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ABSTRACT

Fat globule membranes have been isolated from bovine colostrum and bovine
milk by the dispersion of the fat in sucrose solutions at 4°C and fractionation by
centrifugation through discontinuous sucrose gradients. The morphology and
enzymic characteristics of the separated fractions were examined.

Fractions comprising a large proportion of the total extracted membrane were
thus obtained having high levels of the Golgi marker enzymes UDP-galactose V-
acetylglucosamine (-4-galactosyltransferase and thiamine pyrophosphatase. A
membrane-derived form of the galactosyltransferase has been solubilized from fat
and purified to homogeneity. This enzyme is larger in molecular weight than
previously studied soluble galactosyltransferases, but resembles in size the galacto-
syltransferase of lactating mammary Golgi membranes.

In contrast, when fat globule membranes were prepared by traditional proce-
dures, which involved washing the fat at higher temperatures, before extraction,
galactosyltransferase was not present in the membranes, having been released into
supernatant fractions. When the enzyme released by this procedure was partially
purified and examined by gel filtration, it was found to be of a degraded form
resembling in size the soluble galactosyltransferase of milk. The release is there-
fore attributed to the action of proteolytic enzymes.

Our observations contrast with previous biochemical studies which suggested
that Golgi membranes do not contribute to the milk fat globule membrane. They
are, however, consistent with electron microscope studies of the fat secretion
process, which indicate that secretory vesicle membranes, derived from the Golgi
apparatus, may provide a large proportion of the fat globule membrane.

While the composition and origin of the mem-
branes surrounding the fat globules of milk have
been the subject of many studies (1, 8, 16, 23,
24), there are serious differences between the
conclusions reached on the basis of electron mi-
croscope and biochemical analyses.

The elegant microscope studies of Wooding
(23, 24) suggest that, within the lactating mam-
mary epithelial cell, fat droplets originate near the
basal portion with no surrounding membrane, but
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that during passage to the apex of the cell before
secretion they become associated with membrane-
bounded vesicles derived from the Golgi appara-
tus. Under some conditions, fat droplets are ob-
served within the cell included in vesicles which
also contain aqueous constituents and casein mi-
celles (25). Fat globule membranes can therefore
originate without any contribution from the plas-
malemma. Normally the acquisition of the mem-
brane occurs at the plasmalemma during secre-

617



tion, but the studies of Wooding suggest that the
membrane of vesicles associated with the fat drop-
let makes the major contribution to the membrane
surrounding the secreted droplet.

An autoradiographic study of the biosynthesis
of milk fat also supports the association of fat
droplets with intracellular membranes, including
those of the Golgi apparatus (22).

Some secreted fat droplets have been shown to
contain cytoplasmic crescents (25, 26), and other
studies of Wooding (24, 25) indicate that, after
secretion, some of this surrounding membrane
may be lost from fat droplets by “blebbing”.
Membrane fractions that may have originated in
this way have been isolated from milk by Morton
(15) and successive workers.

Analyses of the enzymic, phospholipid, and
protein composition of membranes isolated from
cream and from skim milk have been interpreted
to suggest that these membranes are a nearly ho-
mogeneous form of the plasma membrane which
the fat is seen as acquiring during its passage
across the apical plasmalemma of the mammary
epithelial cell. This point of view has been ex-
pressed forcibly in a recent review by Patton and
Keenan (16), who particularly emphasize the
complete absence from bovine milk fat globule
membranes of enzymes generally accepted as
markers for Golgi membranes. Patton and
Keenan argue that similarities in the protein and
phospholipid composition of milk fat globule
membranes and plasma membrane support this
hypothesis, and conclude that intracellular mem-
branes do not participate in any way in the secre-
tion of milk fat. The membranes used in these
biochemical studies were isolated from washed
cream by a process involving repeated washing at
38°-40°C to promote coalescence of the lipid
droplets and to remove aqueous phase contami-
nants.

In contrast to these studies, we have found that
the fat of both colostrum and milk is an excellent
source of a membrane-bound form of UDP-galac-
tose N-acetylglucosamine B-4-galactosyltransfer-
ase, a marker enzyme for Golgi membranes (2, 4,
19), and the catalytic component of lactose syn-
thase (2). We describe the isolation, from the total
fat globule membrane, prepared at 4°C, of major
membrane fractions enriched with this galactosyl-
transferase. These and other observations lend
support to the proposals made by Wooding (23,
24) that the fat globule membrane is derived in
some part from membranes of Golgi origin, al-
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though it cannot be excluded that a portion of
apical plasma membrane may also be acquired by
the fat droplets during exocytosis.

MATERIALS AND METHODS

Bovine colostrum was obtained from the Department of
Agriculture, University of Florida (Gainesville, Fla.) 1
day after secretion. The fat layer was immediately sepa-
rated by flotation (4,000 g, 15 min); some was used the
same day and the remainder stored in batches at —15°C.
Cream (40% fat) was obtained from Borden Inc., Dairy
Services Division (Miami, Fla.) on the day of milking
and used immediately. Other materials were obtained as
reported previously (18, 21).

A packed fat layer was separated from the aqueous
phase of both cream and colostrum by flotation (4,000 g,
15 min} at 4°C. The fat (100 g) was dispersed in 0.5 M
sucrose (300 ml) containing 1% dextran, 10 mM MgCl,,
1 mM B-mercaptoethanol and 0.1 M cacodylate buffer,
pH 7.0, (0.1 M sodium cacodylate adjusted to pH 7.0
with HCI) (medium A), at 4°-10°C, using an overhead-
drive stirrer with stainless steel blades (5 cm diameter) at
1,725 rpm for 5 min. Free fat was removed by centrifu-
gation for 10 min at 4,000 g, and the supernate (S1) used
to prepai: membrane fractions.

S1 was centrifuged (10,000 g, 1 h, 4°C) to yield a
precipitate P2 and a supernate S2. P2 was suspended in
18 ml of S2 and applied to a discontinuous sucrose
gradient (I) and centrifuged at 100,000 g for 1 h in an
SW 27 rotor (Beckman Instruments, Inc., Spinco Div.,
Palo Alto, Calif.) at 4°C. Discontinuous gradient I com-
prised P2 suspended in S2 (6.5 ml, 60 mg protein/ml)
layered over 1.8 M sucrose (3 ml), 1.5 M sucrose (13
ml), and 1.25 M sucrose (14 ml); all sucrose solutions
contained 10 mM cacodylate buffer at pH 7.0. When
applied to milk fat, this gradient yielded a supernate
(S3), a membranous layer at the 0.5/1.25 M sucrose
interface (M3), and a smaller membranous layer at the
1.25/1.5 M interface (N3), and a precipitate (P3). For
preparations from colostrum a simpler discontinuous
gradient (II), comprised only of P2 suspended in S2
(6.5 ml, 60 mg protein/ml) layered over 1.25 M sucrose,
was used to give M3 and P3; when discontinuous
gradient I was used, no membranes were collected at
the 1.25/1.5 M sucrose interface. The fractions M3, N3,
and P3 were suspended in 0.25 M sucrose, containing
10 mM cacodylate buffer pH 7.0. Pellets for electron
microscopy (M3’, N3’, and P3') were obtained by
sedimentation at 10,000 g for 20 min in an L50 rotor
(Beckman Instruments, Inc., Spinco Div.), and were
fixed with 2.5% glutaraldehyde in 50 mM cacodylate
buffer, pH 7.4, containing 2% sucrose, postfixed with
1% OsO, and embedded in Araldite. Thin sections
were cut on an LKB Ultrotome III (LKB Instruments,
Inc., Rockville, Md.), stained with saturated ethanolic
uranylacetate and lead citrate, and examined in a
Philips EM 300.
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MIXTURE
(100 g fat in 300 ml medium A)

centrifuge: 4,000 g, 10 min

]

fat S1 precipitate
(discarded) (250 ml) (discarded)
centrifuge: 100,000 g, 1 h
S2 P2
(precipitate,
resuspended in 18 mi S2)
centrifuge: 100,000 g, 1 h
discontinuous gradient*
0.5|1.25M 1.25{15M
sucrose | interface sucrose |interface
S3 M3 N3 P3
precipitate
centrifuge: 10,000 g,
20 min
M3’ N3’
Scheme 1 Preparation of fat globule membranes from milk and colostrum.

* The discontinuous gradient used for colostrum comprised 1.25 M sucrose only, there being no 1.25/1.5 M

interface.

Protein concentrations were obtained by the method
of Lowry et al. (9), 5'-nucleotidase, thiamine pyrophos-
phatase, glucose-6-phosphatase, and succinic dehydro-
genase (14), xanthine oxidase (12), and galactosyltrans-
ferase (18, 21) as described in the literature. UDPase
assays were performed as for thiamine pyrophosphatase,
using 2 mM UDP.

Membranes were also prepared following a procedure
described by Patton and Trams (17) in which the cream
was washed with 0.25 M sucrose at 38°-40°C (2 x 3
vol), extracted by churning at 12°C, and the membranes
were collected by centrifugation at 100,000 g for 1 h.

The preparation of galactosyltransferase from fat
globule membranes was performed as described in detail
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elsewhere.! The enzyme was characterized by sodium
dodecyl sulfate (SDS) polyacrylamide gel electrophoresis
and by chromatography on a column (1.5 x 95 cm) of
Bio-Gel P150 (Bio-Rad Laboratories, Richmond, Calif.)
(200-400 mesh), equilibrated with 0.5 M NaCl contain-
ing 50 mM cacodylate buffer, pH 7.4, and 1 mM S-
mercaptoethanol.

RESULTS

Fat globule membranes were prepared from bo-

! Powell, J. T., and K. Brew. 1976. Isolation and Char-

acterization of Galactosyltransferase from Milk Fat
Globule Membranes. Manuscript in preparation.
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vine cream and colostrum, using sucrose density
gradient fractionation as described above. The
yields of protein and galactosyltransferase in the
various fractions from cream and colostrum are
summarized in Table I. A very similar pattern can
be seen for both sources, where the initial extract
from 100 g of material concentrated by flotation,
after removal of free fat and material sedimenta-
ble at 4,000 g for 10 min, contained slightly more
than 3 g of protein, which yielded 1.1-1.2 g of
membrane material (P2). Fraction P2 from colos-
trum divided equally on a sucrose gradient, de-
scribed for the isolation of Golgi membranes (14),
between fractions M3 and P3, where M3 con-
tained twice as much galactosyitransferase at twice
the specific activity of P3, a threefold enrichment
over the initial extract, S1. The protein content
and specific activity of galactosyltransferase in
each fraction are shown in Table I. Electron mi-
croscope examination showed that the fractions
M3’ and P3 are closely similar in their morpholog-
ical appearances, consisting of fragments of
smooth membrane and some small vesicles (Fig.
1a). Ribosomes are absent and little or no casein
can be seen within the vesicles.

The total membrane fraction P2 of cream frac-

tionated differently on the single-step sucrose gra-
dient (gradient II); although the membrane frac-
tion (equivalent to M3) showed a specific activity
threefold higher than that of the pellet, the total
galactosyltransferase activity of the pellet was
greater than that of the membrane fraction. Con-
sequently, a different discontinuous gradient (gra-
dient I) was used. This yielded M3 at the 0.5/1.25
M sucrose interface, another smaller fraction N3
at the 1.25/1.5 M sucrose interface, and a pellet
P3. Both M3 and N3 had high specific activities
for galactosyltransferase, while P3 contained a
negligible amount of galactosyltransferase activity
(see Table I). The levels of other marker enzymes
are given in Table II. The membranes, enriched in
galactosyltransferase, from cream may have a
slightly higher density than those from colostrum
fat, as a result of the different characteristics of the
two secretions. The electron micrographs of the
fractions from cream (M3, N3) (Fig. 1b) were
closely similar to the micrographs of the material
from colostrum fat (M3) (Fig. 1a). Both were
homogeneous through the pellet. In contrast, mi-
crographs of fractions P3 from cream showed it to
be rich in casein.

While a reasonably quantitative recovery of ga-

TasLE 1
Progress of Fractionation by Scheme 1

Galactosyltransferase activity, mU

Fraction Total protein Total Sp act
mg per mg
Colostrum fat S1 3,150 17.6 x 10° 5.6
P2 1,200 17.0 x 10® 14.2
S2 1,950 5.46 x 108 2.8
M3 500 9.4 x 10? 18.8
P3 600 5.28 x 10® 8.8
S3 20 0.01 x 10% 0.7
M3’ 85 1.57 x 10° 18.5
Cream S1 3,500 6.65 x 10? 1.9 12.3 x 10%*
P2 1,120 2.58 x 10® 2.3 8.9 x 10
S2 2,125 1.06 x 10% 0.5 1.3 x 10%*
S3 30 -~ -
M3 368 6.0 x 103 16.5 6.5 x 10%*
N3 180 2.8 x 103 15.8 2.9 x 10°%*
P3 315 0.28 x 10? 0.9
‘M3’ 125 2.0 x 108 16.0
N3’ 84 2.0 x 108 16.3
M3 + N3 548 1.37 x 103 16.1 9.4 x 10%*
8.8 x 102

Galactosyltransferase is expressed as nanomoles [*C]galactose transferred per minute.

* Total (corrected from Table III).

620

THE JournaL ofF CeLL Biorogy - VoLuME 72, 1977



B 7 v
b
Ficure 1 Electron micrographs of membrane fractions. Sections were prepared as described in Materi-

als and Methods. (a) The M3’ fraction from colostrum fat globule membrane. x 25,000. (b) The M3’
fraction from cream globule membrane. X 25,000.
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lactosyltransferase was obtained in the fractions
from colostrum, in the case of the cream prepara-
tion it appeared that more enzyme was recovered

in the various fractions than in the starting mate-
rial. This could possibly be a result of the presence
of a-lactalbumin, an inhibitor of the transfer of
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TasLe 11
Marker Enzyme Activities during Fractionation

Specific activities, per mg protein

Galactosyl-transfer- Glucose-6-phospha-
Fraction ase TPPase 5'-Nucleotidase tase UDPase
Cream S1 1.9 12 20 22 10
P2 2.3 22 52 52 17
S2 0.5 21 54 21 22
M3 16.5 134 70 - 121
P3 0.9 68 86 18 63
N3 15.8 94 75 0 86
Colostrum S1 5.6 52 45 23 142
P2 14.2 86 123 37 88
S2 2.8 - 32 - 118
M3 18.8 77 46 0 83
P3 8.8 75 169 18 68

Galactosyltransferase is expressed as nanomoles [**C]galactose transferred per minute. Phosphatase activities are
expressed as nanomoles inorganic phosphate released per minute.

galactose to N-acetylglucosamine, or to glycopro-
teins in the initial extract. Glycoproteins may in-
hibit by acting as alternative acceptors of galac-
tose. This same phenomenon has also been ob-
served by other workers in the preparation of
Golgi membranes from rat liver (13).

To test for the presence of such inhibitors, the
activity of exogenous bovine colostrum galactosyl-
transferase was examined in the presence of the
various fractions (S1, S2, P2, S3, M3, N3, and
P3). The levels of inhibition indicated in Table III
were found. The inhibition in S1 and P2 resulted,
at least in part, from the presence of a-lactalbu-
min, since both these fractions showed lactose
synthase activity when assayed in the presence of
10 mM glucose (Table III). Significant lactose
synthesis by galactosyltransferase at this concen-
tration of glucose occurs only in the presence of a-
lactalbumin (2). The inhibition in S2 and S3 must
result from the presence of glycoproteins or other
inhibitors. From the levels of inhibition of exoge-
nous galactosyltransferase, we can approximate
the true level of enzyme activity during membrane
preparation. The corrected levels of total galacto-
syltransferase activity are given in Table 1. The
small apparent increase observed upon fractiona-
tion of P2 probably results from the inherent inac-
curacies of this type of calculation.

The galactosyltransferase purified from fat glob-
ule membranes is larger, by about 12,000 daltons,
than colostral galactosyltransferase (mol wt
51,000, see reference 18), as shown by SDS poly-
acrylamide gel electrophoresis, gel filtration, and

TasLe III
The Activities and Inhibition Levels of Galactosyl-
transferase during the Preparation of Fat Globule
Membranes from Cream

Specific activity, mU/mg
—_—_— Inhibition of ex-

Galactosyl- Lactose ogenous galac-

Fraction transferase synthase tosyl-transferase
%
S1 2.1 2.6 46
S2 0.5 0.5 18
P2 2.6 31 71
S3 0.4 0.1 72
M3 18.4 1.9 8
N3 14.8 0.7 4

The inhibition of exogenous galactosyltransferase was
determined by assay in the presence of fat globule mem-
brane fractions. The intrinsic N-acetyllactosamine syn-
thase activity of the fractions was subtracted from the
activity seen with exogenous galactosyltransferase, and
compared with the N-acetyllactosamine synthase activity
of the exogenous galactosyltransferase alone. Lactose
synthase activity was determined in the presence of 10
mM glucose, in the absence of exogenous a-lactalbumin.

analytical ultracentrifugation.! The gel filtration
evidence is shown in Fig. 2a. The elution profiles
of galactosyltransferase purified from fat globule
membranes and bovine colostrum galactosyltrans-
ferase on a column of Bio-Gel P150 are com-
pared; the elution positions of marker proteins
used to calibrate the column are also known.
When the fat globule membranes were pre-
pared by the procedure of Patton and Trams (17),
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the 38°-40°C 0.25 M sucrose washes and the final
extract obtained after churning the cream at 12°C
were centrifuged at 100,000 g for 1 h. Only trivial
galactosyltransferase activity was detected in the
pellets, but both wash supernates exhibited galac-
tosyltransferase activity (Table IV), with specific
activities much higher than that of milk (0.2 mU/
mg). This galactosyltransferase was partially puri-
fied. The supernate from a 30% ammonium sul-
phate cut was loaded onto a column of leucine-
Sepharose (Pharmacia Fine Chemicals, Inc., Pis-
cataway, N.J.) (5 ml), washed with 30% ammo-
nium sulphate (5 ml), then 25% ammonium sul-
phate (5 ml), and the enzyme eluted with 0.5 M
NaCl. A further purification step of affinity chro-
matography with a column of a-lactalbumin-Seph-
arose (2 ml) was performed (18). Membrane and
soluble galactosyltransferase copurify by these
procedures (18, 19). The partially purified galac-
tosyltransferase was then examined by gel filtra-
tion on Bio-Gel P150; the elution profile is shown
in Fig. 2b. The main part of the activity peak is
similar in size to the soluble colostrum enzyme,
but the shoulders on the trailing edge suggest the
presence of further proteolytically degraded forms
as found in the galactosyltransferase from bovine
milk (18).

DISCUSSION

Fat globule membranes with a high specific activ-
ity for galactosyltransferase, a Golgi membrane
marker enzyme, were prepared from bovine colos-
trum and bovine milk fat by fractionation on su-
crose gradients. The morphology of the mem-
branes isolated in this study is closely similar to
that reported by previous workers (10, 16, 25).
Although galactosyltransferase has not been
found in bovine milk fat globule membranes pre-
pared by traditional procedures (16, 17), it has
been reported to be present in human milk fat
globule membranes (10, 11).

The specific enzyme activities of our membrane
fractions (M3 and N3), comprising 40-50% of the
total protein sedimenting at 10,000 g for 1 h, are
compared with those of bovine mammary gland
Golgi and endoplasmic reticulum membranes (7)
and sheep mammary gland Golgi membranes (20)
in Table V. Both the enzymic properties and the
densities of our membrane fractions are similar to
those of Golgi membranes, having high levels of
galactosyltransferase and thiamine pyrophospha-
tase, moderate amounts of 5’-nucleotidase, and
no glucose-6-phosphatase. (Although 5'-nucleo-
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tidase has been widely considered as a marker for
plasma membrane, recent studies with rat liver
have called this specificity into question [5]). The
precipitate fractions (P3) we obtain have moder-
ate levels of 5'-nucleotidase and some glucose-6-
phosphatase activity, and are possibly of mixed
origin (endoplasmic reticulum and plasma mem-
brane); electron microscope examination indicates
that the precipitate from milk fat, in contrast to
that of colostrum, also contains casein.

The specific activities of galactosyltransferase in
M3 and N3 are higher than those reported by
others for bovine mammary gland Golgi mem-
branes (7) but much lower than that for sheep
mammary gland Golgi membranes. The low level
reported for the bovine mammary gland Golgi
membranes (7) is perhaps a result of the subopti-
mal assay conditions used in the previous study,
with respect to the concentration of the acceptor
substrate N-acetylglucosamine (2.5 mM, com-
pared with a K,, of about 10 mM, see reference
21). The lower specific activity of galactosyltrans-
ferase in fat globule membranes prepared by our
procedure in comparison with that of sheep mam-
mary gland Golgi membranes may reflect a mixed
origin for the membranes (partly Golgi and partly
plasmalemma) or could be a result of enzyme
release by proteolysis during storage in the mam-
mary gland. The hypothesis of proteolytic release
would be supported by our evidence of the proteo-
lytic release and degradation of the membrane
galactosyltransferase at 38°-40°C (vide infra).

The differences between our observations and
those of Keenan and Huang (6), Patton and
Keenan (16), and Patton and Trams (17) can be
attributed simply to the methods used previously
for obtaining fat globule membranes from bovine
milk. Our studies strongly suggest that procedures
involving heating to 38°-40°C lead to the release
of galactosyltransferase activity into supernatant
fractions, no activity being detected in “‘micro-
somal” or fat globule membrane pellets. Since the
specific activity of this released galactosyltransfer-
ase is much greater than that of milk (Table IV),
the possibility that it derives principally from
aqueous phase components associated with the fat
can be eliminated. The evidence that the galacto-
syltransferase is released by proteolysis is
strengthened by the fact that the elution profile on
gel filtration of the released enzyme, after partial
purification, resembles closely that of the proteo-
lytically degraded enzyme forms found in bovine
milk (18), with the initial activity peak corre-
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TaBLE IV
Galactosyltransferase Activity during Preparation of Fat Globule Membranes by Washing Cream at 38-40°C

1st Sucrose wash 100,000 g

2nd Sucrose wash 100,000 g After churning 100,000 g

Specific activity, mU/mg protein Supernate Precipitate Supernate Precipitate Supernate Precipitate
Galactosyltransferase 2.3 0.2 1.2 0.2 0 0.2
Lactose synthase 2.5 04 0.8 0 0 -
Lactose synthase 5.1 0.6 1.5 03 0 03

+ 200 ug/ml
a-lactalbumin

Lactose synthase activity was determined in the presence of 10 mM glucose. The specific activity of galactosyltransfer-

ase in milk is 0.2 mU/mg.

TABLE V

A Comparison of Fat Globule Membrane Enzymes with Those in Golgi and Endoplasmic Reticulum Membranes
of Bovine Mammary Gland

Specific activity nmol/min/mg protein

Galactosyl-transferase

Fraction {GlcNAc) 5’-Nucleotidase ‘TPPase Glucose-6-Pase
Bovine mammary Golgi* 6.0 37.3 46.7 6.78§
Bovine mammary gland* endoplasmic 0.47 12.7 ND 10.7§

reticulum

Sheep mammary gland Golgif 176 27 420 6
M3 colostrum 18.8 46 77 0
P3 colostrum 8.8 164 75 18
M3 + N3 cream 16.1 73.2 11 0
P3 cream 0.9 67 ND 28

* Calculated from data in Keenan, et al. 1972 (7).
¥ Taken from data in Smith et al., 1976 (20).

§ The activity units in this case are not defined, but comparable values for rat liver Golgi and endoplasmic reticulum

are 28 and 200, respectively (14).

sponding in size to the soluble colostrum enzyme.

In contrast, when galactosyltransferase is solu-
bilized and purified from fat globule membranes it
is higher in molecular weight and different in
properties’ than the soluble enzymes of milk and
colostrum. However, it resembles in size the ga-
lactosyltransferase purified from sheep mammary
gland Golgi membranes (20). This evidence to-

gether with (a) the presence in our preparation of
only low levels of vesicular material and few milk
aqueous phase components such as casein (Fig. 1)
and (b) the higher specific activity of galactosyl-
transferase in the membranes in comparison with
milk or colostrum (0.2 and 2 mU/mg, respec-
tively) suggests that the high level of galactosyl-
transferase in M3 and N3 does not originate from

FiGure 2(a) Gel filtration profile of galactosyltransferase purified from colostrum fat globule mem-
brane, compared with that of the enzyme purified from the aqueous phase of colostrum. Fat globule
membrane enzyme, full line; colostral enzyme, broken line. The column of Bio-Gel P150 (200-400 mesh)
(1.5 x 95 cm) was equilibrated and eluted with 0.5 M NaCl containing 50 mM cacodylate, pH 7.4, and 1
mM B-mercaptoethanol at 4°C. The elution positions of marker proteins are indicated by arrows. Catalase
was used as an internal marker protein in all runs, but did not affect the elution position of any protein. (b)
Gel filtration profile of partially purified galactosyltransferase, obtained from washing cream at 38-40°C.
The elution profile is compared with those of colostrum galactosyltransferase and fat globule membrane
galactosyltransferase. The conditions were as for Fig. 2a. Fat globule membrane enzyme, dotted line;
colostrum enzyme, broken line; partially purified enzyme from 38-40°C washes, full line.

POWELL ET AL.

Enzymic Fat Globule Membranes from Bovine Colostrum and Milk 625



the inclusion into vesicles of the aqueous phase of
milk.

Our results provide enzymic evidence for the
cellular origin of the fat globule membrane. Argu-
ments previously put forward supporting a plas-
malemma origin for bovine milk fat globule mem-
branes have been less compelling than enzymic
evidence. For example, it has been remarked that
the phospholipid composition reported for the bo-
vine fat globule membrane resembles that of the
plasma membrane rather than intracellular mem-
branes. However, the composition is equally con-
sistent with a membrane intermediate between the
plasmalemma and the Golgi membranes, both of
which have a high content of sphingomyelin in
comparison with all other membranes. It is also
possible that the phospholipid composition may be
changed during purification. A recent report of
the phospholipid composition of the fat globule
membrane from mouse milk gives values similar to
those for the composition of Golgi rather than
plasma membranes (3). The SDS acrylamide gel
patterns of total proteins from the different mem-
branes have been used to support the case for the
plasmalemma origin for the fat globule mem-
brane. Gel patterns obtained with Golgi mem-
branes may be dominated by heavily staining in-
travesicular proteins which are absent from
plasma membrane and fat globule membrane
preparations. Recent studies suggest that the SDS
gel patterns of proteins from Golgi and plasma
membranes of rat liver are almost indistinguisha-
ble (5). Gel electrophoresis patterns are obviously
not a sensitive criterion for determining the origin
of membranes.

Analyses of the apical plasmalemma of the lac-
tating mammary cell are not accessible, and it is
not possible therefore to exclude this membrane
as the immediate origin of the fat globule mem-
brane. It is possible, but unlikely, that in its en-
zymic composition the apical membrane may par-
tially resemble the Golgi membranes, owing to the
continuous flux of membranes from the Golgi
region during secretion. However, our results,
when taken in conjunction with electron micro-
scope studies by Wooding and others, do suggest
that the milk fat globule membrane is derived
in large part from secretory vacuole membranes
of Golgi origin, but that some plasma mem-
brane is acquired during extrusion from the
cell. The involvement of Golgi apparatus in the
secretion of all major components of milk, i.e.
lactose, salts, protein, and fat, suggests that this
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organelle may mediate the regulation of milk se-
cretion. The cream and colostrum fat globule
membranes are excellent sources of Golgi-specific
enzymes, and studies of the structure and proper-
ties of the membrane-derived galactosyltransfer-
ase are in progress.
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