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Abstract

Conjugated linoleic acid (CLA) isomers effect an impressive range of biological processes including the ability to inhibit milk
fatty acid synthesis. Although this has been demonstrated in several mammals, research has been most extensive with
dairy cows. The first isomer shown to affect milk fat synthesis during lactation was trans-10, cis-12 CLA, and its effects
have been well characterized including dose-response relationships. Recent studies have tentatively identified 2 additional
CLA isomers that regulate milk fat synthesis. Regulation by CLA occurs naturally in dairy cows when specific CLA isomers
produced as intermediates in rumen biohydrogenation act to inhibit milk fat synthesis; this physiological example of
nutritional genomics is referred to as diet-induced milk fat depression. Molecular mechanisms for the reduction in
mammary lipid synthesis involve a coordinated down-regulation of mMRNA expression for key lipogenic enzymes
associated with the complementary pathways of milk fat synthesis. Results provide strong evidence of a role for sterol
response element-binding protein 1 and Spot 14 in this translational regulation. Effects of CLA on body fat accretion have
also been investigated in nonlactating animals, but CLA effects on mammary fatty acid synthesis occur at an order-of-
magnitude lower dose and appear to involve very different mechanisms than those proposed for the antiobesity effects of

CLA. Overall, results demonstrate the unique value of cows as a model to investigate the role of CLA in the regulation of

milk fat synthesis during lactation. J. Nutr. 138: 403-409, 2008.

Introduction

Nature has accorded lactation a high priority, and during
lactation the extensive use of nutrients for the synthesis of milk
imposes a substantial demand on the mother. Fat is the major
energy source in milk, and lipid synthesis by the mammary
glands is particularly impressive. In early lactation, daily milk fat
secretion in the dairy cow can represent over 35% of net energy
intake (1). Thus, Rudolph et al. (2) have aptly described the
lactating mammary gland as “a lipid-synthesizing machine.”
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Lactating ruminants have been of special value as a model to
investigate milk fat synthesis. Knowledge of mammary uptake of
nutrients, biosynthesis pathways, and the relation between diet
and milk fat composition have been elaborated in studies with
ruminants, and results have been extended and contrasted with
those from other mammals (3,4). Although much is known
about the biochemistry of milk lipid synthesis, the regulatory
and cellular signaling systems of mammary fat synthesis are not
well understood. The lactating bovine mammary gland synthe-
sizes easily measurable quantities of lipid and thus is a unique
model to study both the acute and chronic regulation of milk fat
synthesis. When challenged, temporal changes in milk fat can be
monitored in the same animal by sequential collection of milk
samples and serial tissue biopsies. In contrast, quantifying milk
yield, sequential collection of representative milk samples, and
obtaining serial mammary biopsies are challenging in most other
mammals. Similarly, investigations of lipid synthesis in non-
lactating animal models generally require several weeks of treat-
ment to quantify differences in adipose tissue accretion rates
accurately, and multiple measurements are not typically obtained
from the same animal over an experimental time course.

The discovery that certain conjugated linoleic acid (CLA)”
isomers are potent inhibitors of mammary lipid synthesis in

7 Abbreviations used: CLA, conjugated linoleic acid; MFD, milk fat depression;
S14, Spot 14; SREBP, sterol response element-binding protein.
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