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ABSTRACT : Objectives of this study were to determine 
effects of insulin on acetyl-CoA carboxylase (ACC) 
activity and correlate this activity with relative amounts of 
ACC in MAC-T cells. MAC-T cells were grown in 
Medium 199 supplemented with fetal bovine serum (5%), 
cortisol (1 zeg/ml), and insulin (1 pg/ml). At confuluence, 
the cells were transferred to 100 mm2 culture dishes 
coated with the extracelluar matrix. After 10 h of 
incubation, the media were replaced with media without 
fetal bovine serum and the concentration of insulin was 
lowered to 5 ng/ml. After 24 h, the media were changed 
to contain the varying concentrations of insulin and 
incubations continued for 48 h. The addition of insulin 

resulted in increases in the specific activity of ACC. The 
maximal effects of insulin on the ACC activity occurred at 
concentrations of insulin, 1,000 ng/ml. In contrast, the 
relative change in lactate dehydrogenase (LDH) activity in 
response to increasing insulin concentrations was minimal 
as compared to the effects of insulin on ACC. Transblot 
and enhanced chemiluminescence (ECL) analysis indicated 
that the increases in ACC activity in MAC-T cells caused 
by insulin were due to actual increases in amounts of 
enzyme.
(Key Words : Bovine Mammary Secretory Cells, MAC-T 
Cells, Insulin, Acetyl-CoA Carboxylase)

INTRODUCTION

It is generally believed that ruminants are somewhat 
less sensitive to insulin than nonruminants (Brockman, 
1986). In the case of lipogenesis of the bovine mammary 
glands, the lack of insulin responses may be related to the 
fact that acetate, not glucose, is the major precursor for 
fatty acid synthesis (Moore and Christie, 1981). Lactation 
results in hypoinsulinemia in both ruminants and rodents 
(Vernon, 1988). In rodents, the mammary gland is able to 
maintain high rates of insulin-sensitive processes during 
lactation despite the prevailing hypoinsulinemia (Vernon, 
1989), which might be possible due to the increased 
number of insulin rec印tors of mammary secretory cells 
during lactation (Flint, 1982). In contrast, Can耳)bell et al. 
(1987) reported that insulin binding to the bovine 
maminary 이and declines around the onset of lactation. It 
has even been suggested that a raised level of insulin, 
caused by feeding cows high concentration rations, inhibit 
fat mobilization and diverts fatty acids into body tissues, 

thereby resulting in milk with a lower fat content (Roe et 
al., 1973).

Conversely, injection of insulin increased the 
concentration of milk fat (Schmidt, 1966), as a result of 
increased' output of C12-C18 fatty acids. Chronic 
administration of insulin of lactating cows increased fatty 
acid synthesis in the mammary glands (Baldwin et al., 
1972). Recently, Jindal and Pandey (1988) observed that 
insulin supplement to media for explants of goat mammaiy 
tissues increased ACC activity. However, the complete 
role of insulin in the regulation of fatty acid synthesis in 
the bovine mammary gland remains equivocal. Especially 
no one has investigated insulin regulation of fatty acid 
synthesis at the celluar level of bovine mammary glands.

Acetyl-CoA caiboxylase (ACC) is the rate limiting 
enzyme which catalyzes the conversion of acetyl-CoA to 
malonyl-CoA for fatty acid synthesis in lipogenic tissues 
of animals (Numa and Tanabe, 1984) including bovine 
lactating mammary glands (Moore and Christie, 1981). In 
addition to the short-term hormonal regulation of ACC by 
changes in the catalytic efficiency per enzyme molecule 
brought about by phosphorylation and dephosphorylation 
of the enzyme (Kim, 1983), the long-term hormonal 
regulation of ACC by changes in the number of enzyme
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molecules plays an essential role in control of ACC and 
lq)ogenesis (Numa and Tanabe, 1984).

Therefore, this study was undertaken to determine 
effects of insulin on ACC activities in bovine mammary 
glands. In these experiments, the bovine mammary 
secretory cell line MAC-T (mammaiy alveolar cell 
transfected with large T antigen; Huynh et al., 1991) was 
utilized as a model system since it provides a useful 
system for studying the biological functions of hormones 
at the cellular level under defined conditions (Zhao et al., 
1992).

MATERIALS AND METHODS

All reagents were purchased from Sigma, otherwise 
noted.

Cell culture and treatment
MAC-T cells (provided by J. D. Turner, McGill 

University, Canada) were seeded (2 x 105 cells) in T-75 
cell culture flasks. The cells were grown in Medium 199 
(M199) supplemented with fetal bovine serum (FBS; 5%), 
cortisol (1 /£g/ml), insulin (1 “g/ml), and penicillin/ 
streptomycin (100 unit/ml). The cells were cultured in a 
humidified incubator at 95% Q and 5% CO2. When the 
cells readied confluence, they were removed from the 
culture flasks by the addition of 2 ml of trypsin (0.05%) 
with EDTA (0.53 mM). The trypsinization of the cells 
took approximately 8 minutes in the humidified incubator 
at 3712. A suitable aliquot of the resultant cell suspension 
was transferred to a culture flask containing the fresh 
growth medium.

The confluent cells were removed from the flasks by 
trypsinization and transferred to 100 mm2 culture dishes 
coated with mammaiy gland extracellular matrix. The cells 
in one flask at confluence were sufficient to make one 100 
mm2 culture dish confluent Cells transferred onto the 
matrix were maintained in the growth medium plus 
prolactin (1 jteg/ml) for 10 h to allow for attachment The 
medium was removed by aspiration. The cells were then 
washed 3 times with phosphate-buffered saline (PBS) to 
remove residual FBS and hormones. FBS was removed 
from the medium and insulin concentration was reduced to 
5 ng/ml. After 24 h, the medium was replaced with media 
containing varying concentrations of insulin and the cells 
were cultured for an additional 48 h.

Extracellular matrix preparation
The extracellular matrix for cell culture was prepared 

as previously described (Wicha et al., 1982) with some 
modifications. Approximately 1 kg of mammaiy gland 

tissue from a rear quarter of a lactating Holstein cow was 
excised after slaughter. The tissue was then cut into small 
pieces (about 50 g) with a sterilized knife and placed in 
10 volumes of sterile deionized water (10 L) containing 
soybean trypsin inhibitors (10 jttg/ml) and leupeptin (1 jteg/ 
ml).

The tissue was homogenized at 4*0 by a Polytron 
homogenizer (Brinkman, Westbury, NY) at full speed 
until finely minced. After the homogenate was centrifuged 
at 1,000 g for 5 min, the pellet was agitated overnight in 
1 M NaCl containing the protease inhibitors at 4*0. The 
suspension was centrifuged (1,000 g for 5 min) and lipid 
was removed by resuspending and extracting the pellet 
with equal volumes of water and butanol/diethyl ether (2/ 
3, vol/vol) on a wrist shaker for 1-2 h at room 
ten^erature.

The matrix material was then washed overnight in 1 
M NaCl at 4*C with two changes of 1 M NaCl. The 
insoluble matrix collected by centrifugation (1,000 g for 5 
min) was dige아ed with DNAse (25 jteg/ml) and RNAse 
(100 jteg/ml) in 5 volumes of M 199 for 2-4 h at 37*0 
with constant stirring. The insoluble matrix was then 
collected by centrifugation (1,000 g for 5 min) and was 
washed 3 times with PBS overnight and stored in 3 
volumes (w/v) of M199 at —20*0. The extracellular 
matrix was plated with 2 ml of the matrix suspension per 
100 mm2 culture dish. The matrix coated culture dish was 
incubated in 5 ml of M199 overnight prior to adding cells 
for study.

Enzyme assay
At the end of incubations, media were removed by 

aspiration and cells were washed three times with ice-cold 
PBS. The cells and matrix were screed from the culture 
dishes with a rubber policeman into 1 ml of Tris-sucrose 
buffer (30 mM Tris, 0.3 M sucrose, 1 mM GSH, 1 mM 
EDTA, pH 7.4) containing the following protease 
inhibitors: benzamidine (1 mM), leupeptin (40 "g/ml), and 
soybean trypsin inhibitor (4 /eg/ml) and briefly 
homogenized for 5 sec in a Brinkman Polytron 
homogenizer at 3 setting. The homogenates was 
centrifuged at 45,000 g for 40 min. The supernatant was 
used to determined enzyme activities. Enzyme activities 
were determined at 37*0 for ACC and 25*0 for lactate 
dehydrogenase (LDH) under conditions where activities 
were linear with regard to time and protein concentration.

Acetyl-CoA carboxylase activity was estimated from 
the incorporation of 14C-sodium bicarbonate into acid
stable products as previously described (Mellenberger et 
al., 1973) with some modifications. Aliquots of the 
supernatant were preincubated for 30 min in the presence 
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of citrate to achieve maximal activation of ACC prior to 
determining activity. Reactant concentrations during 
preincubation were 20 mM sodium citrate, 20 mM Tris 
buffer (pH 7.4), 20 mM MgCl2, 0.2 mM GSH, 0.2 mM 
EDTA, and 2.4 mg of bovine serum albumin/ml. The 
timed reaction was started by adding the incubation 
medium containing ATP, acetyl-CoA, and NaH14CO3 and 
reactions proceeded for 15 min in a 1.0 ml volume. Fin이 

reactant concentrations were 20 mM Tris buffer (pH 7.4), 
20 mM sodium citrate, 20 mM MgCl2, 0.2 Mm GSH, 0.2 
mM EDTA, 2.0 mM sodium ATP, 0.2 mM acetyl-CoA, 
20 mM NaH14CQ3 (3 ^ci/incubation), and 2.4 mg of 
bovine serum albumin/ml. Control incubations were the 
same except both ATP and acetyl-CoA were omitted. 
Reactions were stopped by addition of 0.2 ml of 6 N HC1 
and incubated at 60*0 for 1 h to help remove the 
unreacted H14CO3-. Residual H14CO3- was removed at 37 
°C with repeated additions of dry ice. Radioactivity in 
acid-stable products was determined with 10 ml of a 
scintillation solution (New England Nuclear, Boston, MA) 
using a liquid scintillation spectrometer (Wallac, 
Gaithersburg, MD). ACC activity was expressed as 
incorporation of nmol of bicarbonate into acid-stable 
products/min per 理 of either protein or DNA.

LDH activities were determined by a decrease in 
absorbency at 340 nm resulting from oxidation of NADH 
according to the procedure of Kornberg (1955) using a 
Shimadzu spectrophotometer (Shimadzu, Kyoto, Japan). 
The reaction was started by adding aliqouts of the 
supernatant to the assay medium and the reaction 
proceeded for 1 min in a 1.0 ml volume. Final reactant 
concentrations were 180 mM Tris buffer (pH 7.4), 1.0 
mM sodium pyruvate, and 0.2 mM NADH. Control 
san中les were incubated under the same conditions except 
no sodium pyruvate was added. LDH activity was 
expressed as ^mol of NADH converted to NAD/min per 
mg either protein or DNA.

Measurements of 나le relative amount of ACC
The relative amount of ACC was determined by the 

combination system of transblot (TB) without using 
antibodies (Hanqi and Koide, 1989) and enhanced 
chemiluminescence (ECL; Leong et al., 1986). The term, 
TB-ECU was used in this study to designate the 
combined detection system The first step was the 
separation of proteins by sodium dodecyl sulfete (SDS)- 
polyacrylamide gel electrophoresis (PAGE) by the 
discontinuous system (Laemmli, 1970) as modified by 
Basch et al. (1985) using 4% acrylamide stacking gel and 
7% acrylamide separating gel. Gel solutions were prepared 
according to Basch et al. (1985). The supernatants used in 

enzyme assays were also utilized for electrophoresis. Prior 
to electrophoretic separation, sanpies were adjusted to 50 
Mg of protein and mixed with the equal volume of 1.25 
M Tris sanple buffer (pH 6.8) containing 10% (v/v) 
glycerol, 5% (v/v) 2-mercaptoethanol, 2% (w/v) SDS, and 
0.1% (w/v) bromophenol blue. The sanple mixture was 
placed in a boiling water for 6 min. After colling the 
san甲le mixture, electrophoretic separation was performed 
using a voltage regulated Zenith power supply at 25 V for 
the first 34 h and then 100 V for the next 14-16 h until 
the tracking dye (bromophenol) reach the bottom of the 
geL Tenperature was maintained at 15*0 by using a 
colling unit (New Brunswick, Edison, NJ).

After electrophoresis, proteins were transferred 
electrophoretically from gels to Immobilon-P transfer 
membranes (Millipore, Bedford, MA). Before 
electrotransfer, gels were soaked with gentle agitation for 
20-30 min in the transfer buffer〔25 mM Tris, 192 mM 
glycine, 20% (v/v) methanol, and 0.01% (w/v) SDS; pH 
8.3〕. Electrotransfer was performed in the transfer buffer 
using a transblot 通)paratus (Hoefer, San Francisco, CA) at 
0.5 An耳)for 1 h, followed by 1 Amp for 14-16 h at lOti-

After electrotransfer, subsequent procedures were 
performed at room temperature. The membrane was 
incubated for 45 min in Tris-buffered saline (TBS; 50 mM 
Tris, 0.5 M NaCl; pH 7.5) containing 3% bovine serum 
albumin and 0.5% Tween. After washing four times with 
TBS containing 0.5% Tween by rocking for at least 5 min 
each wash, the membrane was incubated for 30 min in 
TBS with 0.5% Tween and 0.2% avidin-biotin-horseradish 
peroxidase con耳)lex (Biomeda, Foster city, CA). The 
membrane was then washed four times in TBS without 
Tween by rocking for 5 min each wash. Subsequently, the 
membrane was incubated for 1-2 min with 15 ml of ECL 
detection reagents consisting of luminol and hydrogen 
peroxide (Amersham, Little Chalfont, Buckinghamshire, 
UK). The membrane was wrapped in Saran wi御).The 
light emission emanating from the biotin-containing 
enzymes including ACC was detected by placing a sheet 
of X-ray film (Eastman Kodak, Rochester, NY) on the top 
of the membrane in a dark room An exposure of 5-10 sec 
was used to obtain adequate signals.

Measurement of protein and DNA
Protein was determined by the method of Lowry et al. 

(1951), using bovine serum albumin as a standard. DNA 
was determined spectrofluorometrically according to the 
procedure of Labarca and Paigen (1980), by measuring 
fluorescence resulting from the reaction of the drug 
Hoechst 33258 with deoxyribose in DNA.
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Statistical analysis
Data were analyzed by analysis of variance and 

Duncan's mult^)le range test according to Gomez and 
Gomez (1984) using the Statistical Analysis System 
(1985).
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RESULTS

Activities and relative amounts of ACC
The linear ranges of ACC activity with protein 

concentrations and time were determined. ACC activity 
was linear up to 150 ag of protein with a 15 min reaction 
time and linear up to 15 min at 100 j«g of protein. 
Therefore, ACC activity of MAC-T cell extracts was 
determined by incubating 100 ug of protein for 15 min.

The relative amounts of ACC in MAC-T cell extracts 
were detected using the TB-ECL system (figure 3). The 
molecular weight of ACC detected in TB-ECL system was 
about 240 KD. This method 지so detects other biotin- 
containing enzymes, including pyruvate carboxylase, 
propionyl-CoA carboxylase and methylcrotonyl-CoA 
carboxylase.
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Figure 1. Effects of insulin on ACC and LDH activities. 
MAC-T cells were grown on dishes coated with the 
extracellular matrix from bovine mammary glands for 48 
h. Activities of the enzymes are expressed relative to the 
content of protein. Each bar represents the mean 土 SEM 
of duplicate determinations on three culture plates. Values 
with different letters are significantly different (p < .001).
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Figure 2. Effects of insulin on ACC and LDH activities 
in extracts from MAC-T cells cultured on an extracellular 
matrix from bovine mammary glands for 48 h. Activities 
of the enzymes are expressed relative to DNA. Each bar 
represents the mean 土 SEM of duplicate determinations 
on three culture plates. Values with different letters are 
significantly different (p < .001).

v PC

116 a

84 a
■ = v MCC

v PCC

Figure 3. TB-ECL analyses of relative amounts of ACC 
in extracts from MAC-T cells cultured on an extracellular 
matrix from bovine mammaiy glands in the presence of 
different doses of insulin for 48 h. Samples were adjusted 
to 50 j«g of protein prior to electrophoresis. Insulin added 
to the media (ng/ml): A (0), B (5), C (50), D (500), E 
(5000). ACC = Acetyl-CoA Carboxylase, PC = Pyruvate 
carboxylase, MCC = Metylcrotonyl-CoA carboxylase, 
PCC = Propionyl-CoA carboxylase.

Effects of insulin on ACC activity
An insulin dose response study was conducted to 

determine effects of insulin on ACC activity and to 
correlated activity with relative amounts in MAC-T cells. 
During the p印iod of insulin treatments, MAC-T cells were 
incubated for 48 h as previously described. Results (figure 
1 and 2) indicate that ACC activity in MAC-T cells 
significantly increased as concentrations of insulin were 
increased whether ACC activity was expressed as per unit 
of protein or DNA.

When ACC activity was expressed relative to the
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content of protein, increasing concentrations of insulin (0, 
5, 50, 500, and 5,000 ng/ml) increased ACC activity ( + 
SEM) .74 ± .06, .91 ± .05, 1.51 ± .03, 2.05 ± .12, and 
3.14 土 .08 nmol/min per mg protein, respectively, in dose 
dependent manner. All results were significantly different 
between treatments < .001) excepting 0 and 5 ng/ml of 
insulin.

When ACC activity was expressed relative to content 
of DNA, ACC activities (+ SEM) from the varying 
concentrations of insulin were 9.58 ± .71, 14.89 土 .45, 
22.68 土 .77, 28.14 土 2.82, and 41.68 土 1.41 nmol/min 
per mg DNA, respectively. The response was dose 
dependent and all results were significantly different from 
one another (p < .001). The highest insulin treatment of 
MAC-T cells (5 ng/ml) increased ACC activity 
approximately 4 fold. As little as 5 ng/ml of insulin 
significantly increased ACC activity (p < .001). The 
maximal increase in ACC activity due to insulin occurred 
at 1 ug of insulin since there was no significant difference 
detected in ACC activity between 1 ug/ml and 5 ug/ml of 
insulin treatments of MAC-T cells (data not shown).

Changes in the relative amount of ACC induced by 
insulin treatments are presented in figure 4. Quantitative 
analyses by densitometry (figure 4) demonstrated that 
amount of ACC increased as the concentration of insulin 
increased whether the amount of ACC was expressed 
relative to the content of protein or DNA. The data 
indicate that the increases in ACC activity in MAC-T cells 
due to insulin (figure 1 and 2) were proportional to the 
increases in the relative amounts of ACC (figure 4).
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Figure 4. Effects of insulin on relative amounts of ACC 
in MAC-T cells cultured on an extracellular matrix of 
bovine mammary glands for 48 h. Intensity was quantified 
by densitometry analysis. Each bar represents the mean 土 

SEM of one determination on three culture plates. Values 
with different letters are significantly different (p V .001).

In contrast, insulin did not cause dose dependent 
manner of increases in LDH activity (figure 1 and 2). The 
relative change in LDH activity in response to increasing 
insulin concentrations was minimal as conpared to the 
effects of insulin on ACC.

DISCUSSION

Determinations of ACC assay and relative 
amount of ACC

The m^or inherent problem with ACC assays is the 
high and variable background due to retention of 
unreacted radioisotope (H14CO3~) in the acid-stable 
product fraction. Mellenberger et al. (1973) reported that 
contamination of the unreacted radioisotope in the 
background was approximately 10% of that in the assay 
mixtures. Since there were small differences in ACC 
activities resulting from hormone treatments, a accurate 
method for ACC assay was required. Thus, the classical 
ACC assay described by Chang et al. (1967) was 
modified to maximize sensitivity. After terminating the 
ACC reaction by adding 2 ml of 6 N HC1, the sample was 
dried at 10012. This step significantly reduced the 
background radioactivity. However, drying the san車le 
caused development of a dark-color in the san^le which 
had significant quenching effects in scintillation counting. 
To prevent this, sanpies were dried at 60°c for 1 h, then 
0.5 ml of 1 N HC1 was added to the sample at 37*0 and 
crushed dry-ice was placed in the sanple to help dissipate 
residual unreacted H^CC^-. Repeated additions of 0.5 ml 
1 N HC1 and dry-ice for 3 h significantly reduced 
background radioactivity to low and constant values. 
These modifications of the method allowed us to 
determine the hormonal effects on ACC activity.

The fact that biotin is covalently bound to ACC as a 
cofactor allowed Haneji and Koide (1989) to demonstrate 
that without using antibodies ACC could be detected on 
nitrocellulose membranes, containing electrophoretically 
transferred proteins ftom SDS-PAGE, after incubation 
with an avidin-peroxidase conjugate. The bound 
peroxidase could then be detected by developing the 
membrane with 4-chloro-l -napthnol and hydrogen 
peroxide. However, this method was not sensitive enough 
to detect the low amounts of ACC in our cell culture 
system. ECL, a method used to detect immobilized protein 
by light emission resulted from oxidation of luminol 
catalyzed by peroxidase in the presence of hydrogen 
peroxide (Thorpe and Kricka, 1986), is much more 
sensitive than colorimetric-based systems (Leong et al., 
1986).

The combination of transblot and enhanced 
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chemiluminescence methods (TB-ECL) allowed the 
detection of quantitative changes in the amounts of ACC 
due to hormonal treatments without using antibodies. In 
addition to ACC, other biotin containing carboxylases 
present in mammalian tissues including pyruvate 
carboxylase (PC; 125 Kd), methylcrotonyl-CoA 
carboxylase (MC; 96 Kd), and propionyl-CoA carboxylase 
(PPC; 72 Kd) are also detected by the TB-ECL system. 
The molecular weight marker indicated that the three 
bands of lower molecular weight below ACC after SDS- 
PAGE correspond to PC, MC, and PPC, respectively.

Effects of insulin on ACC
The present study suggests that insulin may regulate 

ACC activity positively in bovine mammary secretory 
cells over the long-term period by increasing the amount 
and activity of ACC in MAC-T cells. Because protein and 
DNA can vary with insulin treatments due to hypertrophic 
and hyperplastic effects of insulin, ACC activities were 
expressed relative to soluble protein and DNA. Thus, 
increase in ACC activity by insulin represent those above 
general increases in protein and DNA content due to 
hypertrophic and hyperplastic effects of insulin. The 
current finding that the significant increase in ACC 
activity per unit of protein and DNA suggests that the 
enhancement of ACC activity was due to specific actions 
of insulin in addition to hypertrophic or hyperplastic 
effects of insulin.

LDH in animal tissues is not normally sensitive to 
hormonal variations. Although LDH activity in MAC-T 
cells tended to be slightly elevated by insulin treatments, 
the effects were not significantly different, as expected. 
These results inply that insulin preferentially increases 
activities of the rate-limiting enzyme, ACC, while not 
affecting activities of constitutive enzymes, sudi as LDH. 
These results are consistent with the concept that the 
activities of rate-limiting enzymes are often determined, in 
part, by hormonal signals while specific activities of 
constitutive enzymes are not (Rodwell, 1988).

Explants of mammary tissues from mid-pregnant goats 
incubated for 36 h in media containing insulin combined 
with prolactin and cortisol exhibited increases in ACC 
activity due to increased rates of synthesis of the enzyme 
molecule (Jindal and Pandey, 1988). Insulin-dependent 
enhancement of ACC activity in long-term (48 h) primary 
cultures of rat hepatocytes was also due to increased rates 
of synthesis of the enzyme protein (Giffom and Kaze, 
1984). In the present study, relative amounts of ACC were 
significantly increased as the concentration of insulin was 
increased. Further, these data show that increases in 
amounts of ACC were correlated with the increased ACC 

activity. Therefore, the current results confirm that 
increases in ACC activity due to insulin reflect increased 
amounts of the enzyme protein during the long-term (48 
h) culture of MAC-T cells. The data also inply that the 
increase in ACC activity due to insulin is likely associated 
with increased rates of synthesis of the enzyme protein. 
However, it is also possible that the increase in ACC 
activity might be due to lower rates of degradation of the 
enzyme.

In rodents, it has be血 well documaited that insulin is 
necessary for lipogenesis in the mammary gland (Baldwin 
and Louis, 1975). Insulin is also required in reminants fbr 
normal function of mammaiy glands since all secretory 
activity in alloxan-diabetic goats is lost irreversibly after 
several weeks (Nowak and Dzialoszynski, 1967). Very 
limited data are available on insulin actions upon the 
regulation of lipogenesis in bovine mammary glands. 
Results presented here support the observation that chronic 
insulin administration to lactating cows significantly 
increased lipogenesis in the mammary gland (Baldwin et 
al., 1972). The present result is also conpatible with 
observations that insulin, in combination with prolactin 
and cortisol, increases ACC activity in long-term explant 
cultures from goat and sheep mammary glands (Jindal and 
Pandey, 1988; Barber et al., 1990) with concomitant 
increases in rates of lipogenesis (Barber et al., 1990).

Meanwhile, insulin, at supraphysio logical 
concentrations, binds to IGF-1 receptors, thereby 
mimicking the biological effects of IGF-1 (Czech, 1989) 
since the receptors fbr insulin and IGF-1 share structural 
and functional homology (Ulrich et al., 1985). 
Pharmacological concentrations of insulin interact with 
IGF-1 recq)tors to cause its biological effects in human 
skin fibroblasts (Flier et al., 1986). Furthermore, Hadshell 
et al. (1990) demonstrated that insulin conpetes with IGF- 
1 binding in radioreceptor experiments using bovine 
mammary microsomes. Therefore, the current observation 
that very high levels of insulin (1-5 ug/ml) are needed for 
maximal effects on ACC activity supports the hypotheses 
that the insulin effects observed with insulin reflects 
binding to IGF-1 receptor and that IGF-1 may adopt the 
role undertaken by insulin in rodents in the control of 
lipogenesis of the bovine mammary gland. Thus, the 
observation in this study that the ACC activity was 
markedly increased at suppraphysiological concentrations 
of insulin might indicate that the effects are mediated by 
insulin binding to IGF-1 receptors.
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