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Abstract

To analyze the components of dense coat fractions associated with fat globule membrane, The
membrane was treated with various concentrations of Triton X-100, a non-ionic detergent, and
the composition of lipids associated to the detergent insoluble material was analyzed. The amount
of protein, phospholipid, cholesterol and ganglioside in milk fat globule membrane‘was reduced
consistently with increasing concentrations of Triton X-100. Butyrophilin (band 12), xanthine ox-
idase (band 3) and band 16 as constituents of insoluble coat materials was revealed after electro-
phorisis on SDS-polyacrylamide gels. Phosphatidyl ethanolamine, phosphatidyl choline, phospha-
tidyl serine, phosphatidyl inositol and sphingomyelin were identified as the major phospholipids of
the coat materials without selective concentration relative to the original membranes. Percen-
tages of total phospholipid were not changed by any of the treatments. Fatty acids of total lipid
were myristate, palmitate, stearate (major saturated acids), oleate and linoleate (major unsatu-
rated acids). Cholesterol contents on a protein basis were slightly reduced with increasing concen-
trations of Triton X-100. Cholesterol adhered to protein more tightly than other constituents. The
contents of gangliosides was proportionally reduced with increasing concentration of Triton

X-100.
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Introduction

The lipid composition of the fat globule mem-
brane has been extensively studied.™? Biological
and morphological comparison of the milk fat
globule membrane (MFGM) with plasma membra-
nes from lactating bovine mammary gland has
shown that these two membranes are nearly iden-
tical in distribution and composition of phosphol-
ipids and cholesterol esters.”® It was also observed
that fat globule membrane was derived from
plasma membrane by rearrangement of membra-
ne structure.

An intensely stained layer which is sandwiched
between the internal face of the milk fat globule
membrane and outer surface of the lipid droplet
was observed by electron microscopy.® Dense
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coat material, 10 to 50 nm in thickness, remains
associated with the membrane during isolation
and extensively washing MFGM with low and
high salt buffers and with Triton X-100 (non-ionic
detergent). This coat material forms plaques of a
finely filamentous texture. On electrophoresis in
sodium dodecyl sulfate containing polyacrylamide
gels the insoluble- membrane has been shown to
contain two major polypeptide bands which are
band 3 (xanthine oxidase)® and band 12 (bu-
thylophilin).®

It was shown that there were small amounts of
phospholipids and gangliosides associated with
the dense coat material of MFGM." Keenan ef
al® have analyzed fatty acids of coat material
from bovine MFGM which had palmitate, stearate
and oleate as major fatty acids.

As a continued study on dense coat-enriched
fraction, composition of coat material associated
lipid from bovine MFGM was determined. The
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analyses were centered on phospholipid/ protein,
polypeptides in protein, separation of polar lipids,
quantitative distribution of phospholipids, fatty
acids of total and polar lipids, cholesterol content
and ganglioside content. The coat materials of
bovine MFGM were prepared with 0.25, 0.50,
0.75 and 1.00% Triton X-100, a non-ionic deter-
gent, to compared with untreated membrane.

This study may provide fundamental informa-
tion for developing new dairy foods such as pa-
tient food, diet food and heath food.

Materials and Methods

Isolation of MFGM coat-enriched fraction
Milk fat globules were prepared according to
Keenan et al.” The cream fraction from 5 gallons
of fresh milk from Holstein cows was collected
with a small separator, and washed three times
with a total of 5 gallons of 0.9% saline. Washed
cream was allowed to cool on ice in a Waring Blen-
der for at least 20 minutes, and then blended with
approximately 800 m/ H,O until butter was for-
med. The mixture was filtered through cheese
cloth, saving the aqueous phase which contained
MFGM. MFGM was obtained as an orange-brown
pellet after centrifugation of the aqueous phase
(40,000 x g) for 5 hours at 4°C in a Type-19 rotor
in a Beckman Model L3-50 ultracentrifuge. A sus-
. pension of MFGM in distilled water was mixed
with an equal volume of 3.0 M KCl in 10 mM Tris
(pH 8.0), and held for 1 hour on ice. It was then
centrifuged in a Spinco SW 28.1 rotor (100,000 x
) for 1 hour at 2°C. The pellet obtained was sus-
pended in distilled water (5 m/) with ultrasound
and with a Polytron. It was centrifuged again as
above. Insoluble material (8 m/) was suspended in
2.0% Triton X-100 in 10mM Tris (pH 8.0) (8 mJ),
held for 1 hour on ice and insoluble material (coat
fraction) was obtained by centrifugation as above.
Protein content of all fractions was determined

t® using bovine

with ‘the Folin phenol reagen
serum albumin as the standard.

For extraction of membranes in different con-
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centrations of Triton X-100, the procedure was
followed as above using the following amounts of
Triton X-100, 0.25%, 0.50%, 0.75% and 1.00% in
10mM Tris (pH 8.0). No Triton X-100 was added
to the control.

Characterization of MFGM coat-enriched
fraction
Extraction and analysis of phospholipids

Analysis of phospholipids was according to the
methods of Rouser,” and Keenan."? The native
MFGM, KCl-washed MFGM and 2.0% Triton-
washed MFGM. Samples (4 m/) of MFGM from
the above treatments were stirred in 80 m/ of chlo-
roform-methanol (1:1, v/v). Combined filtrates
were concentrated in a rotary vacuum evaporator.
Five m/ and 3 m! of chloroform-methanol (2:1, v/v)
were added sequentially to dissolve the lipids,
which were transferred to a screw-capped vial.
After adding 0.2 volume (1.6 m/) of 0.9% KClI the
chloroform-rich lower layer was collected and
washed twice with 3 m/ of methanol-water (1:1,
v/v). Solvent was evaporated under a stream of
nitrogen. Then 1 m/ chloroform was added to the
sample and 25 and 100 u/ portions were taken for
phosphorus assay.®

Two-dimensional thin-layer chromatography
of the phospholipids was conducted on 250 um
layers of silica gel HR (Supelco, Inc.). Thin-layer
plates were heated in an oven at 100 °C for at least
30 minutes before use. An aliquot of the extract
equivalent to 0.5 mg phospholipid was taken (20
ug phosphorus) and evaporated under nitrogen.
Then 50 u/ of chloroform was added and the sam-
ple was applied to the plate. Plates were deve-
loped in tank lined with solvent-saturated filter
paper. The solvent systems used were chloro-
form, methanol, ammonium hydroxide, water
(65:35:1:4, v/v/v/v) in the first dimension followed
by chloroform, acetone, methanol, acetic acid,
water (50:20:10:10:5, v/v/v/v/v) in the second di-
mension.*? Positions of the lipids were revealed
by spraying with H,SO, in water (1:1, v/v) and
heating in an oven at 120 °C for 30 minutes. Phos-
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pholipid spots were outlined with a needle, scra-
ped off with a razor blade, and analyzed for phos-
phorous content.®

Fatty acid analysis

Total lipid fatty acids were converted to their
methyl esters."? Methyl esters were prepared
from the samples treated with Triton X-100 and
form controls by the following method. The samp-
les in 100 u/ chloroform were evaporated under
nitrogen. Two m/ boron triflouride-methanol were
added to the vials and they were heated (80 °C) for
60 minutes. Saturated NaCl solution was added to
the vials and methyl esters were extracted with
hexane. Samples were then evaporated to the
desired concentration under nitrogen before injec-
tion into the gas chromatograph.

Polar lipids were separated from neutral lipids
by thin-layer chromatography on 500-u layers of
silica gel G (Analtech, Inc.), One-dimensional
separations were accomplished in the solvent
system hexane: ethyl ether: acetic acid (85:15:1,
viviv). After scraping from the plate (about 2 cm
above and below the origin), the samples were
treated as for total lipid.

Methyl esters were analyzed by gas chromato-
graphy in a Hewlett-Packard Model 5730A equip-
ped with flame ionization detectors. The column
was packed with 10% SP-2330 on 100/120 mesh
Supelcoport (Supelco, Inc., two meter column)
and was operated isothermally at 200°C. Peak
areas were calculated with a Model 3390A Inter-
grator (Hewlett-Packard).

Cholesterol analysis

Sample obtained as for total phospholipid were
evaporated, Chloroform (3 ml) was pipetted to
each sample and cold acetic anhydride-sulfuric
acid reagent (4:1, v/v) was added. Sample were
held at room temperature for 15 minutes to
develop the blue-green color and absorbance was
measured at 625 nm in a Gilford Model 250 Spec-
trophotometer.!?

Ganglioside onalysis

Gangliosides were recovered from methanol-
chloroform supernatants by partitioning and dia-
lysis.1#19 Ganglioside sialic acid was released by
hyrolysis with 0.05 M H,SO, for 1 hour at 80°C
and measured by the thiobarbituric acid method
with N-acetylneuraminic acid as the standard.

Electrophoresis

Polypeptides were treated with SDS and sepa-
rated by electrophoresis in 9% polyacrylamide
slab gels containing SDS."¢

Results and Discussion

For comparative purposes coat fractions of
milk fat globule membrane (MFGM) were pre-
pared by extraction with high salt buffer (3.0 M
KCI) and Triton X-100 (2.0%) and phospholipids,
one of the major membrane lipid classes, were
measured by the methods of Rouser et al® and
Keenan et al.*® Table 1 shows that after washing
original MFGM with potassium chloride (3.0 M)
most phospholipid still remained (98%) but
treating it with 2.0% Triton X-100, a non-ionic
detergent, resulted in remarkable reduction of
phospholipid (86%). In measureing phospholipid
per mg protein of MFGM (Table 1) all of phospho-
lipid remained in treatment with high salt buffer
but only 37% of phospholipid remained in the non-

Table 1. Comparison of high salt buffer with Triton
X-100 (2.0%) for extrachon of phospholipid from
MFGM

Phospholipid in Phospholipid / mg

Treatment
sample protein
ug/ m/ sample ug/ mg protein
Original MFGM 6143.25 510.66
3.0 M KC! 6045.88 (98%)  632.08 (123%)
2.0% Triton X-100 841.88 (14%)  192.65 (37%)

Samples were treated as described in the text. Phospholipid
was determined by phosphorus x 25. The values were the
averoge of two samples.
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Table 2. Protein and phospholipid removal from milk fat
globule membrane by Triton X-100 extraction

% Triton .~ Removed Remaining
Removed protein o =

X-100 phospholipid  phospholipid
mg/original mg/original ug/mg
MFGM proteina)  MFGM Pi b) protein<)

0.25 17.06 (79.9%) 14.11(73.7%) 1,177 (131.2%)

0.50 17.10 (80.1%) 16.97(88.6%) 513 (57.2%)
0.75 18.28 (85.7%) 17.82(93.0%) 433 (48.3%)
1.00  18.35 (85.9%) 18.10(94.5%) 350 (39.0%)

Isoloted milk fat globule membrane was treated with 0.25%,
0.50%, 0.75% and 1.00% Triton X-100. MFGM protein was
measured by the method of Lowry et al. (1951). Phospholipids
were determined as lipid phosphorus x 25. values are the
means of af least five determinations.

a) Original MFGM protein average was 21.34 mg.

b} Original MFGM phospholipid was 19,147 ug.

c) original MFGM phospholipid per mg protein was 897 ug.
MFGM; Milk fat globule membrane.

PL; Phospholipid.

ionic detergent treated MFGM. These results
suggested that integral proteins interact exten-
sively with the hydrocarbon chains of membrane
lipids so they can be released only by agents that
complete for these non-polar interactions.

Protein, and phospholipid removal from
MFGM by different concentrations of Triton X-
100 is shown in Table 2. Proteins removed from
original MFGM were 79.7%, 80.1%, 85.7% and
'85.9% for 0.25%, 0.50%, 0.75% and 1.00% Triton
X-100 extraction, respectively. Removed phos-
pholipids per original MFGM phospholipid were
73.7%, 88.6%, 93.0% and 94.5% for 0.25%,
0.50%, 0.75% and 1.00% Triton X-100 extraction,
respectively. These results show a nearby propor-
tional release of protein and phospholipid as ex-
pected. Similar results were previously obtained
by Freudenstein ef al.)

Electrophoresis in the presence of sodium
dodecyl sulfate on 9% polyacrylamide gels was
employed to determine if there was any selective
concentration of polypeptides in the Triton-
insoluble fraction of MFGM. As shown Fig. 1,
band 1 (a), band 3 (b), band 12 (c), band 16 (d),
band 18 (e) and band 20 (f) were observed in
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Fig. 1. Selective removal of proteins from MFGM by
Triton X-100 extraction as seen after electrophoresis on
SDS polyacrylamide (9%) gels.

1, untreated MFGM as a control; 2, 3, 4, and 5; pelleted re-
sidue fractions after treatment with Triton X-100 at 0.25%,
0.50%. 0.75% and 1.00%, respectively. Arrows along lane 1
lettered a through f denote MFGM polypeptide bands 1, 3, 12,
16, 18 and 20, respectively. The gel was stained with Coomas-
sie blue

0.25%, 0.50%, 0.75% and 1.00% Triton X-100 ex-
tracted MFGM. Band 3, band 12 and band 16
were major components in both untreated and
Triton X-100 treated preparations. These were no
significant differences among major polypeptides
on exposure to various concentrations of Triton
X-100. These results suggested that retained
polypeptides may be ‘“‘intrinsic’” or structural
components of the membranes. Band 3 and 12
were previously identified as xanthine oxidase
(mol. wt. 155,000)* and as butyrophilin (mol. wt.
67,000).® It was suggested that xanthine oxidase
and butyrophilin were major components of the
dense coat material of MFGM.
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Fig. 2. Two dimensional thin-layer chromatographic
separation of polar lipids from MFGM (A) and Triton X-
100 (0.25%) washed MFGM (B).

Approximately 0.5 mg of phospholipid was applied to plates.
The chromatograms were developed in the horizontal direction
in chloroform-methanol-ammonium hydroxide-water (65:35:
1:4, by vol.) and, after drying, in the vertical direction in chlo-
roform-acetone-methanol-acetic acid-water (50:20:10:10:5,
by vol.). Spots were visualized by charring with 50% H,50, at
120°C: O, origin; SP, sphingomyelin; PC, phosphatidy! cho-
line; PS, phosphatidyl serine; Pl, phosphatidy! inositol; PE,
phosphatidyl ethanolamine.

Two dimensional thin-layer chromatographic
separation of polar lipid from original MFGM and
Triton X-100 treated MFGM is shown in Fig. 2.
Both of the samples revealed comparatively iden-
tical results. Sphingomyelin, phosphatidyl choline
and phosphatidyl ethanolamine were observed
to be the major constituents. Less amounts of
phosphatidyl serine and phosphatidyl inositol
were also present. This same quantitative distri-
bution has been observed in bovine milk and ma-
mmary tissue" and in milk fat globule membrane
and plasma membrane.® These results indicated
that there was no selective retention of any in-
dividual phospholipid in insoluble dense coat
material of MFGM. In this experiment sphin-
gomyelin in MFGM (Figure 2, A) was partially
separated into two spots, probably because of dif-
ferences in fatty acid and sphingosine chain
lengths.

For quantitative analysis of Triton X-100 wash-
ed MFGM phospholipid, two dimensional thin-
layer chromatographic separation®” and analysis
of phospholipid® were employed (Table 3). Sur-
prisingly, the percentages of each phospholipid
were similar comparing original MFGM with coat-
enriched residual MFGM in phosphatidyl choline,
phosphatidy! inositol and sphingomyelin. How-
ever, a tendency toward enrichment of phospha-
tidyl ethanolamine was evident in insoluble coat
fractions' and phosphatidyl serine was released
by increasing concentrations of Trition X-100.

Table 3. Distribution of phospholipids in bovine MFGM and coat-enriched fractions from MFGM prepared with Triton X-100

% of total phospholipid

Component MEGM Triton X-100 washed MFGM (%)
0.25 0.50 0.75 1.00
SP 22.2317.06 22.21£2.73 17.76+5.95 16.61 +8.65 24.59+6.24
PC 28.97+5.01 25.88+1.37 26.80+3.92 28.02+4.75 24.13+5.31
PS 2.07+0.72 0.70+0.46 1.37+£0.38 1.04:0.89 0.64+0.40
Pl 10.16+2.67 9.24+2.29 12.44+1.34 10.75+3.35 11.74+2.91
PE 35.42+4.85 41.22+1.84 41.45:3.74 42.51+4.95 38.93+4.50

Phospholipid spots on thin-layer plates were scraped off and analyzed for phosphorus content. Results are means + S.D. for at least 5
samples. SP, sphingomyelin; PC, phosphatidyl choline; PS, phosphatidyl serine, PI, phosphatidy! inositol ; PE, phosphatidy! ethanol-
amine.
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Table 4. Fofty acid composition of total lipid from
MFGM and coat-enriched fractions from MFGM
prepared with Triton X-100
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Table 5. Fatty acid composition of polar lipids from
MFGM and coatenriched fractions from MFGM prepared
with Triton X-100

Composition (%)

Composition (%)

Fatty Acid MEGM Triton X-100 washed MFGM (%) Fatty Acid MEGM Triton X-100 washed MFGM (%)

0.25 0.50 0.75 1.00 0.25 0.50 0.75 1.00
10:0 1.5 0.5 0.4 1.3 1.0 10:0 0.1 trace trace trace troce
12:0 2.1 1.6 1.9 3.3 2.3 12:0 0.6 1.0 1.0 2.7 trace
14:0 7.7 5.7 7.1 7.2 6.4 14:0 4.2 3.7 3.5 4.9 1.6
14:1 0.6 0.6 0.7 0.9 0.8 14:1 0.5 0.6 0.7 1.8 1.9
15:0 0.9 1.9 0.6 1.0 0.5 15:0 1.0 0.8 0.6 0.9 trace
16:0 26.3 21.0 20.7 23.2 22.4 16:0 19.3 20.5 17.6 18.8 20.3
16:1 2.3 3.5 3.8 3.9 3.8 16:1 2.4 3.0 3.0 9.0 11.8
17:0 0.8 1.0 0.7 1.2 1.7 17:0 0.6 trace trace trace trace
18.0 1.7 10.5 10.2 12.9 12.9 18:0 13.2 14.0 18.9 22.6 25.7
18:1 33.6 31.6 33.4 31.7 32.4 18:1 42.4 40.5 41.5 39.3 33.0
18:2 6.6 8.8 7.2 7.7 8.6 18:2 1.7 12.7 13.2 trace 5.7
18:3 1.3 2.7 2.5 1.5 2.6 18:3 0.7 2.0 trace trace trace
unknown 1.5 2.3 3.2 3.0 2.8 unknown 1.4 1.3 trace trace frace
unknown 1.8 2.0 2.5 1.3 1.8 unknown 2.0 tfrace  trace  trace  trace
20:4 1.3 6.3 5.1 trace trace

Methyl esters of total lipids were prepared and analyzed by gas
liquid chromatography. All values are averages of triplicate
determinations. Data are given as weight percentage of fotal
fatty acid methyl esters. Number before colon gives number of
carbon otoms; number after colon gives number of double
bons.

Data on the fatty acid composition of total lipid
from MFGM and coat-enriched fractions from
MFGM treated with Triton X-100 are in Table 4.
Myristate, palmitate and stearate were the major
saturated acids of original MFGM and Triton
X-100 treated MFGM. 10:10, 12:0, 15:0 and 17:0
were also present in measurable amounts. Fatty
acids of chain length less than 10 carbon were
detected in trace amounts. Oleate and linoleate
were present as major unsaturated acids of
MFGM and non-ionic detergent treated MFGM.
14:1, 16:1, 18:3 and 20:4 were observed as minor
constituents in both MFGM and detergent-
insoluble fractions. Two unknown fatty acids
were contained in both MFGMs. Palmitate as
percentage of the total fatty acid was reduced
from original MFGM (26%) to Triton X-100 trea-
ted MFGM (22%), but conversly linoleate, lino-
lenate and an unknown acid were increased in per-

Methyl esters were obtained from polar lipids and were analyz-
ed by gos liquid chromatography as described in methods. All
values are averages of triplicate determinations. Data are given
as weight percentage of total fatty acid methyl esters. Number
before colon gives number of carbon atoms ; number after col-
on gives number of double bons.

centage of total fatty acids. Strangely, in 0.25%
and 0.50% Triton X-100 washed MFGM arachido-
nate was increased (6.3% and 5.1% from 1.3%)
but in 0.75% and 1.00% Triton X-100 washed
MFGM arachidonate was detected in only trace
amounts. Results of major fatty acids were nearly
identical with previous work.®%

Fatty acid composition of total polar lipids
from original MFGM and coat-enriched fractions
from MFGM is shown in Table 5. Palmitate and
stearate were present as major saturated acids in
original. MFGM and Triton X-100 washed
MFGM. Laurate, myristate, 15:0, 17:0 and lino-
leate were minor constituents in both prepara-
tions. Fatty acids of chain length less than 12 car-
bons were detected in trace amounts in both pre-
parations. Palmitoleate, oleate and linoleate were
the major unsaturated acids of untreated MFGM
and Triton X-100 treated MFGM and 14:1 and b-
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Table 6. Cholesterol content of Triton X-100 washed
MFGM

Table 7. Ganglioside content of MFGM and coat-enri-
ched fractions of MFGM prepared with Triton X-100

Triton X-100 (%)
washed MFGM

MFGM "5 25 0.50 0.75 1.00

Triton X-100 (%) Ganglioside sialic acid

{nmoles/ mg protein)

Cholesterol/protein
{ug/mg;

66.6 78.4 65.1 54.0 42.6

Removed cholesterol/
Original MFGM protein
{9/ mg)

46.1 52.4 56.3 58.7

none 4.1

0.25 3.2 (78%)
0.50 2.6 (63%)
0.75 1.9 (46%)
1.00 1.3 {32%)

Cholesterol was extracted with chloroform-methanol, recove-
red and determined as described in the text. Original MFGM
protein was 23.2 mg. 0.25, 0.50, 0.75 and 1.00% Triton
washed MFGM protein levels were 6.11, 5.10, 4.54 and 4.38
mg. respectively. Results are overage of 5 samples.

nolenate were observed as minor unsaturated
acids in both. Two unknown fatty acids were pre-
sent In trace amounts. 14:1, palmitoleate and
stearate were consistently increasedin percentage
of total fatty acid in accordance with increasing
concentrations of Triton X-100. Oleate and lino-
leate were increased in 0.25 and 0.50% Triton
X-100 washed MFGM but reduced in increased
concentrations of Triton X-100. Clearly, in 1.00%
Triton washed MFGM, many fatty acids were
present in only trace amounts. Results of the polar
liptd composition study were similar to those of an

earlier study.®?

Cholesterol contents of original MFGM and
Triton X-100 washed MFGM are in Table 6. Cho-
lesterol was calculated on the basis of insoluble
protein and as the amount removed based on ori-
ginal MFGM protein. Cholesterol contents were
66.6 ug/mg protein in original MFGM and were
78.4, 65.1, 54.0 and 42.6 ug/mg protein in 0.25%,
0.50%, 0.75% and 1.00% Triton X-100 treated
MFGM, respectively. Removed cholesterol con-
tents were 46.1, 524, 56.3 and 58.7 ug/mg
original MFGM protein in 0.25%, 0.50%, 0.75%
and 1.00% Triton X-100 washed MFGM, respec-
tively. Cholesterol was proportionally removed in
increasing amounts as concentration of Triton
X-100 was increased. McCarthy and Headon®! re-
ported that cholesterol content increased as con-
centration of fat in milk increased. This result sug-

gested that cholesterol remains more in non-polar
area of the bilayer membrane, and with mainly
polypeptide band 3 and 12, which remain in the
dense coat fraction in MFGM.

Ganglioside contents of coat-enriched fractions
of MFGM prepared with Triton X-100 are in
Table 7. Untreated MFGM contained 4.1 nmoles
ganglioside sialic acid per mg protein. The
amounts of ganglioside sialic acid were 3.2, 2.6,
1.9 and 1.3 nmoles per mg protein in MFGM
washed with 0.25, 0.50, 0.75 and 1.00% Triton
X-100 solution, respectively. In original MFGM
the ganglioside content agreed with previous
work (3.7 to 8.9 nmoles ganglioside sialic acid per
mg protein)®? and (5.78 + 2.07 nmoles of ganglio-
side sialic acid per mg protein).’® In this study at
least 32% of the ganglioside sialic acid of untrea-
ted MFGM remained in the coat fraction of
MFGM.
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