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SUMMAR

The admorption of protein material to the fat/serus
faterface of the fat droplets of homogenised milk has been
shown to result in the major denaturation of those proteinms
of milk whick are adsorbed. The materials present on the
surfaces of fat droplets of homeogenised eilke and ef
emulsiona eontaining caseixn and fat and also of whey pewder
and fat were subjetted to analysis by DiALecellulose chromae
tography and polyaerylaside gel electrophoresia following
solubilisation with sodium dodecyl sulphate or non-iomic
detergents., iSueh materials showed no sisilarity to native
oilk proteins or amtive fat glodule memdrane proteiss when
similarly treated. ¥hile the technigues Zenenstrated the
similarity of the natural fat globule membrane proteins of
three natural milks, cosmparadility dié not exist ameng
naterials isolated from the homogerisation-created “membrane"
materials ¢f three homogenised milke. 8imilarly the
"sembrene” materiale of globules having different size ranges

within any one honocoiiood uilk were not comparable.

1t wvas sonoluded that the mechanieal energy ef the
homogenisation process cosdines with surface adsorption
onergies to cause massive snd varied changes to the properties
of the mative ailk proteins whieh have bdecome adsorbed te the
hosogenisation~orented fat interface. The particular fera
taken by materials that appear upon a homogenisatiom-crested
sesbrane is apparently contreolled by chance due to eonditions
of the micro~environment surrouanding the fat-serum interface.
There was ne evidensce to indicate that any one native milk

protein mas preferentially adsorbed.



The fat globules of milk range in diameter from belew 0.5
micreas o above 13 mierons with an average diameter of adeut
5.1 microns though the average figure varies with breed of
aevs, stage of lastation and other factors. Upom homogenisation
the average diaseter of the fat glodules is redused te adout
0,50 = 1.4 microns depending upon the effeetiveness of
hosogenisation (Walatra, Oortwija and de Graaf, 1969). There
48 an inerease ia gledule surface area vhieh ean be ealeulated
frea the above ri;nro- as a change from 850 o-?/-l in nersal
silk to 49%0 0-?/11 in hosogenised milk which is an increese
of 5.7 times (talstra, 196%c). Variows authorities gquote
increases of & to 8 times (Jemness and Patton, 1959; Treus, 19%0;

Brusser, 196S).

The fat/plassa iaterface that is ereated 1a this way 1o
stadilised ia some manner which results ia an iasreass ia the
asouat of nitrogenous material asecciated with She fat.
Presunmably protein from both milk plasma and the eriginal fat
glodbule membrane movee te the iaterfasec and acts as an
esauleifyiang agent %0 stabiliee the fat dispersion. The ability
of silk proteims to act in this manner has beeon demenstrated ia
aocdel systema coataining butter oil, water, and pure ailk
proteias (Jaekson and Pallamssh, 1961). A soludle protein
desorbed from the matural glebule was very effective ia redueing
iaterfacial tension in the model eystes and the whey preteiss
sore all shown te have a sisilar, though less extensive, effees.
Micellar casein, however, does not depress free ensrgy at the
fat/serum interface and casein components would need to be

activated in some manner if they were to adsord to the interface,
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The effeot upon the propertias of milk which result froa
the adsorption of a new protein sembrane have been widely
reported and reviess of the tachnological literature coneeraing
homogenisation have been publlished by Trout (19%0), Jennesa and
Patton (19%9), and Srunner (1965). It is suffieieat for the
purposes of the present reoview to select a numbdber of papers
that illustrate the more important properties of the homogen-

isatioa-ocreated membrane., These properties aret

A) Permeability to Lipase

Homogenisation of raw milk results ia lipase
activity whereas the norsal membrane is usually impervious
to this ensyme. As a bovine milk lipase has been
detected as a minor component of casein (Fox and Tarsssuk,
1968) lipase could become a component of a membrane which
consisted of casein materials, The rate of the reaction
of a lipase in an exmuleion of triglyceride has bteen showa
to relate to the area of interface proseant (Benzonana and
Desnuelle, 1965) and 1if lipase is adsorbed during, or
after, homogenisation this could explain the increase
in activity of milk lipase which occurs as homogenisation
pressures =re iacreased (Frankel and Tarassuk, 19%6).
Lipase adsorption in model triglyceride emulsions is
reversidle (Bensonana and Desauelle, 1565), Lipase
adsorption can occur under much less energetic conditioms
than in the violeance of homo enisation as isdillustrated
by the fact that pumping of raw milk 4{s often sufficieat

to induce rancidity.

B) Reduction in Protein Stability

The stability of milk proteins is reduced after
homojgenisation, This is 1llustrated by the following
Properties:

1) Hoat Stability - The homogenisation of butterfat in

pilk will reduce the period of heating the milk can

withstand before coagulating. This problea of
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heat instability is complex because many factors
influence 1it. Homogenisation could be influential
thirough tso effecta. Firat, protein stability
coald oe reduced through alteration of the salt
balaage, through the esdsorption of ioms,
particularly citrate and phosphate, or through
adsorption of individual proteins onto the newly
created fatiplassa interface, or through the
combination of both effects. 3econdly, the fine
dispersion of fat might provide weak poiats or
structures upon shich casein coagulates (Rose, 1963).
Presumably the irnterfacial effects are isportast
because model systexs reconstituted from butter oil
and skin milk oum be stabilised by the addition of
interfucially active mixtures such as emulsifiers
to the bdutterfat 30 that effects of the fat phase
upon heat stability of RTST-aterilized evaporated
milk disappeer at emulsifier levels above & grase
per 100 grams of fat (Leviton ard Pallansch, 1961).
Apparantly, the eaulsifying agents preferentially
adsorbed onto the interface and thereby prevented
protein instability from this source. Furtheraore,
neitheyr fat nor homogenisation are essentiasl to
reduction of heat stability of coneentrated silks
for the addition of fnert saterials with large surface
areazs such as activated carbon and filter paper will

achieve this effect (4shittier and Wedb, 19%0),

In essence it appears that while the homogen-
isation process will reduce the heaqt stability of
milks this need not be ccnatrued as evidence that
the violence of the process is an essential fsctor
but rather that interfacial effects rezulting from

the increase in surfaco area are dominant,
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11) Stability to Renunet Action _ Upea treatmeat with

reanet, homogenised milks ecagulate mere rapidly

to produce a ocurd with lewer curd temeioa and
greater water binding capacity than amoreal (freut,
1950t peters, 1964)e  These observations seemed to
indicate that a ehange ia protein properties because
of adsorption had ocecurred. 1f erean is separately
homogenised and then added dack to untreated skim
milk, these effects can be reduced. (Titteler and
Ernstros, 1965), Furthermore the reduction of curd
tension can be achieved by homogenisation of ekia
silk at pressures above 2800 p.s.i. and this
indicates that the violence of the process is
sufficient to affect the proteins quite separately
from the adsorption phenomsenon (Iwaida and Tsugo,
1962). It thus appears that both adsorption and

direect effects could influence the phenosenoca.

144) 5%ability to Aleohol - Casein is norsally stable

in the presence of up to 35% aleohol but this
stability ie somevhat reduced after homogsnisation

(Trout, 19%0),

iv) 1lncrease in Fosming Capacity - The teadency of milk

to foam is enhanced after homogenisation. This
effect can also be produced by homogenisation of noa-
fat milk which may wmean either that surface active
materials or the silk proteins have bdeea altered ia
some way to enhance foaming (Temesa, Konston and

Pallanesck, 1969),

v) Alteration of Nitrolon Distribution -« The normal

conditions of homogenisation do mot influeace the
distribution of nitrogen ia the various milk preteia
fractions (Trout, 19%50) but severe hosogenisation ef

ekim milk and of caseinate solutions (2100 = 5700 peseie
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D)

S
for 5 - 10 minutes) will csuse s decrease in the ecasein
nitrogen and an increase ia the protecse-peptone
nitrogen (Iwsids and Tsugo, 1962). Alterstioa in
the foram of cssein micelles after severe homogenisation
(3200 p.s.i. for 6 minutes) has also been observed bdy
electron mieroseopy (Hostettler and Imhef, 1953).
This change in fors could imdiecate miecelle aggloseration

or the formation of fat/protein eomplexes.

Ia summary it appears that homogenisstion does influenee
the proteins in some manner. It {8, however,

difficult to isclate whether the cause of these

effects 1s the improved dispersion of fat, protein
adsorption st an interfece, direct proteia modifieation,

or some combination of these causes,

Susceptibility to Swmlight-induced Off-flavour - GSumnlight-
activated eff-flavour is prodably creasted by proteia

degradation and it is promoted by homogenisation (Brumner,
1963). Homogenisation pressures adove 2000 p.s.i. are
effective as are other processes sueh as pasteurisation,
in promoting this defest. It may arise froa degradatioa
of a lov density lipo-protein fraction of the aatursl fat
globule membrane (Fimley, 1968). Presusadly therefore She
{nfluence of homogenisation a2ight be simply the greater
exposure of this componeat to sumlight decsuse of the
greater surface ares of the homogenised fat glodules. The
retention of this matural fet globule meabrane cesponent
in some form within the new sembrane therefore seems to bde

indiecated,

8 b Oxida -~ Following homogenisatioa milk
fat is less susceptible to fat oxidation whieh is norsally
copper estalysed. To explain this, three possibilities
exist, It may occur bdecsuse the surfsce coneentration of

copper is reduced as a result of the resurfaeing for the
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F)
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adsorbed protein binds less of this ion than the original
surface protein does (Tarrasuk and Koops, 1960), It may
be that reactive sites on the fat (especially the phospho-
lipide) are protected from oxygen or catalysts (Brunner,
1965). Also there is a loss of phospholipid from the
memdrane (see below G) which may reduce susceptibility to

oxidation.

Susceptibility to Freesing Destabilisation - Freesiag ia

dieruptive of many bioclogical mesbranes including the

natural fat globule membrane dut the fat emulsion of
homogenisation milk is relatively stadle to this fora of
physical damage (fedd, 1968). If freesing dasage is
primsarily physical due to the rigidity of ice erystals this

might indicate that the homogenisation-created sesmdbrane is

. more robust but if freezing damage is primarily due to aa

inerease in salt concentration of the serum as eutectio
freesing progresses then it may indicate that the materials
of homogenisation-created membrane are serely insensitive

to protedures that would norsally denature them.

Loss of ability to Cluster - Hormal fat globules cluster

under the influence of fat globules agzlutinating faetors
thus promoting the creaming process. The material whieh
promotes slustering contains at least two componente, One
of these is prodbadbly euglobulin which will adsord onto
norsal fat glodules but not ontc homogenised fat globules,
As homogenisation of a euglebulin solution does not destroy
ite ability to cluster fat glodbules in milk in whioch the
natural agglutinin has baen destroyed, this suggests that
the membrane itself has altered and prevents the adsorption
of the euglodulin. A second component of fat globule
agglutinin is possibly phospholipid or lipo-protein and
this is inactivated by homogenisation or vigorous agitation

(Kenyon, Jenness and Andersun, 1966; Samuelson, Bergtssom,
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Nilsson and Mattson, 1954), Homogenisation therefore
appears to prevent clustering through a combination of the
following: destruction cf a aomponeni of the agglutinating
material, surface alteration that prevente euglobulis
adsorption, and physical changes such as increased

viseocsity that oppose globule association.

R ti P hatides - A number of pro¢essing techaiques
result in a loss of phosphatides from the natural fat
globule amemdrane (Koops and Tarassuk, 1959) and a mechanism
by which leosely adsorded lipo-protein uanits whieh contain

a high proportion of phospholipid and are situated at the
outer layer of the glohule can be released has been

proposed (lHayashi and 2mith, 1965; Peereboom, 1969b).
Homogenisation at pressures of up to 3000 p.s.i., prosote
this loes of phosphatides (Koops and Tarassuk, 1959) but

at higher pressures tha trznsfer of pheaphatides to the
serus is reversed, apparently dus to ineorporation of the
phosphatides Snto a protein/fat complex haviag a density
greater than 1 gram/ml (Greenbank and Pallansch, 1961).

The sedisentation of phospholipid does not necessarily infer
that formation of a fat/protein complex has ocourred for
lipo«protein units released from the natural membrane are
themselves more dense than 1 gn/ml (Hayashi and Smith, 19635).
These observations indicate that the homogenisation-created
membrane of fat glodbules comtains substantially less
phoaphatide per unit of fat surface than the original wembrane
(Taressuk and Koops, 1960) and infer that the adsorbed lipe-
protein unite that cover the surface of the natural globule
are replaced, or at least become less prominaat, on the

resurfaced globule.

Iimita of Re-surfscing ca o e M e As fa}
content of creass is rajised the effect of homogenisation

is to desrease the stability of the fat emulaion so that
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oiliag off oceurs. This effect becomes noticeadle in
oereams containing above 20% fat and increases ustil at 80%
fat the emulsion is broken by homogenisation (King, 1953
Webb, 1968)., Presumably there ie inadequate emulsifying
agent to maintain the emulsion and probadbly eome eontrsl
of protein to fat ratio would be of value ia etabilisiag

creass for homogenisation.

Those fat globules of cream that are re-surfaced after
homogenisation do preserve their individuality though they
may floculate, [owever, as fat content is inereased the
effieiency of reduction in globule size is reduced (Goulden
and Phipps, 1964), At pH values below 7 the material
adsorbed differs from norsal for the cream becomes more
vissoue as the globules attach to one another through the

adsorbed materials (Colby, 1957v).

Conceivably an insufficiency of available protein could
lead to a re-surfacing that iz inefficieat (hence larger
globule size) and 4s not entire, leaving hydrephobic areas

on the surface and leading to eveantual destadilisatiea.

Y b of Visgosity - Milk viscosity is observed to
increase linearly as homogenisation pressure inoreases and
this can be asoribed to purely physical factors relating

to fat dispersion but may also be sentributed to by sose
change 4ia the nature of protein materials. [lHomogenisation
of whole milk concentrates exaggerate the increase in
viscosity but homogenication of ekim milk concentrates
results in a decrense in viscoeity (3anderson, i.B.,

Pers, Comm,), This infers an alteration of the matural
protein syzstea which is distinot from adsorption phenomenma
and from the physical effect of the inereased nusmbey of fat

globules,

The Stab Q be f otheyr Frope es - A numbey

milk properties do not appear to be influeneced by the
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homogenigation process, These include titratable
acidity, pld, specific gravity, electrokinetic potential
of the glodbules and freesing point (Trout 1950; Bruaner,
1965). A common factor in determination of these
properties is the salt balance of the milk whish
presumably therefore has not been measuradly altered nor
is there a release of acidic compounds. Kevertheless this
does not preclude incorporation of suffieient ioms to

influence protein stability.

Io suamary it is possible to infer from the effects of
homogzenisation upon silk properties that the fat globules
are re~surfaced by protein material and this process

creates the following effeots:-

1) Undenatured lipase is elither incorporated within the
homogenisation-created mesbrane or is able to adsord
onto it and penetrate it whereas neither of these

actions was possible with the astural seambdrane.

11) The proteins of milk are altered in some manaer
vhich is detectable ae reductions of heat stabiligy,
curd tension, aloohel stability, and viseosity of
skie milk concentrates, and by increase in foam
production. The extent to which protein modification
occurs is obscured by the contribution of the
increased fineness of dispersion of the fat but the
observations on skis milk show that protein stability
ia disturded oven in the adbzence of adsorption at
the fat/plasms interface., Direct protein
denaturation is possible as is exemplified by the
inactivation of a component of the fat globule

agglutinating material.

1i4) 7The euscertidility of homogenised milk to sunlight

activeted ofl-tlavour infere retention ef the low
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vi)
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density lipo-protein upon the new wmembrane, though

aot necessarily in its original form.

The antioxidant function of hosogenisatioa probably
infere that the fat is less availadble to either

oxygen or datalysts of oxidation.

The coreated meabdrane resists rupture as asaessed by
freesing stability either because it is rodust or s

insensitive to further denaturation.

The observed drop in concentration of phosphatides
at the homogenisation-cereated surface indicates that
the new membrane materials must theaselves be effieient

emulsifying agents,

The capacity of milk serum to provide emulsifying

materials iz limited.

The stebility of properties related to the salt
balance of milk infers that it is not greatly

&ltered subsequent to membrane creatios.
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Direct ehsracterisation of all biological membrane
aaterials has been limited by difficulties of dissociation and
solubilisation. In the present study it is assumed that the
important materisl of the homogenisation-ereated mesdbranme e

protein in nature an¢d the etudy is restricted to these pretein

materials,
The H t ¢ K P de 8 M
for the lHomogenisation-created Meabrane

a) The Kative Fat Jlobule Membrane - The nature of the milk

fat globule membrane has beer reviewed by King (1995%),
Jenness and Patton (1959), Brusmer (1965), Prentice (1969),
and Peereboom (1969b), The last two mased reviews are
partieularly valuable for an understaniing of the matural
aesndrane ia relation to sodera views of the mature of
biolegical membranes, An anmnotated bibiiography hae

alse been prepared (Anen, 1969).

b) Hilk Proteins - Infersation about the proteins of milk

has been reviewed by a number of authors ia the boek
"Fundamentals of Dairy Chemistry" edited by Webb, B.H. and

Johneon, A.H. (1965) and more recently by MecKenszsie (1970).

There has been 11ttlo‘of this material. In a seriees of

papers pudblished in 19%3 Brummer and co-workers deserided

experiments that were extended ia 1960,

In the first paper (Brunner, Duncan and Trout, 1953)
c¢reams were separated from homogenised and noa-homogenised
ailks (apparently by nmormal separation procedures) and washed
free of serum protein by serial dilution with distilled water

at §0° and reseparated until the aitrogentfat ratio ia the
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resultant creams fell to a steady level., With homogenised
ailk this occurred after only one washimg but six washings
were used because this ausber wae nesessary for the aon-
hosogenised milk, The fipal nitrogentfat value was
higher for the washed creas of homogeaised ailk thaa feor
un-homegenised milk whieh was explained in terss of the
inoreased surface area of the fat globules of homogenised
milk. Repeated solvent extractioa with ethanel and ether
under coaditions up to M0° for 15 minutes previded a
protein residue that was assayed for amino acid conteat by
microbiological assay. The authors revogaised that the
preparative conditions were rigorous and say well have
altered the nature of the membrane materials dut neverthe-
less felt that this was the most satisfactory techaigue

availadble to them,

The asino acid data showed distinct differences
between the two types of sembrane materialj particularly
in the levels of eystine, glutazic acid, and tryptephkan,
80 it was concluded that "one or mere of the proteia
components of the milk plasma had been adsorded eato the

aewly created fat surfaces of hosmogenised milk™,

Subsequenitly these materials were studied dy wee of
Tiselius electrophoresis apparatus (Brumner, Iillevie,
Trout asd Duacan, 1953)., The patterass obtained however
had very thick lines and peaks were not chafp. This
effect has been asoribed to the presensce of fat ia eomplex
with proteins (Todbias and Serf, 1959). The authors vere
not prepared to use this electrophoretic imforsation te
ddentify the materials of either the natural or the
homogenisation-created membranes though they were confideat
that the membrane “did not represent the norsal milk pretein

complement as one finde im milk",
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The same materials were also studied by ultrasentrifugal
sedimeatation diagrass (Brunmer, Dumcan, Trout and McKkensie,
1953), The sedimentation characteristice of the homogeamisatiea-~
created memdranee were not readily cosparable with those of any
of the pure ailk proteins though "provisional" identification
vas made of "easein, Kekwicks whey protein, an altered lacto-
glodulin, deta-lactogloduliam, or a cosplex of two or mere of
the constituent proteias™, The assumption was sade that ithe
sedimentation properties of the isolated materials could de

eospared with those of the native materials.

The only iadisputadble fact to emerge from the series of
studies was that the natural fat globule semdbrane and the
homogenisatioa~created meabdrane were quite distinct ia their
charaoteristice. Preousadly adsorption of protein saterials
from the serum hae occurred to cause the change ia nitrogeaifat

ratio and the amino acid composition.

That adsorption of whey proteins onto a fat eurface is
possible was demonetrated by emulsification of acid ceseia,
vhey and dutterfat, followved by subeequent washing of the
emulsion with 0.95% salt solution and paper elestrophoresis of
the membrane materials (Sasaki and Koyama, 19%6), The adsorbed
protein material migrated at the same rate as deta-lactogledulia
and was therefore ideatified as such., Casein and other whey
proteias were identifiadle in the unwashed creams dut were aot
retained after wvashimg so there must bde doubt that they were

ever adsorbded properly under the emulsifying eonditions esployed.

In an extenaion of the earlier three papers free bdeuadary
elsetrophoresis was employed to identify the adeorbed materials
of an homogenisation-created meamdrane (Jackeon and Brunaner,
1960). 1Ia this study homogenised milk was separated,
apparently ia the mormal fashiom, the creas sas washed three
tises with tap water, churned, and the fat and eerum separated

with a laboratory separator, The proteins in the resultant
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serum were then salted out with 2,2 N ("5)2 80, and lipid
extracted with ethanol end ether. (The recovery of materials
froa homogenised milk in thia fashion was presusadly very
inefficient because norsal milk separation will resover ohly
shout 30X of the fat glodbules of homogenised milk and churnimg
of hosogenised milk is similarly only about 50% efficieamt
(Trout, 1950) so that only a proportion, perhaps a quarser of
the globules could have released sembrane proteins for
subsequent salting out, Recovery of membrane materials was
greater thas previously reported but still occuld not have been
quantitative). Following fat extraction the materials were
dried under vacuum and then the recovered proteins were extracted
with 0,02 ¥ NaCl and centrifuged. Five fractions were i{solated

as follows:-

1)  An insoludle fraction which formed a reddish browa pellet
and when solubilised by peracetic acid, gave a siagle
electrophoretic peak. Because of its eolour, mucoidal
appearance and iascludbility it wes identified as a pseudo-
keratin and assumed to have its souree in the natural fat
globule membrane. (The creation of insolubility due to
surfsce adsorption of other source materials was not
considered though presusably this fraction constituted a

large proportion of the extracted saterials).

2) The material that was soluble in dilute salt solution showed
a complex electrophoretic pattera sc was further

fractionated by adjustment to pit 4.6,

3) The resultant inmsoluble saterial vas identified as casein
because of its precipitation at the isoelectric point of
casein and because after soludbilisation in verenal buffer
the electrophoretic pattern was not too dissimilar to that
of casein, The dissimilarities that did occur were
suggeated to be due to a heat-induced deta-lactogledulia:

alpha-casein eomplex though, in rav milk, this possibility
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was considered remote. (It is equally possible to infer
that the dissimilarities to casein electrophoretic
patterns are as remarkable as the similaritiea), By
preparing artificial homogenates of casein, soluble
membrane protein, and fat it was possible to reproduce a
casein complex that vas mot too dissimilar to that
extractable from homogenised milk. An interactioca ef
these somponents to create this fraction of the seamdrane

was proposed,

&) The material that was soluble at pH 4.6 was heated to 90°
for 30 minutes and centrifuged at 25000 G for 30 simutes,
The resultant heat denatured material in the sediment
showed a single shallow electrophoretic peak and was
assumed to originate from the whey protein fraction. (The

reasoning behind this claim is not made clear).

S) The hest stable material that was still soluble aleo
shoved r single electrophoretic peak and was classified
as "the soluble memdrane protein" because after heatiag
this protein (separately prejared) provided an ultra-vielet
scan pattern similar to that of the fractionated material,
(Both patterns wero however fairly norsal for sany

proteins).

Throughout this study electrophoretic lizes were thiek and
separation vas not very sharp. Undoubtedly, however, the
heterogeneity of the homogenisation-created memdrane was

estadblished.

Another foras of fatiprotein complex was demonstrated by
observing fat which sedimented on ultra centrifugation (Pox,
Holainger, Caha and Pallanseh, 1960)., The protein present ia
this cosplex, which acccuntas for adbout 20% of the fat ia milk

homogenised at 4000 p.s.i., was deduced to be casein on the
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basis of three criteria., ¥hile the evidence showed that
casein was present ia the complex it did not show that whey

protein was not also present,

Complex formation ia artificial homogenates of calciums
caseinate and fat was showa to depend upon the conditions
present at the homogeanisation valve and it mas dedusced that
the violence of the process must activate the micelle. Also,
the natural fat globule membrane materials were not essential
to ¢cosplex formation, and the fat-proteia linkage was
oexplainable in terss of van der ¥aals type associatioen.
However, calciux was involved in the complex and it was possibdle
to complex 100% of the fat in sedimentable for. by homogenisatioa

after addition of caleiusm,

The exteat to which parallels can be drawn betweea this
complex and the fatiprotein ocosplex of re-surfaced globules is
mot clear, A range of proteini:fat ratios exist having
specifie gravities between 1,02 and 1,19 and presumably Shie
range extends through a range of lower proteini:fat ratios taking
the form of globules, If so, there is no indication that

oompletely differeat associations need to ocour.

The extent to which fat/protein complexes occur is not
eompletely clear because lipo-protein units with densities of
greater than 1 gras/ml are desorbed from the matural fat globule
meabrane by agitation (Jayashi and 3mith, 1965) and would
sediment under the conditions of experisent, These would
coatribute to, but not dominate, the fat levels detested if

they did not themselves becoas involved in the coamplex.

Association of fat and proteim has been demonstrated when
milk i{s conoentrated (Mabbitts and Cheeseman, 1967). Fat
glodule membrane materials extracted from coneentrated ailk and

examined by polyasrylamide gel electrophoresis show two
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components whieh are additional to the onre that was found in
the natural mesbrane, These were presuzed to be alphn. and
beta-caseins because they had similar electrophoretiec sobilisy
ia polyacrylamide gel to that of thene meterials ia native state.
Further e¢vidence that processing will create fat-pretein
complexes of varying densities aund varying protelaifat ratio
has been ohtained with ice eream hut this is not only an effect
of homogenisation eo a parallel cannot be too elosely drawn

(ren and Bullimore, 1967).

Observation of the fat glodules of homogenissd 21l by
electren siaeroseopy bas indicsated tsat the casein sicelles
adsord to the fat interface so that sozs bscoxe spresd arcund
the glodbule and some retais in part a distorted micellar shagpe
(Henstra and Schmidt, 1970). This inforsstion is not quite
satisfactory for no comparable eiectron micrograph of the
natural silk is shown. The fate of the whey protein cannot be

deduced.

In sussary it appears thet 1little is provea about the
nature of the material on the homogeaisatioa-created surface bdesause

2 number of difficulties have impeded the study. These arete

Firat, the asceptance of the lose of the majority of fat
globules by normsl separation procedures and subsequent

churning operations.

Seqondly, 8o particular care has beea taken to seolubilise

the membrane materials that are largely insoluble.

Thirdly, the assumption has been made &n practically

every caSe that materials adsorbed to the @embrane and
complexed with fat will still have the same electrophoretic
characteristicy es the native matsrials, If the protein

is indeed a® spread a3 the slevtron sicrographs indicate
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this assumption needa to be tested,

Yourthly, it 4is fimprobadle that the density
eharactersitices of membranes, still associated with some
fat, will be comparable with those of native proteine se

this approach is unlikely to de useful.

Finally, the techniques of protein chemistry in use by
previous workers are much less sensitive than those
available today and a re-examination of this iaforsstion

ie now desiradle.
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The P 88 of cial D wraties an 8 Ap i
Serum Interface of K enjsed i

Tho ehanges of properties toc be expected after sdsorption
of ailk proteine to the fat globule interface will presumabdly
parallel those of othey proteins that have sulfervd surfaee
denaturation. deluble proteins placed oti a water surface or
a liguid/iiquid interface will epread to fors inscludle momo
molecular films ir a procesvs taut is generully irrevereible.
Such denaturation is severe bdut the cffecis vary. Some ensymes
are destroyed while others -etain their biolagleal activity and
some proteins show 10 shaage ia molecular weight while others

diasocgiate into aud units (Joly, 196%5).

Individual ailk proteins too show different reacticas at
an iaterfaee, At a "butter oil/protein-free silk plessa"
interface the eocluble protein(e) of the silk fat globdbule
membrane very effeetively reduces interfacial tensien. By
coaparison the glebulins of milk are quite effeetive, the
albumine of milk are slightly effestive, while the large
micelles of casein do not appreciably depress the free enevgy
at the interfase (Jackson and Pallansch, 19641). Couceivably
the surface active proteina will concentrate at the homogenisation-
cereated interface. If so, cesein components will need to bde
released froam the micellar form to become astive. Possidly
the violence of the homogenisation process can effect this

activation.

Casein can be activated for it ie able to contribute e
the oiliwater interface of ice creaa. This product is
homogenised but is different frem milk because of the presesnsce
of stabilisers, an air/liguid interface, and agitation whieh
leads to fat deatabilisation 30 psrallels must bs drava with
care. leverthcless it appears that in this product casein
and gelatin can fors a aixed iaterfacisl layer in whieh dasein

is the dominant component in lowering the surface tension
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(Musselwhite, 1966), Emulsifiers in ice cream adsorb to the
fat/serus interface within eeconds whereas proteins require

tens of minutes or even hours, depending on their concentratioa.
Adsorption from mixed solutions therefore yields surface

layers containing several compoments according to the speed of
adsorption and the ability of one component to replace another

(Musselwhite and Yalker, 1971).

The extent of unfolding of milk proteins at an air/vater
interface depends on a numder of environmental facters.
Firet, at lov concentration the proteins unfold extensively,
vhereas increasing concentration leads to a variety of degrees
of unfolding. Biological activity of ensymes is more likely
to be retained in conoentrated films where unfolding is less
extensive, This ocours because uafolding ocours against
surfaee pressure which is set largely by the nuambers of
molecules preseat. Secondly, the ability of a protein to
spread is restricted by forces which will tend to meintaia the
native structure (e.g. the disulphide bonds of kappa casein
reduee its surface activi y while alpha and beta casein spread
more readily). Finally, denatured proteins (and presumably
disordered proteins) probably have a greater number of
hydrophobic residues exposed and so would anchor to an iaterfaee
more readily than mative proteins (Mitchell, Irons and Palser,
1970).

In relation to the present study this information leads te
the expectatioa that milk proteins will be maseively denatured
or evez ruptured by adsorption to the homogenisation-created
interface but the extent of alteration will very wvith a ausber
of eavirommental factors - particularly with the comcentration,
The prediction of which preteinms will appear at the interfase
10 prodabdbly idle and mixed layere of all available proteins

(modified from the native form) is more likely.
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The general sim of the investigation was to characterise
the protein materials that occur on the surfaece of silk fat
globules after homogenisatien, To achieve this it was
aseessary to develop methods dy which membrane materials eoculd
be reeovered and then to eharacterise them by a aumber of
techaiques whieh would provide a range of inforaation about thes.

It was expected that the membdrane materiale of hemogenised
milks would eontain proteins that origiaate fros the natural
 fat globule membrane and/er the milk serum. It is poseidle
that proteins ef the milk serum aight retaia their natural
properties after adsorption onto the surfaces of fat glebules
of homogenised milk end during subsequeat preparative procedures
ia whieh case characterisatioa would bde simple. I8 ie, however,
also possidle that milk proteins say de s0 altered by the
hosegenisation process as t0 be unreeognisadle on cemparisea
with thedr eriginal properties as natural proteins, To provide
suitable “standard™ materials of kaows erigim for eomparisoa with
the membrane sateriale of homogenised milk, and also to
iavestigate the effeets of homogenisation upoa the mative milk
proteins, studies have been @ade of natural fat glodbule membrane
froa whole ailk and of “"aembranes” iselated from artifieially
prepared homogenates which contaim only casein or whey proteia
as the protein souree.

Ia outline the iavestigation bhas bdeea perforsed ia the
following ssanmert
(1) Hate :

To ensure relevance to ecasercial processing operations
milks vere drawn frea eommercial sourees,

(a) ¥hgle Milkm - Ten gallons of whole milk was drawn fres
bulk whole raw ailk at the Palmsreton North Milk Treataeat
Station on three occasions within one week., It is
expooted that chillimg and agitatioa will have affected
the nmaturs eof the fat globule membrane of these ailks ia
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(e)

(2)
(a)

(v)

a sanner that is probably common in ecommereial supplies

of milk,

Homogenised )ilks - ¥#ithin a month of the adove, ten
gallons of homogenised, unpasteurised milk was drawa from
the same seurce as the whole milk on three eccasiens
vithia a fortaight. Ho.o;oninntiga had deen perforsed as
norsally practiced by the Palmerstoa North Milk Treatseat
8tation.

Artifigial Homogenates - Suspensions of easeia and of
shey were prepared and anhydrous dutterfat vas hesegenised

into thea te fors a stadle emulsion.

Preparative Procedursce!
Separagion - The varieus milke were separated, te

concentrate the fat into oreass, by a faram silk separater,
The three homogenised milke were each rrnotiogltod. on the
banis of fat glodule sise, into two fractions, Cae
fraction is eemparadle with morsal milk and She artificial
homegenate as it was separated ia the normal sasser (as
above). The second fraetion containmed smaller fat
glebules that would not separate by coaventional seaas,
primarily because they had diaseters less Shaa 0,8 nN and
these were aeparately prepared dy use of more rigereus
conditiens of centrifugation ea the “skissed milk" frea
the milk separator. This latter frastion has bdeen
desiganted ss the "minor" fractioa in the text while the
forser fraction has been designated the "eeparadle"

fractioca.

Sashing - The ecreams were washed by diluties with a

solution of lactese ia water followed by reseparatioa eof
the areass., This process was repeated uatil it wae
improdable that natural easein and whey proteias of the
silk serum remained, The proeess was rigerouws so that

oaly strongly bound materials are likely to have remained,

2.



(e)

(4)

(3)
(a)

(b)
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Both of these requiresents are negessary aand ecansistent
with the aims of the investigatioa. The washed fat glodules
vere freeae-dried,

Exgtrgetion of the Protein - Membrame Proteins were
extrasted froa the freese-dried eream powders dy use of
cold dbutanol and acetone by a techaique often used for
extraoction of ensywmes from eells. The ecommonly used
proeess of ehurning the wvashed ereas as a first stage ia
this proceass was not feasidle for the small glebules of
hosogenised milk will net chura properly.

Selubilisation = 5o as to quantitatively relsase semdrane
materials, the prepered membrane saterials vere soludilised
as effectively as possible in twe differeat ways by use of
srionic and nonionie detergents. The properties of hoth
of the resultant detergent/protein complexes were thea

studied and results interpreted bearing ia aiad the
1imitations of the extent of soludbilisation achieved.

Charaoterisation on the Membrane Proteins:
Chromatography of DEAE Celluloge - Columa ehrematography
vas used to separate the proteia materials prisarily
agcoording to their charge. This teehnique provides a
sensi-quantitative estisation of the amounts ef material

of differeat charge and also provides fraetieas that can
be recovered for further investigatioa.

Polyaerylamide_gel elegtropheoresis - Zlectrophoresis ia
pelyaerylamnide gel was used to sheracterise the solubilised
saterials and aleo to indieate the aature of the variows
fractions separated by chromatograph¥e It is more
sensitive as a separiation procedure decause of its
sensitivity to oharge and its solecular sieviag effeet
but large protein ecaplexes are exoluded from the small
pores of the gel so that in this respect it is less

satisfaetory than the ohromatographic techaique.

The two techniques provide complementary information.
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Tech 8 Recover f Fat Globules from M te

Regovery of fat glodules from milk is performed routinely
by continuous centrifugation, the technology of which has been
adequately described (Molowall, 1953). A proportion (lese
than 1.5% by weight) was, in practice, not recovered ia this
|anner, The major reason for thie was that globules baving a
diameter of less than 0.5 nanometer (n¥) are too small for
recovery by norsal separating sachinery (Kostygov and Rogov,
1966).  Such small globules account for about 0,3% (by volume)
of the fat in normal milk (Walstra, Cortwijn and de Graaf, 1969).
Further fat losees arise from fat associated sith easein
micelles (Cerbulie, 1969) and from fat associated with a high
density lipo-protein fraoction (Finley, 1968) neither of which

would be displaced into the creas fractiom on separationa,

Although this fat represented only a small loss, in terss
of weight, the distributioa of glodbule sizes was such that a
large proportion (possibly 50%) of the total number of globules
representing a significant proportion of the total surface srea
of globules could not be recovered (ialstra, 196%a). There
was evidence that the very large numbers of ssall globules arose
separately during secretion in the alveoli of the cow's aammary
gland and msay have had quite umusual properties (¥alstra, 1969a,
b). &uch losses have always beea accepted in studies of the
milk fat glodule memdrane which therefore relate to the
separable fractioa, (3ee reviews by Brunmer, 1965 and King,

1955).

#hile such losses may de acceptable with normal milk, the
glodules in well homogenised milk could have an average diasseter
of around 0.5 nanometers (ialatra, Oortwijn and de Graaf, 1969)
leading to losses of 50% of the weight of the fat, and by
inference an even greater proportion of the Slobules, whea

using normal separatioca prucedures (Trout, 1950). The exteat

of such losses would vary with the extent of globule size



a%.

reduction achieved, which would itself be primarily dependent
upon the pressure and teamperature of homogenisation, and the
conditien of the homogenising valve, or alternatively the
systea of homogenisation (Goulden and Phipps, 196L; Falstra,
1966, 1969¢), In addition to fat glodule sise reductioen,
homogenisation of norsal milk at pressures aear 2000 psi
created fatiprotein cosplexes, representiag 10=15% of the
total fat, that sedimented in the centrifugal field at a
density of 1.026 gu/ml end eo would coatridute to fat loeses
(Pox, Holeinger, Cabka and Pallansch, 1960; Cerdbulis, 1969).

Lesses of this magnitude have presusably been accepted in
previous studies of the nature of the saterial absorbed oa the
newly formed fat surfaces consequeat to homogenisatiom, for
there is no sention of special precautions haviag beea takea
while separating the homogenised milks (Hruamer, Dunean and
Trout, 1953; Jacksoa and Brunner, 1560). 1la the preseat study
an investigation of more effective separatioan technigues for
homogeaised milks was carried out for it was conceivable that
the ssallest globules, being more effectively suddivided, could
have adosrded protein materials differently to the larger
globules, For example, larger glodules might reascnably have
carried a greater proportioa of original fat globule sembrane

than She ssaller cnes.

For atudies of the artificial preparations this consideration
wvas of less importance ior. a0 matter whet eise the globules were,
they would present a clean fat interface upon which adsorption
could occur, There wouléd be no coamplication from material
originatiag as native sembrane. After preparation these
materials were held ia a milk can at 5° for 18 hours, During
this period, imcompletely homogenised fat and fat in large
globules, would rise to the surface, After standing the top
six inchese of liquid was poured off thereby emsuring that only

the adeguately homogeniced materisl was separated,
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1. Or a4 5 rati Non-homogenised M -
Chilled bulk raw milk, cbtained from the Palmerston North
#ilk Trestment Station was separated, at 37°. in an Alfa

Laval, diec type, stainless steel, fars separator.

2. Or nd 8 of Homogenised M -
Chilled bulk raw milk was warmed to 45° and homogenised
(two stages 1850/500 p.s.i.) and rechilled at Palmerston
Rorth Milk Treatment Station, Jecause fat hydrolysis by
lipase was thez possible it was traneported immediately

to the University and separation was begum withim ome hour,

There were two techaiques -

(a) Us ) es 8 -gontri 3 (Type T 313)

Various operating conditions were atteapted. The most
suitable conditions were: iowl Speed, 40,000 r.pem.,
¥ilk Temperature h5°. Inlet nozzle No.,2 giving an inflow

rate of 8.8 ml/second. Cutlet dam: No. 7.9.

(») Us D t e -

It was possidle to fractionate globules into two eise

ranges by differential deparation. The sase principle has

been applied to normal milks (Dolby, 1957).

(1)  Separable Fraction!
The silk was separated by the Alfa Laval, diec type,
farm separator, The separable globules were then
washed and treated independently of the Minor fradtioa,

(11) Kipor Fraction:
Fart of the "skinmed" milk, (about 600 mls) froa the
Alfa Laval separator was ceantrifuged in an MNSE Hajor
bucket type laboratory centrifuge at 5000 r.p.m. for
30 minutes in 100 ml bottles placed in an angle-head
rotor, A erean separated out as a cake onto the

inner wall of each bottle, so that the serum fractions
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(a)

could be extracted by pipetting from the base of

the bottle, Sediment also, was removed from the

base of the dottle without disturding the cake of
ocrean, The entire operation was carried out at 37°
in a therscetatically controlled room. This vas
consistent with the principles of efficient separatioa
(McDowall, 1953) and aleo minimised oilimg off of fat
globules which could form a cake without being

sufficieatly wara to fors a floating liquid layer.

Hote:
Use of high speed centrifuges was considered dut

bedcause yields of fat globule semdrane material are
small (about 0.C4% of milk) it would have beea
necessary to handle larger quentities of milk than

was poseible in such equipment,

a4 Se P -
Cagsein_homogenate - Casein was prepared froam skim
milk by acid precipitatioa at pH 4.,5. A Radiometer
Automatio Titration apparatus using N, HCl was used
and the fime precipitate obtained by centrifuging the
slurry was vashed twice with distilled water, The
vashed precipitate vas re-dissolved in distilled
vater, adjusted to pA 8.0, and re-precipitated by
addition of KCl to pB 4,6, This material was freese-

dried and atored at -15°C,

Five gallons of stable suspeasien ceontaiaing 3% ogqeeia

- wa® prepared using distilled water, adjusted %o

pR 6.8, and with calcius added to give a coacenmtratioa
of 60 mga % (Adyar, 1969). After holding overanight
at 5° o persit hydration, comsercially prepared
anhydrous butterfat vas emulsified inte the caeseia

suspension at 50° to give a homogenate eontaiaiag 8%
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fat, This was done by passing the suspension twice
through a single piaton Empire laboratory homogeniser
but after standiag overnight at 5° some fat rose to
the top of the liquid eo the upper 10% of the liquid
was diecarded, Possibly casein alone is not a
very satisfactory emulsifying agent, or possidbly
the homogeaieer is unsatisfactory. After overanight
storege at 5° honogenate was separated as for nersal
oilk,
¥hey homogenate - Coamercially manufactured lactic
acid whey powder was used for this preparstion. It
contained 14X protein, 11.9% ash and 62% lactose and
was reconatituted with water to give 8% solide in the
reconstituted whey. It was considered to de casein
fres because insoluble casein fines were centrifuged
out during ite production., During manufacture the
proteins may have been altered to some indefinable
exteat however as a coasequence of the presence of
proteinases originating from the mixed lactic
enltures used or as a consequence of its being heated

to 71° in the evaporators.

Whey powders prepared from rennet casein or sheese
wheys were not chosen because their content of
2inerals would not be in the same balance as ia allk
(1.0, calcius would have been retained by the caseia
coagulum), A reconstituted and neutralised acid
casein whey however provides all the aorsal milk
constituents (except casein and fat) in nearly morsal

balance and so provides a suitadble standard material.

Five gallons cf reconstituted whey was prepared, NaCH

added to raise the pH to 6.8, and held for 33 houre

after mixing to permit protein hydration and mineral
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Anhydrous butterfat of commereial

origia vee added to give 8% fat in the suspension.

Homogenisation at §o° by twe passes through a

siagle stage homogeniser set to give nosinally

2000 pessi. was perforsed.

The homogeniser used

was different to that which may have been

unsatisfactory in prepering caseis hosogenate, The

resultant fat emulsion was satisfastorily stable ia

that it gave the sase fat test at top and bettem of

a can after standing overanight,

After overnight storage at 5° the hosogenate was

separated as fer norsal milk,

Results of the Separation Frocedures:

9. Separation of the noa~homogenised milk was fully effective

with lose of 1.2% of the fat.

2. Separation ef the hemogenised milk.

Table 1t
fat eoatent eof Fat eontent eof
Treataont the silk fed to iffluent serua
the machines (%) (%)
1. 3harples
Supereentrifuge 3.3 = b1 2.0 alanisus
2+ Alfa lLaval 5.3 1.2
3. K.8.E. 1.2 Ocd « 0.6
Cumulatively, 2 « 3 3.3 0.4 « 0,6

Note 1. Fat contents guoted were estimated by the Qerbder
Technique for homogenised milks (British Standerd

".thO‘. 69‘

19%9).

Note 2. The fat reeovery achieved by use of the Sharples
8upereentrifuge was poor and this was partly fer

mechanical reasons.

The effeetivencess of the

sachine rapidly deereased as sedimeat built up
vithia the bowl and socon blocked off the serus
outlets, These could only be eleared by heating
ia X phosphoric aeid solutioa.
the erean produced was badly destabilised

Additienally




presunably because of the vieleat aseeleration
received by the globules upon entry te the bdeul.
For the purposes e¢f this study the machiae had ao
value eo the differential systea was empleyed.
3. Separation of the artifieial systess -
Ueing enly the Alfa Laval separater the fat level of She
caseinifat homogenate vas redused from 8.2% teo 0.3% while
the whey:fat hosogenate was reduced froa 8.,6% to 0, 5%,
These figures refleet the inefficiemey of homogenisatioa
achieved experimentally relative te that ashieved
commereially. There was no point ia differential

separatiea ia these ecases.

Discussion:

Because of the high speeds of the Sharples Supereeatrifuge
4t had bdeen antieipated that it would be more effieieat then
the dise type separator. The praetical difficulties of
operation noted above tend to edbseure the true effectiveness
of the Supereeatrifuge but evea #0 it apparently was ne more
effiedent at eeparating the ssmaller fat globules. Baving
estadlished appropriate operatiag eonditions for the ceatrifuges
it was possidle to compare the separating effieciencies by
eapleying the “"Sigma Theory" approach (Trewbridge, 1962).
Asocording to this theory a value, Sigma, say be caleulated
whieh 18 equivalent to the area of a gravity settling taank eof
eqtivalent sedisentation eharasteristics to the ceatrifuge.
This value is modified by the flow rate of ligquid passing
through the aeparator and the charaeteristies of the fat
particles. It is then possible to ealeulate a value, D, whieh
1s the diameter of the "cut-poiat partiele” (that is, D = the
dismeter of particles, half of whieh will be resmoved in passage
through the eentrifuge, and half of whiek will mot be removed),

The varioue systesme used ia this study ea silk separation
are compared ia Table 2. Details of the calculation of these

values are to be fouad ia Appendix 1.
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Reduction from these figures would prediect that the
Sharples eentrifuge should perfora slightly better than the
Alfa=Laval, for this limited purpose, but the improveseat is
of no value as it is megated by the practical difficulties
previously outlines. The ¥.5.E. bateh syates did, im faet,
give more effective separation as predicted by the above values
but the aerum after centrifugiag still contained O.5% fat.
Therefore, about 16% of the fat is etill met recovered. This
does not indicate that a high proportion of thie fat 4e in
globules vith diameters of less thaa 0,05 aM, for the oaleulated
values at ssall particle sizes become inexact decsuse of a
auaber of limiting factors, nasely:

(a) The drag effeet of Browaian motion which slewe She

migrationa of particles (Trowdridge, 1962),

(b) As previously stated, homogenisation induced fatt
protein complexes that had densities that exeeceded
1,026 ga/al. Fresusably other complexes exist
having denoities ranging betwees 0,91 and 1,026 ga/ml.

(e) A preportios of fat in natural silk also 1s ia a

form that will aot separate inmto a ereas layer.

(d) The smallest resurfaced particles of homogenised milk
say oonceivably have rather different properties to
the natural seabrane as a consequenes of the mew
surfade, 3ueh differences are not considered ia
the sedimentetion forsulae aad eould limit the

application of the calcoulations,



The procedures use? fer purifyiag fat glodule seabrane

material have been recently reviewed (Srummer, 1965; Swope and
Brumner, 1968). Ia outline, follewing separation of a ereas,
oonteninett naterials originatiag froa the seruam are resmoved bdy
repeatod dilution and reseparation ("washing”). During this
prooess, saterial vhich is loocaely adherent to the fat glodules
can be lost to the dilutiem water or desorbed by agitatioa
(Bruaner, 19653 Preantice, 1969). It is Sherefore desirsdle
to ainimise the nusber of washes givea ecoasistent with adequate
renoval of centasinant materials. On the other hend adserption
of materials onto the membrane duriag handliag ie poseible as
oxomplified by the absenee of lipases in sembrane of fresh
silk (Dewbean, Brumner and Fhilpott, 1967) dut a lipase ean de
ttrvorntbly adsorbded oato the membrane followiag coelisg
(Tarassuk aad Framkel, 1957). The procedures adopted have
necessarily bVeea sosewhat arbitrary and needed evaluatien.

Eleotropherograns of the dilutioa waters shov that serwam
proteins are practically umdetectadle in the feurth weashing
water (S8wope and Brunser, 1968) and unadeorbed lipase is
substantially resoved after only two vashes for it shows ae
astivity when the washed creas is sudeequently homogenised
(Taraseuk and Frankel, 1957).

Because materials receved duriag weskiag are highly
diluted, their detection is not reliable, 8o a more eatisfaetery
means of evaluatiag the veshiag techaigue is te edserve the
saterial that resaias after vashiag. This ean de achieved by
observatioa of the ratio of aitrogea te fat in the ereasss.

This ratie falls as the soatasinant serus proteins are washed
avay. A poiat ean be seleeted at whish thie ratio is only
slightly alterad by further washing iadicating that oaly the
streagly adsorded amembrane material remaine associated with
the fat (Breunner, Duscan and Trout, 1953).

Lastose 10 ineluded 4in the washing waters at a level
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eimilar to that found in milk so that they simulate the
ecmposition of milk serus rather better than distilled water
alene, The lactose aleo saintaias the nermal deasity difference
betweeon fat and serus thus assisting separatien.

Additionally, it has sinee beea showa that sucrese additiea
to washiag vaters reduces the erccioa of scas membrane eomponente
(S5wope and Brunaer, 1968) and also aseists ia reeovery of
ensyses in the aotive form (Doslea, Brunney amd Philpots, 1967),
It ie oexpected that laetose would have a similar effeet, Neat
previous workers in thie field have oextracted membrease saterials
by ohilling, then ehuraiag the washed orees se the sesdrane was
extensively ruptured so that 60 - B0% of the fat loses ite |
glodbuler nature (Brummer, 1965). Butter-eil (i.e. prisarily
triglyeeride fats) was subsequently removed after meltiag the
butter, The shattered mesbrane saterial was thea comeceatrated,
sosaoaly by eentrifugation, and scme seans of lipid extractioa
was subsequently employed (Brummer, 1965). Such an approaseh
18 of little value with hemogenised milke sinee it is widely
recogaised that small fat glodbules will not readily shura
(Trout, 1950)s Churaing acts essentially to rupture the
sesbrane of the larger globules but this fusetioa ean aleo be
perforeed by freesing. Freesing of sream is kaown to destabiliee
fat glebules so that approximately 30 ~ h0% of the fat will de
destabilised on subsequent thawing (Webd, 1968). Thile the
eauses of thia destabilisation appear to de nuserocus and their
relationship to one another is not simple (lLevelack, 1957),
studies by electron sisroseopy have showa that the ghosts eof
fat glebule membranes appear as empty sacs without extensive
fraeturing of the asmbrane material (Dowden, Brunner and
Philpots, 1967). Hemce the method offers a teehaique whieh
can be coafidently expected to yield memdrane smaterial that hae
undergone a sinimus sodifieation,
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The separated oream was diluted (3:1) with a b¥
selution of lmetose ia distilled water at 37°, stirred
uwatil dispersed and reseparated, This vashing procedure
vas applied four or five tises. The procedure took no

aore thaa three hours froa the time of eellecties.

Yashing of the minor fraction oreaus:

These eresms were separated iato eakes on the walls

of the centrifuge bdotsles. They were diluted (apprexisately

511) with a &% solution of lastose in distilled water,
vigoreusly shaken then held for about 10 simutes to assist
fat redistridution, and recentrifuged at 3000 r.p.n. feor
30 minutes. This procedure was earried out five tises
ia a recs held at 37°

The entire proeess of separatiea and washing was
eocspleted ia a five-hour pericd and some lipase aetiea

had eseurred.

De-emyleifying the washed orease:

The washed creass were poured iato shallew trays
and froszea within three hours {a a deep-freese eabdiaet at
«15°C. The frosen saterial vas trassferred tc a freese
drier and dried at around 0° uader a vacwsa of 0.5 =e

mersury for 23 days.

Anplytical evaluation of the washing procedures:

Nitrogen levels were detersmined by Kjeldahl
proecedure in general aceordance with the lew Zealand
Standard NMethod for liquid milk and cream but modified
to suit a miereo=distillation prosedure (for details see

Appendix 2 ,). To suit the preeedure the ereas povders
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were diluted to give approximately a 40% dispersioa of fat
in water (see toc comment on use of Xjeldahl determinations
in Seetiom 7.).

Fat levels of the powders were deteramined dy the
Rose~Gottlied method in close conformity with the New

Zealand Standard Method NZS 224611969,

Resuite:

Figure A shows the effects of washing upon the various
saterials.

The nitrogen to fat ratio of the creass falls evenly as
the washings coatimue uatil, after the fifth wash, a reasonadly
steady level has deen reached and it may be accepted that
plasma proteins have been resmoved.

Experimental asaterials were prepared ia dbulk on the basis
of these findings and oa analysis gave the followiag results

(Tadle 3.) which also include the exteat of variatioa found.

Dggoulatgg:

The nitrogen to fat ratioe provide aam iadieation of the

efficieney of fat glodule recovery in the various materials.
The value for the separable fraction of the homogenised milk

is a 1little greater (adbout 50%), and the value for the mimor
fraction is 9.5 times greater, than that for the matural
sembrane. This reflects the increase of surface area per umit
of fat that oecurs after suddivision of the globules. This

is to say that on homogenisation the average diameter of the
fat glodbules is reduced dy adout one-third which results ia aa
inorease of surface area (fat/serus interface) of approximately
5 « 6 fold (Jemness and Patton, 1959 and alsc calculadble fros
the observations of ¥alstra et al, 1969 and Walstra, 1969b).
The observed inorease in the proportioa of nitrogenous saterial

associated with the fat provides evidence that protein adsorption



Table .

Sample Origim Treatment ::;h:£ Pro::;-::on. Ritrogea/fat  Ratio
Av. Raage
Ao Bon-hoaogenised Alfa-laval 5 & 0.073 0.08S = 0,099
ailk
Bi. fiomogenised ailk Sharples 1 0.035 -
Bii. Homogenised =milk Alfa-laval b 0.119 0,109 - 0.136
Biii. Skimmed fractioa ¥.3.E. S b 0.688 0.533 - 0.786

of the adove(Bis)

*4f
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at the nevly fermed interface hao cecurred. 7The ssaller
globules of the simor fractioa (Biii adove) have adsorbed more
protein per uait of fat and so previde a rieher source of
adsorbed material than does the separable fraction (Bi4 adeve).

The ebserved aitrogen to fat ratice illustrate the
ineffectiveness of the Sharples Superveatrifuge systea besawse
gledule destabilisatien coeurred during washiag and must have
caused a considerable loss of membrane protein to the serum,
but oiled off fat has conceantrated into the creams theredy
depresaing the nitrogea to fat ratio.

The deeline of the nitrogea/fat ratie for the ereas sinor
fraotion is less rapid thaa that of the ether fraotiens amsd
this predadly refleets the means of handling (bateh separatiea
vs eontimuous) rather thaa any shange ia properties eof the
saterials. The heights of the initial fat/aitrogen ratios
in oach ease refleet merely the fat tests of the initial
ereass whes separated,

The enly comparable evaluation of the washimg provedure
for homegenised milk that has been published shows a differeat
pattern (see Fig. B ) although the pattera for sermal milk is
sudatantially the same (Bruammer, Dumean and Trout, 1953).

The lev fimal level of the mitrogea te fat ratie reperted
by these workers fer homogenised silk refleets the less eomplete
separatien achieved and is reasonadly cesparadle with the
globules eof the sepsrable fractiom ia the present study. The
ineffectivensss of the washing provedures after the first wash
is uaexplained. It eould be inferred that the semdrane
saterial of the homogenised milks s tightly beund and dees
not erode oa eentinued washing. Thie explanation is iasdequate
for eoatinued washing steps ehould result ia serial dilutien
of plasma preteins that sust still remain with the eream after
the first vash. £leetrephoresis of first wash water froa
aatural aemdrame preparations shows t;.t this weuld de so
(3wepe and Brummer, 1968). The more gradwal deelinme of the
mitrogea/fat ratie feund im the present study is eonsidered
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The number of washiangs that have been empleyed by various
workers has been as low as one (e.g. Fimley, 1963) and ae high
a8 twelve (Chien snd Riehardson, 1967) but is eomsonly three
(Brunner, 1965). 1In the present study three washings would
have been imadequate for the homogenised minor fraetioa se
four and five were used (as shown ia Table 3,). The sheolee
of end poiat is somevhat arbditrary and in this study oaly thoee
saterials that are strongly adeorded to the fat interfase sand
resain. It 48 most unlikely Shat loosely kheld or cecluded
plasua proteins will remain to ¢onfuse the final conclusions.
Similarly, loosely held, naturally oceurring materisle -1%1
havo deen removed smo it is recognised that the extrasted
materials are aeither quantitatively nmor gualitatively

identical with those origisally preseat.
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TECHNIQUE OF EXTRACTION OF THS PROTEIN MOIETY FROM
TAE _LIPID1PROTEIN COMPLEXES OF PHE VARIOUS WASHED-
CREAM POWDERS

duct

The various requiremeats for the extraeties are firet
the fat ia the powder has to be removed as ecmpletely ae
poessible, sesondly the verious lipidiprotein bdoands eecurrisg
dn the experimental saterials bave to be broekea so that an
aquecus suspensien of the proteis msterials ean be sade, and
thirdly, there must bs only minimsl dasage %0 the proteia
saterial.

To nmeet these requirements is not simple and a numsber of
eonsiderations arise. These are:

(a) T wit
emb i -
The teehniques for isolation eof milk glodule amembrane

waterial have been recently reviewed (Brumner, 1965).

The diffieulties of extractioa ef the pretein meiety of
the milk fat globule membranme are illustrated by She
variety of exhaustive toehniques that have been employed,
Shough there is little infermatien adout the pessidle
effocts these treatments may have upoa the nature of the

protein molety.

Various selveat systeme have deen tried. —Thoy are!

(1)  yss of_ethanol ia ether
Lipid extrastion of fat gledule seabrene saterial
sas garried out, in a classical study, by refluzing
the wmaterial with hot absolute ethanel fellowed by
hot extrasctions with sbtsoluse ethanol in anhydrous
ether wvhieh wes continued until fat sas no longer

detsctable ia the extrects (Palser and vwiese, 1933).
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The techaique was later isproved by usiag the
solvents cold (3°) (Brumner, Duncan and Trout, 1953),
and since then the same solvents have deoen very
eommonly emplsyed (Heruld and Brununsr, 1957;

Jackeon and Brunner, 1560} sSvepe and Bruamer, 1968;
Fimley, 1968),

Use of Chlgrefors. Wathanol aad Acstong

A recently iatroduced alternative has bhsen extractiea
with chloroforsimethanol mixtures includiag 24 K31
solution, followed by three washes with the saolveat
mizture at room temperature, and finally an acelone
rinse (Swope and Bruaner, 19703 SBwope, khee and
Brunner, 1968).

§se of nzbytamol

The use of n-butanol as a solvent was investigated
but rejescted ia favour ef 35X ethanel im ethyl ether
on the grounds th:% lipid levels of the material
extracted Ly the n-dutanocl were higher and seludility
in vater was coemsequently lover (lierald amd Brusaer,
1957)s Presumably the less effective fat remeval
osused the observed lower eolubility in water. 3Heth
xaathine oxidase and alkeline phosphatase showed
measursble setivity in the extracted msterials after
either treatment, N-butanel alone has heen
sugossnsfully used to extract, and to iavestigate,
the three forma of alkalime milk phosphatase
(Peereboon, 1969).

Ume of agetone, ether and butasol

The use of acetone and ether extractioas, under
snbydrous conditions, at 5°, was useful in removal
of fat and a further treataent with a-butzaol, at
5‘. vas offecative in further redueing the lipid
level of prepared mesbrane material (Zittle,

Dellamoaica, Custer and Rudd, 1996), lowever,
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these conditions did lead to seme loes of enzyme
activity, particularly that of xanthine oxidase,
(v) ¢ ads mate on &

& d tif
2ay be more sensitive than natural meambrane $0 Solvent
gotion

A fatiprotein complex, iselated from homogeaised

ailk, and baving a denaity greater than that of milk
serun has been investigated with respeat to stabilisy
to solvente (Fox, Holsinger, Caha and Pollsnsch, 1960).
Treastneat with n-hutanel caused sush of the material
to sediment more rayidly in an ultracentrifuge thas
sedimented in 22 untreated sample which would be
consiatent with au sssumption of remeval of lipid
from the complex with gonsequent inoreese in deasity.
Treatment with 25% ethamol ia ethyl ether, however,
deatabilised most of the faster sedisenting saterial
of the eomplex and this forsed a clear gel,whieh
sould not bde redispersed ia veronal bduffer, ia jhe
bottos of the centrifuge eell. Aveidanse of this
latter solvent system in the present study is
therefore indicated because materials adsorbdbed $o

the fat Snterface by homogenisation eould shew the
sano effect, even though this solvent system hae

been accepted for studiee of the natural fat globule

meabrane.

(o) stud t rane
grgthrocytes haye shown that n-butanel is a sujtable
a0.ive ]

‘4)  Ihg yse ef n-butsngl alome
The wme of n-butanel to isolate the proteda
soiety ¢f matural sembranes has beea thoroughly
iavestigated during work with the meabrene
material of blood erythrocytes. The techaique
used was that of Naddy (1964, 1966) in whieh
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a-butanol at -3° was shaken with an agueouns
suspension »f insoludble erythrocvyte ghosta, The
butanol-sstursted agueous phase was centrifugally
separated, A mean recovery of 83.13 (5.D. I5.8%)
of thke membrane protein ia seludble foram 4ia the
sutanol ssturated agueouws phase after caly a siagle
extraction wae passaible (Zega, 7eed, Reed, Serg amd
Rothstein, 1967)., Furthermore, the use of n-butanol
resulted in a minisal inorease (5%) ia p-chlero-
mereuric-phenyleulphonate-~titratable sulphydryl
groups and enxymer that norsally resice in the
BIBOLaBe wWere recovered Lo the extent of betweea

75 = 1W7% sfter butanol treatgzeat.,. Such reduction
of eatyme activity as was apparent (60» loss 12 ene
case) was interpreted to iudieate that the easyses
affected depemd oa the presensy of an iatact 1lipid-
glycoprotein complex for their aotivity rather thaa
that they suffer a specific denaturing effeet due te

the n-butanol.

The asize scic ocmposition of the untreated
erythrecyte ghost material wvas aot significantly
dirferent from that of the bdutamel solwbilised
paterial (‘waal and Van Deenen, 1958a). N-butamel
sulubilised proteins have been used to investigate
the differencen in the erythrocyte msmbranss of
varicus aanimal species by observing the patteras
prodused by disc electrophorssiz (iwaal and Vaa
Deenen, 1968b), Centrifugal fracticomatica follewed
by a second eleetrophuresis oi the solubilised material
indicateo that artifact formation had not oecurred,
fhere oaa be littie doudt that species differemeces

observed in such a comparative study were real.
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(14) The desirad of bining n-butanol w
second solvent
Although butanol was an excelleat fat esolvent resoval
of fat froe the eryshrroecyte ghoste was not complete,
for 3% of the phosphelipid remained along with the
protein in the aqueous phase (Zwaal and Vamn Deenea,
1968%) and, in particular, phosphatidyl seriae was
poorly extracted. Acetone, and also methanol al
50, subsequent to butanol treatment, have been used
to improve 1ipid removal (Sehneidersan and Junga,
1963).

The use of acetone at low tesperatures (-15°C) ie
recoamended for recovery of ensymes with maximus
activity (Morton, 1955) and it has been employed te
isolate protein from the sembrane systes of the
chloroplast (Criddle amd Park, 1964),

(111) The uns b of sclven
eryt te membrane
In contrast to the above experience there has beea
unsuccessful use of ether, shlerofors, ecthenol,
heptane and toluene to defat erythrocyte ghoests at
roca temperatures or belov (Asen, Orr and Ssithies,

1965).

() 1Ihe Choice of  Solvent System

In view of the above coneiderations the chosea teshaique
was based on extraotion with a~dutanel and acetone as
smployed commonly for extraction of enaymes from blelogieal
materials (Mortom, 1955). Confidence in the techaique

haé been establiched in a study of cheese proteins (Fenwiek,
1953) and the results obtaised were fully comparable with
those of Melachouris and Tuckey (1966) end ef Riehardsoan
and Creaser (1969) who used different extrastion

techniques, though each has interpreted their data
differently.
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A emall amount of freese-dried, washed, oream-pevder,
(never more than 20 grams), at -15°, was aixed in a pre-scoled
Waring Blesdor jar, with about 150 sl of m-butanol at -15°,
at medium speed for three minutes. The mixzture was peured
inte pre-eceled centrifige bottles and centrifuged at 2800
repemts for 8 minutes in an Interanational centrifuge (Model UV)
and the resultant clear butanol layer decanted without delay
and discarded, As seon a® possible, about 1350 ml of aeetone
at =15° vas added 8o the centrifuge bottles and, with the
proteina precipitate, vas transferred to ancther pre-ceoled
Yaring flendoy Jjar im which it vas aixed for a further 1 miante.
Without delay, to emsure that the mixture resained eocld, it sas
filtered through Whatsan No. 50 paper on a buchaeyr fuansel,
The resultast powder vas held under vasuum ia a desiceator
uwntil all traee of acetone was volatilised. The powder wes
then held (for mot more than 2 sonths) iam the dark, ia

stoppered hottloi. at -15°.

Discussion

Puriag thie procedure, the treatment with n«butanol aleae

under non-agqueous eonditioms, gave a non filteradble solvated
material which still contained a preportion of fat as iadieated
by the appearance of yellow colour and fat that could de
subsequently removed with acetone. Furtiaer treatseat with
asetone produced a dry powder that could be readily handled
and stored and it alse reduced the fat conteant of the saterial.

The resultaat powder did not eontain exeessive lipid dut
it did centain some high melting point fats (X.P. above 40°),
It has been videly observed that fat glodule membrane saterial
is often assccisted with a high selting glyceride fraetiea
(eeg. Brumner, 1965). The origin of such saterial is open te
questiea for, im prepared glodules eontaining oaly tripalsitia
and tricaprin, cooling eaused erystallisation of the higher

melting poiat molecules at the globule surfaee, (Budkeism, 1970),



and this also appears to occur with the high meltiag glyceride
fraetion of bdutterfat en cooling. The high melting glyceride
fraction is prodadly mot an integral part of the natural fat
globule semdrane (Vasic and De Mam, 1966). In this study,
high meltiang point material was feund when lipide-protein
membranes (beth natural and artifieial) were prepared after a
cooling step, and its removal by solvents was difficult. The
sateriale of the high welting glyceride fractioa are prodadly
insolubdle in acetone (Matteson, Swartlimg and Nilesea, 1969).
Presumably this laek of eolubility has given rise to the need

for multiple extraotioa proeedures as commonly employed.

Removal of this meterial was readily achieved duriag sudsequeat

solubilisatioa procedures reported later in this study.

8
The main poiats arising froam this iavestigation are:.

(1) The freese-dried ereas powders have bdeen fat-exiracted by
single sequential treatments with n-butanol eand ecetenme
at low tesperatures.

(2) This technique produced mesbrane materials ia powder form
which still eontained a small amocunt of high melting
peint glycerides which can be readily removed at a later
stage of proceseing.

(3) Varieus workers have suceessfully used forss of this
technique for enayme extraction studies asd for studies
of the membrane proteins of erytbrooytes.

(k) Previous studies of the milk fat globule meambrase have
saployed repeated extractions with ethsnol ia ether but
there is evidence that this system weuld mot bde
satisfastory for materials from homogenised or artifieial

systons,

&7,



&3,

SOLUBILISATION OF THE MIWBRANE MATERIALS

The prepured membdrane smaterials are difficult to
solubilise for further analytical investigations. [Natural
sembranes show insolublility under physioclogical coanditiens as
a comuoh property for they have a structural role to play ia
their native eanviroanmente. The sembrane proteins are ia a
class of their own in that they lack crosslinking amino aeids,
they have a high proportion of hydrophodbic amino acids, and
the anino acidas present are predominantly acidiec (Bensea,

1963), Imsoludility of the aatural fat globule membrane is
therefore to be expested for its origin say well de ia the

plasaa mexbrace at the apex of the sesretory cells of the mammary
gland (Pattom and Fowkes, 1967). 4 sericus bdar to investigation
of membrane materials is that the analytical precedures commonly
used in the study of proteims require that the material de

in soludle form. Soludbilisation had therefore to de effested

as eompletely ae poesible.

Kilk fat glodule membrane materials have been mest
satisfactorily soludilised by use of either % )N, guanidine
hydrechloride plus 2-mercaptoethancl, or 2% ung. or 2% sodiun
dodecyl aulphate (Harwalkar and Brumner, 1965). Ia mo ease,
hovever, was cosplete soludbilisation effeated se an "insoluble
fraction” had had to be sccepted as an uncharacterisadle
fraction of the mexbrane, This fraction could be of pseudo=~
keratin nature (Brunner, 1965). The membrane material probably
esontains a numder of lipo-protein units (Chiea and Riohardsons,
1967) the solubilisatiorn of which vill presumabdly be iamflueneed
by the extent of lipid removal. The milk fat globule also
ecarries water soluble materials sueh as a musoproteia shieh
eontaias sialic aoid, hexose and hexosamine (Jecksen, Soulsea
and Clark, 1962)., Lipo proteims that are water soludle are
also present (Hayashi and Smith, 1965)., Being watersolubdle
these compomsnts are unlikely to eause difficulty and socee

solubility is to be expected with all dispersants., Deeause
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of its likely origin and because eof its general membrasne
properties, eomparison of the fat glebule membrase with ether
raturally ooceurriag sesbranes is probadly of relevasee te thie
study,

The prodlea of partial seambdrane insoludility hae bheea
overcome ia studies eof erythroeyte stroma by use of 2-chlereethancl
at lew pH, wheredy eomplete solubility was ashieved and eleetro-~
phoresis of the compoments solubilised was possible but there
vas less of ensyme astivity (Zahler, 1968), This techaique
has been used in the preseant study and it will successfully
disperse the imseludle material of the natural fat gledule
sembrane. The dispersed material however would zot eater the
polyaerylaside gels used for elestrophoresis ee its preaise
gould not be realised,

The sembrane material is therefore cosplex and a coudbization
of selubilisiag technigues may be required. The aaterials %o
be solabilised from the fat/plassa iaterfsce of homogenised silk
and of artifieial preparaticns of fat and ecasein, and of fat
and whey protein, are e en more eomplex and diffigult to disperse.
These various homogenates may well ecntain meabraae materials
arising froe satural fat globule membrame eor its fragmeats,
natural or dematured casein and whey proteias, amd lipid/preteia
oomplexes induced by the homogenisatioa processes.

The folloving table eummarises the types of donding thal
oseur, or petentially may eontribute to the ecomplexes and gives
the means of disrupting these bdonds whiek were employed ia this

.tﬂ"o
Boad Type Oscurrence ;:::::::.‘
FPrecedure

Elestrostatic | Lipoproteins - Ion pair bonds
bonds in lipo proteins are feasidle

a) Ioaie but net likely to ceatridute

significaatly (Corawell and

Rorrocks, 1964),




b) Salt links

General Observations - Fatty
aeid anioss crovd to = phase
interface and contribute to
eleotrostatic fielde (Gurd,
1960). TIonic linkages between
phospholipid and protein have
been shown to o¢our within the
mitochondrial syetezs where the
ocomplex is considered to be
both electrostatic and noa-
polar.

Natural Fat lobulo Membrams -
Polar lipids (especially
phospholipide) concentrate at
the gzlodule surface. They

are solvated and/er ocould be
asnoclated with charged groups
of proteins (Brumner, 1965),
Artificial System - Studies
of artificial phospholipide:
beta lactoglobulia systeas
have shown that iateraecticas
probably do oceur (Payens,
1959).
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pi (alkalime)

The aatural fat globule
membrane containe Magnesium
which say coatribute to
assooiation of the material
through salt lizkeges
(Peeredeoon, 1969). However,
neither calcium nor magnesium
is cencentrated on the
meabrane relative to the
serun (8wope & Brumaer, 1968)

8o the exteat of this fera of

Ethylene diemise
tetra acetie
aeid di-sodium
salt,

(Na, EDTA) at

alkaline pi,




e) adscrptive

linkage may not he great.
¥DTA will disamocciate a
fraotion of the protein
material from the complex
of the erythregcyte membrane
(20asnburg and Guidottd,
1969) and posaibly a parallel
can be drawn.

daterials sedimenting froa
hosogsnised milk - duch
nateriale, which inelude
oasein, and fat:i:protein

complexem, are raadily
diasolved for subsequent fat
extractions by socaking ia
EDIA (Tox et al, 1960).

Yilk Frotein - Salt links
within the casein micelle
through ealecium and phosphate,
occur and contribute to
sicello aisze and atability
(Tumerman and Webb, 196%),

All globules have a aative
charge which varies with ph
suggesting roady adsorptioca
of ioas (Tjepkea snd
Richardson, 1967), It may
be considered to have
colloidal properties of
adoorption (Payens, 1964),

5.

Rydrogen Donds

iatural Fat Olobule Mesbrane -
5 X guanidine hydroshloride and

7 M urea assist dispersiom of
membrane usterial and so
indiocate the importance of K
bonds to this material
(Barwalkar and Brumser, 1965).
Natural lipopreteins - Hataral
lipo proteins are not likely to
esontain H bonde (Cornwell and
Borroeks, 196V),

da e t « Proteiss
adsorbed «t interfaces have
prodadly unfolded which would
cause rupture of iatramolecular

Urea




H bonds and yield sites for
intensolegular i bosnds betwveen
protein and polar lipids,

Yater molecules would, borever,
compete for N dond eites
(Cornwell and Horrcoks, 1364),
Casein - Urea iz valuable in
diesceciating the casein coaplex
prior %o eiectropheresis wkich
indicates that %the complex
stability is dependent on
hydrogan bending (Fake and
Baldwin, 1961).
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Bydrophobic
Bonding

Proteins - Intrazolecular
hydrophodic bonds detveen nou~
pelar azinc acide contribute
atrongly to stabilising the
felded configuration (Kauzmann,
1959),

0 _pro = Iatramolecwlar
lipid:1ipid and 1ipidiprotein
hydrophoedbic donds are probsbdly
very isportsat 4ia lipo protelin
association (Ceranwell and
Horrocks, 1964). A non-lomic
detergent, Triton 1-100,

(a polyoxyethylene ether of an
alkyl phenol) eoabines with
the lipid moiety of tae alpha-
lipo protein of blood eerua
and rcaoves it from the
asseciation (Scanu and Orieate,

1961).

Detorgeats.
@rea say
pevsidly
vsakea these
bonds,
(Xaunmann,

1959).)




] Fat Globule Membd -
Dissosiation by sodfum dodeeyld
sulphate is effeotive and alse
the non-ionic detergent Amidex
10L (an e thoxylated alkyloe
anide) is of some value. This
infers Shat hydrorhobic boade
are important to membrane
integrity (Hervalkar and

Brunner, 1963%).

33.

Associated Problem - Acetone
insoluble, high melting poiat

(about 43°) 11pids are
associated with the membrane
materials of this study and
reduce effectivenens of
dispersants possidly Ly
preventing contset with the
saterial, i4pids have been
found to float free once

nelted (3ee Sections 7 amd8.2),

Nara to

Note: The transfer of an
aliphatic side chain of a
protein froa water to a noa-~
polar region eauses an energy
ohange of 1000-2000 calories/
mole of cll2 groups (Xausmeas,
1999). The values caleulated for
van der ¥aals forees give 400
cnlorloc/caz group (Cornwell and
Horrogks, 1964), Presusably
the two attraotions will

complement one another,




lLondon -
vaa der Vaale

forees

ngo-zrgtaina « As these

forees requires eatiufactory
steric configuration to

give cloee approach they aay
rot be fmvertsnt in natural
lipoprotein liakages

(Cornwell and Harrooks, 1964),
Colleidnl adaorptien -~ This
i» mtrongely influenced by
theee forces (de Roer, 1950),
(Presumably this will influenee
the bature of materials
adsordbed (e.g. fatty aeids,
ensymes, otc.). This could
be espesially true of the
interface areated vy homo~
genisation.

N Fat Glebu emnb -
During seereticn, ithe fat
droplet, as it {orms in the
oytoplasu, may have a lipid
monolsyer at its esurisce
containiag substantiai amouante
of lecithin and an adsorbved
layer of protein. Oz appreach
of this dropiet o taw plaswa
mesbrane at the apex oi the
cell vean der vaals Jorves say
provide the dosinaat foree
cauaing tbe plasma smewmorane to
attaeh itself te the proteln
layer of the droplet (Putten
and 7owkeas, 1967).

oy -y

8urfase
aetive
ageate.
(Aesting to
increase
hydratiea
these will
reduse sela

potential).




artificiel preparstioss - Van

der asls forees have bdeen
proponsed to axplain the binding
force creating complexes that
are found ofter hnrogenisation
of eineral o0ll into akis =ilk
(Fox et al, 1960), The results
show that wilk proteins can be
adsorded onto a simpis hydroe
carbon eudbstrate but this does
not elizinste the possibility ef
hydrophobic donding which is not
separately considered dy tuese

‘ authors.

Consideration of the eomaplexity of the materials that
are to be solubilised {n the various mesbrane leads to the
ooueclusions first, that previouve workers have achieved
incomplete succesr at characterisirg fat glodule mesbrane
material because compiets soludbilicatice hss provea
uaachievable, and secondly, that séequete sclubllisation will
require a mumber of sciubflieing vgerte that agt so as to de
complementary te oue runcther rather thar deyendence oa Jjust
oNe agent.

In view of xheuve ohrerv=ticns o seriecr of experisents
were devised to find a techrique that would give the best

overall solubliisgtion ¢f the wmaterial.
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INVESTIOATION OF SOLUBILITY PROPERTIES OF
KEMBRANE MATERIALS

Section 8,1
- DaJafiuwsess 2 bis
r Homo -

As the aim eof the preseat study was to iavestigate the
saterial adaorved eato the fat iaterface as a resalt of the
hosogenisatien precess, a atudy aimed at the aarxisus
solubilisaticon of membrane material of this origim wvad chosen
rather thaa a oceaparative study of the seludilities of
sembranes of various originms,

Pregedery!

200 g of a mesbreane material, iselated from the separadle
fraction of globules from homogenised milk was triturated in
a glass dish vith abeut 2 mls of a selution of dispersaat.

The slurried material was washed iato a test tude and made wp
to 10 nl with dispersaat solution and shaken fer four hours te
pereit hydration of protein saterial. Half of the resultant
dispersien was amalysed for nitrogea ceateat, The ether half
was pre-filtered through a No.2 eimtered glass filter (stated
t0 Rave a maxisus pore dieseter of 40 - 50.aM) to remeve
soespletely undissooiated material, and subsequeantly threugh a
No.h sintered glass filter (stated to have a saximus pesre
diameter of 5 - 10.aM). The fimal filtrate whieh contained
only Shat material whieh had a partiecls diameter of belew 10 aM
was analysed for aitrogen content. Because sintered glass
filters vary in uniformity of pore structure the same No.b
filter was used for all experiments. The coneentratiea of
nitrogen in the filtrate was then related to the original

value as measuyed by coneentration of nitrogen in the unfiltered
material to give a measure of solubility. The measure is
erbitrary and usadle only for cesparative purpeses where

sondi ticas of experiment are held steady while ehanging ealy
the disperaant,

Hote 1: . attempt 18 made to relate nitrogen level to protein
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gote 2:

level for sembrsne materials are diverse ia nature

and a constant value such ae 65,38 would iafer
unreasonably that natural protein s being seasured.
“here IDTA was used as dispersant its aitrogen
coutent was either calculated or measured from

"blank” values and subtracted frosm the values
determined for it was assumed to be completely

80luble and 60 bias the results by giving
dinpropoittoaatcly high levels of mitrogeam in the
filtrate,

Xitroger detersication. The deterainatioa of
nitrogen at low levels (perhaps 50 « 100 mg. N ia

the final sample) imposed difficulties. 1a gener 1
tae technique deseribed by the New Zealand Standard
#ethods for Chemical Analywie of Liguid Milk and

Cream (N.Z.5. 2246 : 1969) was followed but medified
to suit miero distillatioa precedure. (For details
see Appoa.dixa de The precision of titrations from
duplicate distillation of the digested materials was
not always satisfactory however, Is wvas learmed

that use of sedium thiosulphate to release ammonia 4ia
the distillation step may omn cccasions lead %o
produection of !28 gas which may be absorbed into the
borie acid solution and interfere with sudsequeat
titration. The alternative use of sodium Aypophesphite
proved more satisfactery. Results of detersinations
on the sreas powders gave the following differences

in titration, with 0,02 N HCl between duplicate
distillations: 0,03 ml, 0,07 mi, 0.03 ml, 0,01 ml, 0,0k
ml, 0,03 wl, 0.0% ml, 0,00 ul, V.01 ml. S8ueh
diffesrences are within the errer caused by mcasurement
of the liguid through the burette and im deteeting the
exact endpoint of the indioater. Censequently

sodium hypophosphite was used instead of sodium



thiosualphate for some of the nitrogen
determinations related to the wvashing proeedure

(Section ) and all of the following investigatienms.

Results

Table 4; Influence of Dispersants
Treatsent for éispersior of ¥ X passing the No. &
mesbrane material frow filter (max., pore sise
homogenised milk, S - 10 )
1 Dispersed in 14, iCl (21

2 Dispersed in I KC1l + 1 Drop
feepol detergent + 0.01 gm 53,9
ESTA (Disoddium salt of ¢
ethylene diamine tetra acetis

‘.“)o

3 Dispersed in 3 drops Teepol 38
detergent

& Dispersed ia 3 drops Teepol 62.7%
+ 01 gn EDTA

5 Dispersed ia 1% ULodium Dodesyl 69,6%
s“lﬂh“ (8.9.5.) + 01 . ¢ ]
EDTA

6 SX Guanadine hydroohloride + No result
2=-sercaptoethanol

7 30% Alcohol Yo result -~ proteis

floculated.

Other dispersants were tried but found unsuitabdle for
various reasons, 5¥ guanidine hydrochloride plus 2-mercapto-
ethanol may bave beer satisfaetory but could not de
satisfacterily analysed by Kjeldahl procedure for mitrogen
recovery froa the guanidine growp 1s not complete (Bradstreet,
1965). The use of KCl whiokh will dissceiate glyeoproteia
fros natural fat globule membrane (3wope, Rhee and Brunmer,
1968) 418 unsuitable beosuse the recultant solubilieed material
would have too high an ionic strength for satisfastsory
application to DEAE cellulose chromatography or eleestrophoresis,
2-Hercaptoethanol alone mas of no apparent value on inspeetion
of the dispersion which eonfirme as earlier report (Harwalkar

and Brunner, 1960), In the absence of detergent the membrane
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saterials vere not suitadbly wetted by the dispersants sc that
sone trials carried out without detergent inelusioa proved

meaningless.

Disgussion - The results shos olearly that detergeat has a
considerable value in improving dispersioa. This is ia
aoccordance with pudlished results (Harvalkar and Srumner,
1960) and was later shown te be due not only to its effect on
—

wvetting the material but also to a specific reactioa with the
material, It 18 not of vorj great value when used alone

however.,

The value of EDTA ia ecemdination with detergent (necessary
to assist wotting) is notadble and has deen previously reported
as a peoculiarity of the casein-lipid complexes of homogenised
and pasteurised silks (Cerbulis, 1969). 1Its value in
dispersing the casein complex is also knowa (Thompsoa, Kiddy,
Johaston aad Weiadburg, 1964). Possidly this iadicates the
presence of easein {a the msemdrane material of homogenised silk
and additicnally it may indicate that EDTA assists dispersion
of natural membrane as suggested above or even that the
protein-1ipid complex ie etabilised by ions that are chelated
by LDTA.

Section 8,2

T I ue f Hea on the D 8 Memb

Materi fr Homogenised M

Procedure:
The procedure of experiment was similar to that deserided

in Part 1 except that after the shaking step the dispersion was

heated prior to filtering.



losu;!-:
zgh;o 3t
Haterial " # N passiag the
Used System of Dispersion | No. & filter

200 ag of a freshly| 6) Add 1% SDS, + 0.01 gn
prepared membdrane EDTA, shake, bdoil,

preparation froas cool, filter. 67.4
the separable
globules of homo- ?) As above but filtered
goeained milk. hot (about 90°) 96.2

8) As for 7 but honto‘
and filtered at SO 73.5

Hembraane material
fror the ssmallest
glodbules of homo- 9) As for ? 7%.0
enised milk
ainor fraetioa)

Discussion: Ian this series of results the extent of
soludbilisation by use of detergent and IDTA is confirmed while
using membrane material prepared eeparately froa a different
uilk, The material, when heated and ococoled before filteriag
(Expt. 6.) shows the same solubility as a non-heated sample
(Expt. 5.) but 4if the material is heated and filtered hot
(Expt. 7.) the proportion that cam pass the filter is impreved.
Unfortunately filteriag while hot has a numbder of drawdacks.
Firet, the minor fraction does mot appear to de 0 well
dispersed at this temperature (Expt. 9.); secondly, high
temperatures will lead to denaturation of ensyses and pessidly
other membrene sosponents (as may be indiscated by the low valus
of Expt. 9.)1 and thirdly, the use of vacuws $to drav the
dispersioa through the filter while it is hot and coataiass
detergent leads to frothing which might further demature the
-solubilised protein materisle, It ie shown that heating and
filtering to 50° will still improve the exteat of solubilisation
with little damage to ensymes or other membrane somponeants. To

avoid the frothing problem centrifugal separation of insoludle
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materials proved satisfactory.

Centrifugation also provides an indication of the reason
why heat is of value for not only does a sediment of inscluble
_ material appear at the base of the tube but also a disc of
s0lid white fat appears at the top. As previously stated
(Section 7 ) the butanol and acetone extracted memdbranme
povders contain a proportion of fats that are doth acetone
1asoluble and of high melting poisnt (above 40°)., These fats
have been previously recognised as being associated with the
natural asemdrane dbut are probadly not an integral part of 4t
(Vasie and De Man, 1966; Mattsson, Swartling and Nilseon, 1969).
In the acetone dried powders they appear to provide a satrix ia
which the protein particles are imbedded and thus the proteia
cannot be wetted by the sclubilising ageat. Oa melting the
fats, partioles of acetone powder can be easily seen to
dieintegrate and dispersion of the proteia by the reageat san

thea proceed.

This provides suitadle explanation for the above results
for while fat is in the soclid state it blocks the pores of the
filter and so reduces the pore sise of the filter so that lese
protein material ocan pass, This is indicated too by the fact
that ether can effectively clean the filter., Possidly also
the influence of heat may be in part to assist the action of
the detergent. Assuning that these act prisarily through the
forsation of hydrophobic linkages with protein side chaims and
also increase the order of the protein molecules (Tanford, 1968)
heat will tend to support this action for the transfer of aa
aliphati¢ side chain froa water to a non-polar region ia a
protein is endothersic to the extent of 1000 - 2000 sal per
mole of CH, groups (Kaussann, 1959). Raised temperature alee
improves detergent aetivity by altering the mature of the

micelles formed (Elworthy, Florence and Mefarlane, 1968),
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Having established the value of heat im improving
solubilisation a number of restraints are placed upon the way
in which other solubilising agents can be used, It 48 not
possible to heat proteins in the presence of urea because hsat
increases the likelihood of carbamylation of amino and
sulphydryl groups of proteins by the cyanate that forme as a
breakdown product of urea (Stark, Stein and Moore, 1960).
turthor-or§ the use of 2-aercaptoethancl prior to heating is
excluded for it is highly volatile and would be lost., These
tvo reageiits can, however, be added after the heating stage

whea required for subsequent analytical procedures,

Section 8,3 The Te ue of Solubilisation of Membrane

M Sodium Dodeecyl Su e
In light of the above investigations the following

solybilisation technique was adopted.

. 300 sg of meadrane material, 100 mg of 8.D.8., and 10 mg
of EDTA were triturated with the buffer solutioan that was
apprepriate to the particular amalytical procedure in use.
Voluse wes sade up to 10 =l with ﬁnftor and the suspension
vas shaken for 2 - & hours. It may have then been held for
up to 20 hours at §° according to convenience. The suspension
vas warsed to 50°. then while still hot centrifuged at 4000
repem, for 5 minutes in a BTL bench centrifuge. This gave a
firs pellicle of fat and a sedisent of insoluble material.

S - 8 mls of the central cloudy liquid layer was withdrawn by
pipette and urea was added to make the soluticn 4,6 Molar with
respect to urea. This solution was held for not more thaa 2
hours. Two drops of 2-mercaptoethanol were sdded just prior

to beginning the analytical procedures.

Conelusion
Consistent with the oconolusion that as a nusber of bonding
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forces are to be broken a number of reagents will be neeessary
the s20lubilisation technique employs scdium dodecyl sulphate
(8.D.8,) to wet the material, to break hydrophobic bonds and
weaken van der Waals forces, di-sodium e¢thylene diamine tetra
acetic acid (EDTA) to chelate calcium and magnesius, urea te
disperse hydrogea bonds and weaken hydrophobic bonds, anmd
2-sercaptoethanol to break disulphide linkages. These last
twvo reagents are employed after centrifugation so do not react
with the “iasoluble" fractioa. In addition the solutica 4s
warned to S0° to melt adherrant fat and buffer piis are betweesn
9 and 11 and this essists the action of EDTA end assists

protein solutionm.

Section 8.4

Because of ite ionic nature 8.D.5. affects the results ef
experiments by odscuring the netive charge of protein materials.
Te gain informatioa relating to this property the use of aen-
ioaic detergent to serve the same funotions as S8.D.8. in the
soludbilisation precedure was investizated. The non-ionie
detergeat Aaidox 10L (an ethoxylated alkyloamide) has been
showa to be of limited value in dispersion of natural fat

globule sembrane (Harwalkar and Bruamer, 1960).

Treatment of fat glodules with sodium deoxycholate results
ia the desorption of lipo-protein particles which account for
45% of the total weight of the matural fat globule membrane.
The mechanism of release of such particles is unexplained but
lack of danage due to the detergent is iadicated bdecause
sinilar particles released froam the meamdrane by physical
(ehuraing) procedurea have similar properties. The particles
exhidit soludility in water (which could be contributed to by
bound deoxycholate), ultra-centrifuge sedimentation character-
istiss, precipitation characteristics with changes ia pH aad

with ammonium sulphate concentration, which indicate that
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reaction with detergent has not resulted in serious
modification of their native properties. Similarly, the
activities of alkeline phosphatase and xanthine oxidase
suffer little reduction after reagtion with the detergent
(Hayashi and Seith, 1965), Lipo-proteins that have been
isolated from the fat globule membrane and treated with 2%
sodium deexycholate (or a nuadber of other lipe-proteia
s¢lvents) eannot be charaaterised by electrophoresis however

(Alexander and Lusena, 1961).

The ability of mon-ionic detergents to solubilise cell
senbranes has been demomstrated with bacterial sembranes and
with human red corpuscles (Elworthy, Florence and MeFarlane,
1968). In the latter case Tritoa X-100 (polyoxyethyleme iso
ectyl phencl) was ueed and although extent of solubilisation
does not appear to be great it did lead to the release of
sembraae compoments without loss of biological integrity
(Bonsall and Hum$, 1966). The membrane of cerebral microsomes
has also been treated with the non-ionic detergeat series
“Lubrel” (a polyoxyethylene ether series) to give scludilisation
of up te SOX¥ of the protein (Swensen, Bradford and Mellwainm,
1964),

Solubilisation techniques when using mon-ionie detergents
depend largely upon the extent of hydration achieved and it o
knowa that such detergents complement one-another's activities.
The above observations appear te have been carried out using
single chemicals only. Ome of the importaat preperties of
non-ienic detergents that can be used to assist the choice of
an appropriate blend of detergents is the hydrophile-lipophile
balsnee (ZLB), The HLB value i® an expression of the relative
simultaneous attraction of an emulsifier for water and for oil
and relates primarily to the proportions of hydrophodic and

hydro
li,ophtltc components of the molecyles. For every material
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to be solubilised emulsifying agents are chosen to provide an
appropriate HLB value, The HIB of a single emulsifier ean
be found by econslderation of its formula (or experimentally)
and the HLB value for i mixture of two emulsifiers can be

enlculated readily (Criffin, 1965),

Modifying the application of the HLBE system however are
the differing modes of action of the various emulsifiers feor
which various models have been proposed (lakagava, 1567), Tor
exanple, c:iylono oxide derivatives have the property of
hydrogen bond formation between the ether oxide and vater thws
creating a high degree of hydretion adout the scludilised
material but the solubilisation effected remnehes a peak value,
instead of imcreasing, as length of polysxyethyleue chain is
increased (Sherman, 1968; Nagakawa, 1967). ZThe same
observatioa applies to the solubilisation of microsome sembrame

(Swainson, Bradford and Mollwaia, 1964).

The numerous factors that influezce effliciemcy of
soludilisation have bdeen recently reviewed (Llworthy, Florease

and MacFarlane, 1965),

To solubilise the various membrane materiale for the
present study it was necessary to choose an appropriate pair
. of esulsifiers, The choice was made after the following
considerations: (1) As the materials are stirongly aydrophobie
the wse of a polyoxyethylene derivative having good hyiration
properties was indicated, It is known that the moat effective
surfactante of this series contain a relatively short aumbder
of ethyleme oxide units, n. e.g. (K » 20) (Elworthy et al,
1968; Swanron ot al, 1964).

(2) Ia combination, sorbitol improves poly-
oxyethylene detergents.

(3) Eauleifiers with side chains that are



sterically different forz mixed micelles that do not pack
tightly and so ianclusion of solubilisate into the miselles i
faoilitated (Xlworthy et al, 1968; Nagakawa, 1967).

(A) 8o that a wide range of FLAR values
could be tested it was coavenient to choose two cénpoundl

having widely diffarent HLE values,

On these bases the tvo emulsifiers chesen were:
Teeen 20 (polyoxyethylene 20 sorbitan monolaurate, #lB 16.7) and
Span 83 (sorbitan trioleate, HLB 1.8) as supplied by Atlas Chemical

Industriee Inc,

Procedure for deteramination of appropriate HLB value:

Hembrane material isolated from separable glshules of
homogenised milk and from natural milk fat globules were
treated. The emuleifying agents Tween 20 aad Span 85 were
diluted 1:10 and nixed in various proportions to give a range
of HLB values acoerdingly to the relationship:

(HLB of mixture = xA + (1 = x)B )
where x is the proportion of the surfactant haviag am HLB of A

whilst the other surfactant has an HLE of B,

300 mg of memdrane material and 10 ag of EDTA were mixed
with 1 ml of tke diluted emulsifier, triturated and made up to
10 =l with water. (Thie gave a 1% concentration of emulsifier
which exceeded cloud point in all eases). The reat of the
investigation was carried out as for the investigatioa of other
dispersants except that the disperesion was cleared after
heating to 50° by centrifuging at 6000 r.p.m. for 5 minutes
instead of filteriag on a coarse filter. A No., & sintered
glass filter was again used for the final removal of material
insoluble at 50°,

Results:? The results are presented in Figure C.



Figure C. The Solubility of Membrane Materials in Non-ionic Detergents of Various H.L.B. Values
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Alsc, for comparative purposes the emulsifiers, Tweea 60
(pelyexyethylene sorditan mono stearate, HlB 14.9) and 3pan 60
(sorbitan monostearate H1B b.7) were iavestigated at HLB
levels between 12.8 and 14,9 bdut found to give me seludilisatien
of the membrane material isoclated fres the separadle glodbules

of homogenised milk,

Discussion:

The reoults in Figure C show that the effectiveness of the
non-ionie detergents is dependent upon a number of fastors.
These are:

(1) The HLB Characteristics of the detergent mixture

Solubilisation of the material at the moat appropriate ALB
values is as effective as that achieved with sodium dodesyl
sulphate. To this exteant a major aim of the imvestigatioa has
been achieved. At other HLB values solubilisation is poor or
not achieved at all. The 5.D.5. molecule does mot fit well
into the HLB eomoept (though it ecan be assigned a nosimal
value of 40) beeause its primary difference from the other
enulsifiers is its charged nature, From the results, however,
it is appareat that the reaction of the mesbranme material with
the non-ionie emulsifier is adequate to provide 70%
solubilisation without a contridution froam the eharged group.
These results indicate that the charged group of 52.D.5, need
take no direet part in the asecciatien with the membrane

saterial,

In the ELB range of 3 - 6 emulsifiers act t0 assist vater
in oil emulsion (Beeker, 1967) and are highly hydrophedie 4ia
sharaeter. This apparently suits the natural seambrane. It
say be for this reason that dutterfat emulsification in
resombined milk plants is most satisfactorily aehieved by use
of glyeerel mone stearate shich had an KIB value of 3,8, Sweh

enuleifiers are not readily dispersibdble iam water whieh
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indicates that the sesmbrane material itself must previde the
necessary hydrophillie groupings to fora the oil im wvater emulsiea

of this experimsat, .

In the HL® range 7 - 9 emuleifiers act as wvetting agents,
%hile this action is of some value this canmot be the oaly

funetion served by the emulsifiers.

In the HLB range 8 - 13 oil in water esmulsions fors and the
emulsifier acts to provide suffiecient hydrophobic groups to biad
with the soludbilisate aaterial and a high proportioa of
hydrophillie groups to stabilise it in water suspensien. This
wvas of no value to the natural sexbrame but was isportant te a

ecosponent of the mesdrane froam homogenised silk.

(2) The Type of Hydrophobic chain of the detergent

Laurioc acid 4s the hydrophobic eosponent ef bdoth
sussessful detergents (5.D.5. and Tween 20) but not in the
unsuccessful ones (Tween 60 and Spam 60), But further, the
suecessful detergent eontains a mixture of fatty mecids (oleie
and laurie) which would have different steric characteristies
and so form an open micelle that would readily incorporate
solubilisate. The unsuccessful mixture contains only stearie
acid aund would form tightly packed micelles less suited to

solubilisation.

The importance of using a blend of nor-ioaic detergents
is established from the foregoing consideratiens and this mey
explaiz why previeus reports, in which only single emuleifiers

were employed, show only partial success in soludilisation.

(3) The Nature of the Solubilisate ~ the mesbrane saterial

The results show impertant differences between the

reactions of membranes from mormal and hesogenised milks. Beth
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are soludilised by emulsifier bleads having hydrophodie eharaet-
eristies but the material from hemogenised milk appareamtly has
an extra componeat whioh is best solubilised by emulsifier
blends having hydrophillic eharacteristice. This can be explained
by assuming that both materials ecoatain material of the aatural
memdrane but homogeaisation has caused an additional mesterial

to be adeorved., &uch smaterial may comsiat of a aumber of
fractions having varying H1B requiresents, As socre thaa 50%

of the nitrogea is soludle at lev HLB values this additional
adsorbed saterial must have some solubility with hydrephodie
emulsifiers alese.

Fros eonsideratiea of the mechanism of emulsifier cetioca
it ean be postmlated that the aatural sembdrane saterial hee aa
adequate complement of hydrophillie groupe to stadilise 4t ia
water suspensioa and the fumotioa ef the esulsifier 1 te
satiefy expesed hydrophobie groups by complexiag them with its
ova hydrephedic groups. The edsorbded saterial of the
homogenised silk oa the other haad is possibly hydrophobie in
Bature requiriag aa emulsifier with excelleat properties of
water dispereidility to hydrate it and stadilise its suspension

ia water,

Conclusion

The results iadicate a means of partially fractienating
the mesbrane aaterial of hemegenised milk, By wse ef aa
esuleifier mixture haviag an HLE of 11.6, material presumed
o have deen adserbded dus te homogeaisation, is readily soluble

whoreas native mesbrane is not.

Consequently msesbrane materials were solubilised by the
follewing teehnique:
370 mg of the membrame saterial was triturated with the

buffer appropriate to the particular atudy, 0.01 gm BDTA,
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0,33 ®l of a 1310 dilution of Span 85 and 0,66 m1 of a 1:10
dilution of Tween 20, The procedure then followed that

detalled for solubilisation with 5.D.5. as the reagent.

Section 8.5

The preparation of solubilised membrane material includes
washing, freese-drying, fat extraction, and heating to 50° and
it is possible that progressive alteration of the original
materials could ococur. Evaluation of the extent of sueh
changes cannot be directly made for there is no "standard"
lo-brnﬁo material with which to compare. One indicator of
sembrane stability is the enzyme alkaline phosphatase the deta
fora of which is present in the natural fat globule membraane
(Peeredboozi, 1968) and which should remain active in the
solubilised material. This enzyme is fairly heat stable and
would not be destroyed at S0° (Jenness and Patton, 1959) though
a small extent of denaturation eould ocecur, S84mple detection
of the acotive enzyse would indicate that severe denaturation
due to laboratory procedures has not occurred. Because of the
possible direct effect of detergent on the -ubltrato,dotorgont;

solubilisation was not studied in this manner,

Procedure:

0.02 grems of membrane material (approximately equivalent
to the weight of membrane in a 10 ml sasple of milk having &%
fat) was added to 10 ml of carbonate/bicarbonate buffer, warmed
to 50° for 20 seconds and cooled rapidly under a stream of
water to air temperature. The phosphatase thus extracted was
then determined from its action on the substrate disodium para
nitro phenyl phosphate according to the technique of
Aschaffenburg and Mullen, Each type of material vas

available from three separate milks,
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Resulta:
Iable 7.
Lnzyme Activity (expressed as mioro-
Origin grass of p-aitro phemol released per
of ml of suspensioa ia 2 hours).
Heshrane Freshly extracoted Material after
LU Do saterials 1 moath storage
at 0150
Hosogenised ailk
- sinor fraetioa 25, M2, W2 [
- separable fraction 25, a%, 18 0
Non-homogenised milk 10, &2, 10 | 0

Disgassion:

The results clearly show that the alkaline phosphatase has
been retained from the original milke with varyiag success but
without total denaturation. The actual levels of enzyme
activity in the various preparations cannot be used to support
conclusions about the preparatioans bdecause they say merely
refleot variations in composition of the membrane preparationms.
A coastant wveight of material taken does not necessarily refleet
a constant weight of sembrane from the origisal milke and
officient ensyme extractioa from the materiale is not very
likely because dispersants were not used, Extracts were
prepared in small quantities bdecause of the difficulty ia

preparation and cospositoanal analyses were not atteampted.

After a month's storage of the membrane materials at -15.
however the ensyme has lost {ts activity and this indicates
that saterials should be freshly extracted before analytiecal

proeedures are performed. The ensyme appeared to bte stable
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in oream powders for it could be extracted after 2 years
storage at -15°. This indicates that reactions cam ocour withina
the powdered, fat extracted materials during storage at -15‘ and
it was further observed that insoludbility of samples or
anomalous results during electrophoresis or chromatography
could be eorrected by preparation of fresh sembrane saterials.
Similarly, reaetivity leading to imsolubility withia 3 days at
5° has been reported for proteo-lipid saterial that had deen

fat extracted and poedered (Tenenbaum and Foleh, 1966).

The results also show that homogenisation has not led to
phosphatase inactivation. Fat globules of the sise reeovered
in the "minor" fraction did not occur in the original silk yet
forces which have been sufficient to cause adsorption of proteia
saterial from the serum onto these globules has not preveated
aotive ensyme froa being either retained or freshly adsorbded

from the serum along with the other materials.

Senslusions
Studies of the soludbility eharacteristics of the memdrane
saterials support the followiag conclusioans:
1) EDTA 4is of value in improving the dispersion of the sembrane
saterial froam homogenised milk, This could arise fros
some combination of at least three factors. Remnant
natural sembrane material may still be present and be
structurally dependent upon ions that can be chelated by
this dispersant. Casein, which is known to be dispersed
by ZDTA may be pressat on the newly formed sembdrane. The
formation of fat/protein links may be structurally dependent

upon ions that cen be chelated by EDTA,

2) Detergents are of value in dispersion of the materiale aad
¢an act through wetting the material, dreaking vaa der Waals

attractions, breaking hydrophodic bonds, or some dombdination
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of the three. Decause non-ionic detergents, at the
proeper HLB value, are apparently as effective as sedius
dodeeyl sulphate it 48 concluded that charge is net of
vital importance though this is not to -.:[fb-o—tt—il—tlt
bathhut it bas no value.

Heat is of value in dispersing the material. It aets
to liquify fatty materials present and iaprove the

emulsifying action of the detergents.

A combination of dispersion agente is desirable to disperse

the numerous bond types present in the complex material,

As the mesmbrane of homogemised milk is soluble at two HID
values it may contain two components; one adsorbed and one
remaining from the original meabrane. If o0 the adeerbed

saterial is probdably hydrophobic in character.

On the basis of relative soludility the adaorved saterisl
say be solubilised preferentially to the remaant of the
natural smaterial by use of non-ionic detergents haviag aa
H1B of 11.6 and contaiming both lauric and oleie acid

residves.

After the extraction process it is possible to detect
attive alkaline phosphatase in all sesbrane preparatioas
80 the pro¢edures cannot be severely dematurimg. The
presence of this ensyme on the meabrane of the samallest
globules of homogenised milk indicates either that it e
aot destroyed by the prooess or that it can be adsorbded

from the serum subsequently to the homogeaisation.
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Charaeterisation of the protein saterials was perforaed
by twvo principal techaiques. 7The material that had deen
soludilised with ionic and with non-~ionic detergents vas

eth y!
fractionated by use of DEAE (di ethyl aminmo lhi;h) eellulese
chromatography and the fractioans were checked for purity by
scanaing at ultravioclet vavelengths, Also electrophoresis in
polyacrylamide gel was used to eeparate the proteins of the

mobrane materials and of the fractions,

These procedures provide information about twe fairly
distinct properties of the proteius; the charge on the protein
molecules is the principal property distinguished by the
chromatography and the charge as modified by molesular sise
and shape is the principal property distinguished by polyacryle

amide electrophoresis,

91

el et e
The prineipid of separation by column chromatography is
that sultiple elecstrostatic bonds fors between charged
sites on the adsorbent and sites dearing opposite charge
oa the surface of the protein molecule. The number of
such bonds that can be established will deteramine the
concentration of competing ions required fer relesse of
the bound molecule, The extent of bonding established
depends upon the protein's charge density, the protein's
charge distributiop (vhere it affects the availability of

charges to be adeorbed), On occasion non-electrostatic

forces say play a part,

Proteins, adsorbed onto granules of the DEAK eellulose,
are released by a buffered eluate contalniag progressively

inereasing levels of eodium ehloride. The least strongly
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bound proteins desorb at low sodium chloride concentration
and the more strongly bouad proteins are released
progressively as the sodium chloride concentratioa is
increased. The released proteins then elute with the

flow of buffer and can be measured and collected for further
investigation. 7The goﬁornl technique has been well

described by Peterson and Sober (1962).

The technique does not appear to have been previously used
in study of membrane materials though ion-exchange resia
chromatography in the detergent Triton X-100 has beea used
partly successfully to purify the membrane protein of

E, ¢9l4 (Kennedy, 1969). The specific teshnique employed
in the preseat study has been successfully uaed to separate
snd characterise caseins (Thompsom and Kiddy, 1964; Thoapsoa,
1966). It was assused that such a technique should be
satisfactory bdecause caseian and/or other ailk proteins should
be adsorbed onto the fat/ssrum interface as a result of
homogenisation of whole milk and these proteins, must be the
origin of the adsorbed memdranes of the artificial
proparqfion-. It was further assumed that such saterials,
once salubilised would show adsorption properties on DSAF
cellulose bearing similarity to the original proteins.

This assuaption appears to have been made also in inter-
preting the free boundary electrophoretic patteras of
"alpha-¢asein” and "beta-casein" on measbrsne material of

homogenised milks (Jackson and Bruamner, 1960).

8ince the present study was initiated a technique for
quantitative determination of casein components on DEAE
collu}o-o after alkylation of the protein has been deseribed
(Rose, Davies and Yaguchi, 1969). Alkylation was not
necessary to give satisfactory resolution of the casein
components but quantitative studies of the components

usiag 2-sercaptoethanol with un-alkylated samsples were

insufficiently precise, for small peaks of material that
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desorbded at low sodium chloride levels appeared and ianterfered
with the results, The systen used in the present etudy includes
the use of 2-mevrcaptoethanocl directly aand the imterpretatioa of
results suet allow for this observation, The same equipmeat and
materials as used ia the present study have been employed te give
near guantitative imforsmation about the variation of easeina

comsponents durimg the milk production seasoa (Sandersem, 1970),

Procedure

Xaterials were prepared as follows:

Buffer was prepared in dulk and contained 0,01 M imidasele
and 8,5 N urea and waz adjusted to pH 7.0,

Urea solutions were made up to 6 Molar, filtered to remove
impurities, and passed through a sake of fine DEAE eellulose oa
a buchner funnel, DEAE cellulose (Whatman DE 52 microgranular,
pre-svollea) wes prepared as stipuleted by the mamufacturers,

The ehromatography was perforsed as follews:

Before sach use the eellulose material was =mixed ia dulk with
buffer and allawed to settle, the buffer decanted, and fresh
buffer added., This procedure vas repeated several times to
remove all proteia material and sodium chloride that eoculd remain
frem earlier use, The slurry of cellulose was thea run imte a
Kentes shromflex column (20 mm diameter x 900 ma leagth) and
packed by pumping duffer onto it for 2 hours usiag a Sigma
perietaltic pump.

The prepared sample contaiaing 300 mg of mesbrane material,
freshly aixed with 2-mereaptoethancl, was pusped eato the top of
the celuma. This was followed by buffer pumped at the rate of
3% ml/hour from a 2 chamber gradient deviee (3500 ml bduffer and
2 drops 2-sersaptoethancl; 500 al duffer, 2 drops 2-mercaptoethanel
and sodium ehloride sade jp to 2 molar) which fed a linearly inereasiag
concentration of sodium chloride on to the columa., Chromatography
wes earried out at soom temperature for about 16 heurs duriag whieh

Cluan
time the sedium ehloride concentratiom in the ) rose o about
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1.2 Nolar. The eluted protein solution vas moaitored at
280 aM by passing through a Unicam (SF 500 series 2) spectro-
photometer equipped with four flow-through eells of varying
pathlength (1, 2, 5 and 10 mm). The spectrophotometer was
prograssed to read every 3 minutes and was coupled to a Sargeant
recorder (medel SR1G) set to record, optical deneities detweea
O and 1. The eluate then passed to a Gilson sequential fraetiea
collector, set to sollect 5 =l samples, This procedure
provided a graph of optical density at 280 nM againes time and
an event marker identified the points at whioh the fraction

eo0llector moved the tudes,

The 1liquid containing the fractiomated protein was dulked
into its fractions and chlorofora was aided as preservative,
Each fraction was dialysed at 4° for 3 deys, against four
changes of distilled water, to remove buffer. The fractions
at this etage had a volume of adout 20 = 40 mls (depending on
the sise of the original peak) and were cemsentrated to about
% sls by placing the closed dialysis dag into a small jar,
sprinkling pelyethylene glyeol over it, eclosing the jar, and
holding at 4° for about 14 hours. vater wsas draen out of the
dialysis bdag during thia period and the concentrated material,
preserved with schlorofora, was held in 1 os. XcCartmey bdottles

at “oo

At a convenient time (always within 1 week) fractions were
scanned over the wavelength range 230 « 320 n¥ in a Becksan DU
resording spectrophotometer to indicate purity of the fractions
and to indicate which frastions contained protein. Fraetions
were thereafter held at 4° ia the presence of ehlorofora for

electrophoretic investigzation,

Discussion

Kajor differences between nembrane materials and casein as

analysed by chromatography socon became appareant, Membrane
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proteias were not adequately desorbed at a sodium ohloride
concentration of 0,3 Kolar which is satiafasctory for casein
aund consequently the use of a sodium chloride gradient that
rose to 1.2 M was introduced, [Even at this level there
appeared to be protein atill sdsorbed to the cellulose, This
observation must indiocate that the materials, as solubilised,
are much more highly negatively charged than the native caseins

et pH 7.0 (5ee Seotion 10.4 for further discussion of this poiat),

Urea for use im this proeedure is subjected to a deionisatioa
step by rassing through a bded ;¥?2illuloac. A deionisation
step is said to improve resolution of protein oomponents and
reduce the 1likelihood of cardanmylation of lysine by ayanate

fons (Thompson, Gordon, Boswell and Parrell, 1%69).

Concentration of the fractionated proteins was performed
by osmosis using a high molecular weight anhydrous material
outside the dialysis meabdrane. Folyethylene glycol, a waxy
flaky substance with molecular weight of 20,000, was used,
This principle has been used for ooncentration of enasymes and
no evidense of damage to the ensymes was detected (XKoka, 1939%
Bannatyne, 1969), The technique was simplified by retaining
the dialysed protein fraeticns in the dialysis bag where they
resained without possibility of conteaimation, Re-use of the
polyethylene glyeol after drying by heating in an ovea at

aso‘r waa noranally nraotieed.

Preservation againzt bacterial action was achieved by
holding fraetioas cold and by addition of chlorofors. Toluene
was initially used but discontinued becaunse its absorption

spectrum interfered with the U.V, scanning of the fractioams.

The teehnique as described contains many steps and is tine
consuming e0 that only two or three samples were handled per

veeke Minor difficulties such as mechanicsl defedts could
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ruin an 1nvonii;§ttan but the process was not, on the whole,
difficult to perform. As membrane materials had initially
been prepared in triplisste it wes not ncrmally necessary to
duplieate individual runs theugh this wne ocecasionally earried
out to eheck the reliability of the technique, Results were
required to be gualitative te show the occurrence of differing
components in the various materials and did not need to be
interpreted quantitatively. Indeed, an artifact peak appeared
very early in the eluticn pattern (see page 75) bdut this
was ignored in atudies of easein for it contained no proteia
ani was apparently due to a» resction of 2-mercaptoethancl with
some component of the buffer. In the present study the sanme
peak did om occasion contain protein, detectable by electro-
phoresis and U.V. scanning, so it wae never ignored, To this
extent the uys;.n is not quantitative for the materials that
desorb at low sodium chloride concentrations but it is known

to be reliable for casein at all peaks after the first,

The value of zone electrophoresis for characterisatien of
the membreane materials in the present study lies in two main
applicatiens, The first is in chocking the nature and purity
of the fractions separated Ly chromatography becauss materials
having sisilar charge but different molecular size san be
distinguished, The second is in providing overall patterns
for the proteins in the various mesbrane preparations, The
principles of z20ne electrophoresis in gels and is the presende

of urea have been recently deseribed (Poulik, 1966).

Dialysios of the frmctionated materisls, desides removing
buffer, would be likely to resove 5.01.5. from protein/S.r.8.
complexes. If this occurred tc an appreciable extent however
presumably the unstabilised protein would precipitate. This

did not oceur so it appears that the protein/s8.D.5. complex remains
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after the relatively short dialysis pericd of three days.
Complexes formed between protein aad non-ionie detergent blend
would not have altered in this fashion btecauee the pelyoxyethylene
tail with eslecuvler weight of 20,000 would be retained within

the dislysie membrane, CEubsequent electrophoresis presumably
therefore ia characterising the protein/detergent complesec

and not rcerely the proteins,

The natural membrane proteina of milk have bheen previously
characterised by electrophoreails and 2 or 3 componeats in the
material that is readily soluble have been detected (Prentice,
1969). Ihe membrane material of homogenised milk has heea
subjected to iree boundary electrophoresis but the value of
these results iz limited because the reasolution ashievable with
this teahnique is not great (Rrunner, Lillevic, Trout and
Duncen, 1953; Jacksoan and Brunaner, 1960). The use Of sone
electrophoresis on such zembrane neterials is limited either
by lack of memdrane solubility or by the fact thet anatural fat
glebule membrane proteins may be so large they do anet all enter
the gel. Starch gel electrophoresis has been found to be
unsatisfactory but use of polyaerylamide geis in the presence eof
detergents is reusonably effective, Even under these conditiones
a proportioa of the protein s too large to enter the gels

(Harvalkar and Bruamer, 1969%).

Despite its potential the use of polyacrylamide gel
elecirophoresis to cheracterise detergent solubilised sembrane
material has not been reported for systematic use im stuéies of
the milk fat globule membrane. 8.0.58. solubilised membranes
have been extensively inveatigated by mone elestrophoresis in
study of erythrocytea (Roseanburg and 3uidotti, 1969), ribesomes
(8hapiro, Scharff, Maisel and Uhr, 1966), poliovirus (Susasers,
Maisel and Darnell, 1965) und the hasterium Fscherichia eoll

(Vinuela,Algranati and Cchoa, 1767)., In all of these cases
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the membrane saterials are more completely soludbilised by
detergents than by other dispersants and subsequently give a
greanter number of electrophoretic bands than can be demonstirated
with other dispersion asthods. Kecovery of 93% of the orfgimal
menbdrane protein of adenovirus aiter v.D.3.-solubilisation and
polyscrylazide gel electrophoresis has beea demonstrated

(Mmmiel, 1966), 1t is recognized that suoch bunds represent a
protein/i .'.£, complex and o thia axteunt do net represeant the
original aaterial., ¥or use as a tool in comparative studies

of the nature of various meabrane preparatioas this eonsideratiea
need 2ot be a limitation. That is to say the ability of the
materials to form protein/s.Dh.8. complexes could be a distinctive
property of the materials and this property =z:ay sell be evideneed by
the ability of the complexes tc migrate differently om polyaeryle

amide gel electrophoresis.

The use of protein/ 5.0L.5. complexes to indicate the
molecular weight of unknown proteins and polypeptides has been
propoeed, It has been sugzzesteé that the formation of a
protein/5.0.8. coxplex minimizes native charge differences
between proteins and conssquently all proteins migrate as
enione of sporoximately the same charge becanse they take the
éominating charze of the 3.D.3, iens. Polyacrylamide gel
alectroghoreaic of the complex should consequently ashow migratiea
rates which are dependent more upon the retardatican of amigratiea
by gel pere sisze than by protein charge. Cn this basis a
relationship between molscular seight and relative migration of
the complex has been propozed (Shapiro, Viauela, Naisel, 1967).
This technigue hes heen employed to indicate the N.¥. of a
protein disecceiable froz Sthe erythrccyte membrane (Marchesi,
Steere, MNarchesi zand Tilleock, 197C) and also for the membdrane
protein of Escherichia coli (Xenaedy, 1965). The application
of the teohaique to the fractions separated by DEAE chrosmategraply
appeared 30 de very exciting but, as will de shown (Seetiom 10.4)

it® reliability 1s open to doubt.
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The elestrophoresis of membrane proteins treated with
non~ionic detergents has been less widely employed. A nusbder
of authors (e.g. 30anu and Uriente, 1961) have quoted with
approval an unsupported statement that non-ionic detergeats are
without effect on proteins (Putnam, 19%53). This is not true
for lipoproteins, for Tritoa X-100 alters the blood seruam
lipoproteins so that their electrophoretic mobility in stared
gel is sltered, It wea considered that the eite of atsack is
the 1lipid moiety and resoval of lipid caused the change eof
electrophoretiec mobility (douau ard Crisunte, 1961). This may
not be the eomplete reason however for noneionie polyoxethylese
detorgente alen nlter the electrophoretie mobility of a aumber
of pure (crystallised) proieins vhen subjeeted to paper
@lactrophoresis, The view $het treatment with non-ionic
detargents results in a greater salvation of tha protein
moleculs has heen proposad and this effect altars its eleetre~

phoretiec preperties (lowser, Xoehler ard Rarrlaux, 1961).

Solublilisation of human red cell membrunes by Tritor X-100
has baen found practicable and gives proteims thunt respond to
elecirophoresia, 1y this techaique 12 comuonent proteim
bando have been Jetoated (Sehneiderman, 19653 Schnaidersan ead
Junga, 1982) whiek compares with 15 - 20 cosponents detected
vhen tuie material ies zelubilised with S,.D0.3. (Rosendurg and

Guidottd, 1969,

Consideration of the above information indicates the
potential use of polyscrylaside gel clectrophoresis of detergeat-
6olubllised fat glodule membrane of normal xnd homozenised
milke to characterise them in a manner nol pravioualy attempted

and to an e¢xtent not previcusly achlieved,

¥rocedure
The equipwent used for disc eloctrophoresis was sanufeactured

at the Universicy and gaonsrzlly follows ths nlsn outlined by
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Davis (1964), It wae coupled to a Shandoa Power Supply. iho
tris (2 asino ~ 2 hydroxymethyl propane - 1:3 diol)/Borate/EDTA
buffer at pi 9 and the 7% polyaerylamide/k.5 N urea el as
deseribed by Thompeon, Kiddy, Johnnton’aad Yeinburg (1964) were
used. Additionally a large-pore spacer gel containing 3%
polyscrylamide as presoribed by Davis (1964) dut containiag the
trie/borate/EDTA buffer was prepared above the small pore gol.
Otherwise the techaique wae that deseribed by Davis (196h).

Samples of whole materials were prepared froa recently
fat-extracted povders (see Section 8.3). 2350 microlitres of this
selution, or of the concentrated DEAE fraetioms, was loaded on
to the top of the gel eolumn and 2 microlitres of 2-mereaptoethanocl
wvae added to this and a few drops were added to the duffer. .
Samples were run in duplicate, at least, and were never held
in urea for more than 3 hours. ¥With each electrophoretic run

a 50 miorolitre sample of casein was run as a cheek reference,

Llectrephoresis was carried out at room temperature with a
stabilised electric current of 2 m Asp per tube applied for 10
sinutes and then increased to 3 m Amp per tube for a further
30, 50 or 80 minutes. Protein staining was performed by
soaking the gels im 0.2% amido blaeck in 7% acetie aeid for 30
sinutes. Decoleurisation was ashieved by suecessive washiangs
in 7% acetic acid for 2 - 3 days uatil clear. Results were
recorded by drawing the exac¢t bands that could be seen wbile
still fresh for the clarity of bands deereased after storage

in tudbes containing 3% eseetie acid.

Discussion

The technique described has been used for easeia, whey
protein, and the various membranes and mesbrane preparations
end gave reasonable success with all. Variation of the
conditions of electrophoresis to give clearer separation with

any one material might be possible dut the aism of the etudy vas
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to eoampare all materials under the same eonditiocas of
investigation so seme lack of clarity vas usavoidable with
such a wide variety of protein materials. The DEAE
fractionated material commonly gave sharp bands and as these
were considered to be the '"pure standards™ in whieh proteins
protein amsociations were avoided the conditiens were chosea

to suit these fractions.

The use of Tris/Borate/EDTA buffer was chosen in
preference to the discontinuous Tris/HCliTris/Borate bduffer of
Davis (1964) because it gave definitely clearer bands and a
greater nusber of bands. The use of a discontinuous buffer
systes has no particular value whea usiag polyaerylaside gels
(Poulik, 1966) and furthermore it interfered with separatioa
besause a protein component of the natural seadrane migrated
with the bdorate boundary and could mot be distinguished froa
the boundary mark. The importance of EDTA in diessoeiating
meadbrane materials has already been noted and apparently this
is true during electrophoresis alse. The value ef EDTA in
the buffer for caseir separation has been estadlished

(Thompeon et al, 1964),

The time allowed for electrephoresis is ecosmonly
established by observation of a band of Brom cresol purple
which when added to the samples forms a highly wobile visible
band ahead of the protein and electrophoresis can be stopped
after this band has travelled a constant distance. Possibly
too the migratioa of protein components caa be cospared to the
migration of the dye to establish a relative medility figure.
In the present study Broa oresol purple forsed only a diffuse
band when run in the presence of detergent and this practiee
wa® not eontinued. Records have been kept in terss of
distance migrated during a set period of electrephoresis and
figures appear to be acourate to = 0.2 ems when cosmparing

migration distances between gels, Some samples, especially
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thoae carrying 5.0.5. ran very rapidly while others, presusably
the larger -oloen;oo ran very slowly so the time of eleetro-
phoresis,which. was normally 60 sinutes, was varied fros b0 -
90 minutes wherever difficulty was found in deteeting bands

from fractionated materials,

The addition of 5.D.5. to the gel mixture has been
reconnended (Harwlaker and Brusner, 1965) but this wes net
found to be of value in the present study aad it ie presused
that the use of Z0TA in the systea eliminated the need for 1%
in some way, The use of 2-mercaptoethanol ia the gel mixture
was also found t0 be unhelpful and it say be that this material

moves into the gel with bhuffer during the electroplioresis.

Attempts were made to stain lipoproteins with fat stains
after electrophoresis, Sudan Blnok.in propylene glysol wvas
used for 26 hours and then the gel was decolourised with Xlyled
and the resultant shrunken gel was reswollen ia 3% acetic aocid,
This systen was partially effective in staining ssterial fros
the matural membrane but it also gave a diffuse crange c¢olewr
with the detergents which was confusing., It had no value ia
distinguishing the compoaents of the homogenised saterial aor
the dissoeiated protein/sDS, fractionated samples and so wes

eventually discontinued.
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Results Discussion
Section 10 e Effect Dete nts u Prote Mate

To understand and interpret the results of the preseat
study it is first necessary to appreociate the actioa of
detergents upon protein materials and to appreciate the types
of eomplexes that fors between protein and detergeat aid
which are to be characterised by chromatography and olﬁotro-
phoresis in this study, Particular interest will be ;1von
to the action of sodium dodecyl sulphate (5.D.8.) and mon-ionioc
detergents,

10.1: The Action of Detergen on Prot

The action of detergents as protein denaturants has deen
recently discussed in a review (Tanford, 1968 and 3970) ia
which there is no suggestioa that detergents dreak ehemical
bonds within proteias but there is evidence of the occurrenee
of considerable conformational changes. The oonclusion drawn
is that “proteims are partially unfolded after dematuratioen
by detergents and that existing ordered regions, or newly
forsed ones, or possibly even isolated hydrophobie side chains
ean interact with the hydrophobic moieties of the detergent

molecules to form micelle-like regions.”

The nature of the detergent action appears to de stepwise.
Initially a native protein molecule binds a distinct nuamber of
detergent molecules one by one and this nuamber is a
characteristic of the protein. Beta-lactoglodbulin dinds 2
or 3 molecules of detergent, probably in a tail-first sanmer
and possibly by van der Waals type of association (Hill and
Briggs, 1956). A site for hydrophobic binding which is abdle
to bind dutane exists at the surface of beta-lactoglodbulia,
and is probably a single hydrophobic region (¥ishnia and
Pinder, }966). For comparison native bovine serum albumin
will biad 10 anions of alkyl sulphate on one or more sets of

sites (Reynolds, Herbert, Polet and 3teinhardt, 1967).
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Different numbers of sites on this protein are swvaileble
to different ligands and those having longer hydrocarbon tail
leagths bind more strongly. Iurther the bindicg of neutral
ligands is pi dependent (kay, Keynolds, Folet and Steinberdt,
1966) which presumably indicates that souwe sites become
acoceasible as protein confornation alters. Yhile the
hydreophobic molety of a nuuber of detergents contributes the
major ahare cof the binding, the e¢ffect of coulombic forces
from anlonic deéergente does provide a cubsidiary contribution
to the binding forces {(Ray et al., 1966). Initiaily, however,
coulomsbic forces must be relatively small for the negative
deturgent iocnu would have to bind to the protein ion which has
a net negative chearge. (If the protein has a net positive
charge, 28 at pH levels below iso electric point anionic
lipids may well cause precipitation through charge binding,
and in such caces non~ionic detergeats will provide more
satisfactory solubilisation prior to eleetrophoresis (Eraun

and Radiu, 19359),

Az the nunber of detergent molecules reacting is
increased the protein molecule begins to open up so that new
binding sites becomne uaccessible and changes in the properties of
the sites become observuble as suxll specilic viscosity changee
end exteni of such opening up varies with the type of detergent
end the type of protein, The driviug foroe for any degree of
unfolding may be one or a2 combination of the following:
(a) electrostatic repinlsion between charges of the bound
detergeat iona.
(b) penetration of the hydirooarbon tail of the detargent
into the apolar regions of the protein, and
(e) binding-induced changes in the protein:thydrogen ion
equilibrium (6.g. a ghange in the iso~ionic point of the
detergentiprotein complex) resulting in an inerease in
eleectrostatic repulaion between charged parts of the

native yrotein and so altering the protein structure
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(Reynolds et al, 1967).

Some of the poiats of attachment appear to be ia the
region of the hydrophobic-amino acids tyrosine and tryptophane
(Bigelow and Sonnenburg, 1962) and lysime has also been
implicated as a site of reactioa (Markus, Love and Wissler,
1964). 3uch disturbances of the hydrophobic areas of the
protein alters the conformation 8o as to increase the exteat
of formation of alpha helical regions within the proteins
(Tanford, 1968). In beta-cascin which has a disordered
structure in the native state, reaction with detergeat ereates

about 20 - 40% of alpha helical regions (Jirgensons, 1967).

This progressive conformational change is accompanied by
highly co-operative dbinding of detergent molecules decause
sigultanecusly aand/or subsequently a third type of reaction
ocours, In this the detergent molecules, already bound to
the protein possibly asscsiate with detergeant in selutios ia
a mamner analogous to that of micelle forsation (Hill amd

Piggs, 19%6).

Possibly the detergent grows around the biading site on
a protein backbtone to form a micelle whose size is limited by
the ehemicsal and physical properties of the detergent, by the
ionic environment, and by asteric hindranoce, The eand result
might be that there are beads of micelles strung sloag the
protein backbone (Pitt-Rivers and Ismpiombato, 1968). Aa
alternative poesibilily for micelle structure ie that the

molecule rolls up and is surrounded by detergent (McKensie,

1971).
Th n £ e Detergen Prote
(a) Conmeentration

Detergents are distinotive as denaturants ia that they

reaet at very low concentrations normally well below 1% and



89.
reactions are cosmonly completed bdelow or near the critical mieelle
concentration (Tanford, 1968)., To illustrate this peint, the
eritiecal micelle concentration for sodium deodecyl sulphate 1o
8 -9x 10> Molar at temperatures between 20 and A0°C
(Ogipow, 1964), The 1% soclution used in the present study ie

equivalent to 3 x 102 Molar so womplete reaction is to be
expected,
(v) r D hid 8

Breaking of disulphide linkages apparently opens out the
protein so as to expose new bdbinding sites and redustioa wigth
appropriate agents in the presence of detergeants will result
in an inorease of the amount of detergent bound to proteias
which eontain disulphide linkages (Pitt-Rivers and Iapiombato,
1968; Cheoseman and Jeffcoat, 1970). In the present ctudy

mercaptoethanol serves this function.

(¢) ZTime of Reastion

Elegant studies of the reacstion of 3.D.5. with pure proteins
have beea performed by persittiag the 8.D.8. in selution %o
dialyse into the protein suspension while it is held in a
dialysis sac, Under such seystess 16 hours was considered
adequate for reaction with a range of proteins (Shapiro, Viauela,
and Maizel, 1967) and 48 hours was considered adeguate for
reaction with casein (Cheeseman and Jeffcoat, 1970) but for
other proteins equilibrium was reached after reaction times
varying from & to 10 days at room temperature (Pitt-Rivers end
Ispiombats, 1963). In the present study the materials were
shakea directly with S.D.8. at concentrations in excess of She

necessary level for abdout b hours at room temperature,

(d) Zemperature

It 45 a general property of detergents that for a aumbder
of physieal reasons solubilisation is improved as temperature
is raised (Nakagava, 1967). Ixcessive temperatures aay hare

proteins but use of 50° 4n the preseat study is mot likely te
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do so and is ceaployed for reasons other than improving the

detergent effect as will be dissussed later.

(e) Reversibility of Detergent:Protein complexes

The 8.0.8.tProtein complexes are disscciated by exhauative
dialyeis and the properties of the protein say retura teo
norsal (Hill and Briggs, 1956). Proteias that are not steble
in the absence of 5.0.5. will, however, precipitate as 8.D.8.
is removed from the coaplex (Piti-Rivers and Impiombato, 1968).

Ia the present study fractions isolated froa seambdrane
materials by chrosatography were dialysed against distilled water
for 3 days at 4°,  The membrane proteine are unlikely to be
stable in the absence of 5.D.5. because they soludilise poorly
in its absence and, as precipitation occurred rarely, it may
be assumed that thie treatment did not cause complete
dissociation of the &.D.3.t:Protein comsplexes, The fumetion
of the dialysis step was therefore to remove duffer prior to

concentration and storage,

In the case of the non-ionic detergeantiprotein cosplexes,
precipitation was not observed after dialysis so the same
coaclusion may be drawn. Presusably also the large pely-
oxyethylene molecules (M¥ s 20,000) would not pass threugh the
metsbrane of the dialysis sac, The nature of the complex
formed between detergent and membrane proteins has been assused
to be comparavle with the cosplexes that form with protedins.
The technique of 5.D.5. solubilisation has been widely used for
disscciating biological mesdrane proteins prior to electro-~
phoresis as has already beea disoussed (see Section 9.2 =

Disec Electrophoresis on Polyacrylamide Gel).

e A Detergents upon Membr Prote

Reaction of §.D.5. with the erythrooyte ghost causes stisu-
lation of some of the enzymatic activity but ae 5.D.3. comeen~

tration ia iacreased the ensymes are dematured and lose aotivity.
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Direct measurement of other effects of 5.0.5. on the ghoste e
not simple because of the insolubility of membrane materials
in the absence ot the perturbsnt and also the aembrane, being
heterogeneous, begine to diesociate 2;4 the detergeat
concentration incroases and disrupts nydrophobic fateractions

(%allach, 1969).

Dissoeiztion of blological wembrane materials with non-

ionio detergents had been previously discussed (see Section

8.4 "The use of non-ionic detergents as solubilisation ageants™),
The consequences of this reaction have received little atteatioa
(see Section g, > "Diec Electrophoresis in Polyacrylamide Gel™).
Presumably the foregoing notes on general detergent action ea
proteins can be expected to npply because hydrophobie reaction
sites eappeer tc be of prime importsnce, Therefore non-ionis
detorgents should be resctive with sewmdbrane proteians bdut She
contribution of a charged group to the products of the
reaotion is absent (Swisher, 1970). Poseibly theae detergents
ast by alteriag the solvation of the protein molecule and ia
this way say affeot its properties (Dowben, Koehler and
Barrieux, 1961). Such effects are likely to be much less

dramatic than in the case of 5.D.5., however,

c eristics of the Detergzont:i:Frotein C

In view of the foregoing discussions it is reasonable to
oexpect that, uander the conditions of experiment used in the
present study, detergent will be bound to the protein materials,
The complex forwed should te that having the zaxisum degree of
binding which is characteristic for the partioular proteia
because the deteurgents are used at a suitably high eoncentration.

Charscterisatioa of proteins eoludbilised in this manner will
therefore be based on odbservations made on the praoperties of

the detergent/protein complexes formed,

The final produect of detergeat action om proteim has not
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been well charaeterised (Tanford, 1970). 1In am effort to
gain some knowledge of these complexes, detergeamticasein
eomplexes were prepared in the fashion that is norsal to thie
study and were then driefly examined. This exzasinatioa
gives aam indication only of the actioa of detergents on
proteins and can be related only ia a general way to the
properties of detergent-membrane complexes., For example
casein is stadble and water-dispersadble and thus differs ia sany
of ite preperties froa the memdrane proteins. The information
obtained is of marginal value and is presented merely to
indicate the effects of detergents under the conditioas of

experiment,

Iable 8. General Properties of DetergentiCaseis Complexes

N Casein
Property c::::i CaseiniS.D.3. ecemplex NID c:-plox
pH of precipitation b.6 1.6 Stabdle
(511ght pptn. begins
at pl 306)
Stability to Ca’’
(0.1 m1 of 1% c.clz
added to 10 ml at
pk 7) Stable Unstabdble Stadble

The reduetion of iso-electric point is readily exzplainmed
by assuming that the §.D.8. binds hydrophobically onto the
protein and this does not affect its ionic head so that it
contributes by increasiag the overall electronegativity of the
complex. The effect of calcium could be ome ©f reducing this
elestronegativity through iom binding. A similar Shough less
extensive reductioa of iso electric poiat ocours with bovise

eerus albusin (Pallansch and Briggs, 1954).

The reactions of the NIl:casein complex are consistent

with the view that the detergent creates an hydratien envelop
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ia the eavironment of the protein molecule so that stability

45 maintained evea whea the protein is in iso-ionie eocndition.

beeon

a)

b)

The detailed nature of the 5.D.8./Proteia complex has

partially elucidated from a number of appreaches,

Charge of the Complex
On subjeeting the 5.D.8. eomplexes of bevime eerua
albusia (Pallamseh and Briggs, 195%) aad of deta-lacte-
glodulia (HLll and Brigge, 1956) to free doundary eleectire-
phoresis, the mobilities of the cocaplexes formed are
found to be greater thaa for the aative proteins. Thie
is presumably a comsequence of hoth the echarge of the
couplexed £.D.5. and the native charge of the proteins
acting together,. In the present study, electrophoresis
and DEAE chromatography of the 8.D.5.iProteia cosplexes
would differeatiate them aceording to the eharge

contridbuted from both soureee.

The faet that the 3.D.3. solubilieed bdioclegical meabdrane
preteins will migrate oa electrophoresis as protein:$.D.§.
complexes has been recognised dy a musber of workers

(Laver, 1964; Summers, Maisel and Darmell, 1965),

Sise of the Complex

Ultra eentrifugal studies of the complex of 5.D.83,./Beta~
laetoglodbulia shov neither aggregation nor fragseatatioen

of the protein (Hill and Briggs, 1956) and the hydrodymamie
proyerties of the complex imdiocate that no dramatie
expansion of the domeain of the protein moleecule accompanies
denaturation by detergents (Tanford, 1968). The passage
of the 5.D.8. complexes of casein componeats through
Bephadex G 200 gels also shows there 4is no imorease ia the

sise of these eomponents (Cheeseman, 1968).

The sisze of the complex will therefore de similar te the
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sise of the native protein and this sise would be
indicated by the electrophoretic modbility of the eemplex
through polyacrylamide gels, A good estimate of protein
-olocula; weights caa be made by observing the effects of
varying the gel concentratioans upon the electrophoretie
mobility, while holding the charge on the protein ceastant
(Jeffery, 1970).

A simplification of this procedure is achieved by assuaming
(as has been done by workers listed below) that the
differences in charge between the various 5.D.85.t1Pretein
eosplexes will be minimal and that the complex will
migrate through polyacrylamide gels as an anion with its
mobility hindered only by the sieving effeet of the gel
strueture, The mobility of the 3.D.8.1Protein coaplex
should therefore roltfe directly to molecular sise, B3y
studying the -o5111£;::¥J. protein of unknewn molesular
veight can be dedueed (Shapiro, Vinuela, Maisel, 1967).
Such and approach has proved useful im deteraining the
approximate molecular weights of unknowan proteinms

(Marehesi, Steers, Marchesisi and Tillack, 1970} Kennedy,
1969).

The assumption that proteins having the same charge but
different sizes can be suparated by the sieving effect of
polyacrylamide gels has been sudbstantiated (Nedrick amd
Smith, 1968) but the assumption that the 5.D.8. complex
with a variety of proteins will have nearly ideatical

charge is usnsudstantiated.

The Number of 8.D.3. ions bound to Protein

The saxisue aumber of 5.D.3. ions that can be boumd to a
protein molecule can be determined and appears to be a

characteristic of the protein. 5ose saximus molasr ratios
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FIGURE 1. EFFECTS OF DETERGENTS UPON CASEIN

1.1 Casein + S.D.S. + EDTA

1.2 Solvent treated Casein + S.D.S. + EDTA
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1.3 Solvent treated Casein + N.I.D. + EDTA

1.4 Casein + EDTA
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FIGURE 2. EFFECT OF DETERGENTS ON NATURAL FAT GLOBULE MEMBRANE

2.1, 400 mg membrane + N.I.D. + EDTA
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FIGURE 3. EFFECT OF DETERGENT ON THE MINOR FRACTION

3.1 Membrane (Minor fraction) + N.I.D. + EDTA
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of §.D.5.1Protein ares 200 - 220 : {1 for boviae serus
albumia, S50 : 1 for glycoprotein 376 of blood (Pitt-
Rivers and Impiombato, 1968), 2b& 1 9 tor’%nﬂotn.

107 &+ 1 for Alpha‘ casein, 73 : 1 for the reduced
K-ceseia (Cheeseman and Jeffeoat, 1970). These numbers
are variable according to the enviromseat inm whieh the
tests are perforsed which could be due to either the
properties of micelle formation or to variatiocns ia the

conformation of the proteins.

If it 418 true that the number of 3,d.5. molecules bound

to protein is a characteristic of a protein thea it should
follow that the charge of the resultant complex would vary
with the number bound, This ought to influence the
electrophoretic mobility of the complex and so the
contention that the molecular woight of the complex cam be
directly inferred from its electrophoretic mobility ia
polyaecrylamide gel is incorreectly based, The pattera of
eharge distribution on the protein consequeatly assumes
particular interest for the interpretatioa of results ia
the preaent study. The charges exhibited by casein and
sembrane proteins ie illustrated by the patteras of
desorption of the 5.D.5. complexes from DIAEZ eolusas.

8ee Figures 1, 2 and 3,

(To assist 4in interpretation of the Figures - see Appeadix 3

“"Coaventions employed in presentation of graphical results).

In every case it is imwmediately apparent that protein
material with a wide range of charge characteristics has beea
desorbed from the DEAE cellulose. By comparing the patterns
of casein, as dissceintod by urea and mercaptoethanol (Fig. 1.4)
with that of the patterns of cassin dissociated dy first treating
with 8.D.5, and then with urea and mercaptoethanol (Frig. 1.1,

1.2) the inescapable conclusion is that the protein material
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has been very significantly altered and the &.D.5,i1casein
complex while still separable into component complexes having
various charges, has a high proporticn of ite protein in a
highly charged form. Such material dcea not descrb at
concentrations of salt (below 0,3 Molar) that would cause the
desorption of urea~dissociated casein. This is consistent with
the view that S.D.8i1casein ocomplexes carry the charge of both
detergent and protein and can be separated according to the
charge associated with thece complexes. Electrophoretic
investigation of the 5.D.8.icasein complexes (Fig. G) supperts
these coneclusions. It iz therefore uureasonable to infer
that the electrophoretic migration is influenced oniy by
molecular dimensioss (see adove (b) ) sné such en inforerce

is not drawn in the present study.
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Figure D. Effect of Storage of Membrane Powders at —15°
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De1 48 a material extracted from the minor fraction of
homogenised milk.

De@ 1is a material extracted from un-homogenised milk.
D.3 4s a smaterial extracted from whey homogenmate,

D.sb is a material extracted from casein homogenate.
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oflombrone _oterizls

Before further discussion of the influence of detergent
upon proteins and membrane proteins it ies wvaluable to
recognise eome of the procedural factors that can alter the
nature of the proteinidetergzent complexes and therefore
influence the interpretation of results obtained. The
procedure that has been developed to investigate the various
saterials has been carefully standardised so thet comparison
of rezults obtained from different raterials can be made in
the confidence that differences observed are not due to
differences of technique. In the course of the investigation

the following factors have been recognised as important:

®) Ihe Effect of Storage of the Solvent-trested Membrape
Fowders

After extraction of fat from the freeze-dried cream
powders by scetone and butanol the prepared membrane materials
were atored in air-tight dbottles in the dark at -15°C. Nevere
the leass interaction of the component materials during etornge
wags datected. Gradual insolubilisation apparently occurred

and the polyacrylamide gel electrophoretic ratterns of mesbrane
powders stored for over 1 month differ from those of freshly
extracted powders, This was shown by investigation of &

different types of materinls before and after storage (Fig. D).

It appears thet after storage, dissociation of the materials

48 lesy complete s0 that sharp definition of the protein bande

is not achieved. In particular, clear definition of the slow
moving bands ie not achieved after storage. It ocould be sssumed
that materials having large molecular eize bave associated so

that they can no longer enter the gel. (This confirss the

effect noted on loss of enzyme activity during storage).

There was no evidence of any such effeot of storage upon the
freeso-dried creams where presusmably aggregation reactions between

protein molecules are inhibited through their prior association
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with the fat. 8imilarly, dried casein does not show changes
during cold storage and it is apparently a distinctive
property of the homogenate that this cccurs. A siailar loss
of soclubility of fat-extracted proteo-lipids that have been

stored has already been noted (see Page 72).

On the basis of these obrervations only materials that had

been freshly extracted were employed in the investigation,

b) The Effect of Solvent Treatsert upon Protein Materials

The effect of colvent treatzent as exployed bas been
shown by refercnce to the literature (3ectiom 7) to be unlikely
to affect the properties of the proteins. Such effechs
cannct ba observad with membrane proteins for there is no
reliable way to prepare them in a fora which coculd act as a
stondard. An indication that solvent treatament does not alter
the propertios of pure protein is found however by ebservatioa
of the natuvre of the §.U.5.1casein coaplex on BEAE=gcelliulose
before and after treatmeant of the casein by solveat (see Fig. 1.1
and 1.2). The patterns ere not identical but differences are
small and likely to be, at least in part, due to differences in
resolution achieved by the chromatographic teechnique. For
exarpls the roughnees of the graph line at high salt
concentrations is almost certainly due to diffioulties with

the recorder.

¢) I 344 4 5 8
Urea Seolut at 5°
Membrane materials solubilieed by non-ionic detergent,

urea and buffer (but not mercaptoethanol) show changes in

electrophoretic pattern after storage at S° and in the dark.
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Figure E. Effect of holding Samples, in Urea, Overnight at 5°
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Both patteras represent material extracted froa the misor

fraction of homogenised milke. In pattern E.1 a nev band bhae
appeared, Some reduction in mobility of other bands is
observable although this may be attributable to inter-gel
variability because, necessarily, the same sample was rua on
succeeding days. In pattera E.2 two new bande have appeared
after storage and there is a loss of definition of the two

fastest moving bands.

Such obdservations can be explained in terms of the
carbaaylation of lysine groups by ispurities ia urea as has
been observed with other protein systems (see Sectionm 38.2),
Alternatively it is possidble that the non-ionic detergent is
slow ia reacting with some memdrane components and has caused

their soludilisation or alteration after overnight storage.

For these reasons it is important te wse the samples
withia a few hours of preparatioa, This was particularly
true for the electrophoretic observations, the chromatographie

technique being less seneitive to this source of error.



FIGURE 4. EFFECT OF 2--MERCAPTOETHANOL ON MEMBRANE (MINOR FRACTION)

4.1 Membrane + N.I.D.
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4.2 Membrane + N.I.D. + M.E.
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d) E Presence

The presence of disulphide boads ia the proteia materials
1s to be expected from previously pudblished informatiea (see
Section 3 ). The valwe of reduotion of these beads i
{llustrated by the DiAE-¢ellulese patteras of a KlD-solubilised
menbrane material fros the minor fraction of homogenised milk,
Ia the adsence of 2-mereaptoetbanocl (Fig. h.1) this material
has separated as tvo large peaks, After sleavage of the
disulphide bonds (Fig. 4.2) the peak containing lese-sharged
aaterial grows, presusadly at the expense of material in the
highly charged peak. Coneeivadbly large molecules have dissesiated
leading to smaller compoments haviag a frastioa of the mumbder

of oharges upon theam,

The leading peak oa the pattera of protein eontaining
2-sereaptoethiancl (Fig. 4.2) appears at relatively low salt
cencentratieas and is present in the patterns of all the protein
saterisls tested. The saterial that elutes froa the colusa
at this poiat has beem collected and investigated dy pelyaeryl-
amide gol eleotrephoresis on a number of oecasions (s.g. Fig. 2)
with aegative results. It does however comsonly show a
fairly typieal U.Y. absorptioa pattera for proteins, though
thie 18 not always so. It has been considered to de predominantly
an artifaet peak when investigated during studies with sasein
(8enderson, Pers.Comn.) and these results tead te econfirm thie
point, That the U.V. seam patteras do indiecate proteins
prodbably means that there is a small concentratioa of proteia
which desorbve at this point and raises the base-line of the
graph but which is insufficient to give a recogaisadle eleetro-
phoretic dand. Thie is not alvays true, for proteia baande
were ocossiosally detectable (Figs. 3.1, 13.2). Also the
desorption of proteia prior to this poiat ia Fig. 5.2 prodadly
indiecates a similar situation.
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e) e Effec n Deterge the Elu

Durisg Chromatography

A8 dialysis is effective in dissoceiating the detergeat:
protein ccmplexes it 4is possidle that when passiag buffer
over the complexes while they are bound to the DEAB-cellulese
beads that they might begin to dissoeiate duriag the period
of ehromatography. Such partial disscciation of a 8.D.5,.1
Protein complex would eause loss of eharge of the complex
until it desorded for this reasen., Concoaitantly deserptiea
will alse be oocurriamg because of the gradual imerease in sodiuws
chloride somecentration. Such reasoning could well explaim the
material whieh appears as a long lov profile ia the high salt
eoncentration end of the patterns of the 8.D.S.:Protein complex
(Fig. 1.1, 1.2). Bimilar long lov preofiles appear with a
nusber of the materials complexed with 5.D.5, S8uch disscoiation
could de only partial because mesmbrane saterials 'ou;d be
unstable in the adsence of detergent and would precipitate.
Furthermore exeess detergent is present in the sample aand would
bind oato the DEAE-cellulose in the vicimity of bound proteia.

the

This would mean that,envirosment of the bound eomplex

would not be deveid of detergent sc dissosiation of the

eomplex should not begin immediately.

To investigate this point and so perhaps to improve the
separation aa attempt was made to elute the 8.D.5.:1Casein
eomplex im the presence of 3.D.S., The morsal procedure was
folloved except that 1% 5.D.5. was added to the elutiem duffer.
The presence of £.D.5. definitely altered the results (see Fig.
5). 1% appears that in the presence of 5.D.8. desorptien has
oeourred at lower salt concentrations than when it is adbseat,.
This does not conforam to the above expectations for the
presence of 5.D.8. ought to maimtain the S.D.8.1Frotein

conplexes 8o that they retain their high charge and so desord
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at a later stage. That the opposite effeoct has oecurred can
be explained by assusing that the 5.D.35. anion has adsorbed ia
competition with the protein complex and so has contriduted te

its rapid elutioa.

A% this point either technique is suitable for separation
of the protein eomponents provided the isforsatioa edtaimed
is eorreetly interpreted. The preferred teechaigue vwes desided
by practical diffieulties. The level of 1% for 5.D.5. 4a
the duffer exceeds the eritieal micelle concentratios for
this detergent at rooas teaperature and it is preseat ia
sieellar form,. Addition of 8.D.8. to the buffer compartment
centainiag the 2 Molar sodium chloride eauses an ianerease ia
aicelle sise to such an extent that the micelles beeome readily
visible. (This inerease in micellar sise with inereasing
elestrolyte concentration 1s a physical property of sicelles,
(Elwershy, Florence and MNaecFarlane, 1968). As the sodium chloride
level builde up in the elutiag duffer some sicelles adserd oate
the top of the DEAE coluan to form an insoluble layer of
detergent which progreszively blocks the further flew eof bduffer

and stope the separation well before it is coampleted.

Addition of non-ionic detergent to the buffer while elutiag
She NID selubilised material aleo proved impractical beecause
the mixture abeerbds ultra-violet light streagly aad the
pettern of the protein fractioms is obseured and intsrpretation
of resulte becomes arguable., For the purpose of the
investigation, Sherefore, elution without detergent ia the
elution buffer is used, Any effeet of disscciatiea of the
detergent:protein scaplex should be the same for cemparadle
peaks in differeat materials se somparieoa eof the patteras
obtained frea different protein sources should still be valid,
That patterns of saterials solubilised by non-ionie detergeat
do not shew the loag low profiles at high ealt concentratioa

whioh appear with 5.D.5,1Protein complexes supports the
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iaterpretation that lees of charge due to dissceiation ef

the 8.D.5., froa the esomplex does oscur.

In the elution patterns of the NIDiProtein ceamplexes the
elution of exeess NID originating from the sample say
contridute at scse point to the shape of the patteras., No
sueh effect comsca to all experiments is, however, detestable.
The pattera obtained with the NIDinatural semdbramne provides
eritiecal infersation in this regard decause there is very
1ittle proteia actually present and since the pattera does
mot show an unexplained peak earrying no proteia, the effeet

caanet be siganifiecant (Fig. 2.1).

L) £ F er V

The validity ef eomparing the chromatographs aad eleetre-
phoretic patterns ebtained from differing materials depends
upea the extent of replication of results that is achievabdle.
Not oaly the effects of variadles in technigue bdut also
variability of operations iahereat ia the entire systes of
the investigation need to be evaluwated. This has been
perfereed in a number of ways and ean be demonstrated moet
uwsefully by fires, observing the dupliecatioa of results of
ohronategraphy of a 8.0.8.1Protein comsplex, and secoadly, by
observing the replication of results of NID seoludbilisation of
three natural fat globule membranes as shown by polyacrylamide
geol eleetrephoresis, Additienally the very faet of
domoastrating the effeets of the variables shown above

11llustrates the sensitivity of the teehnigues used.

1) Duplication of Results of DEAE-cellulose Chromatography

of the 5.0.5, complexes of Various Materials
(rigure 6)

The patterns preseated represent thre¢ sesdransd

saterials that have deen solubdilised and chromatographed



FIGURE 6. DUPLICATION OF CHROMATOGRAPHY PATTERNS OF S.D.S. COMPLEXES

6.1.1 Natural Fat Globule Membrane Material

6.1.2 Duplicate of 6.1.1
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6.2.1 Membrane of Whey Homogenate

6.2.2 Duplicate of 6.2.1

6.3.1 Membrane of Casein Homogenate
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6.3.2 Duplicate of 6.3.1
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in duplicate from the same solveat extraoted powders,
Duplications were made within a fortaight eof enme anmother.
The identity of the materials used was!

Fige 6.1 A natural fat globule membrane saterial
Tigs 6.2 |Membrane material from whey hosogeaate
Fige 6.3 Membrane material from casein homogenate
rig. 1.1, 1.2 ?310&7 Casein.

Two priacipal observations can be made., First the
leading peek (which is prebably an artifaet of 2-msercapte-~
ethanol) varies in sharpness and height and when it io
least distinet (presumadly because of a lov level of
2-mereaptoetbanel) (Fig. 6.2) the definition of the
protein peaks is not very satiefactory. This teade te
support the view that excess mercaptoethagel is essential

te clear separation,

Seecoadly, the separation of protein eomponeants is, in
goneral teras, the same within every pair and differences
appear principally 4in the d?inition of peaks., Clearly,
however, it is not possible to place emphasis on minor
peaks when comparing the DEAE ehrosatograps of differeamt
sateriale after 8.D.5. solubilisation. The sigaificance
of these patterns rests on two critaria; differences ia
sajor peaks and differences im the electrophoretis

charaeteristice of fraetions collected frcm the soluma.

Definition of the S.D.5. complexes of entire soubrane
saterials by olnctroyhorooia'-nn not satisfastory aad
ecaseguently suoh results are not presented. The
eharasterisation ¢f these complexes therefore depends
upen shrosatography. Nevertheless the elestrophoresis
of membrane components after fractionation and subsequent

preparation gave fair definition and wes repeatadle though
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there wore a high preportion of *Nil" results,

11) The Replication of Results with Natural Fat Globule
Kemb 8, 80 lised by None De
Ch erised by Po de Gel E a
(Figure F)

The moat sensitive eheek available oa the reliability
of the results of the iavestigation is demonstrated as
fellows (rig, r):

Figure F. Characterisation of Natural Membrane,

Solubilised by N.I.D. in polyacrylamide gel electrophoresis

1 INA 1

0 2.

W

3

Nautral membrase materials were preapred froem three
unhesogenised milks, seludilissd and sharacterised.
Four ecaparabdle bands of protein appear ia each case though
in one esse (F.1) a f£ifth faint band has been distiaguished.
The migration distance of the four primcipal bands ia
Fig. 7.1 and F.2 are identical though a higher rate of
migration has ocourred in Fig. F.3.

Sueh definition of the components of matural fat
globule meabrane has aot been previcusly reported.

Obviously total solubilisation has not been achieved for
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aaterial has bdeen held up at the points of eagry te
each gel., This infers that the natural fat glodbule membrane
protein is quite heterogeneous being similar to many
natural memdbranes in this respect, The particular relevaaee
of these results to the present study is that the entire
system of membrane iselation, preparation and anmalyeis
has beea checked by the most sensitive technique and fouad
to give good repeatability of results. Comparability of
aembdrane saterials is therefore assured though some
reservations must be retained adbout the distamce of
sigration of the components and about the signifieance eof
faint bande, Yor these reasoas the eloetrephoresis of
NID solubilised meambrane materials was invariadbly carried
out in duplicate at least.

Section 12

;3 Eff of D ents u P

It has been established that, (a) the use of 5.D.3, to
solubilise mesbranes cauwses dissociation and ereates 3.D.5,!
Froteia complexes carrying a variety of charges and which ean
be separated by chrosatography on DEXAE cellulose. A teshaique
to distinguish these complexes has been developed and
standardised followiag recognition of the interplay of the
various factors affesting the properties of the membrane
materials, (b) a technique for the =oludilisation of mesmbrane
materials by a non-ionic detergent mixture has been developed
and the solubilised materials caa be Characterised by electreo-

phoresis and by DEAZ ehromatography.
Study can now be made of the effects of detergents as
used in the preseamt study upon a variety of membrane saterials

and an iaterpretation of the reeults esan be develeped.

12. Ve T t [ ents [} t e

The aim of this aspect of the study is te recognise some

of the properties of detergent complexes and to establish any



Scale of Optical Density

FIGURE 1. EFFECTS OF DETERGENTS UPON CASEIN

1.1 Casein + S.D.S. + EDTA

1.2 Solvent treated Casein + S.D.S. + EDTA

1.3 Solvent treated Casein + N.I.D. + EDTA

- Direction of Increasing Buffer Concentration -
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sisilarity of behaviour of the menmdrane materisls. 7The
effeet of %.D.8. upen casein is illustrated by DEAE chroma-
tography (Fig. 1.1 and 1,2 compared to 1.4) and dy electro-
phoresis (Fig. @).

Figure G. Effect of S.D.S. on Casein

1} CASEIN

2> SDS~ TREATED CASEIN

T
- o=
° -- K

It is shown that 5.D.5. causes major alteration to the
aature of the easeia, A higher echarge has beea imparted %o
mueh of the proteim and this is consistent sith the assumption
that various ecaponents combine with differeat emeunts of
g.0.5, and the complexes are subsequently distinguished on the
basis of their different charges. This is swpported by
evidence that the casein components bind 5.D0.5. to differeant
extents (Cheeseman and Jeffcoat, 1970), The DEAE patterns
appear superfieially to show that beta-caseia and kappa~easeia
peaks have not beea altered by the presence of 3.D.5. but
this 4s shewn by the electrophoretic patterans (Fig. @) to be
coineiderital because these two components show higher than
aorsal mobilities and it seems unlikely that they could
appear at the same poists on the chrosategraa as they woeuld
when not complexed with 5,D,5.,, It is notable too that

electrephoresis 4ia the presence of §.0.8. uader the cenditions

used dees met produce sharp protein bands whiel say indicate
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that £8.D.5.:Frotein coaplexes interact with one amother in
some way during electrophoresis, Alternatively, it may
serely iadicate that the electrophoretio conditions used were

uasuited to separatioa of these complexes,

The presence in the chromatograms of proteis having
relatively lew charge in the areas norsally representing
kappa-casein is perhaps surprising because all eomplexss should
be sore highly eharged than native materials and bdesause very
1ittle low charged saterial ie¢ represeated in the eleotre-
phoretic results. The effeet of 5.D.5, competition for
binding sites oa the DEAZ-gellulose has deen propesed and say

explain suekh early desorption of seme componeats.

The long low profile of highly charged material oa the
shromatogranms has already bheen cosmented upon. It may indicate
highly eharged 8.D.3. complexes thet progressively desord uander
the jeimt influence of increasing sodium chloride eencentration
and deereasing 5.0.3. levels as 2.D.5. 1s lost from the complex
to the elution buffer thereby causing a pregressive lose of

eharge of the eomplex,

The eonclusion to be drawn from these observations is that
$.D.5., causes a major alteration to natural proteia and
cotablinhoi that the resultant 5.0.8.tProtein complemes are
entirely different from the original material. The duplication
of resulis whieh is achievable does suppert the assusption
that the adility of a protein to bimd 5.D0.5. is a eharaeteristie
of that protein and eaz be measured by charge.

The presence of the non-ionic detergent mixture im e
casein suspension has caused only a minor shange in the nature
of the easein as detectabdle by chrosatography (Fig 1.3). The

alpha<casein peak appears to have been altered and ehows a
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proportion of msaterial having higher than morsal cherge
(compare Fige 1.4)s Thise ia unlikely. If non-ionie
detergents do asacciate hydrophobically with protein the more
hydrephobie beta-casein is wore likely to be the point of
assosiation and also a loss of charge aight be expested beecanse
the affect would be an increase of solvation. Possibly the
offect is an artifaet for, as previously aoted, the NID ia the
buffer absorbs light at 280 ai strongly and evidense has been
obtained that the #ID used did elwte at this poiat.

The effeet of NID on whey proteia has been investigated
by pelyacrylamide gel eleetrophoresis (Fig, i),

Figure H. Effect of N.I.D. on Whey Powder

(]
]
2. Whey Powder with N.1.D.

i I

1. Whey Powder

The results presented aceord with observatioas ia the
literature that the noa-ionio dotergeate do not have a major
offest on the properties of native proteins as edserved by
ohrosatography or eleotrophoresis. Some caution may de
indieated in iaterpreting the level of chromatography peake that
deeord at about 0.4 Molar sodiue ehloride. Thile error at
this point say be iaportant in absclute terss, it will provide
a constant error contributing to such peaks asnd will bde
acoeptadble for cosparative purposes. Nevertheless
justification, by slectrophoresis of fractions at this poinmt,

s impertant.



FIGURE 2. EFFECT OF DETERGENTS ON NATURAL FAT GLOBULE MEMBRANE

2.1, 400 mg membrane + N.I.D. + EDTA

2.2, 300 mg membrane + S.D.S. + EDTA
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12:2,  Ihe effect of detergent upon natural fat globule sembrases

(Figs. 2 and 1)

The aim of this study is to provide recognitica eof the
contridutioa that the patteras of natural globule mesdrane
patierss say make $o the patterns of the membrane ef hesogenised
eilk and ealy seeondarily is it a study of the aature of

aatural fat glodbule membrane saterials,

Electrephoresis of a shole mesmbrane material extracted
fros one umhosogeaised amilk and soludilised ia the two
detergents leade to very different results (Fig. I).

Figure I.  Effect of Detergent on Natural Membrane

1. In Presence of S.D.S.

o (E &

2. In Presence of N.I.D.

N

Electrophoresis of the £.D.5. complexes is difficult
and sharp definition of dands has not been achieved, Keverthe-
less rather more component bande apyear after 5.D.5. solubilis-
ation than after NID solubilisation. This accords with the
poor gross solubility in the NID that was chosen becauso of

this property.

The significance of this results i= tempered by the
observatioa that chromatography (Fig., 2.1) separates three
peaks from the NID solubilised meabrane and that on elestro-

phoresia these heterogeneous peaks yield components having
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differect mobilities to those detected in the material prior

to shromatography.

NOTE: Components may be identified as follows!
Coaponent lo, Peak No, Higration Distanee
1 1 -1
2 1 0.7 om
3 2 1Y
h §2 1.9
3 1.9
2 2.1
6 2 2.9

It zay be that chromatography aseiste separation ia that
components that are abdble to essociate in the whole material
ard possibly cannot enter the gele, are separated into
fractions by the adeorption:desorption conditions se that
they camnot thereafter reassoociate thereby behaving se
irdividuals having their own characteristies en polyaerylaside
gel electrophoresis, Alternatively the dialysis and
oconcentration prior to electrophoresis of the frasticms may

alter their elestrophoresis properties.

The relationship betweea the electrophoretic patteras ef
the wholesd.D.5 .-protein material and those of the frastionated
saterials has alse been disturbed (Fig. 2.2). Only two
components of the frastions fros ehrosatography ef the 5.D.8.
complexes are deteetadble by electrophoresis. The dialyeis
procedure is very likely to have created this effect for as
3.0.8. 48 dialysed free of the complex the charge and
consequently the migratioa charaoteristics would alter.
Furthermore, it is poassidle that reassociation of preteins

the
ia the presense of relatively lower level of 3S.D.8. could
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prevent eatry of the complex into the gels and this would lead
to a "Nil" result. Eleetrophoresis of fractions is therefore
useful to detect heterogenity of fractions and to prove the
presence of protein, but is open to confusion if migration
rates alone are considered characteristic of a componeant

protein,

The chrosatogras of the NID-solubilised membrane (Fig. 2.1)
shows a low recovery of proteia from the 400 mgm of membrase
material that was initially used. This observation oeccurs
because the HIB value ehosen for the NID was ome at which the
membrane oreated by homogenisation was effeetively seludbilised
but the natural mesmbrane bhad very lov solubility, This
effectively fractionated the two membrane types. The 6.D.8.
solubilised membdbrane has also yielded low levels of protein
but ia this case the peaks are less sharp and the total protein

¢luted is greater,

In both cases, but most noticeably in the ehromatogram
of the 8.D.5, solubilised membrane, material that adbsords
l1ight at 280 aM continues to desorb from the eolusa to very high
sodius chloride levels. Extending the assusptions previously
drawn it appears that highly charged 5.D.3.tProtein moieties
of the matural fat globule memdrane are forsmed froam protein
moieties that are highly hydrophobic in nature and whieh
readily associate with other hydrophobie materials. This
wvould explein the change of properties that oceur on storage
a® being due to the gradual build up of hydrophobic linkages.
On exposure to detergents hydrophobic reaction eould readily
occur which accords with the effectiveness of detergents as
dispersants of these materials, This is true of noa-ionie
detergents which are not normally noted for their reaction
with proteins (though they 40 react with lipo-proteins) and the

reaction is most satisfactory for detergents having hydropheobic
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properties., If this is eorrect the more hydrophebdie
moclesules are likely to associate with a high ausber of 8.D.8.
selecules giviag a proportien of complexes with high eharge.
On chromatogr these disscoiate slovly under the effeet of
dilutien byttlj:izsbultor and eventually desord as the sodium
ohkloride level increases. This effeet appears oa the
chrosatogram as a long slope upwards away from the baselinme
and prodadly not all saterial has desorbed evea at the 1.2 N
sodium chloride concentration (Note: The upward slope is net
a eharacteristie of ehromatography due to gradual alteratiea
of baseline, because this effeet is not apparent ia the patteras
for caseia inm Fig. 1.3 and 1.4)., Ia the presenee of NID the
amount of highly charged material is less and the slepe of the
line is slightly downwarde, Possibly there is no protein
present for the reaction of NID with casein leads to seme douwdt
of the validity of the graph i3 this regiem bdeecause NID alse

absorbs at 280 a¥ and may be elutiag in this regioa,

The conclusions drawn are that the two detergents reaet
differently with natural fat globule membrane and each will
provide inforsatiea that is eomplementary to the other. The
elsetrepheretie eharacteristics of whole membrane smaterials
and those of dialysed fractions after chromatography did not
yield eemparadble inforsatioa. After eosplexiag with 8.D.8.
a prepertioa of the material exists ia highly charged fora.

The partially solubilised natural fat globule membrane
protein has bdeen fractionated and showa to contain a number eof
protein molieties, five of whieh have beea deteeted. This
indicates greater heterogenity of the protein meieties thaa
has previously been established, (Five lipo-proteins have
been sentrifugally separated from the natural msembrane (Chiea
and Rishardeon, 1967) but the adove coameat refers to oaly

the amall proportion that is seluble im the NID weed).
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Homegenised Wilk (Mimor Fraection)

The ais of this study ie to recognise the Lafluence of
detergents upon the properties of the protein materials that
have bdeen isoclated from the smallest globules of homegenised
milk., The conditions of sclubilisation, electrophoresis and
chrosategraphy have been ehosen to provide elear inforaatioca
about these saterials. As stated earlier characterisatioa of
the native protein and natural fat glodbule seabrane under

similar eonditions has provea to be adequate but not ideal.

Eleestrophoresis of a minor fraction meabrane ia the twe

detergents was successful (Pig, J).

Figure J. Effect of Detergent on Membrane of Homogenised Milk

(Minor Globule Fraction)

1. In Presence of S.D.S.

o

r-—

2. In Presence of N.I.D.

N
1

r

Each detergent has acted differently but both have
demonstrated 8 eomponents. Fartioularly clear bands have beean
produced but once again the significance of these results nust
be tempered by the results prepared froa chromatographie

fractionation (FPigure 3),

The chrosategraphy and fractionation of the NID solubilised
meshrane (Fig. 3.1, which is not of the same origim as Fig. 1)

has bdeen particularly successful. Even the lowest peaks



FIGURE 3. EFFECT OF DETERGENT ON THE MINOR FRACTION

3.1 Membrane (Minor fraction) + N.I.D. + EDTA
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eontain protein that can be detected electrephoretically.
The chromatographic peaks are heterogeneous bdut the fractiomatiea
has led to the identifieation of a nusber of components that
were not previously apparent. Also the migration distances of
fractions and of the eomponents of the whole material are
comparable which possibly distinguishes this saterial froa the
natural membrane materials, Prodably 11 coaponents have been

detected as follows:

Component Praction Mobility
1 Ay B 3.8
2 3 2.7
3 5 3.3
L) ¢ 3.0

D 3.1
S c 5¢3
6 D 2.6
4 2.6
7 3.1
r &1
9 ] 3.0
10 a &.0
1" g &7

Materials that desordb at widely differeat poiats oa the
ehromatogram have very different charges and therefore, if
they have the same electrophoretic mobility as one another,
they must have different sise, and so they have beea ideatified
as different components. rFor ezasple the compeneant No, b
appears in twe fraction, C and D which are close together but
1t 4s absent froa fraetion E, On the other hand the
coaponents 7 and 9 have similar modbilities but widely éiffering
charges 80 have been identified as differeant materials. These
thres componeats are presumadly masked in the whole material

by eollecting at the single hand with mobility of 3.2.
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In this pattern there is no doubt that protein is

contained in the long lov profile of the materials desorbing
at high sodium chloride conoentrations. Three components
are detectable at Fraetioan G and probably more exist at poiants
beyond the terminmating point. CEven more say well have
desorded at higher sodium chloride levels and the 11 eomponeats
identified are perhaps oaly a preportion of thoese that are
soluble, The collection of a greater ausder of frastions %o
opea to diffieulties of imterpretation as, for example, it is
aot elear whether eomponent 6 with the same mobility at twe

aeardy fractioss is ia fact two compomeats or oame.

The patterns of the 3.D.8. soludilised material (Pig, 5.2)
48 again very different to that of the NID soludbilised
asterial, The techaique 1is less satisfactory for the chroma-
tographic peaks are less sharp, elecotrophoretic patterns of
the wvhole material showed extensive dlurring of dbaands and
eannot be presented, bands of the components ia the fraections
are faint, (prodadbly because 8.D.5. imterferes with the amide
black stainiag reaetion), and mobilities of the bands are less
reliable beesuse of the likely effeets of dialyesis (as
previcusly explained). Despite the reservations it aight be

possible to reecgnise 11 comapoments as fellesst

Coaponeat Ne. Fractiea . Modbilisy
1 A 1.8
| 1.8
2 ¢ 3.5
3 D Nil
) E 1.8
3 4 1.9
6 a 1.1
? e 1.3
8 H )
9 R 1.0
10 R 1.2
1 K 1.7
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This is the same numbder as detected by NID seoludilisation
whioch is interesting dbut perhaps fortuitous. The highly
charged components have relatively los mobilities so are
apparently large. The cautions expressed about interpretatioa
of results for the NID solubilised materiale presussbly still

apply and scme other points have become apparent.

Component ) 18 prodably a real ecemponent. The chrema-
togran does not shov a dip, and the U.V. scan indicates preteia,
80 the "Nil" pesult may eisply mean that the protein, or
proteins, was toe large to enter the gel, This has e¢learly
oceurred with ecomponent 8, where saterial is observabdle at the
point of entry, "Nil" results are fairly common with the
3.D.8. eomplexes and it may be that dialysis bas resulted ia

a less of stadility and/er subseguent aggregation.

The eompeaents of fraction G and K are clear and have
separated distinetly. This has not deen ebeserved fer cother
materials so it is useful to speculate upon the aature of the
ehrosatography proeess, If a hypothetical moleeule A foreed
a coaplex with 200 molecules of $.D.8. (“A:1200%) 4% aight well
appear in fraction H with an electrophoretic modility of 1.7.
Possibly the complex “A:150" also e2cure and it would deserd
at lower sodium chloride concentrations and have lewer
mobility; at say 1.1 ia frestion G, That is to say that
eompenents 6 and 11 might contain the same parent protein.
This will only ocour if maximus binding of 8.D.5. has mot been
achieved but there is no reason $o suppose that this ia se.

¥*

Alteraatively, working against this possibility is the
proposal that as the eluting buffer passes over t‘o adsorbed
coaplex dissceiation progresses gradually with loss ef §.D.8.
The hypothetical component "A1200" having the charasteristies

of eomporent 11 could not then possidly disscoiate to deeome
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the somplex MA:150" until nome poiat after fractiom H. Thle
sechanisa therefore acts to speed desorption of complexes
having high8.D.S,tProtein ratiocs and acte in concert with the
increasing level of sodiusm chloride. On the other hand, the
forasation of §.D.8. complexes with various 8.D.8. levels on the

same protein component is conceivahle dut less likely.

The assumption is sade that the 8.D.3.1Protein complex
acts t0 create a high charge and this will delay elution eof the
cesplex. ¥hile this is prodabdly true it casm be seen that the
charge coatributed dy the protein itself is very sigaificaat,
for three compomeats with high charge and high eleetrophoretio
s0obility appear among the NID fractione, Further comaent
will be made on this poimt, It is also proposed that the
more hydrophodic protein sateriales will bind a greater numbder
of 5.D.8. molecules and so exhidit a greater charge. late
desorption on the chromatograms would thea indiecate greater
hydrophobicity. If this is so the materials of the
homogenised seabrane exhibit a vide range of hydrophedieity
though the eharge coatridution of the native proteinm saterial

sust odseure the eorrectness of this interpretatiea.



FIGURE 7. CHARACTERISATION OF VARIOUS MEMBRANE TYPES BY THEIR S.D.S. COMPLEXES

R __/\

7.1 Membrane of homogenised milk (minor globule fraction)

7.2 Membrane of a second homogenised milk

(minor globule fraction)

7.3 Membrane of a third homogenised milk (minor globule fraction)

7.4 Membrane of same milk as 7.1 (separable globule fraction)

7.6 Natural Membrane of a second unhomogenised milk
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Characterisation of the "membrane" that is created by the
hesogenisatioa process has been perforsed by three dimtinct
techniques., These are!

1) Ohromatography oa DEAL-cellulose of the 5.D.8.t!Protein
ecnplexes of memdrans materials

2) Chromatography on DEAE-gcellulose of NID solubilised
ssxbrane saterials

3) Electrophoresis in polyaerylaside gel of the NID
solubilised membrane msterials.

The results of these techaiques have been compared teo
the chroamatographie and electrophoretic ebaracteristies of the
senbranes derived froa homogenates of bdutterfat with casein and
with whey powder, Additionally, the soludbilisation
properties of the hosogenised "sembdrene” have already bdeen

reported.

132. 1)  Chromatography on DEAE-cellulose of the 8.D.8.tProtein
Complexes of Membrane Mgterials - Figures 7 and 8.

The origia of materials represexted by the ehromatograss

aret

Figure 7.1, 8.1 nmombrane material fros the sinor frastion of
a midk

Figure 7.4 msembrane saterial froas the separable fraetion
of the same milk

Figure 7.2 sembrane material froa the minor fraction ef

a second milk

Figure 7.3 membrane materiasl) fros the minor fraction ef
a third milk
Figure 7.5 membrane matoriel from an unkomogenised milk

Figure 7.6, 8.2 =membrane raterial from a tecond unhomogenised

wilk.



FIGURE 8. SIGNIFICANCE OF DEAE CHROMATOGRAPHIC PATTERNS OF S.D.S. COMPLEXES

8.1 Membrane of homogenised milk (minor globule fraction)

b=~ rgpy Q= === —————m———— - — — e ————————- - —————————— == ————
=117 13 119
—_— — = —

8.2 Natural membrane of unhomogenised milk
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Coneidering the materials extracted froa the small

globules of homogenised milk (minor fraction) similarity is seea
to exist between the patterns of Fig. 7.1 and 7.2. Ceasidering
the extent of dupliecation achievable these might be eonsidered
to be the same. The third pattera (7.3) ie, however, very
different. 1In all enses materials haviang a wide distridution
of sharges are apparent and also there is a eonsisteat level
of material that desorbas late ia the elutioa pattera theredy
indicating its high charge. The significance of the variews
peaks is indicated dy the electrophnretiec charasterietics of
fraotions collected (Pig, 8.1), Clearly different preteins
are preseat ia moet of the peaks checked and sany are
homogeneous to electrophoresis (Fig. 8.1 is a re-presentation
of Tig. 3.2 where it was proposed that 11 compenents have deen
detected),

The differences in the memdbrane materials of rig. 7.3
(eompared to 7.2 and 7.1) are drasatiec and there caa bde 1i88de
deudt that a different material is being investigated. Some
of the material desords rapidly (at adout the bed velume of
the eolumn thereby indicating that it was not adsorbed oato
the beads). Some of the material is probadly preseat ia the
sereaplecthanel artifast peak yot the dulk of the material

deserdva lster tham is appareat in the other two preparaticas,

Clearly also the pattern 7,b differs from that of 7,1
though they originate from globules of differeat sises in the
sase milk, It also differe froms all of the other patteras,

The reaction of 5.D.3. with matural sesdranes (7.5 and
7.6) produses two patterns that although mot identieal with one
another ere very similar, Superficially they are alse sisilay
to the chromatograms ef 7.1 and 7.2 but the aature of saterials
withia the peaks 1s quite different electrophoretically. This

is demonstrated by comparison of Figs. 8.1 and 8.2, Alse



FIGURE 9. CHARACTERISTICS OF N.I.D. SOLUBILISED MEMBRANES

9.1 Natural Membrane of Unhomogenised Milk

9.2 Membrane of Homogenised Milk (Minor Globule Fraction)

T

9.3 Membrane of a Second Homogenised Milk (Minor Globule Fraction)
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differences in the long low profiles of highly eharged

saterials can be seen.

In susmary it appesrs that -

a) All the membranes are heterogeneous

b) That the three origins of membrane provide different
saterials

¢) That three homogenised (minor) membranes differ, though
this needs confirmation

d) That the membrane of large glodules 2iffers from that oa

ssall globules ia the saae milk,

Interpretatioa will be carried further after the

presentation of other evidence.

13.8) ¢ 0 DE e e NID 8
Hem M r - Figures 9 and 10,

The materials represented in the figures are:

Fig. 9.1, 10,1, 2.1 a natural fat glodbule memdrane of aa
unhosogenised milk

Fige 9.2 a membrane material from the mimor
fraction of homogenised milk

Fige 963y 10e2, 3¢1 a membrane material froa the minor

fraction of another homogenised milk,

Consistent with the results obtained by the £.D.8.
techanique clear differences between the patteras of these
materials are presented. The differences between the two
homogenised milk materiale (Pig. 9.2, 9.3) are distinet anmd
there is total dissimilarity with the natural fat globule
sombrane saterial, Chronatography has not, however, provided
excellent separation of the proteine ae all peaks are

heterogenecus but it nevertheless hae value im allowing



FIGURE 10. SIGNIFICANCE OF DEAE CHROMATOGRAPHIC PATTERNS

OF N.I.D. SOLUBILISED MATERIALS

10.1 Natural Membrane of Unhomogenised Milk

l

10.2 Membrane of Homogenised Milk Minor Globule Fraction b=

WHOLE MATERIAL

30 || 31 — 2.8 — 2.8
3.8 — 3.8
a5
5.4
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frastionation and sudsequent enumeration of she ecspoaent
materials (see page 11 disoussion of Pigs. 2.1 aad 3.1). The
ratural fat glodule mesbrane yielde 6 components whereas 11 are

detectable ia the material of homogenised milk,

The heterogeneity of membrane materials and the differences
between materials are established and the conclusions drawa
from the 8.D.5. patterns are supported by these results. This
technique is useful but peaks obtained are heterogenecus aand
need study, Electrophoresis of the whole materials after
NID solubilisation proved even more useful for it could be
pursued more rapidly and with greater replicaticn of results.
Consequently DEAE chrosatography was disoontimued ia favour of
polyeerylanide gel electrophoresis of the RID solubilised whole

membrane materials,

13.3) Elsctrophoresis of the Various Nembrane Materials

Eleotrophoresis of the 3.D.5. ecaplexes was nog

particularly sucoessful because of exseasive tailing and
spreading of material throughout the gel. In general, the
results clearly showed dissimilarity between variocus saterials
but as results were mot clear cut they are not preseanted except

for the two patteras of Fig. K.

Figure K. Distinction Between Natural Membrane and Homogenised Milk Membrane
(Minor_Globule Fraction) -- S.D.S./P.A.G.E.

1. Natural

AT

0

2 Minor
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ileetrophoresis of the HID solubilised materials was
akoh zore successful though razulta are atill not as clear as
for nativa proteins. %uch lask of clarity might bdbe
attrlbutable to protein denaturstion after surfece adaorptios

which oreatea a lack of characteristic components.

The natural membrane separated into four components uader
the caonditions of Anvestigation and these results hav: already
baen presonted (Pig. * page 105) with comment about the
reproducidility of rosults from membranes originatiag froan
three milks. Considering the erosion of mendrane asaterials
that is inhorent 4in the washing of the oreams the similarity
of these three resulte provides evidence for the reliadility
of the anslytical techniques employed, Inspectiea ef these
results and comparisen with those ef homogenised milk (rig. 1)
supports the conclusicas apparent in all three approashes to
the prodlen that the natural and homogenised membranes are very
different from one another, The membrazee of homogenised silk
contain @any more components and 1t is not possibhle to identify
the original meadrane components with components in the new

aembrane.

Electrophoretis characteristies of the NID solubilised
meabrane materials extracted froa thres homogenised milks are
prosented 4in Fig, L. Each pattern represents the results eof
duplicated electrophoresis. The identity of materiale used
vas!

L1 The meabrane extracted froam globules of the minor frastioa
of az homogenised ailk

Le2 The meabrane extracted fros glodules of the separadle
fraction of the same milk as IL.1

L.y} The membdrane extracted from the minor freaction of a
secoad homogenised milk
L.&% The memdrane extracted froam the separable fractiea of the

secoad hoaogenised milk
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LeS 7The meabrane extracted froam the minor fraectioam of a
third homogenised silk
1.6 The mesbrane extracted from the separable frastioa of

the third hoamogenised milk.

Figure L.  Comparison of Fractions of the Same Milks (N.I1.D./P.A.G.E)

L.1

L.2

L.3

L]
]
O
i
(3]

L.6

=
m
i !".l

The heterogeneity of the membrsne of the homogenised
milks is confirmed particularly ae the fractionation studies
have shown that some of the bands are themselves heterogeneous.
Consistent uith the evidence of the two chromatographie
approaches there are distinct dif{ferencee between the three
homogenised milks, Net only is this so but there are also
distiact differences between the materials of the separabdle
globules and the smaller globules of the minor fraction whieh
agcords wiih the same indication interpreted from the 8.D.5.-

complexes (Figs, 7,1 and 7.,4)., Ian all cases some saterial
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has failed to enter the gel and this is presumably either
large aggregated materiala that are inadaguately soludilised
or component molecules that are toc large to enter the gel.
Denatured proteins woulé show thie effect, In most ceases a
wide range of migration raios iz ohservable and some eompomeats
have migrated very rapidly for the tize of electrophoresis vas

oaly 60 minutes,

In summary, all thres approacheas have established ia
common Sthat!

a) The msatural mseabdrane and the mezbrene of homogenised milk
differ widely from oue umother. No common property is
observed. Thie lack of comston oroperty is the
consequence of the intentienal use of the NID soludilimation
technigue which deliberately excluded the majority of
natural fat globule memdbrane material,

®) The soluble materials of membranes are heterogeneous and
up to 11 components have boon detected frem the smaller
globules plus up to 9 (possibly different) detectable
from the separable globules.

6) The membranes of differoat homogenised wilks (vhem

comparing similar glodule sises)differ fros one another.

It 1s further inferred but with lese support (only from one or

tv¢ approaches) that!

d) The small and large glodbules of the same homogenised
nilk carry momdrane having different compeaents,

e) The system of preparation is not likely to have coantributed
to the obveerved differences because aatural fat globule
gsabranes from three sources do not exbibit such wide
differencee and are in fact remarkadly similar to oze
another on polyaorylamide gel electrophoresic,

£)  The materials of homogenised milk coutaim a proportion
of cemponents that are highly charged (ac indicated by
TRAE chromatography of the NID solubilised materials and
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ths rapidity of electrophoretic migration of some of
these materials). 'The presence of siamlie neid contributes
a high negative eharge to the surfmoe of the erythroecyte
(Eylar, Madoff, Brady and Cneley, 1962), Milk pretein
aaterials ocontaining sialie acid might provide one souree
of highly charged compoments on the homogenised memdraae.
g) A nusber of ooaponeats complex with 3.0.8. to give highly
ocharged gomplexes., The ability to complex with §.D.5.
is apparently a characteristic of the saterials and if so
mey indicate the degree of hydrophobicity of the materials,
In that case some of the materials are very hydrophobie ia
zature which 48 supported by the probiola of
ecoludilisation.

Section 14

F;OG:IB

The sharacteristics of the membranes exsracted from
polagontlod milk bear little recognisabdble relationship to the
characteristies of native casein and whey protein, This ie
unexpected for a material reoognised as cesein by precipitation
at pH 4.6 and electrophoretic propertice have been detected
from the memdrane of homogeniced milk (Jackson and Bruaner,
196C). Consequently the charescterisation of casein aad of
whey protein after adsorption onto the fat/plasma interface
while imdepeadent of each other and of the natural fat globule
membrane proteins has been invéstigatad. Two homogenates were
prepared; one containing casein ané fat only snd the ¢ther
contalning whey powder aud f[at only. The membrane materials
that foraed to stabilise the resultent smulsion were eoxtracted
and prepared in the same mauner as for whole ailk and scubjected

to chruaatography and electrojhoresic,

A aumber of general observations caan be made when compariag

casein with its homogenate lolbfnlo. Casein is readily



FIGURE 11. EFFECT OF HOMOGENISATION UPON CASEIN (S.D.S. COMPLEXES)

11.1 Casein + S.D.S. + E.D.T.A.

e —— o — — s . — i —— . . T — ——— ——————————— —— ———

11.2 Membrane of Casein Homogenate + S.D.S. + E.D.T.A.
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soluble whereas the homogenate membrane is kighly imsoludle.
Evea in detergent solutions thie inmoludility is metadle aad
during preparatioa a proportioa of she material is eentrifuged
out and alec a proportien of the solubilised material will
etill not enter the gels for electrophoresis., Chaages ia the
eleetrephoretie properties of the homogenate during cold storage
whieh iadicate association, ocesur with the homogeaate smeambrane

whereas ¢asein is stable to this treatment (Fig. D).

The 8.D.5. comploxss with casein (Fig. 11.,1) and with the
homegenate sesbrane saterial (Figs. 11.2 and 14,2) are
distinetly different from one another on chromatography.
Clearly the homogenisatioa process has saused a major shaage
ia the nature of the easein se that materials whieh separate
sharply ia the native state oxbidit gradual desorptioan
characteristice after homogenisation., S.D.5.:casein
complexes that desorb readily from the columa do not appear
after homogenisation though some comparable NID solubilised

esemponents haviang low eharge are demenstradle (Fig. 12.2).

This ean be explained by assuming that easein eemponents
becose modified so that they more readily assoceiate with 5.0.3,
and therefore gain in charge so that they desorb less readily.
This would infer that because of homogenisatioa the easein
has deeccae mere hydrophobie -

@ 8o it ::i readily assoeiate with the hydrophebic fat
interface. Thi: i rred beasse:

®) Zor it can readily assoeiate with 5.D.5. to form highly
charged complexes

b) PFor it loses its native solubility in water,

These assumptions infer a massive change ia the

conformation of easein from the stadle micelle te an extended

layer of heterogenecus denatured protein.



FIGURE 12 EFFECT OF HOMOGENISATION UPON CASEIN (N.l.D. SOLUBILISED)

12.1 Casein + N.I.D. + E.D.T.A.

12.2 Membrane of Casein Homogenate + N.I.D. + E.D.T.A.




FIGURE 13. CHARACTERISTICS OF MEMBRANES OF CASEIN AND WHEY POWDER HOMOGENATES (N.I.D. SOLUBILISATION)
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The sassive ehsnges that do ocour are further illustrated
by the oharaoter of NID solubilised ocasein homogemate mesmbraae
(rig. 12.2) when eompared with the oharaoteristies of NID
solubilised native casein (Fig. 12.1). Once again there are
sajor differenees in the patterans. Assuming that the NID
hae mot eontributed stroagly to any ohange of the eharacteristies
of the homogenate mesdrane cospoments it appeare that the
oomponents formed have a wide variety of ocharge charasteristies.
Some material desords more rapidly thaa the norsally leading
mercaptoethanol artifaot peak, Intereatingly, wpon fractieaation,
the more readily desorbing material is not identifiadle by poly-
aorylamide gel eleotrophoresis (Fig. 15.1) and may well be ia
forms that are too large to enter the gels. If so, this too

distinguishes the homogenate from the native casein,

The major proportioa of the homogenate membrane material
ie highly oharged and desorbds late in the elutioa. Probably
5 highly charged oomponents are detectable upon fractiomatieca
and this is not likely to represeat all of the compoaeats for
about 11 are deteotabls ia the whole material. Prodbably more
saterial is bound to the columa and has not desorbed evea at

the 1.2 ¥ sodium ohloride level.

The third piece of econtributing evidemee is shown 4a
t‘.‘o M,

Fi .
Igure M. Characterisation of Casein and the Membrane of its Homogenate

1. Membrane of Casein Homogenate

-
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2. Casein
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The electrophorectic characteristics of the homogenate

membrane are very different frosm those of the native casein.

Separation of the components of homogonate mesbrane was

difficult which indicated asesociation of the denatured materials,

Interestingly, the rates of migration are not particularly high

though the chargee o thoe cormyoreuts of the homogenate membrane,

as indicated by DEAk-celluloze chrormatography, were high whigh

suggests that the molecular dimensiens of many of the

components are large or extended so thaot migration is hindered.

a)

b)

e)

A nusber of conclusions can be drawn from this informatiom
The casein is altered by homogenisation so that the newly
formed surface predominantly consists of highly charged
sateriale.

The lack of definition of the hemogenate membrane
componente ladicates a loss of character as wmould be
consistent with messive denaturation,

The identity of caecein after homegenisation cannot be
inferred by cbservation of propsertios that appear te be

the sate as for casein, Previous work (see page 11)

that has identified casein im the membrane of homogenised
milk is, either irncorrest becszuse the teschniques used to
identify the naterials aro less selective than those used
in this study, or the casei:z idertified was loosely dound
to the created membrane and wes present in its native foras.
The electron photomiorographs of the membrane of homogenised
milk sbow how this could occour (Henetra snd Schmids, 1970).
The ocasein micellu irn these photos appeara to be either
completely denatured ontu the fot surface or to aAtill
retain wuch of its integrity as loosely held micelles
attached to the globule by = portion of its surface, If
this is true it i35 posaible that the rigorous washing
conditions applied in the present study might have removed
all trace of native casein from the glohbules but left the

tightly adasorbed materiaels, The improved selectivity of



FIGURE 13. CHARACTERISTICS OF MEMBRANES OF CASEIN AND WHEY POWDER HOMOGENATES (N..D. SOLUBILISATION)
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the methods used in this study is favoured because the washing
conditions used particularly for the separabdle fractioa, are
not very different from those normally employed by other

investigators.

1h.2) he ence of Homogenisation upon Whey Prot
A homogenate of whey protein was prepsred froa whey powder
to study the effect of the remaining components of the caseia -
free milk serum in case some emulsifying agents cother than just
the protein have an iafluence upon the membrane forsatioa.
Pure uandenatured whey proteins in the quantities required and

in the appropriate balance were not available.

In commom with the ebservations sade for caseia the whey
proteins have suffered major alteration because of the
homogenisation process, The solubility of the proteias vwas
again extensively reduced. The alterations are most
drasmatically illustrated by polyacrylamide electrophoresis
(rig. N).

Figure N.  Characteristics of Whey Powder and the Membrane of its Homogenate

Solvent-treated Whey Powder in Urea (100 micro.1.)
g : I
]
S |
Solvent-treated Whey Powder in Urea and N.I.D. (100 micro.l.)

Whey Homogenate Membrane in Urea and N.I.D. (250 micro.l.)

|




FIGURE 14. CHARACTERISTICS OF MEMBRANES OF CASEIN AND WHEY POWDER HOMOGENATES (S.D.S. COMPLEXES)

14.1 Membrane of Whey Homogenate + S.D.S. + E.D.T.A.

14.2 Membrane of Casein Homogenate + S.D.S. + E.D.T.A.
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Evidently a large proportion of the material is mot
ch.rnetorinzfi after homogenisation (only 3 bands deteetable)
an&T:;o material bears no resesmblance to that of the sative

satesial,

The whey powder, being not a pure protein smateriesl, did
ast lend iteelf to chrosatography so oaly the hemogenate
menbrane was characterised ia this fashion (Fig. 13.2). The
RID stlubilised homogenate membrane contaias few sompenente
identifiadble by electrophoresis and again exhidits a wide
renge of charge characteristics, The 5.D.8.-complenes are
not numerous (Fig. 14.1) but again highly eharged eemplexes

are detected.

\

The ehromatogress of the homogenate membranes of easein
and whey are superficially eimilar but thie is merely
coincidental because!

1) The fraetiens of the NID solubilised whey and easein
homogenate meabranss are oloetrophcroiioally different

(./f '1‘. 15.1 and 1302)

11) The fraction of the 2.D.8.-complexes of whey and caseis
homogenate memdranes are electrophoretically differeat

(e/f Fige 4.1 and 14,2)

114) The electrophoretic patterns ef the whole membrane
materials differ (o/f Fig. M and N)

The iavestigation of the whey homogenate sembrane leads
to the same conclusione as for casein hemogemate.
vis. AfSer adserption to the fat surface the whey proteins
oxhidis:
1) & wide variety of charge characteristies with a high

proportion having Righ charge

1i) a wide variety of complexes with 5.D.3,
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111) a major difference in electrophoretic properties froa

the native whey proteims

iv) a major decrease in solubility.

Also direet eomparison of whey homogenate memdrane and

casein homogenate semdrane shoss that they differ from one

another,
14.3) ¢ s £ ate mem & W
and milk

The sesondary aim of prepariag artificial homogenates
was an atteapt to identify the origin eof the materials preseat
upon the membranes of homogenised milk. It has been
established that the properties of the native protein do not
compare with the properties of the homogenate semdranes 8o the
“standard saterials” with whichk to compare the properties of
milk homsogenate membrane sust bdbe casein and whey homogenate

aesbraneei not the aative proteins,

This ®ay be perforsmed by oo:Inring electrophoretic
patterns (Figs. N and K ooopnro:;ric. L), or by eomparing
chromatographic patterns of the 3$.D.8. eomplexes (Fig. 14
compared with Fig. 7), or by comparing chrosmatographic
patterns of NID eoludilised sembranes (Fig. 9 compared so.Th

'1‘. 1’) °

All ohromatographic patterns shes a ocommson ability of the
semdrane materials to comdine with &.0.3. and produse
complexes with high charge that show a typical upward slepe.
They are diffieulit to aclubiliae ia the absence of detergent.
These properties are shared with the natural fat globule

mesdbrane but sot with the native silk proteins and so are
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presumably characteristic of the materials adsorbed at the

fat/plasnme interface. Thsy prodadbly indicate highly

hydrophebic propertics.

A number of component materials that exhibit high charge
and are detectable by polyaerylamide gel olnctropho:onin.
when solubilised by noneionic detergent, are demonstrable in
all homogenate membranes but this is not true for natural
nenbrene nor for native proteins (highly charged material 1s
present in the natural membrane but it does not show a baad

on electrophoresis).

In other respeets the srtificial homogenate membranee
differ sarkedly from the milk hemogenate memdbrene, which ge
to be expected for the milk bomogenate memdranes all 4ilfter
fros one another. The number of components detectable ia
fractions from the chromatograme of the casein and whey
homegenate membranes is lower than the number detectadble fros
milk homogenate membrenes. FPoesidly this refiects the
greater number of source preteins in the milk. One
remarkable point of difference is the ehromatogrephic
characteristics of the KIi solubilised cesein homogenate
sesbrane which carries a high proportion of highly charged

seterials.

A nusber of experimental reascus may iafluence this
reasoning snd possidly differences wmay not be real becauael
a) 4in silk, casein is not separated from whey components

6nd the natursl fat globule membrane eomponents. The

yoseibility of comrlexes forming detween thease souree
proteins must be reecognised.

b) the phospholipids and polar lipids of milk fat would
aseist emuleification {n milk homogenisation but would
not be present in the artificial homogenates,

e) the experimental homogenisation was nét ss effectively

perforaed as it was in the commoercially operated
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homogeniser used orn the milk.

Despite these reservations it is clear that the ecmpeaents
adsorbed %o the fatiplasma interface due to homogenieation
ecannot be ideatified by reference to the properties of native

casein and whey proteinms,

Reeoganition of this factor has proved a diffieunlty for
previous workere ia this field. TFree boundary eleetrephoresis.
did not perait identification of these materials ia one study
(Brunser, lLilleviek, Trout and Duncam, 1953) but provisicaal
idertification of these materials was sade on the dasis of the
sedimentation sharacteristiecs of native proteins (Brunner,
Dunean, Trout and MacKensie, 1953). In another study a
“gasein complex" was identified by reference to the free
bousdary eleetrophoretie characteristice of native casein and
to the isco-electriec precipitation of this material at pH &.6.
The complex, however, ecntained 8.5% 1ipid while rennet and
urea had mo effect upen it (Jackeon and Brumner, 1960). These
last observatioas accord with those of the present study that
casein's native preperties are lost after homogenisatien 80
the eoaclusioa drawan, that the complox was caeein must be epen
to doubt, The preparation of an homogenate of ealeius
caseinate, vashed membrane and bdutieroil appeared $0 bde a more
valid approash (Jackson and Brunner, 1960). The wse of free
boundary eleetrephoreais to ideatify the cosplex possidly
invalidated the identification because of the insensitivity of
the Sechaique. 8isilarly, a comparability between t;o eharge
sharactersities of whey and casein homogenate membranes (as
deteoted by chromatography) vas also noticeadle in the present
study but was shown to be invalid by more seasitive teshniques,
Identification of the whey proteins after homogeaisasisn vas
attempted but not achieved (Jackson and Brunner, 1960) and

thie is in conforsity with the results of the presoat study.
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Ia summary, it appears that the alteration te the nature
of the proteins of milk caused by homogenisation is so extensive
and the nature of the memdrane of homogenised ailk is so
variable that ideatification of the origin of the freshly

adsorbved naterials is not feasible.
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Section 15 136.

The results presented lead to a number of postulations
regarding the nature of the materials adsorbed to the fat:
pretein interface of milk as a Qrpﬁlt of the homogenisation

It is odserved that homogenisatipn and subsequent surface
adsogption causes a mescive change in the ¢haracteristies of
the native milk proteins so that the sourge of the adsorbed
materials 1s not identifiable by comparison with the
preperties of the native materials, Thf- observation
1-v.1£dntii many of the eonclusiocns drawn by previous workers
as %o the idontity of souree materials that adsorb to the
interfase. It 48, hovever, possible to re-interpret early
results ia terms of the diffioulties encountered and the

differenced cbserved and fimd support for the conclusiens of

ftﬂc present study.

rbori is no evidenee that edsorptioa is specific to any
protein friction. The hemogenisation proeess ereates a
prtportiua(ol materials that are more highly hydrephodie aand
more h;;hlx charged tham the native source proteiss. These
two' propcrttoo would bde comsistent with aa improveseat ia
t;otr properties as eanlsifyiang agents which is a pars of
thn;r new function, Similarly the preteias of the natural
tatlglobuln'i-ubrnno are ne longer ideatifiable ia the sesbdrase
saterial of hologontood milk, Because of the greater eurfaece
area of ;1obalol of hosogenised milk the natural sembdrane
oanponouto would be diluted by other materials but neither of
tholc fucta Cxclndo the probability of their presence in the
new lpabrlnt. aldeit in an altered foram,

/
/!hc proooal of adsorption is appareatly usordered for the
-tprtnlo cﬁcnttd differ among milks agé even between gledule
ogllc. It -u-t thorefore be assumed that the origin of

f
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materials that are adsorbded is not speeifie though possidly
protein materials that aet as esuleifying ageants (er whieh are
sost readily oconverted to emulsifying agents) might de
preferred by the eavironmeat of the freshly formsed fatiserus
interface. Cenceivadly the proteins are spread ever the
surface of the globules after an unfeldiag of the origimal
strueture in a sanner similar te that whioh oceurs at ether

interfacea.

Ia view of theoe eonsiderations it must be ianferred free
the interfacial activity of the various milk preteiams that
layers ocontaining sixtures ef ths remnants of satural gloduls
mesbrane proteins, whey proteins, and caseins will ocecur.

The variadility obeserved probadbly refleets the importanse of
the environment of the interface upea the fora that adserption
will take.

The energy required to perfers these effeets will be a
oemposite of mechanical and surface energies. Variatien eof
sechanical energy weuld aet to alter globule sise and
oensequently surfaee area. Beesuse mechanical eaergy is
effeetive ia altering the properties of skim milk it prebadly
ean affeet the proteinm stadility direetly. Proteins are aleo
prebably more susceptible to interfaeial adsorptiea after
denaturation. $ince casein in micellar form has little
surfaee aetivity mechanical disruption and/or distortioa of

the micelles would assist the surface adsorption of saseia.

The eonsequences of this proeess are that protein
stability of the homogenised silk is likely to be reduced aad
that the reactivity of the fat is likely to de sltered because
of the mew eovering layer ef denatured protein on the gledule
surfaoe. Such effects have been widely ocbeserved in the
technolegical literature from whie: a number eof inferemces

oan be drawa to ocomplete this view of the homogenisation
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process, These are:!

1)

2)

3)

b)

s)

é)

Beoause of the massive changes of proteia propertiece as
odserved it is likely that lipase would bhe imaotivated

if {t were ineorporated within the homogenisation~ereated
sembrane, Its actioa is therefore predabdly of
independent adsorptioa sudbsequent to the iaitial

resurfacing pheaomena.

The reduction of protein stability may oocur beeause ef
the dematuration of a propertion ef the proteia through
adsorption, through ite involvement ia the ereation of
dense fat:protein complexes, through direet alteration
arising from mechanical forees, or some combination eof

these offecte.

The envelope of denatured saterial may well protect fat
against oxidation by dinding less copper, dy lowering
the eencentratien of phosphatide at the surface, and/er

removal of lipe-protein units from the surfaee,

The ineorporatioa of a componeat of fat globule
agglutinating fastors into the created meamdbrase could
destroy its adility to promete globule clusterisg though
denaturation of the factor might also have oceurred serely
a® a comsequence of the violence associated with the

precess,

The protestion of the silk fat emulsion against freesing
danage is explainable oa the assumption that the

enveloping memsbrane is se denatured as to bde insensitive
to further denaturatioa. This could also eeantridute e

the stability of homogenised globules to ohuraing.

The denatured proteia envelope aets as a good esulsifyiag

agent so that the reduced oconcentration of phosphatides
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at the surface does not result ia emuleion inmstability.

7) The limited capacity of protein to stabilise the
emulsion of high fat content is understandable because an
80% fat eream would eoatain oaly about 0.6% pretein whieh
could hardly provide an eaveleping sembrane areund the
maAy fat glebdules.

8) The salt balance of milk need net be measuradly altered
to eatablish the complex provided hydrephobie fat/proteia
assogiations are assumed to be the prime bondiamg agents,
If this 19 trwe the wvalue of EDTA in dispersiag the
sembranes must be restricted to i%s valuwe in dispereing
saturally oeeurring linkages vithin the natural sembrane
and intra-casein liakages.

In summary it is proposed that the prisary aoctioa of the
homogeaisatiea process is to ereate an area of expoeed fat/
liguid interfase on to which surface deaaturatioa of the
proteins of milk cas oscur. This results in sassive glteration
of those proteins that decome tightly beund, se that they are
20 loager ideatifiable by cemparison with the properties eof
the aative proteins. The aoctual foram that is takea by sueh
adserption 1is eontrelled by factors relatiag to the fat/liquid
interface such as surfase presaure, and to the aature, concen-
tration and availability of all surface astive saterials that
are preseat im 1%s eavironment. This results ia variadbilisy
in the nature of the materials that cas be isoclated fronm
aembdranes whiek originate from differeat silks or whieh origimate
fros globules of different sises within the sase milk. Thie
variability suggests that preferential adserption of aany ome

protein does not ocour to any measurable extent.

As the properties of skim milk can be altered by the
homogenisation precess it appears that a seecendary actiea eof



140,
homogenisatioa 4is an alteration of protein structure whieh

say prosote the surface adsorption phenomena.

The total effect is to create arouand the newvly foraed fat
globules a shell of deaatured protein material whieh has
properties that are dietinet froa those of the origimal
aendbrane and are alsc distiact from those of the mative
proteins of ailk. Consequent upoa these changes some of the

properties of milk ean de observed to have altered.
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APPENDIX 1
¢ f 44 @ "gute o t
1. For the Alfa-laval Separator
It i given that Q= 2 Vg & (Equation 1)

where Q = flow rate through separator,

Vg = terminal sedimentation velocity of
the globule,

& = the area of a gravity settliag tank
of equivaleat sedimentatioa
characteristios to the eeantrifuge.

For a disc bovl separator equation 17 gives:
S s Kr 27 nwz(r’-ri)

;g_
3g tan O

where Kr = a ooanstant related to class of a
coentrifuge and has been showa to bde
0.5 for a disoc bowl separator,
B = number of dises in bowl s MO,
W s angular veleoecity, radians/sec
=2 reve/see = 2 x 133,
= radius to periphery of disc stack
= 7 em,
= radins to internal point of disc staek
= 2 om,
O = the angle to the vertical at whieh
the discs rest = 40°,

Hence

S (4100 bowl) = 0.5 x 2T _x 40 x (2T x 139)2 x (2> - 2%)
3 x 981 x tan 40°

2 11,90 x 106
Now Q s2Vg Eq. 1
where Q = flow rate = 100 =)/second
o.o V. s i
22
. 100
(1

2x 1.9 x 10



2.

142,

= 0,420 x 10~

A/anz
It is given that Vg = '_'B_‘ Eqe. which is a
¢ ¢ win agntZ-ont of Stoke's
law

. pP. IgadR
APg

where D = diameter of the sut point
particle,
» the diameter of particles
Ealf of which will be
remcved ia psesage through
the centrifuge dowl and
half ¢f which will mot be
removed,
Q = viscosity of the milk
= 0,010 poise at 40°C,
SBee MeDowall (1953) AP « aifference in density
between fat and milk

serum = 0.122 gu/ml at 40°C,

2 0,420 x 1077 x 18 x 0.01
Hence D = 0.122 % 981

-10

= 6305 x 10

e D = 7,97 x 10°° om

o.q/n
From this calculation it may be concluded that the Alfa-
Laval separator used will satisfactorily remove globules
fros the homogenised milk that are lsrger than the average
sise. This is in satisfaotory agreement with the observed

fat recovery.

Use of the Sharples Supercentrifuge

The S5igma Value may be calculated as follows:-

vl 1

g 2r 2 :) Equation 11
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where V = Volume of liquid 4in She bdowl
a 2,0. 8 sl
& = Angular veleoity, radians/sec

= 2T revs/ses.

. 2T 393899 . 2 x 666

NB Macbine runs most effectively using homogenised milk
as feed with dam no. 7.5 at 40,000 r.p.s, with an
inflow rate of 8.8 sl/sesc.

r, = iaternal radius of colusa of milk
« internal radius of oream overflov
dam, « 1,07 cns
F, = internal radius of centrifuge bowl

s 2,219 oms
1

2
e’ « E%M 2 x 2.219°
 (
2

.219% + 1.07°

= 8.}5 4 106

Now Vg = 'JE;
2

. 8.8
2 x 8,5 =x 10‘

0.51% «x 10“

Now Dz = m
AP

wvhere values are the same as before.
= 0,515 g 10"'6 x 18 x 0,010
122 x 9 1

s 7.7 X 10‘10

e D = 2.7 x 107 em

2 0,3 microns
Fros this it might be ceconcluded that useful separation of
the fat, including the saaller then average diameter fat

globules from homogenised milk could be esffected. In
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practice however this was not foumrd to be =o0. Separation of
a fraoction of homogenised milk containing 1.3% fat produced a creas

containing 2.8% fat, whilet 1.1% fat appeared in the ekinm milk.

(Notet= The operation of the machine could theoretiocally be
improved by reducing the rsdius of the ring das in
use., This procedure would however increase the
proportion of l1iquid flowing to the oream outlet
thereby reducing the test of the cream even further,
If a larger ring dam was used the eream test would
isprove becsuse a lower volume of liquid would pass
t¢ the crezm cutlet but the fat content of the
effluent "akim"” milk would etill be unacceptably
high (around 1,5%).

Because of these factors it was necessary to abandon the use of

continuous centrifuging teshniguee to obtain the small diaseter

globule fraction,

3¢ The Use of & Bucket-type HSE Centrifuge

The diameter of the cut-point partiole may, for a bucket

centrifuge, be calculated more directly from the following

formule:
E A,oba wz 1n r, Koo B
18 r
2 3 ln _2
or D" = APy w T

wshere t = time of ceatrifuging (dut ignoring
speed-up and slow~down times)
= 3C wins = 30 x 60 secs.
W = radiens travelled per second

s 27 revs/sec

-2 HX

r, = radius to outer wall of ceantrifuge
bottle from centre of rotatien
5 13,3 ess

ry = rediua to iuner wall of centrifuge

bottle frem centre of rotation

s 5,022 ow.
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(Notei= In arriving at values for r, and 7, the angle at
waich the bottles lie in the centrifuge head aust
be considered.)
(Note:= The value for A= 0,122 may be in error due to the
protein sembrane which is propeortionally more

important, altering the effevtive density of the

P

fat,)

Hence 2 . 18:%% x ")0—::—"5

X (éwr';ggﬂj! in

. 30,3 x 107 ¢
e D = 5.510 x 10°°
= 0,055 mioron.
This result inferse that these conditions of centrifugatien
will sigaificantly improve separation.
The nett result isi-
(a) %The homogenised milk can be separated in the Alfa-laval
separator to produce a cream fraction coantaining

approxinately half of the fat which exists im globules

that are unlikely to be less tham 0.8 micron in diameter.

(b) The serus fros this can be re-eentrifuged batchwise in
an MSE centrifuge at 5000 r.p.ams for 30 mins. to provide

a 2nd fraction containing globules of ssaller size.
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D of Prote - Kie N

Weigh out accurately an appropriate quaatity of saterial.
Insert filter paper and sample into a Kjeldahl flask,
Digestion

Add adout 2 gas of Na Bo~ to raise the boiliag peint, 5 als

2
of mercuric sulphate as a catalyst, and 20 mls of conec. lzlo~.
Also add two glass beads to prevent bumping., Heat gently ia a
fume cupboard, Yhens frothing ceases turs up heat and boil
gently until solution is clear. Cool, wash down neck of flask
with hot distilled water and heat to fumes of sto~. Cool,
dissolve precipitate in distilled water, Transfer quantitat-
ively to 100 ml volumetric flask, and dilute to mark using dil-
utioa water to rinse out Kjeldahl flesk thoroughly. Mix,
readjust to voluse if necessary.
Distiliation
Transfer 10 sl aliquot to the distillation flask, assesble
the apparatus and rus in 15 =l of 60X HaOﬂ/Hazszo’ solutioa.
(Notei- Prepere this as followsi.-
60 gn FaOH and 5 gu ua28205 te 100 ml with water)
(Alternatively:- 15 al of 60X NaOH ané 5 ml of 154 sodiwm
hypophosphite may be used as there is a
danger of the forsationm of 828 being
produced when usiag thiosulphate.)
Stean distil on micro-distillation apparatus for 15 minutes,
eollecting distillate in 5 mls satureted (&%) doric acid, plus

S =l water.

.

B&ltrate boric solution with 0,02 N HCl, using Tosheros
indicator to gray/green end point, or firet appearance ef violet.
(Indieator is 2 parts 0,2% methyl red in ethanol with 1 part

0.2% methylens blue in ethanol).
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l?PINDI; 2

C ed FPresentat Q o8

The graph lines drawa by the recorder have beea traced
and reduced to half sise. The X exis represents the inereasing
gradient of sodius ghloride with tise and is read from right to
left. Hence in the lowest tracing of figure 1 She experiment
begine slightly before position A with all of the pretein
bound to the DEAE sephadex Beads and mo salt im the buffer.

Progressively the salt concentration in the duffer
increases as the graph lime moves te the left. The first
protein is desorbed at the salt eoncentratien reached at
position C and all of the protein has deserded before pesition
De. The imerease ia salt conceatration eontinwes ungil it
reaches 1.2 Nelar at positioa t.nrtor an elutioca periocd eof

16 hours,

The Y axis 4is a seale of optiecal density as measured bdy
the absorptioa of light at 280 aM. As each protein passes
through the cell it is measured at 3 minute iatervale and a
record of the 0.D. is made. Eaeh peak reolates to the
concentration reached at that time, The peak positioan B is
preseat in every graph and represents a reference poiat to
whieh all the graphs are aligned for coamparative purposes. It
i® aot considered to be a true protein peak. A horisontal

dotted lime is inédluded tocindicate the base line.

In Figure 2 the graphs are complesented by a charaeteris-
ation of the protein material in each peak as shown by pely-
aerylamnide gel electrephoresis. The pattern at the far right
shows the nature of the whole membrane. The direction of
migration is downwards., The proteins eater the large pore gel
at positioa <1 and eanter the ssall pore gel at positioa O whieh
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is desigaated as the origia. The bamds of proteis are drawa
as observed vith dotted lines representiag faint or curved
lines, and shaded areas represent droad dbands of protein,

Dark lines at the origin or at -1 reprssent protein naterial
that 4ie Sfneufficieatly dissvciated, or naturally too large, to
enter the gel at that point. The numbers written beside

each protein band represent the distance of migratiun in

centimetres achieved after 60 minutes of eleotrophoresis.

The tera "protein-free" means that mo protein is
deteotable. The tera "Kil" eeans that while the U,V.
absorption pattern of fresctioans collected at that poiamt
indicate the presence of protein no charadteristie pretein
band appears on electrophoreais, This tern is not wsed unless
duplicate, or more often triplicate, slectrophoretic rums have

falled to deteet protein. It aould mean that:

a) the protein material is in low comcentration or is diffused
along the gel so that the stained material is mot visible,

or

b) the protein material is in too large a particle fora te

enter the gels,

In the figures where the polydarylamide gel is drawa

horisgontally the direction of migration is from left to right.
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