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Introduction: Alpha-Lactalbumin, a Multifunctional Protein
that Specifies Lactose Synthesis in the Golgi
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Lactose was found in the 1960s [1] to be synthesized by the
reaction:

UDP — galactose + glucose — lactose + UDP.

Using a protein complex isolated from cow’s milk, Kurt
Ebner and his colleagues at Oklahoma State University
showed that two proteins catalyzed the reaction, galactosyl-
transferase (Protein A at the time) and «-lactalbumin
(Protein B) [2, 3]. Galactosyltransferase was found to have
a wide tissue distribution and to catalyze the transfer of
N-acetyl-glucosamine residues to glycoproteins [4], but
a-lactalbumin, which had been known as a milk protein
since the early 20th century [5], was specific to milk and
the mammary gland and had a high homology to lysozyme
[6]. At very high concentrations of glucose, galactosyl-
transferase could, by itself, synthesize lactose; however,
«-lactalbumin was found to bring the glucose K,
to ~1 mM, within the physiological range of glucose
concentrations. Work proceeded on the characteristics of
the system in several labs, some of which made the very
important observation that the lactose synthesis activity was
associated with a particulate fraction in the lactating
mammary alveolar cell that could represent the Golgi
compartment (reviewed in [7]). In 1969 Brew [8] hypoth-
esized that «-lactalbumin made its way from the endoplas-
mic reticulum, where it was synthesized, to the Golgi,
where it encountered galactosyltransferase as well as the
substrates necessary for lactose synthesis. As the secretory
vesicles budded off the Golgi they carried lactose as well as
milk proteins such as «-lactalbumin to the plasma mem-
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brane for secretion. Linzell and Peaker in their 1971 review
[7] realized that this vesicular mechanism solved the
problem of the impermeability of lactose to the mammary
epithelial cell: Once lactose was synthesized in the Golgi,
the sugar could not return to the cytoplasm so, to maintain
osmotic equilibrium, water entered the Golgi, causing it to
swell and producing the very large vesicles of the terminal
Golgi characteristic of the lactating cell.

Nicholas Kuhn, a biochemist at the University of
Birmingham, undoubtedly knew of Brew’s hypothesis from
conversations with Linzell and, of course, a familiarity with
the literature gained earlier when he used lactose synthesis
in experiments on the role of progesterone as the lactogenic
trigger [9]. He set out to do experiments that actually
demonstrated, using biochemical techniques, the topology
of the reaction in a particulate fraction isolated from rat
mammary glands. He showed [10], using fresh cellular
fractions at very short times, that the reaction was not
inhibited by ovalbumin, an active inhibitor of the soluble
enzyme, and that inhibitors of glucose transport inhibited
lactose synthesis. These well-controlled experiments, along
with the prior observation by Keenan and colleagues that
galactosyl-transferase is associated with the Golgi mem-
brane fraction [11], provided convincing evidence for
synthesis of lactose within the Golgi compartment.

But research on «-lactalbumin did not stop there. Prior to
1975 195 articles on «-lactalbumin are indexed in Medline;
since that time about 2900 articles appear in the index. Many
are studies of protein structure or its nutritional relevance as a
milk protein. But the protein also has very interesting
properties. In 2000 Svensson and colleagues [12] showed
that, under low calcium conditions «-lactalbumin could
bind a specific fatty acid, C18:1, and adopt a altered
conformation that induced apoptosis in tumor cells but not
in normal cells. This altered protein was called HAMLET
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(human a-lactalbumin made lethal to tumor cells). It seems
to enter cells and interact with many intracellular organ-
elles, and, as one might expect, has been proposed as a
cancer therapeutic agent [13]. In an entirely different vein,
Julie Sharp, Kevin Nicholas, and their co-workers showed
that Cape fur seals possessed no lactose in their milk. In
addition, they observed that the mammary glands of this
species do not involute during long forays into the ocean to
feed, leaving a suckling young on the shore [14]. Putting
these two observations together they hypothesized in a very
recent paper that o-lactalbumin in other species initiates
involution. Consist with this notion they found that exposure
of cultured mammary alveolar cells to «-lactalbumin
induced apoptosis, leading them to propose that the protein
promotes involution-like changes in the weaning mammary
gland [15]. How this finding jibes with the lack of effect of
HAMLET on normal cells is a question for the future.
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