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ABSTRACT

LIPIDS IN FRACTIONS OF THE FAT GLOBULE MEMBRANE OF COWS' MILK

by Leo W. Quirk

The fat globule membrane of cows' milk is the lipid-proteina-

ceous material lying on the surface of the fat globule.

The objectives of this study were as follows:

(1) to isolate an aqueous suspension of fat globule membrane of cows'

milk;

(2) to fractionate the aqueous suspension into three pellets by the

technique of differential sedimentation; and

(3) to determine the distribution of total lipids. neutral lipids.

polar lipids. and major lipid classes (e.g.. monoglycerides)

among the three pellets.

The aqueous suspension of the fat globule membrane was obtained

from fresh. uncooled. whole milk. The milk was separated into skim-

milk and cream. The cream was washed with water. adjusted to BQC.

and churned. The churned mass was warmed until the butter melted

completely to liquid. The liquid mixture was allowed to stand in a

separatory funnel until two phases formed. The lower phase. an aque-

ous suspension of the fat globule membrane. was separated from the

upper phase.

By application of the technique of differential sedimentation

in the ultracentrifuge the membrane suspension was fractionated into

three pellets. Calculations gave the approximate minimum sedimenta-

tion coefficients of the three pellets as 7.5005. 2308. and 358.
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Analyses of the lipids in the pellets were performed on two

separate preparations. The lipids in the aqueous pellet suspensions

of preparation No. l were extracted with chloroform-methanol. 2:1

(v/v). The extracts were washed with an aqueous solution of potas-

sium chloride. and the lipids were separated into polar lipids and

neutral lipids by silicic acid column method of Ways and Hanahana

(1964). The neutral lipids were separated into major classes by

chromatography on thin layers of silica gel G. Each major class was

eluted separately from the adsorbent and weighed.

The aqueous pellet suspensions of preparation No. 2 were dried

by lyophilization. Extraction of the lipids of the lyophilized pel-

lets and washing of the extracts were accomplished by the methods

used for preparation No. l. The pellet lipids were mixed in chloro-

form with heat-activated silicic acid. After the neutral lipids

were eluted from the siliCic acid with chloroform. the polar lipids

were eluted with methanol and were then separated into major classes

on thin layers of silica gel G. Each major class was eluted separ-

ately from the adsorbent. Phosphorus analysis of each eluate pro-

vided the relative amounts of the major classes of phospholipids in

each pellet.

The conclusions were as follows:

(1) the total lipids of the 2305 and 355 pellets contained higher

percentages of polar lipids than did the total lipids of the

7.5005 pellet;

(2) the neutral lipids of the 2305 and 358 pellets contained higher
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percentages of cholesterol than did the neutral lipids of the

7.500s pellet;

(3) the neutral lipids of the 358 pellet contained higher percentages

of monoglycerides. diglycerides. and fatty acids and a lower per—

centage of triglycerides than did the neutral lipids of the

7.5005 and 2305 pellets;

(4) the polar lipids of the 358 pellet contained a higher percentage

of sphingomyelin and a lower percentage of lecithin than did the

polar lipids of the 7.5008 and 2305 pellets; and

(5) the phospholipids of whole milk contain more cephalin and less

lecithin on a percentage basis than do the phospholipids of the

isolated membrane fraction (the three pellets).

 

a

Peter Ways and Donald J. Hanahan. “Characterization and Quantifica-

tion of Red Cell Lipids in Normal Man.“ Journal.gfi Lipid Research.

5: 318-328 (July. 1964).
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INTRODUCT ION.

The fat globule membrane of cows' milk is the lipid-proteina-

ceous material lying on the surface of the fat globule. The discov-

ery of the fat globule membrane and the post-discovery research con-

cerned with the membrane are described in the REVIEW OF THE LITERA:

TURE.

The objectives of this study were as follows:

(1) to isolate an aqueous suspension of the fat globule membrane of

cows' milk;

(2) to.fractionate the aqueous suspension into three pellets by the

technique of differential sedimentation; and

(3) to determine the distribution of total lipids. neutral lipids.

polar lipids. and major lipid classes (e.g.. monoglycerides)

among the three pellets.



REVIEN (1" THE LITERATURE

Van Leeuwenhoek (1674) made the first recorded observations

of fat globules in cows' milk.

Two comprehensive reviews of research performed on the fat glo-

bule membrane have provided information concerning the natural state

of the fat globules themselves. King (1955) wrote: "Due to surface

forces the fat particles [globules] occur as spheres floating in the

milk plasma. . . ." Brunner (1965) stated: "Milkfat exists in the

liquid state at the temperature of freshly secreted milk (39-400C.)"

and ". . . most of the fat globules found in normal unagitated cow's

milk are smaller than 4 u and seldom do they exceed 10 u in diameter.

Globules smaller than 1.0 u in diameter are difficult to identify and

enumerate."

The discovery of the fat globule membrane was described by

King (1955): ”. . . Ascherson in 1840 came to the conclusion that

they [fat globules in cows' milk] are enveloped in a very thin mem-

brane.“

The investigations into the size and chemical nature of the

fat globule membrane were first undertaken by using light microscopy

and later by using electron microscopy. A portion of the investiga-

tions. as reviewed by King (1955). showed first. the existence of the

fat globule membrane. thus verifying Ascherson's "conclusion." and

second. the presence of protein in the membrane. Commenting on per-

tinent electron microscope work. Brunner (1965) wrote:“Knoop and

Wortmann estimated the membrane thickness at 5-10 mu from osmium

fixed methacrylate embedded cream. Roelofsen and Salome . . . ob-
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served samples of milk powder. fixed with osmium tetroxide vapor and

mounted in methacrylate. They distinguished an osmiophilic layer

less than 10 mu thick surrounding the fat globules."

Providing an insight into the physical state of the fat globule

membrane. King (1955) wrote:

"According to Polonovski at 91. (1949). the addition

of chloroform or acetone to milk provokes a swelling

of the fat globules. whereby the globule diameter

may increase three-fold (cf. also Hattori. 1925).

The mechanism of this phenomenon is. however. obscure.

and a conclusion as to distensibility of the membrane

has to be taken with caution. 0n the other hand. the

envelope around the fat globules is so 'tight' that

the fat solvents are unable to extract the fat unless

the membrane is chemically pretreated with alcohols.

alkalis. acids. etc."

The next part of this review will examine the chemical composi-

tion of the fat globule membrane. Every researcher who has attempted

to make some sort of chemical analysis of the membrane has faced the

same problem. the isolation of the membrane. King (1955) summarized

the problem as follows: "In order to isolate the membrane substance

for investigation . . . . it has to be separated. on the one side.

from the components of the aqueous phase of milk (plasma proteins.

lactose. salts. etc.). and. on the other side. from the material con-

tained inside the fat globules (the fat proper. and substances dis-

solved in it). The first aim is achieved by 'washing' the fat glo-

bules with water. . . ." One method of washing fat globules utilizes

the centrifugal cream separator. Whole milk is separated into skim-

milk and cream. The cream is diluted with water. The resulting

suspension is mixed thoroughly and is then reintroduced into the

separator. The process of diluting the cream with water. mixing.

and reseparating is repeated as many times as the investigator



4

desires. This scheme was first devised and used by Storch (1897).

Subsequent investigations of separator washing by Rimpila and Palmer

(1935). Jack and Dahle (1937). and Brunner g1,al. (1953a) showed that

most of the protein the milk plasma is removed by the first washing.

Vbltz (1904). Abderhalden and V61tz (1909). and Titus gt.a1.

(1928) washed fat globules by allowing them to rise from whole milk

through a column of water containing a preservative (as did the water

itself). Recently. Sander (1962) applied the column principle in his

research. He substituted a centrifuge tube for the column and sepa-

rated the fat globules from the skimmilk constituents in a refriger—

ated centrifuge. Thus. he avoided the use of a preservative. He

claimed advantages and some disadvantages for use of the centrifuge

technique as compared to use of the cream separator.

The separation of the fat globule membrane from the rest of the

fat globule has commonly been accomplished by churning. Palmer and

Samuelsson (1924) were the first to employ this method. So univer-

sal has been the use of churning in fat globule membrane research

that now the membrane is virtually defined as the material. exclud-

ing unchurned fat globules. found in buttermilk and butterserum fol-

lowing churning. Buttermilk. of course. is the aqueous phase re-

leased during the churning of cooled. washed cream. Butterserum is

the aqueous phase released when butter is melted (the other phase is

butteroil).

The amount of fat globule membrane material in cows' milk has

been determined by Vfiltz (1904). Abderhalden and letz (1909).

Storch (1897). Palmer and Wiese (1933). Jenness and Palmer (1945a).

Schwarz and Fischer (1937). and Morton (1954).
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Herald anderunner (1957) qualitatively determined the trace

elements of the fat globule membrane. They found aluminum. calcium.

copper. iron. magnesium. manganese. molybdenum. phosphorus. silver.

and zinc.

Extraction of the fat globule membrane with fat solvents leaves

a residue which is almost entirely protein. The residue has been

studied by Storch (1897). voltz (1904). Abderhalden and V61tz~(l909).

Hattori (1925). Titus e1_al. (1928). Rimpila and Palmer (1935).

Schwarz and Fischer (1937). Sandelin (1941). Jenness and Palmer

(19453). Hare 91 31, (1952). Brunner.e1.§1. (1953a). Brunner et al.

(1953b). Herald and Brunner (1957). Brunner and Herald (1958). Brun-

ner and Thompson (1961). and Jackson.§1 £1. (1962).

The presence of lipids in the fat globule membrane was first

detected by Palmer and Samuelsson (1924). Since that time a great

deal of information concerning the types and amounts of these lipids

has been gained. Before examining the research done with the lipids.

however. it is appropriate to present some data concerned with the

total lipid fraction of whole milk.

Table 1. taken from Jenness and Patton (1959). gives the com-

position of the whole milk lipid fraction. Table 2 gives the per-

centages of phospholipid fractions from whole milk. where 100% is

the entire amount of phospholipid. These tables will provide a

background for discussion of the lipids of the fat globule membrane.

Palmer and Samuelsson (1924) found phospholipids associated

with the fat globule membrane. Palmer and Wiese (1933) fractionated

the membrane phospholipids. They identified cephalin. lecithin. and

a diaminophospholipid. presumably sphingomyelin. in their fractions.
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Palmer and Wiese (1933) also were the first to isolate a so—called

high-melting triglyceride fraction in the fat globule membrane.

This fraction has also been called the high~melting glyceride frac-

tion. Rimpila and Palmer (1935) reported that 40.4-50.T% of the fat

globule membrane consisted of ether-extractable non-phospholipid

material.

Kon gt.g1. (1944) proposed that carotenoids and cholesterol

may be associated with the fat globule membrane.

An interesting finding was made by Jenness and Palmer (1945 a.

b). They determined that the protein to phospholipid ratio was

higher in buttermilk (2.4»3.8. mass/mass) than in butterserum (1.0-

2.0. mass/mass).

The research of White gt.a1. (1954) demonstrated that both

vitamin A and the carotenoids are components of the fat globule memn

brane. Vitamin A was found to be 0.0483% of the membrane; the carb—

tenoids. 0.0645%.

According to Mulder et a1. (1957). 60% of the total phospho-

lipid in whole milk is located in the fat globule membrane.

Thompson et a1. (1961) separated the total lipid fraction of

the fat globule membrane into general lipid classes by using a sili-

cic acid column. Their method of isolation of the membrane lipids

is shown in Figure 1. Their data is given in Tables 3 and 4.

Wolf and Dugan (1964) further characterized the high-melting

triglyceride fraction. They presented data showing the amounts of

saturated fatty acids and the amounts of unsaturated fatty acids

located on each of theuand Bpositions of the triglycerides.

Morton (1954) was the first to fractionate the fat globule
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membrane by differential sedimentation in the ultracentrifuge. He

recovered 0.25 grams of sedimented membrane per liter of whole milk.

The enzymes alkaline phosphatase. xanthine oxidase and diaphorase

were found to be present in each of the three pellets which Morton

isolated. He found significant amounts of lipids and some ”nucleic

acid phosphorous“ in the pellets. Morton emphasized the similarities

between his fractions and microsomes isolated from mouse tissue.

Morton felt the similarities were so great that he gave the name

umilk microsomes" to the sedimented fat globule membrane fractions.

Bingham et a1. (1961) demonstrated the presence of acid phos-

phatase in the fat globule membrane.

Alexander and Lusena (1961) summarized a portion of their work

as follows: “The membrane material obtained by freezing washed

cream has been fractionated from suspensions in 2% sodium desoxycho—

late into five sedimentable fractions representing 75% of the total

material and one soluble fraction (25%)." Their original membrane

material contained 60.2% lipid. Twenty-nine percent of the total

lipids were phospholipids. The percent phospholipids of the total

lipids in each of the five pellets ranged from 5.1 to 15.0%. For

the supernatant. however. the same figure was 51.0%.

Brunner (1962) also fractionated the fat globule membrane by

centrifugation. By spinning the membrane at 25.000 X g for two hours

he obtained a pellet and a supernatant. The pellet contained 10%

lipid; the supernatant. 60%. The pellet lipid fraction contained

38.2% phospholipids. The supernatant lipid fraction contained 23.2%

phospholipids.

Sander (1962) subjected the fat globule membrane to ultracen-
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trifugation at 20.000 rpm for 20 hours. He reported that this treat-

ment sedimented 82 to 87% of the membrane nitrogen. Also. he found

that 47% of the sedimented pellet were lipids.

The most recent fractionation of the fat globule membrane by

centrifugation was reported by Richardson and Guss (1965). Figure

2 illustrates part of their experimental procedure. A portion of

their data is given in Table 5.



Table 1 Composition of the milk lipid fraction (taken from

Jenness and Patton. 1959)

 

 

Component Concentration Component Concentration

Triglycerides 98-99% Fat soluble vitamins

Phospholipids 0.2-l.0% Vitamin A 7.0—8.5 ug/g fat

Sterols 0.2-o.4% Carotenoids 8.0-10.0 ug/g fat

Free fatty acids traces Vitamin E 2.0—50.0 ug/g fat

Waxes traces Vitamin D traces

Squalene traces Vitamin K traces
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Table 2 Relative amounts of phospholipid classes of whole milk

expressed as percentages of the total phospholipid fraction of

 

 

 

 

whole milk

=

Source of data

Smith and Sprecher Morrison and

Freeman (1959) (1963) Smith (1964)

Component Concentration

GNt %) (M %) (unknown)

Cerebrosides 6 no data - 6

Cephalins 35 39 37

Lecithins 32 32 31

Sphingomyelins 24 26 23
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Table 3 Composition of the lipid fraction of the fat—globule

membrane prepared by Scheme I (see Figure 1) (taken from Thompson

£1.fll.. 1961)

m

 

Lipid eluted: Percentage Percentage

a Peak from silicic of membrane of wholeb

Lipid No. acid lipids membrane

(mg. ) (96) 00

Carotenoids 1 2.2 0.45 0.30

Squalenec :2 3.0 0.61 0.40

Cholesterol esters 3 3.9 0.79 0.54

Triglycerides 4 263.0 53.41 36.12

Free fatty acids 5 31.0 6.30 4.26

plus other

triglycerides

Cholesterol 6 25.4 5.17 3.50

Diglycerides 7 40.0 8.14 5.49

.Monoglycerides 8 22.9 4.66 3.14

Phospholipids 9.10.11 100.0 20.35 13.76

Totals 491.4 99.88 67.51

Percentage recovery 104.3 (%)

 

 

m

b

‘—

J

8Listed in order of elution from silicic acid column

Membrane consisted of 32.49% protein

“Precise identification pending



12

Table 4 Composition of the lipid fraction of the fat-globule

membrane prepared by Scheme 11 (see Figure 1) (taken from Thompson

£1 33.1. . 1961)

 

 

Lipid eluted Percentage Percentage

a Peak from silicic of membrane of whole

Lipid N0. acid lipids membrane

(mg. ) (%) (%)

Squalene ---- 0 0 0

Carotenoids ---- 0 0 0

Cholesterol esters 1 2.9 0.63 0.27

Triglycerides 2 230.9 49.98 21.88

Free fatty acids 3 Traces -ee- ----

plus other

triglycerides

Cholesterol 4 16.8 3.64 1.59

Diglycerides 5 48.9 10.58 4.63

Monoglycerides 6 29.8 6.45 2.82

Phospholipids 7,8,9 132.7 28.72 12.57

Totals 462.0 100.00 43.76

Percentage recovery 104.6 (%)

 

b

 I

CPrecise identification pending

8Listed in order of elution from silicic acid column

Membrane consisted of 56.24% protein
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Table 5 Gross composition of membrane fractions (taken from

Richardson and Guss. 1965)

 

 

 

m W

Component

Phosphg— Nonpolar Plas~

Crudea lipid 1 ipidc mral ogen

protein Lipid (Wt % .(Wt % (Mole %

Fraction (%) (%) of lipid) of lipid) of phospholipid)

1 (FGMM) 50.5 48.1 25.0 75.0 3.0

2 (104 c) 70.6 28.9 49.0 51.0 3.7

3 (M) 71.9 31.5 40.0 60.0 3.3

4 (MC) 24.3 75.4 37.5 62.5 1.3

5 (MS) 27.2 72.1 18.5 81.5 2.0

 

aResidue from lipid extract

ipid phosphorus X 25

clOO--Phospholipid
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Scheme I

FRESH RAW MILKA

Separated at 35°C

CREAM

Wash 4x with 35°C water.

cool to 4°C for 20 h0urs.

churn at 120C.

combine sera and butter

granules-warm to 45°C.

separate

 [www-mu-wxmxlmmw.l_xlu1

MILK FAT SERA

Reseparate 3x.

pervaporatefi.

lyophilize.

extract with E120.

filter
 

I ' I

PROTEIN LIPID

Evaporate dry

and desiccate.

store under N

at -20°C

MEMBRANE LIPIDS

(Prepared for silicic

acid chromatography)

Scheme II

Scheme II varies from Scheme I as follows:

A. Warm. fresh. whole milk was separated shortly

after milking without being cooled.

B. The sera was washed 2x with ET20 to remove

free fat. and was not pervaporated before

lyophilization.

Figure l The isolation of the total lipids of the fat globule

membrane of cows' milk (taken from Thompson et a1.. 1961)
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Buttermilk

10.5 1

(A) 3 (B)

3.5 1 7.0 1

Adjusted to pH 4.15. /

cent. 100 X g. /

[1 15 min. 2009". /

Fraction 1 Supernatant /

(FGMM) lyophilized /

11.2 9

Fraction 6

(FGMM-S)

0.5 g

Cent. 10.000 x g.

[I 30 min. 4°C

Fraction 2 Supernatant

(10 G) cent. 50.000 x g.

4.1 g 90 min. 4°C

1

Pellet Supernatant

upper layer adjusted to pH 4.82.

resuspended in H20 cent. 1000 x .

15 min. 20

Fraction 3 Supernatant

(M) cent.

5.2 g 100.000 x .

120 min. 430

Fraction 4 Supernatant

(MC) discarded

1.8 g

Fraction 5 Supernatant

(MS) lyophilized

6.5 g I

Fraction 7

(MS-8)

0.8 9

Figure 2 Fractionation of the fat globule membrane (taken from

Richardson and Guss. 1965)



EXPERIMENTAL AND RESULTS

Materials

Chemicals

The following chemicals were obtained from Nutritional Biochem-

icals Corporation: crystalline beta carotene; animal cephalin; cho-

lesterol; cholesterol acetate; DL alpha tocopherol (vitamin E); so-

dium penicillin “G' marked "Not less than 1625 units per mg.";

stearic acid; and streptomycin sulphate marked "Not less than 700

micrograms per mgm."

The following chemicals were Fisher reagent chemicals: die-

thyl ether (anhydrous); glacial acetic acid; sulfuric acid; and

thionyl chloride.

The following chemicals were Merck reagents: benzene; methyl

alcohol anhydrous (methanol) marked “free from acetone“; and n-hex—

ane.

The following chemicals were obtained from the Michigan State

University Stores: ethanol. 95%; and nitrogen. in metal cylinders.

The containers of the following chemicals bore the label.

Mallinckrodt Chemical Works: hydrogen peroxide solution 30% analy-

tical reagent; and silicic acid 100 mesh (powder) SiOZ-XHZO analyti-

cal reagent.

The containers of the following chemicals bore the label.

Matheson Coleman and Bell Division. The Matheson Company. Inc.:

chloroform reagent A.C.S.; and ferrous sulfate reagent. A.C.S..

granular.

16
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Potassium chloride was the Fisher certified reagent.

Potassium hydroxide. U.S.P. (pellets) was the Fisher laboratory

chemical.

The container of the Myverol Distilled Monoglycerides bore the

label. Distillation Products Industries-~Division of Eastman Kodak

Co.

The bottle of ninhydrin (triketohydrindene hydrate) bore the

label. Pfanstiehl Laboratories. Inc.

The bottle of potassium dihydrogen phosphate. C.P.. bore the

label. J.T. Baker Chemical Co.

The container of silica gel G acc. to Stahl bore the label.

E. Merck AG.

Tap water was run through a Culligan exchanger. The effluent

was deionized water.

Equipment

The applicator used for preparing thin layers of silica gel G

on glass plates was the Research Specialties Co. Model 200.

The applicator board used for preparing thin layers of silica

gel G on glass plates bore the label. Scientific Glass Apparatus 00..

Inc.

11mm

Storage of Chemicals

The following chemicals were stored at ~20qC: beta carotene.

cholesterol. cholesterol acetate. Myverol monoglycerides. and
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stearic acid.

The following chemicals were stored at 35°F: alpha tocopherol.

cephalin. chloroform. diethyl ether. hydrogen peroxide. methanol. and

n-hexane.

The rest of the chemicals and equipment listed under MATERIALS

were stored at room temperature.

Special Treatment of Some Solvents

Some solvents were redistilled in an all-glass distillation

apparatus prior to use. The redistilled solvents and the boiling

ranges of the redistilled solvents were the following: benzene.

80.190; chloroform. 58.0-61.50C; diethyl ether. 34.69C; ethanol.

78.50C; n-hexane. 68.790; and methanol. 64.690.

Following redistillatiOn of chloroform. 0.4% (v/v) methanol

was added to the chloroform.

Diethyl ether was redistilled over ferrous sulfate and stored

over iron nails.

Prior to redistillation of ethanol. this solvent was refluxed

for two hours over pellets of potassium hydroxide.

Redistilled chloroform was stored in a glass bottle with a

ground glass stopper. The five remaining redistilled solvents were

stored in glass bottles with screw caps.

Redistilled benzene was stored at room temperature. The

other five redistilled solvents were stored at 35°F.

Babcock Fat Test

The Babcock fat test was carried out by the method given by
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the Mojonnier Bros. Co. (1925).

Explanation of Fractionation by Differential Sedimentation

The research of Morton (1954). Alexander and Lusena (1961). and

Brunner (1962) has been discussed in the REVIEW OF THE LITERATURE.

One conclusion which can be reached from this research is that aque-

ous suspensions of the fat globule membrane can be fractionated in

the ultracentrifuge.

How is such a fractionation accomplished? The reader is now

referred to Tanford (1961). The ensuing discussion is relevant to

centrifugation of a sample in either an analytical cell or a centri-

fuge tube.

Tanford derived the following equation:

sp = (1/rzw2)(drz/dt). (l)

where sp is the sedimentation coefficient of some single type of

particle i in the so-called "plateau region."

rz is the linear distance measured from the axis of rotation

of the centrifuge to a point within the cell or tube (Tan-

ford gives an exact definition of rz.).

w is the angular speed of the rotor of the centrifuge. and

t is time.

Tanford also gives the definition of the sedimentation coeffi-

cient. s:

s =2 M(l - 92p0)/Nf. (2)

where M is the mass of one mole of some single type of particle i.

92 is the partial specific volume of the particle i immersed

in a solvent j.
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p0 is the density of the pure solvent j.

N is Avogadro's number. and

f is the frictional coefficient of particle i immersed in

solvent j.

Substitute s for sp in equation (1) and give M the subscript p:

(l/rzw2)(drz/dt) = Mp(l - vzpovuf. (3)

Now Mp/N is just the mass of particle i. mp. Substitution of mp for

Mp/N gives

(l/rzw2)(drz/dt)== mp(1 - Vzpo)/f. (4)

Let rp be the linear distance of particle i measured from and

perpendicular to the axis of rotation. r can be used as an approx-

P

imation for rz (cf. Tanford). Substitute r for rz in equation (4).
P

2 _. _ - .
(l/rpw )(drp/dt)-— mp(l v2pO)/f. (5)

A derivative. drp/dt is plainly the radial velocity of particle

i (i.e.. it is the rate of change of r
P

rpw2 is the magnitude of the acceleration vector directed radially

with respect to time). Now.

from the axis of rotation of the centrifuge. All objects lying in

the cell or tube and at a distance rp from the axis of rotation are

2
p O

The left side of equation (5) gives the velocity per unit

subject to the acceleration r

acceleration of particle i. What if different particles in the

same system exhibit different velocities per unit acceleration?

The right side of equation (5) shows that different velocities are

directly attributable to differences in the values of mp. 92. and f

among the particles. In other words. differences in the values of

mp. 92. and f among particles will result in different velocities

per unit acceleration of those particles. Furthermore. because of
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differences in the values of mp. 92. and f a system of particles can

be separated into fractions according to the differences in the ve-

locities per unit acceleration.

How can such a separation be accomplished? For theoretical

purposes we can start by separating the variables in equation (5):

drp/wzrp = mp(l - Vzpo)dt/f. (6)

Perform the following definite integration:

r2 1’. _

p dr /w2r = m (l — v p )dt/f. (7)

r p p O p 2 0
pl

Consider that l/w2 and mp(l - 92p0)/f are constants.

 

 

 

2 r92 - t
(l/w )5 drp/rp= mpg - 1291’s dt. (3)

r t

(In r )/w2 p2 = m (l - v p )t/f . (9)

P p 2 0

r 1 0

P

(In rpz) - 1n rpl ... mp(l - v2p0) (t - O)/f. (10)

g2

2 3 _ -
(l/w )ln (rp2/rpl) mp(l V290)t/f. (11)

Recall that sp equals mp(l - vaO)/f. Therefore.

2 -
(l/w )ln (rp2/rpl) — spt. (12)

The discussion can now be confined to a fixed angle rotor

which holds cylindrical centrifuge tubes.

Let rpl be rn. the linear distance measured from and perpendi-

cular to the axis of rotation to the nearest location in the interior

of the centrifuge tube. Similarly. let rp2 be rf. the linear dis-

tance measured from and perpendicular to the axis of rotation to the

farthest location in the interior of the centrifuge tube. From the
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limits of integration in equation (7) it is plain that t is the time

required for particle i to move from r to rf. Rewriting equation
n

(12):

(l/w2)ln (rf/rn) = spt. (13)

Perhaps it is now clear that the integration of equation (6)

transformed the unmanageable equation (5) into an equation. (13). in

which all variables can be easily determined.

An example might be useful. Suppose that centrifuging a sus-

pension or solution of particles results in the sedimentation of

some of the particles into a pellet at the bottom of the centrifuge

tube. What can be said about this pellet? By plugging the values

of w. rf. rn. and t into equation (13). sp could be calculated.

Now 5 is the sedimentation coefficient of that type of particle i

P

which took all of time t to migrate from r to the pellet at rf.
n

What about the faster particles? They reside in the pellet but

their sp's are higher than that of particle 1 since sp is inversely

proportional to t. What about particles which are slower than par-

ticle i? They are distributed in both the supernatant and the pellet.

They can be removed from the pellet in the following manner. Remove

the supernatant from above the pellet. Resuspend the pellet in

fresh solvent. Centrifuge the suspension at the original conditions.

Particles slower than particle i will again be partitioned between

the supernatant and the pellet. The repeated process of removing

the supernatant. adding fresh solvent to the pellet. resuspending

and recentrifuging the mixture has the effect of diluting the parti-

cles slower than particle i out of the pellet. When all or nearly

all of the particles slower than particle i are removed from the
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pellet. then particle i is the slowest of the particles of the pel-

let. Since the sp is the sedimentation coefficient of particle i.

sp has suitably been termed the "minimum sedimentation coefficient"

of the pellet.

The supernatant from the preceding fractionation can be frac-

tionated further. but one or more of the following changes in the

conditions of centrifugation will have to be made: increase w; in-

crease t; increase rn; decrease rf.

The foregoing discussion demonstrates the technique of differ-

ential sedimentation. This technique enabled Morton (1954). Alex-

ander and Lusena (1961). Brunner (1962). and recently Richardson

and Guss (1965) to fractionate suspensions of the fat globule DOD?

brane. Of course. reading Tanford is not requisite for performing

differential sedimentation. The theory only attempts to explain

why differences in velocities per unit acceleration exist. Also

the sedimentation coefficient is a convenient name tag which is more

or less understood.

Preparation No. l

lelegti n gt r§w_matgrjal. Cows' milk was the raw material.

Cows' milk was collected at the afternoon milking of cows of the

Michigan State University Holstein Herd. Cows whose milk was col-

lected were selected randomly on the day of collection. Milk was

collected from the cow's udder in a Surge bucket. When the udder

was empty the milk was immediately transferred from the bucket to

a ten-gallon milk can. When ten gallons were obtained. collection

ceased. The collected milk was then transported to the location of
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a cream separator.

Wfianm84.29.112.58n'nnfihefsltclcbulememhrane

£1.99wsl milk. A laboratory-size De Laval Model 9 centrifugal cream

separator was used to accomplish the separation of milk into skim-

milk and cream. The separator was turned on and allowed to develop

its maximum speed. Tap water at 40°C was run through the separator

for a brief period. Immediately following the warming of the separ-

ator with the tap water. the milk was intorduced into the separator.

The skimmilk was discarded.

Following separation the separator was turned off. disassembled.

cleaned. reassembled. turned on. and again allowed to reach its

maximum speed. The separated cream was diluted to three times its

original volume with 403C tap water. The cream-and-water suspension

was mixed thoroughly. The separator was prewarmed with tap water as

before. The cream suspension was introduced into the separator.

The aqueous stream from the skimmilk spout of the separator was dis-

carded. The cream was kept.

The foregoing process of diluting separated cream with water.

mixing. and reseparating is one washing operation. A total of five

washing operations were performed. In the first two the cream was

diluted to three times its original volume. In the last three wash-

ing operations the cream was diluted to four times its original vol-

ume.

The separator itself was not disassembled following any of the

several washings. After each washing cold water first. then the

hottest tap water was run through the running separator. Excellent

cleaning of the cream side of the separator was accomplished by



I
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running a high velocity stream of the hottest tap water directly into

the separator‘s cream spout.

The foregoing depicts how washed cream was obtained. The next

step in the isolation of the fat globule membrane was churning.

For the purpose of churning it was considered desirable that

the fat content of the washed cream be 35 weight per cent. The fat

content of one lot of washed cream was determined to be 52% by the

Babcock fat test. A different lot of washed cream tested 52.53%

fat by the Mojonnier fat test. This latter value was used in sub-

sequent calculations. An extrapolation of the data of Jenness and

Patton (1959) gave 0.965 g/ml as the density of cream containing

around 52.53% fat.

The adjustment of the per cent fat of the washed cream from

52.53% to the desired 35% was accomplished by adding tap water to

the cream. The density of the tap water was assumed to be 1 g/ml.

The calculation of the exact volume of tap water to add to the

cream was made in the following manner.

Let V be the volume of washed cream.

Let X be the volume of tap water to be added to the washed

cream.

Since the cream will contain the same mass of fat both before

and after the addition of tap water. an equation can be written:

52.53 g {at 0.965 g v= as g fig}. 0. 965 g (V)_1_.0_(X)2.

100 g ml cream 100 g ml cream +m1 H20

(14)

W_.q___= 0.965 _.__0__ (V)+__L£_ 00

ml cream ml cream ml H20 .(15)
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x =0. 955 (V) g 52.553 - 912L529” (15)

ml cream

x = 0. 955 (V)<52.53—35m_1_1_i_29__ (1.7)

ml cream .

x = o. 955 (“11.591

ml cream . (18)

X = 0.483 (V) ml HZOle cream . (19)

X was added to the washed cream. The cream-and-water suspen-

sion was mixed thoroughly. The suspension was then poured into

wide-mouth screw-top glass jars. The volume of suspension in any

jar was limited to less than one-half of the interior volume of the

jar. The temperature of the suspension in the jars was adjusted to

8°C. The headspaces of the jars were flushed with nitrogen. Jar

caps were screwed onto the jars. One jar was placed into a mechan-

ical agitator. During agitation the motion of the jar in the agita-

tor resembled that of a piston in a reciprocating gasoline engine.

The agitation churned the washed cream. i.e.. the cream sus-

pension was transformed into butter and buttermilk. Agitation of

the cream suspension continued until no small butter particles were

visible.

The remaining suspension in the other glass jars was similarly

churned.

Each churned mass (butter plus buttermilk) was warmed until

the butter melted completely to liquid. It was never necessary to

exceed 5030 while melting the butter. The liquid mass was then

transferred to a large separatory funnel. The headspace of the

funnel was flushed with nitrogen. The funnel was stoppered and

shaken. When a sharply defined interface between the lower aqueous
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phase and the upper butter oil was visible. the aqueous phase was

carefully drawn from the funnel. The volume of the aqueous phase

was measured in a graduated cylinder and recorded. The aqueous

phase. a suspension of the fat globule membrane plus some unchurned

fat globules. was stored under nitrogen at 2°C.

Erggfignafipfl 21 anWsnap—Men' 2f the 131 91211111.:

membrane 121 differential Winnie .Lhe ultracentrifuge. The

sedimentation coefficient sp which appears in equation (13) has units

of time. For convenience the Syedhgrg unit has been defined as fol-

lows:

10.13 seconds = l Svgdherg unit (20)

The abbreviation of Syedberg unit is 8.

The original experimental design of this research called for

the separation of an aqueous suspension of the fat globule membrane

into fractions by ultracentrifugation. By using the technique of

differential sedimentation three pellets would be collected. The

minimum sedimentation coefficients of the three pellets would be

4008. 808. and 408. Each of these pellets would be analyzed for

the major lipid classes: hydrocarbons. cholesterol esters. trigly-

cerides. fatty acids. cholesterol. diglycerides. monoglycerides.

cephalins. lecithins. and Sphingomyelins.

All ultracentrifugation was done in a Beckman/Spinco Model L

Preparative Ultracentrifuge. The Type 21 Rotor. a fixed angle

rotor. was always used. The Type 21 Rotor holds ten centrifuge

tubes. The polypropylene centrifuge tube. with a capacity of about

83 ml. was the type used.

The reader is now referred to equation (13). The Spinco
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Instruction Manual LIM-2 (Spinco Division. 1962) provides values for

r 6.0 cm. and rf. 12.0 cm. Also it gives the maximum speed of then'

Type 21 Rotor as 21,000 rpm. From 21,000 rpm 3 w can be calculated.

By plugging the values of rn. rf. and w into equation (13). spt had

been calculated as 430 (S)(hours).

The time required to sediment the 4008. 808. or 408 pellet

was calculated from the equation

t z 430 (S)(hours)/s (21)p .

Table 6 gives the calculated time required to sediment a pellet.

The pellets were not washed. The original membrane suspension

was centrifuged at 21.000 rpm for 64.5 minutes. The pellet and an

aliquot of the supernatant were stored. The remaining supernatant

was then centrifuged at 21.000 rpm for 323 minutes. Again. the pel-

let and an aliquot of the supernatant were stored. The remaining

supernatant was centrifuged at 21.000 rpm for 645 minutes. The pel-

let and final supernatant were stored. Storage for the fractions

mentioned was at 2°C under nitrogen.

Mojonnier fat tests and total solids tests were made on the

original membrane suspension and each of the supernatants. The

results are given in Table 7.

The data in Table 7 reveals that the membrane suspension con-

tained much more solids and lipids than did the 4008 supernatant.

The differences in the percentages of total solids and lipids between

the 4008 supernatant and the 80 and 408 supernatants were not nearly

as large. The conclusion was that the amounts (masses) of the 80 and

408 pellets were much smaller than that of the 4008 pellet. The

amounts of 80 and 408 pellets were so small. in fact. that it was
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considered that there would not be enough material for analysis.

assuming that about 830 ml of membrane suspension was the starting

material for ultracentrifugation.

Visual inspection of the three pellets verified the above

conclusion. Further. it was seen that the 808 and 408 pellets were

very similar both in amount and appearance.

In short. the ultracentrifugation portion of the original

experimental design was considered unsatisfactory.

A new scheme for centrifugation was drawn up. Again. a mem-

brane suspension would be fractionated into three pellets and a final

supernatant by differential sedimentation in the ultracentrifuge.

The minimum sedimentation coefficients of the three pellets would be

chosen so that the amount of each pellet would be sufficient for anal-

ysis. Finally. the fractionation would be a bit more meaningful if

significant differences in the appearances of the pellets were

observed.

It was decided that the fractionation would roughly follow the

scheme used in the fractionation of cell constituents by centrifuga-

tion. That is. the minimum sedimentation coefficients of the pellets

would correspond to those of (l) cellular debris. (2) mitochondria.

(3) microsomes. (4) polysomes. and (5) ribosomes.

The conditions for sedimenting cellular debris were found to

be 2.500 for 10 minutes. The first application of these conditions

to a membrane suspension demonstrated that it was not feasible to

collect a pellet corresponding to "cellular debris." The pellet was

so loosely packed that its redispersion was initiated in the processes

of removing the rotor from the centrifuge and the tubes from the
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rotor. This fraction. therefore. was eliminated from the experimental

design.

Allfrey (1959) stated that centrifugation at 5000 x g for 10

minutes would sediment mitochondria. In the application of these

conditions to the membrane suspension the time was lengthened from

10 minutes to 20 minutes to insure that the pellet would be packed

solidly. Further. it was necessary to convert 5000 x g to a number

of revolutions per minute. This was done in the following manner.

Centrifugal force = mwzr. (22)

It is apparent that centrifugal force is dependent on the choice of

a value of r. rn was chosen. When force is given in units of gra-

vities. the mass under acceleration is understood to be 1 gram. The

gravity is defined as 980.665 dynes.

5000 x g = (1 gram) (w2)(6.0 cm) 44145111..

980.555 dynes . (23)

w2 « (5000)(980.555)/5.0 sec2 . (24)

w e 910/sec . (25)

In rpm w ==(9lO/sec)(l rev/2fl)(60 sec/min) . (26)

w ==8.600 rpm . (27)

The speedometer on the centrifuge could be read to about

1500 rpm. Therefore w was rounded off to 8.500 rpm.

sp could now be calculated for this pellet with the aid of

equation (13). Solving for 5 gives

P

sp : (l/wzt)ln (rf/rn) . (28)

sp .. (1013s/sec)1n__(12.0/5.01 : .

118.500 rpm) .215] [1 min f 4 (20 min) {90.552} (29)

rev 60 sec min

sp = 7.5008 . (30)
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Allfrey (1959) stated that centrifugation at 54.000 x g for

one hour would sediment the microsome fraction. In the application

of these conditions to the fractionation of the membrane suspension

it was again necessary to find the rpm from the given centrifugal

force. This was accomplished in an analogous manner to that shown

in equations (22) through (27). The result was

w = 29.000 rpm (31)

By use of equation (28) sp was found to be 2308. 29.000 rpm was

above the maximum speed of the Type 21 Rotor. Therefore. the length

of centrifugation had to be calculated based on a rotor speed of

21.000 rpm.

The derivation of equation (21) has already been described.

When the derivation was actually performed. however. 430 (S)(hours)

was found to be an erroneous value of spt. A calculation showed the

real value to be 410 (S)(hours). Thus. the length of centrifugation

of the 2308 pellet was calculated from the equation

t = 410 (S)(hours)/sp (32)

and was found to be 110 minutes.

Morris (1964) gave the sedimentation coefficient of polysomes

as about 1708. The first time the 1708 pellet was collected from a

membrane suspension two things were determined. First. the amount of

this pellet was very small. Second. collecting this fraction only

meant that less material was available for the final pellet. that

corresponding to ribosomes. Therefore. it was decided that the 1708

pellet would not be collected.

358 was chosen as the sedimentation coefficient of the pellet

corresponding to a pellet of ribosomes. The length of centrifugation
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at 21.000 rpm was calculated using equation (32). For the 35S pellet

t was equal to 720 minutes.

Table 8 summarizes the details of the fractionation of the

membrane suspension by differential sedimentation in the ultracentri-

fuge. The temperature of the system being centrifuged was about 03C.

Theoretically. the 2308 pellet would contain no particles with

sp's equal to or greater than 7.5008. Similarly. the 358 pellet

would contain no particles with s ‘5 equal to or greater than 2308.
P

These ideas follow directly from the explanation of differential

sedimentation given above. The supernatant from a pellet with a cer-

tain sp can be fractionated (providing the supernatant contains sed-

imentable particles) into a pellet and supernatant by adjusting the

conditions of centrifugation.

Once ultracentrifugation of a membrane suspension was under-

way. a serious problem arose. It appeared that microorganisms were

growing in the fractions while the fractionation was in progress.

The microorganisms would first appear as a white mass at the bottom

of the pellet in a centrifuge tube. The first appearance would come

about four days from the time the milk was drawn from the cows. It

was observed that the size of the white mass would grow slightly with

each redispersion and recentrifugation of the pellet.

One redispersed pellet which contained the "white mass" was

smeared onto a microscope slide and stained with crystal violet.

Under the light microscope many short rods were observed.

The fractions were always centrifuged and stored at tempera-

tures which ranged from about 0 to 30C. It was apparent that these
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temperatures did not stop the growth of the short rods. The short

rodes were probably psychrophiles.

It was decided to use antibiotics to try to stop the growth

of the bacteria. Penicillin "G" was added to the membrane suspension

at the rate of 4.6 mg/liter of suspension. Streptomycin sulfate was

also added. it at the rate of 75 mg/liter. A large volume of deion-

ized water was needed during the fractionation for redispersing the

pellets. A known volume of this water was placed in a large screw

cap polyethylene tank. Both penicillin "G" and streptomycin sulfate

were added to this water. The final concentrations of the two anti-

bioties in the deionized water were the same as given for the mem-

brane suspension. The antibiotic-containing water was stored at 2°C.

Immediately following ultracentrifugation of a membrane sus-

pension. it was observed that a creamhlike layer resided at the inner-

most (shortest distance from the axis of rotation) surface of the

suspension in the centrifuge tube. This layer was skimmed off and

treated exactly as washed cream was treated prior to churning.g When

churned. the treated layer was transformed into a butter-like mass

and an aqueous phase. The butter-like material was not yellow in

color; rather it was a dull white.

It seemed that the creamplike layer was composed of unchurned

fat globules. The mass of the fat globule membrane is only about 1%

of the mass of the fat globule. Therefore. it was decided that the

creamplike layer would be discarded during the fractionation.

The volume of the membrane suspension of preparation No. l was

1240 ml. Of this volume 940 ml were subjected to fractionation.

The sp of the first pellet collected was 7.5008. Now. a
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pertinent question arises. How was it known that particles with sp's

smaller than 7.5008 were removed from the 7.5008 pellet? The membrane

suspension was cloudy. The antibiotic solution used for redispersing

the pellet was clear. When. following a redispersing of the pellet

and recentrifuging. the supernatant above the pellet appeared rela-

tively clear. this was considered an indication that the supernatant

was particle-free. And if the supernatant was particle-free. it

meant that the pellet was free of particles whose sp's were smaller

than 7.5005.

The clarity of the supernatants above the 2308 and 358 pellets

was used as a criterion for the absence from those pellets of parti-

cles whose sp's were smaller than 2308 and 358. respectively.

Six redispersions and recentrifugations were required to

produce the 7.5008 pellet. Eleven were required for each of the

2308 pellet and the 358 pellet.

It appeared that the antibiotics succeeded in stopping the

growth of bacteria in the fractions. No white masses appeared in

any pellet through eleven days of centrifugation required to obtain

the three pellets.

When the supernatant above a pellet was considered sufficient-

ly clear. the pellet was recovered and redispersed in the antibiotic

solution. The three pellet suspensions were stored under nitrogen

at2°C.

WMMMMMWQIM

110151 solids cf each pellet. The 7.5008 pellet was snow white in

color and homogeneous in appearance. The 2308 pellet consisted of

two distinct parts. At the base of the pellet the material was



35

tea-brown in color and very solidly packed. Above this portion the

material was more loosely packed and resembled the 7.5008 pellet.

The 358 pellet resembled the brown portion of the 2308 pellet. It

was homogeneous in appearance and had a hard-jelly-like texture. It

was also translucent to visible light. The final supernatant had a

brownish cast and resembled apple cider in appearance.

Several analyses performed on each of the three pellet suspen-

sions will now be described. N0 analyses were performed on the final

supernatant.

The total mass of a pellet suspension was obtained in the fol-

lowing manner. An Erlenmeyer flask of appropriate size was tared on

a Mettler balance. The pellet suspension was added to the flask.

The flask and its contents were weighed on the balance. The total

mass of the suspension was the difference between the two weighings.

Total volume was measured by pouring the pellet suspension

into a one liter graduated cylinder and reading off the volume.

The densities of the pellet suspensions were obtained by use

of a pycnometer. The pycnometer was tared at 22.030 on an analytical

balance. The pycnometer was then filled with deionized water and

the filled vessel was again weighed at 22.0°C. With the assumption

that the water was pure. its density was found in the Handbook of

Chemistry and Physics (1962). The pycnometer was then filled with

the pellet suspension and the vessel and its contents were weighed.

The density of the pellet suspension was found by the following

equation:

(1 = p(s - m)/(w - m). (33)

where d is the density of the pellet suspension.
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p is the density of pure water at 22.0°C.

s is the mass of the pycnometer filled with pellet suspension.

m is the mass of the pycnometer at 22.0°C. and

w is the mass of the pycnometer filled with deionized water

at 22.0°C.

A Mojonnier total solids test was made on each of the three

pellet suspensions. The results of the total solids tests are given

in Table 9. With the data from these tests the total solids of each

pellet could be calculated in the following manner.

Let m be the mass of the total solids of a pellet.

Let b be the mass of the total solids of the pellet actually

isolated.

Since only 940 ml of the 1240 ml of membrane suspension was

actually fractionated. an equation can be written:

m = 12405/940. (34)

Now. if M is the mass of the isolated membrane suspension and

f is the fraction of the suspension which is solids. then

 

b = Mf (35)

n

f is given by f = (l/n);1 ti - (cTi/d)

1: o

T . (36)
1

where n is the number of individual total solids tests included in

the calculation.

t is the mass of total solids in the ith test.

Ti is the mass of the pellet suspension used in the ith test.

d is the density of the pellet suspension. and

c is the mass of antibiotics per unit volume of antibiotic

solution.
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With the exception of "particle i" the symbol 1 represents the

code number of an individual determination. Multiple determinations

are coded by successive integers beginning with l for the first deter-

mination.

In deriving equation (36) the assumption was made that c was

the same as the concentration of antibiotics in the pellet suspension.

Equation (36) can be simplified.

n

f = on): (ti/Ti) - (c/dlj .
i=1 .

n

f =<1/n)z" (ti/1.)] - (l/n)Z(c/d) . (37)
i=1 1 i=1

lOOti/Ti is the per cent total solids as determined by the

Mojonnier total solids test.

Let

(l/n):§:(ti/Ti) = a . (38)

i=1

100a is the mean value of the per cent total solids as determined by

the Mojonnier total solids test.

Equation (37) can be further simplified.

f ==a - (l/n)(nc/d) .

f =a - (c/d) . (39)

A combination of equations (34). (35). and (39) gives

m = 1240 M a - (c/d)] /94o . (40)

The value of c was (7.96/10°)(grams/ml) .

Pellet suspension masses. pellet suspension densities. total

solids data. and appearances of the 7.5008. 2308. and 358 pellets are

given in Table 10.
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.lipid glasses g1 the three pellets. The quantitative determination of

the major lipid classes in the pellets was carried out according to

the following general scheme. First. the total lipids were extracted

from the pellet suspension. The total lipids were then separated

into the neutral lipids and the polar lipids. The major lipid clas-

ses in each of these two groups were then determined by quantitative

thin-layer chromatography.

mammmmmm Our

objective in extracting the lipids from the pellet suspensions was

this: to extract the major lipid classes in their entirety and to

extract nothing else.

The first method of lipid extraction considered was that used

in the Mojonnier fat test. This method was of doubtful value. how-

ever. since Haven and Levy (1941) showed that mixtures of chloroform

and methanol were more effective in the extraction of sphingolipids

from tissue than were mixtures of diethyl ether and ethanol. Ways

and Hanahan (1964) showed that a procedure utilizing chloroform and

methanol as extracting solvents extracted a greater amount of phos-

pholipids from human red cells than did a precedure utilizing diethyl

ether and ethanol. Duthrie and Patton (1965) showed that two simple

modifications of the extraction procedure of the Mojonnier fat test

increased the amount of phospholipids extracted from whole milk.

First. they omitted ammonium hydroxide from the procedure. Second.

they added 150 milligrams of sodium chloride to the 10 grams of milk

to be extracted. They wrote: "From the structure of P-lipids known

to exist in milk. it is apparent that a number of them have acidic
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groups and would exist as ammonium salts in the basic aqueous phase

(particularly phosphatidyl serine and phosphatidic acids). thus

making them difficult to extract."

Recently. Galanos and Kapoulas (1965) cautioned against the

use of ethanol as a solvent for the extraction of lipids. They

recommended the use of mixtures of chloroform and methanol.

Thus it seemed that a mixture of chloroform and methanol would

be the best extraction solvent. The idea for the extraction proce-

dure finally adopted was taken from Ways and Hanahan (1964). The

procedure follows:

A disc of Whatman N0. 2 paper was folded into a semi-fluted

form and placed into a glass funnel. The paper was washed. first

with methanol. then with chloroform. Beneath the funnel was posi-

tioned a clean 500 ml glass separatory funnel equipped with a Teflon

stopcock.

A Teflon covered magnetic stirring bar was placed inside a

600 m1 glass beaker. One hundred and twenty-five ml of methanol

were added to the beaker. The beaker was placed on a magnetic stir-

rer. and the methanol was stirred. Approximately 25 ml of accurately

weighed pellet suspension were added to the beaker. The mixture was

slowly stirred for 30 minutes at room temperature. At the end of the

30 minutes 125 ml of chloroform were added to the beaker. Slow

stirring continued for 10 minutes.
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At the end of the 10 minutes the contents of the beaker were

poured into the Whatman No. 2 paper. Care was taken to prevent the

stirring bar from dropping onto the paper. When the last of the

extraction mixture had been poured from the beaker into the filter.

a small aliquot of chloroform was added to the beaker. The chloro-

form was swirled in the beaker and poured into the filter. Adding

chloroform to the beaker. swirling. and pouring into the filter was

repeated several times. The total volume of these aliquots of chlor-

oform was 125 ml. The funnel and paper were removed from the top of

the separatory funnel. Fifty ml of 0.015 N aqueous potassium chloride

were added to the separatory funnel. The separatory funnel was

swirled briefly. The headspace above the extraction mixture was

flushed with nitrogen and the separatory funnel was stoppered. The

separatory funnel and its contents were vigorously shaken. The shak-

ing was occasionally interrupted to allow excess pressure to escape

through the stopcock. When shaking was finished. the stopper was

removed. the headspace was again flushed with nitrogen. and the

funnel was restoppered. The funnel and its contents were stored

overnight at 35°F. During the first hour of refrigerated storage of

the funnel it was always necessary to tighten the Teflon stopcock to

to prevent leakage from the funnel. This action was necessary pre-

sumably due to the fact that the coefficient of thermal expansion of

Teflon is larger than that of glass.

The following morning two clear phases and a clear interface

were observed in the funnel. The lower phase was drawn off and stored

under nitrogen in a glass stoppered round bottom flask at ~20°C.

It was. of course. of interest to compare the amount of lipid
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extracted from a pellet suspension by the procedure just outlined

with the amounts extracted by other procedures. Four procedures were

compared. The first was the Mojonnier fat test. The second followed

the Mojonnier fat test except that no ammonium hydroxide was used.

The third procedure followed the Mojonnier fat test except that 1.5

m1 of aqueous 0.67 N potassium chloride was substituted for the 1.5

ml ammonium hydroxide usually employed. The fourth procedure began

with the chloroform-methanol extraction technique outlined above. It

continued by the placing of the round bottom flask onto a Rinco rotary

evaporator. The bulb of the flask rested in a 403C water bath. A

vacuum within the flask was created with the aid of a water aspirator..

Evaporation continued until the solvents were removed from the flask.

The flask was removed from the evaporation apparatus. A small ali-

quot of benzene was added to the flask. swirled and poured into a

Mojonnier fat test dish. The adding of benzene. swirling. and pour-

ing into the dish was repeated several times. The dish and its con-

tents were then treated by the methods of the Mojonnier fat test.

The results of these analyses are given in Table 11. It is appropri-

ate. perhaps. to say that these results were obtained one month prior

to the publication or the author's cognizance of the research of

Duthrie and Patton (1965).

Because of the results in Table 11 and because of the wide-

spread acceptance of chloroform and methanol mixtures as lipid ex-

tracting solvents. the chloroform-methanol procedure was adopted for

extraction of the lipids of the pellet suspensions of preparation

No. l.

Determinaiipn pf LEE amouni pf lipid 1p each pellet. The
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determination of the amount of lipids in each of the pellets was made

in the following manner.

The round bottom flask containing the extracted lipids was

removed from the -20°C storage and placed onto a Rinco rotary eva-

porator. The bulb of the flask rested in a 40°C water bath. A

vacuum within the flask was created with the aid of a water aspira-

tor. When the solvents had evaporated. the flask was removed from

the evaporation apparatus. A small aliquot of benzene was added to

the flask. The flask was swirled and the contents were then poured

into a small. tared. glass beaker. The adding of benzene to the

flask. swirling. and transferring to the beaker was repeated several

times. The beaker was then placed on a hot plate set at 40°C. A

stream of nitrogen was directed on the contents of the beaker until

the benzene was evaporated. The beaker and its contents were placed

inside a vacuum oven set at 40°C. A vacuum greater than 29 inches

mercury was created inside the oven for one hour. The beaker was

removed from the oven and placed into the cooling chamber of the

Mojonnier Milk Tester. Cooling proceeded for seven minutes after

which time the beaker and its contents were weighed on an analytical

balance.

The amount of lipid in the entire pellet can be expressed by

the following equation:

n

L = (1240M./940)(1/n)2 (hi/Hi). (41)

i=1

where L is the mass of lipid in a pellet.

1240M/94O is the same as in equation (40).

n is the number of individual determinations of the
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amount of lipid in a pellet suspension.

i is the mass of lipid found in the ith determination.

and

H. is the mass of pellet suspension used in the ith

extraction.

Table 12 gives the values of lOOhi/Hi. (lOO/n)?%;(hi/Hi). and

L found for the three pellets. 1-

The amount of the pellet total solids which is lipid can now

be calculated. The results are given in Table 13.

mammmmmmm De;

Wflwla' _9__t.§amun mmmmmmm

.pellet. Immediately following the weighing of the extracted lipids

on the analytical balance. the lipids were dissolved in chloroform.

The solution of lipids was applied directly from the beaker to a

column of silicic acid. The neutral lipids were eluted from the

column with chloroform. the polar lipids with methanol-water. 97:3

(v/v). The complete details of preparing and using the silicic acid

column are given by Ways and Hanahan (1964).

The two fractions of eluate from the column were stored at

-20°C under nitrogen in round bottom flasks with ground glass stop-

pers. Prior to applying the lipids of one of the fractions to a thin

layer of silica gel G. the solvents were removed in pagan. The lipids

were transferred to two small. tared. glass beakers. Excess solvent

was removed with a stream of notrogen. The lipids were then dried.in

yggpg at 40°C for one hour and weighed. This procedure provided the

results given in Table 14.

WWW were“ nfLmh' 1m .01:
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mumnfmn.18mammms Theexperi-

mental design of this research called for the separation and quan-

titative determination of the major lipid classes in each of the

pellets. It was decided that thin-layer chromatography (TLC) would

be the primary technique in this work.

Square glass plates. 20 cm square. were washed with detergent

and brush. They were rinsed thoroughly with deionized water and

allowed to dry. After the rinsing the plates were kept covered to

prevent dust from falling on them.

Thirty grams of silica gel G were weighed into a ground glass

stoppered Erlenmeyer flask.

When dry. the plates were placed on the applicator board. The

metal applicator was put into place.

Sixty m1 of deionized water were added to the silica gel G.

The flask was stoppered and the mixture was thoroughly shaken for

about 30 seconds. The mixture was poured into the applicator. The

applicator was pulled across the plates. This action produced a uni-

form. thin layer of silica gel G on the glass plates. The adsorbent

was allowed to dry. Scraping of silica gel G from and adjacent to

two opposite edges of each plate produced two very sharp boundaries

of the adsorbent on the plate. The scraped areas extended the length

of the plate and were parallel to the direction of development which

was to come later. Scraping aided in producing a straight solvent

front during development. The solvent migration on unscraped plates

was observed to lag behind at the edges and forge ahead in the middle.

thus producing a curved front.
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For chromatographing the neutral lipids. a solvent system of

hexane-diethyl ether-acetic acid. 7922121 (v/v/v). was found to be

most satisfactory. The coated plates were predeveloped with this

solvent prior to the application of the neutral lipids to the plates.

All developing took place in a closed glass tank. It was hoped that

predevelopment. carried out in the same direction as development.

would move impurities in the silica gel G to the top of the plate.

During predevelopment the migration rate of the solvent front

on each plate was noted and recorded. If the migration rates of the

solvent fronts of two plates were nearly identical. these two plates

were chosen for subsequent work. After predevelopment the two plates

were allowed to dry. Then they were activated in a hot air oven at

110°C.

It was mentioned above that the lipids of each of the two

fractions isolated from the silicic acid column were divided between

two tared beakers and weighed. Following weighing of the neutral

lipid-containing beakers. benzene was added to both beakers. The

amount of benzene added did not exceed the minimum amount required

to dissolve the lipids.

After one hour of activation of the two plates. they were

removed from the hot air oven and allowed to cool briefly in a

desiccator. When cool. one of the plates was removed from the desé~

iccator. The solution of lipids in benzene was applied in a band

across the entire width of the plate. The band was located 2.5 cm

from the bottom of the plate. The band consisted of overlapping

circular spots of lipid. The spots of lipid solution were applied

to the plate with a small melting point tube with two open ends.
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When the entire band had been applied. the plate was placed

back in the desiccator. The second plate was then taken out. The

lipid solution from the second beaker was applied to the second

plate in the same manner as described for the first plate. The two

plates were then developed simultaneously.

During development the residual lipids on and in the two melt-

ing point tubes were washed with benzene back into the beakers from

where they came. The two beakers were covered and stored.

When the solvent fronts were two cm from the tops of the

plates. the plates were removed from the glass tank. One plate was

placed into another glass tank. The interior of this tank was

flushed with nitrogen and covered tightly with Saran Wrap. This

tank was stored for the moment at -20°C.

The second plate was sprayed with concentrated sulfuric acid

from an atomizer. Following the spraying the plate was heated at

110°C for one hour in a hot air oven. After one hour the plate was

removed from the oven. The reaction of concentrated sulfuric acid

with lipids produces carbon. The carbon is black and is readily

visible when present in sufficient quantity on the TLC plate.

Figure 3 is a photograph of a thin layer chromatogram which

was treated exactly as described above. The black carbon shows the

positions of the neutral lipids after development.

Identification of the bands in Figure 3 was aided by some

preliminary qualitative TLC. Figure 4 is a photograph of one of the

preliminary plates. The plate was prepared and developed as described

above. Eight reference compounds and the total lipids of the 7.5008

pellet were applied separately. one compound to a spot. to the plate.
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The Rf of one spot of the pellet lipids is about the same as

that of stearic acid. This spot was considered to be free fatty

acids and corresponds to the band in the middle of the plate of

Figure 3. Another spot of the pellet lipids seems to match choles-

terol. When a plate of neutral lipids is sprayed with concentrated

sulfuric acid. cholesterol and cholesteryl esters develop color much

faster than the other types of lipids. The spot that matches choles-

terol developed color as fast as cholesterol. Therefore. it was con-

sidered to be cholesterol. This spot corresponds to the band in

Figure 3 which has an Rf of about 0.3 and which follows the band of

fatty acids.

Another spot of the 7.5008 pellet lipids lines up with the

darkest spot of the hydrogenated tallow. Triglycerides are the major

constituent of tallow. and so the darkest spot should correspond to

triglycerides. The spot of the pellet lipids was therefore considered

to be triglycerides. This spot corresponds to the band in Figure 3

which has an Rf of about 0.9 and which lies ahead of the band of

fatty acids.

In Figure 4 the major portion of the monoglyceride stayed at

the origin. Therefore. the band at the origin in Figure 3 was thought

to be monoglycerides.

Since it is the total lipids of the 7.5008 pellet which are

seen in Figure 4. the streak near the origin of the pellet lipid row

was thought to be phospholipids. Partly covered by the streak and

near its tip lies a single spot. This spot lines up exactly with

spots seen in the hydrogenated tallow row and in the monoglyceride

row. The spot in the monoglyceride row is almost invisible due to
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its lack of quantity and contrast on the thin layer chromatogram.

Since the monoglycerides are known to contain some diglycerides. it

is a reasonable assumption that the three spots in question are di-

glycerides. Again. due to a lack of quantity and contrast the

diglycerides are not visible in Figure 3. However. they were visible

on the thin layer chromatogram. The band of diglycerides was located

between the bands of monoglycerides and cholesterol.

The final band in Figure 3 to be considered lies at the solvent

front just ahead of the triglyceride band. Thompson 21.81. (1961) and

Brunner (1962) reported the presence of carotenoids. squalene. and

cholesterol esters in the lipids of the fat globule membrane. It

was considered that the band at the solvent front. the leading band.

could contain all these lipids. But it was noticed in Figure 4 that

cholesterol acetate ran behind the solvent front. If the cholesteryl

esters of the long chain fatty acids migrated at the same rate as

cholesterol acetate. then the leading band shown in Figure 3 would not

contain cholesteryl esters. Since no long chain cholesteryl esters

were immediately available. it was decided to synthesize some choles-

teryl stearate.

Small amounts of cholesterol and stearic acid were dried in

.ygppp at room temperature overnight. The stearic acid was added to

an excess of thionyl chloride in a small round bottom flask. The

mixture was warmed below the boiling point of thionyl chloride.

77°C. for about one hour. Then a small amount of cholesterol was

added. The mixture was heated to boil off the thionyl chloride. A

thin layer plate was prepared as described above. The mixture was

dissolved in benzene and applied as a band which extended one-third
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of the way across the plate. Another one-third of the origin was a

band of 7.5008 pellet total lipids. The final one-third was a band

of 7.5008 pellet neutral lipids. The plate was developed in hexane-

diethyl ether-acetic acid. 73:25:2 (v/v/v). The results can be seen

in Figure 5. The reaction mixture lies on the left one-third of the

plate. The dark streak at the solvent front developed its color as

rapidly as the darker cholesterol band below when the plate was .

sprayed with concentrated sulfuric acid. The remaining solvent front

did not exhibit fast color development. Fast color development of

the solvent front band was never observed with the neutral lipids of

any of the three pellets.

Thus. it seemed that the dark streak at the solvent front in

Figure 5 was cholesteryl stearate. Therefore. although long chain

cholesteryl esters could be in the solvent front band of Figure 3.

the determination of their actual presence there will require further

work.

Thus. the bands in Figure 3 are quasi-identified from the ori-

gin to the solvent front as monoglycerides. diglycerides (not visible).

cholesterol. fatty acids. triglycerides and the unknown leading band.

TLC of the neutral lipids of all three pellets produced the same

pattern seen in Figure 3.

The proposed identifications of the neutral lipids are strongly

supported by the work of Wood £1.81. (1964). Schlierf and Wood (1965).

Privett gt al. (1965). and Mangold (1961).

The idea for the quantitative technique was taken from Komarek

£1.§l. (1964).

When one plate had been sprayed and the black bands were
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clearly visible. the second plate was removed from its temporary cold

storage. The two plates were placed side by side. The unsprayed

plate was marked with a wax pencil according to the locations of the

bands on the sprayed plate.

A rubber stopper was fitted to the stem of an ultra-fine

fritted glass filter. two cm in diameter. The stopper fit the mouth

of special test tubes which were fitted with sidearms. The glass

filter was fastened to a ring stand. Above the filter an iron ring.

12 cm in diameter. was also fastened to the ring stand. A glass

Mooney airvent funnel. 22 cm in diameter. was placed into the iron

ring. The funnel was lowered 0n the ring stand so that its spout

would fit inside the glass filter. A test tube with a sidearm was

connected to the glass filter. The sidearm was connected by rubber‘

tubing to a trap. and the trap was connected to the vacuum nozzle

of a water aspirator. The trap had a valve to open the system to

the atmosphere.

The unsprayed. marked plate was positioned in the funnel.

Two corners of the plate rested on the inside wall of the funnel.

The plate was further secured by allowing it to lean back against

the iron rod of the ring stand. Thus. two edges of the plate were

horizontal and the plane of the plate lay at about a 60 degree angle

with horizontal.

The portion of silica gel G which contained the monoglycerides

was scraped from the plate with a wood chisel. The area was scraped

as clean as possible. The scraping fell into the funnel and down

into the fritted glass filter. When scraping was finished. the

scraped area was sprayed with diethyl ether from a 25 ml volumetric
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pipet. When no loose scrapings were visible on the scraped area.

spraying was directed at the funnel. The funnel was also sprayed

clean of loose scrapings.

All scrapings and sprayings fell into the glass filter.

When. due to spraying. the level of diethyl ether in the filter

rose to 0.5 to 1.0 cm above the top of the scrapings. spraying

stopped. The system below the filter was evacuated. and diethyl

ether would begin to pass through the filter into the test tube

below. When the level of the ether reached the top of the scrapings.

the vacuum was released. When all spraying was completed. a vacuum

was created below the glass filter until all the diethyl ether was

in the test tube. The vacuum hose was then removed from the test

tube. The scrapings in the glass filter were discarded and the

inside of the filter was rinsed out with diethyl ether. The test

tube and its contents were covered and stored. A new tube was con-

nected to the glass filter and to the vacuum system. The scraping

and spraying of the silica gel G containing the diglycerides then

proceeded.

The technique described above was repeated for each remaining

band of silica gel G.

The test tubes containing the six fractions were subjected to

mild vacuum at room temperature. When only one milliliter or less of

solution remained in a tube. the solution was transferred to a small

volumetric flask. The transfer was made quantitative by rinsing the

tube with several aliquots of benzene. The benzene was added to the

volumetric flask. The contents of the flask were brought up to the

mark with additional benzene. The flask was stoppered and inverted
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five times.

Six small. tared Teflon cups were placed on a hot plate set

at 40°C. Two milliliters of lipid solution from the flask were

pipetted into one cup. This process was repeated using another

flask and another cup until each of the six cups contained a differ-

ent one of the six fractions. Roofs of aluminum foil were positioned

to prevent dust from falling into the cups. After the solvents had

evaporated. the cups were placed in a vacuum oven set at 40°C. The

fractions were dried.in.yappp for one hour. The cups were then placed

.in a desiccator and were weighed within one hour on a Cahn Gram Elec-

trobalance. The mass of lipid in any fraction was calculated by the

equation

K = QY/2 ml. 7" (42)

where K is the mass of lipid in a fraction.

0 is the volume of the volumetric flask. and

Y is the mass of the lipid in the Teflon cup.

The beaker from which the lipids were applied to the unsprayed

plate was placed on a hot plate set at 4030. A stream of nitrogen

directed into the beaker aided the removal of excess solvent. The

beaker and its contents were then dried in yappp at 40°C. The beaker

was cooled in the cooling chamber of the Mojonnier Milk Tester for

seven minutes. Finally. the beaker was weighed on an analytical

balance. The difference between this weighing and the previous

weighing was the amount of lipids applied to the thin layer chroma-

togram.

The results of the quantitative determination of the major

classes of neutral lipids of the three pellets are given in Table 15.
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mmmWan’f”e1 determineflemajmelassescf

mmmmmwiievcwn5" Wa'a' determin:

pligp pf Lpg,mpigr glasses pp tpip Layer chrpmatggrams. Essentially

the same techniques used to quantitatively determine the neutral

lipids were applied to the polar lipids of the three pellets. Some

modifications of technique were necessary. The solvent system used

in development of the thin layer chromatograms was chloroform-methan-

ol-water-acetic acid. 80:35:5zl (v/v/v/v). Following the scraping of

bands of silica gel G from the plate. the scraped areas were sprayed

with methanol. The methanolic solutions of lipids eluted from the

silica gel G were transferred from the test tubes to small round bot-

tom flasks with ground glass joints. The methanol was evaporated in

ypppp on the Rinco rotary evaporator. The lipids were transferred

from the flask to a volumetric flask with several small aliquots of

benzene. The remainder of the procedure has been described above.

The above technique did not produce satisfactory results. The

percentage recoveries of polar lipids from the TLC plates ranged

between 44 and 276%. Why was there such a wide. unsatisfactory range?

The major constituents of silica gel G are silicic acid and calcium

sulfate. Recall that the polar lipids were eluted from the silica

gel G with methanol. It was assumed that the constituents of silica

gel G were not soluble in methanol. It was further assumed that

these same constituents did not pass through the ultra-fine fritted

glass filter during the elution of the polar lipids. One or both of

these assumptions had to be wrong. The eluted polar lipids were con-

taminated in every experiment. Further. it appeared that the polar

lipids were bound to the contaminants. When this point became appar-
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ent. it was decided to try to break the binding. The most elaborate

attempt to break the binding involved a common lipid extraction tech-

nique. The lipid-contaminate mixtures isolated from a TLC plate were

extracted by the procedure of the Mojonnier fat test. Ammonium hydrox-

ide was omitted from the extraction. Three applications of the Mojon-

nier technique produced recoveries of 63. 120. and 145%. These re—

sults were unsatisfactory.

Figure 6 shows a typical thin layer chromatogram of the polar

lipids of a pellet. Five broad bands can be seen. One is at the

origin and one is at the solvent front. The remaining three are

between the above two.

In identifying the bands in Figure 6 heavy reliance was placed

on the literature. From the reports of Wood pt 31. (1964). Roelofsen

infll. (1964). Privett Q; 31. (1965). Abramson and Blecher (1964).

Mangold (1961). and Robinson and Phillips (1963). the bands can be

quasi-identified from the origin forward as lysolecithin. sphingomy-

elin. lecithin. cephalin. and the leading band at the solvent front.

The finding of sphingomyelin. lecithin and cephalin is in accordance

with data given in Table 2.

Following development thin layer chromatograms of the polar

lipids were sprayed with the reagent described by Dittmer and Lester

(1964). This reagent was reported to be specific for phosphate

esters. such as occur in most known phospholipids. Of the five bands

only the sphingomyelin. lecithin. and cephalin bands gave positive

tests. This result seemed to eliminate the possibility that the

band at the origin was the phosphate-containing lysolecithin.

The thin layer chromatograms of the polar lipids were also
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sprayed with 0.2% ninhydrin in 95% ethanol. The only positiVe reac-

tion was given by the cephalin band.

The attempt to quantitatively determine the polar lipids of

the three pellets by a gravimetric analysis failed. The use of TLC

to fractionate the polar lipids was still desired.

The logical choice of a technique to quantitatively determine

the polar lipids was a phosphorus analysis. Robinson and Phillips

(1963) separated serum phospholipids on a thin layer chromatogram.

The chromatogram was sprayed with 18N sulfuric acid and heated until

black carbon was visible. The phosphorus analysis was performed on

each entire blackened area. including adsorbent. However. the ad-

sorbent interfered strongly with the colorimetric test.

Skipski et al. (1964) separated phospholipids on a thin layer

of silica gel. They exposed the developed TLC plate to iodine vapor.

The colored areas were scraped off the plate. The phospholipids

were eluted from the adsorbent. A phosphorus determination was made

on the eluate from each colored area.

The results reported by Skipski at El. (1964) were excellent

and were superior to those reported by Robinson and Phillips (1963).

It was decided that the determination of the polar lipids of

the three pellets would follow a procedure which was roughly similar

to that of Skipski et_al. (1964).

Preparation N0. 2

A different ten gallons of milk were collected for preparation

No. 2. The methods used in preparation No. 2 resembled those of

preparation No. l exactly with some exceptions. The exceptions are



explained below.

A De Laval model 518 centrifugal cream separator was used for

the separation of the milk into skimmilk and cream and for the wash-

ing of the cream. The cream was washed three times.

The 7.5008 pellet. the 2308 pellet. and the 358 pellet were

redispersed and recentrifuged 9. 7. and 6 times. respectively.

The appearances of the three pellets of preparation No. 2 were

exactly similar to the appearances of the three pellets of prepara-

tion No. 1.

When the supernatant above a pellet was considered sufficiently

clear. the pellet was redispersed in the antibiotic solution. The

total mass of each pellet suspension was obtained. The per cent total

solids of each pellet suspension was obtained by the Mojonnier total

solids test. The results of the total solids tests are given in

Table 16.

The total solids of each of the three pellets was calculated

by an equation similar to equation (40):

m = 1230 n a - (c/d)] /980. (43)

where m is the mass of the total solids of a pellet.

1230 ml is the volume of the membrane suspension.

980 ml is the volume of membrane suspension fractionated.

M is the mass of the pellet suspension actually isolated.

a is the mean of four determinations of the per cent

total solids of a pellet suspension divided by 100.

c is the concentration of antibiotics in the antibiotic

solution. and

d is the density of the pellet suspension and was assumed
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to be 1 gram/ml.

Pellet suspension masses. total solids data. and appearances

of the 7.5008. 2308. and 358 pellets are given in Table 17.

____t_19_Extrac'nofmallipidsmmmepelletsuwens' Deter;

mination 91 pp; amount gf_ljpid in eagp pellet. The amount of lipid
 

in each pellet was calculated by an equation similar to equation (41):

n

L = (1230 W980) (1,002 (hi/Hi) . (44)

i=1

where L. n. hi. and Hi are defined exactly as in equation (41). and

1230 M/980 is the same as in equation (43).

How hi and Hi were obtained will now be described.

Each of twelve 250 ml heavy wall glass bottles was tared on

the Mettler balance. The twelve bottles were divided into three

sets of four bottles per set. one set per pellet suspension. Each

pellet suspension was divided more or less equally among the four

bottles of a set. Each bottle and its contents were weighed. The

difference between the two weighings provided Hi“ The pellet suspen-

sions in the twelve bottles were frozen in a dry ide-ethanol bath and

were then dried by lyophilization. Following lyophilization 75 ml

of methanol were added to each bottle. The bottles were flushed out

with nitrogen and stoppered. The bottles were placed on an Eberbach

rotary shaker and were shakened for 30 minutes. Following the 30

minutes 75 ml of chloroform were added to each bottle. The bottles

which were not immediately used were flushed out with nitrogen.

stoppered. and stored at -20°C.

The suspension of chloroform. methanol. and lyophilized pellet

in a bottle was filtered through Whatman No. 2 filter paper into a
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500 ml glass separatory funnel equipped with a Teflon stopcock.

A small aliquot of methanol was added to the bottle. swirled

around. and poured into the filter. This was repeated several times

with methanol and then with chloroform. The sums of the volumes of

the aliquots of methanol and chloroform were 50 ml and 175 ml.

respectively. Seventy-five ml of a 0.01N deionized water solution

of potassiUm chloride were added directly. unfiltered. to the separ-

atory funnel.

The lipids were obtained from the separatory funnel and

weighed in exactly the manner explained for preparation No. 1. Values

of hi. Hi. lOOhi/Hi. and (lOO/n)i§:(hi/Hi) are given in Table 18.

Using the values of M given in Table 17 and the data given in

Table 18. L was calculated for each pellet. Values of L and associ-

ated data are given in Table 19.

Immediately following the weighing of the lipids. the lipids

were dissolved in chloroform and were stored under nitrogen at -20°C.

812L111”a'ngrmmmmmmmwm" The

separation of the total lipids into neutral and polar lipids was

accomplished in a different manner for preparation No. 2 than for

preparation No. 1. The silicic acid column technique of Ways and

Hanahan (1964) requires a great deal of time. For want of a better

technique. the principle of the silicic acid column was incorporated

into a method which was faster than the column technique. The prin-

ciple. of course. is that in the presence of an excess of chloroform

the polar lipids remain strongly bound to heat-activated silicic

acid while the neutral lipids are hardly bound at all. When the

chloroform is separated from the silicic acid. the neutral lipids are
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found in the chloroform and the polar lipids remain with the silicic

acid. Methanol is usually used to strip the polar lipids from the

silicic acid.

Ways and Hanahan (1964) established a ratio of 20 grams of

silicic acid per gram of total lipids to be fractionated. This ratio

was adopted for our work. The masses of total lipids to be separated

ranged from 1.0 to 1.8 grams. Accordingly. the amounts of silicic

acid used ranged from about 20 to 40 grams.

A suction flask was attached to a trap which was attached to

a water aspirator. A large. medium-fritted glass filter was fitted

to the flask. The appropriate amount of silicic acid was weighed out

and transferred into the filter. The silicic acid was washed first

with methanol and then with chloroform. The silicic acid was trans-

ferred to an aluminum dish and stored overnight at 110°C in a hot air

oven.

The following morning the silicic acid was taken from the oven

and allowed to cool to room temperature. Simultaneously. the lipid

sample was allowed to warm to room temperature. One half of the sam-

ple was poured into one 250 m1 glass centrifuge bottle. A. and the

other half into another. B. The silicic acid was similarly divided

and poured dry into the two bottles. Chloroform was added to both

bottles until the level of the solvent coincided with the surface of

the silicic acid. The contents of both bottles were stirred gently

but thoroughly with a glass rod. Bottle A was then filled with

chloroform and again stirred thoroughly. It was centrifuged briefly

in the International Centrifuge. The supernatant was transferred to

bottle B. Bottle A was again filled with chloroform. This time the
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contents of both bottles were stirred. Both bottles were centrifuged

briefly. The supernatant from Bottle B was passed through an ultra-

fine fritted glass filter and collected in a suction flask. The super-

natant from A was transferred to B. A was again filled with chloro-

form. Stirring and centrifuging of the bottles followed. The super-

natant from B was filtered and collected as before. The supernatant

from A was transferred to B. Stirring the contents of B. centri-

fuging. filtering and collecting the supernatant. filling B with

chloroform. stirring. centrifuging. and filtering and collecting

the supernatant followed.

The collected chloroform solution was discarded. A new suction

flask was attached to the ultra-fine filter.

The procedure just described was repeated with several modifi-

cations. Methanol was used instead of chloroform. B1was filled with

methanol four times. After each filling the mixture in B was stirred

thoroughly and centrifuged. Each supernatant from B was transferred

to A. whereupon the contents of A were stirred and centrifuged. Each

of the four supernatants from A was passed through the ultra-fine

filter and collected. After the fourth supernatant had been poured

into the filter. A was filled with fresh methanol; the mixture was

stirred. centrifuged. and the supernatant was filtered and collected.

The methanolic solution was transferred to two one-liter round

bottom flasks with ground glass joints. The solutions were evaporated

.1nnyappp to near dryness on the Rinco rotary evaporator. The contents

of the flasks were transferred to a 100 ml volumetric flask with the

aid of a succession of several aliquots of methanol. one aliquot of

benzene. and several more aliquots of methanol. The solution in the
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volumetric flask was made up to the mark by the addition of methanol.

.Quantitafixe.determinaficn.Qf lflfinméifll classesmof.the.nhesnh2:

lipids pf the three pellets by ILQ gpd phpsphprps anaiysis. The color-

imetric determination of phosphorus was performed by the method of

Sumner (1944). Modifications of Sumner's method will now be described.

The addition of 5 ml of 7.5N sulfuric acid was omitted. The final

volume of a solution to be read in the colorimeter was one of 25. 50.

or 100 ml. When the final volume was 25 ml. the amounts of the rea-

gents used by Sumner were divided by two for our use. When the final

volume was 100 ml. the amounts were multiplied by two. The final

solutions were made up to volume in volumetric flasks with ground

glass stoppers. The per cent transmission of each solution was read

in a Cenco Photelometer equipped with a red filter (620 mp).

Phosphorus occurs in phospholipids in the form of phosphate

esters. (Exceptions to this statement have been reported by Rouser

§1_al,. 1965. It is probable that many more such exceptions will be

reported in the future.) The colorimetric test requires that the

phosphorus be in the form of orthophosphate. The conversion of phos-

pholipid phosphorus to orthophosphate was accomplished by wet diges-

tion.

Wet digestion was carried out in Pyrex test tubes. The use of

other vessels will be described later. Heat for digestion was pro-

vided through a sand bath from a hot plate. Phospholipids for

digestion were dissolved in methanolic or benzene and methanol solu-

tions. A known volume of solution was pipetted into the Pyrex tube.

The tube was placed into the sand bath and the organic solvents were

removed by evaporation. As will be seen later. some phospholipid
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samples were eluted from a fritted glass filter into the Pyrex tubes.

Standards of deionized water solutions of potassium dihydrogen

phosphate were taken through the digestion procedure. In these cases

it was not necessary to remove the solvent. water. Blank tubes. con-

taining nothing at the outset. were also subjected to wet digestion.

Ten normal sulfuric acid was added to all digestion vessels.

The amount of acid added depended on the final volume of the sample

prior to colorimetric determination. 3.75. 7.5. and 15.0 ml of acid

were added to samples with final volumes of 25. 50. and 100 ml. respec-

tively.

All vessels were placed in the sand bath. The temperature of

each digesting solution was maintained slightly below the boiling

point. After three hours of heating. all solutions were heated

vigorously until profuse fuming of the acid was observed. When a

solution began to fume. it was removed from the sand bath and allowed

to cool. When the solutions had cooled to room temperature. four

drops of hydrogen peroxide were added to éach vessel. The vessels

were returned to the sand bath. Additional hydrogen peroxide was

added where necessary but only after the vessels were again cooled.

When no carbon could be seen in a solution and when the solution was

crystal clear and fuming. heating was continued for an additional

one and one-half hours. During this time the temperature of the

digesting solution was adjusted so that fuming was just barely ob-

servable. The one and one-half hours of heating were necessary to

destroy the hydrogen peroxide. The contents of each digestion ves-

sel were quantitatively transferred to a volumetric flask with the

aid of deionized water. The remainder of the procedure is described
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by Sumner (1964).

The concentration of orthophosphate (and phosphorus) in a final

solution is related to the per cent transmission of the solution by

Beer‘s Law:

c = k [2 - 10g10(%T)] . (45)

where c is the concentration of phosphorus in the final solution.

k is a constant. and

%T is the per cent transmission.

Now. c is equal to the mass of phosphorus. m. divided by the

final volume. V. which contains m. That is.

c = m/V (46)

Substitution of m/V for c in equation (45) gives

m = W [2 - log10(%T)_] .. (47)

Beer's Law is only an empirical expression and must be tested

in each case. Phosphorus determinations were made on a series of

standards containing from O to 0.16 milligrams of phosphorus. The

results are given in Table 20 and plotted in Figure 7.

The plot in Figure 7 shows that a straight line is a good

approximation for the locus of the plotted points. Thus. log10(%T)

is nearly a linear function of m and this fact agrees with Beer's Law

as expressed in equation (47). Finally. therefore. Beer's Law holds

for the colorimetric determination of phosphorus described above for

the values of m and V given in Table 20. However. as equation (47)

shows. the range of m is extended proportionally when V becomes 50

or 100 m1.

Let

2 - 159.10%) = on (48)
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for the remaining discussion. Equation (47) becomes. therefore.

11) = kV(OD) . (49)

The concentration of phosphorus in the 100 m1 of benzene and

methanol solution of polar lipids of the 2308 pellet is given in

Table 21. The same data for the polar lipids of the 7.5008 and 358

pellets is given in Table 22.

Thin layers of silica gel G on glass plates 20 cm square were

prepared as described for preparation No. l. The solvent system

used for development of the thin layer chromatograms was chloroform-

methanol-water—acetic acid. 80:35:521 (v/v/v/v). After one develop-

ment of the TLC plates with the above solvent system. the silica gel

G became somewhat unstable. and flaking off of the adsorbent was

sometimes observed. It was decided. therefore. not to predevelop

the TLC plates prior to chromatographing the polar lipids.

Five TLC plates were prepared simultaneously. Their edges

were scraped and the plates were activated by heating as described

for preparation No. l° During the time activation was proceeding a

known volume. 2 or 3 ml. of a benzene and methanol solution of the

polar lipid of a pellet was pipetted into each of four small glass

beakers.

Following activation the TLC plates were removed from the hot

air oven and placed into a desiccator.

The lipid solution in each beaker was concentrated to one

milliliter or less by heating the beaker at 50°C on a hot plate.

When a TLC plate was cooled to room temperature. the lipids

from one beaker were banded on it as described in the TLC of the

neutral lipids. Finally. the lipids of each one of the four beakers
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were handed to a different one of the best four TLC plates of the

original five. Immediately after the lipids were applied to a plate.

the plate was stored under nitrogen until the lipids were applied to

the remaining plates. All four plates were developed simultaneously.

Following development the four plates were allowed to dry. When dry.

two of the plates were stored in a desiccator at room temperature.

The remaining two plates were sprayed lightly with concentrated sul-

furic acid. The two plates were heated at 110°C in a hot air oven

until black carbon bands became visible. The two unsprayed plates

were marked with a wax pencil according to the locations of the bands

on the sprayed plates.

The recovery of the lipids from the two unsprayed plates was

carried out in the same general manner as described for preparation

No. l. The modifications which were made in the technique will now

be described. Methanol was used to elute the polar lipids from the

silica gel G. During the elution process the test tube used to

catch the eluate was immersed in a hot water bath. The temperature

of the bath was maintained at 95°C through use of a hot plate. This

system accomplished almost instant evaporation of methanol from the

eluate.

Wet digestion of the polar lipids was carried out in the test

tubes used to catch the eluate.

Wet digestion was also carried out in the two beakers from

which lipids were applied to the two unsprayed plates.

Standards and blanks were digested concurrently with the lipid

samples.

The objective of this work was to determine what percentage
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of the total phosphorus recovered from a TLC plate was the recovered

phosphorus of one of the major classes of polar lipids. Equation (49)

shows that OD is directly proportional to m. It was possible. there-

fore. to obtain the stated objective through a calculation using 00

as the basis. or extensive variable. providing V was a constant for

all fractions involved in the calculation. This is what was done.

No calculations of the percentage recovery of phosphorus from

the TLC plates were attempted. Recall that the contents of the beak-

ers from which lipids were applied to the unsprayed plates were later

subjected to wet digestion and colorimetric determination. Because

of the shortness in height of the beakers. the beakers were poorer

digestion vessels than were test tubes. It is quite likely that

some digestion solution was systematically lost from beakers during

digestion. This seemed to be the case especially following the

addition of hydrogen peroxide. The bubbling and release of gaseous

oxygen from the beaker was probably accompanied by a loss of phos-

phorus. Percentage recovery of phosphorus would usually be expressed

in the following way.

% recovery = 1 h s h a .

Phosphorus in __ Phosphorus recovered

beaker originally from beaker (50)

The amount of polar lipids applied to a TLC plate was usually

something less than half of the amount in the beaker. Thus. a loss

of phosphorus from the beaker would greatly affect the percentage

recovery expressed by equation (50).

The per cent recovery of phosphorus from the beaker was cal-

culated by a modification of equation (50).
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% recovery =»(lOO) Phosphorus recovered + Phosphorus recovered

frgm TLC plate frpm beaker .

Phosphorus in beaker originally

 

(51)

where Phosphorus recovered =

from TLC plate k [V(°°j] total of plate '

Phosphorus recovered =.

from beaker
k [WON] beaker o and

Phosphorus originally:
. Z(Volume of solution placed in beaker).

1n beaker

where Z is defined in Tables 21 and 22.

The relative amounts of phosphorus in the major classes of

polar lipids as well as the per cent recoveries are given in Tables

23 through 30.
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Table 6 The minimum sedimentation coefficient of a

pellet and the time required to sediment it at 21.000

rpm in the Type 21 Rotor

 

.... Em

 

Minimum sedimentation coefficient Time

(8) (min)

400 64.5

80 323

40 645
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Table 7 Results of Mojonnier fat tests and total solids

tests performed on a membrane suspension and on the 4008.

808. and 408 supernatants

1 1 m

 

Fraction Wt % solids Wt % lipids

Membrane suspension 2.11 1.544

4008 supernatant 0.17 0.073

808 supernatant 0.09 0.036

408 supernatant 0.063 0.017
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Table 8 Separation of an aqueous suspension of the fat globule

membrane into three pellets by differential sedimentation in the

ultracentrifuge at 0°C Conditions of centrifugation and sedi-

mentation coefficients of the pellets

W

 

Length of time Minimum sedimentation

Rotor speed of centrifuge run coefficient of pellet

(rpm) (min) (8)

8.500 20 7.500

21.000 110 230

21.000 720 35
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Table 9 Preparation No. l--Per cent total solids of 7.5008.

2308. and 358 pellet suspensions Analysis by Mojonnier total

solids test

 

 

 

m ‘f+ *—

Per cent total solids

Pellet Individual Mean value for

suspension i determination pellet suspension

7.5008 1 0.771 0.774

2 0.772

3 0.779

2308 1 0.659 0.660

2 O. 661

3 0.659

358 l 0.28 0.27

2 0.26

(
A
?

0.29

4 0.25
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Table 10 Preparation No. l--Pellet suspension masses. pellet

suspension densities. total solids data. and appearances of the

7.5005. 2305, and 355 pellets

W

 

Mass Density Total Per

of of solids cent of

pellet pellet of sum of

suspension suspension pellet total Appear-

Pellet (9) (g/ml) (g) solids ance

7.5008 524.7 0.99908 5.30 45.2 white

2308 639 0.99783 5.50 46.9 white

and

brown

358 271.0 0.99746 0.93 7.9 brown

Sum 11.73



Table 11

73

Amount of lipid extracted from a 7.5008 pellet

suspension A comparison of four different procedures of

  

 

 

 

extracting lipids

Mass of lipid

extracted

tggmgsuspension Mean

Mass of (100) value

suspension for each

extracted procedure

Procedure i (%) (%)

Mojonnier 1 0.352 0.356

2 0.360

Mojonnier 1 0.425 0.426

without

3 0.428

Mojonnier: 1 0.432 0.434

aqueous

0.67N 2 0.436

KCl

substituted

for NH4OH

Chloroform 1 0.439 0.439

methanol
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Table 12 Preparation No. l-~Amount of lipid in each of the 7.5008.

2308. and 35S pellets (see equation 41)

 

 

 

n Percentage

lOOh-/Hi (lOO/n) i231 (hi/Hi) L of sum

Pellet i (%) - 0%) (g) of L's

_Q%)

7.5008 1 0.5392 0.5354 3.70 49.7

2 0.5316

2308 1 0.381 0.382 3.22 43.2

2 0.383

355 1 0.147 0.148 0.528 7.1

2 0.140

Sum 7.45
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Table 13 Preparation No. l--Percentage lipid of pellet total

solids (see Tables 10 and 12)

 

 

 

Mass pf pellet lipids

Mass of pellet total solids<100)

Pellet 0%)

7.5008 69.8

2308 58.5

358 57

7.5008 + 2308 + 358 63.5
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Table 16 Preparation No. 2--Per cent total solids of 7.5008. 2308.

and 358 pellet suspensions (Analysis by Mojonnier total solids

 

 

 

 

test)

Per cent total solids

Pellet Individual Mean value for

suspension i determination pellet suspension

7.5008 1 1.10 1.09

2 1.07

3 1.07

4 1.10

2308 l 1.27 1.27

2 1.26

3 1.28

4 1.28

358 l 0.39 0.37

2 0.35

3 0.37

4 0.38

 

 



79

Table 17 Preparation No. 2--Pellet suspension masses. total

solids data. and appearances of the 7.5008. 2308. and 35S

 

 

 

pellets

M. the Total Per

mass of solids cent of

a pellet of sum of

suspension pellet total

Pellet (g) (g) solids Appearance

7.5008 430.62 5.84 33.8 white

2308 567.68 8.97 51.8 white and

brown

358 558.42 2.5 14.0 brown

Sum 17.3

 

 



Table 18 Preparation No. 2—-Per cent lipids of the 7.5008. 2308.

and 358 pellets (see equation 44)

 

 

 

n

man. 100 2.11...

Pellet (g) (g) (3)

7. 5008 103. 76 0. 5064 0. 4880

103.16 0.5197 0.5038

98.94 0.4994 0.5048

2308 125.66 0.9665 0.7691

148.92 1.1153 0.7489

149.90 1.1629 0.7758

133.00 0.9961 0.7489

358 131.86 0.2424 0.1838

133.24 0.2449 0.1838

152.48 0.2802 0.1838
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Table 19 Preparation No. 2--Mass of lipid in each of the 7.5005,

2306, and 355 pellets, and associated data

 
 L.“ - i

 

L, mass Percentage s

of lipid of sum mass of solids in pellet

Pellet (g) of L's (%)

7,5005 2. 697 28. 68 ‘ 46.2

2305. 5.419 57.62 60.4

35S 1.289 13.71 52

7,5008

+2306

+358 9.405 54.4
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Table 20 Application of phosphorus determination to a series

of standards8 (see equations 45 through 47)

 

 

m, the mass

of phosphorus

in standard

 

(mg) % T log1o(% T)

0.00 100.0 2.00

0.01 84.0 1.92

0.02 72.0 1.86

0.04 54.6 1.74

0.08 29.0 1.46

0.16 9.0 0.95

 -'— 4~_

 

aFinal volume of each standard was 25 ml
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Table 29 Mean values of 100(OD)/tota1 CD of two determinations

of the polar lipids of each of the 7.5005. 2305. and 355 pellets

(see Tables 23 through 28)

 

fl

(% phosphorus of total phosphorus)

 

7.5005 2305 358

"Lysolecithin" 0.5 0.7 2.6

Sphingomyelin 29.7 27.2 44.1

Lecithin 44.6 46.2 28.1

Cephalin 25.2 25.9 25.4

Leading band 0.0 0.0 0.0
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Preparation No. 2--Percentage recovery of phosphorus as

expressed in equation (51) for each determination of polar lipids

of the 7.5008. 2305. and 358 pellets

 

 

 

Determination Recovery

Pellet number 6%)

7.5008 1 91.2

2 91.5

2308 1 105.0

2 97.8

355 1 96.7

2 102.0
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Figure 5 Photograph of a thin layer chromatogram of the neutral

lipids of the 7,5OOS pellet Developing solvent: hexane-diethyl

ether-acetic ecid, 79:21:1 (v/v/v) Bands were made visible by

charring with concentrated sulfuric acid SF and 0 show the loca-

tions of the solvent front and origin, respectively
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Figure 4 Photograph of e thin layer chromatogram Developing

solvent: hexane-diethyl ether-acetic acid, 7932181 (v/v/v) The

spots were made visible by cherring with concentrated sulfuric acid

From left to right the samples are: A, Myverol monoglycerides; B,

cholesterol; 0, alpha-tocopherol; D, cholesterol acetate; E, 7,5008

pellet total lipids; F, hydrogenated tallow; G, stearic acid; H,

cephalin; and I, beta carotene
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Figure 5 Photograph of a thin layer chromatogram DeveIOping

solvent: hexane-diethyl ether-acetic acid, 7582582 (v/v/v) Bands

were made visible by charring with concentrated sulfuric acid Sam-

ples: left one—third, reaction mixture containing cholesterol and

stearic acid; middle one-third, membrane suspension total lipids;

right one-third, 7,5608 pellet neutral lipids SF shows the loca-

tion of the solvent front



 
Figure 6 Photograph of a thin layer chromatogram of the 7,5003

pellet polar lipids Developing solvent8 chloroform-methanol-

water-acetic acid, 80:558581 (v/v/v/v) Bands were made visible

by cherring with concentrated sulfuric acid SF and 0 show the

locations of the solvent front and origin, respectively
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DISCUSSION

The separations of aqueous suspensions of the fat globule mem-

brane of cows' milk into 7.5005. 2305. and 355 pellets were success-

ful. Each pellet was obtained in sufficient quantity for the required

analyses. The appearance of each pellet was distinctive from the

others.

R. the sum of the total solids of the three pellets recovered

from one liter of milk can be expressed by the following aquation:

R = Q.264177Q2 gallon (P) . (52)

1 liter

where P is the sum of the total solids of the three pellets recovered

from approximately ten gallons of cows' milk.

For preparation No. 1. P‘is given in Table 10 as 11.73 grams.

For preparation No. 2. P is given in Table 17 as 17.3 grams. By the

use of equation (52) values of R for preparations No. l and No. 2

were calculated as 0.3099 g/l and 0.457 g/l. respectively. These

values of R are in the range of the value of the total membrane

solids given by King (1955). 0.35 g/l. Both values. however. are

greater than the amount. 0.25 g/l. of “milk microsomes“ recovered

from cows' milk by Morton (1954).

The distribution of the total solids among the three pellets

in each of preparation No. l and preparation No. 2 can be seen in

Tables 10 and 17. respectively. In each preparation the 2305 pellet

contained more total solids than either of the other two pellets.

In preparation No. 1. however. the masses of the total solids of the

7.5006 and 2308 pellets were nearly similar. The 358 pellet in each
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preparation contained a small fraction of the sum of the total solids

of the three pellets.

The data given in Tables 12 and 18 provide some evidence that

the chloroform—methanol technique used in the extraction of the total

lipids of each pellet was a fairly reliable analytical technique from

the standpoint of reproducibility.

The distribution of the total lipids among the three pellets in

each of preparation No. l and preparation No. 2 can be seen in Tables

12 and 19. respectively. The similarity of the data between the two

preparations is only slight. In preparation No. 2 the 2305 pellet

contained twice as much lipid as the 7.5005 pellet. In preparation

No. 1 the 7.5005 pellet contained slightly more lipid than the 2305

pellet. The 355 pellet in each preparation contained a small frac-

tion of the sum of the total lipids of the three pellets. It can be

noted that the fraction just mentioned was nearly the same as the

fraction. 35$ pellet total solids divided by the sum of total solids

of the three pellets. for each preparation.

The percentage of pellet total solids which is lipid for each

of preparation No. 1 and preparation No. 2 can be seen in Tables 13

and 19. respectively. The values marked “7.5006'+ 2306 + 358.“ 63.5%

for preparation No. l and 54.4% for preparation No. 2. can be compared

with similar data reported by other workers. As shown in Tables 3

and 4. Thompson et,al. (1961) reported two values for the percentage

of the fat globule membrane which is lipid. 67.51% and 43.76%. The

REVIEW OF THE LITERATURE gives the values reported by Alexander and

Lusena (1961). 60.2%. and by Sander (1962). 47%. Richardson and Guss

(1965) reported that the fat globule membrane consisted of 48.1%
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lipid. as shown in Table 5. Thus. the values reported here for pre-

parations No. l and No. 2 are consistent with the values reported by

other workers.

Table 14 reports the results of the separation of the total 1i-

pids of the three pellets into neutral and polar lipids. Comparison

of the data in the column marked "lOOc/a" with the data in Table 1

points out a salient quality of the fat globule membrane. The con-

centration of polar lipids in the total lipids of the membrane is

much higher than in the whole milk lipid fraction. This is not sur-

prising in view of the work of Mulder.£L.§l. (1957). who reported

that the majority of the phospholipids in whole milk are located on

the fat globule membrane.

In Table 14 the value of lOOc/a for the 358 pellet is slightly

greater than that for the 2308 pellet. Both values are significantly

greater than the value of lOOc/a for the 7.5008 pellet. This result

can be expressed in the following way; the data show that the more

vigorous the conditions of centrifugation are for sedimenting a par-

ticular pellet. the higher is the percentage of the pellet's total

lipids that are polar lipids. This result agrees with the data of

Alexander and Lusena (1961). Their results have been summarized in

the REVIEV OF THE LITERATURE. The above result does not. however.

agree with the reports of Brunner (1962) or of Richardson and Guss

(1965).

Table 15 gives the amounts of the major classes of neutral

lipids in the 7.5008. 2305. and 358 pellets. The per cent recoveries

of neutral lipids from the TLC plates are greater than what would be

desired. The recoveries are reasonable. however. in light of the
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results of similar work by other workers. Komarek gt a1. (1964) re-

ported per cent recoveries of bovine semen lipids from TLC plates

ranging from 86.2 to 101.0%. The per cent recoveries reported by

Levin and Head (1965) ranged from 96 to 118%.

The distribution of major classes of neutral lipids in the 230$

pellet was quite similar to that of the 7.5005 pellet. The distri-

bution of the major classes in the 355 pellet. however. was radically

different from the distributions in the 7.5005 and 2305 pellets. The

percentages of the neutral lipids of the 355 pellet which were mono-

glycerides. diglycerides. and fatty acids were significantly greater

than the corresponding percentages of the neutral lipids in the 7.5005

and 2305 pellets. The percentage which was triglyceride in the 355

pellet was significantly less than the corresponding percentages in

the 7.5005 and 2305 pellets. The percentages of the neutral lipids

of the 2305 and 355 pellets which were cholesterol were nearly identi-

cal and were about twice the corresponding percentage in the 7.5005

pellet.

In order that a comparison can be made with the data in Table

15. the data in the column in Table 3 marked "Percentage of membrane

lipids (%)“ has been recalculated on the basis that the total neutral

lipids are 100%. The recalculations are presented in Table 31.

In Table 31 the percentage given for triglycerides is similar

to the corresponding percentages given for the 7.5005 and 2305 pellets

in Table 15. Also. the percentage given for carotenoids. squalene.

and cholesterol esters is similar to the percentages given for the

“leading band" of the 7.5005 and 2305 pellets.

An overall comparison of the data in Table 15 and 31 shows that
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the neutral lipid preparation of Thompson at al. (1961) contained a
 

larger percentage of diglycerides and a smaller percentage of fatty

acids than did the neutral lipids isolated in the research reported

here. The fact that the 355 pellet neutral lipids contained 17%

diglycerides may seem to contradict the previous statement; it does

not. however. since only 7.1% (cf. Table 12) of the sum of lipids of

the three pellets resided in the 355 pellet.

Table 29 gives the averages of data presented in Tables 23—28.

Each mole of lysolecithin. sphingomyelin. lecithin. or cephalin con-'

tains one mole of phosphorus. Therefore. a figure in Table 29 repre-

sents a mole percentage of the total number of moles of phospholipid

in each pellet.

The distributions of the major classes of phospholipids in the

7.5005 and 2305 pellets are virtually identical. The same distribu-

tion in the 355 pellet is different from those of the 7.5005 and 2305

pellets. The distribution in the 355 pellet includes a significantly

higher percentage of Sphingomyelin and a significantly lower percent-

age of lecithin than in the 7.5005 and 2305 pellets. The percentage

cephalin is virtually the same for all three pellets.

The data in Table 29 can be compared with the distribution of

the major classes of phospholipids in whole milk given in Table 2.

Comparison shows that the phospholipids of whole milk contain more

cephalin and less lecithin on a percentage basis than do the phospho-

lipids of the isolated membrane fraction.

It has been shown above that there is variation among the three

pellets in the distribution of the major classes of phospholipids in

each pellet. Also. it was seen that there was variation between
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whole milk and the fat globule membrane fraction in the distribution

of the major classes of phospholipids. These findings are clearly in

disagreement with the claim of Patton gingl. (1964) that little or no

variation in the distribution of the major classes of phospholipids

exists among various milk fractions.

Thus far. it has been seen that the neutral lipids of the 355

pellet contain greater percentages of monoglycerides. diglycerides.

and fatty acids than do the neutral lipids of the other two pellets.

Also. the polar lipids of the 355 pellet contain a greater percentage

of sphingomyelin than do the polar lipids of the other two pellets.

It can be noted that monoglycerides. diglycerides. fatty acids. and

sphingomyelin all have two things in common. 'First. they are either

straight- or branched—chain molecules. Second. they have protons

which are capable of engaging in hydrogen bonding.
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Table 31 Data from Table 3 recalculated on the basis that

the neutral lipids are 100%

 

 

Lipid Per cent of neutral lipids

(%)

Monoglycerides 5.85

Diglycerides 10.20

Cholesterol 6.49

Fatty acids 7.92

Triglycerides 67.19

Carotenoids. squalene.

and cholesterol esters 2.33

 

 



CONCLUSIONS

The total lipids of the 2305 and 355 pellets contained higher

percentages of polar lipids than did the total lipids of the

7.5005 pellet.

The neutral lipids of the 2305 and 355 pellets contained

higher percentages of cholesterol than did the neutral lipids

of the 7.5005 pellet.

The neutral lipids of the 355 pellet contained higher percentages

of monoglycerides. diglycerides. and fatty acids and a lower

percentage of triglycerides than did the neutral lipids of the

7.5005 and 2305 pellets.

The polar lipids of the 355 pellet contained a higher percentage

of sphingomyelin and a lower percentage of lecithin than did the

polar lipids of the 7.5005 and 2305 pellets.

The phospholipids of whole milk contain more cephalin and less

lecithin on a percentage basis than do the phospholipids of the

isolated membrane fraction (the three pellets).

105





(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

BIBLIOGRAPHY

Abderhalden. E.. and Vfiltz. W.

1909. Beitrag zur Kenntnis der Zusammensetzung und der

hatur der Hullen der Milchkugelchen. (Contribution

to the knowledge of the composition and nature of

the composition and nature of the membranes of milk

fat globules.) Hoppe-Seyl. 2.. 52513-18.

Abramson. D.. and Blecher. M.

1964. Quantitative two-dimensional thin-layer chromato-

graphy of naturally occurring phospholipids. J.

Lipid Res.. 5:628—631.

Alexander. K. M.. and Lusena. C. V.

1961. Fractionation of the lipoproteins of the fat globule

membrane from cream. J. Dairy Sci.. 44:1414-1419.

Allfrey. V.

1959. The isolation of subcellular components. The Cell.

lgl93-290.

Bingham. E. W.. Jasewicz. L.. and little. C. A.

1961. Acid phosphatase in cream and in skimmilk. J. Dairy

Sci...44:l247-1256.

Brunner. J. R.

1962. Protein-lipid interactions and their relation to the

physical-chemical stability of concentrated milk.

A review. J. Dairy Sci.. 45:943-951.

Brunner. J. R.

1962. Physical equilibrium in milk: the lipid phase.

. Eungamentals 91 Dairy Chemistry. Avi Publishing

Company. Westport. Conn.

Brunner. J. R.. Duncan. C. W.. and Trout. G. M.

1953a. The fat-globule membrane of nonhomogenized and

homogenized milk. I. The isolation and amino acid

composition of the fat-membrane proteins. Food Res..

18:454~462.

Brunner. J. R.. Duncan. C. W.. Trout. G. M.. and MacKenzie. M.

1953b. The fat-globule membrane of nonhomogenized and

homogenized milk. III. Differences in the sedi-

mentation diagrams of the fat-membrane proteins.

Food Res.. 18:469~474.

106



(10)

(ll)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

107

Brunner. J. R.. and Herald. C. T.

1958. Some electrophoretic characteristics of two protein

components of the fat-globule membrane of normal

cow's milk. J. Dairy Sci.. 4151489—1493.

Brunner. J. R.. and Thompson. M. P.

1961. Characteristics of several minor-protein fractions

isolated from bovine milk. J. Dairy Sci.. 44:1224-

1237.

Dittmer. J. C.. and Lester. R. L.

1964. A simple. specific spray for the detection of phos-

pholipids on thin-layer chromatograms. J. Lipid

Res. . 5:126-127.

Duthrie. A. H.. and Patton. S.

1965. New method for extraction of milk phospholipids.

J. Dairy Sci.. 48:170-174.

Galanos. D. 5.. and Kapoulas. V. M.

1965. Preparation and analysis of lipid extracts from

milk and other tissues. Biochim. Biophys. Acta.;

28:278-292.

wuwmm

1962. Chemical Rubber Publishing Co.. Cleveland.

Hare. J. H.. Schwartz. D. P.. and Weese. 5. J.

1952. The amino acid composition of the fat globule mem-

brane protein of milk. J. Dairy Sci..,3§:615-619.

Hattori. K.

1925. Beitrage zur Untersuchung fiber die Hullensubstanz

der Milchfettkfigelchen. J. Pharm. Soc. Japan.

No. 516:123-170. (Cited in Chem. Abstr.. (1925).

12:2380.)

Haven. F. L.. and Levy. 5. R.

1941. The occurrence and rate of turnover of tumor sphin—

gomyelin. J. Biol. Chem.. 1415417-425.

Herald. C. T.. and Brunner. J. R.

1957. A spectrographic analysis of two protein fractions

of the fatuglobule membrane of normal cow's milk.

J. Dairy Sci.. 40:446.

Herald. C. T.. and Brunner. J. R.

1957. The fat-globule membrane of normal cow's milk. I.

The isolation and characteristics of two membrane-

protein fractions. J. Dairy Sci.. 40:948-956.



(21)

(22)

(23)

(24)

(25)

(2 6)

(27)

(28)

(29)

(30)

(31)

108

Jack. E. L.. and Dahle. C. D.

1937. The electrokinetic potential of milk fat. III.

Relation to the fat globule ”membrane.“ J. Dairy

SCie 0 Kg: 637"“643e

Jackson. R. H.. Coulson. E. J.. and Clark. W. R.

1962. The mucoprotein of the fat/plasma interface of cow's

milk. 1. Chemical and physical characterization.

Arch. Biochem. Biophys.. 21:373—377.

Jenness. R.. and Palmer. L. S.

1945a. Substances adsorbed on the fat globules in cream

and their relation to churning. V. Composition of

the “membrane“ and distribution of the adsorbed

substances in churning. J. Dairy Sci.. 28:611-623.

Jenness. R.. and Palmer. L. S.

1945b. Substances adsorbed on the fat globules in cream

and their relation to churning. VI. Relation of

the high-melting triglyceride fraction to butterfat

and the "membrane." J. Dairy Sci.. 28:653-658.

Jenness. R.. and Patton. S.

1959. Principles 91 Dairy Chemistry. John Wiley and Sons.

Inc.. New York.

King. N.

1955. mmlkmslmllsweman MMW

Ehepgmen . Commonwealth Agricultural Bureaux.

Farnham Royal. Bucks. England.

Komarek. R. J.. Jensen. R. C.. and Pickett. B. W.

1964. Quantitative gravimetric analysis of bovine semen

lipids by thin-layer chromatography. J. Lipid Res..

5:268u270.

Kon. S. K.. Mawson. E. H.. and Thompson. S. Y.

1944. Relation of the concentration of vitamin A. carote-

noids and cholesterol in milk fat to the size of the

fat globules. Nature..154:82.

Levin. E.. and Head. C.

1965. Quantitative analysis of tissue neutral lipids by

thin-layer chromatography. Anal. Biochem.. lQ:23-3l.

Mangold. H. K.

1961. Thin-layer chromatography of lipids. J. Am. Oil Chem.

Soc.,.§8:708-727.

Milk Industry Foundation

1959. Laboratgry Mangal. Milk Industry Foundation. Wash-

ington. D. C.



(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

109

Mojonnier Bros. Co.

1925. Instructign Maggai for Setting Up ggg Qperatigg.1he

Mojgnnier Milk Tester. Mojonnier Bros. Co.. Chicago
 

Morris. A. J.

1964. Lecture delivered at Michigan State University.

East Lansing.

Morrison. W. R.. and Smith. L. M.

1964. Identification of ceramide monohexoside and ceramide

dihexoside in bovine milk. Biochim. Biophys. Acta.

.842759—761.

Morton. R. K.

1954. The lipoprotein particles in cow's milk. Biochem.

J...5Z;23la237.

Mulder. H.. Menger. J. W.. and Koops. J.

1957. The surface layers of milk fat globules. II. The

phospholipid content of the surface layers. Neth.

Milk Dairy J.. 1;;263-269.

Palmer. L. 5.. and Samuelson. E.

1924. The nature of the substances adsorbed on the surface

of the fat globules in cow's milk. Proc. Soc. Exp.

Biol...2l:537~539.

Palmer. L. 5.. and Wiese. H. F.

1933. Substances adsorbed on the fat globules in cream

and their relation to churning. II. The isolation

and identification of adsorbed substances. J. Dairy

Sci...l6:4l~57.

Patton. 5.. Durdan. A.. and McCarthy. R. D.

1964. Structure and synthesis of milk fat. VI. Unity of

the phospholipids in milk. J. Dairy Sci.. 41:489-

495.

Privett. 0. 5.. Blank. M. L.. Codding. D. W.. and Nickell. E. C.

1965. Lipid analysis by quantitative thin-layer chromato-

graphy. J. Am. Oil Chem. Soc.. 42:381~393.

Richardson. T.. and Guss. P. L.

1965. Lipids and metals in fat globule membrane fractions.

J. Dairy Sci.. 48: 523~530.

Rimpila. C. E.. and Palmer. L. S.

1935. Substances adsorbed on the fat globules in cream and

their relation to churning. IV. Factors influencing

the composition of the adsorption “membrane." J.

Dairy Sci.. 18:827u839.



(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

110

Robinson. N.. and Phillips. B. M.

1963. Quantitative thin layer chromatography of serum

phospholipids. Clinica Chimica Acta. 8:385-392.

Roelofsen. B.. DeGier. J.. and VanDeenen. L. L. M.

1964. Binding of lipids in the red cell membrane. J.

Cellular and Comparative Physiology..§§:233~243.

Rose. H. G.. and Oklander. M.

1965. Improved procedure for the extraction of lipids

from human erythrocytes. J. Lipid Res...§:428—431.

Rouser. C.. Kritchevsky. G.. Galli. C.. and Heller. D.

1965. Determination of polar lipidszquantitative column

and thin~layer chromatography. J. Am. Oil Chem.

Soc.. 423215-227.

Sandelin. A. E. .

1941. Maidon rasvapallosia ympfiroiva valkuasaine. (The

protein envelope of the milk fat globules.) Mei-

jerit. Aikakausk.. 3:38.

Sander. E. H.

1962. Preparation of "NatuLal" mull: Est mm;

.Exeliminsxx.Inrssllastlsn.Qf.Msisrisl§.Adssrbed

,a; Lheir.§h1£§£§§. University Microfilms. Inc..

Ann Arbor. Michigan.

Schlierf. G.. and Wood. P.

1965. Quantitative determination of plasma free fatty acids

and triglycerides by thin-layer chromatography. J.

Lipid Res.. 6:317—319.

Schwarz. C.. and Fischer. 0.

1937. Beitrag zur Kenntnis der Hfillensubstanz der Fettkfie

gelchen der Milch. (A contribution to the knowledge

of the membrane substance of milk fat globules.)

Milchw. Forsch.. 18:53.

Skipski. V. P.. Peterson. R. F.. and Barclay. M.

1964. Quantitative analysis of phospholipids by thin layer

chromatography. Biochem. J.. 29:374~378.

Smith. L. M.. and Freeman. N. K.

1959. Analysis of milk phospholipids by chromatography

and infrared spectrophotometry. J. Dairy Sci..

42:1450—1462.

Spinco Division

1962. .Instrhgtion Manual ijzz. Spinco Division. Beckman‘

Instruments. Inc.. Palo Alto. California.



(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

111

Sprecher. H. W.

1964. .Ihe Isolatigh ahg Qharacte;jzatign.gfi Milk Ehgsphoe‘

lipids. University Microfilms. Inc.. Ann Arbor.

Michigan.

Storch. V.

1897. On the structure of the ”fat globules“ in cow's

milk. Translated and communicated by H. Faber.

Analyst.‘22:l97-211.

Sumner. J. B.

1944. A method for the colorimetric determination of

phosphorus. Science. lQQ:413-414.

Tanford. C.

1961. Physical Chemistry of Macromolecule . John Wiley

and Sons. New York.

Thompson. M. P.. Brunner. J. R.. Stine. C. M.. and Lindquist. K.

1961. Lipid components of the fat~globu1e membrane. J.

Dairy Sci.. 44:1589-1596.

Titus. R. W.. Sommer. H. H.. and Hart. E. B.

1928. The nature of the protein surrounding the fat glo-

bules in milk. J. Biol. Chem.. 16:237-250.

Van Leeuwenhoek. A.

1674. Phil. Trans.. 2:102.

V61tz. W.

1904. Untersuchungen fiber die Serumhfillen der Milchkfigel-

chen. (Studies on the serum membranes of the milk

(fat) globules.) Pflug. Arch. Ges. Physiol.. 192:

373a414.

Ways. P.. and Hanahan. D. J.

1964. Characterization and quantification of red cell

lipids in normal man. J. Lipid Res.. 52318-328.

White. R. F.. Eaton. H. D.. and Patton. S.

1954. Relationship between fat globule surface area and

carotenoid and vitamin A content of milk in succes-

sive portions of a milking. J. Dairy Sci.. 31:147-

155.

Wolf. D. P.. and Dugan. L. R.. Jr.

1964. Structure of high melting glycerides from the milk

fat globule membrane. J. Am. Oil Chem. Soc.. 4l:

139-141.



112

(65) Wood. P.. Imaichi. K.. Knowles. J.. Michaels. G.. and Kinsell. L.

1964. The lipid composition of human plasma chylomicrons.

J. Lipid Res.. 5:225—231.



T

 

MM!“


