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1. 

Chapter 1 

INTRODUCTION 

1t1 The Role and Occurrence of Lipo�rotein Lipase 

Lipoprotein l ipase is the enzync involved in the hydrolysis 

of blood lipoprotein TG to yield F.B'As and glycerol; the FFAs are taken up by 

the tissue organ to be esterified into nen TG or JJ.etabolized and the 

glycerol released into the blood stream to be metabolized by the liver .  

The enzyme requires the presence of apolipoproteins surrounding the TG 

core fer activation of the enzyne and these  remain in the blood stream 

ctftor hydrolysis of the TG to give a lipoprotein complex of higher 

density. 

Lipoprotein lipase has boon iotected in chicken adipose 

tissue and rat adipose tissue byKorn and Quigley(1955) (1957), 

Angervall ( 1960) 1 mar;unary tissue of guinc::1 pigs by McBrido and Korn 

(1963)1 r::J.bbits by Fiddler and Falconer (1968)1 goo.ts by West et §:1. 

( 1967) and bovine l"!laELTTJary gland by Askew, Er.1ery ::1nd Thomrw ( 1970) 1 post 

heparin plasna of rats by Fielding (1969) and bovine milk by Korn 

( 1962). It is released into the circulating blood after injection 

of heparin as sho\vn by Heald et al (1965), 

In cow TG of chylomi cra and LDL (d less than 1.019) circulating 

in the blood are t aken up by the mammary gland as shown by Emery � al 

( 1965), Glassock et al (1966) and Welch et §1 ( 1968). The main 

source 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� al ( 1965) ,  Glassock et al ( 1966) Welch et .§:1 ( 1968) and 

Huber et §:1. ( 1969). 

1:2 Lipoprotein lipase and fatty acid uptake 

Barry et .§:1 (1963) using arteriovenous studies across the 

ma.mmary 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 I. 005 · ·  I. 019 with no significant arteriovenous diff erences in 
FFAs of plasn-'1 or in FAs of LDL of density 1.019 - 1.063 or IIDL 
indicating most of the r:1ilk fat TG arc derived from VLDL or 

chylomicrons of serun. The FAs token up fro:1 VLDL and chylonicrons 
are mainly palr:li tic and stearic acids ( 9ofo) with J:Joclerate mil.ounts of 
oleic and linoleic acids. They conclude that TG of chylor:J.icra and Vl,DL 
are the rain so' .. uce of FAs of r.lilk fat 'rG and possibly glycerol 
ind icating the inportancc of LDL in tho Elar.n:tn.rJ gland. Annison et al 

( 1967) found that milk FAs of chain length C4 --· C14 arise Jargely fror.: 

blood ac2t�te �nd palmitate is d8ri7cd partly froo acetat e and partly 
fron plasLla TG1 the latter beL"lt.� a uajor source of oleate and stearate. 
Glassocl\: et nl ( ·1966) estir.t.:'l.ted bJ· tritiLJ.r:1 labelled TG of olive oil 
that 35 - 48'7� cf the Ii1ilk fat by ueight vras derived froTI B l ipoprotein 
TG. Lascolles et .al ( 1964) obtainml si::.1ilar high incorporation of 
chylowicron TG into r.rilk fat, 

West et. al ( 197 2) using chylonicron TG emulsions labelled 
with H3 ::md C l4 TG and passing those through the r:ta!Ilii'lary £l.rterial vein 
of lactatircG go:.--.,t showed that both clycorol and FFAs vrero rc;leased 
during TG Ul)tak;:; by ;:J.a::lnary tissue: <:..nJ changes ir" the H

3 jc l4 ratio 
during tr�nsfer of the TG frou blood into nilk indicated that at least 
8Cf/o of the TG uas hydrolysed durinG UIJtake with a greater loss of C l4 
glycerol than H3 palmitic acid during synthesis of milk fat froli1 

labelled chylomicron TG. 

Using perfused rat adipose tissue1 Rodbell and Scow (1965) 

observed that half of the TG in chylomicrons taken up by the adipose 

tissue was hydrolysed and the FAs re-esterified whereas the other half 

was retained intact in the tissue and a continual release of c1 4 

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 c1 4 

palrrlityl H3 
glycerol TG chylomicrons through rat adipose tissue the 

FA content of the perfusate decreased 9o% whereas glycerol content 

only decreased 5o%. Analysis of adipose tissue lipid extracts after 
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perfusion gave 9% of the TG as unhydrolysed and 91% appeared as nev1 

TG in the distal portion of the adipose tissue whereas in the proximal 

portion, 5550 was unhydrolysed and 45�� appeared as new TG. Jones and 

Ravel ( 1967 ) by in vivo studies shoHed that most of the TG taken up by 

the adipose tissue vms hydrolysed to FFA and glycerol. 

By observing the molar ratios of glycerol to FFA at various 

times after i��usion of radi oactive labelled chylomicron TG into rat 

adipose tissue in vitro, Scow et al (1972)  recorded a decrease in the 

ratio of glycerol to FFA after 1. 5 lilinutes ond assuming a time of 

1 minute for l'erfusion they sug.:;cst blood T G  is hydrolysed firstly to 

partial glycerides and FFAs rri th the immediate release of FFAs to the 

blood followed by complete hydrolysis to FFA and glycerol 30 seconds 

later accompanied by the release of glycerol into the blood stream. 
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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 a ction of LPL acting at a site close to the blood capillary wall. 

(Robinson (1963) and Schoefl and French (1967)). Chylomicra have been 
sho\'m to become fused to the endothelium wall vrhere flaps may enclose 

them and they may eventually be enclosed within vacuoles inside the 

cytoplasm as demonstrated by Lascelles et al ( 1964). When the lipid 

particles become closely associated with the endothelial cell surface? 

a clear t,"tlp is seen betneen the particles and the endothelial cell 

surface. The enzyme has been shovm to be absorbed on to the chylomicra 

and the particles of lipid emulsions in vitro by Korn ru1d Quigley ( 1957) 

P.illd Robinson, J effrios and Poole ( 1955). Schoefl. and French ( 1967 ) 

postulate that this absorption raight be 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 with this pattern. 

Measurements of LPL in mammary venous blood of goats are indicative 

of its release coincident with the uptake of TGFAs of chylomicra and 
LDL as blood passed through the mammary gland as observed by Barry et al 

(1 963 ) and Lascelles £1 � ( 1 964) . 

Scow ,U � ( 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 ,U� ( 1 972) 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 Pb
2+ treatment to detect FFAs, Scow et al ( 1 972) --

Observed FFAs ru1d glycerides located in vesicles or surrounding 

invaginations of the capillary wall indicating that TG was 
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hydrolysed within the capillary endothelium and beh;een the 

endothelium and pericyte. Thei r findings indicated that glycerides 

cross the endothelial space in a 1nemb:mno bound system. 

They propose a system in vrhich chylomicrons become attached 

to or are envelol)ed by the endothelial cell. The hydrolysi s of the 

chylomicron TG is accompanied by the iffilllediate release of FFA into the 

blood stream. The DG is then taken within the cell in a vr .. wuole 

microvesicle. Hydrolysis of the DG occurs in transition across the 

endothelium with the l<'FA taken up by the fat cell and the final 

hydrolysis of the MG takes place in the subendothelial space with the 

release of glycerol into the blood stream &"d the FFA taken up by the 

fat cell. 

1•4 Marmry Gland levels of LPL 

1larry et al ( 1963) toB'ether vrith McBride and Korn (1964) 

observed that uptake of blood TG by me, 1lL'1ary tissue occurs only during 

lu.ctation nheroa.s uptake by udipos o ti::::sue occurs when the animal is 

in a positive energy balance e1s observed b:i 13r<:-cgclon and Garden ( 1958) 

together with llavel et al ( 1962). Since TG uptake is dependent on 

LPL activity Robinson � Ql (1970) and Bezr�n � al ( 1962) propose 

that the level of activity in each tissue affects its capacity to 

remove TG from the blood, Scow� & ( 1964) and Otvmy and Robinson 

(1968) observed that a marked hypertriglycermidemic develops in the 

rat during the last part of pregnancy and di ssappears at parturition . 

The enzyme activities in heart diaphragm, muscle and lung were 

unaffected by pregnancy whereas the activity in adipose tissue 

decreased during the last two days of pregnancy and remained low for 

three days post partum. 

Shirely Jit & ( 1971) recorded a 94X increase in bovine 

mamm,..,ry gland LPL from 0�0008 �mole FFA released/min/mg to 0.078 

!l.mole FFA released/min/mg v1hile adipose tissue LPL decreased from 

0.02 �mole FFA released/min/rog to 0.013 �mole FFA released/�mg with 



the onset of lactation. Glyceride synthesis increased SA in mammary 

tissue and decreased 6X in tho adipose tissue with the onset of 

lactation. 

Scow £i � (1972) studied the effect of pregnancy on rat 

mammary gland and adipose tissue level s of LPL. Adipose tissue LPL 

increased during the first 19 days of pregnancy decreased s everal days 

before parturition and remained lon during lactation whereas mammary 

gland LPL ;;ras l0\7 during tho first 20 days of pregnancy increased 

several days before parturition� decreased sharply at parturition and 

increased again irru:1ediately post partum and reiDc'l.ined high during lactation. 

Plasna TG concentrations increased froru 0.9 to 3.3mivl between t he 12th 

and 1Oth days of pregnancy 1 decrea s ed 5CYfo during the next two days 1 

increased at parturition n.nd fell rapidly post partum. These chm1.ges 

were also observed by Haraosh et al (1970). 

Otway and Robinson ( 1968) suggest that the increased lipase 

activity in the l7lammary tissue 2.t t he end of prGgmmcy might account for 

the dis appoara."lco of hyperlipomia VTbich is caused by a decre::Lsed uptake 

of TGFAs by adipose tissue duo to CL docreas e in LPL of �liposo tissue. 

Both McBride and Korn (1964 ) and Ihmosh et al (1970) observed a marked 

decrease in mammary gland LPL if either g,uinea pigs or rats respectively 

were not suckled. Non-suclding for 9 hours in rats decreased mammary 

gland LPL by 70/o and increased the pl8.SI!1.'1. TG concentration by 3X to 3rnM. 

Non-suckling for a further 9 hours coDpletely inhibited mamma.ry LPL and 

increased adipose tissue LPL b y  55% of the level of non lactating rats . 
Hamosh et §1. ( 1 970) 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 t he mammary gland by 

suppressing LPL activity in adipose tissue and stimulating mammary gland 

LPL. 
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1 :5 Metabolic and Hormonal Control of lipoprotein lipase 

The changes in adipose tissue LPL has boon shov�n to be 

associated with changes in glucose metabolism and insulin secretion in 

re.ts by Robinson (1965). Robinson ( 1965) has proposed that LPL is part 

of a regulatory system controlling energy netabolism in the rat since 

its activity is highest during deposition of l'As in adipose tissue after 

f eeding. Adipose tissue LPL has been shovm by Teppennan and Tepperman 

( 1 970) to be increased by insulin and inhibited by catecholamines and 

cyclic 3'5' adenosine monophosphate. FFAs also had an inhibitary effect 

on LPL and glucose metabolites had a Rtimulatory effect with insulin 

and glucose having a co-ordinate response. Insulin may act by causing 

a decrease in cyclic AMP concentration. 

Reichl (1972) using rats adapted to a rhytbnuc feeding 

pattern and rats not adapted found that after starvation ( low adipose 

tissue, LPL, low blood glucose and insulin cmd high concentrations of 

unesterifie d FAs) only feedinc in the unadaptod rats re sul tod in an 

increase in insulin and glucose whereas with tho adapted rats there vms 

an increase in LPL activity Hith no corresponding increase in insulin 

or gluconc at the period they ·irould norrnlly bo fed if the rats were 

deprived of food at that period indicating sone other influence over 

the control of LPL activity in the rat epidyr:ul fat pad. Wing et al 

( 1 966) and Nestel and Austin (1968) have reported that adrenalin 

noradrenalin, adrenacorticotrophin, glucagon and thyroid stimulatjng 

hormone all inhibit an increase in enzyme activity. Activity in 

adipose tissue was decreased by fasting and insulin lack and restored 

to normal by refecding and insulin administration. Hamosh £I al 

( 1970) together with Otway and Robinson (1968) have shovm that LPL 

activity in adipose tissue is suppresse d by factors probably the 

hormones that stimulate milk fo�tion. This suppression of LPL 

activity occurs even though food intake 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 shovm by McBride and Kom 

(1963) . Non suckling caused suppression of enzyme activities in duct 

ligated glands with normal activity in other glands indicating 

the effect of ligation is independent of circulatin g  hormones. 
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Hamosh et al (1970) suggest that the lowering of enzyme activities 

in mammary tissue when suckling is stopped is caused firstly by local 

engorgement and then by reduced secretion of hormones needed for milk 

formation9 e.g. prolactin, glucocorticoid. 

Hamosh et al (1970) suggest that the decrease in activity of 

LPL in mammary gland immediately after parturition iaay result from an 

accumulation of :nilk in the gland before suckling has been initiated. 

It is thought that in the parenchymal cells of thQ adipose tissue the 

fat cell produces and rer,ulates the level of LPL activity. This view 

is supported by Scow et al (1964), Rodbell (1964)9 Rodbell and Scow 

(1965) and B:>rkajae et al (1967). This may also apply for mammary 

tissue allowing local control of LPL activity by hormones. Fiddler and 

:Falconer ( 1968) have shovm that prolactin released from the pituit2..ry 

upon parturition and suckling stimulates LPL activity in pseudo 

pregnant rabbit iaall�ry tissue. 

Falconer and Fiddler (1970) reported that prolactin injection 

gave an increase in LPL in pseudo preQl.ant rabbits vri thin 24 hours which 

was prevented by injection of actinomycin D ( oven if given up to 48 hours 

after prolactin injection ) and cyclohoxrunido which gavo a shorter 

duration of effect than actinomycin D. They conclude that the prolactin 

induced increase in LPL in mammary tissue requires the continued 

production of a short lived messenger B}ffi and that the enzyme is 
rapidly inactivated in the tissue once its synthesis is blocked by 

cyclohexamide. Wing and Robinson (1968) reported that actinomycin9 

glucose, insulin and heparin are required for a prolonged increase in 
LPL activity over 9 hours whereas with no actinomycin increase or�y 

occurs over 3 hours and to a lesser extent from sta rved �dt adipose 

tissue extracts. With the omission of glucose, heparin and insulin 

and the addition of pyruvate, an increase 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 medium. 

Puramycin, catecholamines and corticotrophin inhibited the increase in 

enzyme activity caused by actinomycin. Puramycin addition indicated the 

enzyme had at 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 foros 1 a stable and an unstable form and changes in 

the relative proportions of active and inactive (stable) foros of the 

enzyme in adipose tissue explain the increase in enzyoe 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 due to the conversion of the 

inactive into the active form in the absence of stablizing factors such 

as heparin. Eagle and Robinson (1964) propose that the activating 

effect of o.ctinonycin D might be duo to inhibition of synthesis of an 

inhibiting factor as actinomycin D could act by preventing the fornation 

of a more unstable enzyr.�o 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 enzyrae due to no 

competition from the unstable form for tho common factor. 

Wing and Robinson (1968) observed thet the rise in adipose 

tissue LPL from starved rats is affected by dibutyryl cyclic �W if the 

glucose concentration is 1. 3og/ml or lass but has no effect if the glucose 

concentration is 2.4 mg/ml or above unless caffeine (1m11) -(inhibits 

cyclic AMP phosphodiesterase) is also present and 5mM caffeine alone 

can inhibit the rise in a 2.4mg/m1 glucose solution. A rise in adipose 

tissue LPL is associated with a fall in adipose tissue FFA in vitro. 

In the presence of cyclic A1� this decrease in FFA is prevented. Wing 

and Robinson (1968) suggest that the concentration of cyclic AMP in 

adipose tissue may regulate LPL and this regulation may occur through 

the effects of cyclic AMP on tissue FFA concentrations. 

After injecting glucose or insulin intravenously into 

lactating cows, Rao 2,i & ( 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 stimulated 

formation or activation and release of LPL from explants of rat or 

bovine mammary tissue incubated for 4 h ours in the presence of insulin. 

Prolactin had little or no effect on adipose tissue LPL in the absence 

of insulin. 

Shirely et al (1971) reported that glyceride synthesis and --
LPL in adipose tissue was inversely proportional to the milk fat 

content of rtilk in response to dietary changes or initiation of 

lactation. 

de Fury and Collins (1972) using one lot of rats fed a die t 

deficient in essential FAs and another lot on a normal diet observed 

that FA deficient fed rats had a lower level of VLDL protein, shov:ed a 
higher level of LFL in their post heparin plasm an d there was a lower 

km value for tho VLDL proteins, as substrate for post heparin plasnE 

LPL than with rats with a nonnl diet of FAs indicating an increased 

affinity of the LPL for the VLDL from FA deficient rats. 

Fielding (1970) observed inhibition of human post heparin 

plasma LPL by LDL and VLDLo Chylor:U.crons and HDL give no inhibition and 

give greater rates of activity than VLDL o.nd LDL. Thus the level and 

composition of the lipoproteins may act as a controlling mechanisr,1 for 

LPL. 

Metz £i � (1973) using biopsy samples of subcutaneous tissue 

of lactating cows observed a reciprocal relationship between the rate of 

lipolysis and molar ratio of FFA t o  al bumin in the medium. 

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 release and resulted in an 

acCUIIUlation of FFA in the adipose tissue. After parturition plasma 

FFA increases to 0. 7 - 1.0 mM corresponding to a FFA/albumin ratio of 

1.5 - 2.0.S:lnce these v8.lues are in the range where inhibition of 

lipolysis in vitro is observed, Metz �� (1973) propose that this 
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FFA accumulation is the cont rolling mechanism for the rapid changes 

observed in ��uary gland LPL levels at post parturition and at the 

onset of lactation . 

Increases in LPL activity in adipose tissue taken from 

starved rats in vitro have been shovm t o  be inhibit ed in the presence 

of an inhibitor of protein synt hesis such as purar:J.ycin by Wing _et al 

( 1966 )  � Wing and Robinson ( 1968) and Fatten ( 1 970) . Cunningham and 

Robinson ( 1969 )  suggest that this increase in enzyno activity is duo t o  

activati on brought about by the conve rsion of one for;;1 of the enzyme 

into another Yihich may be due t o  a decrease in adipose tissue cyclic 

AMP. 

Cryer et_ nl ( 1 973) observed that cyclobexnmide had no effect 

on this increa s e  in total act iv ity du ring the fi rst 2 hours (but 

inhibited incorporation of 1 c1 4 l eucine into total t i s sue protein 

by 90% during thi s  period ) but inhib ited t h i s  increase in adipose 

tissue LPL thereaft er. Cryor et al ( 1 973) sum;est t hat the incre ase 

in LPL takes pln.ce in two s tage s . F i rstly n conversion of one .forn 

of t he enz;yne into another of bigho:r- specif i c  activity and se condly 

a s ynthesi s of more of the precu rs or . Thj_s hypothe s i s  is support ed 

by Robinson and Wing ( 1 970) . Cunningho.,n and Robinson ( 1969) reported 

t hat incubation of intact epidyoal o.,dipose tissue from fed }�ats at 

37
°

C in vitro caused a rapid loss  in adipose tis sue LPL until a low 

act ivity stable to prolonged incubat ion was attained whereas LPL from 

intact tissue from starved rat s is stable to incubat ion at 37
°C .  

Collagenase inact ivated the L PL  from fed rat tissue whereas it  had no 

effect on LPL from unfed rat tissu e . This support s the theory of 

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

( 1 968) . 

Askew et & ( 1 971 ) observed only a small decrease in 

nammary gland LPL from 0. 007 �mole FFA released per min per mg to 

0 .  0063 �-!-mole FFA released per min per mg on feeding high grain 

restrict ed roughage rat ions to lactating dairy cows whereas Baldwin 

and Emery ( 1973) recorded a larger decrease in mammary gland LPL from 
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0 . 0018 �al e  FFA rel eased per min per ng t o  0. 0033 �mo l e  FFA released 

per nun per mg on feeding h igh grain re st ri ct ed roughage diet s compared 

t o  noroal diet s . Askew et §l (1971) al so observed an increase o f  

namoary gl anl LPL activit y  from 0 . 007 �mole FF A  rel eased/Lun/og to 
0 . 0072 � . .nol e  FFA rel eased/Din/ng on feeding MgO with the high grain 

res t ri cted roughage diet comp.-':!.red with the no rmal diet . Adipose t i s su e  

LPL act ivity increased fro!'l 0 . 0001 �r.1ole FFA rel eas ed/min/r:Ig to 0 . 0003 

�mo l e  FFA rel eased/rnin/ng on f eeding a high grain rest ri cted roughage 

diet with a smaller increase fron 0 .  0001 f.J,mole FFA releas ed/mn/mg to 

0. 00026 �mole FFA released/rnin/rr� on feeding a high grain restricted 

d i et plus MgO compared with a nort'k'l.l diet . On feeding a high grain 

rest ricted roughage diet Askew et al ( 1 972) re corded a de creas e in milk 

fat percentr.gc w·itt an increas e  in uns aturat ed FAs ( l inol eic and o l e i c) 
nnd o, decreas e in s aturat ed FA s ( s t o:::Lric and pr,lmi t i c  acids) . 

t;6 Subst rat a specificity o f  l ipoprot e in l ipase 

Garneson e t  al ( 1971) s howed the pre sence of hro dist inct 

l ipolyt i c  activit ies with differential activat i on of LPL from hUJ:Jan 

post heparin plaswa 1 milk and AT by polypoptides of serum apol ipoprot ein 

us ing Fielding ' s (1969) 1:1ethocl of pu rification of LPL and preparat ive 

polyacrylaL1ide gel ele ctrophore s i s . Po lypeptides c ontaining glutanat e 

or alanine carboxyl t orr:Unal amino acids but not t ho s e  cont aining 

glutamli1e, serine, thrconine, s erved as activators of adipos e  t i s sue and 

milk LPL . LPL from human post heparin plas ma  showed a great er act ivat ion 

by R s erine polypeptide of apol ipoprotein C t han by R glutamic acid with 

R alanine , R threonine or R glut anic polypept ides of apolipoprotein A 

having no activation. LP.L act ivity required serum or phosphat idyl cho l ino 

and in the absence of phosphat idylchol ine only R serine served as an 

act ivator and gave only 10% of the activity with s erine apolipoprot ein 

C in the presence of phosphat idyl choline � R glutamate activated LPL 

from human milk and adipose t i s sue t o  a greater extent than human 

plasma LP.L. Dog and rat post heparin LP.L gave similar activation 

studies as wi th human po st heparin plasma LPL . 
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Ravel e t  a l  ( 1 973 ) c ompared t ho cofactor act ivity o f  the 

pro t ein cowponent s of htman VLDL in tho hydrolysis of TG by highly 

pu rif ied LPL preparat ions from hur.an and rat po s t  heparin plasr:.n c.nd 

cow ' s milk and by crude preparat i ons of enzYJ.18 from cows milk and rat 

adi po se t i s su e .  Carboxyl t erminat ed serine and a1anin8 apo VLDL had 

s l ight act ivity for al l of t he above s ources except fron purif ied milk 

and at high levels of those apo VLDLs inhib it ion o c cu i:rod . Heparin 

st imul ated bot h t he pu re and crude preparat i ons of milk LPL and inc reased 

the s ens it ivity of the s e  onzyrae pre parat ions t o  st imu l ::tt ion by carboxyl 

t enainal glutao.ic acid apo VLDL but had no eff ect on purified rat po s t 

heparin pl asraa LPL . High conc entrat ions of carboxyl al anine and. serine 
apo VLDL inhib ited tho stirul at ory effect of carboxyl glut amic acid apo 

VLDL in the pre s ence of heparin wit h irilpure cows oilk l ipas e  but not Vii th 

pure preparations fror:1. covrs milk and rat post heparin plasr:n .  R 

glut ao.ic acid. 2-po VLDL had a great er · s t inulat ory effect in all cases . 

Le. Ro sa ut al ( 1 970) s tudi ed the effe ct of HDL apoprotoins 

as activators of rat adipose t i s su e LPL . Apo LP glu ? apo LP thr end 
apo LF val vrore inact ive as cofactor::; oven in the presence of 

pho spholipid. . Apo LP s.la. was inact ive alcno but in tho prosence of 

pho spholipid ? st imulated. l i pase G,Ct ivit y by 2 t ines . Only apo LP glu 

was abl e to st imulat e LPL in the absence of pho spho l ipid . 

Chung and S canu (1973 )  ob served that VLDL polypeptide s of 

terninal carb oxyl glutamic acid anu al�ine were act ivat or and 

inhibit o r  respectivel y  for bot h  skimme d. milk 311d r�t adipos e  tissu e  

LPL . LPL from ruiipo s e  ti s sue re quired t en times g-reat e r  amount of 

act ivator than LPL from skimmed milk. In both cas e s  the kinetics of 

inactivat i on of LPL depended on the t ime of addition of the inhibit or .;. .. 

Chung and Scanu (1973) conclude that the inhibit or acted on the 

subs t rate rather than the enzyme it self . Brown and Boginsky ( 1 972)  

also observed that apo LP glu from human VLDL was stimulat o ry  to milk 

LPL whGreas apo LP ala inhibited the enzyrae . Inhibit ion was not 

overcome by the addit ion of phospholipid , apo LP glu or more enzyme . 
A concentration of 1 00 mg/ml compl et ely inhibited t he enzyme , addition 

of more substrat e reversed the inhibition . Brown and Bogmsky ( 1 972)  
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conclude that inhibition is  due to binding of the apoprotein to the 

substrata prevent ing enzy:ne substrata interaction and activation by 

apo LP ala observed by some workers vms due to conto.11ination of the apo 

LP ala by apo LP glu . 

Enery 5ll §1. (1972 ) s eparated lipoproteins with preference 

for adipose tis sue LPL fror_,_ tho se wi tb preference for w.anrnary LPL by 

flotation from blood scrum after emul s ifying s erum in olive oil and 

sucrose  density gradient cent rifugs.t ion . The l o s s  dense lipoprotcins 

wore more active nith adipose tissue LPL while those of higher density 

vrerc nore active vrith marnmary LPL . EL1c ry et al ( 1972) propose that 

the s pecificity betvrcen lipoprotein poptides and LPL from specific 

organs provides a uechani sm for diversion of blood Lat between the 

mamf-mxy gland and adipo se t i s su e . Bier and Ravel (1970) studied the 

effect of hunan s erur:1 lipoproteins on .milk LPL using �l soybean oil 

emulsion of concentration 1 .  8 Ltgjru . They obtained l ittle or no 

hydrolysis of the TG in the ,;.bsencc of serur:1 or lipoprotein frc..ctions . 

Activity shorred a r:nxirum at 0 .  3 �Jl scrl.lm/8 nl total incubation mixture . 

Serum concentr:J.tions great er than t his had no greater effect on the 

.::1ctivity. EDL showed greater activation thD.YJ. LDL and contributed to 

nost  of the etctiva.tion by s crum . VIJ)L 11as a potent activator and 

cont ributed to 27 - so% of the act ivator properties of s crum with 3 - 5% 

being due to LDL . Removing VT�L from s crum gave a large decrease in the 

activation by s crum . Removal of HDL m1d/or LDL had little or uo effect 

on the act ivation properties of whole serun. SL'Ylce the VLDL content of 

scrum is less than 5% of HDL , VLDL h�d o. higher concentration of 

act ivator per unit of protein .  Per unit vJGight of  protein VIJ)L had 

1 3  t imes the activity of HDL . Bier and Ravel (1970) conclude that 

a component of apo VLDL which is present as o. minor const ituent of HDL 

is required for the activation pro cess . 

Fielding ( 1 970) al so recorded greater rat es of activity fo r 

HDL and chylomicrons than for VLDL and LDL for the activation of 

human post heparin plasm..1. LPL . Addition of LLL to a HDL substrate gave 

competitive inhibition indicating competition between HDL and LDL as 

cofacto rs for LPL . Fielding (1970) proposes that the enzyme act ivity 

is dependent upon the absolute concent rations and relative proportions 



of lipoproteins present in the serum. 

Fielding ( 1970) showed th<1t LPL fro;;! post heparin hurne,n 
plo.sLJ.c:o was strongly dependent on the rG.tio of TG to phosphatido in the 

substrata lipid ::md the incorporation of unesterifiod cholesterol into 

the l ipiJ emuls ion G.t concentrations o.bove 2 - 3 pG.rt s per 1 00 parts TG 

groG.tly inhibited the onzy;J.o activity whereas cholesterol esters had a 

l os s inhibitory affect . Th0. optiml lipid conpos i  tion for enzyrJo 
activity closely corresponded to tb�ct for intact chylonicrons and 

Fielding ( 1 970 ) proposes that inhibition by VLDL is du o to their high 

cholesterol content . 

Fielding ( 1 970), using post heparin huLk� plasr.n also observed 

activity of LPL against both DG and l\IG oru.lsions in the absence of 

l ipoprotein but showed no act ivity G.gainst TG in the absence of added 

l ipoprot E::in . MG hydrolase activity w:.1s found to require the presence 

of either deoxycholate:  or unostorified FA . Fielding ( 1 970) observed 

an accumulc:.tion of MG throughout the ass,:y period 1rit h lipoprotGin TG 

as substrata suc:;c;esting tho hydrolys is of MG to fra" glycerol is ro,to 

l irni tinc rr!1ich was dopenclent on a co::ct:J.in concont ra tion of FFA boinc; 
rer�chod in the ree..ction ra.ediun. Fioldin[S' ( 1 970) suggests that LPL may 

be a nultifunctiono,l complex in vrhich s eparat e hydrolyt ic sites binding 

TG and HG together effect tho complete degr::tdo.tion of l ipoprotein TG. 

UsL11g LPL froo post heparin huL'"l.:'l.n plasJ:J.a 9 Nilsson-Ehlo et & 
( 197 1 )  found that LPL was specific towards the 1 , 3 ester bond of the TG 

substrat a with a small but constant amount of DG among the reaction 

product s  of which the 1 � 2 ( 2 � 3 ) isoner constituted greater than 94% of 

the diglyceridc fraction and no 1 � 3 isoDers were present . An 
accurulation of MG also occurred of which the two ester bond constituted 

64 - 97% of the MG and greater than 907� of the 1 monoglyceride was 

formed by isomerization of the two isomer. They conclude that the 

reaction sequence occurring was : TG �1 , 2( 2 , 3) DG � 2MG  �1 ( 3)MG 

and glycerol is  obtained r:�ainly frm:� the hydrolysis of the 1MG formed 

by isomerization . This is in agreer.J.ent with tho findings of Borgstrom 

and Carlson ( 1 957 ) , Assman � � ( 1973) using rat post heparin plasma 
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and Nils son-Ehl e .§.! al ( 1 97 3 )  usinG purified LPL from bovL"le milk. 

Morley nnd Kuksis ( 1 972) , using LPL from cows milk and rat post heparin 

plas;.E however , observed a prefero;.1ce for the 1 position followed by 

posit ions 2 and 3 .  They propose that this may act as a controlling 
' 

mechanise1 whereby glycerides from hydrolysis by LPL cannot be diverted 

into phospholipid or TG synthesis s ince the latter both require 1 � 2 DGs 

as an initial substrat a .  

Bradford anJ Funnan ( 1 96S ) reported a reduced hydrolys is of 

TG cont ainine; CS through to C 1 S  FAs with norr:1.al hydrolysis  of TG 

containing C4 - CS FAs in rats Vlitb hyperchylomicron·:)nia. They suc-gest 

that sorun contains two TG lipases 1 ono specific for C S  - C1 S FA TQs and 

the other spGcific for C4 - CS FA TGs . 

1J_I_ Characteristics of Lipoprotein Lipase 

Bibs on o.nd Higcins ( 1 969 ) showed by chyl01:1icron binding of 

LPL that the effects of both protauine sulphate and high concentrat ions 
of N2.Cl are on the fon:nt ion of an onzyrae substrate coD.plox rather than 

on hydrolysi s of the TG by tho enzy:o.e . Chyloraicron bindLn.g to LPL was 

also dependent on pH which showed a naxiD.Un at pH S .  7 .  T hey sug[;est 

that the pH optimum of activity is due to the foroation of the enzyme 

substrate coo.plex rather tl:c:m hyd:rolysis of the TG. Brady and Higgins 

( 1 967 ) found a slight variation in Km values between J.I1HfH - NH4c l 
extracts of acetone powders of rat heart adipose tissue and lung us ing 

chylomicra as substrat a with heart LPL having a lower activation energy 

compared with adipose tissue and lung LPL . All had pH optimuo between 

8 .  2 and S . 4 .  Km values were about 4. 5 x 1 0-� for adipos e tissue LPL 

with olive oil chylomicrons . 

LPL i s  often considered to be identical to TG l ipase of post 

heparin plasma but the TG lipase of post heparin plasma is variably 

and reversibly inhibited by NaCl and protanino sulphate whereas 

inhibition with TG l ipase from adipose tissue, heart and other tissues 

is irrevers ible and constant . La Rosa £1 �  ( 1 972) in their comparison 
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o f  heparin rel eased TG l ipas e activity of rat adipo s e  t issu e ? l iver 

and pos t heparin pl as1:o found t h::;.t adipos e tissue LPL is coiilpletoly 

inhib ited by NaCl y sodiun pyropho s phat e and protamine sulphate whereas 

plasr.�<.'l. TG l ipas e and liver activity s howed no inhibiti on u..."ldor the above 

conditi ons and al so pl�sr.1r:c TG l ipas e and post heparin TG l ipase was 

rel01-tively inactive against l ipoprotein sub st rat os C O!::Jparod wit h 

adipo s e t is su e  LPL .  Pyrophosphate o r  protamine sulphate had no effect 

on hurn:::m post heparin plasr.Ja TG l ipa se . Two separate activit ies were 

obt ained on increasing the concent rat ion of NaCl for rat po st heparin 

plasr:12, . The first peak of 2-ctivi ty o c cu rred at 0 . 1 5M lbCl and a se cond 

peak occurred c:Lt 1 .  2H l�aCl .  TG l ipc�so fron r2.t adipose  t i s sue only 

s ho·wed ono po2.k of u.ctivity ::J.t 0 . 1 5M �JaCl and vms inhib i ted 90% by 1 M  
NaCl 9 protar.�in o sul phate  ( 300ng/1211 ) o r:  pyropho sphate ( 10  umoles/ml ) . 

TG l ipas e  fro1n heparin trGatcd l iver a.lscJ showed a b imodcl curve of 

act ivity on increas ing the NaCl s t ronetb with prot G.r.�inc sul phat e and 

pyrophos phat e giving no inhibition . Heparin t reated rat heart , l iver , 

kidnoy y spl een and int e st ine TG l ipase all contail1ed heparin extractabl e 

TG li}X1SC activity wit h propcrt ic::; ident ical vri th tho s e  of adipose t i s sue 

TG lipase .  

F ioldirl€ ( 1 972)  diDt il1f:,'U i shod pro heparin plasma and heparin 

rel eas ed TG l ipas e  fror.� n:.t l ivc,r ( hopatic t is sue ) wit h  t hat o f  

purif i ed post heparin plasr;n LPL 1 po st heparil1 perfusa tes of extra 

hepat ic t i ssue and whole post heparin plasm by the former showing 

lipolytic activit ies nail1ly ng-e1inst 1 and 2 l'£s and t rirutyrin 

substrat 0s with L�or TG and DG hydrol as e  activit ies and t his activity 

be ing resistant to i nhibit ion by NaCl and protanino sulphate and 

s ensitive to inhibit ion by diethylp nitrophenyl pho S lJhate and having 
a pH optirufil of 7 . 25 - 7 .4 whereas the latt er was charact eriz ed by 

maj or l ipolytic act ivity against di and triglycerides and 1 MGs ,  the s e  

act ivities were inhibit ed by NaCl and protamine sulphate , res istant 

to inhibition by diethyl p nitrophonyl pho sphate ��d s howed a pH opt imum 
of 8 - 8 . 3  in the pre s ence of s erum. Fielding ( 1 972)  concludes that 

the main function of pre hqparin plas�'l. and l iver l ipas e  i s  to 

hydrolyse the 2MG which is the main product of LPL c.cti vi ty. 
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Vogel � � ( 1 97 1 )  obs erved that human post heparin lipolytic 

act ivity vras inhibited by 70rriM pyrophosphate ,  21v1 NaCl and protrunine 

sulphate .  The l ipase activity had a pH optimus with Ca
2+ 

as FA 

acceptor of 8 . 8 and with c.lbumin as acceptor the pH optimuc1 was 9 . 4 . 

In both cases a rapid decreas e  in activity was recorded at pH greater 
0 2� 

than 9 . 8 . The tonperature opt ir:nm was 34 C in the pre sence of Ca ' and 

38°C u s in� albumin as FA n.ccepto r. Greater activity was observed in 

the pre sence of albumin than with Ca2+ . MG hydrolase activity was lovmr 

than TG hydrolase· activity anc.l showed a pH optium of 9 . 5 . 

Fielding ( 1 973)  observed thc.t LPL from r:.:.t post heparin plc.soa 

and adipose t is sue showod pK values of 6 . 8 aJ.J.d 9 . 1 in the absence of 

s erum l ipoprot ein whereas in t he presence of serun l ipo protein pK 

values were 7 . 0  and 9 . 8 indicatine a reaction of a group with a pKa 

of 8 . 8 .  

Delipidat ad VLDL and substrat a lipoprotein protein increas ed 

the Vmax at all pH values and decreased the Kr:l v2.lue of the alkaline pH . 

Posner and Monales ( 1 972)  s tudied the effect of ca2+ on the 

rate of releas e of FFA us ing part ially purified preparations of rat 

heart homogGnates ox· acetone powders of adipos e tissue . Kn for Ca2+ 
was 0 . 02 to 0 . 06ivi . 

Proincubation of the substrn.to by Ca
2+ 

was not neces sary 

s ince rapid activation takes place . The rate of release of FFAs can 

be increased by increas ing the s erum concentrat ions in tho incubation 

nedium. 0. 5mM: Ca2+ increases both the Km and Vma.x for TG in the 

presence of scrum. Ca2+ itself had no effect on the enzyme activity. 

FA release takes place only in presence of both protein and metal 

cofactors . Posner and Monales ( 1 972) propose Ca2+ acts  as an enzyme 

activator and since 8 - 25% of the metal in the incubation mixture can 

be bound to the enzyme substrata complex and this complex bound Ca 2+ 

can be removed by EDTA the metal binding by the enzyme substrata 
complex is reversible and therefore oaximum 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 excess c�2+ . Posner and Monales (1972) propose that 

either one of tho following reaction r.lCchanisms oay take place in the 

hydrolysis of l ipoprotein TG by LPL . 

or 

s 
+ 

cofactor � ( E S cofactor) 
1 �  / 

E + S cofactor EDTA 

E s 
+ 

cofactor 

1 l 
+ S' cofactor �· ( E Ca

2+ S cofactor) 

J!'ielding ( 1970) using post hepc.,rin human pla.mna observed that 

the t eraperatu:r:o optiro.i:1 of onzyr:1o ::1ctiv�ty nas dependent upon the nature 
of the lipoprotein cofactor. IJ)L g.we optiuuu activity a.t 25°C ,  HDL 
gave an optiiiiUFl at 35°C and v1ho l e s o:ruLJ gave: an opt iiiiUn between 25 

and 30°C. Fiel<linc; ( 1 970 ) sug.::;e sts  that HDL oz,y serve as the rk'1.iD. 
cofactor of hu!:lall post heparin pl2.Sr:l<c LPL . Naito and Folts ( 1970) 

observed - that whon rat livers were perfusod wit h rat blood containing 

post heparin LPL ,the LPL a.ctivity disappeared from the filtrate which 

was not duo to non specific inactivation or release of inhibitor by 

the liver . Addition of heparin blocked the disappearance of LPL 

activity froo the perfusate . Heparin stimulated LPL activity by 200% 

when added to post heparin serum which had been perfused through the 

liver but did not restore activity to preperfusion levels indicating 

a two step inactivation of LPL by tho liver. Step I involving a 

dissociation of the heparin apoenzY@e 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 serum plasma 

which had been perfuscd through the liver to post heparin samples. 

Naito and Felts (1 970) 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 t hen the apoenzyme is degraded a s  indicat ed by an irrevers ibl e 
inact ivat i on on addit ion of heparin t o  po st heparin plas1n.a perfu s ed 
through the l iver . 

Live r �  adipose t i s sue and plasm TG l ipas e rmre inact ivat ed at 
37°C for 75 minut e s .  IVT.s.yes and Felt s ( 1 968) report e d  t hat additi onal 
he parin added to TG l i pas e of l iver homogenates incrGased i t s  sensit ivity 
t o  NaCl inhibit ion . 

Fatt en and Holl enberg ( 1 969 )  and \Vhayne and Felts ( 1 970)  

po stulat e that heparin may act t o  inc reas e  enzyme act ivity b y  increas ing 
b inding of the enzyme to the chyl omi c ron sub strate by fonruu1g addit ional 
b inding sit e s  on t he enzyBe or st imulat ing the exist inG b inding s it e s  by 
al l o s t eric act ivat ion . Robinson and "V/ing ( 1 970) po stulat e  that heparin 
may s t imulat e LPL by stabal iz at i on of LPL whereas Gartner and Vahouny 
( 1 966) postulat e t hat heparin may be a pro s t hetic group for LPL , the 
i nact ive apoenz;y1ne requiring heparin for act ivat ion . 

Stevrart and S chot z ( 1 97 1 ) u s ing rat o pidymal fat pads found 
t hat rel ease of LPL act ivity vras part i ally reduced when either glu co s e � 
Ca2+ or K+ were omitted from the ril.edium tt.nd compl etely prevent ed in the 
ab s ence of albumin. 3 t imes as ru ch LPL was found in t be mediun compared 
t o  int racellul ar l evel s YJh ich :rema,ined constant during incubation for 
45 minut es . Cycl ohexamide had no effect on both int racellular and 
release of LPL . T he refore rel ease d o e s  not re quire prote in s�1tho s is . 

Stewart and Schotz ( 1 971 ) su ggest that LPL is activated prior 

to or in conjunction wit h release from the cells , a process which does 

not require protein synthesis . 

Besadoun � � ( 1 974) purified LPL from pig adipose tissue 

which had a MW of 62 , 000 - 60 , 000 , was stirulated by heparin ( 2� e/ml ) , 

showed a complete dependence on serum for hydrolysis of triolein 

eiiil.llsions stabalized by gum arabic, had a pH optirrum of 8 . 5 , was 

inhibited by NaCl , required CaC12 , gave a linear release of FFAs with 

time and only apo LP glu could substitute for serum for its activation 
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and was inhibited by both apo LP ser and apo LP ala in the presence of 

serum. 

1� 8 TY]eS of Lipoprot e in l ipas es 

Garfinkel and Schotz ( 1972) isolated 2 LPLs from rur
4 

O H-rlli
4

Cl 

extracts  of rat adipose tissue acetone powders on s ephadex G200 and 

Bio gel A 1 . 5M. Both peaks had a pH optinun of 8 . 0 ?  were stirrulated 

by t he presence of serum and heparin ? inhibited by NaCl and both showed 

equal inactivat ion rates  at 37
°

C .  The hie;h molecular \TCight enzy:r:1e 

shovred greater sensit ivity to  NaCl than the lov1 mol ecular weight enzyme . 

Rechromat ographing each peak separately on s ephadex G200 ? LPL 

a ( elut ed at the void volm1e ) still gave a singl e peak at the void 

volume whereas LPL b gave two peaks of 2-ctivity ? on e 8.t the void 

volume and another peak vrhere the original peak occurrecl of I'/Nl between 

7 x 105 - 1 . 6 x 105 
daltons . Relat ing the LPLs gave LPL a 5 tines the 

6 
size of LPL b .  LPL a had a �JNf of u,ppro:x:imatcly 1 . 5  x 10 . Garfinkel 

and Schotz (1972) suge;est that LPL b may be a l ess active vrecursor or 

a sub unit of LPL a .  It is  synthesized in the wall and becomes 

act ivated on release into the tissues by the addition of heparin , lipid 

or some unlmovm factor or act ivation and ina.ctivation may be duo to 

pho sphorylation such as in the glycogen phosphorylase system or they 

nay be different prot eins . Garfinkel et al (1967) and Wing and 

Robinson ( 1968) postulate LPL b may be a constitutive enzyme whereas 

LPL a was an inducible enzyme and would account for t he increase in 

LPL in adipose tissue in res pons e  to glucose and act inomycin . 

Schotz and Garfinkel (1972) using NH
4 

OH-NH
4

Cl ext racts of 

heart and post heparin plasma acetone powders , separat ed two peaks of 

LPL activity from the heart ext ract which showed elut ion volumes s imil ar 

to adipose tissue LPL species and a single peak from plasma which 

showed a I.fN'/ similar to that of a higher MW species from adipose tis su e .  
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U sing fasted and refed rats Schotz and Garfinlcel (1972) observed that 

refeeding increased the activity of both the tv10 species in adipo se 

t i s sue and decreased both heart species . The LPL from plasma was 

unaffect ed by these nut ritional states . 

Garfinkel and S chotz ( 1 973) refed starved rat s and ob served 

a more rapid increase in the snaller b speci es of LPL of adipose ti s sue 

than of the a spGcie s .  Cont inued refeeding caused a decreas e  in the b 

form of LPL prior to a rapid increase in the a for2. Heparin increas ed 

the activity of both species of LPL . Heparin had a less  narked effect 

on the a form t Lan t he b form durinc starvat ion and refeeding but this 

respons e to tho b fom decreased v1i th l onger refeodinc times . Since LPL 

rel ec.sed is in the a form9 Garfinkel and Schotz ( 1 9 73) propose tbat the 

appearance of the a forn 1:1ny result froT:J. an active>.tion process of the b 

forra located in the adipocytos which VICLS dependent on nev prot ein 

s ynthe s i s . 

Guder et al ( 1969 ) isolated 3 TG l ipas e s  from mt l iver,  a 

l iposomal bound TG lip0.se  activat ed by sonicat ion and. hypotonic 

t reatoont pH opt imum 5 . 0 with triolein as substrate 9  an alkaline TG 
l ipase s edimentinc; with the micros omal fract ion pH o ptirm.un 8. 5 which 

showed a greatei' subs t rat e specif ici t y  for t ributyrin than triolein 

( 6 x faster) and a pla sma rnor1br:me: TG l ipase pH optirum 7 . 5 9 heparin 

s ensitive with �D obl igat e requirement fo; Ca2+ ions . The high pH 

o pt inn.1Ji1 enzyme showed a lower ratio of F'FAs to glyceride than the l ovr 

pH opt imus enzyme indicating a different specifici ty for ])G and MG 

int ermediat es . Also heparin gave a stimulat ory effect at alkal ine and 

neut ral PH but gave an inhibitol� effect at an acid pH . 

Cooper and nnwney ( 1971 ) obtained LPL activity in bovine 

mammary gland us ing a t ributyrin emul sion which was mainly as sociated 

with high I'Sll compl exe s  great er than 20 x 1 o6 MD compos ed of mammary 

gland l ipases in as s o ciat i on with other proteins . T he addition of 

dimethyl formamide d i s so ciated the compl exes giving a MW of 6. 3 x 1 05 

on sephrose 4B . Cooper and ])avmey ( 1971 ) obtained 3 peaks of activity 

on a s e phrose 4B colurm1 . Two overlapping peaks at or near the void 
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volume (MW greater than 20 x 1 06 ) followed by a third l ipase peak MW 
approxirno.tely 1 .  5 x ·1 06 • The first peak which had l ittle esterase 

act ivity they propose represent ed t h e  intact l ipas e  pro tein complexe s 

and the other two peaks were int ermediat e di s s o c iat ion product s which 

aft er dimet hyl formamido t roatnent gave a c inrsl e peak v7ith a. 1'1W of 
6 , 3  x 1 05 

which had esterase ae;tivity . They pos tulat e that the 

dissociation of t he l ipase protein compl exe s ::1ay result in an alt erat ion 

of the sub strat e spec ifici ty of the l ipase s i1:1ilar to tl d observed by 

Okuda and Fu j ii ( 1 9 67 9 1 968 ) with rat adipo s e  t i s su e  and l iver l ipas e  

aft e r  acetone treat::1Emt .  

Lipase o.ctivi ty of milk hr.s beGn s hmm t o  b e  u.s sociated v;i t b  

cas ein nicollcs b y  Harper _et _al ( � 956)  Tarc,s suk and F rnnkel ( 1 957 )  9 

Saito .et al_ ( 1 958L Sait o  ( i 963 )cmd Gaffnoy .9t §J.. ( 1 962 . ) 

Harper 21 al ( : 9 56 )  obt ained tuo l i pases of bovine skimncd 

milk ·with pH opt i::1:1 of 7 . 0  3-.fl.cl 8 . 6 .  l"l-anlwl and 'J:ams suk ( 1 956)  havo 

reported a naj or bovine milk l ipase of rE opt irJU.lil 8 . 5 - 9 .  2 and 3 

minor l ipases of pH o pt ima 6 . 5 � 7 . 0  and 7 . 9 .  Sclmart z £i .al ( 1 956 )  
observed the inhibit ion o f  bovine nilk l ip::1sn by formaldehyde and the 
appearance of l ipases of �� optima 7 . 0  and 7 . 5  due to inhibit ion of the 

oaj or l ipase peak at pH 8 . 5 . Va�JinG the subst rat e concentrations at 

different pH values resulted in non l inear curves on :Michaelis Menton 

plots at pH values of 6. 6 9  7 . 0 9  7 . 5 9  7 . 9 9  8 . 35 and 8 . 8 suecestine more 

than one active lipase 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 (1 965)  have reported that para 

chloromercuribenzoate, iodoacetate and formamide disulphide completely 

inhibited a low MW purified bovine milk lipase vrhereas N ethyl 

maleimide ( specific for free SH groups ) partially inhibited the 

enzyme . Dialysis or addition of glutathione or mercaptoethanol did 

not restore the activity of the enzyme and glutathione itself 
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s t imulated the enzyme. Chandon and Shahani ( 1965) propose trat 2 a! 
groups are required for the l ipas e  act ivity one of which is exposed and 

the other is uasked . 

Shahani and Chandon ( 1 963 )  obs erved the addi t i on of eit her � 
er p- c2-se in inhibit ed a low 1Nl purif ied bovine nilk l ipase whereas K 
case in or s cruB albuErin incroased the l ipas e  act ivity . Mg s o4, Mg Cl 2 2+ and Ca salt s were all inhib itory .  

Chandon and Shahani (1963) purified a bovine Bilk l ipas e of 

M.V 7000 by ac Gtone t reatnent of clarificl· sliue foll owed by 5o% (NH4) 2 so4 
so4 precipit at i on of the enzyrle ? s o lubalizat ir-.n in t ris HC1 buffer pH 

8 . S ?  s el ective precipitat i on by ( lm4) 2 S :::J4 ( precipitated 11t 35 - 45% 
saturat ion) and sephadox G50 gel filtration . A pu rifi cat ion of 2600x \'!aS 

obtained fron the skir:loed milk repro sentin{� ::1 22% yi e l d .  The cnzy!�le 

had a pH opticrun of 9. 0 . 

Hi chtor and Ranclol ph ( 1971) al s o  purif ied a bovine nilk 

l i pas e of "iv't-7 8500 dal tons u s ing acc:t cnc poYrder ext racts of skit1ned 

milk , pre cipitation at 20 -
45� (rm4 ) 2  8 04 and separat i on on sephaclox 

G75 . The l ipas e had a pH opt imum of 9 . 2 . Fox and Tarassuk ( 1 968) 

purif ied a l ipase of Nf.IV 210, 000 from a lM NaCl extract o f  the curd of 

rennet t reated skimmed milk by precipi tation vri th � satumt ion (rm:4
) 
2 so4 

804, gradient elut ion from a DEAE cellulose column in 0 . 02 Ivl pho sphat e 

buffer pH 1. 0 (enzYTie eluted at 0 . 5 M NaCl ) , dialys i s  in 25% dinethyl 

formamide and preci pitation of c ontaminating pro t e in by � saturation 
(NH

4
)
2 804, removal of the dimethyl forn�de from the � saturated 

(�11
4
)

2 804 supernat ant ? ropro cipitat ion by i saturation (NH4
)

2 
so

4 
and a final separation on s ophadex G200. A 500 times purification was 

obtained representing 1 0%  of the init ial activity. 1��imum specific 

activity obtained was 1 5  �mol e  FFA released/mi�mg. T he l ipase had a 

pH opt imum of 9. 2 and a t emperature optimum of 37°C. 

D avmey and Andrews ( 1 965 ) obtained 4 l ipas e  peaks on s ephadex 

G200 from a 0 . 75 M NaCl extract of the 80 , 000 g casein precipitate of 

skimmed milk using tributyrli1 as substrate at pH 8 . 5. The activity 

. I  
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peaks h.ad T.r·i'Vs corres ponding to 1 1 2 , 000 9 7 5 , 000 9 62 9 000 dal tons and 

a very l oH M:J peak .  Recovery of activity rms 40;1 of the total o..cti vi t�r 
appl ied to the column . They sugc;e st ti"at the presence of s everal milk 

l ipases could be due to the binding of the l ow I.'f.N ( 7000 dal tons ) 
l ipase to casein for:aing aggregat es but argue t h:1t as suming nol c cu l ar 

weights of 20 , 000 - 27 9 000 for the casein r.1ononers <.:.S obt8.incd by 

McKcmzic :::md YhlCG ( 1 9 59 )  :tnd NJ!Ns of 6 2 , 000 , 7 5 , 000 nnJ 1 1 2 9 000 , for the 

mi lk l ipase pGak:s 9 t hen if t hese forms cons i st of the low I/N>T enzyme 

in as sociat ion �vi th case in then diLwri c to pent 2.J:lcric forms of case in 
would be involved and it is unl ikely the.t case in ex is t s  in t ho s e  l imit ed 

:1ggregated fon1s , 

Dm:ney and AndrerJs ( 1 966 ) recorded thG characteri s t i c s  of 

t ributyrinase activity of tbe 0 . 7 51.1 iJ::.Cl ext r::t.ct of the 80 9 000xg casein 

precipi to.t e of skimmed milk. Activity was act ivat ed by I-TG.Cl up to a 

concentration of 0 , ) - O .  75 I� but inhibi ti on occ:urred at a concentration 

greater than 0 .  75  fll. 70-/o of the e>.ct i vi ty of skiw.mecl milk vms bound to 

the cas ein . Ini t ial activity was e;rcnter at 37°C thn.n at 25°C but 8 3f, 
of the c�ctivity was l o s t  after 4 hou rs at 37°C compared with a !f/v 
l o s s  in 6 hours at 2 5°C .  Optinun u.c t ivi ty \-:as at a pli of 8 .  7 .  

Extraction nith o .  75 III lbCl c::wc 65 - 6s;:!, recovery of the 

act ivity in the supe rnatant ;msh . Ho loss of act ivity was recorded for 

skimr.1ed r.lilk durinz dialys is in dis t i l l ed rrat er but dialys is of the NaCl 

supernatant [;<We a 1 0  - 55% l o s s  of act ivity over 4 - 5 hours \'Thich 

could be prevented by dialysing in s o lu tions of 0. 25rn11 of either 

MgCl
2 

or CaCl
2

• Addit ion of the se sal t s  did not restore the l o s t  

act ivity and EDTA prevented the effect o f  t he sc.l t s  i n  restoring the 

act ivity. Increasing the sanpl e of protein applied to the sephadex 

G200 column increased recovery of activity of the 0 . 7 5 M NaCl extract 

of the casein precipitate . Increas ine the sample protein appli ed to 

the colucrn caused o. different elution patt ern on sephadcx G200 of the 

NaCl superno.tant extract . Increo.sing protein caused activity to be 

eJ u t ed progres sively earlier. The r.nin tributyrinase peak was eluted 

just after the vo id volume corresponding to a r.fr.iV of 350 , 000 dal tons . 

3 other peaks appeared and the proportion of activity in each peak 



depended on how much protein ViaS appl ied to the column . The less 

protein applied the mo re activity that was eluted in the l atter peaks . 

Eluti on of the NaCl extracts on n. s ephadex G200 column equil ibrated with 

increasing sal t  concentrations froTI 50mM NaCl to 0 . 75M NaCl caused a 

shift in the elution pattern of tributyrinase activity from that eluted 

with the casein micelles to a second la tte r  peak IvFvV 200 , 000 but 

recoveries decreased with increasing ionic st rength used. Addition of 

purified pig pancreatic lipase to the NaCl extracts of the cas ein gave 

l ipas e casein compl exe s  eluted at the void volume . 

ra. 1mey and Andrews ( 1 969 ) u o inc; tl:.e NaCl extract of the 80 , 000xg 

casein precipitate and separation on cephadex G200 showed the subs t rat e 

specificity of th e lipases towards tributyrin , milk fat and t riol ein 

emuls i ons variod .  Peaks of �� 1 50 , 00 0  to 1 80 9 000 and 35 , 000 - 40, 000 

showed greater activity towards triolein e;iJUl sions than tribu tyrin 

emuls ions while peaks corresponding to IvThVs of 1 1 2 , 000, 75 , 000 and 

6 2 , 000 showed great er activity tm7ardc tributyrin emulsions . Peaks 

of MWs corre sponding to 1 50 7 000 - 1 00 , 000 and 1 1 2 , 000 both showed 

greate r acti-vity towards milk f.s. t emuls ions compared wi th tributyrin 

emulsions while peaks correspondinc; t o  M.Vs o f  7 5 , 000 , 62 , 000 and 

35 , 000 - 40 , 000 showed greater e.ctivity towards t ributyrin emuls ions 

than milk emulsions. 

Da;vney and Murphy ( 1 9 70) studied the binding of pancreatic 

lipase to casein micelles of milk .Up to 70% inhibition oc curred when a 

purified pancreat ic l ipase preparat ion was added to e it her milk, 

skimmed milk, 0 . 75M NaCl in skimmed milk , colloidal phosphate free 

milk o r  NaCl and dist illed wat e r  ext racts of the BO , OOOxg casein pre cipi­

tat e .  30% of the l ipase activity was bound to the casein micelles on 

centrifugation .  On addition of pancreat ic l ipase to skimmed milk 

( 2  unit s/4mls ) or collo idal phosphate free milk , over 9�� of the 

eluted l ipase activity was eluted wit h  the void volume bound to the 

casein c omplexes with a recovery of 25%. On addition of 1 0mg  phosvit in 

to pancreat ic lipase , the enzyme was elut ed at the void volume with a 

recovery of ?Cf/o. Elut ion in synthetic milk serum gave an act ivity peak 

corre sponding te pure pig pancreat ic lipase . On sephro s e  2B elution of 
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pig pancreatic l ipas e in the pre sence of skim.rned milk o r  coll o idal 

phosphate free milk gave 3 peaks of act ivity . The first peak containing 
8 

casein JDQCelle bound l ipase of �V great e r  than 1 0  , the se cond peak 

cont ained l ipase act ivity bound to s olubl e aggregated cas ein complexe s  

of MV 2 x 1 0
6 

an d  a third free lipase peak , Elu tion in the pres enc e 

of col l oidal pho s phate free milk gave much great er activity in the last 

two peaks than with the skir:rr:1ed milk Yih ere the act ivity was equal ly 

divided between the free and case in micelle bound peaks wit h  a small 

peak inb etween . Recovery of act ivity varied from 20 - 33% of that 

appl ied . D mvney cmd Mu rphy ( 1 970) SU [_Sge s t  that 95% of casein of coll odial 

pho sphat e  free milk exi s t s  as cor:1pl exe s  with f/�V approxiwately 2 x 1 0
6 

whereas the mjo rity of the cas e in in r:J.ilk exi s t s  as a micelle of MW 
8 

great er th£ill 1 0  dal tons . They propo s e  t hat lipase can bind to both 

casein micel l e s  ( M7 greater than 1 08 ) o r  solubl e  cor:1plexes (MW 2 x 1 0
6

) 

which inhibit enzyme act ivity by s t e  ric hinderance . :Binding to 

pho svi t in and cas e in suggests phosphate groups are involved in the 

b inding of the l ipas e . Dawney and Mu rphy ( 1 970) sugge st the foll owing 

equil ibrium exi s t s  in milk . 

Casein 

Mi cel l e  

L ipas e  

Compl exe s  

ins olubl e 
casein 
aggregat es 

+ 

solubl e l ipase 

pro tein 

compl ex 

Murphy � al ( 1 969) obtained by removal of the Ca
3 

P04 
from milk a smaller s o luble compl ex which when eluted on sephrose 2J3 
had a 1� corresponding to 200 , 000 containing A , B and K casein in s 
aggregat ed form. They suggest t hat this is the bas ic subunit of 

case in which is bonded together with colloidal Calo
4 

to form micelles . 

ca3Po4 free milk on a sephrose 4J3 equil ibrated with increasing 

concentrations of NaCl caused smalle r  aggregates to be present with 

increasing NaCl concentrations . 

Gaffney � � ( 1966) studied l ipolysis of a water extract 

of rennet cas ein which showed an 1 1  times greater specific activity 

that the l ipase of skimmed milk.  Separation on DEAE cellulose by an 
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eight step gradient in O . O:Jvi s odium pho sphate buff er pH 7 . o  gave 
lipase activity in all e ight f ract ions with  varying s pecific activi t i es . 

Great e s t  s pec ific activity vms for activ ity e luted at the 0 .  5lVI NaCl 

Hash wi th a 1 000 time s  pu rification ove :c the skimmed milk . T he maj o rity 

o f  the protein rms e lu t ed off in the 0. 14 to 0. 23IVI No. Cl vw.shes .  A 
1 50 - 1 80% recovery of activity was obtained . Elution of the vmter 

ext ract of rennet cas e in on s e phadex G25 3PVe 3 prot e in peru(S 9 the l a s t  

o f  which had t h e  highe st specifi c 2.ct ivity and recove ry of activity 

varied fron 1 24 - 1 80%. 

Gaffney et al ( 1 968) obtained 3 protein peo.ks on separat i on 

of skili1"Jed milk 9 and frozen thawed skinned milk on s ephadex G25 . A 
l arge peak at the void volunG and twc snaller peaks which both contained 

carbohydrat e and had l\1[/s l e s s  ti1an 1 0 9 000 . Freez inG increased the 

relative specific activit ies of both J:!erlks I I  and III and decreased 

the number of pro t e in bonds on 11olyacrylru..Ude gel el e ctrophores is . 

Gaffney et al ( 1 968 ) suggest frccz.iuc and thavring may break the bonds 

s inilar to the dction of rennin an�l t h::.t th o diff erent l ip2.s e s  of milk 

are duG to abs o rpt i on of a s ingL:> l ipas e  of lm-r Tvlll to different pro t e ins . 

Fox et al ( 1 967 ) s tudied the effect of milk l ipases froia k 
casein using dir:10thyl fonnamide and its df ect on elution from DEAE 
cellu l o s e  and s ephadex G200 . U s ing  the 50;:0 sat . (NH4 ) 2 so4 precipi tat e 

of skimmed 1..Ulk ( cont aining 90{o of the t otal milk l ipas e  activity) and 

prefreez ing the sampl e ,  elution on DEAE cellul o s e  in 0 . 02M phosphate 

buffer pH 7 . 0  us ing a NaCl gradient gave one maj or lipase peak 
associat ed with the k cas ein eluted at about 0 .  2M NaCl which tailed 

into the A8 casein component containing some k casein eluted at 0 . 25M 

NaCl . Little or no l ipase activity was associated with either the 

gamma casein (not bound to column) or the B casein eluted at about 

0 . 1 ZM  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 A and B casein containing no s 
lipase  activity. DEAE cellulose gradient elution in the presence of 

2o% v;'v dimethyl formamide and phosphate borate buffer pH 7 . 8  gave two 

peaks of activity. One ( 50 - 6�i of the total lipase activity) eluted 
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a t  the front edge of t h e  B cas ein ( elut ed at 0 . 1 M  NaCl ) and a s e cond 

peak e luted d; the front edge of the .P, s peak. 

After the preci;·itation of tho milk by 50% ( N'n4) 2  m4 snd 
d ialysis in incre.:1sing c oncentrations o f  dimethyl foroanicle ( 0  - 30-.fo) , 

l ipas e .:lJ?IJearecl in the supernatant f rac t i on on repre c ipi tat inc by 50�0 
set . ( NH4) 2  so4 whi ch inc rea s ed i n  both not activity and specific 

act ivity on inc roas in5 the dir.1et L.yl fo r--:-aEJ.ide concent rat i on . Minir.run 

c oncent ration of dine thyl fo:rna..TJide requ ired. for appearance of l i pa s e  

in tho 50-� sat . (NH4 ) 2 so4 supe rnatant m:1S 1 5/"h dimet hyl forr.nr:lide . On 

st arch gel electrophore s i s  of the ! s at . (NH 4) 2 00 4 supcrnat.::.nt f ractions 

obtc.:.ined ab ove 9 nevr prot e in coraponont s mit;rat inc; ahe c1d of the A s cas ein 

appeared on incrGas inG' tbe dinethyl f o rr:J2.mid e concent rat i on .  Fox e t  .ftl 
( 1 967 ) conclude that l ipas e  is a mino r component of k casein which c ould 

be separated fron the k casein by di8o thyl forr:n:.1ide . Yacuchi et al 

( 1 964 ) obt�tined two naj or l ipas e  peaks on DEAE cellulo s e  Gradi ent 
elution of skinned milk in 0 . 02d s odiuE1 pho sphr1te buffer pH 7 . 0 . 
T hese peakE; occu rred at {.c posit ion co rres pondinG to where k cas ein is 
eluted and just b ef o re the elution of t ho A 8 c3s c :i_n , Thi::-: latter peak 
c ontained the naj o rity of the l ipas 12  activity olut o :l .  S 1.1o l l o r  peaks 
wero recorded at O .  31>1 UaCl and 0 . 4I·!1 HaCl . Add it ion of gluthionc ancl 
cys t e ine inc:;:oeo. s ed the recovery of l ipace by 30 to 50)0 and lbCl 
concent rat ions G'reat er tho.n 0 . 1 r1I inh ibited the l ipo s e  C�.ctivi ty. 

Ynsuchi and Tar2 s suk ( 1 96 3 )  al so obtained a high specif ic 
activity peal� at 0 .  511 Na.Cl from the DEAE cellu l o s e  gradient elut i on 

of the vrat er extract of rennet cas ein which corresponded to the f irs t 

peak eluted from a s ephad ex G200 column thu s  co1uirming the results 
of Fox et al ( 1 967) . 

Haync s and Dewney ( 1 97 3 )  repo rted a decrease in milk LPL 

activity in the pre sence of either NaCl or protamine sulphat e against 

activated tributyrin ( 5� V/V) or Ediol substrates . 90% of the 

activity was s ed imented with the cas e in micell e s  on centrifugati on 

at 38 , 000 xg for 2 hours ancl either 1 M  NaCl or 5 �/rnl heparin 
solutions gave opt imnl releas e of act ivity into the 38 , 000 xg supernatant . 



31 • 

Elu tion of skio.;;1ecl milk on sophro s o  2B co lw:u1.s o quilibr::tted with an 

increasing concentrat ion of he parin ( 0 7  1 an<l 5 pg/ml ) g:.:wo two peaks of 
act ivity against bot h  subst rat c. s  v1i th a lo..rc;cr peak occu rrine 0.t a f\J�ii 
corres ponding to 0 .  5 x ·; o

6 
accon�aniocl by u. decrea s 2  in the activity 

as so c iat ed 1Nitb the cas ein oicollcs ( li�7 croater t hn.n 1 0
° ) with 

inc.:roas ine heparin concent rat j_ons . Both peaks gav�.: tHi cc: the uctivi ty 

t owards Ediol subs t rat os as nith t ributyrin sub s t rat o s . Elut ion of the 
1 Ivl  NaCl ext ract of the co.S Gii1 ui cel l o  1Jrc cipi tat e in the presence of 
5 f!.gjml heparin gave a s ingl e peak c o:r re:; sp ond.ing to tlk second peak 
elut ed wit�1 the skir.1P.lecl milk . Elu t i on of tlw i':I::1Cl extract of the cc:w e:ir. 

mi c ell e precipitat e in the pres enc e  of 5 p..c/ml of heparin gave::: ::t singl e 

peak elut ed vdth the skiomed Dill: .  Elution of th8 lbCl o:x:t r::1.ct of tbc 
cas e in pre cipitat e on sophadox G200 o quilibrated in 0 ,  7 5YI NaCl 

c ont ainine 25Dici I;l{sC;I 2 {!;G.Vo s evo:ra}. act i vHy IJeaks nHl! tl1c domi!lant 

s p e c i es h.:wing 11/l\Ts i''l the range 60 , 000 to ·1 20 , 000 ('..c;ainst both 

sub s t rat es . 

Preincubat i on ::1t 4°C fo:c 2 hcurG i�l 2:·.1 N:.' Cl n.nd. 1 J::l.[::,}cl 
t . l l t 

- 20';� d . ' . . t 
pro amlno su p 1a c gOJ.ve onJ.y v.. v - o croc:cse ln etc· .V:L · y ,  Activi t;J-
al§1inst ei thcr Edi o l  o r  tri.butyrin c:Ju l 3 i onc lncl 2. ;3 i;::1ilo,r p.E 01:1tir:n.J.::: 

of 8 .  5 - 9 .  0 ,  Haynes and :Oo.Ymey ( -1 973 ) conclude t hat the l il)ets o  

activity of bovine r.1ilk r.12.y no � spe c if ically refl ect its LPL act ivity , 

They sugcest l i polyt i c  onzynes proces s on 2.nphiphilc str .. 10ture cnus in[; 
l ipas e s in IJilk to as suL10 8. radial polarity paral lel to k casein \'lhi ch 

is hydrophobically bound to apolar A. and B case jil micell e  compl ex 
� 

and are bound by el e c t ro st at i c  forces to t he outrrardly dire c t ed acidic 

k cas e in .  Add ition of NaCl decrease s tha el ect ro stat ic interaction 

with t he negatively charged cas ein mi c e l l e s  cau s inp, the rel ease of 

l i pa s e . They sugge st heparin �qy act by bindine to specific s it e s  

o n  the l ipolytic enzyme s and enough heparin wil l  eventual ly cause t h o  

rel eas e o f  the enzyme s from the cas ein. 

Egel rud arid Ol ivecrona ( 1 973)  repo rt ed puri fied milk LPL 
had activity aucrainst emul sified l ong chain TGs even in the absence o f  

a l ipoprot ein activat'?r · Using milk LPL pu rif ied by the method of 

Egelrud and Olivecrona ( 1 972) , Egel rud and Olive crona ( 1 973 )  studiec. 
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the effect of TG emul s i ons in the ab sence of s e rum on the activity of 

LPL . Omi s s ion of s e ruD resulted in 5% of the waximum act ivity f o r  

b o t h  ol i-,re o i l  eTID..ll s ion s  st abl i z ed with egg Jeci t hin o r  Int ral ipid 

emul s ions . U sing ol ive oil stabl i z ed with guB arab ic gave Sryfo of 

the act ivity as that with intral ipid in the pre sence of s cru1D. . 

Activ it y  with no s c run was 2 tirJe s as high as nit� Intral ipid . 

Therefore activity was influenced by the emulo ifier u s ed to stabl i z e  

the T G .  Spe c if i c  act ivity was 1 - 7 t ime s h igher at 37
°C than at 

25
°

C .  In the ab s ence o f  s crum 9 act ivi ty showed a gradual decreas e 

with time but the addit ion of albunin incre ased <:tctiv ity to a l inear 

rat e which was s imil ar to that of the plu s albur:1i...'1 assay syst on . 
Egelrud and O l iv ecrona ( 1 973 )  propos e  that this l evcl l int:; off of a.ct hrit;y 

in the a.bs encc of albumin i s  due to inh ibit i on of the l ipas e  by 

ac cumulating FFAs in the ab s ence of a FA ;:tC c ept o r . Addition of CaC1
2 

( 36nl'vi) caused an 80fo s t irulat ion in act ivit y  indicd in[; Ca 2+ could a.ct 

as a FA ::t.ccepto r  but '!ms not ::t.s eff ect ive as al.bunin . Opt inal 

condit ions wore pH 8 . 5 9  3 . 3 me TG/rnl and 36Lli1I CaC1
2 

in the incubation 

mix tu re . U s ing radioact ivity lo.bollcd TG 1 act ivity in the l�IG o..nd })G 
ros e  initially and t hen stayed constant indicating hydrolys i s  of DG 

and I!lG took plu.cc as wdl . u s ir-1c::; oliv--: o il as substrat a opt iDUn 

act ivity Vfc:, s a.t a pH of 8 . 6 . At pH 7 . 3  init ial a.ctivity vras fo l l owed 

by n. rapid lcvel l ine off to zero u.ct ivit y aft e r  4 Dinutcs . At pH 
values of 8 . 3  t o  9 . 0 activity vms l inear wit h time . 

In the abs ence of added or:rul s ifier and u s ing short chain 

FA TG ( tributyrin ) the opt imum pli nas 8 - 8 . 5 .  CaCl
2 

had no effect on 

the enzyue act ivity and NaCl (up t o  0 . 1 M) was stirul atory in 

uneTID..llsified tributyrin substrat e s . 

Addition of NaCl caused a decrease i..'1 enzyme activity with 

time . With the addition of heparin as well 9 NaCl did not have as groat 

an effect on decreasing activity with time . The effect of heparin was 

more pronounced at 0 . 7M NaCl . Egelrud and Olivecrona ( 1 973) propose  

that heparin acts to  stablize the enzyme and thus a more linear 

relationship of activity with t ime for both activated long chain TG 
and tributyrate substrates .  
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Purified milk LPL had .:1. pH o pt il!lU.m of 1 0 . 5 with mono -ol eate 

as sub s t rat e dispe rs ed v;it h  sodiun deoxycholat e with a l inear react ion 

rrith t ine . Activity acu.inst t ributyrat e was 50% of the activity 

against activated t ribu tyrate subs t rat o s .  Activity against DG was 

increas ed by s eru.IJ '.-rhe rcas activity acainst MG vms not affected by 

s crun. Egel rud and Ol ivocrona ( 1 97 3 )  conclude that both act ivi t i e s  

against short chain TG and long chain TG arc o n  the: sane enzYJD.C . 

Brunby ( 1 971 ) obs erved that the addit ion of cho l e s t erol 

est ers 9 pho sphol ipids and free chol e s t e rol all de creas ed act ivity of 

bovine :cilk LPL . Chol e sterol had ::_-,_ great er effect than phos phol ipid 

in decreas ing the activity and t he percent age decreas e was proport ional 

to the concent rat ion of chol est erol or pho sphol ipid . Act ivity was 
de pendent on tho rat io of cb o l e s t o rol/pho s r-hol i pid o.nd 1 5�0 cho l e s t erol 

and 3�0 pho s phol i pid c;avc the oricinal 8-ctivity whereas at 5% 
cho l e s t erol 9 20�t pho s pholipid wa:::: requ irocl for optir.ul ;_t,cti vi t y  but 

e1ct ivity was 657b of tl!at of nor:."�L:.l act ivity. Bn:..-uby ( 1 97 1 ) conclude s 

that tho rcl<.:.t ivc cortpo s it i on of pl a s r::1a l i pids is inp o rtant in the 

activity of LPL . 

Iveriu s ot al ( 1 972) studied the eff ect of heparin on a 
crude and purified ex t ract of bovi.."lo r::.ilk LPL under condit i ons of 

diff erent i onic s t rength o.nd diff e rent sub st rat a act ivators .U 3 ing HDL 

as act ivat o r  and r:rillc LPL pu rified by the rtethod of Egelrud and 

Ol ivecrona ( 1 97 2 ) 9 heparin had l it t l e  Gffect on LPL act ivity at l ow 

ionic strengths and increas ing heparin concentrat ions cau sed inhib ition. 

At high salt c oncentrat ions ( greater than 0. 4M) heparin increased the 

enzyme activity but not to the l evel s in low ionic strength solutions . 

Iverius et al (1 972) propose that heparin act s  by restoring the 

l ipolytic activity rather t han to st imulate the enzyme . 

U sing HDL D.s substrate activato r  in the absence o f  heparin , 

activity VTas l inear with t ine at l ovr ionic strengths ( 0 . 05 - 0 . 1 6M) 
but non linear at high ionic strengths at 37°C indicat ing both 

inhibition and inactivation was taking place at high iontc strengths 

in the absence of heparin . The addition of heparin at high ionic 
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strengths gave a l inear pl ot us ing HDL as activator and 37°C incubati on 

temperature . Iverius et al ( 1 972 )  conclude that inactivat ion as well 

as inhibition o ccur at high sal t concentrations and both of these 

processes are impeded by heparin . 

At 20°C activity was l inear with t ine both in the presence 

or absence of heparin at high ionic s trengths indicating no inactivati on 
0 

took place when incubated at 20 C .  Heparin increased onzyne activity 

by 2 tines at 20°C .  When the perfused enzyme was proincubated in the 

presence or ab sence of heparin at high ionic strengt h ( O .  4111) at 

various temperatures heparin decreased the inhib ition at all of the 

tenperatures . 

Heparin had little effect on the purified enzyme in the 

presence of HDL or serun as activat or or the impure ski:a':led mlk 

enz��e in the presence of HDL or VLDL but increased the activity of 

the impure enzyme in the presence of s erun as activator by 1 0  times . 

Thi s  was due to an inhibition ( approxioately 1 0'..<:) of the impure 

enzyme by serun in the absence of heparin. The l ow activity obs erved 

in the presence of s erun of the impure enzyme was due to inhibition and 

not inactivation since the act ivity in both the pre sence and absence 

of heparin was l inear with tine . Iverius et & ( 1 972 )  conclude that 

inhibit ion was due to a factor in sorun which was not affected by HDL 

addition into the s erum. 

Heparin sul phat e and dermatan sulphat e also gave an act ivat ing 

effect but 1 000x concent rations were required for the same effect as 

heparin. 

Heparin eliminas e decreas ed l ipolytic activity of both the 

skimmed milk and purified enzyme preparations by about 50%. They 

propose t��t the heparin l ike 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 stimulate the 

enzyme above opt imal c onditions but prevented the inhibition and 

inact ivation of the enzyme , Iverius et � ( 1 972) propose that heparin 
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is not involved in t he catalyt i c  J:1e cha.:ni sr:1 of LPL but s erves t o  

el iDinat e the e ff e c t s  o f  t h e  inhibito r .  S t rongly bound hoparil1 not 

availabl e to the action of heparinas e may ho'.rever be re quired . They 

propo s e  that heparin is bound to the prot e in in the rat io of 1 : 70 .  

1 .: 1 0  Purifi cat i on T e chnique s u s ed to purify Lipoprot e in Lipa s e  

Fieldin::s ( 1 969 ) obtained a 2SOO - 3000 . fold purif i cati on 

of po st heparin plasna LPL which w-::,s 95% horJogenou s on polyacrylamide 

gel e l e ctrophoresis . Purificat ion was obtained by binding to an 

Intralipid ornu l s ion and washin(S the l ipid enzy1:J.e conplex with 0 .  05M 

NH40H-NH
4
Cl buff er pH S . 5 containing 1 0;0 sucrose with ultracent rifugation 

at 30 , 000 rpn for 1 hour until the pro t ein in the supernatant was about 

1 0mg/ml. 55fo of the act ivity renaine<l bmmd to the l i pid nit h a 500 
fold purificat i on .  The enzyr:10 vms then elut ed off vri t h  0 . 05M 

:trn:4oH-NH4Cl b 1.lffor pH 8 . 5 cont2-inins 0 . 5% W/V s odiun deoxycholat e and 

0 . 5ru� potassiurJ oleate and contrifugine at 35 , 000 rpn for 1 hour • so% 
of the bound activity Has rGcovored in the aqueous layer .  Another 

washing with the above buffer gave 1 5% of the act ivit y recovered in 

th e nquous layer . Further purifi cat i on was obtained by thG a.ddit ion 

of i volw:1o of 0 .  2M ca.3ro 4 gel to the enzyme su perm t ant from above , 

centrifugation of the enzyno Ca3PO 4 conplex and washing the gel vri th 2 

volune s of 0 . 05M NH40H-NH4Cl buff er pH S . 5  containing 0 . 5% W/V sodiuo 

deoxycho late , 0 . 5TIM potas s ium oleate and 0 . 1M sodium oxalate and 

finally washing the gel with ! voluoe Nli40H-NH4Cl buffer pH 8 . 5  

containing 0. 05M sodiuo citrat e .  65% of the bound enzyme activity 

was re covered in the sodiur::t citrate was h. Sofo of the protein elut ed 

with the sodiuo c itrate was precipitated between 33% and 5� V/V 

acetone . Maximum specific activity obtained was 
40 �mole FFA released 

min/mg protein repres enting a 30% yield . The �tV was 72 , 600. 

Gret en et & ( 1 972) purified a TG lipase from human post 

heparin plasma which was activat ed by a NaCl concentration up to 0 . 75M 
but was sl ightly less active thereaft e r  on increas ing the NaCl 
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concentration. By twice b inding to a heparin sephrose column they 

obtained a purif ication of 9 1 60 fold representing a 1 0% yiel d  of 

the oricinal activity . The enzyr.'l.o was e luted off at a concent rat ion 

of about 0 , 6!11 NaCl , VLilL and LDL were firstly reo.oved from the plasTJa 

by adjusting the dens ity to 1 . 21 gr.yL� by the addit ion of ICBr and 

centrifu gation at 60 , 000 rpm for 1 hou r bofore be inG appl iod to the 

heparin columi1G . The enzyo.o did not rcq_u ire s erun for activity. 

Greten and Wal t or ( 1 973)  obt ained r'. 1 500 fold purification 

of LPL by binding of an acet one powder cxt r�wt of rat adipose t i s su e  t o  

a heparin s epbro s e  colur:m . Elution was by a s t c pwi s e  nethod of 

i nc reasing NaCl c oncent rations in 0 . 005L1 sodium barb it al buffer pH 7 . 4 . 

NaCl concentrat i ons of 0 . 4M, 0 . 75M and 1 . 2M NaCl were u s ed to elut e 

the enZJ'l!le fron the hep3Xin scphro s G  1-fi.J.Xiru:.1 specific activity obtained 

was 60 jmolc FFA rel ea s ed/nin/ng re pre s ent inc- a yi eld of 1 7% in the 1 .  2NI 
NaCl wash . 22'% of the total act ivity \"!as bound t o  t he heparin s ephro s o  

coluo.n and total re covery was 47% of the activit y elut ed onto the 

column . I s oel e ctric focu s ing gave a s ine;le band of activity at a 

pi of 4 . 2 .  The pre s ence of 2M NaCl inhib ited the enzyme by 1 0  t ime s , 

Activity shovrcd an o pt inun at 2 .  5 lle/ru of hepari.n but decreased 

thereafter on inc reas inG the heparin conccmt rCJ.tion. The cmzyn.e 

roq_uirod s erun for ful l  act ivity . 

As sman et e1l ( 1 973 )  partially pu rif i ed rat l iver plasma 

membrane TG l ipase by binding to a heparin Bio gel colur:m and eluting 

with high salt concentrations from 0 to 5M HaCl in glycine NaOH buffer 

pH 9 . 4 .  No binding of the heparin released activity occurred and only 

activity that was released in the absence of heparin bound to the 

column. 5o% of this activity was eluted off as a peak at 32 mnho 
resulting in a 1 5  - 20 fold purification . This activity was not 

activated by the presence of serum in the incubation medium and 

represented a yield of 0 . 5%. Maximum specific activity obtained 

was 1 . 1 �ale FFA rel eased/min/mg representing a 363 fold purification 

from the liver homogenate .  
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Eeelrud ( 1 973) obs erved a bindine of hen adipose t i s sue LPL to a 

heparin sub sti tutcd gel ::tt 0 .  5Iv1 NaCl in 0 , 005M s odiun veronal buffer 

pH 7 .  4 .  55% of the appl i ed enzyne vm. s  elut ed a t  1 . 1 61! NaCl obtaining 

an 80 fold purificati o n .  The. onzyno was dep endent on seru;::l for 

r:Kl.Xir.ll.lm activit y 9  inhib ited by NaCl and was inhib it ed by heparin both 

b efore and after elu t ion fron the h c;ps,rin s ephro s e  c olur:LYJ. . 

Olivecrona et al ( 1 971 ) obtained a 2000 fold purif icat ion 

of skimm.ed mlk LPL by bindincs ' ont o n heparin s ephros e  column. 

Recovery of act ivity elut ed fron the co lur,m was 50fo and the enzyruc; 

was elut ed at an ionic s t rength of 0 .  83M NaCl . 

Egel rud and Olivocrona ( 1 972) purif i ed bovine :oilk LPL 
5000 - 7000 ti:oe s fror:1 skiiJIJ.cJ mlk by an init ial extraction of a 

rennet curd with 1 . 1 6I!I HaCl foll owed by preci pitation by 30% VT/V 

(NH4 )
2 

so
4

, dialys i s  of the prec ipitat e in 0 . 1 54M NaCl 9 pre c ipitation 

of the dialys�t c by the addition of 1/3 volume of ace tone 9 rcdispcrs i ng 

the pre c ip itate ond repre cipitat inG with acetone and a final wash with 

d i c thyl ether .  T h e  ac et orw ether powder rrc-�s red i s s ol ved in 5ni-11 

veronal buff er pH 7 .  4 contcl.ininc- 0 . 1 6rfl NaCl . Aft er the s e  s t ops a 1 0  

f o l d  purification vras obt ained repres cntine 9 . 5% of the init ial 

act ivity st art ed with . Bindli1G to he parin scphro s e  e qui l ibrated 

in 0, 1 6M NaCl in 0 . 5hlld sodiun veronal buffer pH 7 . 4  and elu tion 

with a l inear salt gradient from 0 . 1 6 to 1 . 5�!.i NaCl gave a �'1.Ximum 

purifi cation of 7000 fold repre s ent ing 67% of the activity elut ed onto 

t ha column . l:laxirrum s pecif ic activity obtained i7as 28 , 000 1.1 equiv FFA 

rel eased/hr/rne. By polyacrylamide gel electrophoresis the enzyn1e was 

so% pure with a yield of 5 - 1 0%. The 1W of the enzyme determined by 

polyacrylamide gel electrophoresis in sodium dodccyl sulphate was 

6 2 , 000 - 66 , 000 , Inactivation occurred at the rennet precipitation 

step and the heparjn sephrose step . 

Ravel !ll, & ( 1 973) used the :oethod of Egel:rud and Olivecrona 

( 1972) with additional purification by gel chromatography on sephadex 

G1 00 in 1 . 5M NaCl L� 0 . 005M sodium veronal buffer pH 7 , 4  to purify 

skinuned milk LPL. 
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Besadoun et al ( 1 974) purifi ed LPL from acetone powders 

of pi g adipose t i s su e  by extraction with 1 . 2M NaCl in 0 , 005M sodiufl 

barbit al buffe r pH 7 . 4 to obt�in 85fo of the tot&l activity in the 

supernatant extract whi ch was 6 t ime s as effective 2..s 0 . 025M l'lli40H-1TH
4Cl 

buffer pH 8 . 6 fo r cxt ractiou int o the supornatant , binding to heparin 

sophros e 4B to obt ain a 600 t L1es IJUrif ication followed by binding t o  

concanaval in A coval ontly l inked t o  s ephros c  4B and elution with 0 . 2M 

L methyl D Erumos ide , 1 . 0M NaCl an:i 0 . 005IIl s odium barbital pH 7 . 0  

to obtain � purifi cation of 21 00 fold . The purifio� cnz�c gnvo a 

s ingl e band on polyacryl�idc �cl ol o ctro phores i s . 

Lipoprot e in l ipas e  i s  phy s i o l ogically important in the 

re gulat i on of the l ipoprotoin T G  concent rn.t ion in tho blood ancl in t he 

u ptake of FA by the t issue espec ial l y  in tlle acliro s c  t i s sue in tioes 

o f  storage and. in the nar:JJJary gland Ju ring l a ct at i on . 

The cont rol of its act ivity i s  affected by ho rmone s ancl by 

prot e ins in the bl ood soo.e st ir:JU.lel.t ing t he onzyJ:lO nhile others inhibit ing 

it . Overall the fine dctn.il of it s ro�lation is no t pro perly 

unders tood . Al so there LlaY be noro t hem one cnzyne , each be ing 

specif ic in it s inhib ition ? o,ct ivati on , sub s t rat a spo cificity o t c  and 

each contribut ing to the overall control of l ipollro toin TG in the blood 

and the uptn.ke of plasraa TG by s pecific t is sues and thos e cnzyoic 
subunits or forms tay interact to form compl exes and thus may account 

for the different LPL specie s . TLo conparison of LPL and l iras c s in 
milk and �mary gland has not boon s tudied and it is quosti or�bl c  

v1hcther the s e  arc the sa.-nc enzymes or not du o t o  them being synthes ized 

in different cell organclles and different cell types . 

Purification procedures have been hindered by the small 

amount of soluble enzyme pres ent at any one time , low recoveries of 

activity obtained due mainly to the high ionic strengths required t o  

elute i t  from heparin sephrose colunms m1d low binding t o  artificial 

TG emulsions . 
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This ::tudy \·ms carried out in order to det ermine a bett er 

method of purification which vroulcl eivo bet t er recoveries than 11lnt 

have b een obtained by previous �orkers , to invest igate the enzyrne 

or enzymic for1ns , t o  t ry and dot ermine the phys ical anU. chemical 

characterist ics of the cnzynic fon;1S and s ec if any int errelat ionships 

exi s t  between t he: different forms , if any cont rol mechanisms exist 

within the enzyme itself ani tho relat ive functi ons of the l ipoprot ein 

l i pas c s  end to compare the rnamm::try gland enzymes with thoso of mil k  

t o  give an ins ight into t heir synthe sis and s ecretion frof!l the narnr:lary 

cell and to dct orninc if any changes in the structural and chemical 

characteristics occur on s ecret i on fron the r:llli.JDary gcll . 



Chapter II 

MATERIALS AND MEriiODS 

SECTION I .  W�ry gland l ipoprotein l ipases . 

2 g 1 Enzyme source 

Bovine mammary gl and was obtained from the local freez ing works 

immediately after cul l ing and approximately 1 5  minutes before homo geniz ing 

in ice cold 1 0-3 1>1 E . D . T . A .  in 0 . 25M sucrose solution .  The cows were in 

full lactation. Adipos e  tissue as wel l as some of the very fibrous 

tis sue was removed before homogenization. T i s sue was obta;Lned from all 

fou r  quarters in the l ower and mid regions of the udder . Total weight 

of the udders varied from 1 0  to 20kg. 

Extraction us ing prefroz en nar.nnary gland s ga.ve no apparent 

soluble enzyme activity with greatly reduced insoluble activity. 

2 : 2 .  Homogenizat ion and Extract ion 

The udder was cut into about 1 00gm pieces and pas s ed through 

an electri cal mincer . The minced udder extract was then homogenized 

in 5 times the volume of ice cold 1 0-3 1'11 E. D . T . A .  in 0 . 25M sucrose solution 

at top s peed in a \'raring blender for 5 minu tcs with intermi ttant stops . 

The above solution was centrifuged at 1 6 , 500 xg for 30 minutes at 0-2°G 

in a sorvall RC2B model cent rifuge us ing a G-S 3 head . Three layers 

separated - a top cream layer, a middle supernatant layer and a bot t om 

precipitate.  The middle supernatant layer was removed by gently tipping 

the centrifuge tube allowing the supernatant to pour into a beaker and 

retaining the top cream layer in the tube by the use of tissue paper 

placed at the mouth of the centrifuge tube.  The gelatenous precipitate 

was resuspended in 5 times volume of ice cold 1 0-3 M E .D .T . A . in 0. 25M 

sucrose and again homogenized in a waring blender. The homogenized 

extract was centrifu�d and the middle supernatant solution extracted 

as above . The above was repeated a third t ime giving three tissue 

extracts .  
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A 2CY'/o V/V triglyceride emul s i on of ol ive oil vras prepared by 

dis s olving 1 0gms of gum c..rabic in 8 0r,1l s of dis t il l ed v1ater and to this 

was added 20mls of olive o il m1d the mixture homogeni z ed u s LDg a high 

speod homogenizer for a�proximately 3 minutes . T o  the middl e  supernatant 

solution obtained as in section 2 : 2 ·.-ras added 1 /40 volume of the 20-/o 
0 

ol ive oil emul s ion nnd the mixture incubated in a water. bath at 37 C 
fo r 1 0  minutes with c ons tant s t irring all owing time for the s olution to 

reach 37
°

G required f o r  activat i on . T h e  solution was t ben placed i n  an 

i ce bath and the t emperature all ovved to fall to 2°C ni th int errni t tant 

s t irring . Aft er all owing the s o lu t ion to set tle for 5 minut e s  at 2°C 

the top lipid laye r rms removed by gent ly pipett ing the surface layer 

off . 

2:3: 1 Preparative ult racentrifugat ion and extraction of TG b ound enzxme 

The top l i pid layer f rom above was cent rifu god at 1 05 , 000g 

in a BeckiDan model 1 preparative u l t racent rifuge for 1 hour at 2°
G 

u s ine; a 30 head . All following centrifugat ions ':iere carried out at 
0 

1 0 5 , 000xg at 2 C for 1 hour us ing a 3 0  head . The lower aqu eous 

superne1tant layer vras removed by gent ly sucking through the t o p  l ipid 

l aye r u s inG' a l one;- pds t eur pipett e v;ithout disturbing the top layer . 

The top l ipid laye r was then t rans fe rred to a. flask and homogenized in 

0 . 05M NH
4

oH-NII
4

Cl buffer pH 8 . 4 .  The above homogenate was again 

cent rifuged at 1 05 , 000g for 1 hour . The bottom supernatant was removed 

as above and th e t o p  l ipid layer was homogeni zed in 0 . 0 5M l�
4

0H-NH
4

Cl buffer 

pH 8 . 4  and recentrifuged and the supernatant solution removed as before . 

'l1 his vras repeat ed s everal times unt il most of the act ivi ty was eluted 

- off . In some cases the top TG extract was sonified in 0 , 05M NH
4

0H­

NH
4

Cl buffer at 2
°

C and then centrifuged at 1 05 , 000g. 

2 : 4  Purification u sing calcium pho sphate gel and silica gel 

2 : 4: 1 Preparation of gel : Equal volumes of 0 . 25M CaC1
2

2H
2

0 and 0, 1 67M 

Na
3

FO 
4 1 2H

2
0 were mixed and the pH adjusted to 7 .  5 using acetic acid. 

The ca
3

Po4 gel was then poured into a filter funnel containing 
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Wha tman No . I filt er paper and the gel washed with distilled water unt il 

the pH of the elu tant was about 7 .  0 .  The gel was als o  ivashed by the 

addit ion of large volumes of distilled water and decanting the water 

off after the gel had settled . 

The 1 6 ,  500g supernatant from section 2 �  2 \/Cl.S added to the gel 

slurry in the ratio 1 00 : 1 V/V supen1atant : slurry and filt ered using 

a large buchner funnel containing Whatmcm No , I  filter paper with a 

vaccum applied. A hard pan of Ca3PO 4 gel was prepared by pouring the 

slurry into a buchner funnel containing Whatrnan No , I  filter paper and 

applying a vaccum until the exce s s  i·vat er was removed 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
3
P0

4 
gel slurry had to b e  homogenized in a high 

spe ed blender to form fine gel particles . 

The filtrate from the first Call) 4 gel filtration vr�•s then 

applied to the top of the eel without disturbing the surface a.nd filt ered 

through using a vo.ccum. In s ome cases tbe supernatant was centrifuged 

at 1 05 ,  OOOg for 1 hour at 2°C before being applied to the gel .  

Follov1ing the elution of the enzyme solution through the gel the gel 

vras washed with 0 , 051\1 NI-I40H-llli4Cl buffer pH 8 . 4  followed by 0 , 1M 
potas sium oxalate ancl then 0 . 05JI,I trisodium citrate .  

2 : 4 : 2 Silica gel filtration: A slurry of silica gel was prepared by 

the addition of distilled water to silicic acid and shakLng . The 

slurry was then poured onto a buchner funnel containing Whatman No. I 

filter paper ru1d vaccum applied until a firm surface was obtained and 

washing with several volumes of distilled water. The 1 6 , 500xg 
supernatant was then poured gently on to the top of the gel and vaccum 

applied. 

2 :5 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 70°C and then soaked in 

75ml formamide for 3 hours degassing for half an hour at the start. 
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A s econd s olut i on was prepared by adding 1 7mls cone . chloro sulphonic 

acid s l owly to 1 50ml forillf!.mide at 0° C in an enclo s ed flask connected 

t o  a drying tube Yri th the dropping funnel containing tho chlorosulphonic 

a c id al so protected v:it h  :.�. drying tube cont aining CaCl
2

• The above 

s o lution was added t o  the viscose fo rmo,mide slu rry and st irred 

int ermittent ly for 48 hours at room t emperature . 500ml of ice was 

then added foll owed by Gn ice cold soluti on of 2 2gms I:bOH in 200mls 

distill ed \Vater . The res in was then filt ered anc1 washed vri t b  di s t i l l e d  

wat er i n  a bu.cbner funnel . 

2 :  5 : 2 .  Binding and steprri se elut ion from viscose sulphat e . The 
vi s co s e  sulphate was e quilibrat ed with 0 . 0 5M MgC� in 0 . 05Ivl Tris HCl 

buffer pH B . O .  One l it re of the enzyTie ext ract II obtained as from 

soction 2: 2 'tras ma.de up to a 0 .  05Ivl MgC� in o .  0 5M Tris HCl s o lution by 

the addition of s o l id MgC� and 1 . 5Ni T ris HCl pH 8 . 0 .  2 0  gms of vis c o s e  

sulphat e was added and the solut ion centrifuged a t  1 6 , 500g for 2 0  

minut es . T he prc cipit <-tt o ii�S redispersed i n  1 l i tre o f  0 , 51'/I NaCl in 

0 . 05M Tris HCl pH 8 . 0 ond ag-ain cent rifuged . The precipi tat e was 

redispers ed in a 0 .  7 5M: lTaCl solution in 0 . 05I\I Tris HCl pH 8 . 0  and again 

centrifuged . This was repeated us ing 500IIL1 s  of a 0 ,  9�I NaCl s olut i on and 

2 50mls of a 1 . 2M NaCl s o lution in . 05l\1 Tri s  HCl pH B . O . Tho super-· 
natant s in web cas e \!ere dinlys ed against 0 . 0 5M mr

4
oH-NH

4
Cl buffer 

pH 8 . 4  before being assayed . 

2 �  5 : 3 Gradient elu t i on from vis cose sulpbo,t e .  20grns of res in was 

poured into a 1 5  x 3 . 2 cm column and equilibrated with 0 . 05M JIIgCl2 i n  

0 . 05M Tris HCl pH 8 . 0 .  

1 . 8 litre s  of the 1 05 , 000g supernatant of ext ract Iafter 

triglyceride binding as in section 2 : 3 � 2 was made up to a 0 . 05M 

MgCl2 solution in 0 . 05M Tris HCl pH 8 . 0  by the addition of solid 

��12 and 1 . 5M Tris HCl pH 8 . 0  and elut ed on to the column . Excess  

protein was washed off  with 0 . 05M MgC1:2. in 0 , 05M Tris HCl pH B . O .  The 

protein was then eluted off using a 0 to 2M NaCl gradient in 0 . 05M Tri s  

HCl pH 8 . 0 .  4 ml fractions were coll ected and the fractions dialysed 

against 0 . 05M NH
4

0H-NH
4

Cl buff er pH 8 . 4  before being ass ayed . The 

sulphate polysaccharide was regenerated by firstly washing the NaCl 
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out with distilled wat er then drying the slurry in an oven at 70°C 

overnight fol l owGd by resrrelling of tho resin in 0 . 05M MgC� in 0 . 05M 

Tris HCl pH 8 .  O .  

2 : 6 Purification us.ing sodiuLl dextran sulphate 

2 �  6 :  1 Method I .  Steprris e elut ion wit h CaCl? .!.. 2rnls of a 1 CY;0 sodium 

dextran sulphate s olution vras added t o  1 OOmls of enzyme s olution and 

the dextran sulphate precipitated by th::; 3.ddition of 1 0mls 1M  CaCl2 • 

The su spens ion was centrifuged at 1 6 , 500g for 20 minutes and the 

precipitat e resu spend ed in 1M CaC� and rocentrifuged . This was 
repee1ted using a 2M CB.Cl 2 solution :::m"l the suspens ion recentrifuged . 

'rhe CaCl2 supernatcmt s were dialys ed against 0 . 05M NH
4

0H-N1I
4

Cl buff er 

pH 8 . 4 before b eing as s2.yed . 

2 : 6 : 2 I·,Iethod II . Precipitc.tion Hit h ��h1Cl 2.:.. ThG fol l o\'Tine procedure 

we1s carri·�d out as for the isolat ion of high density l ipopro t G ins by 

Burstcin et al ( 1 970)  with modificati ons . The enzyme s olut i on us ed 

;vas the filtrate aft er eluti on through CalO 4 gel as described in 

s oction 2 �  4 .  

0 . 5gms o f  s odium dextran sulphate wa s diss olved in  1 l itre of 

enzyme solut ion and 1 0gms of J fuC� sl orrly added keeping the temperature 

approxi��tely 2°C .  The precipitate formed was coll ect ed by centrifugation 

at 1 6 , 500g for 20 minutes . The precipitate was then dissolvad in 30mls 

1 0;0 NaliC03 solution and the Mnco3 precipitate formed was removed by 

centrifugation at 1 7 , 200g fo r 20 minutes . The supernatant vras then 

dispersed in 1 litre of 0 . 02M Tris HCl pH 7 . 7  and the dextran sulphate 

reprecipi tated by the addition of 1 Ogrns of MgCJ2 • The precipitate was 

collected by centrifugat ion at 1 6 , 500g for 20 nrinutes and dissolved in 

20rnls 5% NaCl . The above solution was then suspended in 1 litre of 

0 . 05% NaCl in 0 . 02M Tris HCl pH 7 . 7  and the dextran sulphate 

reprecipitated with the addition of 1 0gms of I��� . The precipitate  

was collected by centrifugation at 1 6 , 500g for 20  minutes and the last 

step repeated as above . The final precipitate was dissolved in 1 2 . 5mls 

of 1 0%  No. citrate and the solution dialysed for 24 hours against 1%  
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lhCl in 0 . 02I:I Tris HCl pH 7 .  7 to remove citrate and .Mg2+ ions . The 

ab ove solution was t hen dialysed agains t 1 5� :SaCl2 in 1 1& NaCl for 24 
hours and the insolub l e  Ba salt of J.extran sulphat e removed by 

centrifugat ion at 1 7 ;  2 00g for 20 r:ainut es . The supernatant from above 
was t hen dialysed ag--d.inst 0 .  9% NaCl to remove the Ba 

2+ ions . All of 

the above s t eps were carried out at 2°C . 

The sup ernat ant was then elu t ed through a s ephadex G200 
column ( 2 . 3  x 39 . 5 cm) with 0 . 05M N1I40H-11in4Cl buffer pH 8 . 4 .  The large 
protein peak was then elut ed ont o  a DBA� cellu l o s e  coluon ( 1 . 4 x 20cm) 

after cli2.lysis in 0 . 005I.I KE-I 2ro4 buff er pH 8 . 4 n.nd elu t ed wit h  a gra.di ent 
of 1 .  5 Iillnl'lo to 20 nnho coll ectiD£� 2ml f racti ons ( s ee s ect i on 2 : 7 ) .  

�.Purification using Diethyl amino et hyl cel lul os e (DEAE cellul o se) 

2 : 7 : 1 Prepm·atio� and equil ibration of DEAE cellulose . 'l'he dry DEA.E 

cellulos e was l oft in 1 5  vol s  by gm woie;ht of collul o s c  of O .  5111 HCl 
for 30 uinutes and t hen poured into a co lumn and dis til l ed dei onized 
vmt er elut ocl through it unt il the effluent bed attained o. pH of 4 . 0 .  
The DEAE colbl o s o  was then pourecl int o i )  vol s by go rroight of dry 
cellul ose of 0 . 5M NaOE and l eft for 3 0  :ninu t es . Tho cellul o s e  s lu rry 
wo..s t hon poured into a column and d o ioniz ed distilled \�at or elut ed 
through it until t he effluent hnd ettk � ined a pH of 7 .  0 .  1�. volume of 

concentrat ed KR2PO L1 s olution YlG.S s t irred into t he DEA.E cellulos e  until 
r 

the pH of the s lurry wets l es s  than 5 and wets t hen titrated wit h  NaOH 
until the required pH ( 7  . 6  or 8 . 4) \Jets obt :1,ined . The s lu rry was then 

degassed and poured into a column and starting buff er eluted through 

until the effluent had the same pH and ionic strength as the starting 

buffer . After each run the high so.lt buffer was eluted through using 

starting buffer and the above procedure repeated omitting the first HCl 

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 distill ed water uas used for all buffer solutions . 

2 :7i2. Stepwise elution from DEAE cellulose in 01005M Iui� buffer 

pH 8 .4. The supernatant enzyme extract as obtained in section 2 : 2 was 

centrifuged at 1 05 7 000g for 1 hour r1.t 2°C and the 1 05 , 000g supernatant 

dialysed against starting 0, 005M KR2PO 4 buffer pH 8 . 4  until the 
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conductivity and pH vrds that of the s tartb1g buffer solut ion . About 

200mls of the 1 05 ,  OOOg superna tDJlt was eluted on to the coluon • .  

0 .  0051'1 lili2PO 4 buff er pH 8 . 4  was then eluted through until no prot ein 

was det ectabl e in the effluent . 0 .  8r1I Na.Cl in O .  005M KH2PO 4 buffer pH 

8 . 4 was u s ed as the final buff er solution .  The NaCl gradient was elut ed 

through the column us ing two equilibrat ion flasks . 1 Oml fract ions were 

collected and conduct ivity readings were read when the elutent soluti ons 

had at tained room t emperature . OD 280 readings were read against 

starting buffer s o lution and one in ever;� four fractions as sayed . 

S olut ions of the required conductivity were made up by the 

addition of NaCl to 0 . 005M KH2Po4 buff er pH 8 . 4  using a Copenhagen 

condu ctivity met er .  The solutions were mde u p  t o  the condu ctivity 

corresponding to t hat of the act ivity peaks obtained through gTadient 

e lut ion . Those were at conductivities of about 2 ,  5 ,  8 ?  1 0 )  1 3 ,  1 5 , 

1 8 ,  2 1  and 24 mmho . 

After elut ion of the enzyme extract on to the colurrm s tarting 

buffer solution was eluted through unt il no prot ein wa s det ectable in 
tho effluent . A s o lution of condu c t :i.vi ty 2. mnho vro.s then elut ed through 

and 1 0ml fracti ons collected until no prot ein was detectabl e  in the 

effluent . This required about 1 l it re of buffer.  The fract ions with 

OD 280 readings great er t han 0 . 05 were pooled , and the rest discarded. 

Buffer of conductivity 5 ooho was then elut ed through t he column and 1 0ml 

fractions coll ected until no protein was detectable in the effluent and 

the fractions whose OD 280 readings were greater than 0 . 05  were pool ed 

and the rest  discarded . This was repeated for buffer solutions of 

conductivities of 8 ,  1 0 , 1 3 ,  1 5 1  1 8 ,  21 and 24 ooho . The column was 

then regenerated and re-equilibrated as described in section 2 : 7 : 1 .  

A second 200ml of enzyme solution was eluted on to the column 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 I{H2P04 buffer 

pg 8.4 • The pooled fractions from above ( section 2 : 7 : 2 )  were dialysed 

against 

smaller 

• 005M KH2PO 4 buffer pH 8 . 4 .  These were then eluted on to  a 

column ( 1 5  x 2 . 3cm) . For the pooled fractions eluted off at 
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conductivities of 1 8 and 21 mmho , the initial starting buffer 

solut ion had a conductivity of ·1 5 illQho with a gradient elution of 

conduct ivity 1 5  t o  25 mmho collecting 2 ml fractions . Activity 

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

gradient elut ions was combined and dialysed against 0 . 005H KH2P04 
buffer pH 8.1+ and eluted on to a m:till ct::llulose column . Starting 

buffer of conductivity 1 5  mmho in 0 . 005F I<H2P04 buffer pH 8 .4 was 

eluted through the column followed by o. grn.dicnt elut ion of conductivity 

1 5 to 25 IDQbo . 

The: activity eluted off at c onduct ivity 1 5  mmho ( starting 

buffer ) from the a bove; gradient elutions wn s coobined, dialysed against 

0 . 005Ivi KH2PI\ buffer pH 8 .4, eluted on to the colw..n and a gradient run 

from conductivity 0 . 5  to 25 mmho in 0. 005M KH2Pq,_ buffer pH 8 .4 . 

The second protein peak (4th activity peak ) at conductivity 

1 5  mmho h·om the c..bove column run we.s then dialysed against 0 . 005M 

KH2P04 buffer pH 8 .4 , eluted on to  a DFAE cellulose column and a gradient 

run from conductivity 0.5 to 25 moho . The extracts from the stepvlise 

elution of conductivity 1 3  and 1 5  rru:1ho elutants were dialysed against 

.OOSM KH2Po4 buffer pH 8 .4.  

in 0 . 005M KH2P04 buffer pH 

gradient from conductivity 

Starting buffer of conductivity 1 0 mmho 

8 .4 was then eluted through followed by a 

1 0  to  25 mmho collecting 2 ml fractions . 

Activity eluted off at the starting buffer ( conductivity 

1 0  mmho ) from the two gradient elutions from above was combined and 

dialysed against 0 . 005M KH2Po4 buffer pH 8 .4 , e luted on to a DEAE 
cellulose column and a gr�dient run from conductivity 0. 5  to 25 mmho . 

2 : 7:4. Purificat ion 
.
using. DEAE cellulose in 0 . 005M KH2� buffer pH 7. 6 

A gradient elution of the 1 05 , 000g supernatant of homogenized 

mammary _ gland extract wa s carried out ns in section 2 : 7 : 2  except the 

pH of the 0.005M KH
2

P04 buffer used was 7 . 6 . Stepwise elutions were then 

carried out as described in section 2 : 7 : 2  except that 0. 005M KH2P04 
buffer o f  pH 7 . 6  was u sed inste3d of pH 8 .4 and conduct ivities  of the 

eluting buffers were 2 ,  1 0 , 1 5 , 21 and 24 mmho . 
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Fractions from condu ct ivity 2 r�o were comb ined and dialys ed 
against 0. 005M KH2P04 buffer pH 7 . 6  and elut ed on to a second D�.E 
cellul o s e  column ( 1 5  x 2 . 6cm) equil ibrated in 0 , 005M KH2F04 buffer pH 

7 . 6  and a gradient of 0 to 0 . 8M i'TaCl in 0 . 005M rrn2P04 buffer pH 7 . 6 
run through t he column collectine:; 1 Oril fracti ons . The above was als o  
carried out as for fractions fron conductivities of 2 1  and 24 ·r:unho 

except 2ml instead of 1 Oml fract ions nere collected, Gradient elutions 

of fractions from conductiviti es of 1 0  nnho and 1 5  omho were als o  carried 

out as above except that a larger column ( 3 .  2 x 30cm) v;as us ed and 1 Ornl 

fracti ons were collested ,  

2 : 8 Conc entration and Gel f iltration . 

Sampl e s  wore concont r:1t ed u s inc; a Biolab diafloYr membrane and 
concentrat or at 50lb/in2 nitrogen pressure. Gel f il t ration was carried 
out on a s cphadex G200 ( s epar3.t ion li1:1 it s 5000-400 , 000 dalt ons ) column 
( 2 . 3  x 39 . 5cL1) equilibrated nit h  0 . 05;,1 _ ITI40H-1lliACl buff er pH 8 . 4  at 2°C 
in a cold roor:�. Flow rate was :"'.bout 21:U s per hour and about 2.!nl fract ionS 
were coll ect ed , Elution volumes uore neasured volumetrica.ll y, Sa.r.J.pl es 
uere dialys ed ae:;a.ins t cq_uilibratin,::-; buffer before bcin:s eluted through 

the column. 1 ml  sau1pl es were appl i ed to the colum..11 .  All sephadex G200 

columns were eluted with 0 . 05r.1 :i.{H4oH-l:II!j Cl buff er pH 8 . 4 ::tt 2°C in a 

cold ro or:1 .  

2 : 8 : 1  . Calibration of gel filtrati on column . 

Prote in:5 . of knovm molecular Height were eluted through the 

column, their elution volumes rec o rded and used t o  cal culate their 
distribution coefficients . Dextran blue was used to determine the void 

volume and eu2so4 to det ercune the totally included volume. 
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2 : 9  Polyacrylamide gel electrophores is . 

All gels were of 7 . 5% acrylamide compos ition run in 0 . 025M 
T ris glycil1o buffer pH 8 . 5 with cons t�t current of 3 . 7mA per gel in 
a Vokam dis c gel elect rophores is apparatus . A f ew drops of 0 . 001% 
bromophenol blue v1as used 3- S  a liJarker for the progre s s  of  the 
electrophoretic front . Gel s  were al s o  run in 0 . 0 21\1 KH2ro4 buff er pH 
7 .  5 for det ermination of purity of samples . 

Gel s were prepared by mxing the foll owing stock solut ions 
in t he r2-tio  1 � 1 : 2  a : b : c compos ed of 

( a) 48 mls 1 N HCl 
36 . 3gns Tri shydroxylmGthylnmino -metlmnc; 
0 . 23ml temed ( climethyl amino --propioni tril ) .  

The; above f.lixturo '.rets u'l.dc up to 1 00mls with di stilled wat er . 

( b )  30go acrylnnidc plus 
0 . 735gm N N1 net hyl b is o.crylanicle per 1 00 r:U 

( c ) 0 . 4gm ammonium persulphat e per 1 00m1 . 

Solution ( a) was deai rat ed and solutions were mixed in a 1 0ml 

syringe . bGfore inj e<;:ting into 6cm x 0 . -1-cm tubes within 0 . 5cm of the 
top of the tub e held erect in plasticine and � drop of wat er applied 
to tho top of the gel and the tubes al lowed to polymeriz e for 1 hou r at 
room temperature . 0 . 25 - 0 . 5ml of prot ein sampl e containing sucrose was 

applied to each gel in thG dis c b�l electrophoresis apparatus layered 
over with buffer using a microsyringe . Gels t ook 3 - 6 hours to run 

at room t8mperature . Gels were removed from the tube s by inj ecting water 
down the sides of the gel and applying pre s sure to the ends of the gel . 

2 : 9: 1 .  Staining. 

Gels were stained in a solution of 0 . 6% amido black in 7% 

ace t ic acid for 30 minut es and destained by p�cing in a bath of 7% 

aceti c  acid for 2 days . 
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2 : 1 0 .  Det ermination of prot ein .  

ProteL� for assay purpos es was det ermined b y  t he method of 

L owry §.1 f:l ( 1 951 ) .  

:Bovine s erum albmlin ( fraction V) was u s ed as a protein standard . 

Protein fron column fracti onations nas estimated by reading absorbance 

at OD 280nr:l on an Hitachi 1 01 spectrophotomet er against elut ion buffer. 

2 : 11 .  Substrate preparat ion . 

2 � 1 1  : 1 • S erun. 

:Bovine blood v:as obt ained at the l ocal freez ing works from 

freshl y  cull ed animal s a..."Yld cent rifuged at 1 6 ,  500g for 20 minutes in a 

Sorval l  RC 213 model centrifuge us ing a GS3 head �t 2° C, The serum was 

st ored at 2° C and was u s ed up to 2 weeks aft er extracti on . 

2 : 11 : 2 . Triglyceride emul sion. 

:Beef tallow was obt ained from the local dai ry .  :By GLC analysis 
of me thyl est ers of the TG c ompos it ion of the FA res idues was Myristic 
acid ( 1 4 ; 0) 3 . 3%, Palmitic acid ( 1 6 : 0 )  22 . 4/a, Palmitol eic acid ( 1 6 : 1 )  

4 . 1%, st earic acid ( 1 8 : 0) 1 4 . 1 %, ol eic acid ( 1 8 : 1 )  48 . 85b, l inol eic acid 

( 1 8 : 2) 6 . 4%. :By TLC it had about a 9 5% TG content . 

Olive oil by GLC analysi s  of the methyl est ers of the TG gave 

a FA composition of Palmitic acid ( 1 6 : 0) 1 0 . 3%, Palmitoleic acid ( 1 6 : 1 )  

0 .9%, Stearic acid ( 1 8 : 0) 3 . 3%, oleic acid ( 1 8 : 1 )  79% and linoleic acid 
( 1 8 : 2 ) 6 . 5%. 

A 1 2 . 5% W/V TG emulsion was prepared by sonifying 2gm of tallow 

in 1 6mls of gum arabic solution of 1 �1 6mls distilled water using an 

MSE ultra sonicator at 8 microns peak to peak for 1 0  minutes . The 

emulsion was th.en centrifuged at 3000rpm for 5 minutes on a bench 

centrifuge to remove large unemulsified particles . Final concentration 

of TG was 0. 1 38M. 
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An 1 1% V/V olive oil eiiD.llsion was prepared by sonifying or 

honoeenizing 2mls of olive oil in 1 6nus of a solution of 1 gm  g� arabic 

/1 6mls distill ed wat er . Fi1'1'1l cone . of TG was 0 . 1 1 M. 

2 : 1 1  ;3, Actiu, .ted TG substratG .  

TG s erun substrat es vrere prepared by mixing the TG emulsion 

prepared as in section 2� 9 : 2 with serun in the rat io 1 : 1  and incubating 

in a wat er bath at 37° 8 for 20 minutes uith constant shaking • 

. . 
2 : 1 2 .  As say procedure and determination of FFAs rel e:J.s ed .  

Incubations were carried out L'1 1 Ocl vials stoppered with 

either a screw on top or press on top in ::1. constantly shaking water bath 

at 32° C. The incubation Llixture vras conpos c>d of 1 ml  preincubo.ted TG serum 

( 1 : 1 )  prepared as in sections 2 : 9 ' 1 y  2 : 9 � 2 m1rl 2 : 9 : 3 ? 0 . 5IJl 1 M Tris HCl 

buffer pH 8 . 5 ?  0 . 05mls 22% CaCl2 • These  were added t o  the vials and 

:1lloned to equilibrat e at 32°G for 1 0  minutes before the aduition of 

O . 5r!1.l enzyme s olution . 

The extraction of the FFAs released v:as accordin8' to the method 

of Dol o et al ( 1 9 55 ) . Immediat ely aft er the addit ion of 0 . 5Dls of enzyme 

solution ?  the vial was shaken ( vrith the stopr;er on) and 0 . 5ml wit hdrmm 

and pipott ed into 2 . 5ml heptru1e: i sopropru1ol � 1  N H
2

so
4 

( 1 0 : 40: 1 )  mixture 

in 20ml B
1 4 

stoppered glas s 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 0 , 5ml withdrawn and pipett ed into a second tube 

containing 2 . 5nli heptane: isopropanol : 1 N H
2

so4 ( 1 0 : 40 : 1 )  and the B1 4  
stopper replaced . With large numbers of fractions to assay ( as occurs 

with column :runs ) about 1 5  assays could be carried out simultaneously 

allowing one minute for the addition of enzyme, shaking of the vial , 

withdrawing 0. 5ml 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 l imitations of the assay. In each case 
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a control with the addit ion of distilled uater instead of enzyme was 

set up. 

FFAs were extracted by the f1ddition of 1 ml of distilled wat er 

to the extraction nixture followed by 1 • 2ml s  of hopte.ne giving a top 

hoptano layer of 1 .  7r.U . The tubes ·;rare sha.lwn vigorously for 1 ninute 

on a nochanical shaker and all ovwd to  s ettl e for 1 0  minut es . A top 

heptane layer se1)2.rated out . 

FFA rel eas ed \'lf1S doternined co:!..ouroctrically by the ncthod of 

Mos inger ( 1 96 5 ) . A stock solution consistc� of 1 %  phenol red in 0 . 1 2M 

sodiuG barbi tol ( 0 .  25gm per 1 Ocl ) .  This 1/:J.S di.lut ed before use by the 

addition of 1 ml of stock buff er solut i on ( as above ) to 300rnl of an absolute 

ethanol � heptanc ( 1 :  2 )  mixture and sh8.ken vigorously. 0 .  9mls of the above 

dilut ed stock buffer solution uas ad,l ec.l to 0 , 6ml s  of extracted FFA in 

hoptane ( as above ) in a curvett o <J,nd s hc.ken until both solutions were 

dispersed and the colouraticn fornec.l vrr::.s roo.d at 560nn in an Hit2.chi 1 01 

spectrophotoraoter usinG a r...icro cell adaptation asrainst pure heptane : 

absolute ethanol ( 4 ;  1 ) .  After each roo.cling t he curvottes were rinsed 

with <1cetone followed by distill ed wat er and finally dried with acetone 

8lld loft to stand until dried . Palnitic acid ( 99�,0 pu re ) was used as a 

standard for calebrntion of FFl:..s givinG a l inear relati onship up t o  0 . 4  

unoles -valni tic acid . From the s tandard graph a relationship of 

0 . 5 1 37�mo l e  FFA/ml/OD unit was obtained . L�..its of accuracy for the 

colouration was ± 0 . 002 �J,mol e/ml . A colour change of red to yellow 

occurred with increasing FFA concent ration . The change in OD 560 

readings at 0 Slci. 20 minutes was recorded , the final reading ( yellow 

colouration)  was subtracted from the first reading ( reel colouration) 

o.  514  with time gives activity in �ole FFA released/min/ml enzyme 

solution . 

· I 
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2 : 13. Detervination of amino acid conposition . 

The protein was hydrolysed with '6N HCl in evacuated sealed 
0 tubes at 1 00 C for 24 hours . Hydrolyso.tos ,·:ere evaporated to drynes s  

on a Buchi rotary evaporator� rodisoolved in 2c:13 water and evaporated 

to dr-J110Ss again. The analysis was carried out on n. Beckr.nn 1 20C ar:rino 
acid analyser which had been cetlibrntcd with a knovm mixture of a1:1ino 
acids . tmg was apr1l ied to the colurm. 

Definition of unit :  

1 unit = alilount of onzyr.1e required t o  release 1 � mole FFA 
per min.  Enzyme activity ic  in p . .1ole FFA relec..sod per nun 

per m.:; of protein . 

SECTIOH II . Milk Lipoprotein Liraso .  

2 : 14 Enzyr:1e source :  

Fresh Bilk was obtained froa the local Massey University dairy 

farn ( predominantly Fresian cows ) iR�cdiately after lllilking. The milk 
was then centrir�ged at 1 6 , 500g for 20 �inutes in a Sorvall RC 2B 

refrigerated centrifuge at 2°e to  remove lipid which formed a solid 
layer on top of the milk. The skinmed milk was then poured into a flask. 

2 : 15. Purification of milk lipoprotein lipase by binding to and 

elution from calcium phosphate gel, 

50mls of calciun phosphate gel slurry, prepared as in 

section 2 � 4 : 1 was poured into 250o1 of sldmned milk and the solution 

filtered through a buchner funnel using Whatman No I filter paper. 
The filtrate from above was then filtered through a hard pan of 
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ca3PO 4 gel on \Thatman No I filt er paper in a bu chncr funnel prepared as 

in s ection 2 � 4 �  1 .  Th8 gel vms then washed vfith 0 , 05M :NH40H-NH
4

Cl buffer 

pH 8 .  4 until pro te in was no lon(;er det ectable in the filtrat e .  The gel 

was then \7C.shed with solutions of 0 . 1 M po tas sium oxalat e foll owed. by 

0 , 05NI s odium c i t rat e 9  s olutions of 1 % 9 2;� � .3/b, L1.% and 5� NaCl in 0 , 05M 

NE
4
0H-NH4Cl buffer pH 8 . 4 and 5% J:bCl in 25�; and 50/o diraethyl forr.1ar;1idc 

in 0 , 05M NH
4

0H-NH4Cl buffer pH 8 . 4 . The gel was als o v;ashed vrith s o lut ions 

of 0 , 5N Na2c o3 buffer pH 8 .lf9  0 , 5M Na2 .s:\ in 0, 051,T NH40H-NH
4Cl buffer 

pH 8 . 4 and 0. 5M and 1M KR2P0 1  buffer pH 8 , tl . 
Lr 

Each of t he above wash ings were carri ed out on s eparate gel s . 

The fil trdes Vlere dialysed against o . 05M NH40H-lni
4

Cl buffer pH 8 . 4 .  

2 �  1 6, Pu.rificat ion by ul t r2..centrifucat i on nnd s odiun chl oride extraction 

of the casein pr�cipi t:1tc . 

800nl of skinned milk was c ent rifus-cd at 1 05 , 000g in a B e cl.man 

noclel 1 prcpar:1t ive ult racuntrifu(;o us inc a. 30 rot o r  henJ at 2° C for 
1 hour. The casein pre ci pitat e was t hen r.:.:;dis persed in 360ru i c e  c o ld 

doionizccl U.is t ill od llC\t er EmJ tho c�1 s o in solut ion c ::mt rifugod at 1 05 , 000g 

for 1 hou r c:ts r.tbove . The cas ein prc c i 11i tat o r:::�s washed a s ecor .. d t ime 

with 360nl i c e  cold de ionized d i s t il l ed water and tho 1 05 , 000c cas e in 

pro cipi tato col l e c t ed . The cas ein prccipi tat o rras then homo&eniz ed in 

360ml s  ico cold 1 .  2M NaCl in 0 . 05M NI-IL10H-NH11 Cl buffer pH 8 . 4  and the f r 
ca s eli1 s olut i on again cent rifuged at 1 05 , 000g for 1 hou r  as above . The 

cc.sein precipitat e fron above was homogeniz ed in a s econd volume of i c e  

c o l d.  1 . 2M NaCl in 0 . 05r.i NH40H-NH4Cl buff er pH8 . 4  and the solution 

centrifuged at 1 05 , 000g as above . 

2 :  J7 .  DEAE cellulose g:r;adient elution in 0 , 005M KH:2� buffer pH 7,6 

of the 1,2Ivi NaCl extract of the 105,000g casein precipitate . 

The sodium chloride extract of the casein precipitate was 

dialysed against 0 . 005M KH2P04 buff er PH 7 . 6  and eluted on t o  a DEAE 
cellulose column ( 3 . 2  x 30cm) equil ibrated as described in section 2 : 7 .  
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Sta.rtinc buffer nas eluted through followed. by o. sodiu.r:1 

chloride gradient of 0 to 0 . 8M NaCl in 0 . 005M KH2P04 buffer pH 7 . 6  

collcctL� 1 QQ1  fractions . 



Chapter III. 

EKPERIMEl'JTAL Al'ill RE3ULTS 

SECTION I .  ���ry gland lipoprotein l ipases . 

56 . 

3: 1 .  Effect of pH on l i£aSe activity of a crude enz�ne extract in the • 

pres ence and absence of seruli.l .  

Assay was as in section 2 : 1 2  except as say tiDe was 40 oinutes 

and the following buffers used in the range of pU ; 
pH 5-7 0 .  5M KJ-I

2
PO 4 

pH 7-1 0 O .  5M Tri s  HCl 
pH 1 0-1 1 . 5 0 .  5Iv1 llli 4oH-NH!). Cl 

The assay in the absence of serun was carried out as above 

except that serun YJas replaced by an equal volune of di stilled wat er. 

Enzyr;1e source wn,s the 1 05 ,  OOOg supernatant of the honogenized udder 

extract obtn,ined as in section 2 : 2 .  

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

of 6 . 0 ,  7 . 5 ,  8 . 25 , 9 . 0 ,  9 . 5 ,  1 0 . 2 5 9  1 1 . 0 &�d 1 1 . 5 .  

Activity peaks in the presence of serum were recorded at the 

sane pH ' s  as in the absence of scrum except there was no peak at pH 9 . 0  

and a peak appeared at �I 8 . 5 .  ScruB had a stimulatory effect on l ipases 

with pE optima of 8 . 25 ,  9 . 5 , 1 0 . 25 and 1 1 . 0 .  Serum had a slight 

inhibitory effect on the l ipases of pH optimum 7 . 5  and 9 . 0 ,  and had an 

inhibitory effect at a pH of 1 0 , 25 .  Serun increased lipase activity by 

50o% at a pH of 8 . 5  and increased lipase activity by 43% at pH 1 0 . 25 .  

(See graph I ) . Two assays were carried out at each pH and the average 

was taken. Activity was within ± 2% in each cas e .  



GRAPH 1 Effect of pH on l ipase activity of a crude mammary gland extract 
in the presence and absence of serum. 

Key :  t:.--6 with serum 

,. __ ,. without serum 

See text for details of assay conditions 
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3: 2 .  Effect of t allow and olive oil substrates on the activity of t he 

1 6,500g fracti ons of homogenized cows udder . 

As say vm.s aro in section 2 :  1 2  except that twice columes we re 

used i . e . 2 mls s e:rum : TG 1  1 ml 1 M  T ris HCl buffer pH 8 . 5 1  0 . 01 rnl 2 2-'/0 
CaCl

2 
and 1 ml enz}�e solution added at zero time and 0 . 5mls was withdrawn 

at 0 9  500 1 1 000 9 1 500 and 2000 s ecs . Olive oil and tallow activated 

subst rat es were prepared as in sec t ions 2 � 9 : 1 9  2 : 9 : 2 and 2 : 9 : 3 .  The 

tallow emul sion was diluted 1 1/1 4  to make it equ ivalent to t he olive o il 

emuls ion .  Final concent ration of triglyc eride in the incubat ion vial s 

was 0 , 0 2TM. Enzyme sources used were the total udder homogenat e and the 

1 6 1 500g supernu.tant 1 precipitat e and top fracti ons . 

All fractions go..ve l inear relati onships of activity with time 

within the t ime recorded ( 33 minut es ) and all fractions shovred great er 

activity with tal low as substrat e rat her t han olive o il . The total 

extract showed the great est percentage increase in act ivity with tal l ow 

over ol ive oil of 1 25%. This y;as foll owed by the 1 6 1 500g sup ernatant 

fract ion with a 1 1 5% increus e in activity of tallow over ol ive oil . T he 

precipitat e  fract ion had the next ereateot incro.::t;:; e of 74% with the t op 

cream laye:r:· having only a 27cfo increas e in activity with tallow over olive 

oil . S ee Graph II . 

3: 3. Effect of varying s erum t o  t riglyceride (tallow) rat ios on l ipase 

activity of crude enzyme �xtract . 

Enzyme source was the 1 6 1 500g supernatant fraction of 

homogenized cow ' s udder prepared as in s ection 2 : 2 .  The reaction mixture 

consist ed of 1 . 5m1 preincubated subst rate , 0 .  7 5ml 0 .  Hi!: Tris HCl pH 8 . 5 ,  

0 . 07 5mls 22% CaC12 and 0 . 75mls enzyme solution . 0. 5  ml s  was withdrawn 

at 0 and 30 minut es and analys ed as in s ection 2 : 1 2 . The following 

substrate solut i on mixtures ( tables I and II ) were prepared as in s ections 

2 : 9 : 1  and 2 : 9 : 2  with tallow as triglyceride substrate and preincubated 

as described in s ection 2: 9: 3 .  



0.4 

:JJ m r-m 
� m 
0 "T1 
"T1 
:JJ 0.3 

m m 
"T1 
)> -t -t 
-< 
)> (") 
0 
Cl) 

:;:: 0.2 
3 
£ --
3 
et) :I N 

-< 
3 et) 

0.1 

0 

GRAPH 2 Effect of tallow and ol ive oil  su bstrates on the l ipoprotein l ipase activity 
of the 1 6,500g fractions of homogenized cows udder extracts 

0 

Key : 

\1 ---- \1 
0 0 
• • 
0 0 
• • 

0 0 
... . 
li [j 

\I 

• 

1 000 

TI M E  (s) 

Total extract with tallow as substrata 
Total extract with olive oi l  as substrata 

• 

• 

0 

1 500 

1 6,500g precipitate fraction with tallow as substrata 
16,500g precipitate fraction with ol ive oil as substrata 
1 6,500g supernatant fraction with tallow as substrata 
16,500g supernatant fraction with ol ive oil as substrata 
1 6,500g top extract with tallow as substrata 
1 6,500g top extract with olive oil as su bstrata 

2000 

See text for details of assay cond itions 
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TABLE I .  

!!2? .. £.fi.£.<?!�<2..f_:ya:r;x:h!$_j;hc .22nccnt��i_l.oE, -.?..� .£.9.V.�p.s._:;;o:�:m __ on the act ivity 

2f 11:!;_. 

Ml s  of l\lilo of 

s erum TG 

0 0 , 5 
o .  1 0 . ') 
0 . 2  0 , 5 
0 . 3 0 . 5 
0 . 4 0 , ) 
0 . 5 0 . 5  
0 . 6 0 . 5 
0 . 7 0 . ) 
0 . 8 0 . 5 
0 . 9 0 . 5 
1 . 0 0 . 5 

r�u s of 

dist illed 

'.-rat er 

1 . 0 

0.9 
0 , 8 
0 . 7 
0 , 6 
0 . 5 
0 . 4 
0 . 3  
0 , 2 
0 . 1  

0 

Act ivity 
!Jmlol e  FFA 
rel eased/ 
30 min/ml 
enzyme 

0 . 035 
0 . 075 
0 . 1 3 

0 . 1 9  

o .  25 
0 . 23 
0 . 1 9  
0 . 1 35 
0 . 09 

0 . 065 
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TABLE II . 

Th£, §_ffect of vaxyhng the concentr<1tion of TG on the activity of L!!; 

IvU s of 

serum 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 

0 . 5 
0 . 5 

0 . 5 

0 . 5 

0 . 5 

Ml s  of 

TG 

0 

0 . 1 

0 . 2 

0 . 3 

0 . 4 

0 . 5 

0 . 6 
0 . 7 
0 . 8 
0 . 9 
1 . 0 

I:JT..ls of 

distilled 

water 

1 . 0 

0 . 9 

o . s  
0 . 7 
0 . 6 

o . 5 
0 . 4 

0 . 3 
0 . 2 
0 . 1 

0 

Activity 
ll mo l e  FFA 
released J 
30 mirlml 
enzyme 

0 
0 . 03 

0 . 075 

0 . 1 3  

0 . 1 95  

0 . 25 

0 . 25 

0 . 24 

0 . 235 

0 . 23 

o. 21 5 

Reaction rate r;as dependent on the ratio of TG to serum. 

Maximum activity o c currinG at a TG; serum ratio of 1 : 1 . Increasing serum 

levels above this ratio g�ve rapid inhibition . Slight act ivity ( 1 3%) was 

observed in the ab s ence of serum. See graph III .  

3: 4. Com:Rarisons of methods of purification of lipoprotein li-gase . 

Several methods were used in an attempt to purify LPL from 

mammary gland extracts . These included binding to triglyceride ( olive oil ) 

sodium dextran sulphate , viscose sulphate ,  calcium phosphate and DEAE 

cellulose as initial stages of purification . 1 05 , 000g centrifugation and 

filtration through silica gel and ca3P04 gel were used to clarify the 

udder homogenates . 1 650gm of mammary t issue was homogenized in two 5 litre 

and one 5 . 5  litre �Tolumes of ice cold 0 . 25M sucrose contalning 1 0-3M 

EDTA described in section 2 : 2 and the fractions assayed as in section 2: 1 2 . 



TABLE III . Activity of mammary gland e�tracts 

Volume J ... ctivity Total Protein Cone . Total Prote in Sp ecific % 
Enzyme Extract used mls Units/ml Activity me/ml mg J.ctivity re covery 

Units Unit s/mg 
�---- ··---·�-_..... ,.. ·-= 

Total Homogenate 6000 0 .4 34 804 1 '1 1 666 ,000 0 . 001 2 1 00 

1 6 ,500g Top Lipid Layer 800 0 . 1 0 80 1 31 1 04- , 900 0 .0008 1 0 

1 6 ,500g Precipitate 700 gn o .  671 I gm 468 757og/gm 530,000 0 . 00088 58 . 5  

1 6 ,500g Supernatant 
Extract I 4400 0 . 04-6 1 98 7 . 1 5 31 ,460 0 .0063 25 

1 6 , 500g Supernatant 
Extract II 4500 0. 01 2 54 6 .1 27,950 0 . 002 6 . 75 

1 6 ,500g Supernatant 
Extract III 5000 0. 01 28 64 1 .2 6 , 000 0 .01 8 

25% of the total activity Yl:c_ s  extracted into the first superno.to.nt extrD.ct . Of that still bound 

to large particle s ,  25% was extrac�ed into the second two superno.t�nt extr�cts giving a total of 4Q% of the 

total activity in the supernatant fro.ctions . 

0'\ 0 . 
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.2 :�:1 • Tri�lzceride bindins • 

Binding to an olive oil tr� lyceride emuls ion wa s carried out c.s in s e c t i on 2 : 3 : 1  and 2 : 3 : 2 .  

A ssay was a s  in section 2 : 1 2 • Enzyme solut ions used were the 1 6 , 500g supernntnnt extracts obta ine d a s  

above . ( See Table III ) 

TABLE IV .  Bindin� and elut ion from a TG emuls ion of the 1 61�00s suEernatant Extract I u s in� an homo�eniz ed TG emu sion . 
Volume Activity Total Pro t e in Cone . Total Protein Spec ific % 

Enzyme Extract mls Units/�1 Activ ity mg/ml mg Activity re covery 
Unit s Unit s/mg 

Extract I 44-00 0 . 04-6 1 98 7 .1 5 31 ,460 0 . 0063 1 00 

Addition o f  TG emulsion . 
Act ivation Top TG Layer 500 0 . 0384 1 9 . 2 6 . 0 3 , 000 0 . 0064 9 

Supernatant solution 4000 o .  04-51 1 80 7. 1  2 28 , 500 0 . 0062 91 
1 05 , 000g Supernatant + 
Sucrose Wash 71 0 0 . 01 25 8 . 87 3 .4 2 ,41 4 0 . 0037 4-4 

1 05 , OOOg Pre cipitate 40 0 . 04-1 1 . 64 4 .1  1 64 0 . 01 0 . 82 

Top TG Layer in 0 . 0511 �OH-�Cl buffer 400 0 . 01 5 6 . 1 . 05 420 0 . 01 5 3 

1 05 , 000g Supernatant of 
Top TG Layer 385 0 . 01 8 6 . 9  0 . 5  1 92 0 . 036 3 .4 

Top Lipid Extract in 
ammonia buffer 3 60 0 . 01 5 5 .4 0 . 65 234 0 . 023 2 . 7  

1 05 , OOOg Supernatant of 
above Lipid Extract 340 0 . 01 9  6 .46 0 . 079 26 . 86 0 . 24 3 .23 

Top TG Layer in buffer 360 0 . 01 44 5 .1 84 0 . 575 207 0 . 025 2 .1 

1 05 , 000g Supernatant of 
above Lipid Extract 340 0 . 01 2 4 . 08 0 . 04 1 3 . 6 0 . 30 2 � 



TABLE IV ( Cont inued) 

Vo lUfile A ct ivity Total Protein C one . Total Protein 
Enzyme Extract mls Units/nl Activity mg/;il mg 

Unit s 
- .-... ______ , __ _..___,_____..�.._,.��-,__,-.._.. 

Top TG Layer in buffer 360 0 . 01 68 6 . 048 0 .536 1 93 

1 05 ,OOOg Supernatant o f  
above T G  Layer 340 0 .001 7 0 . 578 0 . 02 6 . 8 

Top TG Extract from above 
in buffer 360 0 . 01 44 5 .1 84 0 . 52 1 87 

S anificat ion end 1 05 , OOOg 
Centrifugat ion Supernatant 340 0 . 021 6 7 - 34 0 .05 1 7 

Top TG Extract in buffer 1 00 0 . 0072 0 . 72 1 • 7 1 70 

1 05 , 000g Supe rnatant of 
above Lipid Layer 90 0 .007 0 . 63 0 .03 2 . 7 

Top TG Extract of above 1 00 0 .006 0 . 6  1 . 67 1 67 

k- . ....-. .. �� · 

Spe c ific 
.Act ivity 
Units/mg 

_, 

0 .031 

0 .085 

0 .027 

0 .43 

0 .004.2 

0 . 23 

0 .0036 

-· 

% 
recovery 

3 .02 

0 . 29 

2 . 92 

3 -67 

0 . 36 

0 . 31 

0 . 3  

� 1\.) . 



TABLE V .  Second TG extraction o f  t_tJ.c J�<2.0...Q.2...'-:.Ee�natn.nt �.&!!-� n. ��-nif=!:_ed TG eoulsion . 

Enzyme Extract 

Extract I nfter initial 

Voluoe 
mls 

TG binding 4000 

Addition of TG emulsion, 
activat ion, centrifuga­
tion . 1 05 , OOOg 
Supernatant 3600 

1 05 , OOOg Precipitate 60 

Top TG Layer 500 

1 05 , 000g centrifugation 
of Top TG Lc..yer 
Supernatant 450 

Top TG Layer in ammonia 
buf�er 360 

Above TG solution centri-
fuged 1 05 , 000g Supernatant 340 

Addition of ammonia buf�er to 
Top TG Layer �rom above , centri-
fuged 1 05 , OOOg Supernatant 340 

Activity 
Unit s/Lll 

0 . 045 

0 . 01 68 

0 .1 

0 . 03'! 2  

0 . 0288 

0 . 033 

0 . 01 2 

0 . 04-

Totn.l 
.Activity 

Units 

1 80 

67 .2 

6 

1 5 . 6 

1 2 . 96 

1 i . 88 

4 . 08 

1 3 . 6 

Protein Cone . Total Protein 
ng/ml mg 

7 . -j 2 28 ,500 

5 · 1  21 ,J+OO 

38 .5 2 , 31 0 

9 . 6 4 , 800 

5 .4 2 ,430 

3 . 8 1 , 3 68 

'l . 5 51 0 

0 . 5 1 70 

Spe cific 
Activity 
Units/mg 

0 . 0062 

0 . 0033 

0 . 0026 

0 . 0032 

0 . 0052 

0 . 0086 

0 . 008 

0 . 08 

% 
recovery 

1 00 

37 · 3  

3 · 3 

8 . 6  

7 - 2 

6 . 6  

2 . 2  

7 -5 

0'\ I...N . 



TABLE V ( Continued ) 

Volume 
Enzyme Extract mls 

Combined 1 05 , OOOg Precipi-
tate s from above 1 92 

Top TG Extract in buffer 3 60 

1 05 , 000g Supernatant of 
above Top Lipid Extract 340 

1 05 , 000g Top TG Layer in 
buffer 3 60 

1 05 , OOOg Superna ta.nt o f  
above Top Lipid Ext ract 340 

Top Lipid Layer in buffer 360 

Top Lipid Layer fro� a bove 
sonified, centrifuged 
1 05 , OOOg Supernabnt 340 

1 05 , 000g Top Lipid Layer 
from above in buffer 1 00 

Activity Total Prot e in Cone . Total Pro tein Spe c ific % 
Units/;::1 Activity sg/ml mg L.ctivity recovery 

Units Units/mg 
�··::;.-�-'--- -�----��-..--���=..-�- ... ..... -"*" .. :.- __ . � .._....__,. ,. .... ......,_��----�--�·--_, .. .,.. ��- ��-... -=-��-

0 . 02 88 5 - h-72 6 . 25 

0 . 021 6 7 - 776 1 .35 

0 . 0088 3 0 .43 

0 . 0(J38 3 .1 68 0 . 944 

0 . 01 2 4 . 08 0 . 075 

0 . 0092 3 . 31 2 0 . 85 7  

0 . 03 6  1 2 - 34 0 . 033 

0 . 0264 2 . 64 3 

1 , 200 

486 

1 46 

340 

2 5 . 5  

31 5 

1 1  , 22 

3 00 

0 . 046 3 

0 . 01 6 4 - 3 

O u 02 1 . 6  

0 . 0093 1 . 7 

0 .. 1 6  2 . 2  

0 . 01 1 . 8 

1 . 08 6 . 8  

0 . 0086 'l .4 

$) . 



TABLE V .  ( Continued)  

Volume il. ctivity Totc.l 
Enzyme Extract mls Un.its/ml Activity 

Units 

1 05 ,OOOg Precipitate 20  0 . 01 8 0.36 

Top TG solution 
centrifuged 1 05 , OOOg 
Supernata.nt 90 0 . 01 92 1 • 79 

Top Lipid Layer in buffer 1 00 0 . 01 os 1 . 08 

Precipitate 20 0 . 0024 0 . 04-8 

Pro t e in Cone . Tot<:!.l Protein 
ng/ml 

� .. .... ....___._.-' 

0. 85 

O .L� 

1 . 9 

2 .85 

ng 

1 7 

36 

1 90 

57 

Specific 
Activity 
Units/mg 

0 . 021 

0 . 04-75 

0 . 0057 

0 . 0008 

% 
recovery 

-�-�,_ ... . ___ 

0 . 2  

1 

0 . 6  

0 . 02 

0'\ \Jl . 



TABLE VI .  Binding and elution fro��'" TG em':'lsion of the 1 6..J500g _1l�err_1P-Jet.J?..._"t�ct II . 

Volume Activity Toto.l  Protein Cone . Toto.l Protein 
Enzyme Extract mls Units/rnl Activity og/ol rng 

Unit s 
� � �--=---...:• --� 

Extract II 4500 0 . 01 2 54 6 .-1 27 , 950 

Addition of TG emulsion , 
activation. Top TG 
Le.yer 500 0 . 01 5 8 . 5 8 4, 000 

1 05 , 000g Supernatant of 
Top Lipid Extract 450 0 . 008 3 .5 5 2 , 250 

1 05 ,OOOg Precipitate 50 0 . 043 2 .1 5 7 - 2 360 

Top Lipid Extract in 
aimnonio. buffer 450 0 . 01 26 5 . 67 3 -33 4 ,498 

Top Lipid Extract above 
centrifuged 1 05 , 000g 
Supernatant 400 0 0 3 . -j 1 , 240 

Top Lipid froo above washed 
with a second volume of 
ammonia buffer Supernatant 400 0 . 01 8  7 . 2  0 . 32 1 28 

Specific % 
llct ivity recovery 
Units/rng 

0 . 002 1 00  

0 . 001 9 1 6  

0 . 001 6 7 

0 . 006 4 

0 . 0038 1 0 .5 

0 0 

0 . 05 6  1 4  � � 
. 



TABLE VI ( Continued) 

Enzyme Extract 
Volune 
mls 

Act ivity 
Unit s/ml 

Toto.l 
Activity 

Unit s 

Prote li1 Cone . Total Protein 
mg/ol mg 

Spec ific 
;, ctivity 
Unit s/mg 

% 
recovery 

-----------�--� ----- ·-·-��--- �-- �----�--�-----------

Third washing of Top Lipid 
Extract Super��tent 400 0 0 

Fourth washing of Top Lipid 
Extract Supernatant 400 0 . 01 44  5 . 6 

Fifth washing of Top Lipid 
Extract Supernatant 400 0 .006 2 .4 

Top Lipid Extract left 1 00  0 . 01 8 1 . 8  

0 .1 14 44 . 8 

0 .06 24 

0 .03 1 2 

0 . 5 50 

0 

0 .23 

0 . 2 

0 . 036 

0 

1 0  

4.4 

3 

0\ -.J . 



TABLE VII . Binding a nd_e].ution fron a TG eTllulsion of the 1 6,50���rnatant Ex_tract IIL 

Vo lume Activity Total Pro t e in C one . T ot�l Prot e in Spe c ific % 
Enzyme Extract mls Unit s/ml Activity mg/ml mg Activity recovery 

Unit s Units/mg 

Extract III 5000 0.01 28 64 1 . 2 6 , 000 0 . 01  1 00 

Addit ion of TG emuls ion, 
activation Top Lipid 
Extract 400 0 . 01 45 5 . 8  1 . 5  600 0 . 01  1 0  

·1 05 , 000g Supermtant of 
Top Lip.id Extract 350 0 .005 '1 • 75 0 . 8  280 0 . 0062 2 .7 

1 05 , 000g Precipitate 60 0 . 021 1 .26  3 . ·] 1 86 0 .007 2 

Top Lipid Extract in 
ammonia buffer 450 0 . 01 1  4 - 95 0 . 288 1 30 0 . 039 7 - 7  

1 05 ,000g centrifugation 
of Top Lipid Extract 
Supernatant 400 0 . 026 1 0 .4 0 . 2 80 O .'t 3 1 7  

Top Lipid Layer from above 
washed with a second voluoe 
of ammonia buffer . Centri-
fuged 1 05 , 000g Supernatant 400 0 .0064 2 . 586 0 . 024 9 . 6  0 . 27 4 

Third washing of Top Lipid 
Extract 400 0 .01 31 5 . 24 0 .034 1 3 . 6 0 . 39 8 

Top Lipid Extract 1 50 0 . 01 2 1 . 8 0 . 1  8 27  0 . 06 3 

0"\ CO 
. 



Binding to tho olive oil t riglyceride enmlsion varied from 3 . 8% 

( for extract I firs t binding) t o  1 0 . 5% for extract II . Binding of 

extract I ( second b inding) and extract III was 6 . o;fo and 7 . 7% n)spectively. 

Recovery thereafter of the TG bound. or.zyme was 443:07 384j:0; 300% and 400/o 

for ex tracts I ( first binding) s I ( s e cond b inding) 9 I I  and III res pe c tively . 

Overall recoveries of protein in the buffer washings of the TG bound 

enzyme vrere O . B5'0s 3%7  51o 3.11d 1 . 6% for extract I ( first bindingL extract 

I ( s econd binding) 9 extract II and extract III respectively . 

I:faxirrrum purifications obt ained were 66 fold 9 1 74 fold 9 1 1 5  fold 

and 3� fold repre s ent inG 3 . 71os 6 .  8)� 9 1 0� 3.11c1 orjo of the total activi ty of 

e :t ract I ( first binding) 7 ext ract I ( second bindinc) 7 extract II�nd 

extract III respc cti vely.  Overall recovery of protein in thes e ext racts 

of ma..xir:nm purificati on were 0 . 0550 9 0 , 0/:.�9 0 . 08� and 0 . 02% of the t otal 

ini tial protein of ext ract s  I ( first bindinc;) 9 I ( second bindings ) I I  

and III respectively . 

Sonifying t he TG emulsion 

increased enzyme binding by 1 30�. 

1 1 0% for extract I ( first binding) 

increased prot ein bindinG by 22t�;� and 

Total recovery of enzyme activit y vms 
8Jld 7 3�� for extract I ( second b inding) . 

M<J.:x:imum purification from the original homogenized lllal!l!.Jary gland 

ext ract was 900 fold repr0senting 1 . 5% of the t otal activity obtained from 

the fifth ammonia buffer washing of the TG layer of extract I s  s econd TG 
binding. 

3:4: 2 .  Cal cium pho sphate gel filt ration . 

Preparation and elution from cal cium phosphat e gel was carried 

out as in s ection 2 : 4 : 1 . 



TABLVE VIII . Ca lcium phosphate gel filtration of the ·j 05,000JLsupernatc.nt of Extract I after TG bindin_6,. 

Enzyme Extract 

1 05 , 000g Supernc.tant of 
Extract I 

Addition of Ca1P04gel 
Filtered Filtrate 

Volume 
mls 

1 000 

1 000 

Filtrate from above eluted 
through ca3P04 gel Filtrate 1 000 

Ammonia Buffer wash of 
ca3P04 gel 

Potassium oxalate wc.sh 
o f  Ca3P04 gel 

Sodium citrate wash of 
ca3P04 gel 

ca3P04 gel 

1 00 

1 00  

1 00 

50 

.f¥ctivity 
Units/nl 

0 . 01 68 

0 . 0448 

0 . 0644, 

0 .003 

0 .001 

0 . 026 

0 .006 

Total 
Activity 

Units 

1 6 . 8 

44,. 8 

64 .4 

0 .3 

0 .1 

2 . 6 

0 .30 

Protein Cone . 'l'otal Protein 
mg/ml mg 

5 .1 5 ,1 00 

4 . 9 4, 900 

�- - 3  4 ,300 

3 300 

0.4 40 

2 .1 21 0 

1 . 2 60 

Specific 
Activity 
Units/mg 

0 .0033 

0 .009 

0 . 01 5 

0 . 01 

0 . 0025 

0 .01 1  

0 . 005 

% 
recovery 

1 00  

266 

384 

1 . 8  

0 . 6  

1 2 .5 

7 . 1  
--------------- ---------�---------------�---------------

An overall recovery of activity of 405% was obtained . Maxirmn purification w3.s 4.5  fold obtained 

in the ca3P04 gel filtrate . 

was a red clear solution .  

5% of the total activity recovered was bound to  the gel . The gel filtrate --.J 0 
. 



TABLE IX .  Calcium pho sph�te gel filtration of supernatant Extract IIjl[ter TG b inding . 

Volu.uc A ct ivity Total Protein C one . TotGl Prote in Specific % 
Enzyt:1� Extract IJlS Units/nl A c tivity og/ml mg A ct ivity re c overy 

Unit s Units/mg 
�-- �- -

Extract II after TG 
Binding 1 000 0 . 01 1  1 1  6 . 05 6 , 050 0 . 002 1 00 

Gel filtrate after twice 
elut ion through ea3P04 gel 1 000 0 . 01 3  1 3 3 . 95 3 , 950 0 . 0032 1 1 8  

0 . 05M �OH-�Cl buffer 
pH 8 -4  eh o gel 
Filtrate 1 00 0 . 01  35 1 . 35 3 . 2 320 0 . 0042 1 2 

Potassium oxalate plus sodium 
citrate wash of gel Filtrate 1 00 0 . 009 0 . 9  2 . 35 23 5 0 . 004 8 

ca3P04 gel in ammonia buffer 1 00 0 . 022 2 . 2 1 5 .5 1 , 550 0 . 001 4 20 

Total recovery of enzyme Gctivity wa s 1 58% . 1 0}?: wo. s bound t o  th6 g e l  2.nd o f  this 50fS c ould no t 

be eluted from the gel . Maxim� purifi cat ion o b t G ined wa s 2 .1 fold in the 0 . 05M ��4oH-NH4Cl wash o f  the gel . 

�-



3:4:3. Silica gel filtr�tion 

Filtration through c. silicc. gel slurry was carried out o..s in section 2 : 4: 2 . 

TABLE X .  Silica gel filtrat�_!he 1 05-LOOOJL supernatant of Bxtr�£t I c.fter TG binding . 

Volume l'"ctivity Totctl Protein Cone . Total Protein Specific 
Enzyme Extract L:Jls Units/ol Activity og/ol og Activity 

Units Units/mg 

1 05 ,000g Supernatant of 
Extract I 1 000 0 .01 68 1 6 . 8 5 .1 . 5 ,1 00 0 .0033 

Filtrate from silica gel 1 000 0 . 01 96 1 9 . 6  0 .45 450 0 . 04-3 

Silica gel extract in 
ammonia buffer 200 0 . 034 6 . 8 23 . 2 4 , 640 0 . OOi J4-

Total recovery of activity vr�s 1 56%, with a 1 3  fold purifico.tion obtained in tho filtrate 
representing 1 1 6% of the activity recovered ( Ca3Po4 gel filtro.ted 4 .5 fold purification representing 
3� of the activity recovered ) . The supernatant was a yellow cl8c.r solut ion.  

% 
recovery 

1 00 

1 1  6 

40 

-..J [\) . 



3 : 4 :4. Binding and elut ion from viscose sulphate 

Viscose sulphat e was prepared as  in section 2 : 5 : 1 . 

(a ) Stepwi s e elut ion .  
Binding and stepwise e lution from viscose sulphate w�s carried out as  i n  section 2 : 5 : 2 .  

Enzyme s olution was the 1 6 ,500g supernatant of Extract II after TG binding . 

TABLE Xl o �ding and stepwise elut ion from viscose sulphate . 

Enzyme Extract 
VolUJ2e 
rnls 

1 6 ,500g Superna tant of 
Extract II 

Addition of viscose sulphate . 

1 000 

Centrifuged 1 6 ,500g Supt . 1 000 

Precipitate fro� above re­
dispersed in 0 . 5M · NaCl in 
0 . 05M Tris HCl pH 8 . 0 .  
Centrifuged 1 6 ,500g Supt . 1 000 

Precipitate from above re ­
dispersed in 0.75M Na Cl in 
0 . 05M Tris  HCl buffer pH 8 . 0 .  
Centrifuged 1 6 ,500g Supt . 1 000 

Precipitate fro� above re­
dispersed in 0.9M NaCl in 
0 . 05M Tris HCl buffer pH 8 . 0 .  
Centrifuged 1 6 ,500g Supt . 500 

Activity 
Units/IJl 

0 . 01 1  

0 

0. 0048 

0. 0033 

0 . 0028 

Total 
Activity 

Units 

1 1  . o 

0 

4 . 8  

3 .3 

1 .43 

Prote in Cone . 
mg/IJl 

6 . 05 

? 

? 

2 .5 

0 . 1 34 

Total Protein 
�g 

6 , 050 

? 

? 

2 ,500 

67 

Specific 
Activity 
Units/mg 

0 . 001 8 

? 

? 

0 . 001 3 

0 . 0021 

% 
recovery 

1 00 

0 

42 

3 0  \:;! 
. 

1 3  



TABLE XI ( Continued) 

Enzyme Extract 
Volume 

mls 

Precipitate from above re­
dispersed in 1 . 2M NaCl in 
0 .05M Tris HCl buffer pH 8 �0 .  
Centrifuged 1 6 ,500g Supt . 250 

Precipitate dispersed in 
0 .05M Tris HCl buffer 
pH 8 .0. 1 00 

Activ ity 
Unit s/ml 

0 .0067 

0 . 002 

Total 
Activity 

Units 

1 • 67 

0 . 2  

Protein C one . 
mg/ml 

0 . 1 7 

0 . 1 3 

Total Protein 
mg 

42 

1 3  

Specific 
Act ivity 
Units/mg 

0 .04 

0 .01 4 

% 
rec overy 

1 5 

1 . 8 

Complete binding t o  tho viscose sulphate occurred . Total recovery of activity wc.. s 1 00}&. Max:i.rm'lil 

purification obtained was 20 fold representing 1 5% of the total activity bound t o  the viscose sulpru1te . Protein 

concentrations could not be det ermined with the supernatant and 0 . 511.1 NaCl WJ.Sh due to  the interference of Mg2+ 

ions with the protein determinat ion . 

( b ) Gradient elution fron viscose  s�phate . 

Gradient elution was carried out as in section 2 : 5 : 3 . Enzyne solution was the 1 05 ,000g supernatant 

of Extract I after TG binding ( sec Table V) . 1 . 1  litres was eluted on to the column, i . e . total activity 

eluted on was 1 9 . 5  unit s . Protein binding capacity of the sulp�te  res in was 7 . 8  gm per 20 go res in . 

.::t s in section 2 : -i 2 . � 
Total c.. ctivity recovered wc..s 5 . 5 units ,  i . e .  percentage � Fractions were assayed 

recovery was 28,% ( see Graph IV) . Activity wo.s distributed into 6 peaks . 60}b o f  the totnl activity was 

eluted at a conductivity greater than 38 lCilllho . 

with an activity of 0 .01 22 units/mg . 
Maximun spec ific o.ctivity obtained was in the final peak 
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3:4 :5.  Binding and elut ion from sodiw:1 dextran sulphate . 

Method I .  

Stepwise elut ion with CaC12 WG S ce.rried out e. s in section 2 : 6 : 1 . Enzyrae solution used was 1 00 mls 
of the sodium citrate extract of the calc iuo pho sp��te gel filtration of the 1 05 , 000g supernatant of Extract I 

after TG binding (See Table VIII ) .  

TABLE XII " Binding and elut iQP_ of LPL froi:-, sodit.EJ dextran sul.E.£W.t,J with cnlciuo chloride . 

VolW!!e ,'i.ct ivity Totnl Protein Cone . Total Protein Specif ic % 
Enzyme Extract mls Unit s/cl Activity Llg/nl r.:�g Act ivity recovery 

Unit s Units/r.:�g 
,, .. . ,... _ __ " ____ - --�-' 

Extract used 1 00 0 . 026 2 . 6  2 . 1  21 0 0 . 01 1 1 00 

Addition of 1 afo dextran 
sulphate . Precipitate with 
CaC12 Centrifuged 1 6 ,  500g 
Supt . 1 00 0 . 0076 0 . 76 1 • 74 1 74 0 . 0045 30 

Precipitate dispersed in 
1 M CaC12 40 0 . 0456 1 . 8 0 . 9  36  0 . 05 70 

Above Prec ipitate extract 
centrifuged 1 6 ,500g Supt . 40 0 . 03 1 . 2 0,1  7 6 . 8  0 .1 8 43 

Precipitate from above 
dispersed in 2M CaC12 
solution. Centrifuged 
1 6 ,500g Supt . 40 0 . 01 2  0 .48 0 .1 3 5 . 2 0 . 092 1 7  

Precipitate from above 1 5 0 . 01 8 0 . 27 'l .4 21 0 . 01 3 1 0 

-...J \J1 



A 1 5  fold purification wa s obt � in0 d from the 1 M  c�cl
2 

w� sh . 7�� of the total activity was bound 

to the sulphate polysaccharide . Of this 66% o.nd 26% wc. s eluted in tho 1 1:i and 2M CaC1
2 

wa she s respe ctively .  

Method II . 

Binding on to sodiun dextrc.n sulphate pre:;cipitc.ted with divalent cations MgC1
2 

o.nd MnC12 • 

Enzyme solution wa s the ca
3

P0
4 

filtrate of the 1 05 , 000g supernatant of Extract I after TG binding 

( see Table VIII ) .  'Procedure was carried out a s  in section 2 : 6 : 2 .  Assay is  o. s in section 2 : 1 2 .  

TABLE XIII . Binding of LPL to �odiun dextran sulphate precipi b ted w.ii_� MnC1
2

• 

Enzyme Extract 
Volu_rne 

nls 
Activity 
Units/ml 

Totc.l 
Activity 

Unit s 

Protein Cone . 
ng/:::11 

Total Protein 

mg 
Specific 
Activity 
Units/mg 

% 
recovery 

-----------------------------------------·-----------�----�---��----�------------·�----------------�----

Ca3PO� filtrate of the 1 05 , 000g 
Superna tant of Extract I 1 000 

Addition of  dextran sulphate 
Precipitate with MnC12 . 
Centrifuged 1 6 5 , OOOg Supt . 1 000 

Precipitate redispersed in 
1 afo NaHC0

3 30 

Above Precipitate s olut ion 
centrifuged 1 7 , 200g Mnco

3 Precipitate in buffer 3 0  

NaHco3 Supernatant dispersed 
in 0 . 02M Tris HCl buffer pH 
7 . 7 ,  reprec ipitated with MgC1

2
, 

centrifuged 1 6 , 500 Supt . 800 

Precipitate from above in 
5% NaCl 30 

0 . 0644 64 .4 

0 . 008 8 . 0  

0 . 01 5 4 - 5  

O . Oi 2 0 . 36  

0 . 01 1  8 . 8  

0 . 046 1 . 38 

4 . 3  4 , 300 0 . 01 4  1 00 

2 . 65 2 , 650 0 . 003 1 2 . 5 

55 1 , 650 0 . 0003 7 

0 . 093 2 . 8 0 . 01 3 0 . 5 

1 .47 1 , 1  76 0 . 0075 1 3 . 6  

1 6 . o 480 0 . 003 2 .1 

--J (J'\ . 



TABLE XIII ( Continued)  

Volume Activity Tote.l Prot e in Cone . Total Prote in Specific % 
Enzyme Extract mls Unit s/ml J.c t ivi ty mg/ml ng Act ivity recovery 

Unit s Unit s/mg 

Precipitate solution 
dispersed in 0 .5% NaCl in 
0 .02M Tris HCl buffer pH 
7 .7 ,  reprecipitated with 
MgC12 , centrifuged 1 6 , 500g 
Supernatant . 800 0 . 037 29 . 6  0 .4-3 344 0 . 09 4-6 

Precipitate from above in 
5% NaCl in 0 . 02M Tris 
HCl pH 7 .7  30  0 . 053 1 . 59 4- . 3 1 29 0 . 01 2 2 .46 

Precipitate solution 
dispersed in 0 .5% NaCl in 
0 . 02M Tris HCl buffer pH 
7 .7 ,  reprecipitated with 
MgC12 , centrifuged 1 6 ,  500g 
Supernatant . 800 0 . 01 4 1 1  • 2 0 .1 41 1 1  2 0 .1 1 7 

Precipitate dissolved in 
1 O}b sodium citrate 1 5 0 .1 26  1 . 89 1 .1 4 1 7 .1 0 .1 1  3 
Precipitate solution dialysed 
against 1 %  NaCl in 0 . 02M Tris 
HCl pH 7 . 7  followed by dialysis 
in 1 %  BaCl

& 
1 %  NaCl solution, :::l 

centrifuge 1 7, 200g Supernat- . 

ant dialysed in 0 . 9.% NaCl and 
concentrated 5 0.72 3 . 6 3 . 0 1 5  0 . 24 5 . 6  

�-,..-



78 ,  

87 . 5% o f  the t otal activity wQs b ound t o  the sulphate 

polysaccharide . J.lmost complete recovery of the bound activity 
was obtained on e lution with the buffer solutions although 

inhibit ion oc curred when the enzyme wo.s bound to the sulphate 

polysaccharide . A 1 7  fold purificat ion wn s obtained in the 

final extract and this represented 5 .  61� of tllG original activity 
of the ca3 P04 gel filtrate sto.rted with.  From the original 

homogenized udder extro.ct a 200 fold purificat ion was obtained .  

This represent s 2 . 6% of the activity of the homogeniz ed cows 
udder extract . 



79 . 

3:5. Sephadex G200 gel filtration of  the final suEernatant solution 

obt?��d 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 a ssayed as in Se ction 2 : 1 2 ,  TotaJ. 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 scd ium dextran 
sulphate precipitation method 1 1 .  

See text for deta i l s  of assay conditions and column di mensions 
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80 . 

3 : 6 . D� ce llulose elution of peak �from ���adex G200 gel filtration 
of the final extract from sodium -�::st:r:,n_.n��ul.I?�te prec ipitation Method II . 

DEAE cellulose e quilibrated in . 0051.1 KH2P04 buffer pH 8 .4 as  
de scribed in  Section 2 : 7 : 1  was poured into a column ( 1  .4 x 20om) and 
the c ombined extracts of Peak III e luted on to t he column after be ing 
dialysed in . 005M KH2Po4 buffer pH 8 .4-. A gradient of 0 to 0 .  7M NaCl in 
. 005M KH2P04 buffer pH 8 .4 wa s eluted through the column collect ing 2ml 
fractions . Fractions were a ssayed as in Sect ion 2 : 1 2 ,  OD 280 reading s 
of fract ions taken and conduct ivity of fra ctions was read using a 
Copenhagen conductivity meter at room temperature . 

Elution gave tv;o peaks of octivity, one o ccurring at a 
conductivity of 2 . 5 mmho c ontaining 1 %  of the t otal activity and a 
J a rger peak at a conduct ivity of 7 .5 mmho containing 81 % of the total 
activity . A 44Q% total recovery over the activity e luted on was 
obtained .  Spec ific activity of  the maj or peak was 1 . 3 units/mg 
which repre sent s  a 1 084JC purification from. the homogenized cows ' udder 
extract . See  Graph VI .  



GRAPH V I .  DEAE cel lu lose grad ient elution of peak I l l  from sephadex G200 gel 
fi ltration of the final solution from sod ium dextran su lphate precipitation 
method 1 1 .  
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81 • 

Polyacrylamide gel electrophore sis at Peak II as described 
in s ect ion 2 : 9  gave a s ingle pro t ein band whe n the gels were run in 
both tris glycine buffer pH 8 .4 nnd KH2P04 buffer pH 7 .5 . 

See Figure I .  

Figure I .  Polyacrylamide gel ele ctrophoresis of Peak II from 

DEAE cellulose elution of Peak III of final enzyme extract from 

sodium dextran sulphate precipitat ion Method II on sephadex G200 .  

The initial total homogenate extract i s  o n  the left photograph 

and LPL on the right . 



3 : 7. Purification of LPL using DEAE cellulose . 

3:7:1 . Preparation of enzyme extract . 

1 09<) gn of ma.IJDary tissue was hooogenized and extracted in 9 litre s o f  ice cold 1 o
-3

M EDTA in 
0 • .25M sucrose as described in sect ion 2 : 2  2-nd the 1 6 , 500g supern:1tnnt extract roc entrifuged at 1 05 , 000g 

for one hour at  2
°

C .  

TABLE XIV . Activity of r.m.rillllnry __ gbnd extract s .  Assays were carried out o. s  de s cribed in section 3 : 1 2 .  

Volume nls Activity T otal Prote in Cone . Totnl Prot e in Spe cific % 
Enzyme Extract ( or wet Unit s/ol 

(Units/gru ) 
.,.',.ct ivity mg/ol(mg/gm ) mg Activity re covery 

weight of Unit s 
tissue g:os ) 

-

Homogenized maw�ary gland 
extract 1 0000 0 . 04-6 460 68 

1 6 ,500g Prec ipitate and Top 
Lipid Fractions 860gms 0 .386/go 326 700/gru 

1 6 , 500g Supernatant Fract ion 9000 0 . 01 58 1 42 9 . 0  

Supernatnnt Frnction 
centrifuged 1 05 , 000g 
Precipitate 440 0 . 01 88 8 . 5 70 

1 05 ,000g Supernatant 9000 0 . 01 42 1 26 5 . 55 
�-

3 : 7: 2 .  DEAE_ cellulose gradient elut ion in 0 . 0051v1 XH;t.Q,4 buffer pH 8 .4 . 

Unit s/og 

680 , 000 0 . 0007 1 00 

602 , 000 0 . 00055 70 . 8  

81 , ooo 0 . 001 7 30 .8  

30, 800 0 . 00027 1 . 84 

50 , 000 0 . 0025 27 .4 

DEAE cellulose wns equilibrnted in 0 . 005M KH2Po4 buffer p H  8 .4 a s  de scribed in sect ion 2 : 7 : 1  and 
poured into a column with dimensions 3 . 2 x 30 eo . 200 nls of enzyce solution (1 05 , 000g 

CO N 
. 
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GRAPH V I I .  DEAE cel lulose gradient elution o f  the 105,000g supernatant fraction 
of homogenized mammary gland extracts in 0.005M KH2P04 buffer pH 8.4 

See text for details of assay and column dimensions 
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supernatant fract ion from above ) was dialysed in equilibrating buffer 
and eluted on to the column. A gradient from 0 to 0 .8M NaCl in 

0 . 005M KH2Po4 buffer pH 8 .4 wa s e luted through the column a s  

de scribed in section 2 : 7 : 2  collecting 1 0m1 fractions . O D  280 
and conduct ivity readings were taken ancl fractions were assayed 

as in section 2 : 1 2 . See Graph VII . 

Elution gave 9 peaks of activity at conductivities of  ·1 . 5 , 4 . 5 , 
6 .5 ,  1 0 , 1 2 . 5 1 5 ,  1 8 , 1 9 .5 and 23 . 5  mmho . 2 . 8 unit s of  activity 

were eluted on to the column and 81 . 2 units were recovered giving 
a 293C% recovery .  Approximate percentage of activity occurring at 

each peak of conductivity are 1 .5 mrnho ( 5 .5% ) ;  4 . 5 mmho ( 8 .1 % ) ; 

6 . 5  mmho ( 1 2 .3%) ; 1 0  mmho ( 7 .3%) ;  1 2 .5 mmho (1 3 .5% ) ; 1 5 mmho ( f% ) ;  
1 8  mmho (1 6 .8%) ; 1 9 . 5 mmho ( 9 . 6% ) and 23 .5 mmho (1 9 . 5% ) 

.2_;7:3 .  Stepwise eluij.on followed by.J£_'adient elut ion from DEl.E 

cellulose in 0.0051!1 KH2P.2t.: buffer pH 8 .4 . 

Separation of the peaks obtained from Dill�E cellulo se  by 
stepwise elut ion wo.s carried out as  described in section 2 : 7 : 2 .  
The se fractions were then dialysed against 0 . 005M KH2Po4 buffer pH 8 .4 ,  
eluted o n  to  a D.&\.E cellulo se  column and eluted off using a sodium 
chloride gradient in 0 . 005M KH2Po4 buffer pH 8 .4 as de scribed in 

section 2 : 7 : 3 . The fract ions were assayed as in section 2 : 1 2 .  
OD 280 and conductivity readings were also taken . 

( a )  Gradient elution of pooled���s of conduct ivity 21 mmho 

on D&\B cellulose with a g��ent froJ!l conductivity 1 5  mmho to  30 mmho 

in 0 . 0051\..l£!2PO.!p buffer pH 8 .4 .  

Elution gave a small activity peak at the starting buffer 
� �  o f  total activity) , a larger peak 1::.t a conductivity of 1 8 .5 mmho 

compris ing 9Q% of the total act ivity, and a third smaller peak at a 

conductivity of 24 mmho ( 3% of total activity) . No protein or 
act ivity peaks occurred at-� c onductivity of 21 mmho . 

See Graph VIII . 



GRAPH V I I I .  Gradient elution from a DEAE cel lu lose colum ( 1 4  x 20 cm) of the 
conductivity 21 mmho extracts obtained from stepwise elution in 
0.005M KH2P04 buffer pH 8.4. 

See text for deta i l s  of grad ient and assay conditions • 
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(b )  Gradient elution of  pooled extract s  of conductivity 1 8  mmho 
<tn DEAE cellulose with a gradient from conductivity 1 5  mmho to 
30 mmho in 0 .005M KH2� buffer pH 8 .4 .  

Elut ion gave 3 peaks o f  activity, one a t  the starting buffer 
(1 7% of total activity) , a second peak at conductivity of 1 8  mmho 
(� %) and a third peak at a conductivity of 24 . 5  mmho ( 21 %) .  
See Graph IX . 

Specific activity was highe st for the activity peak eluted 
at the starting buffer with an activity of 0 . 63 units/mg with lower 
spec ific activitie s for the peaks at conductivities of 1 8  mmho 
( 0 . 23 units/mg) and 24 .5  mmho ( 0 . 3  units/mg) .  Column dimensions 
were 2 .3 x 20cm . 
were collected . 

Flow rate was 1 ml/5 min. and 2 ml fractions 



GRAPH IX. 
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Gradient elution from DEAE cel lulose of conductivity 18 mmho extracts 
obtained from stepwise elution from DEAE cel lulose in 0.005M K H2P04 
buffer pH 8.4. 

See text for details of assay conditions and column d i mensions 
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Figure II . Polyacrylamide gel e le ctrophoresis 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 
1 8  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 o.f the 1 05 ,000g supernatant fract 'ion. of 
homogenized mammary gland extract s .  

85 . 
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( c )  Gradient e lution of c onductivity � ��o peak from gradient 

�tions of c onduct ivity 1 8 mmho an�_1_1 rnmho extracts obtained by 

stepwise e lut ion . 

The gradient wa s run from conductivity ·i 5 mmho t o  conductivity 

24 mmho in 0 . 005111 KH2P04 buffe r  pH 8 .4 . 

Elut ion gave 4 peaks of act ivity, one at the start ing buffer 

(38.7o of t otal activity ) , another peak at a conduct ivity of 1 7  mmho 

( 21 %  of total act ivity ) , a third at a conductivity of 1 9 . 5 mmho 

(34% o f  tota l  a ct ivity) and a final small p eak at a conduct ivity 

of 23 . 5 mmho ( 6 . 3,1o  of t otal a ctivity ) . The peak e luted at the start ­

ing buffer had a spe c ific a ct ivity o f  0 .1 units/mg , wherea s the latter 

3 peaks all had higher spe cific activitie s of betwe en 0 . 6  unit s/mg to 

0 . 75 unit s/mg . Four unit s  of act ivity were eluted on with 4 . 9  units 

being recovered in the 4 peaks , i . e .  a 1 2Z/o recovery of act ivity 

was obta ined . 5c% of the total protein wa s e luted off at the 

start ing buffer .  See Graph X .  Column dimens ions were 

1 .4 x 20cm 1 ml/5 min. and 2 ml fract ions were collect ed . 
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GRAPH X. Gradient elution from DEAE cel lulose of the combined conductivity 24 mmho 
peaks from the gradient elutions of conductivity 18 mmho and 21 mmho extracts 
from stepwise elution on DEAE cel lulose in 0.005M KH2Po4 buffer pH 8.4. 

See text for detai ls of assay conditions, elution gradient, column dimensions and flow rate 
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( d) Gradient elution on DEAE c ellulos���e combined ��arti� 
buffer fract ions from g���ent e lu�i���o�_ cond�ctivit ie s 1 8  mmho 
and 2·1 mmho from �tepwise elut ion a nd cgnductivity 24- mmho from 
�ad ient e lutions of the above . ( See sect ions 3 : 7 : 3  ( a ) , ( b ) and 
( c ) and Graphs VIII , IX and X . ) 

Gradient elution was fro1.1 0 to 0 . 7M NaCl in 0 . 005M KH2P04 
buffer pH 8 .4- .  

Elution gave 4 ·peaks o f  activity, a small peak a t  a 
conductivity of 2 . 5 mmho (1 5% of tot�l activity) and 3 larger peaks 
at c onductivitie s of 6 . 8 mmho ( 3c% of total activity) , 1 1  mrnho ( 24- . 8%  
of t otal act ivity ) and 1 4- mmho ( 3o% o f  total activity) . 

Total a ctivity elut ed on was 5 . 38 unit s .  Total activity 
recovered was 5 .4-8 units , i . e .  percentage recovery 1 02% . Highest 
spe cific activity obtained wa s for Peak I with an activity of 
1 unit/mg , w ith Peaks II , III and IV having lower specific act ivities  
of 0 . ·1 3 unit s/rng , 0 . 1 8 units/mg and 0 .1 6 units/mg respectively .  
See Graph XI . Column dimensions were 2 . 3 X 20cm and two ml 
fractions were collected . 
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GRAPH X I .  Gradient elution o n  DEAE cel lulose of the combined starting buffer fractions 
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 cel lul ose in 0.005M K H2P04 buffer pH 8.4. 

See text for details of assay conditions, elution gradient and column dimensions 
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( e )  Gradient elution from DEAE cellul?�f the conductivity 

1 5  mmho peak f�om £radient elution in section (d) above . 

( See  Graph XI . )  

Elut ion from 0 to  0 .  7M NaCl in 0 .005M KHil(\ buffer pH 8 .4 

gave 5 activity peaks , one at a conductivity of 2 . 5 mmho (1 0 . 7,% of 

total activity) , t·.vo larger peaks at conductivit ie s of 9 mmho (44% 

of t otal activity) and 1 5  mmho ( 25% of  total activity) , and two 

smaller peaks at conductivities of 1 8 . 5 mmho and 21 mmho both conta ining 

1 0%  of the total activity . 

1 . 62 units of activity were eJuted on and 1 3 . 05 units 

rec overe d  representing a 81 2% recovery of enzyme activity . A large 

variation in spe cific activities oc curred between the 5 peaks . Peaks 

I and II had spe cific activitie s of 2 . 66 units/mg and 3 . 0 units/mg 

re spectively .  Peaks III and IV both had specifi c activitie s  of 

0. 5 unit s/mg and Peak V had a spe cific activ ity of 1 . 0 unit/mg . 

(See  Graph XII ) .  

A purificat ion of 3800X and 4286X was obtained for Peaks I 

and II respectively over the t otal udder homogenate . 

Column dimensions were 1 .�- x 20cm and 2 ml fractions were 

collecte d .  
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GRAPH X I I .  DEAE cel l ulose gradient elution of peak 2 (conductivity 15 mmho) from 
the gradient elution on DEAE cel lu lose of the combined starting buffer 
fractions from gradient elutions of the extracts of conductivities 1 8  mmho and 
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gradient elutions of the above on DEAE cel lu lose in 0.005M KH2P04 buffer 
pH 8.4. 

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

o f  c_.2._nductivity 1 5  mmho from stepwise elut ion on DEAE cellulose in 

0 . 005M l2:12.EQ4 buffe:r: pH 8 .4 .  

A gradient o f  conduct ivity 1 0 mmho to 3 0  mmho in 0 . 005II'! 

KH2P04 buffer pH 8 .4 gave 6 peaks of activity . Lit tle separat ion 

of the act ivity pe aks wa s obtained due to the high a c t ivitie s of the 

peaks . Activity p eaks were e luted off at the starting buffer and at 

conductivit ies of 1 0, 1 3 ., 1 5 . 5 ,  1 8 .5 and 20 mmhn Activity was about 

e qua lly distribut ed between all of the peaks . All of the peaks had 

re latively high spe c if ic a c t iv i t ie s .  The se were a s  follows : 

1 . 6  units/mg and 1 1  . 3  unit s/mg for peaks of activity 

1 0 , -1 3 ,  1 5 . 3 ,  1 8 . 5 and 20 mmho respectively .  ( See 

Graph XIII . )  

Column dimens ions were 2 . 3 x 2 0cm ancl 2 ml fra ct ions were 

colle c t e d . 

( g ) Gradient elution from DEAE ce llulose o f  c ombined extracts 

of conductivity 1 3  mmho from stepwise elut ion on DEAE cellulo se in 

0 . 00511l..!ill2�_J:mffer pH 8 . 4 .  

A g radient o f  c o nductivity 1 0 mmho to  3 0  mmho in 0. 00511 

KH2P04 buffer pH 8 .4 gave 4 peaks of activity , one at the start ing 

buffer and at conductivit ies of 1 0 , 1 5  and 1 8  mmho . No act ivity 

peak wa s re c orded at a conduct ivity of 1 3  mmho although there was a 

large protein peak present . Little separation of the act ivity peaks 

was obtained due to the high activitie s of the peaks . Activity wa s 

approximately equally di stributed between all o f  the peaks . Specific 

activitie s are as follow s :  

7 .0 unit s/mg , 2 .4 unit s/mg and 5 . 8 units/mg for peaks 

of conductivity 1 0, 1 5  and 1 8 mmho respectively .  

(See Graph XIV. )  

Column dimensions were 2 . 3  x 2 0cm and 2 ml fract ions were 

collect ed.  
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GRAPH X I I I .  Gradient elution from D EA E  cellu lose o f  the conductivity 1 5  mmho 
combined extracts from stepwise elution from DEAE cel lulose in 
0.005M KH2P04 buffer pH 8.4. 

See text for details of assay conditions and column dimensions 
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See text for details of assay procedure and column dimensions 
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(h )  _Gradient e lution_ on DEA.E ce;!..,l.ul�se oL_a_5J._ivity eluted in 

the starti� buffer of gradient elutions of  conductivity 4 3  mmho 
and 1 5  mmho pooled fra� obtained _f:rom stepwise elution on DEAE 
cellulose  in_ 0 . 005M KH2� buffer pH 8�. 

and ( g )  and Graphs XIII and XIV .  ) 
( See  section 4 : 7 : 3  ( f )  

Elution from 0 t o  0 . 8M NaCl in 0 . 005M Iili2Po4 buffer pH 8 .4 
gave two major peaks of activity, one large peak at a conductivity 

of 5 nunho ( containing approximat ely 53% of the total activity) with 

two shoulder peaks at c onductivit ies of i . 5 rrunho ( 1 0% of total 

activity) and 1 0  rnr.:1ho ( 1 �s of total activity ) , and a small peak at 

a c onduct ivity of 1 �- - 5 mmho ( 24$"b of total activity) . Specific 

activity of the maj or peak was 'I . 8 unit s/mg and that of the smaller 

peak at c onductivity 1 4 . 8 mmho was 3 unit s/mg . 

A 95% recovery of  activity wa s obtained ( see Graph XV) o 

Colu.m dimens ions were 2 . 3 x 2 0cm and 2 ml fract ions were 

colle cted . 
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GRAPH XV. Gradient elution on DEAE cel lulose of activity eluted i n  the starting buffer 
from gradient elutions of conductivity 1 3  mmho and 1 5  mmho extracts 
obtained from stepwise elution on DEAE cel lulose in 0.0051\n K H2Po4 buffer 
pH 8.4. 

See text for details of assay cond itions and column dimensions 
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3 : 8 .  Sephad��Q�el chromatogra�. 

Gel chromatography was carried out on a sephadex G200 

column ( 2  . 3 x 39 , 5 cm)  a s  des cribed in sect ion 2 : 8 : 1  . As says were 

carried out o.s des cribed in section 2 : 1 2 o.nd OD 280 readings taken 
as an estimation of the prot ein concentrat ion of fractions . 

The void volume (Vo ) of the c olurrn v�as 57 mls and the totally 

inc luded volume (Vt ) wa s 1 7·1 rnls . 

)_:.8 : 1_. Seph�_£�x G200 geLchrorn�--2,.f_cgnduct ivity 2 �.o.k 

f!'2J'!l..�c!�e l ut ion on__j)EA�..£..E:'llilo �j._n ()__&_0511JQ!2Po 4 .,.E.�!L§.Jt 
.�:t:.,Et�rt 2:_12_" -�ff.�:.?J2_�o:::s f��J£:�lien·c�elut ions of con?-uctivi� 

·j �2E�r11_o 3;�_mmho fractions o�t.?;j.ned .l:.;y_�s-�<3.:e�e Alut�� DEA� 
.££.�!���· ( Se c  section 3 : 7 : 3 . ( f ) ,  ( g )  and ( h )  and Graph 1.'Vo )  

6 peaks of activity were obtained, one peak near the vo id 
volume ( 1 a% of total activity ) follovved by another smaller peak 

( 0 . 6% of total activity ) , two large peaks in close proximity to one 

anotl1E:r ( 21 . se;.;  and 3o% of total act ivityJ a smaller peak (1 5% of total 

act ivity) and fino.lly a bro ad peak nea.r the totally included volurne 
(1 9% of total act ivity ) . 

A ctiv ity put on c olumn = 1 8 . 6 unit s 

Activity eluted o ff = 20 . 62 units 

i . e . % re covery = ·1 1 CY/o 

Peaks I and II both had low specific activities  of 0 . 85 

units/mg and 0 . 7 units/rng re spectively .  Peak III had a higher specific 
activity of 2 units/mg followed by Peaks V, VII and IV with specific 
activities of 3 . 6 ,  5 . 7  and ·1 3 . 2 units/mg respectively . (See Graph XVI ) 

Peak IV represent s  a purification of 1 8 ,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 cel lulose in 0.005M KH 2Po4 buffer 
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See text for details of incubation and column dimensions 

A / \ 

• 

�� -� /\ 
60 70 80 90 100 1 1 0  1 20 1 30 1 40 1 50 1 60 

VO LUME OF E LUTANT (ml)  

• 

0.6 I • 

(I) E > 
0.5 N s:: (I) 

E --
s:: 
·e 

J 0.4 
--0 E 3 
Cl) 0 
u 

0.3 <( 
> 1-1-
<( LL 

0.2 w w 
a: LL 
LL 
0 

0.1  w Cl) 
<( w 
-' w 
a: 

'-\ I 0 



3 : 8 : 2 .  Seplilldex G200 gel chromatography of pooled frn ctions of 

condu�ivity 2 mmho from stepwise elution from DEAE cellulose in 

0 . 805M KH2� buffer pH 8 .4 .  

92 . 

Enzyme sample was obtained a s  de s cribed in section 2 : 7 : 2 ,  

concentrated and separated on a sephadex G200 column ( 2 . 3  x 39 . 5 cm )  

as de scribecl_ in section 2 : 8 : 1 . 

section 2 : 1 2 . 

As says were carried out as  in 

Ge l filtration gave 6 peaks of activity .  A small peak at 

the void volume ( specific activity 0 . 09 units/mg ) followed by two larger 

peaks of lower specific activity ( 0 . 067 unit s/mg and 0 . 065 units/mg 

re spectively) , a smaller peak ( specific cctivity 0 .1 7 unit s/mg ) and 

two larger peaks of higher specific act ivity ( 0 .37 unit s/mg and 

0 . 66 unit s/mg re spectively ) .  

App·oximate percentages o f  the total activity in each peak 

are : 

Peak I 8%; 

Peak V 25 . 8%; 

See Graph XVII . 

Peak II 2Q%; Peak Ill 1 8%; 

and Peak VII 1 9 . 3% . 

Peak IV 8 . 6%; 
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GRAPH XVI I .  Sephadex G200 gel ch romatography of extracts of conductivity 2 mmho 
obtained from stepwise elution of the 1 05,000g supernatant extracts of 
homogenized mammary gland on DEAE cel lulose in  0.005IVI KH 2Po4 
buffer pH 8.4. 

See text for details of assay procedure and elution conditions 
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DEAE cellulose gradient elution of the 105,000g supernatant extract 
of homogenized mammary gland in 0.005M KH2 P04 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 . 005M KH2Po4 buffer 

Eli...L.§ . 

3 : 9 : 1 . Grndient elution from a DEAE cellulose column (3. 2 x 30c� 
E_f t he _ ·1 0.'2.z.QQ_Qg supernntant ..£.9J..?.ined � in .�ection 2 : 7:4 using a 
_g_ra�i�n__L_e lut� _ _from 0 to 0 . 8M !i£fl .�" O�QQ5..l!.JSl!�4: buffer pH 7. 6 .  

Protein was e stimated by OD 280 readings , conductivity of 
samples rea d at room temperature �nd sample s a s sayed as in section 

2 : 1  2 , after dialysis in 0 . 05M NH4 OH-NH4 Cl buffer pH 8 .4. 

Elution gave 9 pe aks of activity a t  conduct ivitie s of 
2 , h .5 , 7,  9 , 1 1 . 5 ,  1 5 , 1 9 . 5 ,  2·1 . 5 and 23 nunho . See Graph XVIII . 

3 : 9 : 2 .  Stepwise elution from DEAE c_�l� in 0 . 005M KH2_� buffer 

J?H 7 . 6 .  

St epwise e lution was C8.rried out a s  in section 2 : 7 : 4 using 

buffer solutions of conduct ivitie s of 2 ,  1 0 , 1 5 , 21 and 24 nunho . The 
1 Oml fractions of each conductivity were pooled,  dialysed against 
0 . 0051':1 E.H2P04 buffer pH 7. 6 and re elut ed on to anothe r DEAE column 
and an NaCl gradient run in 0 . 00511, KII2P011_ buffer pH 7 . 6 .  

�· Gradient elution from DEAE cellulose in 0 . 005M KH2P04 buffer 

.e!LJ�· 

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

( a )  §-radient elution from 0 to 0 . 8M NaCl in 0 . 005M KH�4 
buffer pH ]. 6 of conductivity 2 mmho pooled f�ctions 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 

. 

( 1 9fo of  total activity) , 9 mmho ( 1 5% of total activity) and 1 0 . 5  mmho 
(1 4% of total activity) . 
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GRAPH X IX.  DEAE cel lu lose gradient elution of conductivity 2 mmho extracts 
obtai ned from stepwise elution of the 1 05,000g supernatant extract 
of homogenized mammary gland from DEAE cel lu lose in 0.005M 
KH2P04 buffer pH 7.6. 

See text for detai ls of assay procedure and conditions of elution 
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Peaks II and III both h� d spe cific act ivitie s of 3 . 6  units/mg 
and Peak IV had a spe cific activity of 3 . 7  unit s/mg . See  
Graph XI.X o 

Column di.rnensions were 2 . 3 x 20cr1 and 1 Oml fract ions 
were c ollected.  

( b )  DEAE ce llulos e  8radient el�ion from 0 to  0 . 8M NaCl in 
0 .  OOSM KH2m._ buffe r  pH 7 .  6 o f  co.E_duc..i:hY.,i ty 1 0 rnmho pooled fract ions 
from step�·,ise elution on DEAE ce llulose . 

Gradient elut ion gave 9 peaks of activity at conductivities  
of 2 ,  5 ,  8 , 1 O, 1 3 ,  1 5 , 1 7 . 8 ,  20 and 23  m.rnho . Approxi;na te  p ercentages  
of the t oto.l activity in each peak are !'. S  follow s : 

2 rnrr,ho 8 . 6%;  5 mmho 1 8 .4%; 

1 3 mmho 7. r;fo;  1 5 mmho � 1 • E%; 
and 23 rrunho 1 l1- . 6% .  

8 mmho 1 2 .1 %; 1 0  mmho 1 2 . 7%; 
1 7 . 8  mmho 8 . 4% ;  2 0  mmho 5 . 5% 

Specific activity was low for the initial peaks but increased 
for t he latter peaks . 
follows : 

Specific activitie s for the peaks are a s  

2 mmho 0 . 35 unit s/mg ; 5 n�ho 0 .1 3 units/mg ;  8 mmho 0 . 03 
units/mg; 1 0  mmho 0 . 05 units/mg ; 1 3 mmho 0.45 units/mg ; 
1 5  rnrnho 1 . 3  unit s/mg ; 1 8  ;nmho 2 . 57  units/mg; 2 0  mmho 
2 . 7 unit s/mg and 23 wnho 3 . 5 units/mg . 

See Graph XX .  

Column dimensions were 3 . 2  x 30cm , 1 0m1 fractions were 
collected . 
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( c ) � cellulose grcdient elut�_n_from 0 to 0 . 8M NaCl in 
O . OO;?M KH2B\ buffer pH 7 .  6 of �onduc_ii_.!i�..J � E!llho pooled fract ions 

from stepwise e lutio�EAE cell..£_lo.s e in Q.. 005M KHA buffer pH 7. 6 .  

Gradient e lution gave 9 peaks of activity . A small peak 
at a c onductiv ity of 3 mmho ( spe cific activity 0 . 33 unit s/mg ) was 

followed by a le.rger peak 2.t a conduct ivity of 5 . 5  rnmho ( specific 

activity 2 .1 unit s/mg ) . A smaller peak appeared at a conduct ivity of 

8 . 5  mmho with 3 larger le ss defined peaks at conductivit ie s of  1 1  mmho , 

1 3 rrunho and 1 �- - 5  rru;1ho . Specific act ivity of these latter 4 peaks was 

low ( 0 . 5  u�its/mg , 0 . 5  units/mg , 0 . 53 units/mg and 0 . 53 units/mg for 

peaks of conductivitie s 8 . 5 ,  1 1 , 1 3  and 1 4 . 5  mmho re spe ctively ) . 

Thre o smaller peaks at conductivitie s  of 1 8 , 20 and 23 rrunho had higher 

specific activ iti e s  of 0 . 9  units/mg , 1 .1 units/mg and '1 . 5  units/mg . 

respectively . Approximate percentage s  of the total activity appearing 

in e a ch peak wa s 3%, 1 6 . iffo , 1 4.3% ,  3% , Lf- .1 % and efo for peaks o f  

c onduct ivit ie s 3 ,  5 . 5 ,  8 . 5 ,  1 8 , 20  and 23  mmho respectively .  The 

other 52% of the act ivity was approximately evenly distributed 
betwe en the three peaks at conductivit ie s  of i 1 ,  1 3  and 1 4 .5 rrunho 

( see Graph XXI) .  

Column dimensions were 3 .2 x 3 0cm 1 Oml fract ions were 

colle cted . 

( d ) Gradient elution on DEAE cellulo s e  from 0 t o  0 . 8M Na Cl in 

0. 005M KH� buffer pH 7. 6 of  pooled fra c-t:JEns at conductivity 21 rrunho 

obtained from stepwise elution of the i 05,000g supernatant of mammary 

gland extract on DEAE cellulose . 

Elut ion gave a small act ivity peak at a conductivity of 

2 mmho followed by a large peak at conduct ivity 5 .5 rnmho comprising 

33 .6% of the total activity recovered and smaller le ss defined peaks 

at c onductivitie s of 8 ,  1 1 , 1 2 . 5 ,  1 5 , 1 9  and 22 mmho . Maximum 

spe c ific activity was obtained by t he activ ity peaks at conductivities of 

2 and 22 rnmho with activit ies of 1 3  units/mg, w'ith the n ext highe st 

spe cific activity being that of the major p eak at conductivity of 

5.5  rnmho ( 7 . 5  unit s/mg ) . In order of decrea s ing specific activity 
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L I \ See text for details of assay procedure and conditions of elution 
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GRAPH X X I I .  Gradient elution from DEAE cellulose of  conductivity 1 5-21 mmho 
extracts obtained from stepwise elution from DEAE cel lulose of the 
105,000g supernatant extract of homogenised bovine mammary gland 
in 0.005M KH2Po4 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 : 

1 5  mmho 2 . 0 units/mg ; 1 9  mmho 1 . 8 units/mg ; 

1 2 . 5 mrnho 1 . 6 units/mg; 8 rnmho ·1 . Lmits/mg and 
·j ·J mmho 0 . 85 units/mg . 

( Se e  Graph XXII . ) 

96 . 

Column dimensions were 2 . 3 x 20cm, 2ml fractions were 
collected and the gradient was from 0 to 0 . 8M NaC l . 

( e )  }??fill gradie nt elution from O..J;o 0 . 8M NaCl in 0�005111 KHcEQ4 
buffer J2Ii.�·-€.m�t_po oled fractions��of _9.£!1duc_t ivitL2.!t_mmho from stepwise 
�lut ion -��h.l".. . .1.9.2.:.QQ.��:;'�-��ar,L �and ex.:�,.r..£.9_'1;� DEA.Jl2 

cellulose in 0 . 005M KH2� buffer____EH .1.:,§_. 

Elution gave 9 pe aks of activity at conductivities of 1 . 5 ,  
4 . 5 ,  8 . 5 , 1 1 , 1 3 , 1 7 , 1 9 . 5 ,  21 and 24 mmho , comprising 4. 3% , 1 2 . 7%, 
8%, 1 0.4%, 1 1  .1 % , 1 1 . 7fc,, 5%, 1 0 .4% and 26% of the total activity recovered 
respect ively . Spe cific activity of t he peaks varied from a maximum 
of 2 . 5 unit s/mg for Peak I at a contluctivity of 1 . 5  mmho , to  a 

minimum of 0 .47 unit s/mg for Peak III nt n conduct ivity of 8 . 5 rnmho . 
(See  Graph XXIII . )  

Column dimensions were ·t .l._ x 20cm , 2ml fractions were 

collected and the gradient was from 0 to 0 . 8M NaCl . 
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GRAPH XXI I I .  Gradient elution from DEAE cel lu lose of conductivity 2 1 -24 mmho extracts 
obtained from stepwise elution from DEAE cel lu lose of the 1 05,000g 
supernatant extract of homogenized bovine mammary gland in 0.005M 
KH2P04 buffer pH 7.6.  

See text for detai ls  of assay procedure and conditions of elution 
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9 7 .  

3 : 1 0 • .  S_e_phadex G200 .Ji.el chromatograp� o:f elution peaks from DEAE 

cellulo se . 

Column dimensions and techniques c.re as. in sect ion 2 : 8 .  
All a ssays were carried out as de s cribed in section 2 : 1 2 .  

( a )  Sephadex G200 gel chromatography of the a ctiv ity peak eluted 
at conduct:bY._:ij,.y_2_J!.l!Ilho frorr; gradient _ _ e lut ion on DEAE cellulose in 
0 . 005M �2��u:ffer pH_ 7 . 6  of pooled extracts of conductivity 1 5  �o 
obtained through s�wise elution o:f the 1 05,0�Qg supernatant of 
homogenized mammary gland on DEAE cellulose . 
and 3 : 9 : 3  ( c ) ) .  

( See sections 3 : 9 : 2  

Gel :filtration gave 7 peaks of activity, a small peak at the 
void volume ( 5 . 9.%  of total activity ) ,  followed by 3 larger p eaks 
( comprising 20 .4% , 20 . C}b and 1 8 .&,% of tht. total activ ity re spe c t ively )  
and then 3 smo.ller peaks comprising 1 0 . 9%, '1 4. 8% and 8 .1 % of the 
t otal act ivity re spe ctive ly .  1 4  unit s o f  a ct ivity wa s  put on the 
column and 1 5 .41 units recovered giving an overall recovery of 1 1  afo. 

Highe st specific activity obtained were for peaks VII and 
VIII with a ctivitie s of 2 . 6 units/�ng and 2 .�. unit s/mg re spectively 
with lower specific a ctivities of 0 . 9 units/rug , 1 . 2  unit s/mg , 1 
unit/mg , 1 • 7 uni t s/mg and 1 . -1 uni t s/mg recorded respectively for 
Peaks I ,  II , III , IV and V.  ( See Graph XXIV) .  

( b )  Sephadex G200 gel chromatography of the act ivity peak eluted 
at conductivity 1 5  mmho from gradient elution on DEAE cellulose in 
0 . 005M KH2� buffer pH 7. 6 of po<?JeJ:.� extracts _of conductivity 1 0 mmho 
obtained through stepwise elution of the 1 05,000g supernntant o:f 
homogenized mammaEY 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 v.olume ( 7 . � of total activity) followed by a large peak 
comprising 32 . 5% of the total activity, then a small peak (1 1 . 5% of 
total activity ) , :followed by another large peak ( 27% o:f total activity) 
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GRAPH XXIV. Sephadex G200 gel ch romatography of the cond uctivity 5 m mh o  eluted 
peak from gradient elution on D E A E  cel l ulose in 0.005M K H 2P04 buffer 
pH 7 . 6  of the conductivity 1 0- 1 5  m mho extract obtained from stepwise 
elution from D EA E  cel lu lose of the 1 05,000g supernatant extract of 
homogenized bovine mammary gland in 0 .005M K H2P04 buffer pH 7 .6.  

See text for detai ls  of assay procedure and conditions of elution 
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G R APH XXV. Sephadex G200 gel ch romatograph y of the activity peak eluted at 
conductivity 15 mmho from gradient el ution on D E A E  cel l u lose i n  
0.005M K H2P04 buffer p H  7 . 6  of the cond u ctivity 2-1 0 m m h o  extract 
obtained from stepwise elution from D EA E  cel l u lose of the 1 05,000g 
supernatant extract of homogenized bovine mammary gland in 0 .005M 
KH 2P04 buffer pH 1 .6. 

0 See text for detai ls of assay procedu re and cond itions of elution .3 

� 

0.2 

0 . 1  

�\/,;\ � 
� 

\�./·�; U - � - I 
50 . 60 70 80 90 1 00 1 1 0 1 20 1 JO 1 40 1 50 1 60 170 

VOLUM E OF E L UTA N T  ( m l )  

� 

I 
� 

Cl) 
E > 

0.25 � 
Cl) 

E ...._ c 
0.2 E ...._ 

0 
E 

3 

Cl) 
0 

0. 1 5  u 
<( 

> 
1-
1-
<( 

0. 1 
u.. 

w 
w 
a: 
u.. 
u.. 
0 

0. 05 w 
Cl) 
<( 
w 
_. 
w 
a: 

0 



and 4 smaller peaks compris ing 2 . 7%, 5 .4%, 4 .9% and 7 . 9%  of the 
total act ivity re spectively in order of elut ion from t he column. 

Nu.ximum specific activity obtained w2.s for Peak IV with 
an act ivity of 2 unit s/mg with activit ies of 1 . 6 , 1 . 6 ,  0 . 3 , 0 .35 , 

0 . 63 ,  1 o..nd 1 . 8 unit s/mg f or Peaks I ,  II , III , V 7  VI , VII ,  VIII 

res pectively . 7�/o of the act ivity eluted on to the column was 
recovere d .  ( See Graph XXV. )  

( c )  Sephadex G2 00 ge l c�maton£§� .2f �le d  extract s of 
conduct ivity 2 4_mmho obtained throug_h stfjpwise e_lu�ion of the 
1 05 ,OOOg �_pernatant <?! homogenize__<l..;E.§iiiliilary.ll].and extract on DEAE 

cellulose in 0 . 0051-'1 KH2m_�buffer pH 7 . 6 . 

98 . 

After gradient e lution on DEAE cellulose of fractions of 
conductivity 24 mmho , all fract ions were combined, dialysed in 

0 .05M :rm4 OH-NH4 Cl buffer pH 8 .4 , concentrated and applied to the 
sephadex G200 column a s  de scribed  in section 2 : 8 .  

Act ivity was distribute d  into 8 peaks . A p proximate 
percentage s of the total activity occurring in each peak in order of 
e lut ion from the column are : 

1 C% , � , 21 • 4%, 7 • 5%, 2 afo , 1 0 • 8/S , 9 .1 % and 1 1  • c;fo • 

Specific activit ies  of the peaks in the order a s  above 
are : 

1 .06 , 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 . )  
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,3: 1 1 . Sephadex G200 gel chromatography o!: ... �!�.e 1 05,000g supernatant 
of homogeniz ed bovine . mammarz glan�xtract . 

The 1 05 , 000g supernatant enzyme extract was tha t  obtained 
as in sect ion ,3 : 7 : 1 ( See Table XIV ) . The extract was dialysed in 
0 . 05J:I 11f.H1,_oH-.NH4 Cl buffer pH 8 .4,  concentrate d  and elute d  on a 
sophadex G200 co lumn a s  de scribed in section 2 : 8 : 1 . 

Assays were c arried out as  des cribed in section 2 : 1 2 and 
OD 280 readings taken of the fract ions as an indication of protein 
concentrations . 

Total act ivity e luted on the column wo.s 0 . 09 units .  Total 
activity recovered was 3. 7 unit s ,  i . e . a 41 OCJ% recovery was obtained . 

Act ivity WG S distributed int o eight peaks . Approximate 
percentage s of the total act ivity oc curring in each peak in order 
of elution from t he c olumn are : 

1 2 .1 % , 1 1 % ,  1 6%,  ·1 9%, 1 '1 • 91� , 'i 0 .4% , 1 0 .4�s and 7% .  
(See  Graph XXVII ) 

By correlat ion of the distribution coefficient s  of the 
act ivity peaks with t hose of standard prote ins on Graph XXVIII , the 
peaks had mole cular weights corresponding t o  263 , 000, 1 86 ,000, 
89 , 000 , 5 2, 000, 2 7 , 000 , 1 9 , 000, 1 3 , 000 and 8 , 000 daltons . 
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See text for detai ls  of assay procedure and conditions of elution 
� 

I 
� 

Cl) 
E 
> N 
c: Cl) 

e ...._ ·= 
E ...._ 

0 
E 

3 

Cl) 
0 

0.075 (j 
<( 

> 
t-
1-
<( 

0.05 LL 

UJ 
UJ 
a: 
LL 

LL 

0.025 0 
UJ 

� 
UJ 
...I 
UJ I 

0 0 
a: 

50 60 70 80 90 1 00 1 1 0 1 20 1 30 1 40 1 50 1 60 170 

VOLUME OF ELUTANT { m l )  



1 oo . 

3:1 2 .  Calebration of the sephadex G200 gel column . 

Standard proteins of known molecular weight were eluted through 

the sephadex G200 column ( 2 . 3 x 39 . 5cm ) collecting 2ml fractions . 

Their elution volwnes (Ve )  were recorded and their distribution 

Ve-Vo -
coefficients Vt-Vo plotted against the log of their mole cular 

weight to obtain a linenr relationship . 

The void volume (Vo ) ,  determined by elution of dextran blue 

through the colwnn was 55mls und the total included voluine (Vt ) 

determined by e lution of copper sulphate through the column wc. s '1 71 mls .  

TABLE AV .  Molecular weights and dis_B'_ibution coefficients of standard 

.E£9��� .el':ltc;:�-�s-��_EQ�__s()l_lli.;!..U?�!l x 39 .5cm) wi!h_ 0 .05�i 
l�£�vQ.I_i::-}'�-4�ffer pH 8 .4 . 

Protein .Molecular \!eight Ve-Vo 
Daltons Vt-Vo 

Catalase ( Beef liver ) 250000 0 . 04  

Alpha globulin 1 60000 0 .1 6 

Aldolase (Rabbit muscle ) 1 42000 0 .1 9 

Bovine serum albumin 66500 0 . 36 

Ovalbumen 45000 0 .48 

Chymotrypsin 21 600 0 . 65 

Myoglobin 1 7000 o . 71 

Cytochrome c 1 2400 0 . 77 
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GRAPH XXV I I I  Relationship between distribution coefficients and the log molecular 
wieght for proteins eluted from sephadex G200 column (2.3 x 39.5cm ) 
with 0.05M NH40H-NH4CI buffer pH 8.4. 
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TABLE XVI o  Swnmn.ry table of the mole cular weights  of �ctivity peaks 

eluted from a sephadex G200 column �2 . 3 x 29 .5cmd of a ctivit� Eeaks 

from elutions on DEAE ce llulose in 0 .005M�2�buffer pH 8 .4  and 7 . 6  

and of � 05,000ji supernatant of the tota� udder 

Conductivity of elution pe:.1ks frOJJ DEAE 

cellulose in -

0 . 005I.I: KH2Po4 0 . 005M KH2Po4 
Peak buffer pH 8 .4 buffer 7 . 6  

No . 2 mmho 5 mmho 5 mmho 1 5 r�mho 24 rnmho 

I 257000 237000 263000 275000 263000 

II 1 73000 1 58000 1 69000 4 73000 -1 69000 

III 82000 86000 82000 93000 89000 
IV 57000 52000 50000 57000 48000 

V 36000 34000 31 000 33000 33000 
VI 22000 2·] 000 

VII 1 5000 1 L�OOO 1 3000 'i 3000 
VI I I  9000 8000 8000 8000 

extract . 

Total 

Extra ct 

263000 

1 86000 

89000 

52000 

27000 

1 9000 

1 3000 

8000 

Average 
Iviolecular 
Weight Dn.ltons 

260000 

1 71 000 

87000 

53000 

32000 

20000 

1 4000 

8000 

TABLE XVII . Surnmar� table of the �erce�tages of !�e total activitl in 

each of the peaks eluted from sephadex G200 �f the act ivity Eeaks eluted 

from DEAE cellulose  in 0 . 005M KH2m.:buffer j).!,�..z.&..and 8 .4  

Conductivity of elution peaks from DEAE 

cellulose in -

Average 0 . 005M KH2Po4 0 . 005.M KH2P04 Total 

Peak Molecular buffer pH 8 .4 buffer 7 . 6  Extract 

No . We ight Daltons 2 rnmho 5 mmho 5 mmho 1 5  mmho 24 mmho 

I 260000 8 1 0 5 - 9  7 . 8  1 0 1 2 .1 

II 1 71 000 20 0 . 6  20.4 32 . 5 8 1 1  

III 87000 1 8 21 .8 20. 2 1 1  . 5  21 -4 1 6  
IV 53000 8 . 6  3 0  1 8 . 8  27 7 -5 1 9  

V 32000 25 . 8  1 5  1 0.9  2 . 7 20 1 1  . 9  
VI 20000 5 .4 H 1 . 8  1 0 .4 

VII 1 4000 1 9 . 3  1 4 .8  4 .9  9 .1 1 0.4 
VIII 8000 1 9 8 .1  7 · 9  1 1  • 9 7 
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3 : '1 3. Serum requirement of the activity peaks e luted from DF.AE c e llulose 

and�sophadex G200 gel chroma �.2.5.r911z.- �co:J-UJ:!lns .  

A ssays were carried out a s  in se ct ion 2 : 1 2 except tha t  the serum 

v;as replcLced by dist illed water in t he a s says without s e rum . 

( a )  Effe ct o f  serum o n  th��t ivi��aks e lute d  from DEAE cellulose 

in 0 . 005M KH
2
�buffer pH 7.6 

A st epwise e lut ion from DEAE c ellulo se of the 1 05 , 000g 

sup e rnatant fract ion of homogenized mamoary glc.nd in 0 .005M KH2P04 
buffer pH 7 . 6  was curried out a s  de scribed in sect ion 2 : 7 : 4- , us ing 

buffer s o lutions of c onduct ivity 2 , 5 ,  8 ,  1 0 , 1 3 , 1 5 , 1 8 , 21 and 

2L� mmho . Fr.?. ct ions of each conductiv ity were collec t e d ,  poole d  and 

dialysed in 0 . 005M NH40H-NH4Cl buffer pH 8 .4 and concentrated before 

be ing as sayed . 

TABLE XVIII .  Effect of serum.�� l i.E,9-�� vi ty pe��s e luted frora 

DEAE ce llul�.? e in_ 0 .005Ivi I£.!
2
�.£,uffer pH 7. 6 .  

Peak 

No . 

I 
II 
III 
IV 
V 

VI 
VII 
VIII 
IX 

Conduct ivity 
of e lut ion 
buffer mmho 

2 

5 

8 

1 0  

1 3  

1 5  

1 8 

21 

24 

Na Cl c one . 
o f  elution 
buffer Molar 

0 . 023 

0 . 07 

0 .1 25 

0. 1 62 

0 . 22  

0 . 252 

0 . 31 

0 .375 

0 .44 

Activity Percentage 
�moles FFA increase 
releo.sed/min/ml ( or decrease ) 

+Serum +S8rt.ffil -serum -serum 

o . ·1 288 0 . 0045 2762 

0. 0252 0 . 0353 -40 

0 . 0868 0 . 0493 76 

0 . 0756 0. 04-09 82 

0 . 042 0. 0095 342 

0 . 0308 0 .028 1 0 

0 .01 4  0 .0941 -577 

0 . 0308 0 .0442 -43. ·  
0 . 0252 0 .01 56 50 

Peak I showed greatest activat ion by serum with an overall 
percentage increase in activity in the presence of serum over the activity 
in the a b sence of serum o f  2762,%. A 4Q% inhibition by serum was recorded 



for Peak II followed by a progres sive increase in activation by serum 

from Peak III to Peak V .  Peak VI showed the least activation by 

serum of 1 o%  and Peaks VII and VIII both showed inhibitions by serum 

with decreasing inhibition frofil Peak VII t o  Peak VIII with the final 

peak showing a 5Q% activation by serufil . 

( b )  �ffect of serum on the act���tz peaks eluted fr� 

sephadex G200 column with_(). 05M NH40H-NI-I4Cl buffer pH 8 .4 .  

Enzyme solutions used were the nctivity peaks eluted frofil the 

sephadex G2v0 column in section 3 : 1 1  of the 1 05 , 000g supernatant fraction 

of homogenized mammary gland extract . 

Effect of serum on the lipase activity penks e luted fr� 

�ephndex C200 column (2 .3 :x. 12·5cm) . 

Molecular Activity % incree.se 
Weight Dnltons j.lmole s FFA ( or decrease ) 

Peak released/min/ml 

No . +Serum -serum 

I 263000 0 .04.75 0 . (4 1 9 
II 'I 86000 0 . 04-5 0 . 01 1 309 

III 89000 0 .055 0 . 007 685 

IV 52000 0 . 055 0 .325 -482 

V 27000 0 . 055 0 . 001 5 3633 

VI 1 9000 0. 04.75 0 . 032 50 

VII 1 3000 0 . 0375 0 . 035 7 

VIII 8000 0.025 0 . 023 8 

Peak V showed the large st activation by serum of 3633% increase 
in activity in the presence of serum over the nctivity in the absence of 
serum . This was followed by Peaks III , II , VI ,  I ,  VIII and VII in 
order of decreasing activation by serum. 
in the presence of  serlli� 

Peak IV showed a decrease of 48� 



3: 1 4 · Effect o f  sodium chloride and pr()t� sulphate on lipa se activity 

.E£_aks eluted from sephadex _ G2 00 . 

Enzyme solutions were the a ctivity peaks eluted from a 

sephadex G200 column in section 3 : 1 1 o f the 1 05 , 000g supernatant fract ion 

of mammary g land extracts .  

Assays were carried out a s  in section 2 : 1 2 except that in the 

+ NaCl as says the buffer consisted of a solution of 5 .  6M NnCl in 1 M tris 

HCl buffer pH 8 . 5 to give a final concentration of 1 .4M NaCl in the 

incubation mixture and in the + protamine sulphate assays the buffer 

contained 40C �/ml protamine sulphate t o  give a final concentration 

of 'l 00 !J.g/ml of protamine sulphate in the incubat ion mixture . 

TABLE XX .  Effect of NaCl and protanine _��J.:,eh;�e on the li:eftse a..s_�iY 
��-a_r�.:t.��-�n-!:�sepha�ex _G2Q.,Q__�.2l._��-�·)- � 39 .5cm) of the J_0_5.J.900__g 

supt.:rnato.nt . frcction of ma!Ik'lary gl�g _ _ ex!_rac��� . 

:Holeculo.r 

We ight Daltons 

Peak 

No . 

I 263000 

II 1 86000 

III 89000 

IV 52000 

V 27000 

VI 1 9000 

VII 1 3000 

VIII 8000 

Peaks I to V 

11-ctivity 
jJ.IDole s FFJ� 
relea sed/min/ml 

-No. Cl +NaCl 
-protamine 

sulphate 

0 . 04-75 0 

0 . 04-5 0 

0 . 055 0 

0 .055 0 

0 . 055 0 

0 . 04-75 0 . 01 5 

0.0375 0 .023 

0. 025 0 . 021 

all showed complete 

+protamine 
sulphate 

0 

0 

0 

0 

0 

0 . 009 

0 . 007 
0 . 01 3 

% inhibit ion 

+NaCl 

1 00 

1 00 

1 00 

1 00 

1 00 

68 .4 

3 8 . 7  
1 6 

+protamine 
sulphate 

1 00  

1 00 

1 00 

1 00 

1 00 

81 

81 .4 

48 

inhibition by both 1 .4M NaCl 
and 1 00 1-!g/ml protamine sulphate in the incubation mixture . Peaks VI 

to VIII showed decreasing inhibition by NaCl from Peak VI to Peak VIll . 
Both Peaks VI and VII showed equal inhibitions by protamine sulphate with 
Peak VIII least affected by the pre sence of protamine sulphate . 



3 : 1 4 : 1 ! Effect of inhibitors io�tateLf�ethJlmaleimid� 

2 5' dith�o bis (2 _N�o benzoic a�iil �nd 214 dinitrophenol on the 

activity of mammar��and lipopro�in lipase . 

Assays were carried out as in sect ion 2 : 1 2 except the buffers 

containing e ither 0 .4mM iodoacetate , 0 .4mM N ethylmaleimide , 0 .4mM 

5 5 ' dithio bis ( 2  Nitro benzoic acid ) or 0 .4rn� 2 ,4 dinitrophenol were 

used for the standard nssay . Final concentration of the inhibitors in 

the n s sny medium after enzYQe addition was 0 .1 rnA . Enzyme solution wa s 

a diluted solution of the purified enz�ne extract obtained ns  in 

sect ion 4 : 6 .  

Final c oncentration of enzyme in the incubation medium was 

0 . 0035 mg/ml . 

TABLE XXI . Effect of 0 .1 m!:i iodoo..ce:t:ate . r� ethylmale iDide, 5 5 '  dithio 

bis-(? _nitro bonzo���nd 2, 1L������2£henol on purified LPL f.r£m 
lc:.ctc:_.-tjEg bovine manunary gland. 

.fl_ctivity 
Inhibitor !J.ffioles FFA 

releo..sed/min/ml 
% inhibition 

No inhibitor 0 

2 4 dinitrophenol 

N ethylmaleimide 

iodoacetate 

5 5 ' dithio bis ( 2  nitro benzoic acid ) 

0.02496 

0 

0. 00672 

0 . 01 288 

0 . 01 848 

1 00 

75 

50 

29  

O. � mM 2 ,  4 dinitrophenol completely inhibited the enzyme 

with N ethylmaleimide (ma inly specific for free SH groups ) partially 

inhibiting the enzyme . 

3:1 5. Amino acid compo sition . 

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 : 1 3 .  
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�iBLE XXII . l�ino acid composition of Peak III lipoprotein lip�� 

from seph�dex G200 of lactating bovine m�ary gland . 

for 24 hou� hydrolysis . 

Values are 

Amino acid Micromole s Moles/1 o3mole s 

Lysine 0.5456 97 .46 

Histidine 0 . 1  654 2 9 . 54 

Arginine 0 . 21 1  78 37 .83 

Aspartic Acid 0 . 5339 95 . 37 

Threonine 0 . 3071 1 54 . 86 

Serine 0 . 28343 50 . 63 

Glutaw.ic Acid 0 . 7833 1 40 .01  

Methionine 0 0 

Proline 0. 3253 58 . 1 1  

Glycine 0 .1 8333 32 . 75 

Ahnine 0 .45'1 94 so . 73 

Half Cystine 0 . 31 435 56 .1 5 

Valine 0 . 35789 63 . 93 

Isoleucine 0 .1 3293 23 . 74 

'ryros ine 0 . 1  7651 31 . 53 

Phenylaline 0 . 24849 44- 39 

Leucine o . 57W� 1 02 . 97 



SECTION II : Milk Lipoprotein lipase . 

3:1 6 .  Binding and elution of milk lipoprote in lipa se to calcium pho sphate JLe l .  

Binding and e lution from a hard pan of  calciuo phosphate gel was carried out as  in section 2 : 4 .  

As says were carried out as in section 2 : 1 2 . 

TABLE XXIII . Effect of potassium oxalate and sodium c itrate on the elut ion of lipoprotein lipase from Ca��-
Voluoe Activity Total Protein C one . Total Protein Specific % 

Enzyme Extract mls Unit s/r.1l Activity �g/nl mg Act ivity re covery 

Milk 250 

Addition of Ca PO gel 
Filtered Filtr�te4 250 

ca
3

P0
4 

gel 1 00 

Filtrat e fron above filtered 
through Ca

3
P0

4 
gel Filtrate 250 

Ca
3

P0
4 

gel washed with 0 .1 M 
pota ssium oxalate 

Filtrate 1 00  

Ca
3

P0
4 

gel washed with 0 . 05M 
sodiun citrate 

Filtrate 1 00 

ca
3

P0
4 

gel washed with 0 . 05M 
NH OH-NH Cl buffer 

pH 8 .4 Ftltrat1t 1 00 

Ca
3

P0
4 

gel 200 

0 . 321 7 

0 . 31 25 

0 . 025 

0 . 01 68 

0 . 01 875 

0 . 02625 

0 . 00375 

0 . 355 

Unit s Units/ng 

80 . 5 

78 . 05 

2 . 5 

4 . 225 

l . 875 

2 . 625 

0 . 375 

71 . o  

45 

39 . 6 

3 . 5  

0. 066 

0 . 058 

0 . 043 

0 . 01 2 

49 . 25 

1 0 , 250 0 . 0071 

9 , 900 0 . 0079 

350 0 . 0071 

1 6 . 5  0 . 24 

7 . 8 0 . 32  

4 . 3 0 . 61 

1 • 2 0 . 31 2 

9 , 850 0 . 0072 

1 00 

97 

3 .1 

5 . 2 

2 . 3 

3 . 3 

0 .4 

88 . 2 

__.. 

.8 . 



TABLE XXIV . Effect of sodium chloride �nd dimothll fo rma@ide
_�gO�� the e lut ion of li2o2rote in lipa se 

from Ca.A�· 
Volume 

Enzyme Extract nls 

MiJJc 60 

Milk filtered through ca
3

P04 
gel Filtrate 60 

0 . 05M NH�OH-NH4c1 wa sh of 
gel Filt ate 50 

1 % NaCl wa sh of gel Filtrat e 50 

2,% NaCl wash of gel Filtrate 50 

3% NaCl wash of gel Filtrate 50 

4% NaCl wash of gel Filtrate 25 

5% NaCl wash of gel Filtrate 25 

5% NaCl + 25% D1� wa sh of 
gel Filtrate 2 5  

5% NaCl + 5o% DMF wash of 
gel Filtrate 25 

Ca3P04 gel in 0 . 05M NH4 OH-NH4 Cl 
buffer pH 8 .4 1 00 

A c t iv ity T otal 
Units/ml Act ivity 

Units 

0 . 31 1  5 1 8 .  7 

0 . 0094 0 . 5 64 

0 . 01 5 0 . 75 

0 . 01 5  0 . 75 

0 . 01  27 0 . 635 

0 . 01 1 2 0 . 5 6  

0 . 01 87 0 .467 

0 . 01 2 0 . 287 

0 . 01 0 . 25 

0 . 003 0 . 075 

0 . 1 03 1 0 . 3  

Pro t e in C on e . T otal Prote in Spec ific 
sg/Lll mg A c t ivity 

Unit s/IJ.g 
· -� 

42 2 , 520 0 . 007L� 

0 . 05�- 3 . 24 0 . 1 73 

0 . 078 3 . 9 0. 1 9 

0 . 034 1 . 7 0 .44 

0 . 026 1 .3 0 . 5  

0 . 021 1 . 05 0 . 53 

0 . 032 0 . 8  0 . 580 

0 . 01 8  0 .45 0 . 62 

0 . 1 5 3 . 75 0 . 066 

0 .1 9 4 .  75 0 . 01 5  

25 4 ,,00 0 . 004-

% 
rec overy 

1 00 

3 

4 

4 

3 .4 

3 

2 .4 

1 . 5  

1 . 3  

-"' 

0 .4 g . 

55 



TABLE XXV. Effect of sodium carbonate, sodium sulphate�iw.n_.&l�conat��a_nc1 pot_.Q.ssium �il:.zd::r.��.hoflphate 
on the elution of lipo_pr_ot_e_in lipase from Ca3Po4�. 

Volume Activity Total Protein cone . Total Protein Spe c ific % 
Enzyme extract mls Units/ml Activity mg/ml mg Activity recovery 

Unit s Unit s/ml 
-

Milk 60 0 . 31 1  5 1 8 . 7 42 2520 0 . 0074 1 00 

Milk filtered through 
ca3P04 gel Filtrate 60 0 .01 3 0 . 78 o . os e 3 . 48 0 . 22 4 .1 

0.05M NH OH-NH Cl buffer 
pH 8 .4 w�sh o�gel Filtrate 50 0 . 01  6 0 . 8  0 . 062 3 . 1  0 . 25 4 . 2  

0.5M Na�co3 wash o f  gel 
Filtrat 50 0 . 01 9 6  9 . 98 0 . 043 2 . 1 5 0 .44 5 . 2  

0 . 5M Na2so4 wash o f  gel 
Filtrate 50 0 . 0356 1 • 78 0 . 08 4 - 05 0.42 9 . 5  

0.05Msodium gluconate wash 
of' gel Filtrate 50 0 . 0375 1 . 875 0 . 1 02 5 . 1  0 .37 1 0 

0.5M sodium gluconate wash 
of gel Filtrate 50 0 .0487 2 .435 0 . 095 4 .  75 0 . 51 1 3 

0 . 5M KH2�wash of gel 
Filtrate 50 0 0 0 . 02 1 . o  0 0 .....\. 

0 \..0 
. 

1 M  KH2P04 wash of gel 
Filtrate 5 0  0 ' 0  0 . 03 I . 5  0 0 
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Binding o f  milk lipopro t e in lipase to ca3Po4 gel varied from 

95 to 97% of the total act ivity with 99 .7% of the t ota l prote in b inding 

t o  the gel aft e r  it had been wa shed w ith buffen 0 .1 M  pota s s ium oxalate 

fo llowe d by 0. 05M s o dium c itrate extracted 5 . 6% of the bound a c t ivity 

with a max imum purification of 86X obtaine d in t he 0. 05M s odium 

citrate wa sh . Extraction with s odium chlo ride gave a t otal elut io n  

o f  1 L�% of the bound a c t ivity with a me.ximum purifico.t ion o f  83X 

o btained in the 5% Na Cl wo. s h ,  repre sent ing 1 . 5% of the total activity . 

Total pro t e in e luted wa s 0. 36% of t he t otal bound pro t e in .  

The addit ion of dimethyl formamide increa s e d  t he e lut ion o f  pro t e in 

to O . 71 % of t he total bound prot e in but de c re a s e d  the spe c ific act ivity 

by about ·J OX of that of t he 5% NaCl wa sh . 

1\'!�ximum e lut ion of enzyme w:'.. s o b t a ine d with the sodium 

gluconate wa she s  with a t otal extro.ct ion of 24% of' the bound enzyme 

in the t wo wo.. she s . 

Lower recove�ie s of 5 -4% and 9 . 3% of the total bound a ct iv ity 

we re o b tained for the No.2co3 and Na2so4 wa she s res pe ctive ly . No 

a c t iv ity was e lut e d  with the KH2P04 wo. shes . Maximum purification 

obtained wa s 70X obtained in the 0. 51-.I so dium gluconate wa sh . 

Pro t e in elution wa s 0 . 08%,  0 .1 6%, 0 .4% and 0 .1 %  o f  the total bound 

prot e in in the Na2 co3 , Na2so4 , sodium gluc onate and KH2P04 wa she s 

re spe c t ively .  

3 : 1 7. U ltrace ntrifugat ion and Na C l  extract ion of l ipoprot e in lipa s e  

from ca s e in micelle s .  

Case in was c o ll e cted by centr ifigation o f  skimmed milk a t  

1 05 , OOOg f o r  one hour and. the washed pre cipitate extra c t e d  with 1 . 2M 

Na Cl a s  de scribed in se ction 2 : 1  7. .  

sect ion 2 : 1 2 .  

A s says were carried out a s  in 



TABLE XXVI .  Ultracentrifugation ap.d NccCl extract ion of milk ca sein..,Youn�_)J:.EE_protein ljpa se . 

Volume 
Enzyme extract mls 

Milk 800 

1 05 , 000g supernatant 800 

1 05 , 000g ppt . in 
distilled water 400 

Above ppt . centrifuged 
1 05 ,OOOg supernatant 
fraction 340 

Ppt . fraction in 
distilled water 360 

Above ppt . centrifuged 
1 05 , 000g supernatant 
f. :J ct ion 340 

Ppt . fraction in 
NaCl 1 . 2M 360 

Above ppt . centrifuged 
1 05 , 000g supernatant 
fraction 340 

Ppt . in 1 . 2M NaCl 360 

Above ppt . centrifuged 
1 05 , 000g supernatant 
fraction 340 

Fp t .  in NaCl 3 60 

Activity 
Unit s/ml 

0 . 23 

0 . 056 

0 . 342 

0 . 033 

0 .34 

0 . 009 

0 . 34 

0 .1 84 

0 . 324 

O .·i 27 

0 .302 

Total 
A ctivity 

Units 

1 �  

44 

t36 . 8 

1 1  . 22 

4 22 

3 . 06 

1 22 

62 .5 6 

1 1  6 . 8 

43 . 78 

1 08 . 7 

Prot ein cone . Total Protein Spe cific 
mg/ml mg Activity 

Units/mg -
43 34400 0 . 00535 

27 21 600 0 . 001 

32  1 2800 0 . 01 07 

1 . 86 632 0 . 01 7  

34 1 2200 0 . 01 

0 .32 1 09 0 . 027 

33 . 6 1 2096 0 . 01 01 

1 . 1 4 387 . 6 0.1 61 

32 . 5 1 1 700 0 .01 

0 .5 1 70 0 . 254 
32 1 1 520 0 . 0094 

% 
recovery 

1 00 

24 

74 -4 

6.1  

66 . 3  

1 . 6 

66 . 3  

33 .4 ->. 
...>. 

63 .4 
->. 

23 . 7  

59  
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�% of the total lipase  activity of milk was associated with 

the 1 05 , 000g supernatant fraction, i . e .  was in a soluble form . The 

remaining activity was associated with the casein micelle s .  Total 

recovery of activity from the case in micelle s was 1 75% with the two 

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

Thus a re c overy of 86% was obta.ined in the NaCl washe s  with 

a loss of 1 1  .4% of the casein bound activity was obtained .  

I"'laximum purification obtained was 48X from the origim.l 

skimmed milk in the se cond NaCl wash . 

3 : 1 8�ffect of pH on the solublized lipase activ ity from ca sein in the 

E.E..es__§lnce=and absence of serum . 

As says we re carried out a s  in section 2 : 1 2 ex cept assay t ime 

was 1 0  minute s and the following buffers used in the range of pH : 

pH 5 - 7 

pH 7 - 1 0  

pH 1 0 - 1 2 

0 . 5M KH 2P04 
0 .5M Tris HCl 

0 . 5M N'rl4 OH-l\� Cl 

The assay in the ab sence of serum was carrie d out as  above 

except that serum was replaced by dist illed water . Enzyme source was 

the first NaCl extract of the 1 05 , 000g case in precipitate of skimmed 

milk obtained as in sect ion 3 : 1 7 .  

In the presence of serum 9 peaks o f  activity were recorded 

at pH ' s of 6 ,  7, 7 . 5 ,  8 . 25 , 9 ,  9 . 75 ,  1 0 .5 , 1 1  and 1 1 . 5 .  In the abs ence 

of serum 8 peaks o f  activity occurred at pH ' s  of 6 ,  7 ,  7 .5 , 8 . 25 ,  9 ,  1 0 , 

1 0 . 75 and 1 1 . 5 .  Serum had an activating effect on lipases of pH 

optimums 7 ( 263 .1 % increase ) , 7 . 5  ( 7.%  increase ) and 8 . 25 (1 � increa se ) . 

Both peaks at pH 1 0:�5 and 1 1  had an obligate requirement for serum . 

Serum inhibited lipases of pH optimums 9 (5% inhibition ) , 9 . 75 ( 6% 

inhibition) , 1 0  ( 61 %  inhibition ) , 1 0 . 75 (55 -5% inhibition) and 1 1 .5 

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

average of two as says which were : 3% of each other . 



GRAPH XXIX. Effect of pH on l ipase activity of the NaCI extract of the 105,000g casein 
precipitate of bovine mi lk in the presence and absence of serum 

See text for detai ls of assay conditions 
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GRAPH XXX. Gradient elution from DEAE cel lu lose of the NaCI extract of the 105,000g 
casein precipitate of bovine milk 

See text for detai ls of assay procedure and conditions of elution 
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3 : 1 9 .  DEAE cellulose gradient elution of the NaCl extract of the 

1 05,000g case in precipitat e . 

A DEAE cellulose column gradient of the NaCl extract of the 

casein precipitate after dialysis  in 0 . 005M KH2P04buffer pH 7 . 6  was 

carried out a s  in se ction 2 : 1 7 . 

A s says v1ere carrie d out ::. s  in section 2 : 1 2 . 

were collected . 

1 Ornl fract ions 

230mls of NaCl extract I were eluted on to the column 

representing 43 . 7 unit s o f  activity . Total act ivity recovered was 

1 31 . 7 units ,  i . e .  a 30o% recovery of act ivity wa s obta ined .  

Activ ity WQ S distributed into 9 peaks eluted at conductivitie s 

of  2 ,  3 .5 ,  6 . 5 , 1 0 ,  1 2 . 5 , 1 5 ,  1 7 , 1 8 . 5 and 20 . 5 mmho . Approximate 

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

3 . 7.%, 3 . 6% , 5 . 9%, 14 . 7%, 1 2 . 6% , 35 . 3% , 8 .4% , �� and 1 3 .4% 

for peaks eluted  at conductiv itie s of 2 ,  3 . 5 , 6 . 5 , 1 0 , 

1 2 . 5 , 1 5 , 1 7 , 1 8 . 5 o.nd 20 .5 mm.to respe ctive ly . 

Maximum spe c ific activity wo.s 4 .4 units/mg obtained for both 

peaks e luted at conductivit ie s  of 2 and 6 mrrillo representing a 880X 

purification over the skimmed IT.ilk . 

Column dimensions were 3 . 2 x 30cm . 

3 : 20 . Sephadex G200 gel chromatograEhY of _conductivity, 1 5  mmho activi� 

peak from ��radiant elution on DEAE cellulose of the NaCl extract of 

the 1 05LOOO� casein preci£itat�. 

Gel filtration was carried out on a sephadex G200 column 

( 2 . 3  x 39 .5cm ) equilibrated with 0 . 05M NH40H-NH4Cl buffer pH 8 .4 
0 at 2 C .  The sample was dialysed in 0. 05M NI-14 OH-NH4 Cl buffer pH 8 .4 

and concentrated to 1 ml before being applied to the column . 2ml 
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fractions were collected.  Assays were carried out as in  sect ion 2 : 1 2 . 
Total act ivity applied to the colwnn wo.s 25 . 2  unit s .  Total activ ity 
recovered was 1 4  units , i . e .  a 55 . 5;;& recovery of activity was obta ined .  

Act ivity wo. s distributed into 6 peaks . A large peak , near 
the void volume comprising 39% of the total act ivity recovered and 5 other 
peaks comprising 1 ofo, 9 .4% , i 6 .4%,  i 7 - 3% and 4 . Zfo  of the total activity 
re cove�ed re spect ively in order of elution from the column . By 
compo.ring the ir distribut ion coefficient s  with tho se of the standards 
obtained a s  in sect ion 3 : 1 2 ,  approx imate molecular we ights of the p eaks 
were 2 63 , 000 , 82 , 000 , 48 , 000 , 2 8 , 000 , 1 2 , 000 and 8 , 000 daltons . 

3: 21 . Sephadex G200 gel chromato&r££hY of the Ca� gel filtrate of 
skimmed milk. 

·1 ·1 .4mls o f  the ca3Po4 gel filtr!lte of skimmed milk obtained 
as in section 3 : 1 6 (Table XXIII ) wa s dialysed in 0. 05M NH4oH-�lli4Cl 
buffer pH 8 .4, concentrated to 1 ml and applied to the sephadex G200 
column ( 2 .3 x 39 . 5cm ) and eluted with 0 . 05M NH40H NH4Cl buffer pH 8 . 4  
co llecting 2ml fractions . As says were carried out a s  in section 2 : 1 2 .  

Total act ivity applied to the column Till S 1 . 94 units and 1 .8  units 
were recovered , i . e .  % recovery = 92 .  7%. 

Act ivity wa s distributed into 1 3  peaks . Approximate perc entages  
of the total activity occurring in each peak , in order of e lution from 
the column are : 

1 4 -4%' 8 .  8fo' 5 .  6%' 7 . 3% ' 2 .  7%' 9 · 1 % ' 8 .  2%' 1C>%, 5 . C}b' 3 .1 % ' 
7fo, 4 . 6% and 1 3 . 2%. 

By comparing the distribution coefficients of the activity 
with tho se of the standards obtained as in as in section 3 : 1 2 ,  

approximate mole cular weights of the activity peaks are : 

240, 000 , 1 48 , 000, 1 20 , 000, 89 , ooo ,  71 ,500, 57 , ooo, 
41 , 000 , 31 , 000, 2 2 ,  000, 1 5 ,  000, 1 1  , 000 , 9 , 000 and 
8,000 daltons . 
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GRAPH XXX I l l .  Sephadex G200 gel chromatography of the second NaCI extract of the 
105,000g casein precipitate of bovine skimmed milk 

See text for details of assay procedure and conditions of elution 
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3: 22 . Sephadex G200 �1 chromatography of the 1 . 2M NaCl extract of 
the 1 05,00Qg case in pr�c ipitate . 

Gel filtration wa. s co.rried out on a sephadex G200 column 
( 2 . 3 X 3 9 - 5cm) equilibrate d  with o . 05M NH40H-l'lli4C l  buffer pH 8 .4 
at 2° C .  The sample wa s di.:;.lysed in eluting buffer and concentrated 
to 1 ml before being applied to the column . 2ml fractions were 
collected .  A s says were curried out a s  in sect ion 2 : 1 2 . 

22mls of the second NaCl supern�tant extract of the 1 05 , 000g 
case in precipitate obtained a s  in sect ion 3 : 1 7 was dialysed and 
concentrat ed to 1 ml and app lied to the column . 

Total activ ity eluted on was 3 units .  Tota.l a ctivity 
recovered was 1 2 .46 unit s repre senting a recovery of 41 5% . 

Activ ity wns distr ibuted into 1 2 peaks . A large peak near the 
void volume containing 20 . 8% of the tota.l a ctivity recovered followed by 
another two large overlapping peaks contG.ining 22 . 1 %  and 23% of the 
total activity recovered re spe ct ively in order of elution from the column . 
The remaining 34% of the re covered activity wa s distributed into the 
remaining 9 smaller peaks . Tho 3 large peaks had mole cular we ights 
corresponding to 340 , 000 , 1 48 , 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 . 2M NaCl supernatant extract of the 
1 05,000g casein precipitate . 

A DEAE cellulose column gradient elution in 0 . 005M KH2P04 
buffer pi! 7 . 6 was carried out a s  in section 2 : 1 8 using a gradient from 
0 to 0 . 8M NaCl collecting 2ml fractions . The column dimensions were 
1 .4 x 20cm . Assays were carried out a s  in section 2 : 1 2 .  

Enzyme solution was the combined fractions from the sephadex 
G200 gel filtration of the second NaCl supernatant extract of the 
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1 05 , 000g casein pre cipitate in section 3 : 22 eluted between 72 and '' 

93mls . The sample was di�::lysE:d against starting buffer before being 

applied to the column . 

T otal activity eluted on was 5 . 65 units .  Total activity 

recovered was 1 5 . 97 unit s ,  representing a recovery of 282 . 6,% . 

Activity was distributed into 6 peaks . The activity peaks 

were eluted at conductivit ie s  of 3 .5 , 6 . ) ,  1 0 , 1 2 . 5 , 1 5  and 20 mmho . 

Approximate percentage s of the total e.ctivity recovered o ccurring in 

each peak nre ; 

4 . 2�� ' 9%, 4.2 . 3'/o, 29 . Cf'/o , 4 .2fo and 1 0 . 6% of the activity 

peaks of conductivity 3 .5 ,  6 . 5 ,  1 0 , 1 2 .5 , 1 5  and 20 mmho 

re spectively. 

Maximum specific activity obtained was 1 6 uni ts/mg , 

repre senting a purification of 3� 8X from the skimmed milk . 

See Graph XXXIV .  
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GRAPH XXXIV. DEAE cellulose gradient elution of peaks 1 1  and I l l  eluted from a 
sephadex G200 column of the second NaCI supernatant extract of the 
105,000g casein precipitate of skimmed milk 

See text for details of assay procedure and conditions of elution 
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GRAPH XXXV. Relationship  between conductivity and molarity of NaCI in  0 .005M 
KH 2P04 buffer pH 7.6 .  
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CHAPl'ER IV 

DISCUSSION OF RESULTS 

DISCUSSIONo 

Homogennte s of mammary gland extrECcts were characterized 

by low levels of LPL in the 1 6 ,50Cg supernatant fraction which would 

bind to TG ( 3 . 8 - 1 Q%) ,  a high percentage in the 1 6 , 500g particulate 

fraction ( 6q%) and a high percentage in the top cream layer ( 1 q%) 
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 (1 962 ) . Both soluble and insoluble forms of LPL may indicate 

that LPL is located both at t he surface of the epithelium in a readily 

re leasable form and also b ound tightly to  the particulate fract ion 

and appears to be largely inextractable . The soluble enzyme fraction 

may be present at the epithelial cell surface where mo st of the 

l ip olysis of plasma TG take s place . The part iculate enzyme c::3.;-y· be a 

store of LPL ins ide the cell for release to the surfa ce on st imulat ion 

by some factor such as heparin where it is continually be ing lo st into the 

blood stream a s  according t o  Robinson (1 963 ) ,  or it may be involved in 

the lipolysis of lipid emuls ions which lllive formed vacuole s inside the 

cell as  observed by S choelf and French (1 968 ) and Scow et � (1 972 ) .  

Askew et al (1 970 ) obtained 2Q% of the t otal 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 (1 966 ) and in adipose tissue as shown by 

Hallet and Audi tor:ie ( 1 967) . Askew � El ( 1 970) reoorded 1 afo of the 

total lipolytic activity of the udder was from the milk fraction which 

is in agreement with my finding of 1 0% of the total udder LPL in the 

cream layer.  

An activity of  0.001 2 !-IJilOle s FFA releaseo/min/mg for the t otal 

mammary gland homogenate, is in close agreement with the activity of 
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0 . 001 8  !J.moles FFA released/min/mg observed by Baldwin and Emery (1 973 ) .  

Askew � al (1 9� ) obtained a higher figure of 0 . 007 �mole FFA 

released/min/mg for total udder homogenates and Baldwin and Emery (1 973 ) 

obtained an activity of 0 .0033 �ole F}� released/min/mg for cows fed 

a re stricted roughage high grain diet , indicating a wide variation in 

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

An activity of 0. 007 �mole s FFA released/min/mg in the se cond 

udder extract also verifie s this wide variat ion observed in LPL activity 

of total udder homogenates . 

Many pH optima in mammary gland extrccts suggest s  a complex 

lipase system whereby TG is hydrolysed over 2. wide range of pH values . 

pH optlina of 9 ,  8 . 6 ,  7 . 9 ,  7 and 6 . 5  have been reported . by Frankel and 

'rarassuk ( 1 956 ) ,  Schwartz 2,! al ( 1 956 )  and Harper et ll ( 1 956 ) 

from cows ' milk which could apply for mammary gland lipases  which are 

synthesized in the mammary gland and secreted  into the milk . The 

variation in activation or inhibit ion caused by serum over the different 

pH values may suggest different lipa ses  at these pH values ,  as s ugge sted 

by Schwartz � � ( 1 956 ) for c ows ' 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 

complet e  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 (1 967 ) ,  determine s  the pH opt imum of the 

TG hydrolyse activity by their pH dependence on binding to the enzyme . 

This is unlike ly as inhibition occurred in the pre sence o f  serum at 

pH 9 . This inhibit ion is probably due to an inhibitor pre sent in serum 

a s  postulated by Askew � � ( 1 970 ) , Robinson ( 1 963 ) and Iverius � � 

( 1 972 ) which inhibit s the enzyme with this pH optimum . Thus LPL had 

an alkaline pH optimum betwe en 8 . 2 and 8 .5 which is in agreement with 

the findings of Korn (1 959 ) for a dipo se tissue LPL , Brady and Higgins 

(1 967 ) for rat heart , and Askew � �  (1 970) for bovine mammary 

gland LPL . Lipase activity has b ee n  shown t o  be act ive over a wide 



range of pH value s which are pre sent in various pn�t s of the cell and 
may vary from tis sue t o  tissue by A ssmar. et al (4 973 ) .  The function 

of these  lipases  with pH opt imum extremes is not known. Thus the 
measurement of LPL activity i s  be st undertaken at pH 8 .5 a s  pH value s 

e ither above or be low this ·.vould measure other lipa se activity us  we ll . 

All of the 1 6 , 500g fractions of homogenized mammary gland 
extract s showed greater activity in the pre sence of tallow rather than 

olive oil . The small difference in the activity of the top cream layer 

in the pre sence of tallovt rather tmn olive oil could be due to the 
presence of cream in the enzyme extract and thus competition between the 

two substrate s for the active site . LPL activity ha s been shown to be 

decrea sed in cows fed re stricted rougho.ge high grain diet s which also 

has been shown to de crease the net total milk content ( part ially 

dependent on LPL activity ) and also increas e  the unsaturated FA content and 

decreased the saturated FA content by Askew et al (1 971 ) .  Thus LPL 

having a greater specificity for long chain saturated FA TGs rather than 
long chain unsaturated FA TGs explains the re sult s of Askew et al ( 1 971 ) 

whereby feeding re stricted roughage high grain diet s increase the 

unsaturated FA TG level o f  the blood relative to the saturated FA TG 

level,  and thus less conversion o f  b lood fat TGs into milk fat would 

o ccur and these blood fat TGs would he diverted elsewhere , probably t o  
the adipose  tissue for storage . 

Lipoprote in lipase require d a specific ratio of serum to  TG 
and gave an optimum at 50% serum for a serum tallow substrate and t he 
crude e nzyme extract gave 1 3% of the maximum act ivity in the absence 
of serum ,  indicat ing some other hydrolase activity not requiring serum 
as  cofactor such as MG hydrolase act ivity, or could be due to  the 
presence of other lipases  other than LPL as po stulated  by A skew � a l  
(1 970 ) ,  o r  c ould be due t o  LPL which has protein tightly bound to  the 
enzyme . Askew � �  (1 970)  also obtained maximum activity at .50% 
set'UQ with 90% of the activity occurring at 25% serum using Ediol as  

T G  substrate containing a 50% TG emulsion of  coconut oil . The 
inhibition of activity at high s erum concentrations could be due to 

an inhibitor pre sent in the serum as postulated by Askew � �  (1 970) 
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and Robinson (1 9 63 ) who als o obtained inhibit ion at high serum 

conc ent rations . 

The low b inding t o  the TG emulsion sugge st s o. small 

percenta ge o f  the LPL is in a s o luble form .  Sanifica t i o n  o f  the TG 

emuls ion incre a sed enzyme b inding from 3% to 6 . 6% o f  the use of an 

homoge ni z e d  TG emuls ion a nd t hu s  the us e o f  a more s t a b le TG emul s ion 

give s b e tter binding . Inhibition o c curred at the TG binding st age 

u s ing a s onified TG emul s ion but not us ing an homogeniz ed TG emul s i o n .  

This c ould probably be due t o  gre ater binding t o  the s onified TG 

emuls ion and thus a gre at er inhibit io n . In all case s a high re covery 

o f  e nz�ne a c t ivity wa s o b t a ined from the TG bound enzyme sugge s t ing 
a rele a s e  of inhibit ion o n  e lution o f  the e nzyme from the TG which could 

be due t o  e i t her t he pre s e nce of the olive o il emu l sion acting 

c omp e t it ively with the tallow sub strnt e sin c e  the enzyme is more a c t iv e  

ngninst tallov; rathe r than o l iv e  o il sub stntte s ,  o r  due t o  nn inhib itor 

whi ch i s  L.t l s o  'rG binding and may thus explain the 440 -
3� re covery 

of £.:. c t iv ity whe n  the e nzyme was elut e d  from the TG emul s ion . 

The great er than 1 OCJfo r e c o very o f  £.:. ct iv i  ty whe n the mamm£.:.ry 

gland extra c t s  were elut e d  through ca3P� gel sugge s t  the removal o f  an 

inhib it or whic h  is bound t o  t he Ca 3Po4 gel . Thus the inhibition cau s e d  

by the b inding to the olive o il TG emul s io:1 wa s n o t  due to the presence 

of an olive oil sub strate c ontaminat ion whi ch showed lower activity than 

tallow s ubstrate , but due t o  a spec ific inhibit o r  of the enzyme . The 

low activation of enzyme a c t ivity o f  Extra ct II c ompared with Extra ct I 

after elution through ca3P04 ge l wa s pro bably due to a lower concentration 

of inhibitor in the enzyme extract and thus the inhibitor appears to b e  

readily extracted into the supernatant layer ,  o r  could b e  due to  variat ion 

in the proportion of enyzmic types , one of which is inhibited by the 

inhib itor to a greater extent than the other and thus the more sens itive 

enzyme is more readily extracted into the supernatant extract than the 

le s s  sensitive enzyme . The greater percGntage 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 C�F04 gel .  
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The 2 .
·] X  and 4 . 5X purification o bta ine d  for Ext ra ct s  II and I 

re spe c t iv e ly was me. inly due to r e l i ef o f  inhib it ion by an inhib itor 

b inding to the ca
3

Po
4 

gel rathe r than removal of c ontaminat ing protein .  

Clear sup ernatant fract ions were obt a in ed , t hus tho remova l o f  high 

mole cular weight part i c le s  pre s e nt in thE: udder extra c t  c::ln b e  carried 

out on a large scale c ompared t o  the lim i t e d  v o lume s that can be used 

with ult r a c e nt r ifuga t ion to remove the large pre c ipitab le part i cle s .  

F iltra t i o n  on s i lica ge l a l s o  gave a ct ivat ion o f  a c t ivity 

indicat ing re lief of inhibit ion . A gre�tor purificat ion wa s obtained 

compared with the ca
3

P0
4 

gel filtrQt ion me t ho d  due ma inly to t he removal 

o f  c ontamina t ing prot e in rather than r e l ief of inhibition caused by an 

inh i b i t o r  pre s ent in the extract s .  A c lee.r yellow supe rnatant wns 

obtain e d  t hu s  remov ing haemogl o b in pigme nt s  and high MW s e dime ntab l e  

part i c le s and a ga in large s cule prtparat ions c a n  be carried o u t  to 

remove suspended part i cle s c ompa r e d  t o  ultra c entrifugat io n . 

Binding and stepw i s 0  e lut ion from v i s  ; o s e sulpha t e  gave 

c omple t e  binding flnd rec overy of a c t ivity wit h no act iva t io n  o c curring . 

The e lut ion o f  activity over a wide range o f  i onic st r e ngths required t o  

e lut e the e nzyme may cause irrev e r s i ble ina c t iva t ion caused by structural 

change s to t he enzyme as sugge st ed by Korn ( 1 955 ) . 

Gradient elution from viscos e  sulphate gave v e ry low re c overie s 

of activity ( 28,1o) , most probably due t o  the high ioni c strengths required 

to elute the enzyme from the sulpha t e  polysaccharide causing irreversible 

inactivation . Several a c t ivity peaks eluted suggest s the binding of 

several different LPLs which bind to varying degre es to the visco se 

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 LPI, make s purification by this method 

only on a limited s cale due to saturation of the sulphate binding 

groups by contaminating protein . Binding on to sodium dextran 

sulphate and precipitation with CaCl2 gave incomplete b inding of LPL 

activity to the sulphate polysaccharide and of this bound activity 

complete  recovery of activity wa s obtained indicating no inhibition 
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had o ccurred by the CaC12 required to elute the enzyme . A high 

re c overy of activ ity in the high spe c if ic activity fract ion, together 

with a more s e lective binding of LPL a ct ivity make s this method a 

bet t er alt ernative the.n viscose s ulph�:.te binding for initial stag e s  o f  

purifi cnt i on .  Elut ion of the e nzyrno Gxtract through cc.3P04 g e l  would 

remove the lipoprote ins which also bind strongly to sulphate group s 

a s  shovm by Burst e in e t  al ( 1 970 ) . 

Binding to sodiUQ dextran s ulphate and p re c ipit ation by 

divalent cations by the metho d  of Burst e in � �1 (1 970) gave a wide 

distribut ion of act ivity in all of the supernatant w� she s ,  a low 

recovery of enzyme activ ity in the high spe c ific activ ity fraction 

( 5 . 6% )  �nd inhibition oc curred while b ound to the sulphate poly­

saccharide probably due t o  steric hinde rance caused by the sulphate 

polysac charide binding close t o  t he 2.ct ive s ite . Act ivity lost in 

tho supernatant fract ions wa s probably due to weak b inding of the 

enzyrne or different enzyme s whi c h  bind t o  varying degree s t o  the 

so ditm dextran sulphate a s  o ccurs with t he viscose s ulphate . The use 

of large scale te chnique s make s this method pra ct ical for the is ola t i on 

and purifico.t ion of LPL from udder hornogenate s where large volume s o f  

enzyme extro.ct a r e  inv olve d . 

Proelution of the e nzyme extract through ca3P04 gel would 

remove lipoproteins which also b ind to sulphate group s probably by 

the srume mechanism as LPL . 

Elution of the final extract on s ep�dex G200 gave three 

act ivity peo.ks corre spond ing to three protein peaks , of which the ma in 

a ct ivity peak corresponded to a molecular we ight of 89 , 000 daltons . 

No increase in spe cific activity was obtaine d  indicat ing no activat ion 

o c c urred in e lution on sephadex G200 . 

On elut ion of the major peak from s ephadex G200 on DEAE 
cellulo se , two peaks of activ ity oc curred accompanied by a 44% rec overy 

of activity applied to the column . This could be due t o  di ssociat ion 
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of' the enzyme into two different subunits which have different 

activitie s and on dissociat ion .'l ctivation may t c.ke pla ce which could 

be due to steric hinderance or competition by the subunit s for the 

sub stro.te when the subunits existed as 2. complex , or this could be due 
to  two different LPL active proteins with s W.ilnr molecular weights 

which are separated on DEAE ce llulose  which c.ct c ompetitively for the 

substrD..te .  Since sub strate is not rate  liniting it would imply 

thnt the s e  two proteins exist a s  a complex which when bound together 

give a competition for the sub stratc , wherea s if they existed a s  � 

sepo.ro.te enzyme s on sephadex G200 ,  this competition for substrate 

would. not occur o..nd thus on e lut ion on DEAE cellulo se the large 

o.ctiv�ct ion occurring would not tc.ke place . Thus these two active 
LPL proteins a ssociate to form a complex which is les s  active tho..n 

the net activity obtained from the free s ingle active protein units 
or subunits . 

Egelrud e;.nd Olivecrond ( -1 972 ) ,  Greten o.nd Walter ( 1 973 ) ,  

Greten et £1 ( 1 972 ) and Rave l et al ( 1 973 ) all used binding t o  a 

heparin sephrose column to  purify LPL from various source s  and all 
obtained o.. single lipn .. se peak . In ell cc. s es  high ionic strength wo.. s 
required to elute the lipa se from the heparin sephrose columns and all 
gave low recoverie s of activitie s on e lution, probably due to  the high 

salt c oncentrat ions required to elute the en?.YL1e . 

The nine peaks eluted from DEAE cellulose could be due to  

variable binding of a single enzyme which can  exist in several 
c onformations and binding would depend on whether or not spe cific 

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 ec.ch subunit may be 

active by itself . The large percentage recovery could be due to 

the relief of an inhibit ion 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 dissociat ion of an enzyme complex which  is 



composed o f  diffe rent active subunit s and thus di s s o ciat ion would 

incre c. s e  the net ovGrall activity s ince steric hinderance or 

c ompet ition for the substrata may ex i st when the enzyme ex i st s  in 

a complex rc:.ther than separate subunit s D.S ment i one d previously ,  and 

o. s implie d  by Viing c..nd Robinson ( 1 960 ) o.ncl G::-.rfinke l and S chot z  ( 1 973 ) 

to expl<:. in the c hange s in o. c t ivity from the starved to the f e d  state 

of rnt adipo se t i ssue LPL . Tho highe st s p e c ific act ivity fra ct ion 

wo.s obta ined et t 0 .44-M Na Cl and Ge-ffney et o.! ( 1 966 )  obtained the 

highe st s p e c i f i c  act iv ity o. t 0 .5ll•i Nn C l  using a renn:;,t extract of skimmed 

m ilk on DEAE ce llulo s e . 

Reelutio:::l of the extract s of c onductivity 21 c:.nd 1 8  mmho on 

D EAE  c e l lu l o s e  in 0 . 005M KH2Po4 buffer p H  8 .4 gave three protein and 

act ivity peaks cmd in both ca s e s  spe cific act ivity wa s highe st for the 

peak eluted c:.t the start ing buffer with a l o wer s p e cific o. ct ivity for 

the latter eluted peaks , sugge st ing o. c onversion to  o. form of high 

spe c ific a c t ivity a nd a form of lower s pe c ific act ivity . The 

disappearance of n peak e lut e d  o.t o. c o nductivity of 21 mmho could be 

due to :1n unstc.blc form of enzyme or c-,n intcrrnedio.te form of enzyme 

which reo.dily dissociates  into more sto. ble forms and could b e  due to  

the effe ct of the NaCl required to e lut e i t  from the DEAE ce llulo s e . 

The reappearc.nce of o. pco.k o.t o. conductivity of 21 rnmho on 

elut ion of conductivity 24 mmho extract s indicat e s  that this enzyme 

peak n1o.y be an intermediate form of enzyme o.nd the appearance of o. 

large prote in peak at the start ing buffer o. ccompanied by an increase 

in t otal a ctivity c ould be due to t ight ly bound prote in which is 

dissociated 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 prote in may inhibit 

the enzyme probably by causing steric hinderance for the enzyme to act 

on the substrate and thus may act as a controlling me chanism • . 

A large protein peo.k eluted off at a conductivity of 8 . 5  mmho 

on reelution of the starting buffer extract s of the above gradient 

elutions may indicate a universal protein which binds to all of the 



LPL enzyme s and the appearance of a ct ivity peaks e luted off at 

conduc t ivitie s corre sponding to the first four peaks e luted with 
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whole hon:ogenat e s  mc.y indicate complctL. dis s o c ia t ion into all nine 

pe::d<.:s c��n o ccur from e i  thor one of the peaks but the disappearance 

of the pec.ks eluted at conduct ivitie s gre2.tcr t h:c.n 4 5 mmho and the 

reappe:,rc.nce  of the se peaks on re elut ion of th8 condu ctivity 1 5  nmmo 

act ivity peak may imply a lin:itod init ial di s s o c iation occurs depending 

on the ionic strength of elut ion of the initial extr2.ct . The large 

t otal recovery of � � indicat e s  a relief of inhib ition, probably due 

to steric hinderance caused by bound contamina t ing proteins �nd the 

dissoci:J.t ion of ac tive subunits which when in the form of a comp lex , 

are not a s  act ive a s  when in a d i s s o c iated form . The: reappearo.nce of  

the latter elut ed peaks m2.y be  due to the removal of the s e  protein 

component s  which a ss o c iate with the enzyme s caus ing them to be  eluted 

earlier from DEAF ce llulo se . The presence of two high spe c ific activity 

peaks eluted 2-t conductivitie s of 2 . 5 and 9 mmho and lower specific 

act ivity p eaks e lute d 2-t conductivitie s of i 8  and 21 rnmho :1gain 

indicate the pre s ence of different ' subunit ' sve cie s of the enzyme 

which have diffe rent spe c ific a ctiv itie s . 

Gradient elution of conductivity 1 3  and 1 5 mmho extract s also  

gave C'. shift of prot e in into the starting buffer elutant a s  oc curred 

wittc conduct ivity 1 8  and 21 rnmho extracts on ree lution on DEAE cellul o s e  

at pH 8 . 4 which sugg e s t s  a b ound prote:in which is  common to a l l  enzymic 

forms . The ,:-,bs ence of  a peak at conductiv ity 1 3 mmho on reelution of 

the se extracts on DE.t..E cellulos e  would sugge st t hat t his  enzyme may also 

be .::m unstable trans it ion form of enzyme o. s oc curs with the peak eluted 

at a conductivity of 21 mmho . 

Dissociation into a peak at conductivity 21 mmho occurred 

on reelution of conductivity 1 5  mmho extracts whereas no dissociation 

into this peak occurred on reelution of conductivity 1 3  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 o f  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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dis soc iCtt ing e ffect o f  the high salt c oncen-i;rCttions nnd the effect 

o f  pH since e lution of c onduc t i v ity 'i 0 mmho extracts on DEAE c e llulo s e  

Ctt n pE o f  7 . 6 eave c omplete d i s s o c iat ion into a l l  nine pe aks . Thi s 

c ould explain the variat ions in porcentCtge act ivity in t he peCtks o f  

condu ctivity 5 mmho extracts whe n e lut e d  on sephadex G200 . The 

extrc. ct s e luted at a pH of' 8 .4 a c t ivity wa s divide d ma inly up into f ive 

peo.ks of diffe rent mole cular weight whereas elution of c onduct iv ity 

5 m�ho cxtrCtct s o btCtined from DEAE ce llulo s e  at pH 7 . 6 s howe d seven 

ma j or pe aks . Thus decre � s ing the pH to below opt imum for e nzyme 

act ivity ( 7 . 6 )  cau s e s  greater a s s o c i�tion int o n 'peak o f  mo le cular 

weight 1 71 , 000 da ltons which ha d Cl. lower spe c ific activ ity than the 
lower molecular we ight peaks . This may explain t he highe r a c t ivity 

of the e nzyme of pH 8 .4 than at 7 . 6  v1hereby gre ater ag�regation llt 

pH 7 . 6  int o higher MVl forms caus ing Cl. net inhib ition . 

Re elution o f  the start ing buffer extr!lct s from c onduc t ivity 

1 5  and 1 3 rrunho elut ions on DEAE c e llul o s e  pH 8 . 4 g2ve a large prot e in 

peak at a c onduct ivity of 8 . 5 mmho n s  v1c:. s o b s e rv e d  on reelut ion of 

c onduct ivity 1 8  and 21 mmho start ing buffe r extra cts , indi ca t ing a 

c ommon prot e in component may be bound t o  all of the e nzymic types 

and again d i s s o c iation beyond a pec.k Ctt conduct ivity 1 5  rnmho did no t 

o c cur , implying bound pro t e ins m3.y effect e lut ion chara ct e r i s t i c s  and only 

a l �nit e d  init ial dis s o c iat ion o ccurs . 

A preference fo r a s s o c ill t i o n  int o a peak of c onduct ivity 

5 mmho on e lut ion o f  start ing buffer extra c t s  from elut ion of 

conduct iv i ty 1 3  and 1 5  mrnho extract s c ompared with a more even 

distribution of act ivity into peaks o f  conductivity 2 , 7 ,  1 1  and 

1 4  mmho on elution of start ing buffer extracts from elut ion of 

conductivity 1 8  and 21 mmho extre. ct s ,  may imply that the relative 

proport ions of different enzymic forms depends on the ionic strength 

at whi ch the original extract was eluted at . 

The presence of 6 different molecular weight species of 
lipase ranging in MW from 270, 000 to 8 ,000 daltons may imply the 

enzyme can exist a s  6 different MW specie s ,  probably due to 
aggregation of subunit s which may be o f  different MW .  



'l'he n b s e nc e  of a low MW c omponent of 5' ,  000 dal tons and t he 

appeo.rn.nce of a c omponent of NNf L!.pproximately 1 5 , 000 daltons on 

e lut ion of c onduct ivity 2 runho extra c t s  c ompared with the elut ion of 

c ondu c t ivity 5 mmho extract s on seph:tdex G2 00 , may imply that the s e  

are non sp e c ific l ip a s e s  whi ch a s s o c iate w i t h  tho lipopro tein lip a s e  

c omplGxe s .  The 5 highe r NW forms all hn.d J\!Ws c orre sponding to t ho s e  

o f  tho c onductivity 5 mrr1ho extra cts indicat ing c ommon spe c ie s  in the 

two extra cts . 

Gradient elut ion of the 1 05 , 000g sup ernntant mammary gla nd 

extra c t  on DEAE c e llulo s e  in 0 . 005�'! Kl1
2

Po
4 

buffe r pH 7 . 6  gave a s imi lar 

e lut i o n  a s  at pH 8 .4 and t hus de cre a s ing the pH of elut ion had no 

e ffe c t  on the ionic s t re ngth o.t whi ch the peaks wero elut ed but 

incror. s e d  the b inding capa c ity of the DEAE c e llulose . 

Gro.dient e lution on DEAE ce llulose pH 7 . 6  of the various 

marunary gland extra c t s  obtained from stepHi s e  e lution on DEAE ce llulo s e 
gave d i s t inct elut ion patterns depu nding o n  wha t conduc t iv ity the 

original extra ct wa s e lutE-d at v1ith a pre dominance of a. peak e lut e d  a t  

c onduct iv ity 5 rnmho ,  indicat ing a foro probably of high stability and 

e quil ioria c ondit ions fo.vouring the fon1at ion of thi s  e nzymic form . 

Th.:J lir.'lit e d degre e o f  di s so c iat i o n  only u s  far a s  o. p eak 

e luted c,t conduct ivity 1 0 mmho on elution o f  conduct ivity 2 mmho extra c t s  

a l s o  c omplies wit h the elution of conduct ivity 5 rnmho extrac ts e lut e d  

a t  pH 8 .Lj_ whe re an initial di s s ociation only o c curred o. s  far a s  a p e ak 

e lute d  at a c ondu c t ivity of 1 5  mrnho with c omplete di s s o c iation 

o c curring on re elution o f  extract s e luted a t  high ionic strengths at 

pH 7 . 6  2.nd thus support ing the idea that the degree of di s so c iat ion 

depends on the ionic strength at which the or iginal extract wa s 

e luted at . 

The degree of shift of a c t ivity into a peak e luted at 

conduct ivity 5 mrnho appe ared t o  be related to the degree of a s hift 

of pro t e in into a peak e luted at about 9 mrnho for extra cts e luted 

a bove 2 mmho . Thi s shift in act ivity was more marke d on re e lut ion of 

conduct ivity 21 mmho extracts where a higher net transfer of prote in 
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o ccurre d t o  a peak eluted at about 9 r;unho and thus the degree of 

associat ion into a peak e luted at conductivity 5 rnrnho is  probably 

related t o  th:.; degree of dis sociation of bound protein from the 
enzyme complex . 

The variable percentage s of the different 1ffl specie s pre sent 

on elution of the DEAE extracts on sophadex G200 could be due t o  the 

variation in the relative proport ions of these different subunit specie s 
being pre sent and the relative affinity of the subunit sp8 cies for each 
other , and thus the e lut ion pattern on sephadex G200 depends on the 

point of  e lution from DEAE cellulose . The different proport ions of 

enzymic species could also be due to  a pH effect whereby decrea sing the 

pH of elution on DEAE cellulose caus�s 8reater as so ciation of subunits 

as explained earlier .  Tho large percentage of the peak e luted at a Il:iff 

corresponding to  1 71 , 000 lli'1ltons froEl conductivity 2 mmho extracts 

compared with conduct ivity 5 mmho extr" ct s when e luted from DEAE 

cellulo se at pH 8 .4 c ould be due to the low ionic strengths at which 

the conductivity 2 mmho extra ct s were eluted at ( 0 . 023M NaCl ) from 

DEAE cellulose compared with the conduct ivity 5 mmho extract s which 

were initially e luted at a c onduct ivity of 1 3  to  1 5  mmho ( 0 . 22 -
0 . 25M N:). Cl ) . Thus both pH and ND.Cl  concentre.t ion may affect the 
dissociat ion of the enzyme . This greater dissociat ion of conductivity 
5 mmho extract s could also be due to the greater number of elutions 

carried out on DEAE cellulose with this extract compared with the 

conductivity 2 mmho extract (3 and 1 re spectively ) . 

Separation of the total extract on sephadex G200 gave eight 
peaks of activity with each activity peak correlating in MVv to those 
eluted from sephadex G200 of the DEAE cellulO�e extract s . In all 
cases peaks occurred at MWs corresponding to  260 ,000, 1 70 ,000 ,  

87 , 000 , 53 , 000 and 32 , 000 in the ge l filtrations of  the activity 
fractions eluted on DEAE cellulos e ,  suggesting LPL can exist in all 
of these different MW forms or these forms are composed of different 
active subunits whi ch are bound to form complexes .  Thus the MVf 
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 MN forms or subuni t structures ,  i . e .  3 units of Peak IV 
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woulcl form Peal<: II and 3 unit s of Peak Ill would form Peak I .  Thus 

the enzyme may bind to form a trimer of the subunits or Peak II could be 

a dimor of Peak Ill units and Peak I could be an octamer of Peak V 

subw1its . T·hus the enzyme may cons ist of  three different NNf forms of 

about 87 , 000 , 53 , 000 and 32 , 000 daltons end these may bind in only 

specific ways to  form an enzyme of po.rti cular MW and form . By their 

spc:cific orient[ction they co.n only foro specific conformat ions . 

There mc.y be severo.l enzymes of o.pproximatoly the same h'Nf but compo sed 

of different subunit s and they would have different substrate 

specificities  depending on the relative conposit ion of its subunit 

structure . The varying percentage s of each nnV form elut ed on 

sephadex G200 of the elut ion peaks from DEAE cellulose could support 

this  theory due to dis sociation of the subunits to varying degree s to 

form the different MW forms which c. r e  separated on DEAE cellulose . 

Elution on DEAE cellulo se suggests also the binding of non active 

protein subunits to the enzyme causing different chemical properties 

such as strength of binding to DEAE ce llulos e and this may account for 

the different MU unit s  on s ephadex G200 . The pre sence o f  the five 

different MW forms on sephadex G200 of the enzyme from all of the DEAE 

cellulose activity peaks suggests thnt the enzyme is in a constant state 

of flt� between the different forms and can exist in any one form in 

any one time , or the enzyme can dissociate or rea ssociate to give both 

a change in MW and a change in elution pattern on DEAE cellulose . 

Thus any one of the forms on DEAE cellulose co.n exist in all the five 

forms eluted from sephadex G200 . The absence of forms of 1ffl 20 , 000, 

1 4 , 000 and 8 , 000 in all of the elutions could suggest that these are 

non specific lipa se s which are in a s so ciation with the LPL complex . 

The differences in elution patterns and the percentage s 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 t he enzyme is composed largely of particular forms of subunit s .  

The ability of the enzyme to change t o  any one o f  the other forms on 

DEAE cellulose sugge sts that they have similar subunits ,  but it is  

the relative compo sition of the subunits c omposing that particular 
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e nzyme whi ch determine its c haracteri s t ic s . The variat ion in 

recoverie s on elution on s ephadex G200 ( 79 - 1 28,% )  c ould imply the 

e nzyme s' different mole cular forms have different a ct ivit ies depending 

on the subunits involved in the format ion of t hat part icular f orm 

of e myrllO . Extract s o f  conductivity 5 mrr>.ho from both t he DEAE 

e lut ions at pH 8 .4 and 7 . 6  when e lute d  on sephadex G2 00 both gave a 

1 1 0,1,; re covery o f  act ivity indi cat ing tho.t even though both may 

d i s s o c iate t o  form different proport ions of the diffe rent }/N/ forms , 

t he relo.tive net enzyme activity remains the same , and t hus it is 

t he relat ive proport i ons o f  subunits and not the particular mo.nner 

in which they a s s oc iate to f orm the different enzyme complexe s that 

determine s the ne t t otal recovery of o. ct iv ity when the DEAE peo.ks are 

e lut ed on s ephadex G200 . 

The e ffect o f  serum on the particular enzyme extract 

depended on its po sit ion it was e luted from DEAE cellulose and serum 

gave c.. large o..ct ivat ion of the activity elut ed f ir stly from the c olumn 

a t  low ionic strengths f o ll owed by inactivat ion of extract s e luted at 

5 mmho and gradual a ct ivo.t i on of the a c t ivity e lut ed the reo.ft e r ,  and 

then a rap id inact ivc.tion of the extrn c t s  e luted at a c onduct iv ity o f  

1 8 rnmho and 21 I!llllho , f ollowed by a ctiv�!.tion o f  the extra ct s e luted at 

a c onduct ivity of 24 mmho . Thus there may be distinct forms of the 

e nzyrae , s ome activate d  and s ome inactivat e d  by serum , depending on the 

state or compo s it io n  of the enzyme , i . e .  the relative c ompo s it ion o f  

it s subunit s or dis t inct enzymic forms could be involve d .  

O n  sephadex G200 serum gav e  variable a c t ivat ion o f  the peaks 

and L>.ct ivat ion app e ared t o  increase with de creas ing MWs for the 

260 , 000 , 1 86 , 000 , 89 , 000 and 27 , 000 1� forms of the enzyme . 

This could be due t o  an activator lipoprotein already bound to  the 

enzyme and the enzyme thus doe s  not require Eerum for activation . 

Serum had little effect on the very low MW forms of lipa se and thus 

may be due to a gene ral a ctivation effect of serum as obs erved by 

Shahani and Chandon (1 963 ) for a low MW miDc enzyme . The large 

inhibit ion by serum of the lip ase peak of M\lf 52 , 000 ( Peak IV on 

sephadex G200) could be due to inhibition by a spec ific apolipopro t e in 

such a s  apolipoprot e in ala as observed by Bro;vn and Baginsky ( 1 972 ) and 
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Chrmg and Scanu (1 973 )  which inhib it s b ovine milk and rat adip o s e  

t is sue LPL o r  due t o  a s p e c ific inhib itor p re se nt i n  serUD. a s  

postulated by Iverius (1 9 72 )  f o r  milk LPL o r  c..n inhibitor o f  MW 
38 , 000 i s o lat e d  by previous work on LPL of mamn1ary gla nd extra c t s  

(Deane , Dip . S c i .  the s i s ) . A good c orre lat ion exists be twe e n  t he 

e ffe ct of serUQ on the peaks s eparate d by se phadex G200 and tho s e  

s eparated by DEAE ce llul o s e  and t ho pe rcentage s of t h e  a c t ivity peaks 

e luted from s ephadex G200 of the activity peaks from DEAE ce llulo s e . 

A high percentage of Pc3.k IV hcving a MW of o.pprox imat e ly 

53 , 000 from sephadex G200 , e luted et c onductivitie s of 5 and 1 5  mmho , 

c ould o. c count for the low serwn re qu irement and inhi b i tion o b s erved 

with a ctivit ie s e lut ed at the s e  condu c t ivitie s . The high p ercenta g e s 

of Pe des V ( MW 32 , 000 ) ,  I I I  (.MW 87 , 000) e.nd 11 (�lfR 1 71 ,000 ) on s ephr'.lex 

G200 whi ch have a high requireme nt for se rum t og e ther with a low 

p e r c o nto.go o f  Peak IV (MW 53 , 000 ) v1hich is inhibited by s e rum on 

s e phe.dex G200 o f  the c onduct ivity 2 mrnho oxtr.:::. ct s ,  exp la ins the large 

net re�uirement for s e rum of the c onduct ivity 2 mmho extract s .  

The high percento.ge of Pea k IV (MW 53 , 000) which i s  inhib i t e d  

b y  s e rum 2.nd the low e r  perc entage o f  Peak V (MW 32 , 000) which i s  

a ct ivated by s e run1 , expla ins the ne t inhibit o ry effect o f  serum on 

conductivity 5 mmho e xtract s .  This i s  even more pronounced wit h 

conductivity 1 5 mmho ext ract s where o. high p e rcentage of Peak IV 

(MVv 53 ,000) ( 27%) c om b in e d  w ith a v e ry  low p e r c e ntage of Peak V 

(MW 32 ,000 ) ( 2 . 7.%) gives a net very small activation by serum . The 

large inhibition by conductivity 1 8 mmho extro.cts could be due to o. 

larger proportion of Peak IV (MVv 53 , 000) since both conductivity 
1 5  mmho and 5 mmho extracts are derived from c onductivity 1 8  mmho and 
21 mmho extracts on reelution of these extro.cts on DEAE cellulose , 
and therefore must contain a high proportion of Peak IV activity 
which is inhibited by serum . 

Conductivity 24 mmho extro.cts go.ve a low percentage of 
Peak IV (mv 53 , 000 ) activity combined with a high percentage of 
Peak V (MW 32 ,000 ) and Peak Ill (MVf 87,000 ) ,  but a low percentage 
of Peak II (M1V 1 71 , 000 )  activity, all of which are activated by 
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s e rum t o  give a net a ctiva t ion effect by serum but not n s  high a s  

c onduc t iv ity 2 nn:J.ho extra c t s due t o  a lov1er proportion o f  Pe ak V 

(�m 32 , 000 ) ,  and Peak II (n� 1 �  , 000) a c t iv it ie s . Thus t he relat ive 

proport ion of the diffe rent units o r  subunit s s eparat ed on s ephadex 

G200 determine s both t he s erum requirement and t he p o s it ion the enzyme 

complexe s or subunit s are eluted from DEAE c e llulo se . Thus a high 

proport ion of Peak IV (MW 53 , 000 ) give s inhibition by s e rlL� which on 

init ia l elut i on appears a t  c onduc tivit ie s ·1 8 - 2-1 mmho , and on 

reelut ion appears at c onduct iv itie s of 5 and 25 rmnho . Tho e ffe ct s 

of Peak IV ( MV/53 , 000) inhib it i on by s erum can be ove rcome , dep ending 

on tho amount of t he o ther unit s or subLmits pre s e nt to make up the 

e nzyme complex . Thus inhib itions at c onduct ivit ie s  of 1 8  nnd 21 mmho 
are greater than tho s e  at 5 mmho due to the pre s ence of s e rum a c t ivating 

e nzyme subunit s at c onductivity 5 rnmho , and since n great er c onvers ion 

o f  conductivity 1 8  mrnho and 21 mrnho t o  c onduct iv ity 5 rrunho ext ra c t s  

o ther t hn n  t o  c onductiv ity i 5 rnrn.ho extro. ct s ,  inhibit i on o c curs a t  

conductivity 5 mmho extra ct s  and only slight a ct ivation ( 1 q% )  i s  

o b serv e d  .:1 t c onduct ivity 1 5  :nmho extrn ct s . 

In a ll cn se s the high t</f'/7 form ( 260,000 ) c ompris ed a low 

perc e ntage ( 6 - 1 q%) o f  the total activity , which could be due to 

disso ciation int o t he lower molecular vw ight forms . Its low act ivat ion 

by se rum ( 1 9.% ) c ould be due t o  the pre s ence of Peak IV (MW 53 , 000 ) subunit s 

which are inhibit e d  by s e rum, combined with othe r  subunit s which a re 

activat ed by serum t o  g ive a net low act ivat ion effe ct by s e rum . Thus 

there appears to be distinct enzyme s or subunit s which can c omb ine t o  

form a n  e nzyme c omplex who se chara cteristic s depend o n  the relative 

compo s it ion of subunits compo s ing it , i . e . the activity o f  the e nzyme 

de pends on the re lat ive compo s ition o f  its subunits . 

The inhib ition by serum o f  Peak IV (MW 53 , 000 ) lipa s e  from 

sephadex G200 c ould be due to the pre s e nce of the lipa se of pH 

opt imum of 9 whi ch also showed inhibit ion by serum . This inhibition 

c ould be similar to that observed by Iverius � � (1 972 ) for bovine 

millc LPL which wa s overcome by the a ddition of heparin . Heparin 

was not used in t he a s say mixture s ince it had no e ffect on the enzyme 

act ivity of mammary gland LPL as s hown in previous studie s (Dip . S c i .  
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the sis  ·1 972 ) which was also in agreement with the findings of 

McBride nnd Korn (1 9 64 )  who also obta ined no a c t ivation by heparin 

of LPL from guinea p ig mamnary g l:md homogono.t e s ,  and Askew � e.l 

( 1 970 ) who obto.ined a variable st :iiaulat ion of bovine marm:1ary gland 

homogenat e s  rang ing from 3 - 25�� ,  depending on the type of extract ion . 

Thus the inhib ition of one of the structural forr:1s or subunits of 

LPL by senm1 which probably could be due to apo LP ala , could explain 

the se re sult s and thus may act as a controlling me chanism whe reby if 

one of the subunit s is inhib ited by serum , then the amount of this 

enz�ne present ,  e ither in fre e form or compo s ing a complex , would 

c ontrol the overall LPL o.ctivity o f  the rr�mmnry gland and also the 

quantity of this inhibitor pre sent in serum could act as a s e c ondary 

control mocho.nism .  The different serum requirement o f  the peaks 

could be  duo to the alteration of the substrate spe cificity of the lipa se 

on dis s o c iat ion from prot ein c omplexe s a s  po stulat ed by Cooper and 

Dawney ( 1 971 ) • 

The pre sence of different subunit s ,  some activat ed by s erum 

to va�Jing degree s ,  and one inhibited by serum , proba b ly due to some 

prote in fa ctor in the serum who se synthe sis may be controlled by hormone s 

such o. s prolactin, could expla in the rapid changes  occurring in LPL 

activity in mammary t i s sue at po st partum and at early la ctat ion as 

observed by Hamo sh � a l  (1 970 )  and S cow et £1 ( 1 972 )  f o r  rat mammary 

gland , and the gradual de crease in milk fat synthe sis at t he termination 

of lactat ion whereby there is an increa se in the enzyme subunit which 

is inhib ited by this factor in serum oc curring on termination of the 

lactation , and a decrease in the synthe sis  of this subunit enzyme at 

the ons ot of lactation . Thus t he cells themselves may regulate the 

level of LPI. as proposed by Scow ( 1 964) , Rodbell ( 1 966 ) ,  Rod bell and 

Scow ( 1 965 ) and Porkajae (1 967)  for adipose tissue LPL . The presence 

of subunits which are synthesized and then form a high MW complex , 

supports the findings of Garfinkel and Schot z  ( 1 973 ) who observed a 

decrease in a low l� 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 which 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 dissoc iation o f  the complexe s 

may explain the result s of Wing et � ( 1 9 66 ) ,  Wing a nd Robinson ( 1 968 ) 

and Fatten (1 970) who observed an increase in LPL activity taken from 

starved rats in vitro which, according to Cryer ot al (1 973 ) ,  wa s not 

affe cted by cyc lohexamide during tho first two hours ,  and support s  the 

theory of Cunninghau; and Robinson ( 1 969 ) who propose that this increa se 

is due to  i�ctivett ion brought about by the convers ion of one form of the 

enzyme into another . Thus ,  after starvation, le ss  synthes is would 

o c cur of the subunits which, o. fter a period, may dissociate and since 

there are le ss subunit s synthe sized, loss complexing would occur and 

thus increa sed activity would take place due to the smaller number of 

le ss active complexes ,  and a greater number of the more active free 

subunit structure s being pre sent . 

Both 1 .4}.'! NaCl and 1 00[-l.g/ml protamine sulphate completely 

inhibited the five highe st M'N LPLs sep[,ro.tod on sephadex G200 which is  

in agre ement with the findings of Lo. Ro so. et  £1 ( 1 972 ) us ing ro.t 

adipo se tissue LPL , and A skew £! al ( 1 972 ) using bovine mammary gland 

LPL . Thus they are true LPLs . The lower molo culo.r weight lipa se s 

(NWf '1 9 , 000 - 8 , 000) were not completely inhibited by 1 .4Jvl NaCl or 

1 00 [l.g/ml protamine sulphate and inhibition of the se lower MVJ lipas e s 

by NaCl was proport ional to  their �,T,'l , i . e . tho higher the !.f# the greater 

the inhibit ion by NaCl . Also incomplete inhibition by protamine 

sulphate suggests the se lower J:ml forms are not true LPLs but may be  

lipase s whose activation by serum may be  by stabiliz ing the enzyme 

and r,ot a s  11 substrate cofactor a s  is  the case with LPL . Lower 

c oncentrations of NaCl were not used to detentine the relative 

sensit ivity of the five higher MVI enzyme s to NaCl inhibition, but 

Garfinkel and Schotz  (1 972 ) in agreement with my findings previously 

(Dip . Sci . thesis ) ,  observed greater sensitivity of the high MW LPLs 

to NaCl inhibition than the low mv LPLs , suggesting NaCl act s  on the 

enzyme by probably dissociating the subunits or dissociating some 

bound activator protein and thus  may account for the dis sociation 

occurring on DEAE cellulose . Korn (1 955 ) observed that the �fect 

of NaCl was irreversible and Askew � �  (1 970) 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 wa s comp letely inhibited by 2 ,  4 
dinitrophenol , sugge sting sulphydryl groups o.ro involved in the 

catc.. l�rt ic  procG s s  or the binding of 2 ,  4 dini trophanol may have 

caused sonE) structural change t o  the enzyme or blocke d the active 

s ite of the enzyme . 

N ethylmale linide which i s  partially spe cific for free SH 

group s gave c.. 75% inhibition, indicat ing fre e SH groups are involved 

in tho co.to.lytic pro c e s s  �s  suggested by Chandan and Shahani (1 965 ) 

using o. purifie d low MW milk lipa s e . The fre e SH group s could be 

involved in the binding of the sub strate to thG e nzyme . The 

varicb le inhibitions cause d by iodoacetatc and 5 5 ' dithio b is-

( 2  Nitro benz o i c  a c id )  could be due to the low ren. ctiv it ie s of the s e  

compounds t o  the sulphydryl group s o. t  the pH used , o r  due to 

inn c ce s s ib ility to the SI-I group s . Cho.ndnn and Shahani ( 1 965 ) obt aine d 

complet e inhibit ion by iodoecetate on a lov; T!i\1 milk lipc. se although with 

a. higher 1-:'NV lipo. se the lower inhib it ion observed c ould be due t o  

ina c c e s s ibility of the SH group s to be  inhib ited b y  iodoa.cetate . The 

great er inhibition cn.used by N ethylma loimide ( 7� ove r that obs erved 

by Chn.ndan and Shahani ( 1 965 ) for o. low �![0! milk l ipa se  sugge st s a 

greater funct ion o f  the free SH groups in the activity o f  the high MVf 
enzyr01o . Als o cert a in sulphydryl group s rcnct to different degre e s  

depending upon the ir loc::J.t ion i n  the 3 dir:wnsiona l structure o f  the 

prote in, neighbouring groups causing st eric interference of different 

polar or apo lar environment s ,  or the sulphydryl group may ba involved 

in direct interact ion with funct ional group s through hydrogen bonds or 

reversible covalent bona formation and thus different sulphydryl 

may react to different degree s  to  the sulphydryl reagent s as a c cording 

to Valle e  and Ro irdan (1 969 ) .  

Striking characteristic s  of the amino acid c ompo sit ion is 

the high half cysteine c ontent , the exce ss of acidic groups over 

basic groups (1 .43 :1 ) and t he c omplet e lac k  of methionine re s idue s .  

The high cysteine content support s  the idea of it s funct io n  in enzyme 

substrate b inding whereby a large number of active s it e s would b e  

available for sub strate b inding . 
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Milk LPL a ct ivity was chc.ractcrized by i t s  almost complete 

binding to ca3Po4 gel which c ould not bG e luted to any large extent 

by pota s s ium oxalate ,  soditm c itro.to , Ib Cl,  NaCl in the pre sence of 

dimethyl formrumide , s odi�1 carbonate , s odium sulphate , s odium 

gluconat o or KH
�
�

4
. Thi s i s  in strong comparison to mar,Jlilo.ry gland 

LPL which wo. s eluted from t he ca3 P0
4 

gel �nd did not bind to any large 

extent . The strong binding to Co.3Po4 g(; l wa s probably due to the 

strong binding of the c2. s e in bound (;nzyme c.ct ivity to the ca
3

Po
4 

gel 

by Ca3 POl� bonds as po stulated to o ccur by Do.wney and Murphy ( 1 970 ) . 

The; z e ro Ectiv ity e luted when KH2P04 wo.s o lutod through the gel suppo rt s 

thu thoory of a ca3P04 binding o f  the lipase t o  the gel and thus to 

cas e in .  

Act ivity appearing in the Ca3 P04 g e l  filtrate o f  the sk�runed 

milk suggests fre e forms of lipa se nlso exist which are not EJ B e o c iated 

with co s c in e ither in mi ce lle form or ns high M:V1r c ornph:xe s  as sugge sted 

by Dawney and Murphy ( 1 970 ) . Dimethyl formamide increased prot e in 

e lute d from the Ca3Po4 ge l but decrec.sod a c t ivity sugge s ting an 

inhibit ing e ffect of dimethyl formrumide on the enzyme . In all cas e s  

very l ittle prote in and a l o w  percentage o f  the bound a ctivity wa s 

e lute d  from the gel and thu s  was not a good starting method in the 

purificat ion of milk LPL . The ma jority of the activ ity appeared to 

be irreversibly bound to the ca3PoLf. gel . 

76% of the t otal lipa se act ivity of skimmed milk wa s 

a ssoc iated with the ca sein micelle s which i s  in agreeu;ent with the 

findings of Dawney and 1illdrews (1 966 ) who obtained 7Q% bound to the 

case in micelle s . Also 3 - 5% appeare d  to be in a free form which wa s 

not bound to the casein in either the high WN soluble complex form of 

MR approximately 200,000 as  suggest e d  b y  Dawney .<3.1 � ( 1 969 ), or the 

casein micelles .  The remaining 2�& wa s probably bound to the high MW 

soluble casein complexes as proposed by Dawney and Murphy (1 970 ) . 

Extraction with NaCl of the free casein gave a large 

recovery of enzyme activity in the 1 05 ,000g supernatant extract 

whereas NaCl had little effect on the extraction of activity from 

the Ca3P04 bound casein. Thus the enzyme appeared to be bound 
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more strongly in the pre sence o f  cQ3Po4 gel �nd is unaffe c t e d  by the 

high ionic st rengths which no roally are u s e d  t o  disso ciate the l ipa s e  

from the casein, thus support ing Davmoy and Murphy ' s the o ry ( 1 970 ) o f  

ca
3

PoL" 
involved i n  the b inding of the ca s e in lipa s e  c omplexe s t o  the 

ca s e in micelle s . Ca3P04 proba bly a c t s  by c omplex ing the c 12 s e in 

mice lle s t ogether and thus prevent s Na C l  from de creas ing the electro ­

stat ic int eract ion with the negat ively c hnrge d  ca s e in m i c e lle s c a u s ing 

the relo 12 s e  of the l ipa s e , as sugg e s t e d  by &�yne s and Dawney ( 1 973 ) .  

Tho a c t iv� t ion result ing from the release of the lipa s e  when 

extract e d  from the c a s e in m i c e lle s by Na Cl could be due to the 

inhibitory e ff e c t  of A and B c a s e in component s a s  obs erv e d  by 
s 

Shahnni and Chandan ( 1 963 ) ,  and thus an increQ s e d  activity i s  ob s e rved 

on release of the lipa se from the ca s e in . 

l1. ct iv ity peaks with pH optima o f  6 ,  7,  7 . 5 ,  8 . 25 and 9 are 

in agre ement with the finding s of S chwart z o"t £1 (1 956 ) ,  Harp e r  et al 

(1 956 )  and Franke l and Tnra s suk ( 1 95 6 )  for b ov ine skimmed milk lipa s e . 

The differenc e s  in a c t ivity in the pre s e nce o f  serum c oopared with the 

a b s ence of serum at the vari ous pH value s c ould be due t o  diffe rent 

lipa s e s  or LPLs with s imilar pH opt ima a s  suggested by S chwart z � al 

( 1 956 ) .  In c omparison of the pH optir.lQ profile with that of mammary 

gland ext ra ct s ,  no e nzyme with a pH opt i.Jn.w-J o f  7 appe a.re d  in mammary 

gland extract s ,  whereas an enzyme or enzyme s wit h a pH opt imum of 7 

appeared in No.C l  extract s of skimme d  m ilk . 

The appearance of an enzyme or enzyn1es of pH optimum 7 in 

milk but not in mammary gland extracts sugge st s  this enzyme i s  secreted 

only into the mammary milk ducts and i s  not pre sent on the epithelial 

cell surface , or c ould be due to a structural change o c curring on 

s ecret ion of one o f  the other forms of enzyme pre sent in mammary gland 

extract s ,  and thus c ausing a change in its pH opt imum , and thus the 

e nzyme appears only in milk and was not dete ctable in the mammary 

gland extracts, or it could be due t o  the e ffect o f  binding o f  one o f  

the enzymic forms i n  the mammary gland extract t o  ca sein caus ing a 

change in its pH optimum . 
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Both mamr:Jary gland extracts and Nf'.Cl extra ct s of skimme d  !Jlilk 

showed the presence of a lipa se or lipa s e s  of pH optimum 7 . 5  with 
seTUR. hav ing little o r  no effect on a c tivity at this pH optimum in 

both C:J. se s . This c ould probo.bly be due t o  the pre s ence of milk in 

the .r.:aJr,mary glo.nd Gxtract s .  The abs ence of o.n enzyme peak in the 

ab sence of s e rUIJl wit h a pH optimum of G . 5 for oaillffiary gland ext rac t s  

and the pre sence of �: n  a ctiv ity peak with this pH opt mum in the 
a b s ence of sorum for milk , could be due to a differe nt enzyme being 

pre sent in r.1ilk which shows activity in both the presence or a b sence 

of serUD . 1'hus this enzp:1e in the mmame.ry gland may b e  secreted into 

the blood o.nd i s  no t pre sent in wilk, or it could be se creted into the 

milk whe;reby o. structural change may tnke pla ce such 'l S  the addit ion of 

a cofnctor prot ein , and thus the enzyme in milk doe s not require serur.J 

for its r:ctivity but the mo.mmary g land enzyr.1e roquire s the pre sence o f  

this cof2ctor prot e:: in whi ch is pre sent in serWJl , i . e .  a cho.nge i n  it s  

spe cific requirement for serUr.J may take plo.ce o r  i t  could b e  due t o  an 

ent irely different enzyme . 

Both extracts showed pH opt irna at 7 .5 , 8 . 25 , 9 and 1 1  . 5 in the 

absence of s e rum . The pre sence of enzyme s vlith siwilar pH optima in 

both milk and mammary glnnd extract s sugge s t s  that the enzyme remains 

e s sent ially unchange d when se creted into tho wilk , wherea s  the pre sence 

o f  new pH opt ima s ugge sts a change in c onformo.tion of the enzyme on 

secret ion into the milk and thus a chnn£e in chemical and phys ical 

propertie s which could be due t o  binding to ca s e in micelle s .  Thu s 

the appearance of new enzyme peaks with pH opt ima of 7 ,  9 . 75 , 1 0 , 1 0 .5  
and 1 0 . 25 . 

The disappearance of lipases o f  pH optima 9 .5 and 1 0 . 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 

mammary duct , thus  changing its pH optimum , or could be due to these 

enzyme s being only present in mammary gland extracts and are not 

secreted into the milk . 

The difference s in the serum requirement for the lipase 

peaks of pH optima 8 . 25 ,  9,  1 1  and 1 1  . 5  between the two extracts could 
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also b e  due t o  a trans format ion o c curring on s e cre t i on from t he 

mammary g land s or could be due to e nt irely different enzyme s ,  one 

requiring serum and the other not requiring serum which are pre sent 

in varia b le amount s in the m ilk and mamnury tis sue , t hus sugge st ing 

s e le c t ive se cret ion of lipa s e s  into the milk . 

On DEAE ce llulo s e g radient e lution o f  the NaCl extract s  of 
the casein prec ipitate gave a c t ivity peaks e luted of f nt s imilar 

ionic strengths as tho s e  of the mamn1ary gland extracts sugg e s t ing 

s imilari t ie s in the t wo lipa s e  syster,;s . Prot e in v1:.1 s EOlute d off 

ma inly in two major peak s , one at ::tn ionic st rength of 0 .1 6M 
c orre sponding to B ca se in ,  and another elut e d  at 0. 25M Na Cl 

corresponding to A ca se in . 
s 

Lipa se activity wa s e luted off at ioni c 

strengths c orre sponding to tho e lution of B ,  K and A c n s a ins although 
s 

mo st act ivity wc:. s eluted off at a pos ition c o rre sponding to K ca s e in 

and overlapp ing into tho A c a s e in component 2 s  o b s erved also by 
s 

Fox 
.
et al ( 1 967 ) and Yaguchi !d al ( 1 964) . 

The Na Cl extra ct ion of tho casein appeared to have a s imilar 

e ffect o. s diL!othyl formnmide a s  used by Fox e-t � ( 1 967 ) .  A 30C% 
re c overy of act ivity on elut ion on DEAE ce llulo s e  of the Na Cl extra cts 

of the casein prec ip itat e i s  in part ial agre ement with the 1 50 - 1 8C% 

re c overy of a c t ivity Gaffney e t  £1 (1 966 ) obtaine d on e lut ion of a 

wat e r  extract of rennet c a s e in on Dlli� cellulo s e , probably due t o  

separat ion from the inhibitory effects of A and B ca sein .  
s 

Elution of the ma j or activ ity peak from DEAE ce llulo se o n  

sephadex G200 gave a large activity peak at t he v o id volume whic h  c ould 

b e  due to lipa s e s  st ill b ound to the soluble ca se in c omplex . Five 

latter peaks sugge s t  fre e forms of lipa s e s  which have dis sociated from 

the ca s e in .  Peaks of MW s  c orres ponding t o 82 , 000, 48 , 000, 28 , 000, 

1 2 ,000 and 8 , 000 daltons have s imilar MWs t o  Peaks III ( 87,000 ) ,  IV 

(53 , 000 ) , V (32 , 000 ) ,  VII ( 1 4 , 000) and VIII ( 8 , 000) o f  the mammary 

gland extract s ,  sugge st ing that the s e  may be the same enzyme s pre sent 

in both mammary gla nd extract s and milk . The low recovery of 

a ct iv ity (55%) c ould be due t o  inhibition caused by the B and A cas e i n  s 
o f  the activity e lut ed ne ar the void volume and is in agre ement w ith 
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the findings o f  D awney and Murphy (1 970 )  who obtaine d a 25% r&covery 

o f  .'!.ct ivity on e lution o f  purifie d pig pancreatic lipase VTith skirn:oed 

milk with ove r 9�/o of the ::t c t iv ity e luted at the v o id volume , 

suggest ing c omplex ing of the lipc s e  t o  t h6 case in which i s  a c c ompanie d  

b y  inhibit ion . 

On elut ion o f  t he Ca
3

P0
4 

gel supernatnnt extracts o f  skiome d  

milk on sephD.dex G200, thirtee:n peaks of activ ity appeare d ,  sugge sting 

all o f  the se forms can exist in Q fre e unbound form and are distinct 

enzymes in themselve s rend not L� s ingle low MN enzyme complexe d to K 

cr:.se in ". S  suggested by Dawney .0.nd ;,_ndrews ( 1 965 ) s ince if they were 

casein bound they would bind strongly to the Ca3Po4 gel . 

however can bind to casein forming c omplex e s . 

The se lipa s o s  

The pre sence of forms o f  enzyme s with different MWs than tho s e  

of the: rr,.ammary gb.nd cxtr.'J.ct s o f  IviNs cor·re sponding to 1 48 , 000, 

1 20 , 000 , 71 , 000, 41 , 000 and 1 1  , 000 d.2.ltons c ould be due to .'J. 

structur:1.l chang e o c curring '.vhen the enzyme is s e creted int o the milk 

e n.'lbling new c omplex e s  to be formed by ::t s s o c ic.t ion or di ssociation of 

a ct ive subunit s .  The: forms with MW co rre sponding to 240, 000 - 270 , 000 , 

89 , 000 , 57 , 000, 31 , 000, 2 2 , 000, 1 5 ,000 and 9 , 000 whi ch appe.'J.r in 

both mammary gland e xtract s and ca3PO� supe rnatant extra ct s  o f  s kimmed 

milk sugge st s the se f orms are se crete d  into the m ilk in an e s sentially 

unchanged form, or could be due t o  the pre sence of milk extrac t s  in the 

mammary gland extract . The fom of MW corr e sp onding t o  1 71 ,000 daltons 

wa s pre sent only in mammary gland extract s ,  sugge st ing that this e nzyme 

is not secreted into the milk and perhaps i s  secreted in this form only 

into the bloo�, or i s  retained within the mammary cell , or it c ould 

undergo modificat ion in structure by the addition or removal of 

subunit s or bound pro t e in before it i s  s e creted int o the milk , and 

thus f orming one or s everal o f  the new enzyme types which are pre sent 

only in milk . 

Sephadex G200 gel filtration of the NaCl extract of the 

casein pre c ipitate gave mo st of the activity e luted in three peaks ; 

one corre sponding t o  an MW o f  360,000 which wa s  probably due to 
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casein bound enzyme activity, or high MW enzyme as  e luted fro� 
marrunary gland extract s ,  and two peal�s e luted at }IN/s corre sponding 

to  '1 50 ,000 - 85 , 000 which is in part ial agreement with the findings 
of Hayne s and Dawney ( 1 973 ) who observed tho dominant specie s of the 
NaCl extracts of the ca. sein precipitates w:1s in the range 60, 000 

1 20, 000 do.ltons . Activity wn s also distributed into o.ll of the other 

peaks of NNfs mentioned previously .  

The e.ppenro.nce o f  n low MW liprcse o f  8 ,  000 dal tons is  in 
a.greuncmt with the findings of Chrmdon nnJ Shahani ( 1 963 ) and Richter 

and Rr..ndolph ( 1 971 ) who also observed '' low MW lipas e  of 1'Nf 7,  000 -

8 ,500 dc..l tons . This enzyne nppe'crs -eo be in both the mCllill1:'l.ry gland 

and milk lipase systems . i�.lso  a lipnso  of l\i1l:T 9 , 000 i s  in agreement 
with the findings of Gaffney et  c.l ( 1 968 ) v1ho o btc.ined two lipa. se 

peaks of MW lo s s  than 1 0 , 000 daltons fror:; bovine milk . Dawney o.nd 

Andre-ws ( 4 965 , 1 969 ) observed lipa se poc..ks of MW corre sponding to 
1 50 , 000 - 1 80 , 000 , 1 1 2 , 000 , 75 , 000, 62 , 000 , 35 , 000 - 40 , 000 and 

n vory low MVJ lipo.. se  fror:1 Na.Cl extracts of bovine milk cc.. se in which 

may corre spond to lipa.ses  of MWs of  <>..pproxir:Jo.t e ly ·t 48 , 000 , 1 20 , 000 , 

71 , 000 ,  57 ,000 , 41 , 000 a.nd 8 , 000 da.ltons sepnrated on sephndex G200 
of the Nr..Cl extract s of the Na Cl extra.cts of the cnse in pre cipita.te . 

The lipnse of W:l 21 0 , 000 purified by Fox and Tnrns suk (1 968 ) from 

bovine milk c ould correspond to the lipa.se  obtained of a.n WN of 
240, 000 daltons . 

On elution of the nctivity pen.ks of MW 85 ,000 - 1 50 , 000 of the 
NaCl extracts of the casein precipitnte obtained from sephadex G200 
on DEAE cellulose , six activ ity peaks appeared . The majority of the 
activity was eluted in two peaks between 0. 1 3 and 0 .25M NaCl with no 

distinct protein peaks eluted between the se point s .  Thus this 

indicates  that the lipase activity was free of ca sein and thus is  

eluted at this point whether bound or free from the caseir. The large 
protein peak eluted corre sponded to a position where B casein is 

normally eluted at 0.1 1 1v1  NaCl which is in agreement with the findings 

of Fox et � (1 967)  who observed that B casein is eluted after the K 

casein on sephadex G200. Thus complete dissociation from the K 

casein (e luted at about 0. 2M NaCl ) occurs on NaCl extract ion. The 
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greater than 1 ex::% rec overy of activity on elution of the NaCl 
supornatant extract s of the case in prec ipitate on both s ephndex G200 

and D��E cellulos e supports the idea of Shnhnni and Chando.h ( 1 963 ) 
t�t binding to ca sein inhibits the enzyme probably by causing steric 

hinderc..nce . 

Thus both change s may o ccur to  the lipase enzyme itself on 

se nret ion fror� the cell into the milk duct 0.nJ differential sE:: cretion 

of lip::. ses  mc.y occur , probably due t o  the different lipn ses or LPLs 

be ing synthe sized in different part s of  the:. cell such n s  the rough 
endoplr'. smic ret iculum producing only s ecretory lipase s ,  nnd the smooth 

endoplc. smic reticulw:i producing lipo.se s which ['.re retained within the 
cell . Also different type s of lipo. ses  in the mammary gland o.nd milk 

extract s could be due to the diffGrent type s of lipo. ses  or LPLs be ing 

synthe sized in different cell types . The endothelial cells producing 
the LPL whi ch i s  secreted into the blood and the mamrnocyte cells 

producing LPLs and lipases which are secreted into the milk. Thus a 

co.r:1prehensive study of the lipase and LPL systems of the na�ry gland, 
blood and milk would give n good insight into the secretory funct ions 

of both different cell type s c.nd different cell organe lle s of the 
mammary gland . 
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LPL in !ilammary gl2.nd extra ct s ex ist s o. s  five: different 

mole cular we ight fo rms of MW appro"ldmc:tely 260 , 000, 1 71 , 000, 87, 000, 

53 ,000 and 32 , 000 dnltons , each having r,; different serum re quirement 

which w2. s rela t ed t o  the ir rvM wit h the sp e c ie s  of "!vWl 52 , 000 dn lt ons 

be ing inhib it ed by s e rum , o.nd tho se f ive diffe rent mole c ular we ight 

forms are in n constant stat e  of flux , proba bly due t o  t he three lowe r 

NNT form s b e ing the ba sic subunit s nnd the s e  can a s s o c iate o r  dis s o c io.te 

t o  form nine different f orms on e lut ion fron DEP� cellulo s e ,  e a ch of 

which can a s so cio.te or di s s o c iate to form the various form s  on re elut ion 

on DE!� ce llulo se , the degree o f  dis s o cio.t ion and relat ive proport ions 

of t he different spe cies formed depe nding on the ionic strength at which 

tho original extrnct wa s eluted c,t on DEAE c e llulo se . Also the s e rum 

requiro�e nt s of the peaks e luted fro� DEtili c e llulo se depe nde d on the 

relative proport i ons of the five 1/i�i forms pre s e nt and o n  dis so c i:J.t ion 

n.ct iva t ion tak e s  p lo.ce e ithe r by di s s o c i!ct ion o f  subunit s which when 

b ound t og et hGr <'.. S a cowplex are le s s  n c t ive tho.n the net a c t iv ity of 

the s eparate act ive subunits , or by di s s o c io.tion of s one bound 

contamina t ing pro te in . 

Thre e o the r lip o. s e  forms of �.fNs 20,000 , 1 4 , 000 a nd 8 ,000 

daltons were also pre sent in the Iilam.rnary g lo. nd extra c t s  and the se may 

�lso b ind t o  the LPL c omplexe s . LPL of tho mammary g la nd extra c t s  

exhib ited o. p H  opt ililum of 8 . 5 ,  wa s depenC::.ent o n  s e rum f o r  maximum 

act iv ity , required a spec ific rat io serum t o  T G  of 1 : 1 , wo. s more active 

against tallow than olive o il sub strate s , wa s inhibit e d  by protamine 

sulphate and NaCl , was pre sent mainly in the insoluble fractions o f  

mammary g land homogenate s ,  and was inhibited by a substanc e in 

mammary g land extracts which bound t o  TG and ca
3

P0
4 

gel . The 

purified enzymic form of MW 87 , 000 was inhibited by SH reagent s , showed 
an exc e s s  :mina acid acidic to basic rat io, and had a high cyst.eine 

content with free SH group s be ing involved in the a ct ivity of the 

enzyme probab� involved in subunit and substrate b inding . 



Purificat ion WQ S best obtained by binding t o  sodium dextran 

sulphate nfter pre e lut ion of the extracts through Ca3Po4 gel o.nd 

prec ip itation by divalent cat ions t o  give the t hre e high �fiV spe c ie s . 

Purific.:ction by b inding to TG is limit ed by the low binding of the 

enzyme to the TG, and purificat ion by binding t o  viscose sulphat e  i s  

impa ired by the l ow rec overie s of o.ctivity obtained due t o  the high 

salt concentrat i ons re quired to elut e  the enzyme and the lnck o f  

spe c ificity of LPL binding by the viscose sulphat e .  Clarifie d extracts 

a r e  be st obt c. ine d by elution through Co.3roi: gel or silica ge l for large 

sco.le prepn.ro.tions to remove both l ip oprote ins and high .MW sedimentable 

suspended po.rticles nnd ultracentrifugo.t ion i s  only of limited us e due 

to t h0 ln.rge volume s o f  enzyme extract obto..ine d .  

Milk LPL wa s characterized by be ing largely a s s o c iated with the 

ca sein in b oth micelle and soluble co.s e in complexe s which could be 

extre.cted from the c�:.sein by No. Cl whe n the c o.sein was in the fre e form , 

but not when b ound t o  C.':l3ro4, thus the involvement of c[l3P04 in ca sein 

lipa se complexe s . No. Cl extro.ct s of the cn s e in precipitc,te go.ve a similar 

elution pattern of activity on DEt.E cellulose o.s  with mammary gland 

extract s ,  showed some difference s in the pH p rofile , o.nd showed new NfH 

lip[l se specie s c orre sponding to MWs of 1 48 , 000 ,  ·1 20 , 000,  71 , 000 , l1-1 , 000, 
1 1  , 000 o.nd 9 ,000 daltons with the absence o f  the LPL spe c ie s  o f  1-fll 
·1 71 , 000 pres ent only in mammary gland extro. ct s o.nd a ll the lipase 

spe c ie s  pre sent existed o. s fre e lipa s e s  o.nd not as o. s ingle lipas e  or 

lipa s o s  c omplexe d  to case in .  
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APPENDIX 

A .T . P .. Adeno s ine triphosph�te 

Cyc l i c  AUP Cyclic 3 1  5 1  2.de no s ino IT1onophosphate 

LDL Low density lipopro t e in 

TG T riglyc eride 

l�FA Fre o fatty a c id 

RNA Ribonuclt:ic �t c id 

DG D iglyceride 

VLDL Ve ry low dens ity l ipoprot e in 

HDL H igh density l ipoprote in 

MG Monoglyce ride 

M ole cular we ight 

DEAE Diethyl amino ethyl 

TGFAs Triglyceride fatty ac ids 

TGL Triglyceride lipase 

LPL Lipoprotein lipase 
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