day s of 

bGH and bGRF treatment. At this tirne, animais had already adjusted to the 

treatment by reducing adipose tissue reserves. In the early days of treatment, it is 

possible that the effects on mammary gland ACC, FAS, LpL and SCD may have 

been more profound. Furthemore, if the experiment had k e n  continued for a 

longer period of time so that the animals were in positive energy balance, it is 

likely that the results would be modulated by the change in energy status of the 

animal. 



5.4 - ImpCications 

The resuits obtained in this body of work represent the k t  direct measure of the 

action of bGH and bGRF on the gene expression and protein synthesis of ACC, 

FAS, LpL and SCD in cattle. Our resuits reveal that there is littie direct impact of 

either treatment on the mammary gland, but that there are profound effects on 

adipose tissue. The net result is that substrate is preferentially directed to the 

mammary gland from the body energy stores to support milk fat synthesis. 

The information that was obtahed in this experiment brings us closer to the 

ultirnate goal of manipulating the percentage and composition of milk fat. 

Consumers are dernanding a lighter product which has a lower milk fat percentage 

and a higher proportion of long chain unsaturated fatty acids. These forces drive 

the research in this area as we attempt to decrease milk fat and increase the 

concentration of unsaturated fatty acids. Understanding the processes involved in 

rnilk fat synthesis and its regdation will enhance our ability to manipulate the 

composition of dairy products. This wilI enable the dairy industry to respond 

more effectively to changing consumer demand. 
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Appendix 1 - Methodology 

1. DNA Probe Preparation 

When plasmids containing the cDNA insert are first received £tom the source they 

m u t  be amplified in order to kcrease the volume of the working stock. A 

bacterial culture is transformed with the plasmid which is then grown under 

antibiotic selective conditions in order to select for the plasrnid containing 

colonies. The plasmid is then purified from the bacteria in preparation for its use 

and is stored at -20 OC. Plasmid preparation was required for al1 of the Northern 

blotting experiments reported in Chapters 2 - 4. M e r  the plasmid DNA is 

isolated, the insert cDNA must be isolated fkom the plasmid DNA in preparation 

for Northem hybndization analysis. 

1.1 - Transformation of Bacteria wilh Plasmid Containing Inseri 

r --- - - - - - - Solutions for Plasmid Amplification 

LB Liquid Medium: 
To make up 500 ml: 
To 450 ml of deionized water add: 

bacto-tryptone 5.0 g 
bacto-yeast 2.5 g 
NaCl 5.0g 

Use a magnetic s k e r  until the solids have dissolved then adjust the pH to 7.0 
with 5 N NaOH. Adjust the volume to 500 ml and autoclave. 

LB-agar-ampicillin plates: 
Make up 1 L of LB and add 15 g of bacto-aga. Autoclave. After autoclaving, let 
the solution cool to 65 OC then add ampicillin stock solution (50 mg/ml) to the LB- 
agar to a final concentration of 50 pg/ml. Pour the plates carefully. This volume 
allows 20 - 24 plates to be poured. These plates can be stored for up to 30 days 

Am picillin stock: 
Dissolve 50 mg of arnpicillin in 1 ml of water. 



1. Thaw competent cells (i.e. Eschericia coli X I  blue ) on ice for 15 min. 

2. Add 1 p1 of plasmid suspension (Le. ACC in pGEM7zf+) to 100 pl of 
competent cells in a 6 ml Falcon conicd tube. 

3. incubate on ice for 45 min. 

4. Heat shock the competent cells by incubating at 42 O C  for 45 S. 

5. Incubate the cells on ice for 2 min. 

6. Add 100 pl of LB medium to the cells. 

7. Incubate the cells and medium in a 37 O C  shaker incubator for 1 h at 200 rprn. 

8. Plate the cells on an LB-agar plate containhg ampicillin at a concentration of 50 

KM- 

9. Incubate for 16 - 18 h at 37 OC. 

10. Wrap the plate in parafilm then store at 4 OC. 

11. Maintain the colony by re-plating on LB-agar-ampicillin plates every 30 d. 

1.2 - Plasmid DNA Isolation 

Plasrnid DNA was isolated fiom the bacteria using a plasrnid purification kit 
(Sigma Chernical Company, St. Louis, MO, USA). The plasmid DNA containing 
the insert cDNA was eluted using 50 pl of sterile water. The DNA was then 
stored at - 20 OC. 
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1.3 - Purification of Inserf DNA 

Solutions for Insert cDNA Isolation 

50 x TAE 
To make 500 ml: 

121 g Tris base 
28.6 ml glacial acetic acid 
50 ml 0.5 M EDTA, pH 8.0 

Make up to 500 ml with sterile milli-q water and autoclave. 

Orange G Bufer 
[n a volume of 6.5 ml: 

4.35 ml 30 % Ficoll 
1 .O ml 2 % Orange G solution 
0.65 ml 0.5 M EDTA, pH 7.0 
0.5 ml water 

lot into 500 pl aliquots. Freeze at - 20 O C  for 1 ong term storage. Ke eP 
working stock at room temperature. 

1. Incubate the plasmid containïng the insert in the appropriate restriction 
enzyme with 3 n i t s  of enzyme for each pg of DNA, for 1.5 h at 37 O C  

2. Prepare a 1.2 % agarose gel for separating the insert DNA from the plasmid 
DNA. The gel is prepared by combining: 0.36 g agarose, 30.0 ml 1 x TAE, and 
15 pl 1 .O mg 1 ml ethidium bromide. The agarose is then dissolved in 1 x TAE 
by heating for 1 minute in a microwave. The solution is cooled to 55 O C  and the 
ethidiurn brornide is added. The gel is then poured in a srnall gel submarine 
with a 8 well comb and is allowed to solidi@ for 20 minutes before the samples 
are added, 

3. Samples are prepared by combining the digested plasmid solution with 5 pl of 
Orange G buffer. 10 pl of undigested plasmid is also combined with 5 pl of 
Orange G buffer. 1 pl of DNA Molecular Weight Marker II (1 25 - 23 130 bp, 
Boehringer Manheirn) is added to 10 pl of water and 5 p1 of Orange G buffer. 

4. Load samples onto the gel which has been submerged in 1 x TAE. 

5. Run the gel at 50 V for 2 h. 



6. Visualize the DNA on a UV transilluminator and photograph using Polaroid 
665 film. 

7. Excise the insert band fiom the gel using a sterile scalpel blade and place into a 
pre-weighed 1.5 ml Eppendorf tube. Re-weigh the tube and the gel siice. 

8. Elute the DNA fkom the gel with a GeneClean Kit (Bio 101, Vista, CA, USA) 
using the following procedure: 

- Add 3 volumes of sodium iodide to the gel slice. 
- Heat at 45 - 55 O C  for 10 min to melt the agarose. 
- Add 5 pl glas milk solution and incubate on ice for 5 min. 
- Centrifuge 5 S. Discard the supernatant. 
- Wash the pellet three times with 200 - 500 pl of New Wash. Centrifuge 

5 s between each wash. Remove all of the New Wash on the last step. 
- Resuspend the pellet in 12 p1 of sterile milliq water. 
- Heat at 45 - 55 OC for 10 min to elute the DNA fkom the g las  milk. 
- Centrifuge 30 s and transfer the supernatant to a fiesh tube. 
- Discard the pellet- 

9. Store isolated insert DNA at 4 O C  or at -20 OC for long term storage. 

1.4 - Subcloning Insert DNA înto a Different Vector 

1. Pur@ insert DNA as described above. 

2. Linearize the vector to be used for subcloning using the same restriction 
enzymes as were used to excise the insert DNA fiom the previous vector. 

3. Using a 1 % agarose gel, separate the linearized DNA from the non-linearized 
DNA. Excise the band of linearized DNA fiom the gel. Elute the DNA fiom 
the gel using the same procedure as described above. 

4. Cany out a ligation reaction. The ligation mixture contains: 2 pl 10 x ligase 
buffer, 1 pl T4 ligase, 3 pl linearized vector DNA, 10 pl insert DNA and 4 pl 
water. 

5. Let the solution equilibrate at 37 OC for 15 min. 

6. Incubate overnight at 15 OC. 

7. Transform competent cells as described above with 5 pl of ligation mixture. 



1.5 - Detecrion of Subcloned Plusrnid Cuntaining Colonies 

1. Prepare LB-agar plates containing 50 pghl  ampiciIlin as described above. 

2. Add 50 pl  of 10 mglml X-gal (GibcoBRL I Life Technologies) and incubate at 
37 "C for 1 b. 

3. Add 4 pl 0.5 M IPTG to the transfomed competent cells. 

4. Plate cells on the LB-amp plates and incubate ovemight at 37 OC. 

5. Observe plate in the morning. Blue colonies are positive for the subcloned 
p l a s ~ d .  

6. Prepare miniprep with the positive colonies by inoculating each miniprep with 
an individual positive colony. Mini-preps and plasmid isolation are perforrned 
as above. 

7. Following plasmid isolation, c o n h  subcloning by using the restriction 
enzymes to excise the insert DNA. 

8. Run the digested plamiid on a 1 % agarose gel to confirm the presence of the 
insert DNA. 

9. Store isolated subcloned plasrnid at 4 O C .  



2. Northern Blotting 

Northern blotthg is used to determine the state of transcription of the gene of 

interest. Ribonucleic acid is isolated fiom the tissue and is separated using an 

electrical current on the bais  of its size. The RNA is then transferred to a 

membrane which may be nylon or nitrocellulose in composition. The level of 

transcription of the gene being examined is measured by hybridizing a radiolabelled 

cDNA probe correspondhg to that gene's sequence under high stringency 

conditions. The resultant image that is produced by exposing x-ray film to the 

radiolabelled products of hybridization, reveals the level of expression of the gene 

which can then be quantified. This technique is employed in Chapters 2 - 4. 

2.1 - RlVA Isolation 

I Solutions for RNA Isolation 

- TRIzol (GibcoBRL / Life Technologies) 
- chloroforrn (Fisher Scientific) 
- isopropanol (Sigma Chemical Company) 
- 75 % ethano1 

2.1.1 - Mammary Gland, Rat Liver and Bovine Liver 

1. Grind 200 mg of tissue in a mortar and pestle which had been cooled overnight 
at - 80 OC. 

2. Homogenize the tissue in 2 ml of TRIzol reagent (Gibco BRL / Life 
Technologies, Grand Island, NY, USA) using a Polytron power homogenizer 
at maximum speed for 30 s in a 14 ml round bottomed Falcon tube (Becton 
Dickinson, Franklin Lakes, NJ, USA). 

3. Incubate sarnples at room temperature for 5 min. 



4. Cenhifuge at 9500 rprn (< 12 000 x g) at 4 O C  for 10 min in a Beckman JA- 
120.1 rotor (Beckman Instruments Ltd., Pa10 Alto, USA) (dl subsequent 
centrifugation steps are also carried out in this rotor). 

5. Transfer the supematant to a fiesh 14 ml Falcon round bottomed tube. 

6. Add 0.4 ml chloroform to the supematant. Shake vigorously for 30 S. 
Incubate for 3 min at room temperature. 

7. Centrifuge at 9500 rprn (< 12 000 x g) for 15 min at 4 OC. 

8. Using a pasteur pipette, transfer the upper aqueous layer to a fiesh 14 ml 
Falcon conical tube. 

9. Add 1 ml isopropanol to precipitate the RNA. Vortex then incubate at room 
temperature for 1 - 1.5 h. 

10. CentdÜge at 9500 rpm (< 12 000 x g ) for 10 min at 4 O C .  

11. Discard the supematant. Wash the pellet in two 2 ml washes of 75 % 
ethanol. Centrifuge at 7500 rprn (7500 x g) at 4 OC for 5 min. On the Iast 
wash, carefully remove the ethanol using a pipette attached to a vacuum trap. 

12. Resuspend the pellet in 100 - 200 pl of sterile milli-q water depending upon 
the size of the pellet. 

13. Warm the RNA suspension in a 55 - 65 O C  water bath for 10 min. Centrifuge 
momentarily to collect the sample at the bottom of the tube. 

14. Transfer the resuspended RNA to a 1.5 ml Eppendorf (Brinkman Instruments 
Inc., Westbury, NY, USA). 

15. Store the samples at -80°C. 

2.1.2 - Adipose Tissue 

1. Grind 200 mg of adipose tissue x 4 in a pre-chilled rnortar and pestle. 

2. Homogenize the tissue in 4 ml TNzol with a Polytron power homogenizer at 
maximum speed for 30 s in a 14 ml Falcon conical tube. 

3. Incubate at room temperature for 5 min. 



4. Centrifuge at 9500 rpm (< 12 000 x g) for 10 min at 4 OC. 

5. Transfer supematant to a fiesh 14 ml Falcon round bottomed tube. 

6. Add 0.8 ml chloroform to supematant. Shake vigorously for 30 S. Incubate at 
room temperature for 3 min. 

7. Centrifuge at 9500 rpm (< 12 000 x g) for 15 min at 4 OC. 

8. Using a pasteur pipette, -fer the upper aqueous layer to a fiesh Falcon 
tube. 

9. Add 3.0 ml isopropanol, vortex and incubate at room temperature for 1.5 h. 

10. Centrifuge for 10 min at 9500 rpm (< 12 000 x g) at 4 OC. 

11. Wash pellet in 2 changes of 1 ml of 75 % ethanol. Centrifuge for 5 min at 
7500 rpm (7500 x g) at 4 OC. Remove the ethanol at the end of the last wash 
using a pasteur pipette attached to a vacuum line. 

12. Resuspend the pellet in 25 - 50 pl based upon the size of the pellet. 

13. Incubate in a 55 - 65 O C  water bath for 10 min. 

14. Centrifuge momentarily to collect the sample in the bottom of the tube. 

15. Transfer the sarnple to a 1.5 ml Eppendorf tube and fieeze the sample at - 80 

2.2 - RNA Quantitation and Quaiity Determination 

2.2.1 - Quantitation 
1. Thaw the RNA samples on ice. Vortex gently to ensure even distribution of 

the RNA. 

2. Add 5 pl of the sample to 995 pl of sterile rnilli-q water (1/200 dilution). 

3. Place the entire sample into a 1 ml cuvette and measure the absorbante of the 
sample at 260 nrn. 



4. Apply the foliowing f o n d a  to the absorbance value to detemine the 
concentration of the sample: 

* The conversion factor for RNA is 0.04 pg/pl per 260 nm OD unit 
0D2rn x dilution factor x conversion factor = pg RNA / pl 
e.g. 0.8 x 200 x 0.04 = 6.4 pg / pI 

2.2.2 - Quality Determination 

1. Prepare sample as above. 

2. Measure the absorbance of the sample at 260 and 280 nm. 

3. Take the ratio of 26O/28O m. 

4. Keep samples which are within the range of 1.7 - 2.0. 

5. Aliquot 5 pg of sample fiom samples which are within this range. 

6. Speed vacuum the sarnples down to 2 - 3 pl if necessary. 

7. Add 10 pl of RNA sarnple dye. 

8. Heat sample at 70 OC for 10 min. 

9. Prepare a 1 % mini-gel by combining: 0.25 g agarose, 21 ml sterile milli-q water, 
1.3 5 ml formaldehyde and 2.5 ml 1 0 x MOPS. 

10. Run the sarnples on the gel for 1 h at 100 V with 1 x MOPS. 

11. Place the gel on a UV transilluminator and photograph the gel using Polaroid 
665 fi. 

12. Compare the relative abundance of the 28 s to 18 s ribosomal RNA. 

13. Samples which have a ratio of 2:l for 28 s: 18 s tibosornal RNA are then 
preserved for M e r  analysis. 



2.3 - RNA Gel ECech.ophoresis and Transfer 

Solutions for EIeetrophoresis and Transfer 

To make 1 L: 
41.86 g of MOPS 
6.80 g sodium acetate trihydrate 
3.72 g sodium EDTA 

Dissolve in 950 ml water. Adjust pH to 7.0 with 10 N NaOH. Adjust the 
volume to 1 L then filter stedize using a filter of 0.45 microns in size. Store in a 
light proof container in a dark cupboard. 

To make 1 L: 
175.3 g NaCl 
88.2 g trisodium citrate 

Adjust the pH to 7.0 with a few drops of HCI. Autoclave to sterilize solution. 

Loading Dye for RNA gel electrophoresis: 

175 pl stenle deionized water 
25 pl 10 m g h l  ethidium bromide 
80 pi glycerol 
1 6 0 ~ 1  10x MOPS 
80 pl saturated bromophenol blue solution 

Sample Dye for RNA xel electrophoresis 

173 pl fomaldehyde 
347 pl loading dye 
480 pl deionized foimamide 



23.1 - Electrophoresis 

1. Prepare a 1 % agarose-foddehyde denaturing gel by cornbining: 1.4 g 
agarose, 120 ml sterile milliq water, 14 ml 1 x MOPS and 7.6 ml 
formaldehyde. 

2. Aliquot a volume of RNA appropriate to the mass (pg) of RNA required for 
detection of the message of the gene of interest. 

3. Dry the samples down to approximately 3 pl in a speed vacuum (Hetovac). 

4. Add 10 pl of sample dye. 

5. Heat the samples in a water bath at 70 O C  for 10 min. Immediately quench the 
sample on ice. 

6. Centrifuge momentarily to collect the sample in the bottom of the tube. 

7. Load the sample into the solidified gel covered by 1 x MOPS. 

8. Separate RNA by running the samples on the gel using 1 x MOPS as the bufEer 
at 100 V for 5 h. Buffer is circulated constantly using a capillary pump in 
order to maintain a constant ion concentration. 

9. Following electrophoresis, visualize the RNA on a W transillurninator. 

10. Photograph the gel using Polaroid 665 film (Polaroid Corporation, Cambridge, 
MA, USA). 

11. Cut the gel above the wells and below the smallest visible RNA species. 

12. Wash the gel in two changes of 10 x SSC for 10 min each. 

13. While the gel is k ing  washed, cut a piece of Nitropure membrane (Micron 
Separations Inc.) which is the same size as the gel and soak it in water for 10 
min. Cut nicks on the membrane in order to maintain the orientation of the 
membrane. 

14. Cut three pieces of 3 mm Whatman chromatography paper to the same size 
of the gel and prepare them by soaking them in 10 x SSC. 



2.3.2 - RNA Transfer 

1. Fiil the bottom of a large, baked pyrex dish with I O  x SSC. 

2. Place two petri dishes on top of each other in the centre of the baked dish. 

3. Place a g l a s  plate on top of the petri dishes. 

4. Place a piece of 3 mm Whatrnan chromatography paper on top of the glass 
plate. The filter paper should be the width of the glass plate and long enough 
so that the ends of the wick are submerged in the 10 x SSC. 

5. Saturate the wick with 10 x SSC and roll out air bubbles between the filter 
paper and the g l a s  plate using a 10 ml glass pipette. 

6. Following the washing of the gel, carefidly place the gel face down ont0 the 
wick. 

7. Cover the gel with 10 x SSC and roll out air bubbles. 

8. Place the pre-soaked membrane face down on the gel. Cover with 10 x SSC and 
roll out air bubbles. 

9. Cover the membrane with the three pieces of filter paper being careful to roll 
out the air bubbles after the addition of each piece. 

10. Cover the area of the wick not covered by the gel with pieces of pulm in 
order to ensure the transfer of solution occurs only in the area covered by the 
gel. 

11. Place a stack of paper towels about 10 cm in height on top of the filter 
papers. 

12. Place a g l a s  plate on top of the paper towels. 

13. Place a weight on top of the g l a s  plate and ensure that the top of the 
apparatus is level. 

14. Use plastic wrap to cover the area of the g l a s  dish not covered by the g l a s  
plate in order to prevent the evaporation of the 10 x SSC. 

15. Let the transfer proceed for 18 - 20 h. 



16. Place the gel and the membrane on the U V  transillurninator in order to 
detennine Xall of the RNA was transferred from the gel to the membrane. 

17. If there is no RNA remaining on the gel, bake the membrane at 80 OC for 2 h. 

18. Store the membrme at 4 OC. 

2.4 - Northern Hybridization 

2.4.1 - Probe Labeiling 

1. Combine 5 pl of purified insert cDNA with 18 pl sterile rnilli-q water. 

2. Heat in a boiling water bath for 5 min. Place directly on ice. 

3. Centrifuge momentarily to collect the sample in the bottom of the tube. 

Perform the following additions on ice: 
4. Add 2 pl each of dCTP, dGTP and dTTP fiom the Random Primer Labelling 

kit (Gibco BRL / Life Technologies, Grand Island, N'Y, USA). 

5. Add 5 pl o f  a [ 3 2 ~ ] d ~ ~ ~ .  M x  by flicking. 

6. Add 1 pl of Klenow fkagment. 

7. Incubate at room temperature for 4 h. 

8. Add 5 pl stop buffer. 

9. Prepare probe for hybridization by adding 100 pl of yeast tRNA (1 O mg/&) 
(Gibco BRL / Life Technologies). Heat probe in boiling water bath for 2 min 
then store on ice until addition to hybridization solution. 
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2.4.2 - Prehybridization and Hybridization of Membranes 

Solutions for Prehybridization and Hybridization 

20 x SSPE 

3 M NaCI, 0.2 M monobasic sodium phosphate, 0.2 M sodium EDTA. 
To make 1 L: 

175.3 g NaC1 
27.6 g NaH2P04-H20 
7.4 g EDTA 

Dissolve in 900 ml. Adjust pH to 7.4 wiîh 1 O N NaOH. Adjust volume to 1 L. 
Autoclave. 

50 x Denhmdt S Solution 

1% Ficoll 
1% PVP 
1% Fraction V BSA 

Filter stenlize. Store in 10 ml aliquots and fieeze at -20 OC. 

Uybr idizationPrekybridizat ion Solution 

6 x SSPE 
5 x Denhardt's solution 
0.5 % SDS 

1. Prehybndize membranes in 25 ml of prehybridization solution in a small 
hybndization tube (for one membrane) or in 30 ml of prehybndization solution 
in a large hybridization tube (for two membranes), for 1 h at 65 OC. 

2. Replace the prehybridization solution with the sarne volume of pre-warmed 
hybndization solution. 

3. Add the probe and tRNA to the hybridization solution. 

4. Place the tube in the rotor and let the hybndization proceed for 16 - 1 8 h at 65 
OC. 



2.4.3 - Washing 

Washing Solutions 

I Low Strin~ency Wmh Solution 

2 x SSPE 
0.1% SDS 

I High Stringency Wmh Solution 

I 0.1 x SSC 
0.1% SDS 

1. Place 1 - 2 membranes in a baked pyrex dish and wash the membranes in three 
200 ml changes of the Iow stringency wash solution for 20 min each at room 
temperature on a rotating shaker. 

2. Discard these washes in the liquid radioactive waste bottle. 

3. Wash the membranes in the same dish in one 200 ml change of the high 
stringency wash for 5 - 10 min at 65 OC in a shaking water bath. 

2.4.4 - Autoradiography and Densitometry 

1. Place the membranes in heavy clear plastic bags and sed d e r  removing al1 of 
the excess moisture. 

2. Place the membranes in x-ray cassettes with two intensifier screens and a piece 
of X-Omat AR (Kodak) x-ray filrn expose for 1 - 3 d at -70 OC. 

3. Develop the filrn d e r  24 h in order to determine the strength of the signal. If 
the signal is not strong enough for analysis, a new film is placed in the cassette 
and is exposed for 3 d at -70 OC. 

4. Following development of the films, the signais are analysed using an irnaging 
densitometer (BioRad Laboratones, Mississauga, ON) and are expressed in 
units of adjusted volume (OD x mm2). 



3. Western Blotting 

Western blotting is utilized for quafltifying protein abundance using antibodies 

raised against the protein of interest. The proteins are first separated on the basis 

of size using SDS-polyacrylamide gel electrophoresis (SDS-PAGE) under 

denaturing conditions. The separated proteins are then transferred with electricai 

current to a membrane. FolIowing this transfer, the membrane is incubated fint 

with an antibody specific to the protein of interest, then is nomally incubated 

with a secondary antibody which is conjugated to a chemi1urninescent substance 

such as horseradish peroxidase. The protein abundance can then be determined 

using autoradiography followed by densitornetry. This procedure is employed in 

Chapters 2 and 3 of this thesis. 

3.1 - Protein Isolation 

Solutions for Protein Isolation 

Homogenizution Buffer: 

50 m M  Tris-HCL pH 7.5,0.25 M sucrose, 1 mM EDTA 

To make 500 ml: 
25 ml 1 M Tris-HCI pH 7.5 
42.8 g sucrose 
1 ml 0.5 M EDTA pH 8.0 

Adjust the volume to 500 ml. Adjust the pH of the solution to 7.5 with HCl. 

Dissolve 200 mg of pepstatin in 200 ml of ethanol to a fmal concentration of 1 mg 
/ ml. Store at -20 O C .  



Dissolve 200 mg of antipain in 200 ml of water to a fuial concentration of 1 mg / 
ml. Store at -20 O C .  

Dissolve 2 mg of leupeptin in 200 mi of  water to a finai concentration of 10 mg / 
mi. Store at -20 OC. 

PMSF - 
Dissolve 1.74 mg of PMSF in 1 ml of isopropanol to a fmal concentration of 1.74 
mg / ml. Make up fiesh each time. 

1. Grind 1 .O g of fiozen mammary gland tissue in a pre-chilled mortar and pestle 
on a bed of dry ice. Keep the tissue covered with Iiquid nitrogen. 

2. Transfer the tissue to a 30 ml tube for homogenization. 

3. Homogenize the tissue in 3 .O ml of 4 O C  homogenization buffer containhg 4 pg 
/ ml antipain, pepstatin, leupeptin, 0.5 m M  PMSF and 10 mM 8- 
mercaptoethanol, on ice with one 30 s burst with a Polytron power 
homogenizer. 

4. Transfer the homogenate to thick walled polycarbonate tubes (Beckman 
Instruments Inc., Palo Alto, CA, USA). Keep on ice. 

5. Centrifuge the homogenate in a Beckman Type 70.1 ultracentrifuge rotor at 
160000 x g (48 000 rpm) for 1 h at 4 OC. 

6. Transfer the supematant to 14 ml Falcon conical tubes (Becton Dickinson, 
Franklin Lakes, NJ, USA) and fieeze at - 70 O C .  Discard the pellet. 

7. For protein isolation fiom adipose tissue, centrifuge the supematant at 15 000 
x g (1 0 000 rpm) for 20 min. Transfer the supematant to a fiesh tube through 
cheesecloth in order to remove remaining Lipid contamination. 



3.2 - Quantitation of Protein 

1. Quantitate protein using BCA Protein Assay Reagent kit (Pierce, Rockford, IL, 
USA). 

2. Prepare BSA standards: 2.0, 1.5, 1 .O, 0.75,0.50, and 0.25 mg/ml. 

3. Mix Reagent A with Reagent B in a ratio of 50: 1. 

4. Dilute sample protein 1 :20 with water. 

5. Place 10 pl of each standard and samples in the wells of a microtitre plate. 

6. Add 200 pl o f  the reagent mixture to each well. 

7. Incubate the microtitre plate at 37 O C  for 30 min. 

8. Read the plate at 540 nm with a microtitre plate reader. 

9. Extrapolate the concentration of protein of the samples fiom the standard 
curve. 

3.3 - Electrophoretic Separution of Proteins 

To 100 ml water add: 
27.3 g Tris base 

Adjust pH to 8.8 with 10 N HCI. Make the volume up to 150 ml with water. 

To 60 ml water add: 
6 g Tris base 

Bnng the pH to 6.8 with 10 N HCl. Adjust the volume to 100 mi with water. 



To make 30 ml: 
8.76 g acrylamide 
0.24 g bisacrylamide 

Make up to 30 ml with water and store in cool, dark place for up to 1 week 

5 x L oading bu ffer 

To make 8 ml: 
50 % glycerol 4 ml glyceroi 
3 12.5 mM Tris-HCI, pH 6.8 1.7 ml 1.5 M Tris-HCI, pH 6.8 
10 % SDS 0.8 g SDS 
25 % &mercaptoethanol 2 ml B-mercaptoethanol 
bromophenol blue 0.2 g bromophenol blue. 

Freeze at -20 OC for storage. 

5 x Electrode Running Buffer (Stock Solution1 

To make 1 L: 
15.1 g Tris base 
72 g glycine 
5 g SDS 

Make up to 1 L with water. 
* 1 x is the working solution 



3.3.1 - Casting the Separating and Stacking Gel 

1. Prepare gel casting apparatus for Mini-PROTEAN II gel unit (BioRad 
Laboratones, Mississauga, ON). Glass plates are prepared by washing them 
with absolute ethanol. Two 1.5 mm spacers are then placed between the long 
and the short g l a s  plates and these are clamped into the clamp unit. The glas  
plates and spacers must be flush at the bottom in order to ensure a tight seal 
with the rubber gasket of the casting stand. The clamp unit is then placed in 
the casting stand in preparation for pouring the gel. 

2. Before pouring the gel it is necessary to determine that there is a tight seal 
between the glass plates and the rubber gasket on the casting stand. Flush the 
glas  plates with water to determine if there is any leakage. 

3. Prepare the 5 % separating gel. 

5 % separating gel: 
8.4 ml water 
3.8 ml 1.5 M Tris-HCI, pH 8.8 
2.5 ml 30 % acrylamide 
150 pl 10 % SDS 
150 pl 10 % ammonium persulfate ** 
12 pl TEMED 
* Add the ammonium persulfate and TEMED just before pouring 
the gel. 
* * Prepare the ammonium persulfate daily 

4. Pour the separating gel between the glass plates to about 1 cm From the top of 
the smaller plate. 

5. Overlay the gel with water saturated-isobutanol. 

6. Let the gel polymerize for 45 rnin then wash the alcohol off the top of the gel 
with water. 

7. Prepare the 4 % stacking gel. 
4 % Stacking Gel: 

6.1 ml water 
2.5 ml 0.5 M Tris-HCI, pH 6.8 
1.3 ml 30 % acrylamide 
100 pl IO % SDS 
50 pl 10 % ammonium persulfate 
10 pl TEMED 



8. Remove all of the water fiom the top of the separating gel. 

9. Pour the stacking gel and place a 15 well 1.5 mm comb into the stacking gel. 

10. Add more stacking gel as the gel shrinks around the combs in order to ensure 
that the volume of the combs is maintained. 

11. Let the gel polymerize for 30 min. 

12. Following polymerization overlay the gel with water in order to prevent the 
oxidation of the acrylamide. 

3.3.2 - Sample Preparation 

1. Dilute samples with homogenization buf3er and 5 x loading dye so that the 
fmal concentration of protein is 5 mg /ml and the fmal dye concentration is 1 x. 

2. Heat the samples are in a boiling water bath for 10 min to denature the protein. 

3. Quench the samples on ice to cool them quickly. 

4. Centrifuge the samples momentarily to collect the solution at the bottom of the 
tube. 

5. Rainbow high molecular weight markers (knersham International plc, 
Buckinghamshire, England) are prepared by combining 10 pl of the rainbow 
marker with 2.5 p1 of 5 x loading dye and heating the marker in a boiling water 
bath for 10 min. The samples are then cooied on ice and are centrifuged 
momentarily to collect the sample. 

3.3.3 - Electrophoresis 

1. Remove the water fiom the top of the stacking gel and fi11 the wells with 1 x 
electrode running buffer. 

2. Place the gels into the holder for the gel unit. 

3. Load the volume of sample appropriate to the arnount of protein that is 
required for detection. 



4. Place the holder into the gel unit and fill the unit with 1 x electrode Nnning 
buffer sufficient to cover the electrodes and the bottom of the glass plates. 

5. Using a bent pasteur pipette, remove the bubbles fiom the bottom of the glass 
plates in order to ensure even voltage across the gel. 

6. FU the reservoir between the two gels with 1 x electmde ninning buf3er. 

7. Run the gel for 2 h at 95 V. 

3.4 - Transfer of the Proteins to the Membrane 
- 

Solutions for Protein ~ r a n s f i r  and Aotibody Incubation 

Towbin 's Transfèr Buffer pH 8.3 

To make 4 L: 
12.1 g Tris base 
57.6 g glycine 
800 ml methano1 

1 Make up to 4 L with water and store at 4 OC. 1 

1. Prepare the Nitropure (Micron Separations Inc., Westborough, MA, USA) 
membrane, fibre pads and the 3 mm Whatman chromatography paper by 
soaking them in 4 OC Towbin's buffer. 

2. Cut the bottom right corner of the gel before removing them fiom the glas  
plates in order to determine the orientation of the gel. Gently remove the gel 
nom the glass plates by slowly moving the g l a s  plate in the Towbin's buffer 
until the gel slides off the g l a s  plate. 

3. Equilibrate the gels for tramfer by soaking them in 4 OC Towbin's buffer for 30 
min on a shaker. 

4. Place a fibre pad on the black surface of the gel holder. Cover with Towbin's 
buffer then roll the pad with a small glas tube to rernove air bubbles. 

5. Place a piece of 3 mm Whatman chrornatography paper cut to the same size of 
the gel on the surface of the fibre pad and roll out the air bubbles. 



6. Float the gel ont0 the membrane in the Towbin's buffer. Place the gel face 
down on the filter paper. Remove the membrane, overlay the gel with 
Towbin's buffer, and roll out the air bubbles very gentiy . 

7. Place the membrane face down onto the gel. Roil out the air bubbles. 

8. Cover the membrane with another piece of filter paper. Roll out the air 
bubbles. 

9. Place the second fibre pad over the filter paper, roll out air bubbles. 

10. Close the gel holder so that the grey side of the gel holder is on the top. 

11. Place the gel holder in the Mini Trans-Blot (BioRad Laboratones) so that the 
black side of the gel holder is in contact with the anode and the grey side of the 
gel holder is in contact with the cathode. The transfer of the proteins from the 
gel to the membrane is fiom the negative to positive electrode. 

12. Perform the transfer at 250 mA for 2 h or at 40 mA ovemight. 

13. Following the transfer, confirm the transfer by incubating the membrane in 
Ponçeau S stain for 5 minutes on a shaker. The membrane is then destained 
with distilled water. The gel is stained with Coomassie blue by staining for 5 
min on a shaker to determine whether there is any protein left on the gel. The 
gel is the destained with distilled water until the majority of the stain has been 
removed. If the transfer is poor or incomplete, the membrane will be discarded 
and the procedure will be repeated. 

14. The membranes are stored at 4 OC until they are incubated with the antibody. 



3.5 - Antibody Incubation 

Solutions for Antibody Incubation 

PBS, pH 7.4 

To make up 4 L: 
32 g NaCl 
0.8 g KCI 
5.76 g Na2HP04 
0.88 g &PO4 

Make up to 4 L with water and adjust pH to 7.4 with concentrated HCI 

To make 4 L: 
32 g NaC1 
0.8 g KCI 
12 g Tris base 

Make up to 4 L with water and adjust pH to 7.4 with concentrated HC1. 

TBS/O.OS % Tween 20 

1. Wash the membranes in two changes of PBS for 5 min each. 

2. Incubate the membranes in 300 mI of 10 % Blotto / PBS / 0.1 % Tween-20 for 
2 h to block non-specific binding. 

3. Eünse the membrane with TBST. 

4. Wash in two changes of TBST for 5 min each. 

5. lncubate the membranes with the primary antibody in the appropriate 
concentration for I h. 



6. Wash the membranes for 15 min in TBST, then in two more changes of TBST 
for 5 min each. 

7. Incubate the membranes with the secondary mtibody in the appropriate 
concentration for 1 h. 

8. Wash the membranes with TBST for 15 min, then twice in TBST for 5 min 
eacb 

9. Incubate the membranes for 1 min in ECL detection reagent (Amersham 
International plc) prepared by combining 10 mi of Reagent 1 with 10 ml of 
Reagent 2. 

10. Place the membranes in a heavy plastic bag and remove the excess reagent. 

11. Quickly place the membranes in an x-ray cassette with Hyperfilm ECL 
(Amersham International plc) and expose the film to the membranes for a 
length of time appropriate to generating a signai for analysis (1 5 s to 1 min). 

12. Develop the film then analyse the results using an imaging densitometer 
(BioRad Laboratories). 




