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Chapter 1
INTRODUCTION

1¢1 The Rolc and Occurrence of Lipoprotein Lipase

Lipoprotein lipase is thc enzymec involved in the hydrolysis
of blood lipoprotein TG to yicld FFAs and glyccrol; the FFAs are taken up by
the tissue organ to bc csterified into new TG or metabolized and the
glycerol rcleased into the blood stream to be metabolized by the liver.
The enzyme requircs the presence of apolipoproteins surrounding the TG
core fcr activation of the cnzyme and these remain in the blood stream
after hydrolysis of the TG to give a lipoprotein complex of higher

density,

Lipoprotein lipasc has becn detected in chicken adipose
tissue and rat adiposc tissue byKorn and Quigley(1955) (1957),
Angervall (1960), mammary tissue of guinca pigs by MeBride and Komn
(1963), rabbits by Fiddler and Falconcr (1968), goots by West ct al
(1967) and bovine mamnmary gland by Aslew, Enery and Thomas (1970)9 post
heparin plasma of rats by Fielding (1969) and bovine milk by Korn
(1962). It is released into the circulating blood after injection

of heparin as shown by Heald et al (1965).

In cow TG of chylomicra and LDL (d less than 1.019) circulating
in the blood are taken up by the mammary gland as shown by Emery et al
(1965), Glassock et al (1966) and Welch et a2l (1968). The main
sourcce of long chain FAs removed from the blood by the mammary gland
are TG fatty acids of circulating LDL and chylomicra as reported by
Emery et al (1965), Glassock ¢t al (1966) Welch et al (1968) and
Huber et al (1969).

1:2 Lipoprotein lipase and fatty acid uptake

Barry et al (1963) using arteriovenous studies across the
mammary gland of the lactating goat found that there was a large

arteriovenous difference in the TGFAs of chylomicra and LDL of
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density 1.005 - 1.019 with no significani arteriovenous differences in
FFPAs of plasma or in FAs of IDL of density 1.019 - 1.063 or HDL
indicating most of the milk fat TG are derived from VLDL or
chylomicrons of serum., The IAs taken up from VLDL and chylonicrons
are nainly palmitic and stearic acids (90%) with ncderate amcunts of
oleic and linoleic acids. They conclude that TG of chylomicra and VLDL
are the main source of FAs of nilk fat TG and possibly glycerol
indicating the ilmportance of LDL in the maumary gland. Annison et al
(1967) found that milk FAs of chain length C4 - C14 arisc largely from
blood zcetate and pelmitate is derived partly from acetate and partly
fron plasme TG, the latter being a najor source of oleate and stearate.
Glassock ¢t al (1966) estimated by tritiun labelled TG of olive oil
that 35 - 48/% cf the milk fat by weisht was derived from B lipoprotein
TG. Lascelles et 2l (1964) obtained sinilar high incorporation of
chylomicron TG into milk fat.

West ¢t al (1972) using chylouicron TG emuisions labelled
with H3 and 014 TG and passing thesc through the mammary arterial vein
of lacztating soat showed that both glycerol and ¥FAs werc released

14

during TG upbake by mammary tissue and changes irn the H3/C ratio
during transfer of the TG from bloocd into milk indicated that at least
80% of the TG was hydrolysed during uptake with a greater loss of 014
glycercl than H3 palmnitic acid during synthesis of milk fat from

labelled chylomicron TG.

Using perfused ret adiposc tissue, Rodbell and Scow (1965)
observed that half of the TG in chylomicrons taken up by the adiposec
tissue was hydrolysed and the FAs re-csterified whereas the other half
was retained intact in the tissue and a contimal release of C14
glycerol after stopping infusion suggested that TG was hydrolysed

after being removed from the blood stream.,

Scow et al (1972) observed that after infusion of C'%4
palmityl H3 glycerol TG chylomicrons through rat adipose tissue the
FA content of the perfusate decreased 9Q% whereas glycerol content

only decrcased 50%., Analysis of adipose tissue lipid extracts after



3

perfusion gave 9% of the TG as unhydrolysed and 91% appeared as new

TG in thc distal portion of the adipose tissue whereas in the proximal
portion, 55% was unhydrolysed and 45% appcared as new TG. Jones and
Havel (1967) by in vivo studies showed that most of the TG taken up by
the adipose tissuc was hydrolysed to FFA and glycerol,

By observing the molar ratios of glycerol to FFA at various
times after infusion of radioactive labelled chylomicron TG into rat
adipose tissue in vitro, Scow et al (1972) recorded a decrcase in the
ratio of glycerol to FFA after 1.5 minutes and assuming a time of
1 minute for perfusion they suggest blood TG is hydrolysed firstly to
partial glycerides and FFAs yyith the immediate releasce of FFAs to the
blood followed by complete hydrolysis to FFA and glycerol 30 seconds

later accompanicd by the relecase of glycerol into the blood stream,



Formation of milk TGs within mammocytes according to Emery (1973)
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1+3 Site of lipoprotein lipase action

The hydrolysis of chylomicra and LDL TG as blood passes
through the mammary gland occurs as in other extra hepatic tissues by
the action of LPL acting at a site closc to the blood capillary wall.
(Robinson (1963) and Schoefl and French (1967)). Chylomicra have becn
showvn to become fuscd to the endothelium wall wherce flaps may enclose
them and they may cventually be enclosed within vacuoles inside the
cytoplasi as demonstrated by Lascelles et al (1964). When the lipid
particles become closcly associated with the endothelial cell surface,

a clear gap is seen between the particles and the endothelial cell
surface. The enzyme has been shovm to be absorbed on to the chylomicra
and the particles of lipid emmlsions in vitro by Korm and Quigley (1957)
and Robinson, Jeffries and Poole (1955). Schoefl and French (1967)
postulate that this absorption might bec responsible for the close
adhesion of the particles in vivo if the enzyme is normally bound at

the endothelial surface. The moulding of the endothelial cytoplasm
around the lipid particles would be consistent witlh this pattemm.
Ileasurements of LPL in mammary vcenous blood of goats are indicative

of its release coincident with the uptake of TGI'As of chylomicra and
LDL as blood passed through the mammary gland as observed by Barry et al
(1963) and Lascelles et al (1964).

Scow et al (1972) after infusing heparin through rat adipose
tissue in vitro obtained a release of LPL into the perfusate accompanied
by a decrease in chylomicron TG lipolysis in the tissue. After
prolonged infusion of heparin, LPL in the perfusate became negligible
and TG hydrolysis in adipose tissue was still 70% below that of
control tissue. Scow ct al (1972) conclude that LPL involved in

hydrolysis of blood TG is located in or near the capillary wall.

By histochemical studies of the rat adipose tissue
capillary after infusion of chylomicron TG followed by incubation
for 1 hour and Fb2+ treatment to detect FFAs, Scow et al (1972)

" observed FFAs and glycerides located in vesicles or surrounding

invaginations of the capillary wall indicating that TG was



hydrolysed within the capillary endothelium and between the
endothelium and pericyte. Their findings indicated that glycerides

cross the endothelial space in a membrane bound systeri.

They proposc a system in which chylomicrons become attached
to or are enveloped by the endothelial cell. The hydrolysis of the
chylomicron TG is accompanied by the immediate release of FFA into the
blood stream, The DG is then taken within the cell in a wvacuole
microvesicle. Hydrolysis of the DG occurs in transition across the
endothelium with the FFA taken up by the fat cell and the final
hydrolysis of the MG takes place in the subendothelial space with the
release of glycerol intc the blood stream and the FFA taken up by the
fat cell.

1e4 lammery Glend levels of LPL

Barry ot al (1963) together with ilcBride and Korn (1964)
observed that uptake of blood TG by ma wmary tissuc occurs cnly during
lactation whereas uptake by adiposc tissus occurs when the animal is
in & positive energy balance ag obscrved by Bragdon and Gorden (1958)
together with Havel gt al (1962). Bincce TG uptake is dependent on
LPL activity Robinson et al (1970) and Bezman et al (1962) propose
that the level of activity in cach tissuc affects its capacity to
remove TG from the blood, Scow et al (1964) and Otway and Robinson
(1968) observed that a marked hypertriglycermidemic develops in the
rat during the last part of pregnancy and dissappears at parturition.
The enzyme activities in heart diaphragm, miscle and lung were
unaffected by pregnancy whereas the activity in adipose tissue
decrecased during the last two days of pregnancy and remained low for

three days post partum,

Shirely et al (1971) recoxded a 94X increase in bovine
mammary gland LPL from 0,0008 pmole FFA released/min/mg to 0,078
pmole FFA released/min/mg while adipose tissue LPL decreased from
0,02 umole FFA released/min/mg to 0,013 umole FFA released/min/mg with
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the onset of lactation, Glyceride synthesis incrcased 84 in mammary
tissue and decreased 6X in the adiposc tissue with the onset of

lactation.

Scow ct al (1972) studied the cffect of pregnancy on rat
mamrary glend and adipose tissue levels of LPL, Adipose tissue LPL
increased during the first 19 days of pregnancy decreased several days
before parturition and remained low during lactation whercas mammary
gland LPL was low during the first 20 days of pregnancy increased
several days before parturition, decrcased sharply at parturition and
increased again immediately post partum and remained high during lactation,
Plasma TG concentrations inerecascd from 0,9 to 3.3mi between the 12th
and 10th days of pregnancy, decreased 50% during the next two days,
increased at parturition and fcll rapidly post partum., These changes

were also observed by Hamosh gt al (1970).

Otway and Robinson (1968) suggest that the increased lipase
activity in the mammary tissue at the end of pregnancy might acccunt for
the disappcarance of hyperlipemia which is caused by a decreased uptake
of TGFAs by adiposc tissue duc to a decrease in LPL of adiposc tissue.
Both McBride and Korn (1964) and Homosh ct al (1970) observed 2 marked
decrease in mammary gland LPL if either guinea pigs or rats respectively
were not suckled. Non-suckling for 9 hours in rats decreased mammary
gland LPL by 70% and increased the plasma TG concentration by 3X to 3mlM.
Non-suckling for a further 9 hours completely inhibited mammary LPL and
increased adipose tissue LPL by 55% of the level of non lactating rats.
Hamosh et al (1970) suggest that the relationship between LPL activity in
adipose tissue and that in mammary tissue suggests hormonal factors
necessary for milk secretion divert dietary FAs to the mammary gland by
suppressing LPL activity in adipose tissue and stimilating mammary gland
LFL,



125 Metabolic and Hormonal Control of lipoprotein lipasc

The changes in adiposc tissue LPL has becn shown to be
associated with changes in glucosc metabolism and insulin secretion in
rets by Robinson (1965). Robinson (1965) has proposed that LPL is part
of a regulatory system controlling cnergy netabolism in the rat since
its activity is highest during deposition of FAs in adipose tissue after
feeding. Adipose tissuc LPL has becn showm by Tepperman and Tepperman
(1970) to be increascd by insulin and inhibited by catecholamines and
cyclic 3'5' adenosine monophosphate. TFFAs also had an inhibitary effect
on LPL and glucose metabolites had a stimulatory cffect with insulin
and glucosc having a co-ordinate response. Insulin may act by causing

a decreasc in cyclic AMP concentration.

Reichl (1972) using rats adapted to a rhythmic feeding
pattern and rats not adapted found that after starvation (low adipose
tissuc, LFL, low blood glucose and insulin and high concentrations of
uncsterified FAs) only feeding in the unadapted rats resulted in an
increasc in insulin and glucosc whercas with the adapted rats there was
an increase in LPL activity with no corresponding increas¢ in insulin
or glucose at the period they would normzlly be fed if the rats were
deprived of food at that period indicating some other influcnce over
the control of LPL activity in the rat epidymal fat pad. Wing et al
(1966) and Nestel and Austin (1968) have reported that adrcnalin
noradrenalin, adrenacorticotrophin, glucagon and thyroid stimlating
hormone all inhibit an increcase in enzyme ectivity. Activity in
adipose tissue was decreased by fasting and insulin lack and restored
to normal by refecding and insulin administration. Hamosh et al
(1970) together with Otway and Robinson (1968) have shown that LPL
activity in adipose tissue is suppressed by factors probably the
hormones that stimilate milk formation. This suppression of LFL
activity occurs even though food intezke is increased during lactation.
Fasting had no suppressing effect on LPL activity in the rat mammary
gland as long as the animal was suckled as shown by McBride and Korn
(1963). Non suckling caused suppression of enzyme activities in duct
ligated glands with normal activity in other glands indicating

the cffect of ligation is independent of circulating hormones.
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Hamosh ¢t al (1970) suggest that the lowering of enzyme activities
in mammary tissuc when suckling is stopped is caused firstly by local
engorgement and then by reduced secretion of hormones needed for milk

formation; e.g. prolactin, glucocorticoid.

Hamosh et al (1970) suggest that the decrease in activity of
LPL in mammary gland immediately after parturition may result from an
accumulation of milk in the gland before suckling has been initiated.
It is thought that in the parcenchymal ccells of the adipose tissue the
fat cell produccs and rcgulates the level of LPL activity. This view
is supported by Scow ¢t al (1964), Rodbell (1964), Rodbell and Scow
(1965) and Porkajae et 2l (1967). This may also apply for mammary
tissue allowing local control of LPL activity by hormones, Fiddler and
Falconer (1968) have shown that prolactin released from the pituitery
upon parturition and suckling stimulates LPL activity in pseudo

pregnant rabbit mammary tissue.

Falconer and Fiddler (1970) reported that prolactin injection
gavc an increasc in LPL in pseudo pregnant rabbits within 24 hours which
was prevented by injcection of actinomycin D (evcn if given up to 48 hours
after prolactin injection) and cyclohexamide which gave a shorter
duration of effcct than actinomycin D. They conclude that the prolactin
induced increase in LPL in aammary tissue requires the continued
production of & short lived messenger RNA and that the enzyme is
rapidly inactivated in the tissue once its synthesis is blocked by
cyclohexamide., Wing and Robinson (1968) reported that actinomycin,
glucose, insulin and heparin are recguired for a prolonged increase in
LPL activity over 9 hours whereas with no actinamycin increase only
occurs over 3 hours and to a lesser extent from starved rat adipose
tissue extracts. With the omission of glucose; heparin and insulin
and the addition of pyruvate,; an incrcase in LPL activity occurs only
after a lag of 1 hour whereas with the omission of only heparin no
lag is observed and little enzyme appeared in the incubation mediun.
PuramyCLn, catecholamines and cortlcotrophln inhibited the increase in
enzyme activity caused by actinomycin. Puramycin addition indicated the

enzyme had a'§ life of 1 - 1.5 hours in fed rats and was less stable
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in fed rats than starved rats. Wing and Robinson (1968) propose the
enzyme exists in two forms, a stable and an unstable form and changes in
the relative proportions of active and inactive (stable) forms of the
enzyme in adipose tissue cxplain the increase in cnzyme activity
occurring during the transformation from the starved into the fed state.
The change from starved to fed state involves the appearance of an
unstable active LPL., Instability could be duec to the conversion of the
inactive into the active form in the absence of stablizing factors such
as heparin. BEagle and Robinson (1964) propose that the activating
effect of actinomycin D might be due to inhibition of synthesis of an
inhibiting factor as actinomycin D could act by preventing the formation
of a more unstable enzyme which is readily deactivated whereas the
stable enzyme will not be affected by actinomycin D and the activation
could involve some common constituent (heparin) which is in short

supply causing increased activity of the stable enzyme due to no

competition from the unstable form for the common factor.

Wing and Robinson (1968) observed that the rise in adipose
tissue LPL from starved rats is affected by dibutyryl cyclic ANMP if the
glucose concentration is 1.3mg/ml or less but has no effect if the glucose
concentration is 2.4 mg/ml or above unless caffeine (1mM) - (inhibits
cyclic AMP phosphodiesterase) is also present and 5mM caffeine alone
can inhibit the rise in a 2.4mg/ml glucose solution. A rise in adipose
tissue LPL is associated with a fall in adipose tissue FFA in vitro.

In the presence of cyclic AMP this decreasc in FFA is prevented. Wing
and Robinson (1968) suggest that the concentration of cyclic AMP in
adipose tissue may regulate LPL and this rcgulation may occur through

the effects of cyclic AMP on tissue FT'A concentrations.

After injecting glucose or insulin intravenously into
lactating cows, Rao et al (1973) observed an increase in adipose
tissue LPL, In vitro, glucose plus insulin had a greater effect than

insulin or glucose alone on increasing adipose tissue LPL,
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Shirely and Emery (1973) found that prolactin stirmlated
formation or activation and rcleasc of LPL from cxplants of rat or
bovinc mammary tissue incubated for 4 hours in the presence of insulin,
Prolactin had little or no ceffcct on adiposc tissue LPL in the absence

of insulin,

Shirely ct al (1971) reported that glyceride synthcsis and
LPL in adiposc tissue was inversely proportional to the milk fat
content cf milk in response to dietary changes or initiation of

lactation,

de Pury and Collins (1972) using onc lot of rats fed a diet
deficient in essential FAs and another lot on a normal diet observed
that FA deficient fed rats had a lower level of VLDL protein, showed a
higher level of LFL in their post hcparin plasma and there was a lower
km value for the VLDL proteins, as substrate for post heparin plasma
LPL than with rats with a norm~rl diet of FAs indicating an incrcased
affinity of the LPL for the VIDL from FA deficient rats.

Fielding (1970) obscrved inkibition of human post heparin
plasma LPL by LDL and VLDL. Chylomicrons and HDL give no inhibition and
give greater rates of activity than VLDL and LDL. Thus the level and
composition of the lipoproteins may act as a controlling mechanisn for
LPL.

Metz et al (1973) using biopsy samples of subcutancous tissue
of lactating cows observed a reciprocal relationship between the rate of

lipolysis and molar ratio of FFA to albumin in the mcdiunm.

Lipolysis was gradually inhibited when FFA/albumin ratios
were increased from 0.1 to 6.5. When the FFA/ albumin ratio was greater
than 4, FFA release was less than glycerol relcase and resulted in an
accumlation of FFA in the adipose tissue. After parturition plasma
FFA increases to 0.7 - 1.0 mM corresponding to a FFA/albumin retio of
1.5 -~ 2.0.Since these values are in the range where inhibition of

lipolysis in vitro is observed, Metz et al (1973) propose that this
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FFA accumulation is the controlling mcchanism for the rapid changes
observed in namnary gland LPL levels at post parturition and at the

onset of lactation,

Increascs in LPL activity in adipose tissue taken from
starved rats in vitro have been showvm to be inhibited in the presence
of an inhibitor of protein synthesis such as puranycin by Wing et al
(1966), Wing and Robinson (1968) and Patten (1970). Cunningham and
Robinson (1969) sugzest that this increasc in cnzyme activity is duc to
activation brought about by the conversion of onc form of the enzyme
into another vinich iay be due to a decrcase in adipose tissue cyclic
ANP,

Cryer ¢t 2l (1973) cbscrved that cyclohexemide had no ceffect
on this incrcasc in total activity during the first 2 hours (but
inhibited incorporation of 1 014 lcucine into total tissuc protein
by 90% during this period) but inhibited this increasc in adipose
tissue LPL thereafter. Cryer et al (1973) suggest that the increase
in LPL tuakes place in two stages. Tirstly a conversion of onc form
of the enzyme into another of higher spccific activity and sccondly
a synthesis of more of the precursor. This hypothesis is supported
by Robinson and Wing (1970), Cunninghan and Robinson (1969) reported
that incubation of intact epidymal adipose tissuc from fed ats at
3700 in vitro caused a rapid loss in adipose tissue LPL until a low
activity stablc to prolonged incubation was attained whercas LPL fron
intact tissuc from starved rats is stable to incubation at 3700.
Collagenasc inactivated the LPL from fed rat tissuc whereas it had no
effect on LPL from unfed rat tissue. This supports the theory of

unstable and stable forms of the enzyme proposed by Wing and Robinson

(1968).

Askew et al (1971) observed only a small decrease in
mamary gland LPL from 0,007 pmole FFA released per min per mg to
0.0063 Bmole FFA relcased per min per mg on feeding high grain
restricted roughage rations to lactating dairy cows whercas Baldwin

and Emery (1973) recorded a larger decrease in mammary gland LPL from



13,

0,0018 pumole FFA reclecasced per min per ng to 0,0033 pmolce FFA relcased
per riin per mg on feeding high grain restricted roughage diets comparcd
to normal dicts, Askew ct 3&_(1971) also observed an increasc of
nanmary gland LPL activity from 0,007 pmole FFA relcased/%dn/mg to
0,0072 p.nole FFA rolcased/min/mg on feoding Mg0 with the high grain
restricted roughage dict comparcd with the normal diet. Adiposc tissue
LPL activity increascd from 0.0001 pmole FFA releasced/min/rg to 0.0003
Mrmole FFA relcased/min/mg on fecding a high grain restricted roughage
diet with a smaller increasc from 0,0001 pmole FFA released/min/mg to
0,00026 pmolc FTA relcased/miq/mg on feceding a high grain restricted
dict plus Mg0 compared with a normal dict, On feeding a high grain
restricted roughage dict Askew ct a2l (1972) rccorded a decreasce in milk
fat percentage with an increasc in unsaturated FAs (1inoleic and oleic)

and a decreasc in saturated FAs (stearic and palmitic acids).

1:6 Substrate specificity of lipoprotein lipase

Garneson ct al (1971) showed the presence of two distinct
lipolytic activitices with differential activation of LPL from human
post heparin plasza, milk and AT by polypeptides of serum apolipoprotcin
using Fielding's (1969) ncthod of purification of LPL and preparative
polyacrylamide gel clcctrophoresis, Polypeptides containing glutanate
or alaninec carboxyl terminal amino acids but not those containing
glutanine, secrine, threonine, served as activators of adipose tissuc and
milk LPL, LPL from human post heparin plasma showed a greatcer activation
by R serine polypeptide of apolipoprotein C than by R glutemic acid with
R alanine, R threonine or R glutanic polypeptides of apolipoprotein A
having no activation., LPL activity required serum or phosphatidylcholinc
and in the abscnce of phosphatidylcholine only R serine served as an
activator and gave only 10% of the activity with serine apolipoprotein
C in the presence of phosphatidylcholine, R glutamate activated LPL
from human milk and adipose tissue to a greater extent than human
plasma LPL., Dog and rat post heparin LPL gave similar activation

studies as with human post heparin plasma LFPL.
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Havel et al (1973) compared the cofactor activity of the
protein components of lmman VLDL in thc hydrolysis of TG by highly
purified LPL preparations from human and rat post heparin plasma and
cow's milk and by crude preparations of enzyme from cows milk and rat
adiposc tissuc., Carboxyl terminated serine and alanine apo VLDL had
slight activity for all of the above sources cxcept from purified milk
and at high levels of these apo VLDLs inhibition occurred. Heparin
stimulated both the pure and crude preparations of milk LPL and increased
the sensitivity of these enzyme preparations to stimmlation by carboxyl
terminal gluteriic acid apo VIDL but had no effect on purificecd rat post
heparin plasma LPL, High concenteations of carboxyl alanine and scrine
apo VLDL inhibited the stimlatory effect of carboxyl glutamic acid apo
VLDL in the presencc of heparin with impure cows milk lipasc but not with
purc preparations from cows milk and rat post heparin plasms, R

glutanic acid =po VIDL had a greater stimmlatory ceffect in all cases,

Lz Rosa ¢t 2l (1970) studicd the effect of HDL apoprotcins
as activators of rat adiposc tissue LPL., 4po LP glu, apo LP thr and
apo LPval wcre inactive as cofactors even in the presence of
phospholipid. Apo LP zla was inactive alcne but in the presence of
phospholipid, stimlated lipase activity by 2 times. Only apo LP glu

was able to stirmmlate LPL in the abscence of phospholipid.

Clung and Scanu (1973) observed that VIDL polypeptides of
terriinal carboxyl glutamic acid and alenine were activator and
inhibitor respectively for both skimmed nilk and rat adiposc tissue
LPL, LPL from adipose tissue required ten times greater amount of
activator than LPL from skimmed milk. In both cases the kinetics of
inactivation of LPL depended on the time of addition of the inhibitor..
Chung and Scam (1973) conclude that the inhibitor acted on the
substrate rather than the enzyme itsclf. Brown and Boginsky (1972)
also observed that apo LP glu from human VLDL was stirmlatory to milk
LPL whereas apo LP ala inhibited the cnzyme. Inhibition was not
overcone by the addition of phospholipid, apo LP glu or more enzyne.

A concentration of 100 mg/ml completely inhibited the enzyme, addition

of more substrate reversed the inhibition. Brown and Boginsky (1972)
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connclude that inhibition is duc to binding of thc apoprotein tc the
substrate preventing enzymec substrate interaction and activation by
apo LP ala obscrved by sonmc workers was duc to contamnination of the apo

LP ala by apo LP glu.

Tmery et al (1972) scparated lipoproteins with prefercnce
for adiposc tissue LPL fromn those with preferencc for mammary LPL by
flotation from blood scrum after emmlsifying serunm in olive oil and
sucrose density gradient centrifugstion., The less dense lipoproteins
were more active with adipose tissue LPL while those of higher density
were nore active with mammary LPL, BEoery ct al (1972) propose that
the specificity between lipoprotein peptides and LPL from specific
organs provides a mechanism for diversicn of blood fat between the
mamnary glend and adipose tissue. Bicr and Havel (1970) studied the
cffeet of lmman serun lipoproteins on milk LPL using o soybean oil
ermlsion of concentration 1.8 mg/ml. They obtained little or no
hydrolysis of the TG in the absence of scrum or lipoprotein fractions.,
Activity showed a maximum at 0.3 =l scruw/8 ml total incubation mixture,
Serum concentrations greater than this had nc greater effect on the
activity. IDL showed greater activation than LDL and contributed to
most of the activation by serum. VLDL was a potent activator and
contributed to 27 - 50% of the activator propertics of scrum with 3 - 5%
being due to LDL., Removing VLDL from scrum gavc a large decreasc in the
activation by scrum. Removal of HDL and/cr IDL had littlc or no effect
on the activaticn properties of whole serum. Since the VLDL content of
serun is less than 5% of HDL, VLDL had o higher concentration of
activator per unit of protein. Per unit weight of protein VLDL had
13 times the activity of HDL. Bier and Havel (1970) conclude that
a component of apo VLDL which is prescnt as a minor constituent of HDL

is required for the activation process.,

Fielding (1970) also recorded greater rates of activity for
HDL and chylomicrons than for VIDL and LDL for the activation of
human post heparin plasma LPL., Addition of LDL to a HDL substrate gave
competitive inhibition indicating compctition betwcen HDL and LDL as
cofactors for LPL. Fielding (1970) proposes that the enzyme activity

is dependent upon the absolute concentrations and relative proporticns
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of lipoproteins present in thc serumn,

Fielding (1970) showed that LPL from post heparin humen
plastzy was strongly dependent on the ratio of TG to phosphatide in the
substratc lipid and the incorporation of uncsterified cholesterol into
the 1ipid emlsion at concentrations nbove 2 - 3 partse per 100 parts TG
groatly inhibited the cnzyme activity whereas cholesterol csters had a
lcss inhibitory cffect. The optimal lipid composition for cnzyuec
activity closely corresponded to thot for intact chylomicrons and
Fielding (1970) proposes that inhibition by VLDL is duc to their high

cholesterol content,

Fielding (1970), using post heparin human plasma also observed
activity of LPL against both DG and iG ermlsions in the absence of
lipoprotecin but showed no activity against TG in the absence of addecd
lipoprotein, 3G hydrolase activity was found to require the prescnce
of cither decoxycholatc or unestorified FA. Ficlding (1970) observed
an accurmilation of MG throughout the assay period with lipoprotein TG
as substrate suggesting the hydrolysis of MG to frec glycerol is rate
limiting which was dependent on o ccitain concentration of FFA being
reached in the recaction mediun, Ficlding (1970) suggests that LPL may
be a multifunctioncl complex in which separate hydrolytic sites binding

TG and MG together effect the complete degrndation of lipoprotein TG,

Using LPL from post he¢parin human plasma, Nilsson-Ehle et al
(1971) found that LPL was specific towards the 1,3 ester bond of the TG
substrate with a small but constant amount of DG among the recaction
products of which the 1,2(2,3) isonmer constituted greater than 94% of
the diglyceride fraction and no 1,3 isomers were prescnt. An
accumlation of NG also occurred of which the two ester bond constituted
64 - 97% of the MG and greater than 90% of the 1 monoglyceride was
formed by isomerization of the two isomer. They conclude that the

reaction sequence occurring was: TG —31,2(2,3) DG y 2MG 3(3)Me

and glyccrol is obtained mainly froia the hydrolysis of the 1MG formed
by isomerization. This is in agrecment with thc findings of Borgstrom

and Carlson (1957), Assman et a2l (1973) using rat post heparin plasma

—— e———
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and Nilsson~Ehle et al (1973) using purified LPL from bovine milk,
Morley and Kuksis (1972), using LPL from cows milk and rat post heparin
plasia however, obscrved o preference for the 1 position followed by
positions 2 and 3. They propose that this may act as a controlling
mechanisn whereby glycerides from hydrolysis by LPL cannot be diverted
into phospholipid or TG synthesis since the latter both require 1,2 DGs

as an initial substratc,

Bradford and Fumman (1968) rcported a reduced hydrolysis of
TG containing C8 through to C18 FAs with norial hydrolysis of TG
containing C4 - C8 FAs in rats with hyperchylomicroncmia, They suggest
that scerun ccntainsg two TG lipases, onc specific for C8 - C18 FA TGeand
the other specific for C4 - C8 Ta TGs,

1:7 Characteristics of Lipoprotcin Lipase

Bibson and Higzins (1969) showed by chylomicron binding of
LPL that the cffects of both protamine sulphate and high concentrations
of NaCl are on the formmtion of an cnzyme substrate complcx rather than
on hydrolysis of the TG by the enzyme. Chylomicron binding to LPL was
also dependent on pH which showed a mexirum at pH 8.7. They suggest
that the pH optimum of activity is duc to the formation of the enzymc
substrate complex rather then hydrolysis of the TG. Brady and Higgins
(1967) found a slight variation in Km values between NH 4OH - NH 401
extracts of acetone powders of rat heart adiposc tissuc and lung using
chylonicra as substrate witi heart LPL having a lower activation encrgy
conpared with adipose tissue and lung LPL, All had pH optirmm betwcen
8.2 and 8.4. Kum values were about 4.5 x 107 for adipose tissue LPL

with olive oil chylomicrons.

LPL is often considered to be identical to TG lipase of post
heparin plasma but the TG lipase of post heparin plasma is variebly
and rcversibly inhibited by NaCi and protamine sulphate whereas
inhibition with TG lipasc from adipose tissue,hcart and other tissues

is irreversible and constant. La Rosa gt al (1972) in their comparison
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of heparin released TG lipasc activity of rat adiposc tissue, liver

and post heparin plasma focund that adipose tissue LPL is completely
inhibited by NaCl, scdium pyrovhosphatc and protamine sulphate whercas
plasma TG lipasc and liver activity showed no inhibition under the above
conditions and also plasmn TG lipasc and post hceparin TG lipase was
relatively inactive against lipoprotein substrates compared with

adiposc tissue LPL. Pyrophosphate or protamine sulphate had no effect
on luman post heparin plasma TG lipasc. Twe separate activities were
obtained on increcasing thce concentration eof NaCl for rat post heparin
plasma, The first pcak of =ctivity occurred at 0.15M 1laCl and a second
pcak occurred at 1.2M NaCl, TG lipoasce froix rat adipeosc tissue only
showed onc poak of activity 2t 0.15M NaCl and was inhibited 90% by 1M
NaCl, protamine sulphate (300mg/ml) or pyrophosphatc (10 umoles/ml).

TG lipese from heparin treated liver also showed o bimodel curve of
activity on incrcasing the MNaCl strength with protamine sulphate and
pyrophosphate giving nc inhibition, Heparin trcated rat heart, liver,
kidnecy, splecn and intestine TG lipasc all contained heparin extractable
TG lipase activity with prooverties identical with thosc of adiposc tissue

TG lipasec.

Fielding (1972) distinguished pre heparin plasma and heparin
rcleased TG lipasce from rat liver (hopatic tissuc) with that of
purified post heparin plasmr LPL, post heparin perfusates of extra
hepatic tissuc and wholc post heparin plasma by the former showing
lipolytic activities neinly against 1 and 2 ﬁGs and tritutyrin
substrates with minor TG and DG hydrolase activities and this activity
being resistant to inhibition by NaCl and protamine sulphate and
sensitive to inhibition by diethylp nitrophenyl phosphate and having
a pH optimmm of 7.25 - 7.4 whercas the latter was characterized by
najor lipolytic activity against di and triglycerides and 1MGs, these
activities werc inhibited by NaCl and protamine sulphate, resistant
to inhibition by diethyl p nitropheryl phosphate znd showed a pH optimm
of 8 - 8,3 in the prescnce of serum. Tielding (1972) concludes that
the main function of pre heparin plasma and liver lipase is to

hydrolyse the 2MG which is the main product of LPL activity.
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Vogel et al (1971) observed that human post heparin lipolytic
activity was inhibited by 70mM pyrophosphate, 2M NaCl and protamine
sulphate, The lipase activity had a pH optirum with Ca2+ as FA
acceptor of 8.8 and with 2lbumin as acceptor the pH optimmn was 9.4.

In both cases a rapid decrcasc in activity was rccorded at pH greater
than 9.8, The tempcrature optimmn was 3400 in the presence of Ca2+ and
3800 using albwain as FA acceptor, Greater activity was obscrved in

the prescnce of albumin than with Ca2+. MG hydrolasc activity was lower

than TG hydrolasc’ activity and showed o pH optismm of 9.5.

Fielding (1973) observed thet LPL from rot post heparin plosna
and adipose tissuc showed pK valucs of 6.8 and 9.1 in the absence of
serum lipoprotein wherecas in the prescence of scrum lipoprotein pK
values were 7.0 and 9.8 indicating a rcaction of a group with a pXa
of 8.8.

Delipidated VLDL and substrate lipoprotein protein increased

the Vmax at all pH values and CQecreasced the Kn valuc of the alkaline pH.

Posner and Honales (1972) studied the effcct of Ca’® on the
rate of release of FFA using partially purified preparations of rat
heart homogenates or acctonc powders of adiposc tissue., Kn for Ca2+
was 0,02 to 0,06i.

Prcincubation of the substratc by Ca2+ was not necessary
since rapid activation takes place. The rate of rclease of FFAs can
be increased by incrcasing the serum concentrations in the incubation
nedium, O, 5mM Ca2+ incrceasces both the Km dnd Vmax for TG in the
presence of serum. Ca2+ itself had no effect on the cnzyme activity.
FA rclcase takes place only in presence of both protein and metal
cofactors. Posner and Monales (1972) proposec ca®t acts as an enzyme
activator and since 8 - 25% of the metal in the incubation mixtufe can
be bound to the enzyme substrate complex and this complex bound Caz+
can be removed by EDTA the metal binding by the enzyme substrate
complex is reversible and thereforc maximin activity requires substrate

activation by the protein cofactor and enzyme activation by Ca2+.
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EDTA inhibited lipase activity but inhibition could be reversed by
the addition of cxcess Ca2+. Posner and Monales (1972) propose that
cither onc of the following reaction mcchanisms may take place in the

hydrolysis of lipoprotein TG by LFPL,
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Fielding (1970) using post heporin human plasma observed that
the tcaperature optimmi of cnzyme 2ctivity was dependent upon the nature
of thec lipoprotein cofactor, ILDL gave optiimm activity at 2500, HDL
gave an optiium at 3500 and wholc scrun gave an optimun between 25
and 3OOC. Fielding (1970) sugreste that IDL may scerve as the main
cofactor of luman post heparin plaswmn LPL, Naito and Felts (1970)
observed: that when rat livers werce perfuscd with rat blood containing
post heparin LPL,the LPL activity disappearcd from the filtrate which
was not duc to non specific inactivation or reclease of inhibitor by
the liver., Addition of heparin blockcd thc disappearance of LPL
activity from the perfusste., Heparin stimlated LPL activity by 200%
when added to post heparin serum which had been perfused through the
liver but did not restore activity to preperfusion lcvels indicating
a two step inactivation of LPL by the liver. Step I involving a
dissociation of the heparin apoenzyme complex and the destruction of
heparin and step II involving the removal of the apoenzyme of LPL,

No inhibition of LPL activity occurred upon addition of scerum plasma
which had been perfused through the liver to post heparin samples.
Naito and Felts (1970) propose that heparin acts as the prosthetic
group for the enzyme which is degraded by heparinase in the first step
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and then the apoenzyme is degraded as indicated by an irreversible
inactivation on addition of heparin to post heparin plasma perfused

through the liver,

Liver;, adipose tissue and plasma TG lipase were inactivated at
37OC for 75 minutes. Meyes and Felts (1968) reported that additional
heparin added te TG lipase of liver homogenates increased its sensitivity

to NaCl inhibition.

Patten and Hollenberg (1969) and Whayne and Felts (1970)
postulate that heparin may act to increase enzyme activity by increasing
binding of the enzyme to the chylomicron substrate by forming additional
binding sites on the enzyme or stimulating the existing binding sites by
allosteric activation. Robinson and Ving (1970) vostulate that heparin
nay stimulate LPL by stabalization of LPL whercas Gartner and Vahouny
(1966) postulate that heparin may be a prosthetic group for LPL, the

inactive apoenzyme requiring heparin for activation.

Stewart and Schotz (1971) using rat epidymal fat pads found
that release of LPL activity was partially reduced when cither glucose,
Ca2+ or X* werc omitted from the medium and completely prevented in the
absence of albumin., 3 times as much LPL was found in the medium compared
to intracellular levels wvhich remained constant during incubation for
45 minutes. Cyclohexamide had no effcect on both intracellular and

release of LPL, Therefore release does not require protein synthesis,

Stewart and Schotz (1971) suggest that LPL is activated prior
to or in conjunction with release from the cells; a process which does

not require protein synthesis.

Besadoun et al (1974) purified LPL from pig adipose tissue
which had a MW of 62,000 - 60,000, was stimlated by heparin (2pg/m1),
showed ‘a complete dependence on serum for hydrolysis of triolein
emilsions stabalized by gum arabic, had a pl optimmm of 8.5, was
inhibited by NaCl, required CaClz,

time and only apo LP glu could substitute for serum for its activation

gave a linear release of FFAs with
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and was inhibited by both apo LP ser and apo LP ala in the presence of

serum,

1.8 Types of Lipoprotein lipases

Garfinkel and Schotz (1972) isolated 2 LPLs from NH4 OH—NH4Cl
extracts of rat adipose tissue acctonc powders on sephadex G200 and
Bio gel A 1.5M. Both peaks had a pH optimum of 8.0, were stimlated
by the presence of serum and heparin, inhibited by NaCl and both showed
equal inactivation rates at 37OC. The high molecular weight enzyme

showed greater sensitivity to NaCl than the low molecular weight enzyme.

Rechromatographing each peak separately on sephadex G200, LPL
a (eluted at the void volume) still gave = single pealkz at the void
volume whorcas LPL b gave two peaks of activity, one 2t the void
volume and another peak where the original peak occurred of W between
il B 105 - 1.6 x ‘IO5 daltons. Relating the LPLs gave LPL 2 5 tines the
size of LPL b, LPL & had a MW of approximately 1.5 x 106. Garfinkel
and Schotz (1972) sugzest that LPL b may be a less active precursor or
a subunit of LPL a. It is synthesized in the wall and becomes
activated on release into the tissues by the addition of heparin, lipid
or some unlknown factor or activation and inactivation nay be duc to
phosphorylation such as in the glycogen phosphorylasc system or they
may be different proteins, Garfinkel gt al (1967) and Wing and
Robinson (1968) postulate LPL b may be a constitutive enzyme wherecas
LPL a was an inducible enzyme and would account for the increase in

LPL in adipose tissuc in response to glucose and actinomycin,

Schotz and Garfinkel (1972) using NH4 OH-NH4Cl extracts of
heart and post heparin plasma acetone powders, separated two peaks of
LPL activity from the heart extract which showed elution volumes similar
to adipose tissue LPL species and a single peak from plasma which

showed a I similar to that of a higher MW species from adipose tissue.
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Using fasted and refed rats Schotz and Gerfinkel (1972) observed that
refeeding increased the activity of both the twe species in adipose
tissue and decreased both heart species. The LPL from plasma was

unaffected by these nutritional states.

Garfinkel and Schotz (1973) refed starved rats and observed

a nore rapid increase in the smaller b species of LPL of adipose tissuc
than of the a species. Contimied refeeding coused a decreasc in the b
form of LPL prior to a rapid increase in the a form, Heparin increased
the activity of both species of LPL., Heparin hed a less narked effect
on the a form ttan the b form during starvation and refeeding but this
response to the b form decreased with longer refecding times. Since LPL
released is in the a form, Garfinkel and Schotz (1973) propose that the
appearance of the a form may result from an activation process of the b
fora located in the adipccytes which was dependent on new protein

synthesis.

Guder gt al (1969)isolated 3 TG lipages from rat liver, a
liposomal bound TG lipase activeted by sonication and hypotcnic
treatoent pd optimmm 5.0 with triolcin as substrate; an zlkaline TG
lipasc sedimenting with the microsomal fraction pH optirmm 8.5 which
showed a greater substrate specificity for tributyrin than triolein
(6 x faster) and a plasme mcnbranc TG lipase pE optirmnm 7.5, heparin
sensitive with an obligate requirement fo£ Ca2+ ions. The high pH
optirmun enzyne showed a lower ratio of FFAs to glyccride than the low
pH optimum enzyme indicating o different specificity for DG and MG
intermediates. Also heparin gave a stimulatory effect at alkaline and

neutral pH but gave an inhibitory cffect at an acid pH.

Cooper and Dawney (1971) obtained LPL activity in bovine
mammary gland using a tributyrin emulsion which was mainly associated
with high MW complexes greater than 20 x 106 MW composed of mammary
gland lipases in association with other proteins. The addition of
dimethyl formamide dissociated the complexes giving a MW of 6.3 x 105
on sephrose 4B. Cooper and Davmey (1971) obtained 3 peaks of activity

on a sephrose 4B colum. Two overlapping peaks at or near the void
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volume (MW greater than 20 x 106) followed by a third lipase peak MW
approximately 1.5 x 10, The first peak which had little esterase
activity they propose represented the intact lipase protein complexces
and the other two pcaks were intermediate dissociation products which
after dimethyl formamidc treatnent ga&e a singic peak with a MW of

a3l 2 ‘IO5 which had csterasc activity . Tbey postulate that the
dissociation of the lipase protecin complexes may result in an altcration
of thc substrate specificity of the lipase similaxr to tiat observed by
Okuda and Fujii (41967, 1968) with rat adipose tissuc and liver lipasc

after acetene treatment.

1:9 Bovine Milk lipases_and Lipoprotein Lipases

Lipase activity of milk has been shewn to bo associated viith
casein micelies by Harper et al (1956) Tarassuk and Frankel (1957),

Saito et al (1958), Szito (1963)and Gaffney et al (1962.)

Harper ot 2l (1956) obtained tus lipases of bovine skimacd
milk with pH optizma of 7.0 and €.6. Frankel and Tarassuk (1956) have
reported a rajor bovine nilk lipasc of E optirmm 8.5 - 9.2 and 3

minor lipases of pil optima 6.5, 7.0 and 7.9. Schwartz ct al (1956)
observed the inhibition of bovine milk lipase by formaldchyde ond the
appearance of lipases of pH optima 7.0 and 7.5 due to inhibition of the
najor lipase peak at pH 8.5. Varying the substrate concentrations at
different pHd values resulted in non linear curves on Michaelis ienton
plots at pH values of 6.6, 7.0, 7.5, 7.9, 8.35 and 8.8 suggesting more
than one active lipasc at these pH values. A Michaelis Menton plot

at pH 6.2 gave a straight line suggesting one enzyme at this pH,

Chandon and Shahani (1965) have reported that para
chloromercuribenzoate, iodoacetate and formamide disulphide completely
inhibited a low MW purified bovine milk lipase wherecas N ethyl
maleimide (specific for free SH groups) partially inhibited the
enzyme., Dialysis or addition of glutathione or mercaptoethancl did

not restore the activity of the enzyme and glutathione itself
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stimlated the enzyme. Chanden =znd Shahani (1965) propose that 2
groups are required for the lipase activity one of which is exposed and

the other is :aasked.

Shahani and Chandon (1963) observed the a2ddition of either 2K
cr}}‘casein inhibited a low MW purificd bovine milk lipase whereas X
casein or serum albunin increased the lipase activity. Mg-SO4,Mg 012

and Caz+ gults were all inhibitory.

Chandon and Shehani (1963) purificd a bovine milk lipase of
M7 7000 by acetone treatment of clarificr sline followed by 50% (NH4)2 L
SOh precipitation of the enzyme, solubalizati~n in trie HC' buffer pH
4)2 834 (precipitated at 35 - 45%

saturation) and sephadex G50 gel filtration. A purification of 2600x was

8.5, sclective precipitation by (NH

obtained from the skimmed milk representing a 22% yicld. The cnzyme
had a pH optirum of 9.0.

Richter and Randol ph (1971) also purified o bovine milk
lipasc of MW 8500 dultons using acctcne powder extracts of skimned

nilk, precipitation at 20 - 45% (MU SO and separation on sephadex

42
G75. The lipasc had a pH optimum of 9.2, Fox and Tarassuk (1968)
purified a lipase of MW 210,000 froem a 1M NaCl extract of the curd of

rennet trcated skimmed milk by precipitation with % saturetion (NH4)2 SO4
SOA, gradient elution from a DEAE cellulosc column in 0,02 il phosphate
buffer pE 7.0 (enzyme eluted at 0.5 M NaCl), dialysis in 25% dimethyl

formamide and precipitation of contaminating protein by %

NH S0
(1\1114)2 4 4’2 g
and a final separaticn on sephadex G200, A 500 times purification was

saturation

1

s removal of thc dimethyl formamide from the 3 saturated

supernatant, rcpreccipitation by % saturation (NH

obtained representing 10% of the initial activity. Haximum specific
activity obtained was 15 umole FFA released/min/mg. The lipase had a
pH optimm of 9.2 and a temperature optimm of 37OC.

Davney and Andrews (1965) obtained 4 lipase peaks on sephadex
G200 from a 0,75 M NaCl extract of the 80,000 g casein precipitate of

skimmed milk using tributyrin as substrate at pH 8.5. The activity
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peaks had IMWs corresponding te 112,000, 75,000, 62,000 daltons and

a very low MV peak. Recovery of sctivity was 40% of thc total activity
applied to the columm., They sugrest tiat the prescnce of scveral milk
lipases could be due to the binding of the low i® (7000 daltons)

lipase to casein forming aggregates but arguce that assuming nmolecular
weights of 20,000 - 27,000 for the cagein aonomers «s obtained by
McKenzie and Wake (1959) and Ms of 62,000, 75,000 and 112,000, for the
milk livasc peaks, then if these forms consist of the low W cnzyme

in association with cascin then dimeric to pentamerie forms of cascin
would be involved and it is unlikely that casein cxisbte in thesce limited

aggresated forms,

Darmecy and Andrews (1966) recorded the characteristics of
tributyrinase activity of the 0,754 iinCl extract o the 80,000xg casein
precipitate of skimmed ndilk. Activity was activated by #HaCl up to a
concentration of 0,5 - 0,75 K but inhibition occurrcd at a concentration
greater than 0,75 M, 70% of the activity of skimmed milk was bound to
the casein, Initial activity was greatcr at 3700 than at 2500 but 83¢
of the sctivity was lost after 4 hours at 3700 compared with a 9%

loss in 6 hours at 2500. Optirmn activity was at a ph of 8.7.

Extraction with 0,75 M MaCl gave 65 - 68> recovery of the
activity in the supcrnatant wash., 1lio loss of activity was recorded for
skimned milk during dialysis in distilled water but dizlysis of the NaCl
supernatant gave a 10 - 55% logs of activity over 4 - 5 hours which
could be prevented by dialysing in solutions of 0.25mif of either
MgCl2 or CaClz. Addition of these salts did not restore the lost
activity and EDTA prevented the ceffcct of the salts in restoring the
activity. Increasing the sanple of protein applicd to the sephadex
G200 column increcased rccovery of activity of the 0.75 M NaCl extract
of the cascin precipitate. Increasing the samplec protein applied to
the colum caused a different clution pattem on sephadex G200 of the
NaCl supernatant extract. Increasing protein caused activity to be
eluted progressively carlier. The main tributyrinasc peak was eluted
Just after the void volume correspornding to a MW of 350,000 daltons.

3 other pcaks appzared and the proportion of activity in each peak
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depended on how much protein was applied to the column. The less
protein applied the more activity that was eluted in the latter peaks.
Blution of the NaCl extracts on a sephadex G200 column equilibrated with
increasing salt concentrations from 50mM NaCl to O0,75M NaCl caused a
shift in the elution pattern of tributyrinase activity from that eluted
with the casein micelles to a second latter peak M¥ 200,000 but
recoveries decreased with increasing ionic strength used. Addition of
purified pig pancreatic lipase to the llaCl extracts of the casein gave

lipase cascin complexes eluted at the void volume.

Tavmey and Andrews (1969) using the NaCl extract of the 80,000xg
casein precipitate and separation on gsephadex G200 showed the substrate
specificity of the lipases towards tributyrin, milk fat and triolein
emlsions varied. Peaks of MW 150,000 to 180,000 and 35,000 - 40,000
showed greater activity towards triolein emmlsions than tributyrin
emilsione while peaks corresponding to s of 112,000, 75,000 and
62,000 sheowed greater activity towards tributyrin emulsions. Peaks
of MWs corresponding to 150,000 - 180,000 and 112,000 both showed
greater activity towards milk f=t emlsions compared with tributyrin
emilsions while peaks corresponding to MWs of 75,000, 62,000 and
35,000 - 40,000 showed greater activity towards tributyrin emlsions

than milk ermlsions.

Daymey and Marphy (1970) studied the binding of pancreatic
lipase to casein micelles of milk.Up to 70% inhibition occurred when a
purified pancreatic lipase preparation was added to either milk,
skimmed milk, O,75M NaCl in skimmed milk, colloidal phosphate free
milk or NaCl and distilled water extracts of the 80,000xg casein precipi=-
tate. 30% of the lipase activity was bound to the casein micelles on
centrifugation. On addition of pancreatic lipase to skimmed milk
(2 unit§/4mls) or colloidal phosphate free milk, over 90% of the
eluted lipase activity was eluted with the void volume bound to the
casein complexes with a recovery of 25%. On addition of 10mg phosvitin
to pancreatic lipase, the enzyme was eluted at the void volume with a
recovery of 70%. Elution in synthetic milk serum gave an activity peak

corresponding to pure pig pancreatic lipase., On sephrose 2B elution of
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pig pancrecatic lipase in the presence of skimmed milk or colloidal
phosphate free milk gave 3 pcaks of activity. The first peak containing
casein micelle bound lipasc of MW grcater than 108, the second peak
contained lipase activity bound to soluble aggregated casein complexes
of MW 2 x 106 and a third free lipase peak, Elution in the presence

of colloidal phosphate free milk gave mich greater activity in the last
two peaks than with the skimmed milk where the activity was equally
divided between the free and casein micelle bound peaks with a small
peak inbetween. Recovery of activity varied from 20 - 33% of that
applied, Dawney and Murphy (1970) suggest that 95% of casein of collodial
phosphate free milk exists as conplexes with MW approximately 2 x 106
whereas the majority of the casein in milk cxists as a micelle of MW
greater than 108 daltons., They propose that lipase can bind to both
casein micelles (M7 greater than 108) or soluble complexes (MW 2 x 106)
which inhibit enzyme activity by steric hinderance. Binding to
phosvitin and casein suggests phosphate groups are involved in the
binding of the lipase. Dawney and Murphy (1970) suggest the following

equilibrium exists in milk.

Casein - insoluble soluble lipase
Micelle casein + protein

Lipasec < aggregates complex
Complexes

Murphy et al (1969) obtained by removal of the Ca3 P04
from milk a smaller soluble complex which when eluted on sephrose 2B
had a MWV corresponding to 200,000 containing AS, B and K casein in
aggregated form. They suggest that this is the basic subunit of
casein which is bonded together with colloidal Ca3P04 to form micelles,
Ca.3PO4 free milk on a sephrose 4B equilibrated with increasing
concentrations of NaCl caused smaller aggregates to be present with

increasing NaCl concentrations.

Gaffney et al (1966) studied lipolysis of a water extract
of rennet casein which showed an 11 times greater specific activity

that the lipase of skimmed milk, Separation on DEAX cellulose by an
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éight step gradient in 0,0M sodium phosphate buffer pH 7,0 gave

lipase activity in all eight fractions with varying specific activities.
Greatest specific activity was for activity cluted at the 0,5M NaCl

wash with a 1000 times purification over the skimmed milk. The majority
of the protein was eluted off in the 0,14 to 0.23M NaCl washes. A

150 - 180% recovery of activity was obtained. HElution of the water
extract of rennet casein on sephadex G25 gave 3 protein peaks, the last
of which had the highest specific activity and rccovery of activity

varied from 124 - 180%.

Gafiney et al (1968) obtained 3 protein peaks on separation
of skimmed milk, and frozen thawed skirmed mnilk on scphadex G25. A
large pealt at the void wvoluasc and twe smaller peaks which both contained
carbohydrate and had #Ms less than 10,000. Freczing increased the
rclatlve specific activities of both pecks IT and IIT and decreased
the number of protein bands on polyacrylamide gel electrophoresis.,
Gaffney gt al (1968) suggest freeziug and thaving may break the bonds
similar tc¢ the action of remnin ondi that the different lipases of milk

arc duc toc abscrption of a single lipase of low MV to different proteins.

Fox et al {(1967) studied the cffect of milk lipases from k
casein using dimethyl formanide and its effect on elution from DEAE

cellulose and scphadex G200. Using the 50;5 sat. (NH S0, precipitate

4)2 4

of skimmed milk (containing 907 of the total milk lipase activity) and
prefreczing the sample, elution on DEAE cellulose in 0,02M phosphate
buffer pH 7.0 using a NaCl gradient gave one major lipasc peak
associated with the k casein eluted at about 0.2M NaCl which tailed
into the AS casein component containing some k casein eluted at 0,25M
NaCl. Little or no lipase activity was associated with either the
gamma casein (not bound to column) or the B casein eluted at about
0.12M NaCl. Gel filtration on sephadex G200 gave one protein peak at
the void volume containing k casein having all of the lipase activity
and a second protein peak containing As and B casein containing no
lipase activity., DEAE cellulose gradient elution in the presence of
20% V/V'dimethyl formamide and phosphate borate buffer pH 7.8 gave two
peaks of activity. One (50 - 606 of the total lipase activity) eluted
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at the front edge of the B casein (eluted at 0.9 NaCl) and a second

peak eluted @& the front edge of the 4 o peak,

After the precipitation of the milk by 50% (NH4)2 804 and
dialysis in increasing concentrations of dimethyl formanmide (0 - 30%),
lipase appearedl in the supernatant fraction on reprecipitating by 50%
sat., (NH
(), 80,

activity on increasing the dinetlyl formamide concentration. iinirun

which increased in botk net activity and specific

concentration of dimethyl formamide required for appearance of lipasc

in the 50% sat. (NH supernatant was 154 dimethyl formamide. On

22 %

starch gel clectrophoresis of the % sat. (NH4)2 S0, supernatont fractions

4
obtained abovc, new protein ccuiponents migrating chead of the As casein
appecared on increasing the dimethyl formamide concentration. Tox et al
(1967) conclude that lipasc is a ninor component of k casein which could
be separated from the k casein by dimethyl formonide. Yaguchi et al
(1964) obtained two major lipase peaks on DEAE ccllulese gradient
elution of skimmed milk in 9.0C2il sodium phosphate buffer pH 7.0,

Thesc peaks occurred at @ position corresponding to where k casein is
eluted and just before the clution of the As cascin. This latter peak
contained the majority of the lipase activity eluted. Bualler peaks
were recorded at 0,3l NaCl and 0,411 HaCl, Addition of gluthiome and
cysteine increased the recovery of lipasc by 30 to 504 and NaCl

concentrations greater than 3.1M inhibited the lipesc activity.

Yazuchi and Tarassuk (1963) also obtained a high specific
activity pecak at 0.5il NeCl from the DEAE cellulose gradient clution
of the water extract of rennet casein which corresponded to the first
peak eluted from a sephadex G200 colurm thue confirming the results
of Fox et al (1967).

Haynes and Dewney (1973) reported a decrease in milk LPL
activity in the presence of either NaCl or protamine sulphate against
activated tributyrin (5% V/ﬁ0 or Bdiol substrates. 90% of the
activity was sedimented with the casein micelles on centrifugation
at 38,000 xg for 2 hours and either 1M HaCl or 5 pg/ml heparin

solutions gave optimal release of activity into the 38,000 xg supernatant.



Llution of skimmed milk on sephrosc 2B columms eguilibrated with an
incrensing concentration of heparin (0, 1 and 5 pg/ml) gave two peaks of
activity against both substrates withh & larger peak occurring st a MW
corresponding to 0,5 x 106 acconpanicd by o decrcase in the activity
associated with the cascin micelles (MU greater than 108) with
increasing heparin concentrations. Bobth peaks gave twice the accotivity
towards Ediol substrztes as with tributyrin substrates. Hlution of Tite
1M NaCl cxtract cf the cascin micelle procipitate in the presence of

5 ug/ml heparin gave a single peck coiresponding to the second wneak
cluted witiy the skimmed millt., Elution of the NaCl extract of the cascin-
micelle precipitate in the presencce of & ug/ml cf ueparin gave a singic
peak eluted with the skirmed iailk. Elution cof the NaCl extract of the
cascin precipitate on serhadex G200 cguilibrated in O,75M NalCl
containing 25mi IzCl_ guve several activity peaks with the dominant

the range 50,000 to 120,000 against both

(5
(S)

SRRV}

F

species having IMs ix

substrates.

Preincubation ot 4°C for 2 heurs in 2ri NaCl and 1 ne/ml
protamine sulphate gave only a 204 decrease in ac’ vity, Activity
against either Ediol cr tributyrin cmlsions had @ sinilar pi optiomue:
of 8.5 - 9.0. Haynes and Dawncy (1973) conclude tuat the lipasc
activity of bovine rmilk ney nov specifically roflect its LPL activity.
They suggest lipolytic enzynes process on enphiphile stricture causing
lipases in nilk to assume a radial polarity parallcl to k casein which
is hydrophobically bound to apolaxr AS and B casein micelle complex
and are bound by electrostatic forces to the outwardly dirccted acidic
k casein. Additicn of NaCl decreases the electrcstatic interaction
with the negatively charged casein micelles causing the release of
lipase. They suggest heparin may act by binding tc specific sites
on the lipolytic enzymes and cnough heparin will eventually causc the

release of the enzymes from the casein,

Egelrud and Olivecrona (1973) reported purified milk LPL
had activity against emlsified long chain TGs even in the absence of
a lipoprotein activator. Using milk LPL purified by the method of
Egelrud and Olivecrona (1972), Egelrud and Olivecrona (1973) studiec.
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the effecet of TG ermlsions in the absence of scerum on the activity of
LPL. Omission of serun resulted in 5% of the neximum activity for

both olive o0il emmulsions stablized with egglecithin or Intralipid
emlsions. Using olive oil stablized with gum arabic gave 807 of

the activity as that with intralipid in the prescnce of seruﬁ.

Activity with no scrum was 2 tines as high as with Intralipid.

Therefore activity was influenced by the crulsifier used to stablize

the TG, Specific activity was 1 - 7 times higher at 3700 than at

2500. In the absence of serum, activity showed a gradual dccrease

with time but the addition of albunin increascd activity *to a linecar

rate which was similar to that of the plus albunin assay systemn,

Egelrud and Olivecrona (1973) propose that this levelling off of activity
in the abscnce of albunin is due to inhibition of the lipase by
accurmlating FFAs in the absence of a FA acceptor. Addition of Ca012
(36ri) caused an 80% stimilation in activity indicating Ca2+ could act
as a FA acceptor but was not as cffective as albumin, Optimal
cornditions werc pH 8.5, 3.3 ng TG/ml and 36mil Ca.Cl2 in the incubation
mixture. Using radioactivity labellcd TG, activity in the MG and DG
rose initially and then stayed constant indicating hydrolysis of DG
and MG took place as well, Using olive ¢il as substrate optiman
activity was at a pH of 8.6. At #I 7.3 initial activity was followed
by @ rapid levelling off to zecro activity after 4 minutes. At pH

values of 8.3 te 9.0 activity was linear with time.

In the abscnce of added cimlsifier and using short chain
FA TG (tributyrin) the optirmn pl was 8 - 8.5. CaCl2 had no effect on
the enzyne activity and NaCl (up to 0,1H) was stimlatory in

unermulsified tributyrin substrates.

Addition of NaCl ceused a decrease in cnzyme activity with
time. With the addition of heparin as well, NaCl did not havc as great
an effect on decreasing activity with time. The effect of heparin was
more pronounced at O,7M NaCl. Egelrud and Olivecrona (1973) propose
that heparin acts to stablize the enzyme and thus a morec linear
relationship of activity with time for both activated long chain TG

and tributyrate substrates,
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Purified milk LPL haed a pH optimum of 10.5 with mono-oleate
as substrate dispersed with sodium deoxycholate with a linear reaction
with tine. Activity aguinst tributyrate was 50% of the activity
against activated tributyratc substrates. Activity agninst DG was
increased by serun whercas activity against MG was not affected by
serunn. Egelrud and Olivecrona (1973) conclude that both activities

against short chain TG and long chain TG arc on the sane enzyue.

Brunby (1971) observed that the addition of cholesterol
esters, phospholipids and frec cholestcrol all decreased activity of
bovine milk LPL. Cholcsterol had o greater e¢ffect than phocpholipid
in decreasing the activity and the pcrcentage decreasc was proportional
to the concentration of cholestercl or phospholipid. Activity was
dependent on the ratio of cholosterol/phospholipid and 15% checlesterol
and 305 rvhospholipid gave thc original activity whercas at 5%
cholesterol, ZX@ phospholipid waz required for optinmal activity but
activity was 65% of that of normal activity. DBrumby (1971) concludes
that the rclative composition of plasma lipids is important in the

activity of LPL.

Iverius ct al (1972) studied thc effcct of heparin on a
crude and purificd extract of bovine milk LPL under conditions of
different ionic strength ond differcnt substratce activators.Using HDL
as activator and milk LPL purified by the nethed of Lgelrud and
Olivecrona (1972), heparin had 1little cffect on LFL activity at low
ionic strengths and incroasing heparin concentrations caused inhibition.
At high salt concentrations (greater than 0.4M) heparin incrcased the
enzyme activity but not to the levels in low ionic strength solutions.
Iverius et al (1972) propose that heparin acts by restoring the

lipolytic activity rather than to stimmlate the cnzyme.

Using HDL s substrate activator in the absence of heparin,
activity was linear with time at low ionic strengths (0.05 - 0,16M)
but non linear at high ilonic strengths at 3700 indicating both
inhibition and inactivation was taking place at high ionic strengths

in the abscnce of heparin. The addition of heparin at high ionic
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strengths gave a linear plot using HDL as activator and 3700 incubation
tenperature. Iverius et al (1972) conclude that inactivation as well
as inhibition occur at high salt concentrations and both of thesec

processes are impeded by heparin,

At 20°C activity was linear with time both in thec presence
or absence of heparin at high ionic strengths indicating no inactivation
took place when incubated at 20°¢. Heparin increascd enzyme activity
by 2 times at 20°C. When the perfused cnzymc was preincubated in the
presence or abscnce of heparin at high ionic strength (O.4M) at
various temperatures heparin decreascd the inhibition at 21l of the

tenperatures.

Heparin had little c¢ffect on the purifiecd cenzyme in the
prescence of HDL or serun as activator or the impurc skimmed milk
enzyrie in the presence cf HDL or VLDL but increased the activity of
the impurc cnzyme in the presence of serum as activator by 10 times.
This was duc tc an inhibition (approximately 10x) of the impurc
cnzymic by serum in the absence of heparin., The low activity obscrved
in the presence of scrum of the impure cenzyme was due to inhibition and
not inactivation since the activity in both the presence and absence
of heparin was linear with time. Iverius et al (1972) conclude that
inhibition was due to a factor in serum which was not affcected by HDL

addition into the serum.

Heparin sulphate and dermatan sulphate also gave an activating
effect but 1000x concentrations were rcquired for the same effect as

heparin.

Heparin climinase decrcased lipolytic activity of both the
skimmed milk and purified enzyme preparations by about 50%. They
provosc that the heparin like component of the purified preparation
was either non essential for the function of LPL or was inaccessible
to the eliminase. Since heparin in all cases did not stimmlate the
enzyme above optimal conditions but prevented the inhibition and

inactivation of the enzyme, Iverius et al (1972) propose that heparin
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is not involved in the catalytic mechanismi of LPL but serves to
elininate thc effcects of the inhibitor. Strongly bound heparin not
available to the action of heparinasc may however be required., They

propose that heparin is bound te the protein in the ratio of 1:70.

110 Purification Techniques used to purify Lipoprotein Lipase

Fielding (1969) obtained a 2800 - 3000. fold purification
of post heparin plasma LPL which was 95% hormogenous on polyacrylamide
gel eléctrophoresis. Purification was obtained by binding to an
Intralipid crmlsion and washing the 1lipid enzyme complex with O, 05
NH4OH-NH4Cl buffer pH 8.5 conteining 10% sucrosc with ultracentrifugation
at 30,000 rpm for 1 hour until the protcin in the supernatant was about
10mg/ml. 557% of the activity remained bound to the lipid with a 500
fold purification. The enzyme was then cluted off with 0,051
NH4OH—NH401 baffer pH 8.5 containing O.S%'W/V sodium dcoxycholate and
0.5mM potassium cleate and centrifuging at 35,000 rpm for 1 hour . 80%
of the bound activity was recovered in the aqucouslaycr, Ancother
washing with the above buffer gave 15% of the activity recovered in
the aquous layer, Further purification was obtained by the addition
of ¥ volune of 0,2M Ca,}PO4 gcl to the cenzyme supernatant from above,
centrifugation of the enzynmc Ca3P04 conplex and washing the gel with 2
volunes of 0,05M NH4OH-NH401 buffer pH 8.5 containing 0.5% W/V sodiun
deoxycholate, O,5uM potassium oleate and 0,1M sodium oxalatc and
finally washing the gel with £ volume NH4OH-NH4CI buffer pH 8.5
containing 0,05M sodium citrate. 65% of the bound cnzyme activity
was recovered in the sodium citrate wash. 80% of the protein cluted
with the sodium citrate was precipitated betwecen 33% and 50% V/V
accetone., Maximun specific activity obtained was 40 pmole FFA released

min/mg protein representing a 30% yield. The M7 was 72,600.

Greten et al (1972) purified a TG lipase from muman post
heparin plasma which was activated by a NaCl concentration up to O,75M

but was slightly less active thereafter on increasing the NaCl
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concentration, By twice binding to a heparin scephrose column they
obtained a purification of 9160 fold representing a 10% yield of

the original activity. The cnzyme was cluted off at a concentration
of about 0.6M NaCl. VLDL and LDL were firstly rcmoved from the plasma
by adjusting the density to 1.21@@/&1 by the addition of XBr and
centrifugation at 60,000 rpm for 1 hour beforc being applied to the

heparin colums. The cnzyme did not require serum for activity.

Greten and Walter (1973) obtained o 1500 fold purification
of LPL by binding of an acetonc powder cxtract of rat adipose tissuc to
a heparin sephrosc ceclurn. Hlution was by o stepwise method of
increasing NaCl concentrations in 0,0051f sodium barbital buffer pH 7.4.
NaCl concentrations of 0,4i, 0.75M and 1.2 NaCl werec used to clute
the enzyme from the heparin scphrosae Maximmn specific activity obtained
was 60 umolc FF4 relcased/nin/ng representing a yicld of 17% in the 1.2M
NaCl wash. 22% of the total activity was bound to the heparin sephrosec
colurn and total reccovery was 47% of the activity clutcd cnto the
column. Isoclectric focusing gave a single band of activity at a
pI of 4.2. The presence of 2i NaCl inhibited the enzyice by 10 times,
Activity showed an optimnm at 2.5 Mﬁ/ml of heparin but decrcased
thereafter on increasing the heparin ccncentration. The cnzyrmc

required serun for full activity.

Assman ct al (1973) partially purified rat liver plasma
membrane TG lipase by binding to a heparin Bio gel colurm and cluting
with high salt concentrations from O to 5K HaCl in glycine NaOH buffer
pH 9.4. DNo binding of the heparin rcleased activity occurred and only
activity that was relecased in the absence of heparin bound to the
column, 50% of this activity was eluted off as a peak at 32 mmho
resulting in a 15 - 20 fold purification., This activity was not
activated by the presence of serum in the incubation medium and
represented a yield of 0,5%. Maxirmm specific activity obtained
was 1.1 Wnole FFA released/min/mg representing a 363 fold purification

from the liver homogenatec.,
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Egelrud (1973) observed a binding of hen adipose tissue LFL to a
heparin substituted ¢gel at 0.5 HaCl in 0,005l sodium veronal buffer
pH 4. 55% of the applicd cnzyne was cluted at 1.161 NaCl obtzining
an 80 fold purification. Thc cnzyme was dependent on scrum for
maxirmum activity, inhibited by NaCl and was inhibited by heparin both

before and after elution froa the heparin sephrose colurn.

Olivecrona ¢t al (1971) obtained a 2000 fold purification
of skimmed milk LPL by binding‘onto a heparin sephrose column.
Recovery of activity cluted from the colurm was 50% and the enzyre

was cluted at an ionic strength of 0.83M NaCl,

Bgelrud and Olivecrona (1972) purified bovine milk LPL
5000 - 7000 times from skimmned milk by an initiel extraction of a
rermet curd with 1,161 WaCl followed by precipitation by 30% W/V
(MH 4) . SO4,dialysis of the precipitate in 0,154M NaCl, prccipitation
of the dialysate by the addition of 1/3 volumc of acetone, rcdispersing
the precipitate and reprecipitating with acetonc and a final wash with
dicthyl ether. The acctonc cther powder was redissolved in 5mid
veronal bufier pH 7.4 conteining 0,16M NaCl. After these steps a 10
fold purification was obtained representing 9.5% of the initial
activity started with., Binding to heparin scphrose equilibrated
in 0.16M NaCl in 0,5ml sodiun veronal buffer pH 7.4 and clution
with a lincar salt gradient from 0,16 to 1.5 NaCl gave a maximn
purification of 7000 fold representing 67% of the activity cluted onto
the column. Piaximum specific activity obtained was 28,000 p equiv FFA
released/hr/mg. By polyacrylamide gel electrophoresis the enzyme was
80% pure with a yicld of 5 - 10%. The MV of the cnzyme determined by
polyacrylamide gel electrophoresis in sodium dodecyl sulphate was
62,000 - 66,000, Inactivation occurred at the rennct precipitation

step and the heparin sephrose step.

Havel et al (1973) used the method of Egelrud and Olivecrona
(1972) with additional purification by gel chromatography on sephadex
G100 in 1.5M NaCl in 0.005M sodium veronal buffer pH 7.4 to purify
skimmed milk LPL,
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Besadoun ¢t al (1974) purified LPL from acctonc powders
of pig adiposc tissue by extraction with 1.28 NaCl in 0,005M sodiun
barbital buffer pH 7.4 to obtain 85% of the total activity in the
supernatant extract which was 6 times as effective as 0.025M NH4OH-NH4CI
buffer pi 8.6 for extraction into thc supernatant, binding to hcparin
scphrosc 4B to obtain a 600 tiacs purification followed by binding to
concenavalin A covalently linked to scphrosc 4B and cluticn with 0,2M
L mecthyl D nannoside, 1.0M NaCl and 0,005M sodium barbital pH 7.0
to obtain a purification of 2100 fold., The purificd cnzymc gave a

singlc band on polyacrylamidc scl clectrophoresis.

Lipoprotecin lipasc is physiologically important in the
regulation of the lipoprotcin TG concentration in the bloed and in the
uptakc of FA by the tissuc cspecially in the adiposc tissuc in tines

of gtorage and in the mammary gland during lactation.

The control of its activity is affected by hormoncs and by
protecins in the blood somc stimalating the cnzyme while others inhibiting
it. Ovcrall the finc detail of its regulation is not properly
understood. Also thcrc ney be norc than one cnzyme, cach becing
spccific in its inhibition, activation, substratc specificity ctc and
cach centributing to the overall control of lipoprotein TG in the blood
and the uptake of plasma TG by specific tissucs and thesce enzynic
subunits or forms nay interact to form complexes and thus may account
for the different LPL species. The conparison of LPL and lipases in
milk and marmary gland has not becen studicd and it is questionable
whether thesc arc the same cnzymies or net duc to them being synthesized

in different cell organclles and different cell types.

Purification procecdures have becn hindered by the small
amount of soluble cnzymc present at any one time; low recoveries of
activity obtained due mainly to the high ionic strengths required to
clute it from hecparin sephrosc colurms and low binding to artificial

TG cmulsions,
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This ssudy was carried out in order to determinc a better
nethod of purification which would give better rccoveries than what
have been obtained by previous workers, to investigate the enzyme
or cnzymic forms, to try and determine the physical anl chemical
characteristics of the cenzymic forus ond sce if any interrclationships
exist between the different forms, if any control mechanisms cxist
within the enzyme itsclf and the rciative functions of thce lipoprotein
lipasces and to comparc the mamanry gland cnzymes with those of milk
to give an insight into their synthesis and sceretion from the mammary
cell and to detcrminc if any changes in the structural and chemical

characteristics occur on sccrction from the maimary gell,
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Chapter II
MATTRIALS AND METIODS

SECTION I. Mammary gland lipoprotein lipases,
2:1 Enzyme source

Bovine mammary gland was obtained from the local freezing works
immediately after culling and approximately 15 minutes before homogenizing
in ice cold 10“3 i @®.D.T A. in 0,25k sucrose solution. The cows were in
full lactation. Adipose tissue as well as some of the very fibrous
tissue was removed before homogenization. Tissue was obtained from all
four quarters in the lower and mid regions of the udder. Total weight

of the udders varied from 10 to 20kg.

Extraction using prefrozen mammary glands gave no apparent

soluble enzyme activity with greatly reduced insoluble activity.

2:2, Homogenization and Extraction

The udder was cut into about 100gm pieces and passed through
an electrical mincer. The minced udder extract was then homogenized
in 5 times the volume of ice cold ‘10"3 M E.D.T.A. in 0.25M sucrose solution
at top speed in a waring blender for 5 mimutes with intermittant stops.
The above solution was centrifuged at 16,500 xg for 30 mimutes at 0-2%
in a sorvall RC2B model centrifuge using a G-S3 head. Three layers
separated - a top cream layer, a middle supernatant layer and a bottom
precipitate. The middle supernatant layer was removed by gently tipping
the centrifuge tube allowing the supermatant to pour into a beaker and
retaining the top cream layer in thc tube by the use of tissue paper
placed at the mouth of the centrifuge tube. The gelatenous precipitate
3 M B.D.T.A. in 0.25M

sucrose and again homogenized in a waring blender., The homogenized

was resuspended in 5 times volume of ice cold 10”

extract was céntrifuged and the middle supernatant solution extracted
as above., The above was repeated a third time giving three tissue

extracts,
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2;3. Preparation of Triglyceride emulsion and enzyme binding

A 20% V/V triglyceride emilsion of olive oil was prepared by
dissolving 10gms of gum arabic in 80mls of distilled water and to this
was added 20mls of olive oil and the mixture homegenized using o high
specd homogenizer for approximately 3 mimmutes. To the middle supernatant
solution obtained as in section 2:2 was added 1/40 volume of the 20%
olive oil emilsion and the mixture incubzted in a water bath at 37OC
for 10 minutes with constant stirring allowing time for the solution to
reach 3700 required for activation. The solution was tlen placed in an
ice bath and the temperature allowed to fall to 2°C with intermittant
stirring, After allowing the solution to scttle for 5 minmutes at 2°C
the top lipid layer was removed by gently pipetting the surface layer
ofifi.

2:3:1 Preparative ultracentrifugation and extraction of TG bound enzyme

The top 1ipid layer from above was centrifuged at 105,000g
in o Beckman model L preparative ultracentrifuge for 1 hour at 2°G
using a 30 head, All following centrifugations were carried out at
105,000xg at 2°C for 1 hour using a 30 head. The lower agqueous
supernatant layer was removed by gently sucking through the top lipid
layer using a long pasteur pipette viithout disturbing the top layer.
The top lipid layer was then transferred to a flask and homogenized in
0, 0514 NH4OH—NH4CI buffer pH 8.4. The above homogenate was again
centrifuged at 105,000 for 1 hour. The bottom supernatant was removed
as above and the top lipid layer was homogenized in 0,05M NH4OH-NH4Cl buffer
pH 8.4 and recentrifuged and the supernatant solution removed as before.
This was repeated several times until most of the activity was eluted
- off, 1In some cases the top TG extract was sonified in 0,05M NH,6OH-

4
NH4Cl buffer at ZOC and then centrifuged at 105,000g.

2:4 Purification using calcium phosphate gel and silica gel

2:4:1 Preparation of gel: Iqual volumes of 0.25il CaCIZZHZO and 0,167M

Na3P04 12H,0 were mixed and the pH adjusted to 7.5 using acetic acid.

The Ca3PO4 gel was then poured into a filter funnel containing
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Whatman No.I filter paper and the gel washed with distilled water until
the pH of the elutant was about 7.0, The gel was also washed by the
addition of large volumes of distilled water and decanting the water
off after the gel had scttled.

The 16,500g supernatant from section 2:2 was added to the gel
slurry in the ratio 100:1 V/V supernatant: slurry and filtered using
a large buchner funncl containing Whatmon No.I filter paper with a
vaccunm applied, A hard pan of Ca3PO4 gel was prepared by pouring the
slurry into a buchner funnel containing Whatman No.,I filter paper and
applying a vaccum until the excess water was rcmoved but not permitting
the gel to run dry. Large volumes of distilled water were then eluted
through until a firm layer was obtained on top of the filter paper.
In some instances the Ca PO, gel slurry had to be homogenized in a high

34

speed blender to form fine gel particles.

The filtrate from thc first Ca zel filtration wrmis then

3£
applied to the top of the gel without disturbing the surface and filtered
through using a vaccum., In some cases the supernatant was centrifuged

at 105,000g for 1 hour at 2°C before being applied to ths gel.

Following the elution of the enzyme solution through the gel the gel

was washed with 0,05il NH4OH-NH4CI buflfer pH 8.4 followed by 0,1M

potassium oxalatce and then 0,051 trisodium citrate.

234:2 Silica gel filtration: A slurry of silica gel was prepared by

the addition of distilled water to silicic acid and shaking. The
slurry was then poured onto a buchner funnel containing Whatman No,I
filter paper and vaccum applied until a firm surface was obtained and
washing with several volumes of distilled water. The 16,500zg
supernatant was then poured gently on to the top of the gel and vaccum

applied.

2:2 Purification using viscose sulphate

2:5:1 Preparation of viscose sulphate: Viscose sulphate was

prepared according to a method by Dr, Ayres. 20gms of cross linked
viscose was dried overnight in an oven at 7OOC and then soaked in

75ml formamide for 3 hours degessing for half an hour at the start.
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A second solution was prepared by adding 17mls conc. chlorosulphonic
acid slowly to 150ml formemide at 0°Cin on enclosed flask comnected
to a drying tube with the dropping funnel contaeining the chlorosulphonic

acil also protected with 2 drying tube containing CaCl The above

solution was added to the viscose formamide slurry andzstirred
intermittently for 48 hours at room tempecrature. 500ml of ice was

then added followed by an ice cold solution of 22gms NaOH in 200mls
distilled water. The resin was then filtered and washed with distilled

water in a buchner funnel,

2:5:2. Binding and stepwise clution from viscose sulphate. The

viscose sulphate was equilibrated with O.OSMMg-ClZ3 in 0,05M Tris HC1

buffer pH 8.0. One litre of the cnzyme extract II obtained as from
scction 2:2 was made up to a 0,05H MgC%} in 0,05M Tris HCl solution by
the addition of solid MgCl, and 1.5M Tris HC1 pH 8.0. 20 gms of viscose
sulphatc was added and the solution centrifuged at 16,500g for 20
minutes, The prccipitate woas redispersed in 1 litre of 0.5 NaCl in
0,05 Tris HCl pH 8.0 and agin centrifuged. The precipitate was
redispersed in a 0.75M 1laCl solution in 0,05H Tris HC1 pH 8.0 and again
centrifuged. This was repeuated using 500mls of a 0,9M Nall solution and
250mls of a 1.2 NaCl solution in .05M Tris HC1l pH 8.0, Thc super-
natants in cach case were dialysed against 0,05M NH OH-NE ,Cl buffer

4 4
pH 8.4 before being assayed.

2:5:3 Gradient elution from viscose sulphate. 20gms of resin was

poured into a 15 x 3.2cm colum and equilibrated with 0,05M MgClz in
0,051 Tris HC1 pH 8.0,

1.8 litres of the 105,000g supernatant of extract Iafter
triglyceride binding as in section 2:3:2 was made up to a 0,05i
MgCl, solution in 0.05M Tris HC1 pH 8.0 by the addition of solid
Mg012 and 1,54 Tris HCl pH 8.0 and eluted on to the columm. Excess
protein was washed off with 0,05M MgCJé‘in 0.05M Tris HC1 pH 8.0. The
protein was then eluted off using a O to 2M NaCl gradient in O0,05M Tris
HC1 pH 8.0. 4 ml fractions were collected and the fractions dialysed
against 0,05M NH OH-NH Cl buffer pH 8,4 before being assayed. The

4 4
sulphate polysaccharide was regenerated by firstly washing the NaCl
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out with distilled water then drying the slurry in an oven at 7OOC

overnight followed by reswelling of thc resin in 0,05M MgCl, in 0,05M
Tris HC1 pH 8.0,

2:6 Purification using sodiwn dextran sulphate

2:6:1 llethod I. Stepwise clution with CaCly, 2mls of a 10% sodium

dextran sulphate golution was added to 100mls of enzyme solution and
the dextran sulphate precipitated by the addition of 10mls 11M CaCl2.
The suspension was centrifuged at 16,5008 for 20 minutes and the
precipitate resuspended in 1 CaCl2 and recentrifuged. This was
repeated using a 2K Ca012 solution and the suspension recentrifuged.

OH-NH4Cl buffer

The CaCl2 supernatants were dialysced against 0,05M NH

4

pH 8.4 before being assayed.

2:6:2 lethod II. Precipitation with MnCl,. The following procedurc

was carried out as for the isolation of high density lipoproteins by
Burstein ¢t al (1970) with modifications. The enzyme zolution used
was the filtrate after clution through Ca3P04 gel as described in

scction 2:4.

0.5gms of sodium dextran sulphate was dissolved in 1 litre of
enzyme solution and 10gms of NhClQ slowly added keeping the temperature
approximately 2OC. The precipitate formed was collected by centrifugation
at 16,500 for 20 minutes. The precipitate was then dissolvad in 30ml§
1055 HaHCO3 solution and the MnCO3 precipitate formed was removed by
centrifugation at 17,200g for 20 mimites. The supernatant was then
dispersed in 1 litre of 0.02M Tris HC1l pH 7.7 and the dextran sulphate
reprecipitated by the addition of 10gms of MgCl,. The precipitate was
collected by centrifugation at 16,500g for 20 minutes and dissolved in
20mls 5% NaCl., The above solution was then suspended in 1 litre of
0.0S% NaCl in 0,02M Tris HC1 pH 7.7 and the dextran sulphate
reprecipitated with the addition of 10gms of MgClé. The precipitate
was collected by centrifugation at 16,500g for 20 minutes and the last
step repcated as above, The final precipitate was dissolved in 12.5mls

of 10% Na citrate and the solution dialysed for 24 hours against 1%
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WaCl in 0,02ii Tris HCl pi 7.7 to remove citrate and Mg2+ ions. The
above solution was then dialysed against 1% BaCl, in 155 NaCl for 24
hours and the insoluble Ba salt of dextran sulphate removed by
centrifugation at 17,200z for 20 minutes. The supernatant from above
was then dialysed against 0,.9% ITaCl to remove the Ba2+ ions, All of

the above steps were carried out at 28,

The supernatant was then elutod through o sephadex G200
colurn (2.3 % 39.5cm) with 0,05M Nil 4OH~I\TH 401 buffer p &8.4. The large
protein peak was then eluted onto o DEAZ cellulose colurm (1.4 x 20c)
after dialysis in O.OOSMK}I2PO4 buffer pH 8,4 and eluted with a gradicent

of 1.5 mmho to 20 nmho collecting 2ml fractions (see section 2:7).

2:7 Purification using Diethyl amino ethyl cellulose (DEABE cecllulose)

2:7:1 Preparation and cquilibration of DIAE cellulose., The dry DEAE

cellulose was left in 15 vols by su weight of cellulose of 0,50 HC1
for 30 ninutes and then poured into a column and distilled deionized
water cluted through it until the ¢ffluent hed attained @« pH of 4.0.
The DEAE cellulosc was then poured into 19 vols by gm weight of dry
cellulose of 0.5i Nalii and left for 30 minutes. The cellulose slurry
was then poured into a column and deionized distilled water eluted
through it until the effluent had attzined a pH of 7.0, A volume of

2
the pH of the slurry was less than 5 and was then titrated with NaOH

concentrated KH PO[1 solution was stirred into the DEAE cellulose until

until the required pH (7.6 or 8.4) wus obtained. The slurry was then
degassed and poured into a columm and starting buffer eluted through
until the effluent had the same pH and ionic strength as the starting
buffer. After each run the high salt buffer was eluted through using
starting buffer and the above procedure repeated omitting the first HC1
wash step. All elutions were carried out at 4°C in a cold room and all
buffer solutions were degassed before being eluted through the column.,

Deionized distilled water was used for all buffer solutions.

ution from DEAE cellulosc in 0,005M Kil
pH 8,4. The supernatant enzyme extract as obtained in section 2:2 was
centrifuged at 105,000g for 1 hour at 2°C and the 105,000g supernatant
dialysed against starting 0.005M KH2P04 buffer pH 8.4 until the

Stepwise
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conductivity and pH was that of the starting buffcr solution. About
200mls of the 105,000g supernatant was eluted on toc the column. .

0.005M KH2P04 buffer pH 8.4 was then eluted through until no protein
was detectable in the effluent. 0.8 NaCl in 0,005M KH2P04 buffer pH
8.4 was used as the final buffer solution. The NaCl gradient was eluted
through the column using two ceuilibration flasks., 10ml fractions were
collected and conductivity readings were read when the elutent solutions
had attained room tcmperature. 0D 280 readings were rend against

starting buffer solution and one in cvery four fractions assayed.

Solutions of the required conductivity were made up by the
addition of NaCl to 0,005M KH2P04 buffer pH 8.4 using a Copenhagen
conductivity meter. The solutions were made up to the conductivity
corresponding to that of the activity peaks obtained through gradient
elution. These were at conductivities of about 2, 5, 8, 10, 13, 15;

18, 21 and 24 mmho.

After elution of the enzyme cxtract on to the column starting
buffer sclution was eluted through until no protecin was detectable in
the efflucnt. A solution of conductivity 2 mmhowas then eluted through
and 10ml fractions collected until no protein was detectable in the
effluent. This required about 1 litrc of buffer. The fractions with
0D 280 readings greater than 0.05 werec pooled, and the rest discarded.
Buffer of conductivity 5nomhowas then eluted through the column and 10ml
fractions collected until no protein was detectable in the effluent and
the fractions whose 0D 280 recadings werc greater than 0.05 were pooled
and the rest discarded. This was repeated for buffer solutions of
conductivities of 8, 10, 13, 15; 18, 21 and 24 mmho. The colum was
then regenerated and re-equilibrated as described in section 2:7:1.

A second 200ml of enzyme solution was eluted on to the columm and the
above stepwise elution procedure carried out and elutants combined with

the corresponding buffer conductivities obtained as above.

2:7:3, Gradient elution from DEAE cellulose in 0,005M KHEPOI buffer

pH 8.4 . The pooled fractions from above (section 2:7:2) were dialysed
against ,005M KH2IO4 buffer pH 8.4. These were then eluted on to a
smaller column (15 x 2.3cm). For the pooled fractions eluted off at
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conductivities of 18 and 24 mmho, the initial starting buffer

solution had a conductivity of 15 mmho with a gradient elution of
conductivity 15 to 25 mmho collccting 2 ml fractions. Activity

eluted off at a peak of conductivity 24 mmho from the above two

gradient elutions was combined and dialysed against 0.005M KH2P04

buffer pHd 8.4 and cluted on to a DFAE cellulose column. Starting
buffer of conductivity 45 mmho in 0.005:" KH2P04 buffer pH 8.4 was

eluted through the column followed by o gradient elution of conductivity

15 to 25 mmho.

The activity eluted off at conductivity 15 mmho (starting
buffer) from the above gradient elutions was combined, dialysed against
0,005k I\’HEPO4
from conductivity 0.5 to 25 mmho in 0.005M KHZqubuffer pH 8e4.

buffer pH 8.4, elutcd on to the column and a gradient run

The second protein peak (4th activity peak) at conductivity
15 mmho f1'om the above column run wes then dialysed against 0.005M
KHZPQLL buffer pH 8.4, eluted on to a DFAE cellulose column and a gradient
run from conductivity 0.5 to 25 mmho. The extracts from the stepwise
elution of conductivity 13 and 415 manho elutants were dialysed against
LO05M KHQPOL+ buffer pH 8.4. Starting buffer of conductivity 10 nmho
in 0.005H KHZPO}+ buffer pH 8.4 was then eluted through followed by a

gradient from conductivity 10 to 25 mmho collecting 2 ml fractions.

Activity eluted off at the starting buffer (conductivity
10 mmho) from the two gradient elutions from above was combined and
dialysed against 0.005M KHZPQQ buffer pil 3.4, eluted on to a DEAE

cellulose column and a gradient run from conductivity 0.5 to 25 mmho.

2:7:k. Purification using DEAE cellulose in 0.005M KH2294 buffer pH 7.6

A gradient elution of the 105,000g supernatant of homogenized

mammary gland extract was carried out as in section 2:7:2 except the

pH of the 0.005M KHZPQQ buffer used was 7.6. Stepwise elutions were then
carried out as described in section 2:7:2 except that 0.005M KH2POI+

buffer of pH 7.6 was used instead of pH 8.4 and conductivities of the

eluting buffers were 2, 10, 15, 21 and 24 omho.
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Fractions from conductivity 2 rmho werc combined and dialysed
against 0.,005M KH2P04 buffer pH 7.6 and cluted on to a sccond DEAE
cellulose column (15 X 2.6cm) equilibrated in 0,005 KHZPO4 buffer pH
7.5 and a gradient of O to 0,8M TaCl in 0,005M KH2P04 buffer pH 7.6
run through the column collecting 10ml fractions. The above was also
carried out as for fractions from conductivitics of 21 and 24 omho
except 2ml instead of 10ml fractions were collccted. Gradient elutions
of fractions from conductivities of 10 @mho and 15 mmho were also carried
out as above cxcept that a larger column (3.2 X 30cm) was used and 10ml

fractions were collected.

2:8 Concentration and Gel filtration.

Samples were concentrated using a Biolab diaflow membrane and
concentrator at SOlb/in2 nitrogen pressure. Gel filtration was carried
out on a scphadex G200 (scparation linits 5000-400,000 daltons) column
(2.3 b'd 39.50m) cquilibrated with 0,051 IH4OH-NH4Cl buffer pH 8.4 at ZOC
in a cold room. ¥Flow rate was nbout 2uils per hour and about 2ml fractions
werce collected, Elution volumes werc measured volumetrically, Samples
were dialysed ageinst equilibrating buffer before being eluted through
the column., 1ml samples werc applied to the coluran. All scphadex G200
columns werc cluted with 0.05M NH4OH—NH4CI buffer pH 8.4 at ZOC in a

cold roon,

2:8:1, Calibration of gel filtration column,

Proteins of knovm molecular weight were eluted through the
column, their elution volumes recorded and used to calculate their
distribution coefficients. Dextran blue was used to determine the void

volume and Cu2504 to deternine the totally included volune.



43,

2:9 Polyacrylamide gel electrophoresis.

All gels were of 7.5% acrylamide composition mun in 0,025M
Tris glycine buffer pH 8.5 with constant current of 3.7mh per gel in
a Vokam disc gel elecctrophoresis apparatus, A few drops of 0,001%
bromophenol blue was used as a marker for the progress of the
electrophoretic front. Gels werc also run in 0,02i KH2P04 buffer pH

T.5 for determination of purity of samplcs.

Gels werc preparcd by mixing the fcllowing stock solutions

in the ratio 1:1:2 a:b:c composcd of

(2) 48 mls 1 N HC1
36.3gms Trishydroxylmethylarino-methanc
0,23ml temed (dimethyl amino--propionitril).

The above mixture vas made up to 100mls with distilled water,

(b) 30gn acrylamide plus
0.735am N ' methyl bis acrylamide per 100 m

(c) O.4gm ammoniunm persulphate per 100ml.

Solution (a) was deairated and solutions were mixed in a 10ml
syringe . before injecting into 6cm x O./4cm tubes within 0.5cm of the
top of the tube held erect in plasticine and & drop of water applied
to the top of the gel and the tubes allowed to polymerize for 1 hour at
room temperaturc,0.25 - 0.5ml of protein sample containing sucrose was
applied to each gel in the disc gel electrophoresis apparatus layered
over with buffer using a microsyringe. Gels took 3 - 6 hours to mun
at room temperature. Gels were removed from the tubes by injecting water

down the sides of the gel and applying pressure to the ends of the gel.
2:9:1. Staining,
Gels were stained in a solution of 0.6% amido black in 7%

acetic acid for 30 minutes and destained by placing in a bath of %

acetic acid for 2 days.
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2:10. Determination of protein.

Protein for assay purposes was determined by the method of

Lowry et 21 (1951).
Bovine serum albumin (fraction V) was used as a protein standard.,

Protein from column fractionations was estimated by reading absorbance

at 0D 280nmonan Hitachi4 O spectrophotometer against elution buffer,

2:11. Substrate preparation.

2:11:1. Secrun.

Bovine blood was obtained at the local freezing works from
freshly culled animals and centrifuged at 16,5007 for 20 minutes in a
Sorvall RC2B model centrifuge using a GS3 head at 2°C, The scrum was

stored at 2°C and was used up to 2 weeks after extraction.

2:11:2, Triglyceride emulsion.

Beef tallow was obtained from the local deiry. By GLC analysis
of methyl esters of the TG composition of thc FA residues was Myristic
acid (14:0) 3.3%,Palmitic acid (16:0) 22.4%,Palnitoleic acid (16:1)

4.1%, stearic acid (18:0) 14.1%, oleic acid (18:1) 48.8%, linoleic acid
(18:2) 6.4%. By TLC it had about a 95% TG content.

Olive o0il by GLC analysis of the methyl esters of the TG gave
a FA composition of Palmitic acid (16:0) 10.3%, Palmitoleic acid (16:1)
0.9%, Stearic acid (18:0) 3.3%, oleic acid (18:1) 79% and linoleic acid
(18:2) 6.5%.

A 12.5% W/V TG emlsion was prepared by sonifying 2gm of tallow
in 16mls of gum arabic solution of 1gm/16mls distilled water using an
MSE ultra sonicator at 8 microns peak to peak for 10 mimutes. The
emulsion was then centrifuged at 3000rpm for 5 mimutes on a hench
centrifuge to remove large unemlsified particles. TFinal concentration
of TG was 0.138M.
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An 11% V/V olive o0il emmlsion was prepared by sonifying or
honogenizing 2mls of olive oil in 16mls of a solution of 1gm gum arabic

/16mls distilled water. Final conc. of TG was 0.11M.

2:11s 3, Actireted TG substrate.

TG scrun substrates were prepared by mixing the TG cmulsion
prepared as in section 2:;9:2 with serum in the ratio 1:1 and incubating

in a water bath at 3706 for 20 mimutes with constant shaking.

rocedure and determination of FFAs relcased.

Incubations were carricd out in 10ml vials stoppered with
either a screw on top or press on top in a constantly shaking water bath
at 3200. The incubation mixture was composcd of 1ml preincubated TG serum
(1:1) preparcd as in scctions 2:9:1, 2:9:2 and 2:9:3, 0.5ml 1M Tris HC1
buffer pH 8.5, 0,05mls 22% CaClz. Thesc werc added to the vials and
allowed to equilibrate at 32°G for 10 minutes before the addition of

0.5ml enzyae solution.

The extraction of the FIAs relcased was according to the method
of Dole et al (1955). Immediatecly after thc addition of 0.5mls of enzyme
solution, the vial was shaken (with the stopper on) and 0.5ml withdrawn
and pipetted into 2.5ml heptane:isopropanol:1 N H,SO 4 (10:40:1) mixture
in 20ml B14 stoppered glass tubes and the stopper replaced. The top
was placed back on the vial and the vial put back into the shaking water
bath. After the incubation time had elapsed the vial was withdrawn,
shaken vigorously and O,5ml withdrawn and pipetted into a second tube
containing 2.5rnl heptane: isopropanol: 1 N HZSO4 (10:40:1) and the B14
stopper replaced. With large numbers of fractions to assay (as occurs
with colum runs) about 15 assays could be carried out sirmltaneously
allowing one minute for the addition of enzyme, shaking of the vial,
Withdréwing 0.5l and pipetting into the extraction mixture, stopper
the incubation vial and tube and place back into the water bath.
Incubation time was usually 20 minutes but was varied according to the

activity when it went beyond the limitations of the assay. In each case
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a control with the addition of distilled water instead of enzyme was

sct up.

FFAs werc cxtracted by the addition of 1ml of distilled water
to the cextraction mixturc followed by 1.2mls of heptane giving a top
heptane layer of 1.7ml. The tubes werc shaken vigorously for 1 minute
on a nechanical shaker and allowed to settle for 10 nminutes. A top

heptane layer separated out.

FFA releasced was deteriined colourmetrically by the method of
Mosinger (1965). A stock solution consisted of 1% phenol red in O0,12M
sodium barbitol (0.25ga per 10ml). This was diluted before use by the
addition of 1uml of stock buffer solution (as above) to 300ml of an absolute
ethanol:heptanc (1:2) mixture and shoken vigorously. 0.9mls of the above
diluted stock buffer solution was added to O.6mls of extracted FFi in
heptane (as above) in a curvette and cshaken until both solutions were
dispersad and the colouraticn formed was read at 560nm in an Hitachi 101
spectrophotoricter using a micro ccll adaptation against purc heptane:
absolute cthanol (4:1). After caclh reading the curvettes were rinsed
with acetone followed by distilled water and finally dricd with acctone
and left to stand until dried., Palmitic acid (99% pure) was used as a
standzard for calebration of FFis giving a lincar relationship up to 0.4
umoles palmitic acid. From the standard graph a rclationship of
0.5137umole FFA/ml /0D unit was obtained. Limits of accuracy for the
colouration was + 0,002 umolq/ml. L colour change of red to yellow
occurred with increasing FFA concentration. The change in 0D 560
readings at Oadé 20 minutes was recorded, the final reading (yellow
colouration) was subtracted from the first reading (red colouration)
and YEiss ot fooount Addedice fasdama wmd = asiwergion factor of
0,514 with time gives activity inpmole FFA released/min/ml enzyme

solution.
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2:13, Determination of amino acil composition.

The protein was hydrolysed with*€N HCl in cvacuated sealed
tubes at 100°C for 24 hours., Hydrolysatcs were cvaporated to dryness

3

on a Buchi rotary cvaporator, redissolved in 2cn” weter and evaperated
to dryness again. The analysis was carried out on a Beckman 120C amino
acid analyser which had been calibratced with a known mixture of amino

acids. 4mg was aprlied to the column.

Definition of unit:

17 unit = awount of cnzyme rcquired to release 1 kmole FFA
per min. Enzyme activity is in p 2ole FFA releascd per rin

per ng of protein.

SECTION II. Milk Lipoprotcin Lipase.

2:14 Inzyme source:

Fresh milk was obtained from the local Massey University dairy
farn (predominantly Fresian cows) immaediately after milking. The milk
was then centrifuged at 16,500g for 20 mimutes in a Sorvall RC 2B
refrigerated centrifuge at 2% to remove lipid which formed a solid

layer on top of the milk., The skimmed milk was then poured into a flask.

2% Purification of milk lipoprotein lipase by bindi to and

elution from calcium phosphate gel,

50mls of calcium phosphate gel slurry, prcpared as in
section 2:4:1 was poured into 250ml of skimmed milk and the solution
filtered through a buchner funnel using Whatman No I filter paper.

The filtratc from above was then filtered through & hard pan of
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Ca3P04 a
in section 2:4:1. The gel was then washed with 0,05M NH

el on Whatman No I filter paper in a buchner fummel prepared as
4OH-NH4CI buffer
pH 8.4 until protein was no longer detectable in the filtrate. The gel
was then washed with solutions of 0.11 notassium oxalate followed by

0.05M sodium citrate, solutions of 1%, 24, 3%, 4% and 5% NaCl in 0,05H
NH4OH-NH4CI buffer pH 8.4 and 5% MTaCl in 25% and 50% dimethyl forxmamide

in O0,05M NH4OH~NH401 buffer pH 8.4, The gecl was also washed with solutions
of 0,54 NaQCO buffer pH 8.4, 0.5M Na2804 in 0,05M NH4OH-NH‘CI buffer

3 4
pH 8.4 and O0,5M and 1M KHZPOJ buffer ¢H 8.4.

Bach of the above washings were carried out on separate gels,

The filtrates werc dialysed against 0,05i NH4OH—NH4C1 buffer pH 8.4.

2:16, Parification by ultracentrifugation and sodiunm chloridc extraction

of the casein precipitatc.

800rdl of skimmed milk was centrifuged at 105,000g in & Beckman
nodel L preparative ultracentrifuge using 2 30 rotor head at ZOC for
1 hour. The casein precipitate was then redispersed in 360ml ice cold
deionized distilled water and the cosein solution coentrifuged ot 105,000g
for 1 hour as above. Thc cascin precipitate was washed a second time
with 360nl icc cold deionized distilled water and the 105,000¢ casein
precipitate collected. The cascin precipitatc was then homogenized in
360rls icc cold 1.2M NaCl in 0,05M NH4OH-NH401 buffer pH 8.4 and the
caseinn solution again centrifuged at 105,000g for 1 hour as above, The
casein precipitate from above was homogenized in a second volume of ice
cold 1.2M NaCl in 0,05M NH4OH-NH4Cl buffer pH8.4 and the solution

centrifuged at 105,000z as above.

2:17. DEAE cellulose gradient elution in 0,005M KHQEQk buffer pH 7,6
of the 1,2l NaCl extract of the 105,000z casein precipitate.

The sodium chloride extract of the casein precipitate was
dialysed against 0.005M KH2P04 buffer pH 7.6 and eluted on to a DEAE

cellulose colum (3.2 X 30cm) cquilibrated as described in section 2:7.
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Starting buffer was cluted through followed by a sodium
chloride gradient of O to 0,8M NaCl in 0,005M KH buffer pH 7.6
collecting 10ml fractions.

2PO4
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Chapter III,

EXPERTMENTAL AND RESULTS

SECTION I, Manmary gland lipoprotein lipases.

3:1. BEffect of pH on lipase activity of a crude enzyme extract in the

presence and abscence of serum,

Assay was as in section 2:12 cxcept assay time was 40 minutes
and the following buffers used in the range of pl;

H 5-=7 0.5M KH2P04

pH 7-10  0,5M Tris HC1

pli 10-11.5 0,5H NH4OH—NH401

The assay in the absence of serum was carried out as above
except that serum was replaced by an ecqual volume of distilled water.
Enzyme sourcc was the 105,000g supernatant of the homogenized udder

extract obtained as in section 2:2.

In the absence of serun activity peaks were recorded at pH's

o 1brlp Hrds B0 En®s Sn5s 10625, 1108 end dieE:

, Activity peaks in the prescnce of ssrum were recorded at the
sane pH's as in the absence of scrum cxcept there was no peak at pH 9,0
and a peak appeared at pH 8.5. Scrum had a stimmlatory effect on lipases
with pHE optima of 8.25, 9.5, 10.25 and 11.0. Serun had a slight
inhibitory effect on the lipases of pH optirmm 7.5 and 9.0, and had an
inhibitory effect at a pH of 10,25. Serun increased lipase activity by
500% at a pH of 8.5 and increased lipase activity by 43% at pH 10.25.
(See graph I). Two assays were carried out at each pH and the average

was taken. Activity was within + 2% ir. each case.
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GRAPH 1

Effect of pH on lipase activity of a crude mammary gland extract
in the presence and absence of serum.
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3:2, Effect of tallow and olive cil substrates on the activity of the

16,500 fractions of homogenized cows udder,

Assay was as in section 2:12 except that twice columes were
used i.e, 2 mls scrum:TG, 1 ml 1M Tris HC1l buffer pH 8.5, 0,01 ml 22%
Ca012 and 1 ml enzyme solution added at zero time and 0,5mls was withdrawn
at O, 500, 1000, 1500 and 2000 secs. Olive oil and tallow activated
substrates werc prepared as in sections 2:9:1, 2:9:2 and 2:9:3. The
tallow emulsion was diluted 11/14 to make it equivalent to the olive oil
emulsion., Final concentration of triglyceride in the incubation vials

was 0,027M, Enzyme sources used were the total udder homogenate and the

16,500g supernutant, precipitate and top fractions.

All fractions guve linear relationships of activity with time
within the time recorded (33 minutes) and all fractionz showed greater
activity with tallow as substrate rather than olive oil., The total
extract showed the greatest percentuge increase in activity with tallow
over olive oil of 125%. This was followed by the 16,500¢ supernatant
fraction with a 115% increcase in activity of tallow over olive oil, The
precipitate fraction had the next greatest incrcace of 747 with the top
cream layer having only a 27% increase in activity with tallow over olive
oil, See Graph II.

3:3,  Effect of varying serum to triglyceride (tallow) ratios on lipase

activity of crude enzyme extract.

Enzyme source was the 16,500g supernatant fraction of
homogenized cow's udder prepared as in section 2:2, The reaction mixture
consisted of 1.5ml preincubated substrate, 0.75ml O,1M Tris HC1l pH 8.5,
0.075mls 22% CaCl, and 0.75mls enzyme solution. 0.5 mls was withirawn
at 0 and 30 minutes and analysed as in section 2:12. The following
substrate solution mixtures (tables I and II) were prepared as in sections
2:9:1 and 2:9:2 with tallow as triglyceride substrate and preincubated

as described in section 2:9:3.
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See text for details of assay conditions
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TABLE T,

The effect of varying the concentration of bovine serum on the activity
of LFPL,

Mis of Mls of Mls of Activity
serun G distilled ﬁiissgf;
vater 30 mn/ ml
enzyme
0 0.5 1.0 0,035
0.1 0.5 0.9 0,075
0.2 0.5 0.8 0.13
0.3 0.5 0.7 0.19
0.4 O 0.6 el
0.5 0.5 0.5 0,25
0.6 0.5 0.4 0.23
0.7 0.5 0.3 0,19
0.8 0.5 0.2 0.135
0.9 0.5 0.1 0,09
1.0 0.5 o) 0,065
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TABLE IT.

The effect of varying the concentration of TG on the activity of LPL

Ils of Mg of Mls of Activity
serun el distilled ZgﬁiisigA/
water 30 min/ml
enzyme
0.5 0 1.0 0
0.5 0.1 0.9 0.03
)45 0.2 0.8 0.075
0.5 0.3 0.7 0.13
0.5 0.4 0,6 0.195
0.5 0.5 0.5 0.25
0.5 0.6 0.4 0.25
0.5 0.7 0.3 0.24
0.5 0.8 .2 0.235
@x9 0.9 0.1 0.23
0.5 1.0 0 0.215

Reaction rate vwas dependent on the ratio of TG to sexrum.
Maximum activity occurring at a TG:serum ratio of 1:1. Increasing serum
levels above this ratio gave rapid inhibition. Slight activity (13%) was

observed in the absence of serum. Sce graph III,

3:4, Comparisons of mcthods of purification of lipoprotein lipase.

Several methods were used in an attempt to purify LPL from
mammary gland cxtracts. These included binding to triglyceride (olive oil)
sodium dextran sulphate, viscose sulphate, calcium phosphate and DEAE
cellulose as initial stages of purification. 105,000z centrifugation and

filtration through silica gel and Ca gel were used to clarify the

PO
3704
udder homogenates. 1650gm of mammary tissue was homogenized in two 5 litre
and one 5.5 litre volumes of ice cold 0.25M sucrose containing 10_3M

EDTA described in section 2:2 and the fractions assayed as in section 2:12.



TABLE III. Activity of mammary gland extracts

Volume  Activity Totzal Protein Conc. Total Protein Specific %

Enzyme Extract used mls Units/ml  Activity mg/ml mng fctivity  recovery
Units Units/mg

Total Homogenate 6000 0.% 34 804 111 666,000 0.0012 100
16,500g Top Lipid Layer 800 0.10 80 131 104,800 0.0008 10
16,5008 Precipitate 700 gz 0.671/en 468 757mg/gn 530,000 0.00088 58.5
16,500g Supernztant
Extract I 4,00 0.046 198 7.15 31,460 0.0063 25
16,500g Supernztant
Extract II 4500 0.2 54 6.1 27,950 0.002 6.75
16,500g Supernatant
Extract III 5000 0.0 28 6l 1.2 6,000 0.0 8

25k of the total activity wos extracted into the first supernctant extroct.

Of that still bound

to large particles, 25% was extracted into the second two supernetant extracts giving a total of 40% of the

total activity in the supernatant froctions.

.09



3:4:1. Triglyceride binding.

Binding to an olive o0il triglyceride enulsion was carried out as in section 2:3:1 and 2:3:2.
Assay was as in section 2:12. Enzyne solutions used were the 16,500g supernatant extracts obtained as
above. (See Table III)

TABLE IV. Binding and elution from a TG emulsion of the 16,500z supernatant Extract I _using an homogenized
TG emulsion.

Volume Activity Total Protein Conc. Total Protein Specific %

Enzyme Extract mls Units/ml Activity ng/ml mg Activity  recovery
Units Units/mg

Extract I 4400 0.046 198 715 31,460 0.0063 100
Addition of TG emulsion.
Activation Top TG Layer 500 0.0384 19.2 6.0 3,000 0.0064 9
Supernatant solution 4000 0.0451 180 112 28,500 0.0062 N
105,000g Supermatant +
Sucrose Wash o 0.0125 8.87 3 2,414 0.0037 L.l
105,000g Precipitate 40 0.0 1 .64 L. 164 0.01 0.82
Top TG Layer in O.05M
NHhOH-NHhCl buffer 400 0.15 6. 1.05 420 0.015 B
105,000g Supernatant of
Top TG Layer 385 0.018 6.9 0.5 192 0.036 3.4
Top Lipid Extract in
ammonia buffer 360 0.015 5 0.65 234 0.023 2.7
105,000g Supernatant of
above Lipid Extract 340 0.019 6.46 0.079 26.86 0.24 B2
Top TG Layer in buffer 360 0.1 44 5.184 0.575 207 0.025 2.

105,000g Supernatant of
above Lipid Extract 340 0.012 4.08 0.04 13.6 0.30 2



TABLE IV (Continued)

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract mls Units/ml Activity mg/EJ ng hctivity  recovery
Units Units/mg

Top TG Layer in buffer 360 0.01 68 6.045 0.536 193 0.03 3.02
105,000g Supernatant of
above TG Layer 340 0.0 7 0.578 0.02 6.8 0.085 0.29
Top TG Extract from above
in buffer 360 0.0144 5.184 @152 187 0.027 2.92
Sonification and 105,000g
Centrifugation Supernatant 340 0.0246 7.3 0.05 17 043 3.67
Top TG Extract in buffer 100 0.0072 0.72 1.7 170 0.0042 0.36
105,000g Supernatant of
above Lipid Layer 90 0.007 0.63 0.03 2.7 0.23 0.3
Top TG Extract of above 100 0.006 0.6 1.67 167 0.0036 0.3

.89



TABLE V. Second TG extraction of the 16,5008 supernatant of Extract I using o sonified TG enulsion.

Volune  Activity
Enzyme Extract nls Units/ml
Extract I after initial
TG binding 4000 0.045
Addition of TG emulsion,
activation, centrifuga-
tion. 105,000g
Supernatant 3600 0.0168
105,000g Precipitate 60 0.1
Top TG Layer 500 0.031 2
105,000g centrifugation
of Top TG Loyer
Supernatant 450 0.0288
Top TG Layer in ammonia
buffer 360 0.033
Above TG solution centri-
fuged 105,000g Supernatant 340 0.1 2
Addition of ammonia buffer to
Top TG Layer from above, centri-
fuged 4105,000g Supernatant 340 0.0,

Total
activity
Units

s o e A e

180

67.2

15.6

12.96

14 .88

4.08

1 BR6

Protecin Conc.
ng/rl

3.8

1.5

0.5

Total Protein  Specific %
g Activity recovery
Units/mg

28,500 0.0062 100
21,5400 0.0033 37.3
2,30 0.0026 3.3
4,800 0.0032 8.6
2,430 0.0052 Y
1,368 0.0086 6.6
510 0.008 2.2
170 0.08 7+5

*¢9



TABLE V (Continued)

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract nls Units/ﬁl Activity mg/ml ng Letivity r'eCoVery
Units Units/mg

Combined 105,000g Precipi-
tates from above 192 0.0288 5.472 6.25 1,200 0.046 3
Top TG Extract in buffer 360 0.0216 7.776 1435 L86 0.016 4.3
105,000g Supernatant of
above Top Lipid Extract 340 0.0088 3 0.43 146 0.02 1.6
105,000g Top TG Layer in
buffer 360 0.003¢ 5.163 0.944 340 0.0093 1.7
105,000g Supernatant of
above Top Lipid Extract 340 0.1 2 4.08 0.075 25000] 0.16 2.2
Top Lipid Layer in buffer 360 0.0092 3.32 0.857 5 0.0 1.8
Top Lipid Layer from above
sonified, centrifuged
105,000g Supernatant 340 0.036 12.34 0.033 11,22 1.08 6.8
105,000g Top Lipid Layer
from above in buffer 100 0.0264 2.6 3 300 0.0086 N



TABLE V. (Continued)

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract nls Units/ml Activity mg/ml ng fictivity  recovery
Units Units/mg

105,000g Precipitate 20 0.18 0.36 0.85 74 0.021 0.2
Top TG solution
centrifuged 105,000g
Supernatant 90 .01 92 1.79 Ol 36 0.0475 1
Top Lipid Layer in buffer 100 0.01 08 1.06 d) 29 190 0.0057 0.6
Precipitate 20 0.0024 0.048 2.55 57 0.0008 0.02




TABLE VI. Binding and elution from

o TG emulsion of the 16,500z supernatant Extract II.

Volume Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract ols Units/ml Activity ng/ml ng Activity  recovery
Units Units/mg

Extract II 4500 0.012 5L 547 27,950 0.002 100
Addition of TG ermulsion,
activation. Tcp TG
Layer 500 0.5 8.5 8 4,000 0.0019 16
105,000g Supernetant of
Top Lipid Extract 450 0.008 B0 5 2,250 0.0016 I/
105,000g Precipitate 50 0.043 2415 2 360 0.006 4
Top Lipid Extract in
ammonia buffer 450 0.0126 5.67 3433 1,498 0.0038 10.5
Top Lipid Extract above
centrifuged 105,000g
Supernatant 400 0 0 el 4,240 0 0
Top Lipid from above washed
with 2 second volume of
ammonia buffer Supernatant 400 0.8 2 0.32 128 0.056 14

*99



TABLE VI (Continued)

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract nls Units/ml Activity ng/nl Rg Zctivity  recovery
Units Units/mg

Third washing of Top Lipid
Extract Supernatant 400 0 0 D114 4.8 0 0
Fourth washing of Top Lipid
Extract Supernatant 400 0.0144 5.6 0.06 2l 0.23 10
Fifth washing of Top Lipid
Extract Supernatant 400 0.006 2. 0.03 12 0.2 L
Top Lipid Extract left 400 0.n8 1.8 0.5 50 0.036 %

L9



TABLE VII. Binding and elution from & TG enulsion of the 16,500g supernatant Extract III.

Volume  Activity Total Protein Conc. Totzl Protein  Specific %

Enzyme Extract nls Units/ml Activity mg/ml mg Activity recovery
Units Units/mg

Extract III 5000 0.01 28 64 1.2 6,000 0.01 100
Addition of TG emulsion,
activation Top Lipid
Extract 400 0.0145 5.8 145 600 0. 10
105,000g Supernatant of
Top Lipid Extract 350 0.005 .75 0.8 280 0.0062 2.7
105,000g Precipitate 60 0.024 1.26 Bk 186 0.007 2
Top Lipid Extract in
amnonia buffer 450 0.011 4.95 0.288 130 0.039 7.7
105,000g centrifugation
of Top Lipid Extract
Supernatant 400 0.026 104 0.2 80 0.13 17
Top Lipid Layer from above
washed with a second volume
of ammonia buffer. Centri-
fuged 105,000g Supernatant 400 0.0064 2.586 0.024 9.6 0.27 4
Third washing of Top Lipid
Extract 400 C.0 31 5.2 0.05L 13.6 0.39 8
Top Lipid Extract 150 0.012 1.8 0.18 27 0.06

‘89
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Binding to thc olive oil triglyceride emulsion varied from 3.8%
(for extract I first binding) to 10.5% for extract II. Binding of
extract I (second binding) and extract III was 6.0% and 7.7% réspectively.
Recovery thereafter of the TG bound cnzyme was 4430, 3845, 300% and 4005
for cxtracts I (first binding), I (sccond binding), II and III respectively.
Overall reccoveries of protcin in the buffer washings of the TG bound
enzyme were 0,8%, 3%, 575 and 1.6% for cxtract I (first binding), extract

I (seccond binding), cxtract IT and extract III respectively.

Maximm purifications obtained were 66 fold, 174 fold, 115 fold
and 39 fold representing 3.7%; 6.8/, 10% and 8/ of the total activity of

estract I (first binding), extract I (second binding) extract Iland

extract III respectively. Overall recovery of protein in these extracts
of meximim purification were 0,0%%, 0,04%, 0,087 and 0,02% of the total
initial protein of extracts I (first binding), I (sccond binding,) II

and III respcctively.

Sonifying the TG emulsion increased proicin binding by 2245 and
increased cnzyme binding by 130%. Total recovery of cnzymc activity was

110% for extract I (first binding) and 73% for extract I (second binding).

Meximum purification from the original homogenized mammary gland
extract was 900 fold representing 1.5% of the total activity obtained from
the fifth ammonia buffer washing of the TG layer of extract I, second TG

binding.

3:4:2., Calcium phosphate mel filtraticn.

Preparation and elution from calcium phosphate gel was carried

out as in section 2:4:1.



TABLVE VIII. Calcium phosphate gel filtration of the 105,000g supernatant of Extract I after TG binding.

Volume fictivity Total Protein Conc. Total Protein  Specific %

Enzyme Extract mls Units/nl Activity rg/ml ng Activity recovery
Units Units/mg

105,000g Supernctant of
Extract I 4 000 0.01 68 16.8 Ciy 5,100 0.0033 4100
Addition of Ca Pq+gel
Filtered Filtréte 1 000 0.0,48 4.8 L.,S 4,200 0.009 266
Filtrate from above eluted
through C'e.BF’OLL gel Filtrate 1000 0.0644 6l oL L3 4,300 0.015 384
Ammonia Buffer wash of
Ca3F04 gel 100 0.003 0.3 ] 300 0.1 1.8
Potassium oxalate wash
of Ca3F04 gel 4100 0.0 0.1 Ok 40 0.0025 0.6
Sodium citrate wash of
Ca3P04 gel 100 0.026 2.6 28] 210 0.011 M 20605
Ca3P04 gel 50 0.006 0.30 1E2 60 0.005 7%

An overall recovery of activity of 405% was obtained.

in the Ca PO4 gel filtrate. 5% of the total activity recovered was bound to the gel.

3

was a red clear solution.

Mexinun purification was 4.5 fold obtained

The gel filtrate

~J
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TABLE IX. Calcium phosphate gel filtration of supernatant Extract II after TG binding.

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract nls Units/nl Activity il ng Activity  recovery
Units Units/mg

Extract II after TG
Binding 1000 0.011 i 6.05 6,050 0.002 100
Gel filtrate after twice
elution through CajP'OLL gel 1000 0.013 413 3.95 3,950 0.0032 118
0.05M OH-NH, C1 buffer
pH 84 wash of’l+ gel
Filtrate 1 00 0.01 35 1.35 32 320 0.0042 12
Potassium oxalate plus sodiun
citrate wash of gel Filtrate 100 0.009 0.9 26355 235 0,004 8
Ca 1:’0)+ gel in ammonia buffer 100 0.022 2ol 1 505 1,550 0.001 4 20

3

Total recovery of enzyme activity was 4 58%.

be eluted from the gel. Maximun purification obtoined was 2.4 fold in the 0,05M NH OH-N

10 wes bound to the gel and of this 50% could not

H Cl wash of the gel.



J:h:3. Silica gel filtration

Filtration through o silica gel slurry was carried out as in section 2:4:2.

TABLE X. Silica gel filtration of the 105,000g supernatant of Bxtract I zfter TG binding.

Volume  Activity Total Protein Conc. Total Protein  Specific %

Enzyme Extract nls Units/ml Activity ng/nl ng Activity  recovery
Units Units/mg

105,000g Supernatant of :
Extract I 1000 0.01 68 16.8 5.1 5,100 0.0033 100
Filtrate from silica gel 1000 0.0196 196 0.45 450 0.043 116
Silica gel extract in
ammonia buffer 200 0.034 6.8 22 4,640 0.00i 4 40

Total recovery of activity was 156%, with a 13 fold purification obtained in the filtrate
representing 116% of the activity recovered (Ce.31301+ gel filtrated 4.5 fold purification representing

384% of the activity recovered). The supernatant was 2 yellow clcar solution.

‘el



3:4:k., Binding and elution from viscose sulphate

Viscose sulphate was prepared as in section 2:5:1.

(a) Stepwise elution.

Binding and stepwise elution from viscose sulphate wns carried out as in section 2:5:2.

Enzyme solution was the 16,500g supernctant of Extract II after TG binding.

TABLE XI. Binding and stepwise elution from viscose sulphate.

Volume  Activity Totzal Protein Conc. Total Protein  Specific %
Enzyme Extract mls Units/ml  Letivity ng/ml ng Activity  recovery
Units Units/mg
16,500g Supernatant of
Extract II 1000 0.011 1.0 5.05 6,050 0.0018 100
Addition of viscose sulphate.
Centrifuged 16,5008 Supt. 1000 0 0 ? ? ? 0
Precipitate from above re-
dispersed in O.58 " NaCl in
0.05M Tris HC1 pH 8.0.
Centrifuged 46,5008 Supt. 1 000 0.0048 4.8 ? ? ? 42
Precipitate from above re-
dispersed in 0.75M NaCl in
0.05M Tris HC1 buffer pH 8.0.
Centrifuged 16,500g Supt. 1000 0.0033 530.5] A5 2,500 0.0 3 30
Precipitate from above re-
dispersed in 0.9M NaCl in
0.05M Tris HC1 buffer pH 8.0.
Centrifuged 16,500g Supt. 500 0.0028 143 04134 67 0.0021 13

el



TABLE XI (Continued)

Volume  Activity Total Protein Conc. Total Protein Specific %
Enzyme Extract mls Units/ml Activity mg/ﬁﬂ. mg Activity recovery
Units Units/mg

Precipitate from above re-
dispersed in 1.2M NaCl in
0.05M Tris HC1l buffer pH 8.0.
Centrifuged 16,5008 Supt. 250 0.0067 1.67 0.17 L2 0.04 15
Precipitate dispersed in
0.05M Tris HC1l buffer
pH 8.0. 100 0.002 0.2 0.13 13 0.4 1.8

Complete binding to the viscose sulphate occurred. Total recovery of activity was 100/%. Maximum
purification obtained was 20 fold representing 15% of the total activity bound to the viscose sulphate. Protein

concentrations could not be determined with the supernatant and 0.5k HaCl wash due to the interference of Mg2+

ions with the protein determination.

(b) Gradient elution from viscosc sulphatc.

Gradient elution was carried out as in section 2:5:3.

of Extract I after TG binding (see Table V).

Enzyme solution was the 105,000 supernatant
1.1 litres was eluted on to the column, i.e. total activity

eluted on was 19.5 units. Protein binding capacity of the sulphate resin was 7.8 gn per 20 gn resin.

\J
Total activity recovered was 5.5 units, i.e. percentage ¥

60% of the totanl activity was

Fractions were assayed as in section 2:12.
recovery was 28% (see Graph IV). Activity was distributed into 6 peaks.
eluted at a conductivity greater than 38 mmho.

with an activity of 0.0122 units/mg.

Maxirium specific activity obtained was in the final peak
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GRAPH IV. Gradient elution from viscose sulphate of the 105,000g supernatant of
homogenized mammary gland extracts in 0.05M Tris-HCI buffer pH 8.0
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3:4:5. Binding and elution from sodium dextran sulphate.

Method I.

Stepwise elution with CaCl2 was carried out as in section 2:6:1.

Enzyrie solution used was 100 mls

of the sodium citrate extract of the calcium phosphate gel filtration of the 105,000g supernatant of Extract I

after TG binding (See Table VIII).

TABLE XII. Binding and elution of LFL from sodjwa dextran sulphate with calcium chloride.

Volurme  Activity Total Protein Conc. Total Protein Specific %

Enzyme Extract mls Units/ml  Activity ng/ml ng Activity recovery
Units Units/ng

Extract used 100 0.026 2.6 241 210 0.0 100
Addition of 10% dextran
sulphate. Precipitate with
CaCl, Centrifuged 16,5008
Supt. 100 0.0076 0.76 174 174 0.0045 30
Precipitate dispersed in
1M Ca012 L0 0.0456 1.8 0.9 36 0.05 70
Above Precipitate extract
centrifuged 16,5008 Supt. L0 0.03 Wi 0417 6.8 0.18 L3
Precipitate from above
dispersed in 2M CaCl
solution. Centrifuged
16,5008 Supt. L0 0.1 2 0.48 0.13 5.2 0.092 17
Precipitate from above 15 0.18 0.27 1ol 21 0.013 10

A



L 15 fold purification was obtained from the 1M CaCl, wash. 70% of the total activity was bound
to the sulphate polysaccharide. Of this 66j and 26% was elutcd in the 1M and 2M Ca012 washes respectively.

Method II.
Binding on to sodiw: dextran sulphate precipitzted with divalent cations MgCl2 and MnClz.
Enzyme solution was the CaBP04 filtrate of the 105,000g supernatant of Extract I after TG binding

(see Table VIII). ‘Procedurc was carried out as in section 2:6:2. Assay is os in section 2:12.

TABLE XIII. Binding of LPL. to sodiur dextran sulphate precipitated with MnCl2.

Volume  Activity Total Protein Conc. Total Protein  Specific %
Enzyme Extract nls Units/ml Activity ng/ﬁl mg Activity recovery
Units Units/mg

Ca,PO, filtrate of the 4105,000g
Supernatant of Extract I 1000 0.0644 6L 4 Lo 4,300 0.014 100

Addition of dextran sulphate
Precipitate with MnClz.
Centrifuged 165,000g “Supt. 1000 0.008 8.0 2.65 2,650 0.003 12.5

Precipitate redispersed in
1% NaHCO, 30 0.015 4.5 55 1,650 0.0003 T

Above Precipitate solution
centrifuged 17,200g MnCO3
Precipitate in buffer 30 0.1 2 0.36 0.093 2.8 0.3 0.5

NaHCO3 Supernatant dispersed

in 0702M Tris HC1l buffer pH

7.7, reprecipitated with MgClZ,

centrifuged 16,500 Supt. 800 0.011 8.8 1.47 1,176 0.0075 13.6

Precipitate from above in
5% NaCl 30 0.046 1.38 16.0 480 0.003 2.4

091



TABLE XIII (Continued)

Volune
Enzyme Extract nls

Activity
Units/ml

Total
Letivity
Units

Protein Conc.
mg/ml

Total Protein  Specific
ng Activity
Units/mg

%

recovery

Precipitate solution

dispersed in 0.5% NaCl in

0.02M Tris HC1 buffer pH

7.7, reprecipitated with

MgCl,, centrifuged 16,5008
Supernatant. 800

Precipitate from above in
5% NaCl in 0.02M Tris
HC1 pH 7.7 30

Precipitate solution

dispersed in 0.5% NaCl in

0.02M Tris HC1l buffer pH

7.7, reprecipitated with

MgCl,, centrifuged 16,500g
Supernatant. 800

Precipitate dissolved in
1% sodium citrate 15

Precipitate solution dialysed
against 1% NaCl in 0.02M Tris
HC1 pH 7.7 followed by dialysis
in 1% BaCl, 1% NaCl solution,
centrifugea 17,200g Supernat-

ant dialysed in 0.9% NaCl and
concentrated 5

0.037

0.053

0.4

0.126

0.72

29.6

3.6

0043

L.3

01

1.11“

3.0

30, 0.09

129 0.1 2

174 0.11

15 0.24

L6

2.46

17

5.6
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87.5% of the total activity was bound to thc sulphate
polysaccharide. £1most complete recovery of the bound activity
was obtained on elution with the buffer solutions although
inhibition occurred when the enzyme was bound to the sulphate
polysaccharide. A 17 fold purification was obtained in the
final extract and this represented 5.6/ of thec original activity
of the Cajl:’O}+ gel filtrate started with. Fron the original
homogenized udder extract a 200 fold purification was obtained.
This represents 2.6% of the activity of the homogenized cows

udder extract.
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3:5. Sephadex G200 gel filtration of the final supernatant solution

obtained from Method II of the sodium dextran sulphate precipitation
of LPL.

Gel filtration was carried out as in Section 2:8:1 and the
fractions assayed as in Section 2:12. Total recovery of activity was
98%. Activity was eluted off in 3 peaks, 63% of the total activity
was in the third peak. See Graph V.



GRAPH V. Sephadex G200 gel chromatography of the final solution from scdium dextran
sulphate precipitation method II.

See text for details of assay conditions and column dimensions
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3:6. DEAE cellulose elution of peak 3 from sephadex G200 gel filtration

of the final extract from sodium dextran sulphate precipitation Method II.

DEAE cellulose equilibrated in .0OO5 KHZPOA buffer pH 8.4 as
described in Section 2:7:1 was poured into a column (4.4 x 20cm) and
the combined extracts of Peak III eluted on to the column after being

dialysed in .OO5M KHZPO buffer pH 8.%. A gradient of O to 0.7M NaCl in

L
.005M KHZPOA buffer pH 8.4 was eluted through the column collecting 2ml
fractions. Fractions were assayed as in Section 2:12, 0D 280 readings

of fractions taken and conductivity of fractions was read using a

Copenhagen conductivity meter at room temperature.

Elution gave twio peaks of activity, one occurring at a
conductivity of 2.5 mmho containing 19% of the total activity and a
Jarger peak at o conductivity of 7.5 mmho containing 81% of the total
activity. A L% total recovery over the activity eluted on was
obtained. Specific activity of the major peak was 4.3 units/mg
which represents a 1084X purification frcm the homogenized cows' udder

extract. See Graph VI.



GRAPH VI. DEAE cellulose gradient elution of peak Il from sephadex G200 gel
filtration of the final solution from sodium dextran sulphate precipitation

method II.
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Pclyacrylamide gel electrophoresis at Peak II as described
in section 2:9 gave a single protein band when the gels were run in
both tris glycine buffer pH 8.4 and KH2

POA buffer pH 7.5.
See Figure I.

Figure I. Polyacrylamide gel electrophorgsis of Peak II from

DEAE cellulose elution of Peak III of final enzyme extract from

sodium dextran sulphate precipitation Method II on sephadex G200.

The initial total homogenate extract is on the left photograph
and LPL on the right.



3:7. Purification of LPL using DEAE cellulose.

3:7:1. Preparation of enzyme extract.

3M EDTA in

1000 gn of mammary tissue was homogenized and extracted in 9 litres of ice cold 10"
0.25M sucrose as described in section 2:2 and the 16,500g supernatant extract reccentrifuged at 105,000g

for one hour at ZOC.

TABLE XIV. Activity of mammary gland extracts. Assays were carried out as described in section 3:12.
Volune nls  Activity Total Protein Conc. Total Protein Specific %

Enzyme Extract (or wet Units/ml  Activity mg/ml(mg/gn) mg Activity recovery
weight of (Units/gm) Units Units/mg

tissue gms)

Homogenized mammery gland

extract 1 0000 0.046 460 68 680,000 0.0007 100
16,500g Precipitate and Top

Lipid Fractions 860gns 0.386/gn 326 700/en 602,000 0.00055 70.8
16,500g Supernatant Fraction 9000 0.0 58 142 9.0 81,000 0.01 7 30.8

Supernatant Fraction
centrifuged 105,000g
Precipitate 420 0.0188 8.5 70 30,800 0.00027 1 .84

105,000g Supernatant 9000 0.0142 126 5.55 50,000 0.0025 27.4

-

3:7:2., DEAE cellulose gradient elution in 0.005i I{HZ‘}S‘Q_}+ buffer pH 8..4.

DEAE cellulose was equilibrated in 0.005M KHZPOA

poured into a column with dimensions 3.2 x 30 cm. 200 mls of enzyme solution (105,000g

buffer pll 8.4 as described in section 2:7:1 and

*e8



GRAPH VII. DEAE cellulose gradient elution of the 105,000g supernatant fraction
of homogenized mammary gland extracts in 0.005M KH,P04 buffer pH 8.4

See text for details of assay and column dimensions
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supernatant fraction from above) was dialysed in equilibrating buffer
and eluted on to the column. A gradient from O to 0.8 NaCl in
0.005M KH2P04 buffer pH 8.4 was eluted through the column as
described in section 2:7:2 collecting 10ml fractions. 0D 280

and cenductivity readings were taken and fractions were assayed

as in section 2:12. See Graph VII.

Elution gave 9 peaks of activity at conductivities of 1.5, 4.5,
6.5, 10, 12.5 15, 18, 19.5 and 23.5 mmho. 2.8 units of activity
were eluted on to the column and 84.2 units were recovered giving
a 2930% recovery. fpproximate percentage of activity occurring at
each peak of conductivity are 1.5 mmho (5.5%); 4.5 mmho (8.1%);

6.5 mmho (12.3%); 10 mmho (7.3%); 12.5 mmho (13.5%); 45 mmho (7%);
18 mmho (16.8%); 19.5 mmho (9.6%) and 23.5 mmho (19.5%)

TN T

3:7:3. Stepwise elution followed by gradient elution from DE\E
cellulose in 0.,005M KH,PO, buffer pH 3...
=

Separation of the peaks obtained from DiiE cellulose by
stepwise elution was carried out as described in section 2:7:2.

These fracticns were then dialysed against G.005M KH buffer pH 8.4,

270l
eluted on to a DEIE cellulose column and eluted off using a sodium

chloride gradient in 0.005M KHZPOA buffer pH 8.4 as described in

section 2:7:3. The fractions were assayed as in section 2:12.

0D 280 and conductivity readings were also taken.

(a) Gradient elution of pooled extracts of conductivity 21 mmho
on DAL cellulose with a gradient from conductivity 15 mmho to 30 mmho
in 0.005k KH,.PO, buffer pH 8.4.

T

Elution gave a small activity peak at the starting buffer
€7% of total activity), a larger peak 2t a conductivity of 418.5 mmho
comprising 90% of the total activity, and a third smaller peak at a
conductivity of 24 mmho (3% of total activity). No protein or
activity peaks occurred at.a conductivity of 21 mmho.

See Graph VIII,



o
w

GRAPH VIII. Gradient elution from a DEAE cellulose colum (14 x 20 cm) of the

conductivity 21 mmho extracts obtained from stepwise elution in
0.005M KHoP04 buffer pH 8.4.

See text for details of gradient and assay conditions
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(b) Gradient elution of pooled extracts of conductivity 18 mmho

on DEAE cellulose with a gradient from conductivity 15 mmho to
30 mmho in 0.005M KH buffer pH 8.4.

20,
Elution gave 3 peaks of activity, one at the starting buffer

(17% of total activity), a second peak at conductivity of 18 mmho

(61%) and a third peak at a conductivity of 24.5 mmho (21%).

See Graph IX.

Specific activity was highest for the activity peak eluted
at the starting buffer with an activity of 0.63 units/mg with lower
specific activities for the peaks at conductivities of 18 mmho
(0.23 units/mg)and 24.5 mmho (0.3 units/mg). Column dimensions
were 2.3 x 20cm, Flow rate was 1 ml/5 min. and 2 ml fractions

were collected.
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GRAPH IX.

Gradient elution from DEAE cellulose of conductivity 18 mmho extracts
obtained from stepwise elution from DEAE cellulose in 0.005M KH,P04
buffer pH 8.4.

See text for details of assay conditions and column dimensions
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Figure II. Polyacrylamide gel electrophoresis of the peak eluted
at conductivity 25 mmho from the gradient elution in 0.005M KH2P04
buffer pH 8.4 of the combined extracts eluted at conductivity

18 mmho (right photograph) and the combined extracts eluted from
the stepwise elution of conductivity 5 mmho from DEAE cellulose in
0.005M KH2P04 buffer pH 8.4 of the 105,000g supernatant fraction. of

homogenized mammary gland extracts.

BN
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(c) Gradient elution of conductivity 24 mmho peak from gradient

elutions of conductivity 48 mmho and 21 mmho extracts obtained by

stepwise elution.

The gradient was run from conductivity 15 mmho to conductivity
24 mmho in 0.005M KHZPOA buffer pH 8.4.

Elution gave 4 peaks of activity, one at the starting buffer
(38% of total activity), another peak at a conductivity of 17 mmho
(21% of total activity), a third at a conductivity of 19.5 mmho
(34% of total activity) and a final small peak at a conductivity
of 23.5 mmho (6.3% of total activity). The peak eluted at the start-
ing buffer had a specific activity of 0.1 units/mg, whereas the latter
3 peaks all had higher specific activities of between 0.6 units/mg to
0.75 units/mg. Four units of activity were eluted on with 4.9 units
being recovered in the 4 peaks, i.e. a 122%% recovery of activity
was obtained. 50% of the total protein was eluted off at the
starting buffer. See Graph X. Column dimensions were

1. x 20cm 1 m1/5 min. and 2 ml fractions were collected.
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GRAPH X.  Gradient elution from DEAE cellulose of the combined conductivity 24 mmho
peaks from the gradient elutions of conductivity 18 mmho and 21 mmho extracts
from stepwise elution on DEAE cellulose in 0.005M KH,P04 buffer pH 8.4.

See text for details of assay conditions, elution gradient, column dimensions and flow rate
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(d) Gradient elution on DEAE cellulose of the combined starting

buffer fractions from gradient elutions_of conductivities 18 mmho

and 21 mwmho from stepwise elution and conductivity 24 mmho from

gradient elutions of the above. (See sections 3:7:3 (a), (b) and
(c) and Graphs VIII, IX and X.)

Gradient elution was from O to O.7M NaCl in O.O005M KH2P04
buffer pH 8.4.

Elution gave 4 -peaks of activity, a small peak at a
conductivity of 2.5 mmho (15% of total activity) and 3 larger peaks
at conductivities of 6.8 mmho (30% of total activity), 11 mmho (24 .8%
of total activity) and 14 mmho (30% of total activity).

Total activity eluted on was 5.38 units. Total activity
recovered was 5.48 units, i.e. percentage recovery 102%. Highest
specific activity obtained was for Peak I with an activity of
1 unit/mg, with Peaks II, III and IV having lower specific activities
of 0.13 units/mg, 0.18 units/mg and 0.16 units/mg respectively.

See Graph XI. Column dimensions were 2.3 % 20cm and two ml

fractions were collected.
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GRAPH XI. Gradient elution on DEAE cellulose of the combined starting buffer fractions
10 from gradient elutions of the extracts of conductivities 18 mmho and 21 mmho
from stepwise elutions and conductivity 24 mmho peak from gradient elutions
of the above on DEAE cellulose in 0.005M KH,P04 buffer pH 8.4.
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(e) Gradient elution from DEAE cellulose of the conductivity

15 mmho peak from gradient elution in section (d4) above.
(See Graph XI.)

FElution from O to O.7M NaCl in 0.005M KH2P04 buffer pH 8.4
gave 5 activity peaks, one at a conductivity of 2.5 mmho (10.7% of
total activity), two larger peaks at conductivities of 9 mmho (LL%

of total activity) and 15 mmho (25% of total activity), and two

smaller peaks at conductivities of 18.5 mmho and 21 mmho both containing

10% of the total activity.

1.62 units of activity were eluted on and 13.05 units
recovered representing a 812% recovery of enzyme activity. A large
variation in specifiic activities occurred between the 5 peaks. Peaks
I and II had specific activities of 2.66 units/mg and 3.0 units/mg
respectively. Peaks IITI and IV both had specific activities of
0.5 units/mg and Peak V had a specific activity of 1.0 unit/mg.

(See Graph XII).

A purification of 3800X and 4286X was obtained for Peaks I

and II respectively over the total udder homogenate.

Column dimensions were 1 .4 x 20cm and 2 ml fractions were
collected.
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GRAPH XII.

DEAE cellulose gradient elution of peak 2 (conductivity 15 mmho) from

the gradient elution on DEAE cellulose of the combined starting buffer
fractions from gradient elutions of the extracts of conductivities 18 mmho and
21 mmho from stepwise elutions and the conductivity 24 mmho peak from
gradient elutions of the above on DEAE cellulose in 0.005M KH,P0,4 buffer

pH 8.4.

See text for details of assay conditions and column dimensions
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() Gradient elution from DEAE cellulose of combined extracts

of conductivity 15 mmho from stepwise elution on DEAE cellulose in

0.005M KHQEQA buffer pH 8.4.

A gradient of conductivity 10 mmho to 30 mmho in O.0OO5M
KH2P04 buffer pH 8.4 gave 6 peaks of activity. Little separation
of the activity peaks was obtained due to the high activities of the
peaks. Activity peaks were eluted off at the starting buffer and at
conductivities of 10, 13, 15.5, 18.5 and 20 mmha Activity was about
equally distributed between all of the peaks. All of the peaks had

relatively high specific activities. These were as follows:
1.6 units/mg and 11 .3 units/mg for peaks of activity
10, 13, 15.3, 18.5 and 20 mmho respectively. (See

Graph XIII.)

Column dimensions were 2.3 x 20cm and 2 ml fractions were

collected.

(g) Gradient elution from DEAE cellulose of combined extiacts

of conductivity 43 mmho from stepwise elution on DEAE cellulose in
C.005M KH buffer pH 8..4.

Aty

A gradient of conductivity 410 mmho to 30 mmho in 0O.OO5M
KHZPOA buffer pH 8.4 gave 4 peaks of activity, one at the starting
buffer and at eonductivities of 10, 15 and 18 mmho. No activity
peak was recorded at a conductivity of 413 mmho although there was a
large protein peak present. Little separation of the activity peaks
was obtained due to the high activities of the peaks. Activity was
approximately equally distributed between all of the peaks. Specific

activities are as follows:

7.0 units/mg, 2.4 units/mg and 5.8 units/mg for peaks

of conductivity 10, 15 and 18 mmho respectively.

(See Graph XIV.)

Column dimensions were 2.3 x 20cm and 2 ml fractions were

collected.
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Gradient elution from DEAE cellulose of the conductivity 15 mmho
combined extracts from stepwise elution from DEAE cellulose in
0.005M KH,P04 buffer pH 8.4.

See text for details of assay conditions and column dimensions
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GRAPH XIV. Gradient elution from DEAE cellulose of the combined extracts of
conductivity 13 mmho from stepwise elution on DEAE cellulose in
0.005M KH,P04 buffer pH 8.4.

See text for details of assay procedure and column dimensions
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(h) Gradient elution on DEAE cellulose of activity eluted in

the starting buffer of gradient elutions of conductivity 43 mmho

and 15 mmho pooled fractions obtained from stepwise elution on DEAE

cellulose in 0.005M KH,PO, buffer pH Balis (See section 4:7:3 (f)

and (g) and Graphs XIII and XIV.)

Elution from O to O.8¥ NaCl in 0.005M KH2P04 buffer pH 8.4
gave two major peaks of activity, one large peak at a conductivity
of 5 mmho (containing approximately 53% of the total activity) with
two shoulder peaks at conductivities of 4.5 mmho (10f of total
activity) and 10 mmho'(12% of total activity), and a small peak at
a conductivity of 14.5 mmho (24% of total activity). Specific
activily of the major peak was 1.8 units/mg and that of the smaller

peak at conductivity 14.8 mmho was 3 units/mg.
A 5% recovery of activity was obtained (see Graph XV).

Colum dimensions were 2.3 % 20cm znd 2 ml fractions were

collected.



GRAPH XV. Gradient elution on DEAE cellulose of activity eluted in the starting buffer
from gradient elutions of conductivity 13 mmho and 15 mmho extracts

09. obtained from stepwise elution on DEAE cellulose in 0.005M KH,P04 buffer
pH 8.4.

See text for details of assay conditions and column dimensions
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3:8. Sephadex G200 gel chrometography.

Gel chromatography was carried out on a sephadex G200
column (2.3 x 3$.5cm) as described in section 2:8:1. Assays were
carried out as described in section 2:12 z2nd 0D 280 readings taken
as an estimation of the protein concentratiocn of fractions.

The void volume (Vo) of the colurmn was 57 mls and the totally
included volume (Vt) was 174 mls.

%:8:1 . Sephadex G200 gel chromatography of conductivity 5 mmho peak
from gradient elution on DEAE cellulose in 0.005M KZ[‘IZE‘Q'4 buffer pH 8..4

of starting buffer fractions from gradient elutions of conductivity

s e

15 mmhe and 43 mmho fractions obtained by stepwise slution from DEAE

cellulose. (See section 3:7:3.(f), (g) and (h) end Graph XV.)

6 peaks of activity were obtained, one peak near the void
volume (41C% of total activity) followed by another smaller peuk
(0.6% of total activity), two large peaks in close proximity to one
another (21.8% and 30% of total activity} a smaller peak (15% of total
activity) and finally a broad peak near the totally included volume

(19% of total activity).

Activity put on column = 18.6 units
Activity eluted off = 20.62 units

i.e. % recovery 11 0%

i

Peaks I and II both had low specific activities of 0.85
units/mg and 0.7 units/mg respectively. Peak TII had e higher specific
activity of 2 units/mg followed by Peaks V, VII and IV with specific
activities of 3.6, 5.7 and 13.2 units/mg respectively. (See Graph XVI)

Peak IV represents a purification of 18,857X over the

homogenized udder extract.
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GRAPH XVI.

Sephadex G200 gel chromatography of the conductivity 5 mmho peak
from gradient elutions on DEAE cellulose in 0.005M KH,P04 buffer
pH 8.4 of starting buffer fractions from gradient elutions of conductivity

15 mmho and 13 mmho extracts obtained by stepwise elution from
DEAE cellulose

See text for details of incubation and column dimensions
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3:8:2. Sephadex G200 gel chromatography of pooled fractions of

conductivity 2 mmho from stepwise elution from DEAE cellulose in

0.205M KH2P0! buffer pH 8.4.

Enzyme sample was obtained as described in section 2:7:2,

concentrated and separated on a sephadex G200 column (2.3 x 39.5cm)
as described in section 2:8:1. Assays were carried out as in

section 2:12.

Gel filtration gave 6 peaks of activity. A small peak at
the void volume (specific activity 0.0 units/mg) followed by two larger
peaks of lower specific activity (0.067 units/mg and 0.0e5 units/mg
respectively), a smaller peak (specific activity 0.17 units/mg) and
two larger peaks of higher specific activity (0.37 units/mg and
0.66 units/mg respectively). ‘

Apuroximate percentages of the total activity in each peak

are.

Peak I 8%; Peck II 20%5; Peak III 18%; Peak IV 8.6%;
Peak V 25.8%; and Peak VII 19.3%%.

See Graph XVII.
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Sephadex G200 gel chromatography of extracts of conductivity 2 mmho
obtained from stepwise elution of the 105,000g supernatant extracts of
homogenized mammary gland on DEAE cellulose in 0.005M KH,P04
buffer pH 8.4.

See text for details of assay procedure and elution conditions
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ABSORBANCE, 280 nm

GRAPH XVItl. DEAE cellulose gradient elution of the 105,000g supernatant extract
of homogenized mammary gland in 0.005M KH, PO4 buffer pH 7.6.
See text for details of assay procedure and elution conditions
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3:9. Purification using DEAE cellulose in 0.005l KHZE_Q}+ buffer
pH_7.6.

3:9:1. Groadient elution from a DEAE cellulose column (3.2 x 3Ocm)

of the 4105,000g supernatant obtained as in section 2:7:4 using a
005M KH buf'fer pH 7.6.

o
s

gradient elution from O to G.8M NaCl in O

2£9),
Protein was estimated by OD 280 readings, conductivity of

samples read at room temperature ~nd samples assayed as in section

2:42, after dialysis in 0.05N NHLOH—NHAC1 buffer pH 8.4

Elution gave S peaks of activity at conductivities of

2y, 45, 7, 9, 11.5, 15, 19.5, 21.5 and 23 mmho. See Graph XVIII.

3:9:2, Stepwise elution from DEAE cellulose in 0.005M KHZEQA burfer
pH 7.6.

Stepwise elution was carried out as in section 2:7:4 using
buf'fer solutions of conductivities of 2, 10, 15, 24 and 24 mmho. The
10ml frections of each conductivity were pooled, dialysed against
0.005i1 KH_ PO, buffer pH 7.6 and recluted on to another DEAE column

2 L
and an NaCl gradient run in 0.005Hh KHqPol buffer pH 7.6.
Z -

3:9:3%. Gradient elution from DEAE cellulose in O.005M KHZ_P_Q_4 buffer
phi 7.6.

This was carried out as in section 2:7:4.

(a) Gradient elution from O to 0.8} NaCl in 0.005M KH,FO

buffer pH 7.6 of conductivity 2 mmho pooled fractions from stepwise
elution on DEAE cellulose.

Elution gave one major peak at conductivity 5.5 mmho
(53% of total activity) and 3 minor peaks at conductivities of 2 mmho
(19% of total activity), 9 mmho (15% of total activity) and 10.5 mmho
(44% of total activity).



GRAPH XIX. DEAE cellulose gradient elution of conductivity 2 mmho extracts
obtained from stepwise elution of the 105,000g supernatant extract
of homogenized mammary gland from DEAE cellulose in 0.005M

KH,P04 buffer pH 7.6.

See text for details of assay procedure and conditions of elution
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Peaks IT and IIIboth had specific activities of 3.6 units/mg
and Peak IV had a specific activity of 3.7 units/mg. See
Graph XIX.

Column dimensions were 2.% z 20cm and 10ml fractions

were collected.

(b) DEAE cellulose gradient elution from O to 0.8M NaCl in
0,005H KHQEQ#

from stepwise elution on DEAE cellulose.

buffer pH 7.6 of conductivity 10 mmho pooled fractions

Gradient elution gave 9 peaks of activity ot conductivities
of 2, 5, 8,10, 13, 15, 17.8, 20 and 23 mmho. Approximate percentages

of the total activity in each peak are as follows:

2 mrho 8.6%; 5 mmho 18.4%; 8 mmho 12.1%; 10 mmho 12.7%;
13 mmho 7.9%; 15 amho 41.86; 17.8 mmho 8.4%; 20 mmho 5.5%
and 23 mmho 14..6%.

Specific activity was low for the initial peaks but increased
for the latter peaks. Specific activities for the pesks are as

follows:

2 mmho 0.35 units/mg; 5 mmho 0.13 units/mg; 8 mmho 0.G3
units/mg; 410 mmho 0.05 units/mg; 13 mmho 0.45 units/mg;
15 mmho 1.3 units/mg; 18 mmho 2.57 units/mg; 20 mmho
2.7 units/mg and 23 mnho 3.5 units/mg.

See Graph XX.

Column dimensions were 3.2 x 30cm, 10ml fractions were

collected.
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GRAPH XX. Gradient elution from DEAE cellulose of conducticity 2—10 mmho extracts
obtained from stepwise elution from DEAE cellulose of the 105,000g supernatant
extracts of homogenized bovine mammary gland in 0.005M KH2P04 buffer pH 7.6.

See text for details of assay procedure and conditions of elution
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(c) DEAE cellulose gradient elution from O to 0.8M NaCl in
00051 KIi PO,

from stepwise elution on DEAE cellulose in O0.005M KHEPO! buffer pH 7.6.

buffer pH 7.6 of conductivity 15 mmho pooled fractions

Gradient elution gave 9 peaks of activity. A small peak
at a conductivity of 3 mmho (specific activity 0.33 units/mg) was
followed by a larger peak at a conductivity of 5.5 mmho (specific
activity 2.1 units/mg). A smaller peak appeared at a conductivity of
8.5 mmho with 3 larger less defined peaks at conductivities of 4141 mmho,
13 mmho and 14..5 mmho. Specific activity of these latter 4 peaks was
low (0.5 urits/mg, 0.5 units/mg, 0.53 units/mg and 0.53 units/mg for
peeks of conductivities 8.5, 11, 13 and 14.5 mmho respectively).
Threc smaller peaks at conductivities of 18, 20 and 23 mmho had higher
specific activities of 0.9 units/mg, 1.1 units/mg and 1.5 units/mg.
respectively. Approximate percentages of the total activity appearing
in each peak was 3%, 16.%%, 14.3%, 3%, 4.1% and &% for peaks of
conductivities 3, 5.5, 8.5, 18, 20 and 23 mmho respectively. The
other 52% of the activity was approximately evenly distributed
between the three peaks at conductivities of i1, 13 and 14.5 mmho
(see Graph XXI).

Column dimensions were 3.2 x 30cm 10ml fractions were
collected.

(a) Gradient elution on DEAE cellulose from O to 0.8M NaCl in
0. 005M KHZPO! buffer pH 7.6 of pooled fractions at conductivity 21 mmho

obtained from stepwise elution of the 105,000g supernatant of mammary
gland extract on DEAE cellulose.

Elution gave a small activity peak at a conductivity of
2 mmho followed by a large peak at conductivity 5.5 mmho comprising
33,6k of the total activity recovered and smaller less defined peaks
at conductivities of 8, 11, 12.5, 15, 19 and 22 mmho. Maximum
specifiic activity was obtained by the activity peaks at conductivities of
2 and 22 mmho with activities of 13 units/mg, with the next highest
specific activity being that of the major peak at conductivity of
5.5 mmho (7.5 units/mg). In order of decreasing specific activity
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GRAPH XXI. Gradient elution from DEAE cellulose of conductivity 10—15 mmho
extracts obtained from stepwise elution from DEAE cellulose of the
105,000g supernatant extract of homogenized bovine mammary gland

in 0.005M KH,P04 buffer pH 7.6.

04 See text for details of assay procedure and conditions of elution
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GRAPH XXII. Gradient elution from DEAE cellulose of conductivity 15—21 mmho
extracts obtained from stepwise elution from DEAE cellulose of the

105,000g supernatant extract of homogenised bovine mammary gland
in 0.005M KH5P04 buffer pH 7.6.

See text for details of assay procedure and conditions of elution
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the order of remaining activity peaks are:

15 mmho 2.0 units/mg; 19 mmho 1.8 units/mg;
12.5 mmho 1.6 units/mg; 8 mmho 4 .units/mg and
11 mmho 0.85 units/mg. '

(See Graph XXII.)

Column dimensions were 2.3 x 20cm, 2ml fractions were

collected and the gradient was from O to 0.8M NaCl.

(e) DEAE gradient elution from O to U.8M NaCl in 0.005M KH2£94
buffer pll 7.6 of pooled fractions of conductivity 24 mmho_from stepwise

elution of the 105,000g supernatant of memmary gland extracts on DEAE

cellulose in 0.005M KHZEQ# buffer pH 7.6.

Elution gave 9 peaks of activity at conductivities of 1.5,
L5, 8.5, 11, 13, 17, 19.5, 21 and 24 mmho, comprising 4.¥b, 12.7%,
8%, 10.4%, 11 4%, 11 o, 5%, 10.4% and 26% of the total activity recovered
respectively. Specific activity of the pecks varied from a maximum
of 2.5 units/mg for Peak I at a conductivity of 4.5 mmho, to a
minimum of 0.47 units/mg for Peak III at a conductivity of 8.5 mmho.
(See Graph XXIII.)

Column dimensions were 1 ... x 20cm, 2ml fractions were

collected and the gradient was from O to 0.8 NaCl.
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GRAPH XXIIl. Gradient elution from DEAE cellulose of conductivity 21—24 mmho extracts

obtained from stepwise elution from DEAE cellulose of the 105,000g
supernatant extract of homogenized bovine mammary gland in 0.005M
KHoP04 buffer pH 7.6.
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3:10, Sephadex G200 gel chromatography of elution peaks from DEAE

cellulose.

Column dimensions and techniques are aa in section 2:8.

All assays were carried out as described in section 2:12.

(a) Sephadex G200 gel chromatography of the activity peak eluted

at conductivity 5 mmho from gradient elution on DEAE cellulose in

0.,005M KH2P0 buffer pH 7.6 of pooled extracts of conductivity 15 mmho

obtained through stepwise elution of the 105,000g supernatant of

homogenized mammary gland on DEAE cellulose. (See sections 3:9:2

and 3:9:3 (c)).

Gel filtration gave 7 peaks of activity, a small peak at the
void volume (5.9% of total activity), followed by 3 larger peaks
(comprising 20.4%, 20.2% and 18.8% of the total activity respectively)
and then 3 smaller peaks comprising 10.%, 14.8% and 8.1% of the
total activity respectively. 14 units of activity was put on the

column and 15.41 units recovered giving an overall recovery of 11 0.

Highest specific activity obtained were for peaks VII and
VIII with activities of 2.6 units/mg and 2.4 units/mg respectively
with lower specific activities of 0.9 units/mg, 1.2 units/mg, 1
unit/mg, 1.7 units/mg and 1.1 units/mg recorded respectively for
Peaks I, II, III, IV and V. (See Graph XXIV).

(b) Sephadex G200 gel chromatography of the activity peak eluted

at conductivity 415 mmho from gradient elution on DEAE cellulose in
0,005M KHzfg# buffer pH 7.6 of pooled extracts of conductivity 410 mmho
obtained through stepwise elution of the 105,000g supernatant of
homogenized mammary gland on DEAE cellulose. (See sections 3:9:2 and
3:9:3 (b)).

Activity was distributed into 8 peaks, a small peak at
the void wolume (7.8% of total activity) followed by a large peak
comprising 32.5% of the total activity, then a small peak (11 .5% of
total activity), followed by another large peak (27% of total activity)
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Sephadex G200 gel chromatography of the conductivity 5 mmho eluted
peak from gradient elution on DEAE cellulose in 0.005M KH,P04 buffer
pH 7.6 of the conductivity 10—15 mmho extract obtained from stepwise
elution from DEAE cellulose of the 105,000g supernatant extract of
homogenized bovine mammary gland in 0.005M KH,P04 buffer pH 7.6.

See text for details of assay procedure and conditions of elution
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GRAPH XXV.

Sephadex G200 gel chromatography of the activity peak eluted at
conductivity 15 mmho from gradient elution on DEAE cellulose in
0.005M KH,P04 buffer pH 7.6 of the conductivity 2—10 mmho extract
obtained from stepwise elution from DEAE cellulose of the 105,000g
supernatant extract of homogenized bovine mammary gland in 0.005M
KH5P04 buffer pH 7.6.

See text for details of assay procedure and conditions of elution
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and 4 smaller peaks comprising 2.7%, 5.4%, 4.9% and 7.9% of the

total activity respectively in order of elution from the column.

haximum specific activity obtained was for Peak IV with
an activity of 2 units/mg with activities of 1.6, 1.6, 0.3, 0.35,
0.6%, 1 and 1.8 units/mg for Peaks I, II, III, V, VI, VII, VIII
respectively. 79% of the activity eluted on to the column was
recoverecd. (See Graph XXV.)

(c) Sephadex G20C gel chromatography of pooled extracts of

conductivity 2 mmho obtained through stepwise elution of the

105,000g supernztant of homogenized mammary gland extract on DEAE
cellulose in 0.005!7 KH,PO, buffer pH 7.6.
I,

]

After gradient elution on DEAE cellulose of fractions of
conductivity 24 mmho, all fractions were combined, dialysed in
0.05K NHQOH—NHACl buffer pH 8.4, concentrated and applied to the

sephadex G200 column 2s described in scction 2:8.

Activity was distributed into 8 peaks. Approximate
percentages of the total activity occurring in each peak in order of

elution from the column are:

10k, &b, 21.4%, 7.5%6, 20k, 10.85, 94% and 11 .5%.

Specific activities of the peaks in the order as above

are: |

1406, 1.8, 2.2, 0.95, 1.7, 1.5, 2. and 1 .75 units/mg.

4.595 units were put on the column and 5.56 units recovered,

this representing a 128% recovery of activity. (See Graph XXVI.)



GRAPH XXVI. Sephadex G200 gel chromatography of the conductivity 21—24 mmho
eluted fractions from stepwise elution combined after gradient elution
on DEAE cellulose in 0.005M KH,P04 buffer pH 7.6 of the 105,000g
supernatant extract of homogenized bovine mammary gland.

See text for details of assay procedure and conditions of elution
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2:11.. Sephadex G200 gel chromatography of the 105,000g supernatant

of homogenized bovine mammary gland extract.

The 105,000g supernatant enzyme extract was that obtained
as in section 3:7:1 (See Table XIV). The extract was dialysed in
0.05M NHLOH—NHACI buffer pH 8.4, concentrated and eluted on a

sephadex G200 column as described in section 2:8:1.

Assays were carried out as described in section 2:12 and
0D 280 readings taken of the fractions as an indication of protein

concentrations.

Total activity eluted on the column wes 0.09 units. Total

activity recovered was 3.7 units, i.e. a 4100% recovery was obtained.

Activity wos distributed into eight peaks. Approximate
percentages of the total activity occurring in cach peak in order

of elution from the column are:

-

124%, 11%, 16%, 1 9%, 11 %%, 10.4%, 10.4% and Thb.
(See Graph XXVII)

By correlation of the distribution coefficients of the
activity peaks with those of standard proteins on Graph XXVIII, the
peaks had molecular weights corresponding to 263,000, 186,000,
85,000, 52,000, 27,000, 19,000, 43,000 and 8,000 daltons.
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GRAPH XXVII.

Sephadex G200 gel chromatography of the 105,000g supernatant extract

of homogenized mammary gland

See text for details of assay procedure and conditions of elution
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3:12, Calcbration of the sephadex G200 gel column.

Standard proteins of known molecular weight wereeluted through
the sephadex G200 column (2.3 x 39.5cm) collecting 2ml fractions.
Their elution volumes (Ve) were recorded and their distribution
Ve-lo
coefficients Vt-Vo plotted against the log of their molecular

weight to obtain a linear relationship.

The void volume (Vo), determined by elution of dextran blue
through the column was 55mls and the total included volume (Vt)

determined by elution of copper sulphate through the column was 171mls.

TABLE XV. Molecular weights and distribution coefficients of standard
proteins eluted from a sephadex G200 column (2.3 x 39.5cm) with 0.05M
NE, OH-1F C1 buffer pH 8.L.

=R

- Molecular Veight Ve-Vo
Heibetin Daltons Vt-Vo
Catalase (Beef liver) 250000 0.0
Alpha globulin 1 60000 0.16
Aldolese (Rabbit muscle) 142000 0.19
Bovine serum albumin 66500 0.36
Ovalbumen 45000 0.48
Chymotrypsin 21 600 0.65
Myoglobin 1 7000 0.7

Cytochrome C 1 2400 0.77



GRAPH XXVIIl  Relationship between distribution coefficients and the log molecular
0.9 wieght for proteins eluted from sephadex G200 column (2.3 x 39.5cm)
r with 0.05M NH4O0H—NH,4CI buffer pH 8.4.
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TABLE XVI. Summary table of the molecular weights of the activity peaks

eluted from a sephadex G200 column (2.3 x 29.5cm) of activity peaks
from elutions on DEAE cellulose in O.OO0BM KHZPOEbuffer pH 8.4 and 7.6
and of the 105,000g supernatant of the total udder extract.

Conductivity of elution penks froin DEAE

cellulose in -

0.005H KHZPOL 0.005M KH2PO4 Total Average
Peak  buffer pH 8.4 buffer 7.6 Extract Molecular
No. 2 mmho 5 mmho 5 mmho 15 mmho 24 mmho Weight Daltons
L 257000 237000 263000 275000 263000 263000 260000
II 173000 158000 169000 473000 169000 186000 171000
I1T 82000 86000 82000 93000 89000 89000 87000
v 57000 52000 50000 57000 48000 52000 535000
v 36000 34000 31000 33000 33000 27000 32000
VI 22000 21000 19000 20000
VII 15000 4 L.0C0 4 3000 -1 3000 13000 14000
VIII 9000 8000 8000 2000 8000 8000

ABLE XVII. Summary table of the percentages of the total activity in

each of the peaks eluted from sephadex G200 of the activity peaks eluted

fron DEAE collulosc in 0.005M KH PO, buffer pi 7.6 and 8.4

Conductivity of elution peaks from DEAE
cellulose in -

0.005M KH 0.005M KH,_PO Total

Average 2P04 2
Peak Molecular buffer pH 8.4 buffer 7.6 Extract
No. Weight Daltons 2 mmho 5 mmho 5 mmho 15 mmho 24 mmho

jiC 260000 8 10 5.9 7.8 10 1241
L 174 000 20 0.6 20.4 32.5 8 11
III 87000 18 21 .8 20.2 11.5 21 4 16
Iv 53000 8.6 5)(0) 18.8 27 7/55) 19
v 32000 25.8 15 10.9 .7 20 1.9
VI 20000 5.4 19.8 104
VII 14000 19.3 14.8 4.9 9.1 10.4

VIII 8000 19 8.1 7.9 11.9 7
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3:413. Serum requirement of the activity peaks eluted from DEAE cellulose

and sephadex G200 gel chromatography columns.

Assays were carried out as in section 2:12 except that the serum

was replaced by distilled water in the assays without serum.

(a) Effect of se¢rum on the activity peaks eluted from DEAE cellulose
in 0,005l KHZPO!buffer pH 7.6

A stepwise elution from DEAE cellulose of the 105,000g
supernatant fraction of homogenized mammary gland in O.OO05M KH2PO4
butfer pH 7.6 was carried out as described in section 2:7:4, using
buffer solutions of conductivity 2, 5, 8, 10, 13, 15, 18, 24 and
24 mmho. Fractions of each conductivity were collected, pooled and
dialysed in C.005M NHAOH—NHACl buffer pH 8.4 and concentrated before

being assayed.

TABLE XVIII. Effect of serum on the lipase activity peaks eluted from
DEAE cellulose in 0.005l KH2P0 buffer pH 7.6.

)y
Conductivity NaCl conc. Activity Percentage
of elution of elution tmoles FFA increase
Peak buffer mmho buffer Molar released/min/ml (or decrease)
No. focmaly =SSt %?n’u%
I 2 0.023 0.1288  0.0045 2762
II 9 0.07 0.0252  0.0353 =40
I1T 8 0.125 ' 0.0868  0.0493 76
Iv 10 0.162 0.0756  0.0409 82
A 13 0.22 0.042 0.0095 342
\'28 15 0.252 0.0308 0.028 10
VII 18 0.3 0.014 0.09441 =577
VIIT 21 0375 0.0308  0.0442 43
IX 2 Oolidy 0.0252 0.156 50

Peak I showed greatest activotion by serum with an overall
percentage increase in activity in the presence of serum over the activity

in the absence of serum of 2762%. A 4LO% inhibition by serum was recorded
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for Peak II followed by 2 progressive increase in activation by serum
from Peak III to Peak V. Peak VI showed the least activation by

serum of 1% and Peaks VII and VIII both showed inhibitions by serum
with decreasing inhibition from Peak VII to Peak VIII with the final

peak showing a 50% activation by serum.

(b) Effect of serum on the activity peaks eluted from a
sephadex G200 column with 0.05 NH OH-NH, C1 buffer pH 8.4.
1 1y

Erizyme solutions used were the activity peaks eluted from the
sephadex G2U0 column in section 3:11 of the 105,000g supernatant fraction

of homogenized mammary gland extract.

TABLE XIX. Effect of serum on the lipase activity peaks eluted from a
sephadex C200 column (2,3 x j9.5cm).

Molecular Activity % increase
Weight Daltons pmoles FFA (or decrease)
Peak released/min/ml
No. +serur ~-serun
i 263000 0.Q475  0O.Qu 19
11 186000 0.045 0.011 309
111 89000 0.055  0.007 685
Iv 52000 0.055 0.325 -482
v 27000 0.055 0.015 3633
VI 19000 0.0475 0.032 50
VII 13000 0.0575 0.035 7
VIII 8000 0.025 0.023 8

Peak V showed the largest activation by serum of 3633% increase
in activity in the presence of serum over the activity in the absence of
serum. This was followed by Peaks III, II, VI, I, VIII and VII in
order of decreasing activation by serum. Peak IV showed a decrease of 482%

in the presence of serum



104,

3:14. Effect of sodium chloride and protamine sulphate on lipase activity

peaks cluted from sephadex G200.

Enzyme solutions were the activity peaks eluted from a
sephadex G200 column in section 3:11 of the 105,000g supernatant fraction

of mammary gland extracts.

fAssays were carried out as in section 2:12 except that in the
+ NaCl assays the buffer consisted of a solution of 5.6M NaCl in 1M tris
HC1 buffer pH 8.5 to give 2 final concentration of 1 .44 NaCl in the
incubation mixture and in the + protamine sulphate assays the buffer
contained 40C ag/ml protamine sulphate to give a final concentration

of 100 ug/ml of protamine sulphate in the incubation mixture.

TLELE XX, Effect of NaCl and protamine sulphate on the lipase activity

peaks separated on a_ sephadex GZ@&LﬁEﬁEﬁ%ﬂ,L&:iZX 39.5cm) of the 105,000¢g

P

supernatant fraction of memmary gland extracts.

Molecular Activity
big Rt Datons i2§isze§§;in/ml % inhibition
Peak -NaCl +NaCl +protamine +NaCl  +protamine
No. -protamine sulphate sulrhate
sulphate
I 263000 0.Q475 0 0 100 100
II 186000 0.Q45 0 0 100 100
e 89000 0.055 0 0 1 00 100
Iv 52000 0.055 0 0 100 100
\Y 27000 0.055 0 0 100 100
VI 19000 0.Q475 0.15 0.009 68.4 81
VII 1 3000 0.0375 0.023 0.007 28 81 .4
VIII 8000 0.025 0.021 0.3 16 48

Peaks T to V all showed complete inhibition by both 1 .4 NaCl
and 100 pg/ml protamine sulphate in the incubation mixture. Peaks VI
to VIII showed decreasing inhibition by NaCl from Peak VI to Peak VIII.
Both Peaks VI and VII showed equal inhibitions by protamine sulphate with
Peak VIII least affected by the presence of protamine sulphate.
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3314:1. Effect of inhibitors iodoacetate, N ethylmaleimide,
5 5'dithio bis (2 Nitro benzoic acid) and 2,L dinitrophenol on the

activity of mammary gland lipoprotein lipase.

Lssays were carried out as in section 2:12 except the buffers
containing either O.4mlM iodoacetate, O.4mM N ethylmaleimide, O.4mM
5 5'dithio bis (2 Nitro benzoic acid) or O.4mM 2,4 dinitrophenol were
used Tor the standard assay. Final concentration of the inhibitors in
the assay medium after enzyme addition was O.1mM. Enzyme solution wes
a diluted solution of the purified enzyme extract obtained as in

section L4:6.

Final concentration of enzyme in thec incubation medium was
0.0035 mg/ml.

TABLE XXI. Effect of O.1mhM iodoacetate, N ethylmaleinide, 5 5'dithio

bis-(2 nitro benzoic acid) and 2, 4 dinitrophenol on purified LPL from

lactating bovine mammery gland.

fcetivity

Inhibitor prnoles FFA % inhibition
relezsed/min/ml

No inhibitor 0.02496 0

2 L4 dinitrophenol 0 100

N cthylmaleimide 0.00672 75

iodoacetate 0.0 288 50

5 5'dithio bis (2 nitro benzoic acid) 0.0 848 29

0.00mM 2, 4 dinitrophenol completely inhibited the enzyme
with N ethylmaleimide (mainly specific for free SH groups) partially
inhibiting the enzyme.

3:15. imino acid composition.

The amino acid composition of Peak III (MW 87,000) on
sephadex G200 purified as in sections 2:4:5 Method II, 3:5 and 3:6

was carried out as in section 2:13.
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TABLE XXTT. fmino acid composition of Peak IIT lipoprotein lipase
from sephadex G200 of lactating bovine mammary gland. Values are
for 24 hour hydrolysis.

Arino acid Micromoles Moles/103moles
Lysine 045456 97.46
Histidine 0.1 654 29.54
Arginine 0.21178 37.83
Aspartic Acid 0.5339 95.37
Threonine 0.30711 54 .86
Serine 0.28343 50.63
Glutamic Acid 0.7838 140.01
Methionine 0] 0
Proline 0.3253 58411
Glycine 0.18333 B205
Alanine oL L5194 80.73
Half Cystine 0.31435 56.15
Valine 0.35789 63.93
Isoleucine 0.13293 237k
Tyrosine 0.1 7651 31.53
Phenylaline 0.24849 L) .39

Leucine 0.576L4 102.97



SECTION II: A Milk Lipoprotein lipase.
3:46. Binding and elution of milk lipoprotein lipase to calcium phosphate gel.

Binding and elution from a hard pan of calcium phosphate gel was carried out as in section 2:4.

Assays were carried out as in section 2:12.

TABLE XXIII. Effect of potassium oxalate and sodium citrate on the clution of lipoprotein lipase from Ca_PO gel.

T
Volume Activity Total Protein Conc. Total Protein  Specific %
Enzyme Extract nls Units/r:1  Activity ng/nl mg Activity recovery
Units Units/ng

Milk 250 0.3217 80.5 45 10,250 0.0071 100
Addition of Ca FO4 gel
Filtered Filtrdte 250 0.3 25 78.05 39.6 9,900 0.0079 .
CaSPOA gel 100 0.025 28053 345 350 0.0071 B
Filtrate from above filtered
through CaBPOA gel Filtrate 250 0.0168 4 .225 0.066 16.5 0.24 5.2
Ca.3P02+ gel washed with 0.1 M

potassium oxalate
Filtrate 100 0.01875 1 .875 0.058 7.8 0.32 2.3
033P04 gel washed with 0.05M

sodiun citrate
Filtrate 100 0.02625 2.625 0.043 Lo3 0.61 3.3
CaBPOA gel washed with 0.05M

NH, OH-NH, C1 buffer
pH 8., FAltratd 100 0.00375  0.375 0.012 1.2 0.312 0.4
Ca PO, gel 200 0.355 7.0 49.25 9,850 0.0072 88.2

3k

*lO}



TABLE XXIV. Effect of sodium chloride and dimethyl formamide (DMF) on the elution of lipoprotein lipase

from Ca, PO, gel.

Iy
Volume Lctivity Total Protein Conc. Total Protein  Specific %
Enzyme Extract zls Units/ml  Activity ng/ml ng Activity  recovery
Units Units/mg
Milk 60 0.3115 18.7 L2 2,520 0.007k. 100
Milk filtered through Ca3POZ+
gel Filtrate 60 0.0094 0.564 0.054. B2l 0.173 3
0.05M NH OH—NHhCl wash of
gel Filtrate 50 0.015 0.75 0.078 Hog; 0.19 N
1% NaCl wash of gel Filtrate 50 0.015 OrplS 0.034 1.7 Ol L
2% NaCl wash of gel Filtrate 50 G.On 27 0.635 0.026 19 ©r? 3
3% NaCl wash of gel Filtrate 50 0.0112 0.56 0.021 i 905 0.53 3
4% Na2Cl wash of gel Filtrate 25 0.0187 0.467 0.03%2 0.8 0.580 2.
5% NaCl wash of gel Filtrate 25 0.012 0.287 0.018 0.45 0.62 145
5% NaCl + 25% DMF wash of
gel Filtrate 25 0.01 0.25 OI5 . 3.75 0.066 %
5% NaCl + 50% DMF wash of -
gel Filtrate 25 0.003 0.075 0.19 4.75 0.015 0.4 &

Ca PO

380, gel in 0.05M NH, OH-NH, C1

buffer pH 8.4 b 4400 0.103 AL 3 25 2,520 0.004 5




TABLE XXV. Effect of sodium carbonate, sodium sulphate, sodium gluconate and potassium dihydrogen phosphate

on the elution of lipoprotein lipase from 033294 gel.

Volume Activity Total rotein conc. Total Protein Specifiic %

Enzyme extract mls Units/ml Activity mg/ml mg Activity recovery
Units Units/ml
Milk 60 O&311 5 A8 57 L2 2520 0.0074 100
Milk filtered through
Caquu gel Filtrate 60 0.013 0.78 0.0543 3.48 0.22 L o
0.05M NH, OH-I'H, C1 buffer
pH 8.4 wish of*gel Filtrate 50 0.016 0.8 0.062 3.9 0.25 4.2
0.5M Na CO3 wash of gel
Filtratg 50 0.0196 9.98 0.043 28515 Ol 57
0.5M NazSOl+ wash of gel
Filtrate 50 0.0356 1.78 0.08 L4 .05 0.2 Sab
0.05Msodium gluconate wash
of gel Filtrate 50 SROBTS 1.875 0.402 58 0.37 10
0.5M sodium gluconate wash
of gel Filtrate 50 0.0487 2435 0.095 L.75 Oeoil 13
0.5M KH2Pq+wash of gel
Filtrate 50 0 0 0.02 1.0 0 0 'é
\G)

AM KHPO, wash of gel )
Filtrate 50 0 0 0.03 imeD 0 0
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Binding of milk lipoprotein lipase to Ca3P04 gel varied from
95 to 97% of the total activity with 99.7% of the total protein binding
to the gel after it had been washed with buffer. 0. M potassium oxalate
followed by 0.05M sodium citrate extracted 5.6% of the bound activity
with o maximum purification of 86X obtained in the 0.05M sodium
citrate wash. Extraction with sodium chloride gave a total elution
of 14% of the bound activity with e meximum purification of 83X

obtained in the 5% NaCl wash, representing 1.5% of the total activity.

Total protein eluted was 0.36% of the total bound protein.
The addition of dimethyl formemide increased the elution of protein
to 0.71% of the total bound protein but decrezsed the specifiic activity
by about 10X of that of the 5% NaCl wash.

Iaximum elution of enzyme wns obtained with the sodium
gluconate washes with a total extraction of 24% of the bound enzyme

in the two washes.

Lower recoveries of 5.4% and 9.3% of the total bound activity

were obtained for the Na,CO, and Na,.SO, washes respectively. No

273 2774

activity was eluted with the KHZPOA washes. Maximum purification

obtained was 70X obtained in the 0.5il sodium gluconate wash.
Protein elution was 0.08%, 0.16%, 0.4% and 041% of the total bound
protein in the NaZCOB’ NaZSOA’ sodium gluconate and KH2P04 washes
respectively.

3:17. Ultracentrifugation and NaCl extraction of lipoprotein lipase

from casein micelles.

Casein was collected by centrifigation of skimmed milk at
105,000g for one hour and the washed precipitate extracted with 1 .2M
NaCl as described in section 2:17. Assays were carried out as in

section 2:12.



TABLE XXVI. Ultracentrifugation and NoCl extraction of milk casein bound lipoprotein lipase.

Volume  Activity Total Protein conc. Total Protein  Specific %

Enzyme extract mls Units/ml Activity mg/ml mg Activity recovery
Units Units/mg

Milk 800 0.23 184 L3 344,00 0.00535 100
105,000g supernatant 800 0.056 Ly 27 21600 0.001 2l
105,000g ppt. in
distilled water 400 0.342 136.8 52 12800 0.0107 Thl
Above ppt. centrifuged
105,000g supernatant
fraction 340 0.033 11.22 1.86 632 0.017 67
Ppt. fraction in
distilled water 360 0.34 {22 3l 12200 0.0 66.3
Above ppt. centrifuged
105,000g supernatant
f. action 340 0.009 3.06 0.32 109 0.027 436
Ppt. fraction in
NaCl 1.2M 360 0. 34 122 A306 12096 0.1 66.3
Above ppt. centrifuged
105,000g supernatant
fraction 340 0.184 62.56 144 387.6 0.1 61 33.4
Ppt. in 1.2M NaCl 360 0.32L 116.8 ) 200) 11700 0.01 63.4
Above ppt. centrifuged
105,000g supernatant
fraction 340 0.i727 43.78 058 170 0.254 23.7
Fpt. in NaCl 360 0.502 108.7 32 11520 0.0094 59

Cbbb
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2L% of the total lipase activity of milk was associated with
the 105,000g supernatant fraction, i.e. was in a soluble form. The
remaining activity was associated with the casein micelles. Total
recovery of activity from the casein micelles was 1 75% with the two

sodium chloride washes and of this 88% was still bound to the casein.

Thus a recovery of 86% was obtained in the NaCl washes with

a loss of 11.4% of the casein bound activity was obtained.

Meximum purification obtained was 48X from the original

skimmed milk in the second NaCl wash.

%:18: Effect of pH on the solublized lipase activity from casein in the

presence and absence of serum.

Assays were carried out as in section 2:12 except assay time

was 10 minutes and the following buffers used in the range of pH:

pH 5 - 7 0.5M KH,PO,
pH 7 -10 0.5M Tris HC1
PH 10 =12 0.5M N OH-NH C1

The assay in the absence of serum was carried out as above
except that serum was replaced by distilled water. Enzyme source was
the first NaCl extract of the 105,000g casein precipitate of skimmed

milk obtained as in section 3:17.

In the presence of serum 9 peaks of activity were recorded

at pH's of 6, 7, 7.5, 8.25, 9, 9.75, 10.5, 11 and 11.5. In the absence
of serum 8 peaks of activity occurred at pH's of 6, 7, 7.5, 8.25, 9, 10,
A0S land! 44 #5. Serum had an activating effect on lipases of pH
optimums 7 (263.1% increase), 7.5 (7% increase) and 8.25 (18% increase).
Both peaks at pH 10;5 and 11 had an obligate requirement for serum.
Serum inhibited lipases of pH optimums 9 (5% inhibition), 9.75 (6%
inhibition), 10 (61% inhibition), 10.75 (55.5% inhibition) and 41.5

(43% inhibition). See Graph XXIX. The figures taken were the

average of two assays which were = 3% of each other.
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GRAPH XXIX. Effect of pH on lipase activity of the NaCl extract of the 105,000g casein
precipitate of bovine milk in the presence and absence of serum
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3:19. DEAE cellulose gradient elution of the NaCl extract of the

105,000g casein precipitate.

A DEAE cellulose column gradient of the NaCl extract of the

casein precipitate after dialysis in 0.0OO5M KH2PO buffer pH 7.6 was

L

carried out as in section 2:17.

Assays were carried out s in section 2:12. 10ml fractions

were collected.

230mls of NaCl extract I were eluted on to the column
representing 43.7 units of activity. Total activity recovered was

131 .7 units, i.e. a 300% recovery of activity was obtained.

Activity was distributed into 9 peaks eluted 2t conductivities
of 2, 3.5, 6.5, 10, 12.5, 15, 17, 18.5 and 20.5 mmho. Approximate

percentages of the total activity occurring in each peak are as follows:

3eThs 3065, 5050, 1. Th, 12.55, 35.5%, 8.4%, 2% and 13.45%
for peaks eluted a2t conductivities of 2, 3.5, 6.5, 10,
12.5, 15, 17, 18.5 and 20.5 mmho respectively.

Maximum specific activity was 4.4 units/mg obtuained for both
peaks eluted at conductivities of 2 and 6 mmho representing a 880X
purification over the skimmed milk.

Column dimensions were 3.2 x 3Ocm.

3:20. Sephadex G200 gel chromatography of conductivity, 15 mmho activity

peak from a gradient elution on DEAE cellulose of the NaCl extract of

the 105,000g casein precipitate.

Gel filtration was carried out on a sephadex G200 column

(2.3 x 39.5cm) equilibrated with 0.05M NHAOH—NHA01 buffer pH 8.4

at 2°C.  The sample was dialysed in 0.05M NHAOH—NHACI buffer pH 8.4

and concentrated to 1ml before being applied to the column. 2ml
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fractions were collected. Assays were carried out as in section 2:12.
Total activity applied to the column was 25.2 units. Total activity

. . 72 . . . -
recovered was 14 units, i.e. a 55.5% recovery of activity was obtained.

Activity was distributed into 6 peaks. A large peak, near
the void volume comprising 39% of the total activity recovered and 5 other
peaks comprising 1%, 9.4%, 16.4%, 47.3% and L.2% of the total activity
recovered respectively in order of elution from the column. By
comparing their distribution coefficients with those of the standards
obtained as in section 3:12, approximate molecular weights of the peaks

were 263,000, 82,000, 48,000, 28,000, 42,000 and 8,000 daltons.

3:21 . Sephadex G200 gel chromatography of the Ca3P0 gel filtrate of

skimmed milk.

11 4mls of the Ca3PO4 gel filtrate of skimmed milk obtained
as in section 3:16 (Table XXIII) was dialysed in 0.05M NHLFOH—NHACl
buffer pH 8.4, concentrated to 1ml and applied to the sephadex G200
column (2.3 x 39.5cm) and eluted with 0.05M NHAOH NHLFCl buffer pH 8.4

collecting 2ml fractions. Assays were carried out as in section 2:12.

Total activity applied to the columnwas 1.94 units and 1.8 units

were recovered, i.e. % recovery = 92.7%.

Activity was distributed into 13 peaks. Approximate percentages
of the total activity occurring in each peak, in order of elution from

the column are:

1004%, 8.8%h, 5.6%, T.3%, 2:Thy 9e1%y 8.2%, 10%, 5.2%, 3.4%,
7%’ 14-06% and 13.2%-

By comparing thie distribution coefficients of the activity
with those of the standards obtained as in as in section 3:12,

approximate molecular weights of the activity peaks are:

24,0,000, 148,000, 120,000, 89,000, 71,500, 57,000,
14,000, 31,000, 22,000, 15,000, 11,000, 9,000 and
8,000 daltons.
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3:22, Sephadex G200 gel chromatography of the 41.2M NaCl extract of

the 105,000 casein precipitate.

Gel filtration was carried out on o sephadex G200 column
(2.3 x 39.5cm) equilibrated with O.05M NE, OH-MH, C1 buffer pH 8.4
at 2°C. The sample was diclysed in eluting buffer and concentrated
to 1ml before being applied to the column. 2ml fractions were

collected. Assays were carried out as in section 2:12.

22mls of the second NaCl supernatant extract of the 105,000g
casein precipitate obtained as in section 3:17 was dislysed and

concentrated to 1ml and applied to the column.

Total activity eluted on was 3 units. Total activity

recovercd was 12.46 units representing a recovery of 415%.

Activity was distributed into 12 peaks. A large peak near the
void volume containing 20.8% of the totnl activity recovered followed by
another two large overlapping peaks contzining 22.1% and 23% of the
total activity recovered respectively in order of elution from the column.
The remaining 3,% of the recovered activity wes distributed into the
remaining 9 smaller peaks. The 3 large peaks had molecular weights
corresponding to 340,000, 148,000 and 89,000 daltons respectively.

See Graph XXXIII.

3:23. DEAE cellulose gradient elution of Peaks II and III eluted from
a sephadex G200 column of the 1 .2k NaCl supernatant extract of the

105,000g casein precipitate.

A DEAE cellulose column gradient elution in 0.005M KH2P04
buffer pll 7.6 was carried out as in section 2:18 using a gradient from
O to 0.8N NaCl collecting 2ml fractions. The column dimensions were

14 x 20cm. Assays were carried out as in section 2:12.

Enzyme solution was the combined fractions from the sephadex
G200 gel filtration of the second NaCl supernatant extract of the
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105,000g casein precipitate in section 3:22 eluted between 72 and"
93mls. The sample was diclysed against starting buffer before being
applied to the column.

Total activity eluted on was 5.65 units. Total activity

recovered was 15.97 units, representing a recovery of 282.6%.

Activity was distributed into 6 peaks. The activity peaks
were eluted at conductivities of 3.5, 6.5, 10, 12.5, 15 and 20 mmho.
Approximatce percentages of the total activity recovered occurring in

each peak are:

Lo2%, 9%, 42.3%, 29.%, Le2% and 10.6% of the activity
peaks of conductivity 3.5, 6.5, 10, 12.5, 15 and 20 mmho

respectively.

Maximum specific activity obtained was 16 units/mg,
representing a purification of 301 8X from the skimmed milk.
See Graph XXXIV.
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CHAPTER IV

DISCUSSION OF RESULTS

DISCUSSION.

Homogenates of mammeary gland extracts were characterized
by low levels of LPL in the 16,50Q supernatant fraction which would
bind to TG (3.8 ~ 10%), a high percentage in the 16,500g particulate
fraction (6Q%) and a high percentagec in the top cream layer (10%)
which may indicate a constant release of enzyme from the tissue and
thus a constant loss of LPL from the mammary gland, and is probably due
to epithelial cell breakdown during milk formation as suggested by
Korn (1962). Both soluble and insoluble forms of LPL may indicate
that LPL is located both at the surface of the epithelium in a readily
releaseble form and also bound tightly to the particulate fraction
and appears to be largely inextractable. The soluble enzyme fraction
may be present at the epithelial cell surface where most of the
lipolysis of plasma TG takes place. The particulate enzyme may be a
store of LPL inside the cell for release to the surfacc on stimulation
by some factor such as heparin where it is continually being lest into
blood stream as according to Robinson (1963), or it may be involved in
the lipolysis of lipid emulsions which have formed vacuoles inside the

cell as observed by Schoelf and French (1968) and Scow et al (1972).

Askew et al (1970) obtained 20% of the total activity of the
bovine mammary gland in the soluble fraction and in agreement with the
high proportion of enzyme in the particulate fraction of rat heart as
shown by Gartner and Vahouny (41966) and in adipose tissue as shown by
Hallet and Auditorie (1967). Askew et al (1970) reoorded 1 0% of the
total lipolytic activity of the udder was from the milk fraction which
is in agreement with my finding of 10% of the total udder LPL in the

cream layer.

the

An activity of 0.0012 pmoles FFA releasedA’min/mg for the total

mammary gland homogenate,is in close agreement with the activity of
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0.0018 pmoles FFA relcased/min/mg observed by Baldwin and Emery (1973).
Askew et al (1971 ) obtained a higher figure of 0.007 pmole FFA
released/min/mg for total udder homogenates and Baldwin and Emery (1973)
obtained an activity of 0.0033 umole FFA rcleased/min/mg for cows fed

a restricted roughage high grain diet, indicating a wide variation in

activity can occur from cow to cow depending on diet and period of lactation.

An activity of 0.007 mmoles FFA released/min/mg in the second
udder extract also verifies this wide variation observed in LPL activity

of total udder homogenates.

Many pH optima in mammary gland cxtracts suggests a complex
lipase system whereby TG is hydrolysed over & wide range of pH values.
pH optira of 9, 8.6, 7.9, 7 and 6.5 have been reported.by Frankel and
Tarassuk (1956), Schwartz et al (1956) and Harper et al (1956)
from cows' milk which could apply for mammary gland lipases which are
synthesized in the mammary gland and secreted into the milk. The
veriation in activation or inhibition caused by serum over the different
pd values may suggest different lipases at these pH values, as suggested
by Schwartz gﬁ_g;.(1956) for cows' milk lipase, one requiring serum for
activity and the other not, and the relative composition of the two
lipases which have the same pH optimum may determine the net serum
requirement at that particular pH. Only at a pH of 8.5 was there a
complete serum requirement for the activity peak and thus a true LPL ,
or this could be due to a shift in pH optimum of the peak at pH 9 to 8.5
in the presence of serum since the serum or lipoprotein activator which,
according to Brady and Higgins (1967), determines the pH optimum of the
TG hydrolyse activity by their pH dependence on binding to the enzyme.
This is unlikely as inhibition occurred in the presence of serum at
pH 9. This inhibition is probably due to an inhibitor present in serum
as postulated by Askew et al (1970), Robinson (1963) and Iverius et al
(1972) which inhibits the enzyme with this pH optimum. Thus LPL had
an alkaline pH optimum between 8.2 and 8.5 which is in agreement with
the findings of Korn (1959) for adipose tissue LPL, Brady and Higgins
(1967) for rat heart, and Askew et a2l (1970) for bovine mammary

gland LPL. Lipase activity has been shown to be active over a wide
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range of pH values which are present in various pazxts of the cell and
may vary from tissue to tissue by Assmen et al (1973). The function
of these lipases with pH optimum extremes is not kmnown. Thus the

measurement of LPL activity is best undertaken at pH 8.5 as pH values

either above or below this would measure other lipase activity as well.

All of the 16,5008 fractions of homogenized mammary gland
extracts showed greater activity in the presence of tallow rather than
olive oile. The small difference in the activity of the top cream layer
in the presence of tallow rather than olivc oil could be due to the
presence of cream in the enzyme extract and thus competition between the
two substrates for the active site. LPL activity has been shown to be
decreased in cows fed restricted roughage high grain diets which also
has beecn shown to decrease the net total milk content (partially
dependent on LPL activity) and also increase the unsaturated FA content and
decreased the saturated FA content by Askew et al (1o7m). Thus LPL
having a greater specificity for long chain saturated FA TGs rather than
long chain unsaturated FA TGs explains the results of Askew et al (197)
whereby feeding restricted roughage high grain diets increase the
unsaturated FA TG level of the blood relative to the saturated FA TG
level, and thus less conversion of blood fat TGs into milk fat would
occur and these blood fat TGs would be diverted elsewhere, probably to

the adipose tissue for storage.

Lipoprotein lipase required a specific ratio of serum to TG
and gave an optimum at 50% serum for a serum tallow substrate and the
crude enzyme extract gave 13% of the maximum activity in the absence
of serum, indicating some other hydrolase activity not requiring serum
as cofactor such as MG hydrolase activity, or could be due to the
presence of other lipases other than LPL as postulated by Askew et al
(1970), or could be due to LPL which has protein tightly bound to the
enzyme. Askew et al (1970) also obtained maximum activity at 5%
serum with 90% of the activity occurring at 25% serum using Ediol as
TG substrate containing a 50% TG emulsion of coconut oil. The
inhibition of activity at high serum concentrations could be due to

an inhibitor present in the serum as postulated by askew et al (1970)
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and Robinson (1963) who also obtained inhibition at high serum

concentrations.

The low binding to the TG emulsion suggests o small
percentage of the LPL is in 2 soluble form. Sonification of the TG
emulsion increased enzyme binding from 3% to 6.6% of the use of an
homogenized TG emulsion and thus the use of a more stable TG emulsion
gives bettcr binding. Inhibition occurred at the TG binding stage
using a sonifiied TG emulsion but not using an homogenized TG emulsion.
This could probably be due to greater binding to the sonified TG
emulsion and thus & greater inhibition. In all cases a high recovery
of enzyme activity was obtained from the TG bound enzyme suggesting
a release of inhibition on elution of the enzyme from the TG which could
be duc to either the presence oi the olive o0il emulsion acting
competitively with the tallow substrate since the enzyme is more active
against tallow rather than olive oil substrites, or due to an inhibitor
which is 2lso TG binding and may thus explain the 440 - 300% recovery

of zctivity when the cnzyme was eluted from the TG emulsion.

The greater than 1006 recovery of activity when the mammary
gland extracts were eluted through CaBPg+gel suggest the removal of an
inhibitor which is bound to the CaBPOA gel. Thus the inhibition caused
by the binding to the olive o0il T% emulsion was not due to the presence
of'’ an olive oil substrate contamination which showed lower activity than
tallow substrate, but due to a specific inhibitor of the enzyme. The
low activation of enzyme activity of Extract II compared with Extract I

after elution through Ca PO4 gel was probably due to a lower concentration

of inhibitor in the enzyie extract and thus the inhibitor appears to be
readily extracted into the supernatant layer, or could be due to variation
in the proportion of enyzmic types, one of which is inhibited by the
inhibitor to a greater extent than the other and thus the more sensitive
enzyme is more readily extracted into the supernatant extract than the
less sensitive enzyme. The greater percentage of activity bound to

the Ca3P04 gel in Extract II compared with Extract I could be due to

LPL enyzmic types which are bound more strongly to the epithelial cell ..

membrane and thus may bind more strongly to the Ca3P04 gel.
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The 2.12 and 4.5X purification obtained for Extracts II and I
respectively was mainly due to reclief of inhibition by an inhibitor

binding to the Ca gel rather than removal of contaminating protein.

30
Clear supernatant fractions wecre obtained, thus thc removal of high

molecular weight particles present in the udder extract can be carried
out on a2 large scale compared to the limited volumes that can be used

with ultracentrifugation to remove the large precipitable particles.

Filtration on silica gel also gave activation of activity
indicating relief of inhibition. A greater purification was obtained

comparcd with the Ca POLF gel filtration method due mainly to the removal

of contaminating prozein rather than relief of inhibition caused by an
inhibitor prcsent in the extracts. A clear yellow supernatant was
obtained thus removing haemoglobin pigments and high MW sedimentable
particles and again large sczle preparations can be carried out to

reitove suspended particles compared to ultracentrifugation.

Binding and stepwisc elution from vis :ose sulphate gave
complete binding and recovery of activity with no activation occurring.
The elution of cctivity over a wide range of ionic strengths required to
elute the enzyme may cause irreversible inactivation caused by structural

changes to the enzyme as suggested by Korn (1955).

Gradient elution from viscosc sulphate gave very low recoveries
of cctivity (28%), most probably due to the high ionic strengths required
to elute the enzyme from the sulphate polysaccharide causing irreversible
inactivation. Several activity peaks eluted suggests the binding of
several different LPLs which bind to varying degrees to the viscose
sulphate or the degree of binding may depend on the amount of heparin
already bound to the enzyme binding site. Lack of binding
specificity of the sulphate for LPL makes purification by this method
only on a limited scale due to saturation of the sulphate binding
groups by contaminating protein. Binding on to sodium dextran
sulphate and precipitation with CaCl2 gave incomplete binding of LPL
activity to the sulphate polysaccharide and of this bound activity

complete recovery of activity was obtained indicating no inhibition
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had occurred by the Cs\.Cl2 required to elute the enzyne. A high
recovery of activity in the high specifiic activity fraction, together
with a morc selective binding of LPL activity makes this method a
better alternative than viscose sulphcte binding for initial stages of

purification. Elution of thc enzymc extract through Ca gel would

I

rermove the lipoproteins which also bind strongly to sulphate groups

as shown by Burstein et al (1970).

Binding to sodiwn dextran sulphate and precipitation by
divalent cations by the method of Burstein ct 2l (1970) gave a wide
distribution of activity in 2ll of thc superncatant washes, a low
recovery of enzyme activity in the¢ high specific activity fraction
(5.6%) and inhibition occurred whilc bound to the sulphate poly-
saccharide probably due to steric hinderance caused by the sulphate
polysaccharide binding close to the active site. Activity lost in
the supernatant fractions was probably due to wealk binding of the
enzyme or different enzymes which bind to varying degrees to the
sodiun dextran sulphate as occurs with the viscose sulphate. The use
of large scale techniques makes this method practical for the isolation
and purification of LPL from udder homogenates where large volumes of
enzyne extract are involved.

Precelution of the enzyme extract through Ca gel would

370,
remove lipoproteins which also bind to sulphate groups probably by

the same mechanism as LPL.

Elution of the final extract on sephadex G200 gave three
activity peaks corresponding to three protein peaks, of which the main
activity peak corresponded to a molecular weight of 89,000 daltons.

No increase in specific activity was obtained indicating no activation

occurred in elution on sephadex G200.

On elution of the major peak from sephadex G200 on DEAE
cellulose, two peaks of activity occurred accompanied by a 4% recovery

of activity applied to the column. This could be due to dissociation
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of' the enzyme into two different subunits which have different
activities and on dissocintion activation may toke place which could
be due to steric hinderance or competition by the subunits for the
substrate when the subunits existed as = complex, or this could be due
to two different LPL active proteins with sinilar molecular weights
which are separated on DEAF cellulose which cct competitively for the
substrate. Since substrate is not rate liniting it would imply

that thesc two proteins exist as ¢ complex which when bound together
give a compctition for the substrate, wherexs if they existed as
separate cnzymes on sephadex G200, this compctition for substrate
would not occur ~nd thus on elution on DEAE cellulose the large
activotion occurring would not teke place. Thus these two active
LPL protecins associnte to form a complex which is less active than
the net activity obtained from the free single active protein units

or subunits.

Egelrud ond Olivecrond (1972), Greten and Walter (1973),
Greten et 21 (1972) and Havel et al (41973) all used binding to =
heparin sephrose column to purify LPL from various sources and all
obtained 2 single lipnse peak. In 211 coses high ionic strength was
required to elute the lipase from the heparin sephrose columns and all
gave low rccoveries of activities on elution, probably due to the high

salt concentrations required to elute the enzyme.

The nine peaks eluted from DEAE cellulose could be due to
variable binding of a single enzyme which can exist in several
conformations and binding would depend on whether or not specific
groups were exposed such as may be the case with the elution from
the viscose sulphate columns, or could be due to an enzyme complex
which is composed of different subunits and each subunit may be
active by itself. The large percentage recovery could be due to
the relief of an inhibition by the separation of an inhibitor from
the enzyme or could be due to transformation of a less active form
of the enzyme into another form or forms of higher specific activity

which could be due to dissociation of an enzyme complex which is
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composcd of different active subunits and thus dissaciation would
incrcase the net overall activity since steric hinderance or

competition for the substrate may exist when the enzyme exists in

a complex rather than scparate subunits as mentioned previously, and

as implied by Wing and Robinson (41968) and Garfinkel and Schotz (1973)
to explein the changes in activity from the starved to thc fed state

of rat adipose tissue LPL. The highest specif'ic activity fraction

was obtained at O.44M NaCl and Gaffney et al (1966) obtained the

highest specific activity at 0.5k NaCl using a rennzt extract of skimmed
milk on DEAE cellulose.

Reelution of the extracts of conductivity 21 end 18 mmho on
DEAE cellulose in 0.005M KH2POLF buffer pH 8.l gave three protein and
activity peaks and in both cases specific activity was highest for the
peak eluted a2t the starting buffer with a lower specific activity for
the latter eluted peaks, suggesting ¢ conversion to o form of high
specific activity and a form cf lower specific activity. The
disappearance of a peak eluted at 2 conductivity of 24 mmho could be
due to an unstable form of enzyme or an intcecrmcdicte form of enzyme

which readily dissociates into more stable forms and could be due to

the effcct of the NaCl required to elute it from the DEAE cellulose.

The reappearance of 2 pecak ot a conductivity of 21 mmho on
elution of conductivity 24 mmho extracts indicates that this enzyme
pealk may be an intermediate form of enzyme and the appearance of a
large protein peck at the starting buffer ccccompanied by an increase
in total activity could be due to tightly bound protein which is
dissocicted from the enzyme on reelution on DEAE cellulose. On
removal of this protein from the enzyme complex, dissociation into
forms of higher specific activity occurs and an increase in total
recovered activity may imply that this contaminating protein may inhibit
the cnzyme probably by causing steric hinderance for the enzyme to act

on the substrate and thus may act as a controlling mechanism.

A large protein peak eluted off at a conductivity of 8.5 mmho
on reelution of the starting buffer extracts of the above gradient

elutions may indicate a universal protein which binds to all of the
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LPL enzymes and the appearance of activity pecaks eluted off at
conductivitics corresponding to the first four peaks eluted with

wholc homogenates mey indicate complete dissociation into all nine
pezics can occur from either one of the peaks but the disappearance

of' the pecks eluted at conductivities greatcr than 415 mmho and the
reapperrance of these peaks on reelution of the conductivity 15 mmho
activity peak may imply a limited initial dissociation occurs depending
on the ionic strength of elution of the initial extract. The large
total recovery of 812% indicates = relief of inhibition, probably due
to steric hinderance coaused by bound contaminnting proteins and the
dissocintion of active subunits which when in the form of a complex,
are not as active as when in a dissociated form. The reappearance of
the latter cluted pecks mey be due to the removal of these protein
components which associate with the enzymes causing them to be eluted
earlier from DEAF cellulose. The presence of two high specific activity
peaks eluted at conductivities of 2.5 and 9 mmho and lower specific
activity peaks eluted at conductivities of 18 and 241 mmho again
indicate the presence of different 'subunit' species of the enzyme

which have different specific activities.

Gradient elution of conductivity 13 and 15 mmho extracts also
gave o shift of protein into the starting buffer elutant as occurred
witi: conductivity 18 and 21 mmho extracts on reelution on DEAE cellulose
at pI' 8.4 which suggests a bound protcin which is common to all enzymic
forms. The absence of a peak at conductivity 413 mmho on reelution of
these extracts on DEAE cellulose would suggest that this enzyme may also
be an unstable transition form of enzyme aos occurs with the peak eluted

at o conductivity of 21 mmho.

Dissociation into a peak at conductivity 21 mmho occurred
on reelution of conductivity 15 mmho extracts whereas no dissociation
into this peak occurred on reelution of conductivity 413 mmho extracts
which may imply that limited dissociation occurs depending on the ionic
strength the initial extract was eluted at. However complete
dissociation occurs on reelution of extracts eluted at high ionic strength
and thus equilibrium conditions may favour the formation of the enzymic

peaks eluted at the low ionic strengths. This could be due to the
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dissociating effect of the high salt concenirations and the effect

of pi since elution of conductivity 40 mmho extracts on DEAE cellulose
at a pli of 7.6 gave complete dissociation into all nine peaks. This
could explain thc variations in percentage activity in the peaks of
conductivity 5 mmho extracts when eluted on sephadex G200. The
extracts eluted at a pH of 8.4 activity was divided mainly up into five
peaks of different molecular weight whereas elution of conductivity

5 mmho extracts obtained from DEAE ccllulose =t pH 7.6 showed seven

ma jor peaks. Thus decrensing the pH to below optimum for enzyme
activity (7.6) causes greater association into a ‘peak of moleccular
weight 171,000 daltons which had o lower specific activity than thc
lower molecular weight peaks. This mey explain the higher activity
of the enzyme of pH 8.4 than at 7.6 whereby greater aggregation at

pH 7.6 into higher MW forms causing 2 net inhibition.

Reelution of the starting buffer extracts from conductivity
15 and 13 mmho elutions on DEAE cellulose pH 8.4 gave a large protein
peak at a conductivity of 8.5 mmho as wos observed on reelution of
conductivity 18 and 21 mmho starting buffer extracts, indicating a
common protein component may be bound to all of the enzymic types
and agein dissociation beyond a peek at conductivity 15 mmho did not
occur, implying bound proteins may effect eclution characteristics and only

a limited initial dissociation occurs.

A preferencce for association into a peak of conductivity
5 mmho on elution of starting buffer extracts from elution of
conductivity 13 and 15 mmho extracts compared with a more even
distribution of activity into peaks of conductivity 2, 7, 11 and
14 mmho on elution of starting buffer extracts from elution of
conductivity 18 and 21 mmho extracts, may imply that the relative
proportions of different enzymic forms depends on the ionic strength

at which the original extract was eluted at.

The presence of 6 different molecular weight species of
lipase ranging in MW from 270,000 to 3,000 daltons may imply the
enzyme can exist as 6 different MW species, probably due to

aggregation of subunits which may be of different MW.
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The absence of a low MW component of ¢$,000 daltons and the
appearancs of a component of MW approximately 15,000 daltons on
¢lution of conductivity 2 mmho extracts compared with the elution of
conductivity 5 mmho extracts on sephzdex G200, may imply that these
arc non specific lipeses which associate with the lipoprotein lipasec
complexes.  The 5 higher MW forms all had MWs corresponding to thosec
of the conductivity 5 mmho extracts indicating common specics in the

two extracts.

Gradient elution of the 105,000g supernatant mammery gland
extract on DEAE cellulose in 0,005 KH2P04 buf'fer pi 7.6 gave a similar
elution as at pH 8.4 and thus decreasing the pH of elution had no
effect on the ionic strength at which the peaks werc eluted but
incrcased the binding capacity of the DEAE cellulose.

Gradient elution on DEAE cellulose pH 7.6 of the various
mammaxry gland extracts obtained from stepwise elution on DEAE cellulose
gave distinct elution patterns depcending on what conductivity the
original extract was eluted at with a predominance of a peak sluted at
conductivity 5 mmho, indicating 2 form probably of high stability and

equilioria conditions favouring the formation of this enzymic form.

The limited degree of dissociation only as far as a peak
eluted 2t conductivity 10 mmho on elution of conductivity 2 mmho extracts
also complies with the elution of conductivity 5 mmho extracts eluted
at pH 8.). where on initial dissociation only occurred as far as a peak
eluted at a conductivity of 15 mmho with complete dissociation
occurring on reelution of extracts eluted at high ionic strengths at
pH 7.6 and thus supporting the idea that the degree of dissociation
depends on the ionic strength at which the original extract was
eluted at.

The degree of shift of activity into a peak eluted at
conductivity 5 mmho appeared to be related to the degree of a shift
of protein into a peak eluted at about 9 mmho for extracts eluted
above 2 mmho. This shift in activity was more marked on reelution of

conductivity 21 mmho extracts where a higher net transfer of protein
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occurrcd to o peak eluted at about 9 nmho and thus the degree of
association into a peak eluted at conductivity 5 mmho is probably
related to the degrece of dissociation of bound protein from the

enzyme compleX.

The veriable percentages of the different MW species present
on e¢lution of the DEAE extracts on sephadex G200 could be due to the
variation in the relative proportions of these different subunit species
being present and the relative affinity of the subunit spzcies for each
other, and thus the elution pattern on scphadex G200 depends on the
point of elution from DEAE cellulose. The different proportions of
enzymic species could also be due to a pH effect whereby decreasing the
pH of elution on DEAE cellulose causes grester association of subunits
2s explained earlier. The large percentage of the peak eluted at a MW
corresponding to 1M ,000 daltons fron conductivity 2 mmho extracts
comparcd with conductivity 5 mmho extracts when eluted from DEAE
cellulose at pH 8.4 could be due to the low ionic strengths at which
the conductivity 2 mmho extracts wcre eluted at (0.023M NaCl) from
DEAE ccllulose comparced with the conductivity 5 mmho extracts which
were initially eluted at a conductivity of 13 to 15 mmho (0.22 -
0.25k MaCl). Thus both pH and NeCl concentration may affect the
dissociation of the enzyme. This greatcr dissociation of conductivity
5 mmho extracts could also be due tc the greater number of elutions
carricd out on DEAE cellulose with this extract compared with the

conductivity 2 mmho extract (3 and 1 respectively).

Separation of the total extract on sephadex G200 gave eight
peaks of activity with each activity peak correlating in MW to those
eluted from sephadex G200 of the DEAE cellulosc extracts. In all
cases peaks occurred at MWs corresponding to 260,000, 470,000,
87,000, 53,000 and 32,000 in the gel filtrations of the activity
fractions eluted on DEAE cellulose, suggesting LPL can exist in all
of these different MW forms or these forms are composed of different
active subunits which are bound to form complexes. Thus the MW
of the enzyme complex would depend on the relative composition of its
subunits. The higher MW enzyme could be due to complex formation

of lower MW forms or subunit structures, i.e. 3 units of Peak IV
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would form Peak II and 3 units of Peak III would form Peak I. Thus
the enzyme may bind to form a trimer of the subunits or Peak II could be
a dimer of Peak III units and Peak I could be an octamer of Peak V
subunits. Thus the enzyme may consist of three different MW forms of
about 87,000, 53,000 and 32,000 daltons end these may bind in only
specific ways to form an enzyme of particular MW and form. By their
specif'ic orientation they can only form specific conformations.

There mey be several enzymes of approximately the same MW but composed
of different subunits and they would have different substrate
specificities depending on the relative composition of its subunit
structure. The varying percentages of each MW form eluted on
sephadex G200 of the elution peaks from DEAE cellulose could support
this thcory duc to dissociation of the subunits to varying degrees to
form the different MW forms which are separated on DEAE cellulose.
Elution on DEAE cellulose suggests @also the binding of non active
protein subunits to the enzyme causing different chemical properties
such as strength of binding to DEAE cellulose and this may account for
the different MW units on sephadex G200. The presence of the five
different MV forms on sephadex G200 of the enzyme from all of the DEAE
cellulosc activity peaks suggests that the enzyme is in a constant state
of flux between the different forms and can exist in any one form in
any one time, or the enzyme can dissociate or reassociate to give both
& change in MW and a change in elution pattern on DEAE cellulose.

Thus any one of the forms on DEAE cellulose can exist in all the five
forms eluted from sephadex G200. The absence of forms of MW 20,000,
14,000 and 8,000 in all of the elutions could suggest that these are

non specific lipases which are in association with the LPL complex.

The differences in elution patterns and the percentages in
each peak on sephadex G200 of the DEAE cellulose eluted fractions
would suggest a preference of some forms to dissociate or associate
to form a particular MW form of enzyme or could be due to the fact
that the enzyme is composed largely of particular forms of subunits.
The ability of the enzyme to change to any one of the other forms on
DEAE cellulose suggests that they have similar subunits, but it is

the relative composition of the subunits composing that particular
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enzyme which determine its characteristics. The variation in
recoveries on elution on sephadex G200 (79 - 128%) could imply the
enzymes' different molecular forms have different activities depending
on the subunits involved in the formation of that particular form

of cnayue. Ixtracts of conductivity 5 wmmho from both the DEAE
eluticns at pH 8.4 and 7.6 when cluted on sephadex G200 both gave a
1106 recovery of activity indicating that even though both may
dissociate to form different proportions of the different MW forms,
the rcelative net enzyme activity remains the same, and thus it is

the relative proportions of subunits and not the particular manner
in which they associate to form the different enzyme complexes that
determines the net total recovery of activity when the DEAE peaks are
eluted on sephadex G200.

The effect of serum on the particular enzyme extract
depended on its position it was elutcd from DEAE cellulose and serum
gave o large activation of the activity eluted firstly from the column
at low ionic strengths followed by inactivation of extracts eluted at
5 mmho and gradual activetion of the activity eluted thereafter, and
then o rapid inactivation of the extracts cluted at a conductivity of
18 mmho and 21 mmho, followed by activation of the extracts eluted ot
a conductivity of 24 mmho. Thus there may be distinct forms of the
enzyue, some activated and some jnactivated by serum, depending on the
state or composition of the enzyme, i.e. the relative composition of

its subunits or distinct enzymic forms could be involved.

On sephadex G200 serum gave variable activation of the peaks
and activation appeared to increase with decreasing MWs for the
260,000, 186,000, 89,000 and 27,000 MW forms of the enzyme.

This could be due to an activator lipoprotein already bound to the
enzyme and the enzyme thus does not require serum for activation.

Serum had little effect on the very low MW forms of lipase and thus
may be due to a general activation effect of serum as observed by
Shahani and Chandon (1963) for a low MW milk enzyme. The large
inhibition by serum of the lipase peak of MW 52,000 (Peak IV on
sephadex G200) could be due to inhibition by a specific apolipoprotein
such as apolipoprotein ala as observed by Brown and Baginsky (1972) and
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Chung and Scanu (1973) which inhibits bovine milk and rat adipose
tissuec LPL or due to a specific inhibitor present in serum as
postulated by Iverius (1972) for milk LPL or an inhibitor of MW
38,000 isolated by previous work on LPL of mammary gland extracts
(Deane, Dip. Sci. thesis). A good correlation exists betwecen the
effect of serum on the peaks separated by sephadex G200 and those
scparated by DEAE cellulose and thc percentages of the activity peaks
eluted from sephadex G200 of the activity pcaks from DEAE cellulose.

A high percentage of Pcak IV having o MW of approximately
53,000 from sephadex G200, eluted at conductivities of 5 and 15 mmho,
could account for the low serum requirement and inhibition observed
with activities eluted 2t these conductivities. The high percentages
of Peaks V (MW 32,000), III (MW 87,000) and II (M 171,000) on sephelex
G20C which have a high requirement for serur together with a low
percentage of Peak IV (MW 53,000) which is inhibited by serum on
sephadex G200 of' the conductivity 2 nmho extracts, explains the large

net recuirement for serum of the conductivity 2 mmho extracts.

The high percentage of Peak IV (MW 53%,000) which is inhibited
by serum and the lower percentage of Peak V (MW 32,000) which is
activated by serum, explains the net inhibitory effect of serum on
conductivity 5 mmho extracts. This is even more pronounced with
conductivity 15 mmho extracts where a high pcrcentage of Peak IV
(MW 53,000) (2]%) combined with a very low percentage of Peak V
(Mw 32,000) (2.]%) gives a net very small activation by serum. The
large inhibition by conductivity 18 mmho extracts could be due to a
larger proportion of Peak IV (MW 53,000) since both conductivity
15 mmho and 5 mmho extracts are derived from conductivity 18 mmho and
21 mmho extracts on reelution of these extracts on DEAE cellulose,
and therefore must contain a high proportion of Peak IV activity

which is inhibited by serum.

Conductivity 24 mmho extracts gave a low percentage of
Peak IV (MW 53,000) activity combined with a high percentage of
Peak V (MW 32,000) and Peak III (MW 87,000), but a low percentage
of Peak II (MW 171,000) activity, all of which are activated by
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serum to give a net activation effect by serum but not as high as
conductivity 2 mmho extracts due to a lower proportion of Peak V

(M¥ 32,000), and Peak II (MW 4171,000) activities. Thus the rclative
proportion of the different units or subunits separated on sephadex
G200 determines both the serum requirement and the position the enzyme
complexes or subunits are eluted from DEAE cellulose. Thus a high
proportion of Peak IV (MW 53,000) gives inhibition by serum which on
initial elution appears at conductivities 18 - 24 mmho, and on
reelution appears at conductivities of 5 and 25 mmho. The effects

of Peak IV (MW53,000) inhibition by serum can be overcome, depending
on thce amount of the other units or subunits present to make up the
enzyme complex. Thus inhibitions at conductivities of 18 and 21 mmho
are greater than those at 5 mmho due to the presence of serum activating
enzyne subunits at conductivity 5 mmho, and since a greater conversion
of conductivity 18 mmho and 21 mmho to conductivity 5 mmho extracts
othcr than to conductivity 45 mmho extracts, inhibition occurs at
conductivity 5 mmho extracts and only slight a2ctivation (10%) is

observed 2t conductivity 415 mmho extracts.

In 21l cases the high MW form (260,000) comprised a low
percentage (6 - 1Q%) of the total activity, which could be due to
dissociation into the lower molecular weight forms. Its low activation
by serum (19%) could be due to the presence of Peak IV (MW 53,000) subunits
which are inhibited by serum, combined with other subunits which are
activated by serum to give a net low activation effect by serum. Thus
there appears to be distinct enzymes or subunits which can combine to
form an enzyme complex whose characteristics depend on the relative
composition of subunits composing it, i.e. the activity of the enzyme

depends on the relative composition of its subunits.

The inhibition by serum of Peak IV (MW 53,000) lipase from
sephadex G200 could be due to the presence of the lipase of pH
optimum of 9 which also showed inhibition by serum. This inhibition
could be similar to that observed by Iverius et al (1972) for bovine
millk LPL which was overcome by the addition of heparin. Heparin
was not used in the assay mixture since it had no effect on the enzyme

activity of mammary gland LPL as shown in previous studies (Dip. Sci.
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thesis 1972) which was also in agreecment with the findings of

McBride 2and Korn (1964) who also obtained no activation by heparin

of LPL from guinec pig memmary gland homogenates, and Askew et 2l
(1970) who obtzined a variable stimulsation of bovine mammary gland
homogenates ranging from 3 - 25%, depending on the type of extraction.
Thus the inhibition of one of the structurzl forms or subunits of

LPL by serwa which probably could be due to apo LP alz, could explain
these results and thus may act as a2 controlling mechanism whereby if
one of the subunits is inhibited by serum, then the amount of this
enzyme present, cither in free form or composing a complex, would
control the overall LPL activity of the mammary gland and also the
quantity of this inhibitor present in serum could act as a secondary
control mecchanism. The different serum requircment of the peaks
could be due to the alteration of the substrate specificity of the lipase
on dissociation from protein complexes as postulated by Cooper and

Dawney (1971).

The presence of different subunits, some activated by serum
to varying degrees, and one inhibited by scrum, probably due to some
protein factor in the serum whose synthesis may be controlled by hormones
such 2s prolactin, could explain the rapid changes occurring in LPL
activity in mammary tissue a2t post partum and at early lactation as
observed by Hamosh et al (1970) and Scow et al (1972) for rat mammary
gland, and the gradual decrease in milk fat synthesis at the termination
of lactation whereby there is an increasc in the enzyme subunit which
is inhibited by this factor in serum occurring on termination of the
lactation, and a decrease in the synthesis of this subunit enzyme at
the onsct of lactation. Thus the cells themselves may regulate the
level of LPL as proposed by Scow (1964), Rodbell (1966), Rodbell and
Scow (1965) and Porkajae (1967) for adipose tissue LPL. The presence
of subunits which are synthesized and then form a high MW complex,
supports the findings of Garfinkel and Schotz (1973) who observed a
decrease in a low MW LPL which was accompanied by an increase in a
high MW LPL of rat adipose tissue after 360 minutes of refeeding
after an initial starvation period whichk they propose is due to the

conversion of the low MW enzyme into the high MW enzyme.
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The activation occurring on dissociation of the complexes
may explain the results of Wing et al (1966), Wing and Robinson (1968)
and Patten (4970) who observed an incrcase in LPL activity taken from
starved rats in vitro which, according to Cryer ct al (1973), was not
affected by cyclohexamide during the first two hours, and supports the
theory of Cunninghaii and Robinson (1969) who propose that this increase
is due to activation brought about by the conversion of one form of the
enzyrac into another. Thus, after starvation, less synthesis would
occur of the subunits which, after a period, may dissociate and since
therc are less subunits synthesized, less complexing would occur and
thus increcsed activity would take place duc to the smaller number of
less active complexes, and a grecater number of the more active frec

subunit structures being present.

Both 1 .4i1 NaCl and 100pg/ml protamine sulphate completely
inhibited the five highest MW LPLs separated on sephadex G200 which is
in agrcement with the findings of La Rosa et 2l (1972) using rat
adiposc tissue LPL, and Askew et al (1972) using bovine mammary gland
LPL. Thus they are true LPLs. The lower molecular weight lipases
(MW 19,000 - 8,000) were not completely inhibited by 1 .4 NaCl or
100 ug/ml protamine sulphate and inhibition of thesec lower M¥ lipases
by NaCl was proportional to their MV, i.e. thc higher the MW the greater
the inhibition by NaCl. Also incomplete inhibition by protamine
sulphate suggests these lower MW forms are not true LPLs but may be
lipases whose activation by serum may be by stabilizing the enzyme
and riot as a substrate cofactor as is the case with LPL. Lower
concentrations of NaCl were not used to determine the relative
sensitivity of the five higher MW enzymes to NaCl inhibition, but
Garfinkel and Schotz (1972) in agreement with my findings previously
(Dip. Seci. thesis), observed greater sensitivity of the high MW LPLs
to NaCl inhibition than the low MW LPLs, suggesting NaCl acts on the
enzyme by probably dissociating the subunits or dissociating some
bound activator protein and thus may account for the dissociation
occurring on DEAE cellulose. Korn (1955) observed that the &fect
of NaCl was irreversible and Askew et al (1970) observed that at a
constant NaCl concentration and with increasing substrate concentration,
no reversal of inhibition occurred, indicating an effect on the enzyme
itself, most probably affecting protein structure causing some

conformational change.
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The purified LPL was complctely inhibited by 2, 4
dinitrophenol, suggesting sulphydryl groups arc involved in the
catalytic proccss or the binding of 2, 4 dinitrophenol may have
caused souiee structural change to the enzyme or blocked the active

site of the ecnzyme.

N ethylmeleimide which is partially spccific for free SH
groups gave o 75% inhibition, indicating frec SH groups are involved
in the catelytic process as suggested by Chandan and Shahani(1965)
using a purificd low MW milk lipase. The free SH groups could be
involved in the¢ binding of the substrate to the cnzyme. The
varicble inhibitions caused by iodoacetate and 5 5'dithio bis-

(2 Nitro benzoic acid) could be due to the low reactivities of these
compounds to the sulphydryl groups ot the pH used, or due to
inaccessibility to the SH groups. Chandan and Shahani (41965) obtained
complete inhibition by iodoacetate on o low MW milk lipese although with
o higher MW lipase the lower inhibition obscrved could be due to
inaccessibility of the SH groups to b¢ inhibited by iodoacetate. The
greater inhibition caused by N ethylmalcimide (75@ over that observed
by Chandan and Shahani (1965) for o low MW milk lipase suggests a
greater function of the free SH groups in thc activity of the high MW
enzyme . Also certain sulphydryl groups rcact to different degrees
depcnéing upon their location in the 3 dimcnsional structure of the
protecin, neighbouring groups causing steric interference of different
polar or apolar environments, or the sulphydryl group may be involved
in direct interaction with functional groups through hydrogen bonds or
reversible covalent bond formation and thus different sulphydryl

may react to different degrees to the sulphydryl reagents as according

to Vallee and Roirdan (1969).

Striking characteristics of the amino acid composition is
the high half cysteine content, the excess of acidic groups over
basic groups (4.43:1) and the complete lack of methionine residues.
The high cysteine content supports the idea of its function in enzyme
substrate binding whereby a large number of active sites would be

available for substrate binding.
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Milk LPL activity was characterized by its almost complete

binding to Ca gcl which could not be eluted to any large extent

370
by potassium oxalate, sodium citrate, aCl, NaCl in the presence of
dimethyl formamide, sodium carbonate, sodium sulphate, sodium
gluconate or KHZPOA' This is in strong comparison to mammery gland

LPL which was eluted from the Ca3P04 gcl and did not bind to any largec

extent. The strong binding to Co gecl was probably due to the

,313’04
strong binding of the casein bound cnzyme activity to the Ca,P0, gel

3L
by Ca PD[ bonds as postulated to occur by Dawney and Murphy (1970).
I

5

The zero activity eluted when KH2P04 was cluted through the gcl supports

the theory of a CaBPOA binding of the lipase to the gel and thus to

case¢ine

Activity appearing in the Ca3P gel filtrate of the skiimmed

0

o
milk suggests free forms of lipase also exist which are not sssociatcd

with cascin either in micelle form or 2s high MW complexes as suggested
by Dawney and Murphy (1970). Dimethyi formemide increased protein

eluted from the Ca5P gel but decreascd activity suggesting an

0
inhibiting effect of iimethyl formomide on the enzyme. In 211 cases
very littlc protein and a low percentage of the bound activity was
eluted from thc gel and thus was not a good starting method in the
purification of milk LPL. The majority of the activity appeared to

be irreversibly bound to the Ca gel.

5P04
76% of the total lipase activity of skimmed milk was
associated with the casein micelles which is in agreement with the
findings of Dawney and Andrews (1966) who obtained 70% bound to the
casein micelles. Also 3 - 5% appeared to be in a free form which was
not bound to the casein in either the high MW soluble complex form of
MW approximately 200,000 as suggested by Dawney et al (1969),or the
casein nicelles. The remaining 20% wcs probably bound to the high MW

solublc casein complexes as proposed by Dawney and Murphy (1970).

Extraction with NaCl of the free casein gave a large
recovery of enzyme activity in the 105,000g supernatant extract
whereas NaCl had little effect on the extraction of activity from

the 05131301+ bound casein. Thus the enzyme appeared to be bound
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more strongly in the presence of Ca gel and is unaffected by the

30
high ionic strengths which normally arc¢ used to dissociate the lipase
from the casein, thus supporting Dawney and Murphy's theory (1970) of
Ca3P04 involved in the binding of the casein lipase complexes to the
casein micelles. CajPOA probably acts by complexing the casein
micelles together and thus prevents NaCl from decreasing the electro-
static interaction with the negatively charged casein micelles causing

the release of the lipase, as suggested by Haynes and Dawney (1973).

The activation resulting from the release of the lipase when
extracted from thc casein micelles by NaCl could be due to the
inhibitory effcct of As and B casein components as observed by
Shahani and Chandan (1963), and thus an incrensed activity is observed

on rclesse of the lipase from the casein.

Activity peaks with pH optima of 6, 7, 7.5, 8.25 and ¢ are
in agreement with the findings of Schwartz et al (1956), Harper et al
(1956) and Frankel and Tarassuk (1956) for bovine skimmed milk lipasc.
The differences in activity in the presence of serum compared with the
absence of serum at the various pH values could be due to different
lipases or LPLs with similar pH optima as suggested by Schwartz et al
(1956). In comparison of the pH optima profile with that of mammary
gland extracts, no enzyme with a pH optimun of 7 appeared in mammary
gland extracts, whercas an enzyme or enzymes with a pH optimum of 7

appeared in NaCl extracts of skimmed milk.

The appearance of an enzyme or enzymes of pH optimum 7 in
milk but not in mammary gland extracts suggests this enzyme is secreted
only into the mammary milk ducts and is not present on the epithelial
cell surface, or could be due to a structural change occurring on
secretion of one of the other forms of enzyme present in mammary gland
extracts, and thus causing a change in its pH optimum, and thus the
enzyme appears only in milk and was not detectable in the mammary
gland extracts, or it could be due to the effect of binding of one of
the enzymic forms in the mammary gland extract to casein causing a

change in its pH optimum.
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Both mammary gland extracts and NaCl extrects of skimmed milk
showed the presence of a lipase or lipases of pH optimum 7.5 with
serur. having little or no effect on activity at this pH optimum in
both cases. This could probably bc duc to the presence of milk in
the rammary glond extracts. The absence of an enzyme peak in the
absence of serum with a pH optimum of 8.5 for nammary gland extrects
and thc presence of an activity peak with this pH optimws in the
absence of scrum for milk, could be due to a diffcerent enzyme being
present in milk which shows activity in both the presence or absence
of’ serum. Thus this enzyme in the maumery gland may be secreted into
the blood and is not present in milk, or it could be secreted into the
milk whereby a structural change may taoke place such 2s the addition of
& cofactor protein, and thus the¢ enzyme in milk does not reguire serun
for its ~ctivity but the memmary gland enzyme rcquires the presence of
this cofactor protein which is present in serum, i.e. a change in its
specific requirement for serum mey take place or it could be due to an

entirely different enzyme.

Bothextracts showed pH optima at 7.5, 8.25, 9 and 11 .5 in the
absence of serun. The presence of enzymes with similar pH optima in
both milk and mammary gland extracts suggests that the enzyme remains
essentially unchanged when secretecd into the milk, whereas the presence
of new pH optima suggests a change in conformation of the enzyme on
secretion into the milk and thus & change in chemical and physical
properties which could be due to binding to casein micelles. Thus
the appearance of new enzyme peaks with pH optima of 7, 9.75, 10, 10.5
and 10.25.

The disappearance of lipases of pH optima 9.5 and 10.25
in NaCl extracts of milk compared to mammary gland extracts also could
be due to a structural change in the lipase as it is secreted into the
manmary duct, thus changing its pH optimum, or could be due to these
enzymes being only present in mammary gland extracts and are not

secreted into the milk.

The differences in the serum requirement for the lipase

peaks of pH optima 8.25, 9, 11 and 11 .5 between the two extracts could
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also be due to a transformation occurring on secretion from the
mamnary gland, or could be due to entirely different enzymes, one
recuiring serum and the other not requiring serum which are present
in variable amounts in the milk and mammery tissue, thus suggesting

selective secretion of lipases into the milic.

On DEAE cellulose gradient elution of the NaCl extracts of
the casein precipitate gave activity peaks cluted off at similar
ionic strengths as those of the mammary gland extracts suggesting
similarities in the two lipase systems. Protein was cluted off
mainly in two major peaks, onc¢ at an ionic strength of 0.16M
corresponding to B casein, and anothef eluted at 0.25M NaCl
corruvsponding to AS casein. Lipase activity was cluted off at ionic
strengths corresponding to the elution of B, K and AS cascins although
most activity was cluted off at a position corresponding to K casein
and overlapping into thc As casein component 2s observed also by

Fox ct al (1967) and Yaguchi ct al (1964).

The NaCl extraction of the casein appeared to have & similar
effect as direthyl formamide as used by Fox et a2l (1967). A 300%
recovery of activity on elution on DEAE cellulose of the NaCl extracts
of thc casein precipitate is in partial agreement with the 150 - 180%
recovery of activity Gaffney et al (1966) obtained on elution of a
water extract of rennet casein on DEAE cellulose, probably due to

separation from the inhibitory effects of AS and B casein.

Elution of the major activity peak from DEAE cellulose on
sephadex G200 gave a large activity peak at the void volume which could
be due to lipases still bound to the soluble casein complex. Five
latter peaks suggest free forms of lipases which have dissociated from
the casein. Peaks of MWs corresponding to 82,000, 48,000, 28,000,
12,000 and 8,000 daltons have similar MWs to Peaks III (87,000), IV
(53,000), V (32,000), VII (14,000) and VIII (8,000) of the mammary
gland extracts, suggesting that these may be the same enzymes present
in both mammary gland extracts and milk. The low recovery of
activity (55%) could be due to inhibition caused by the B and.As casein

of the activity eluted near the void volune and is in agreement with
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the findings of Dawney and Murphy (1970) who obtained = 25% recovery
of nctivity on elution of purified pig pancreatic lipase with skimmed
milk with over 90% of the activity cluted at the void volume,
suggesting complexing of the lipase to the casein which is accompanied

by inhibition.

On ¢lution of the Ca5P04 gcl supernatant extracts of skimmed
milk on sephndex G200, thirtecn peaks of activity appeared, suggesting
all of these forms can exist in 2 free unbound form and are distinct
enzymes in themsclves and not 2 single low MW cnzyme complexed to K
cnsein s suggested by Dawney nnd indrews (41965) since if they werc
casein bound they would bind strongly to the CajPO4 gel. These iipascs

however can bind to casein forming complexes.

The presence of forms of enzymes with different MWs than those
of the¢ mammary gland extracts of MWs corresponding to 148,000,
120,000, 7,000, 41,000 and 11,000 daltons could be due to 2
structural change occurring when the enzyme is secreted into the milk
entcbling new complexes to be formed by associction or dissociztion of
active subunits. The forms with MW corresponding to 240,000 - 270,000,
89,000, 57,000, 3,000, 22,000, 15,000 znd $,000 which appear in
both mammary glend extracts and CD.BPOLF supernatant extracts of skimmed
nilk suggests these forms are secreted into the milk in an essentially
unchanged form, or could be due to the presence of milk extracts in the
mammery gland extract. The form of MW corresponding to 471,000 daltons
was present only in mammary gland extracts, suggesting that this enzyme
is not secreted into the milk and perhaps is sccreted in this form only
into the blood, or is retained within the mammary cell, or it could
unidergo modification in structure by the addition or removal of
subunits or bound protein before it is secreted into the milk, and
thus forming one or several of the new enzyme types which are present

only in milk.

Sephadex G200 gel filtration of the NaCl extract of the
casein precipitate gave most of the activity eluted in three peaks;

one corresponding to an MW of 360,000 which was probably due to
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casein bound enzyme activity, or high MW enzyme as eluted from
mannary gland extracts, and two pealks eluted ot MWs corresponding

to 150,000 - 85,000 which is in partial cgreement with the findings

of Hoynes and Dawney (1973) who observed thc dominant species of the
NaCl extrcets of the cascin precipitates was in the range 60,000 -
120,000 daltons.  Activity was nlso distributed into all of the other

penks of IWs mentioned previously.

The appearance of a low MW lipase of 8,000 daltons is in
agrecment with the findings of Chandon and Shahani (1963) and Richter
and Rendolph (1971 ) who also observed o low MW lipase of MW 7,000 -
8,500 daltons. This enzyrie apperrs to bec in both the memmnry gland
and milk lipase systems. £1so a lipase of MY $,000 is in agreement
with the findings of Gaffney et 2l (1963) who obtcined two lipase
peaks of MW less than 410,000 daltons from: bovine milk. Dawney and
Andrews (1965, 1969) observed lipase pcaks of MW corresponding to
150,000 - 180,000, 142,000, 75,000, 62,000, 35,000 - 40,000 znd
a very low M7 lipase from NaCl extrncts of bovine milk cnscin which
may correspond to lipases of MWs of approximately 448,000, 420,000,
71,000, 57,000, 41,000 and 8,000 daltons separated on sephadex G200
of the NnCl extracts of the NaCl extracts of thc casein precipitate.
The lipase of MW 210,000 purified by Fox and Tarassuk (1968) from
bovine milk could correspond to the lipase obtained of an MW of
24,0,000 daltons.

On elution of the activity peaks of MW 85,000 - 150,000 of the
NaCl extracts of the casein precipitate obteained from sephadex G200
on DEAE cellulose, six activity peaks appeared. The majority of the
activity was eluted in two peaks between 0.13 and 0.25M NaCl with no
distinct protein peaks eluted between these points. Thus this
indicates that the lipase activity was free of casein and thus is
eluted at this point whether bound or free from the casein. The large
protein peak eluted corresponded to a position where B casein is
normally eluted at 0.11M NaCl which is in agreement with the findings
of Fox gt al (1967) who observed that B casein is eluted after the K
casein on sephadex G200. Thus complete dissociation from the K

casein (eluted at about 0.2M NaCl) occurs on NaCl extraction. The
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greater than 100% recovery of activity on elution of the NaCl
supcrnatant extracts of the casein precipitate on both sephadex G200
and DEAE cellulose supports the idea of Shahani and Chandah (1963)
that binding to casein inhibits the enzyme probably by causing steric

hinderance.

Thus both changes may occur to the lipase enzyme itself on
searetion from the cell into the milk duct and differential secretion
of lipnses may occur, probably due to the different lipases or LPLs
being synthesized in different parts of thc cell such as the rough
endoplrsmic reticulum producing only sccretory lipases, and the smooth
endoplasmic reticulur producing lipases which are retained within the
cell, Also different types of lipases in the mammary gland and milk
extrocts could be due to the different types of lipases or LPLs being
synthesized in different cell types. The endothelicl cells producing
the LPL which is sccreted into the blood and the mammocyte cells
producing LPLs and lipases which are sccreted into the milk. Thus a
comprehensive study of the lipase and LPL systems of the mammary gland,
blood and milk would give o good insight into the secretory functions
of both different cell types ~and different cell organelles of the

mammary gland.
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CHAPTER V

CONCLUSION

LPL in memmery gland extracts exists as five different
molecular weight forms of MW approw.imately 260,000, 171,000, 87,000,
53,000 and 32,000 daltons, cach having a different serum rcquirement
which was related to their MW with the species of MW 52,000 daltons
being inhibited by serum, and thcse five different molecular weight
forms are in n constant state of flux, probably due to the three lower
M¥/ forms being the basic subunits and these can associate or dissociate
to form nine different forms on elution from DEAE cellulose, each of
which can associcte or dissociate to form the various forms on reelution
on DEAE cellulose, the degree of dissociation and relative proportions
of the different species formed depending on the ionic strength at which
the original extract was eluted ot on DEAE cellulose. Also the serum
requirements of the pecks eluted from DEAE cellulose depended on the
relative proportions of the five MW forms present and on dissociction
activation takes place either by dissocintion of subunits which when
bound together as a complex are less active than the net activity of
the separate active subunits, or by dissociation of some bound

contaminating protein.

Three other lipase forms of Mws 20,000, 14,000 and 8,000
daltons were also present in the mammary glond extracts and these may
nlso bind to the LPL complexes. LPL of the mammary gland extracts
exhibited a pl optimum of 8.5, was depencent on serum for maximum
activity, required a specific ratio serum to TG of 1:1, was more active
against tallow than olive oil substrates, was inhibited by protamine
sulphate and NaCl, was present mainly in the insoluble fractions of
mammary gland homogenates, and was inhibited by a substance in
3P04 gel. The
purified enzymic form of MW 87,000 was inhibited by SH reagents, showed

mammary gland extracts which bound to TG and Ca

an excess amino acid acidic to basic ratio, and had 2 high cysteine
content with free SH groups being involved in the activity of the

enzyme probably involved in subunit and substrate binding.
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Purification was best obtained by binding to sodium dextran

sulphate after preclution of the oxtracts through Ce gel and

i o),
precipitation by divalent cations to give the three high MW spccies.
Purificotion by binding to TG is liwmited by the low binding of the
enzyme to the TG,and purification by binding to viscose sulphate is
impaired by the low recoveries of activity obtained due to the high

salt concentrations required to elute the enzyme and the lack of
specificity of LPL binding by the viscose sulphnte. Clarified extracts

are best obtzined by elution through Ce PO} gel or silica gel for large

3
scole preparations to remove both lipoproteins and high MW sedimentable
suspended particles znd ultracentrifugation is only of limited use due

to the lorge volumes of enzyme extract obtained.

Milk LPL was characterized by being largely associated with the
casein in both micelle and soluble casein complexes which could be
extracted from the casein by NaCl when the cesein was in the free form,
but not when bound to CajPOA’ thus the involvement of C:\SPOAF in casein
lipase complexes. NaCl extracts of the casein precipitate gave o similar
elution pattern of activity on DEAE cellulose as with mammary gland
extracts, showed some differences in the pH profile, and showed new MW
lipase species corresponding to MWs of 448,000, 120,000, A ,000, 41,000,
11,000 and 9,000 daltons with the absence of the LPL species of M/
171,000 present only in memmary gland extracts and a2ll the lipase
species present existed as frec lipases and not as a single lipase or

lipascs complexed to casein.
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