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Chapter 1

INTROTUCTION

t.1. Libasgs

1e1.1« Zeriinolosy

Lipolytic enzymnes aay be considered as & spociasl class of
carboxyl esteraces, ac they estalyse the hydpolysis of ester link-
eses 1o lipids with the forustion of alcokol and fetty acid ucletics.
In mammalien systeus lipolytic cuzymes are generally subdivided ioto
three clesses; those acting on fats (lipsses); thoce acting on fats
in the fora of lipoprotein (lipoprotein lipeses); end those ncting
on the ester bonds in phospholipids {phospholipases). liowaver this
clarsification besed on substryate specifity is of liaited value
only, a6 asay of the euzynce that hydrolyse carboxyl esters, exhibit
a very wide substrate spocificity.

Conseguently a review of lipeses 1g complicated by the general
confusion centred sround the exmct meaning of the tera "lipase'.
fith a natural triglyceride, e.r. triolein, speecificity of the enzynse
aay be referred to the alcohol glyeerocl, so that enzymes hydrolysing
fatty ecide froa glycerol are lipsses. Alternatively specificity may
be referred to the long chain fatty acid, and enzymes hydrolyeing
long-chelin fatty acids froa esters of several different alcohols umay
be regarded as lipesses (Balls endé Matlack, 1938).

Thus, en euzyme hydrolysiang tridbatyrin would be classed se &
lipese by the firet definition bat oot by the second and the reverase
would be the case for en enzyme hydrolysing benzyl stearate.




An elternstive definition for liperer 18 that bassd on the work
of Lards and Tesauslle (19%50) who showed thet true liprses will osly
act in eo hetvropenocus wediua, snd fo not set, or sot very slowly,
oo water goluble eubstrates. Fortanetelv, if o lipece 1s defined ac
an enzyme hyérolyolng triglyceride esters, or se en encyne Lhycdpoly=-
sing erters 1o & heterogoncus system, no serious conflict orises
beca.se, of the comon trislycerides, only triacetin ic appreciably
vater soluble. liowever when g heterorenocus systen is provided,
lipeses will Lydrolyse rlyceryl cotere core repidly than ceters of
othor aleochols (Lards and lsenuclle, 1958).

“he International vuion of Blochealstry (1961) eccordingly
defined 8 lipesse o8 @ “rlycerol ester hycirolese” {..C. 3atatal);
and further recoumended that ester ezulsiuns be used ss subsirstes.
ihlc definition will bo used in the precent revies, but it wust be
¢whesised that there ie nc evidence to suprest that esterace
activity with soluble subetratec, and lipsse sctivity with insoluble

substrates, refor to differeot catelytic mechenieas.

1.1.2. lidstoricel

Lipese asctivity in the psucress wes deacunstreted es cerly so
1846 by Clsude Bewnerd, and gectrie lipmee by lLarcet in 1858 (Wills,
1965). Deopite raplé advanccs in enzymology in the lest LC years
vory 1ittle progrese wes amde on the purification and propertiec of
lipese, ond it woe not until the paut decade that comprehensive in-
foraction becane evellsble in this field, usinly sc a result of the
vork of Desnuelle snd hic collesguos. Pancryeatic lipese hoe been
the moet exteusively studled, but lipeces io other digestive jJulces,
animel tiscuocs, plants end uicrvorganisas hove received minor
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ettention, with the posslible exception of the recently diccovered
lipoprotein lipase.

It should bo euphesized thet nuch of the prerent knowledre of
the properties of lipase, hos beon obteloed with fmpurce subsirate
end enzyae preperrtions, snd congequently this has led to conflict-
ins reports in the litersture. lowsver, with the prepsration of
pure naturslly occurring and cynthetic subetretes, snd the develop-
sent of now fractionntion techunigques thils queetion hee lorpoly been
repolved,

For deteiled revieows on eerlier work with lipeses, the resder
is referrcd to fmuon anéd Jearme (1950), Desnuelle (1951), Lerpatrda
and Borgatrla (1955, 195C), and Kates (1960). Some inforaative re-
viewc which have been published wecently are Ucsterbasn and Jaues
(1955), wille (1965) sn¢ Lawrence (19567), the letter being usinly
concerued with wicrobisl lipsses.

Tei.3. Katheds of detecticn

Liposes specificelly hydrolyse glycerol esters ee defined by
the Intermationsl Union of DBiocheaistry (1951 ), end in the wajority
of csoes, tho Lydrolysis of & triglyceride follows the pathway out-
lined in Fig. 1.

Obviocusly, the rates of lipsse reaction can be messured by
deterninins either the rete of disappearsnce of the triglyceride or
the rate of production of the fetty eclds. DNeteraination of
diglyceride, monoglyceride or glycerol formetion is posesible, but
experimentally very difficult.

(=)

The rate of disappearance of triglyceride cen be measured by
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follouin: the rote of clarification of the esulsion. is hyfrolysis

of triglyceride procaeds, the producis becoue increasliugly wator
poluble snd the clerification of the turbid eauleion can be weasured
(Fottea end Hamin, 195hk). 4 guantitetive snd sensitive diffusion
ascay, which uses & thin layer of ager, contsinlng & low cuncen-
trution (§;1_ v/v) of triglyeceride hes beon doveloped by Lawmrconee,
Feyor and Feiter (1957), for use in the detecilon of aieroblal lipases.

(5)

dopt of the methode for sotiamsting lipose activity roportod 1o
the literature, are besed on the detorminntion of fres fatty aecide
1iboratsd from trislycerides.

Pups eultures of umlerorpaninae have becn grown in the precence
of fat or triglyceride substra‘e (iobeon ond lanun, 1951; Yaiehrs ond
fleraon, 19565). The whole culture is zeldified end extrscted with
ather an’ the total aecidity deteraived. Thie mothod can be eriticisod
on the grounds thet aeay of the seide that arise from proteln and
corbohydrate metsboliss are alsc ether scluble. “ashed coll sus-
pensions have boon ineubsted with triglyecerice {(Lugo sond Beveridge,
1962) e well ss cell walle end cell free supernaisnte of meny
beeteris. 7The liborated fatty ocids ave porislly eXtracted and the
acidity deteriined by titration with alcoholie Hauk (Alford snd
Piorce, 1963).

Continuous sutomatic titrstion of the fatty seld liberated from
triglyceride substrete 1o @ pH stst (Shaheni, Gerda, Desouelle and
Azoulay, 19543 Sheh aaﬁ‘ﬁtlaan, 1965; lowney end Audpews, 1965) hss
the adventege over divect titration methods (Dole end Welnertzs, 1960)
in that the initisl vesction wveloclty ced be measured io short
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incubation times. liowever the fomer method suffers from the fact
that it $e difficult to weasure lipsse ectivity at pll 7.0, probably
due to incouplete titration of fatty scids. 4 gilica gel method hes
aloo been used to cctinmate fatty selds without prior colvent extract-
ion (hben, Chandan, Dill, snd Chehsni, 19643 iiki, Yoshioks, end
Ahlko, 1956,

The rete of oecld produciion may sleo be messured manometricolly
by deteraining the rate of liberation of Cu, fros a bicarbonate
buffer (Wills, 1251).

Colorimetric deteraination of the liborated fetty acids has been
upsed exteonsively. Originel methods luvolved the ure of e special

cubstrate deeligned to pive s coloured end=product after hydrolysis,

or on¢ thnt could be eagily converted to o coloured product
(feliyann, and Nechlee, 1950). Other methods have been based on the
soloctive trancfer of copper or cobslt sosps into cilorofora (Ayres,
1955). Gonsitivity is increesed when thoce soepe are combined with
triethenolanine buffer (Iwayema, 1953) and @iethyldithiocardbraate
for copper detection (Duncombe, 1953), the useful range for the
latter method being 0.05 = 0.5 ,u woles of fatty acid.

The use of radicactive substrates end the subsequent analysis
of radiocactive products of hydrolysis hes been & technigue used in
ooly recent yesrs. Chiso end Gilbert (1965) described a seansitive
rediochesicel sesay which uses o mixture of ' ‘C-lmbelled triclein
aad unlabelled carricr as substrate. The hydrolysis products are
isolated by column chrouatogrephy end the redioectivity mcesured in
the colusn effluent. Lipid extracts of serum ensyme digests of
ho 1abelled 11p1d preparations heve been chromatogrsphed on thin



layer silica pel, to obsorve the localisotion and sppesrence of
reaction products by Kelley (1955). The same suthor hag developed
f uwore ropid and efficient aspey for the detection of lsbelled-
fatty mcldn, relensed from lebelled=triglyceride by lipolysis
(kelley, 19559}, 7The fatty acids in lipid uixturee are adsorbed on
dehydreted hydroxy-charged ion exchange resin, thc other lipids are
reaoved by washlang with solvent and the adsorbed fatty scids are
relecsed with quatemery sumonium base for counting. This method
hes the advantape that all maenipulstions cep be carrled out Cirect-

ly ino scintillatiocn viale.

1.9.h. Lupification

“ost of the work on lipase purificstion has been with the
massnlisn panerees as the enzyme source. osarly attenpts ianvolved
the use of adsorption techoniques, and it was not until Borcst iSa
(195,) useéd zone electrophoresis that eny grest advance was made in
ite preparation. A lipase fraction wes 1solated, containing 2 of
the protein in the originel pancreatic julce and had o specific
ectivity 50 times that of the origilual Julce.

bince this initial breakthrough the Herseilles' group have nade
reanarkable advances in the preparation of hog pancreatic lipase.

The techonique developed, involved an agueous extraction of solvent-
dried pancreass powder, two selective precipitations of the extract
by aswmonium sulphate and scetone, two selective adsorptions on
calelium phoephate and asluminium hydroxide end finslly a high-vol tage
electrophoresis on starch at pH 5.25 (Sarda, Marchie-iouren,
Constantin and Desnuelle, 1957; lisrehis-iiouren, Sarda and Desnuelle,
1959, 1960). The product obtained gave a 205 yleld and was electro-



phoretically and chrouztographicelly howogeneous. Eenzoneans,
Lntressangles, Lsrchis-iouren, “eserc, Sards and Decnuelle (196h)
faproved the purificetion technigue by using lyophiliseéd super-
natante of poneress as sterting waterial. This wos followed by two
seclective precipitations with smsoniuw culphete ané acetone. The
acetone precipitate wus cluted on & Do - ecellulose coluun with
phosphate buffer, pid 8.0 of incressing .olsrity, ané lipase eucrpes
#8 a sharp pesk together with 15, of the total protelns when the
molarity of tho buffer reacihes 0.10. ¥Further purificetion was
echiieved by suabjectling this usterisl to & Uophadex G-200 chrouato-
grephic columb. Althourh all rewsining oucleotides were reaoved by
thic step the specific esctivity wee not incressed over thet obteined
froa the Dali - eellulosec coluan, due to insctivetion. This finel

product wae estineted to conteln 50=55. getive lipace.

1.1.5. o 4 £ ¢ 31

It 18 recommended by the Internationsl Union of Blochemietry
(1961) that 11ipid emulsions be used as subetrate for lipese studiec.
liowever 1f the substrate ic not enulsified, or if the emuleification
is not complete, then the extent of sheking the incubation mediun
becomes an important factor. 7ills (1961) showed that if shaiing wes
rapid, a8 in & Jerburg spparatus, en almost optimal hydrolysis rete
is poesible without emulsificetion. Other factors wiich may influence
the velocity of hydrolysie are pl and teuperature.
(2)

The work of Desnuelle &nd his collsborators hes clearly es-—
tsblished thet psucrestic lipese sctec preferentislly at the oll-water
interfece in heteropgonous systeus (Serde snd Desnuelle, 19503



Desnuelle, 1951 ). Although true solutions of methylbutyrate, trib-
utyrin or triolein are not coupletely rocistant to lipsse sction,
the rate of hydrolysie increaces very sharply se the concentrstion
of there coupounds ig incressed to fora g heterogenous eysten. Ag
shown 1o Fig. 2 triacetin in solution ic clowly hydrolysed, but the
velocity incresses if the compound 1is present in the emulsified foen
(Dunnuelle, 1961).

It can aleo be seen froa Fipg, 2 that the retc of lipolycie
plotted arainst the interfaclal aree of the substrate pives 8 cim-
ilay curve to thet obtelned by plotting veloeity e eclinct substrate
concentration for a typicel enzywe in a howopenous system. wills
(1965) concludee thet it is the sdsorption of the eanzyme at the
intorfece thet ie importent, in addition to the noriel enzyie/sub-
stratec sdsorption. Desnuelle (15951) found that when triclein s
enuleificé to give differcnt 1nterfociel arens (Bnsll end lsrre
rlobules), the rate of hydrolycle wos festest when the intorfaciel
arcn was grestest, It should be pointed out thet theece experinonts
arc limited due to the difficulty in evalusting the interfscial
arca, but it can be stated that the rate of hydrolysis iz greatest
when the interfaclial area is grestest, i.6., when the emulsion is
finely dicpereed., The wmechanism of this phenomenon is not understood
et present.

Although enulsification and the subsequent increase of the
interfacial area of the triglyceride/aquecus phase css increese the
rate of lipase hydrolysis, the effect is complex end appears to be
dspendent on the eXsct cheaical msturs of the emuleifying sgent.
ssuleifying sgents used in the detemuinstion of lipece setivity io-
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clude bile seltec, eg; aldbuuin, gum arablic, sosps and eynthetic
detorgente. Some euulcifying apente activete lipsre while others
1iohiblt hydirolysis. Bille pelts hove becon the nost exteunsively studied
but the situsticn is not clear whother they incrence the puate of
triglycericc hydrolysis becsuse they are surface-sciive egents, or
heceure they heve a specific sctivating effect on lipese itself.
#111s (1955%) concludee that "it seems likely thet the exact slirn-
ment of enzyne molecules in the interfocial layer is important, and
thet bile salts mey promote this slirfnnent”.
(v) sffoct of pii

in general, the optimum pil for lipsses is s«round neutrality or
oo the slkeline side of neatrslity. lowcver the effect of pH oo the
rate of Lydrolysis is the rosult of its comiiced effects on the
enzyae 1tself, on the emulelified substirate end on the propertice of
the substrate/sgueous phige interfece (7ille, 19565).
(e) 4ffect of temperature

foet 1lipases are at optinua sctivity in the teaperature renre
30°-!;0°. Several studice have been mede of lipase stcebility at
differcnt teoaperatures. Wills (1960) dewonstrated that penereatic
lipese lost %% of its sctivity after 10 minutes st 50°. Thie
suthor also showed that the stability of pancreatic lipase to heat
is dependent ou the precence of enlelum ions - removel by chelation
renders the ensyue fer more cusceptible to insctivetion at elevated
temperatures. Lipase becones more temperature dependent ou the
asddition of bile selte to the iocubetion (Deenuelle, 1961).
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1.1.6. Subptrate gpecificity

“he hy@rolytic activity of ¢ lipase depende on the structure of
both the fatty acicd and alcohol moietice of the scubstrate. The
gpecificity of wmesny lipeces oppesrs 1o be pelated to the poeition of
the fatty ncld molety on the triglyceride, and in other eases, to
the fatty ccid 1tself (chein length end degree of snturstion).
(e) Alcohol moiety

The specificity of lipssce towarde the sleohol molety of its
ester cubstrates hae not been investipated in great Cetell. [ arde
rud Necnuelle (1958) showed thst methyl butyrete wes hydrolysed by
pure pancreatic lipace provided the ester wes present in en cmalsion,
but hyrolyeie was very much slower thesn thet of tributyrin. Aloo
aethyl oleste w:n hL:ydrolysed by peancreantice lipace at onc thirtieth
the rote of triolein.
(b) Egtty acld uolety

The reletive pates of hydrolycie of fatl substrates by lipace
has been investizated using different acyl sicde chasins. Tho two
acin faetors thought to influence hydrolysis, arc the oxtent of sst-
urntion ané the chain leagth of the constituent fatty ecids. A
ainor controversy has srisen over the effect of unsaturstion of a
fatty ancid on ito hydrolysis rata. Ono (1940) cited by vills (1965)
found that unsnturated neclds were preferentinlly hydrolyeed by
pancreatic lipasce, but other workere found the situation reversed
(Clement and Clement-Chempougny, 1954). Oavery ond Desnuelle (19%56)
obsorved the hydrolysis of pealumityldiolein snd oleyldipslmitin and
found thst the fatty ecide in the 1- or 3= positions were recdily
hydrolysed. Oleic acié in the 1-position wes hydrolysed at s
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8lightly faster rote then polaitic acid in the 1-position.
Ngenuclle (1951) hec concludad, thet for the Cqq fotty neld series,
psturation hos 1ittle if no effect on the hydrolyeis mte..

tevernl studice have beon nede on the effoct of fatty eocid
ci:nin length on the reote of hydeolycie of the ceter linkere. The
wost exteneive study in this ficld wos cerried cut by antrecsongles,
‘apero, Lavary, Larda snd Decunuelle (1951). Thece work:ors tested a
series of tripglycerides, and found thet tribuatyrin wee hydrolyscd
foar nore repidly then triolein. Fig. 3 showe the effect of chain
length of the fatiy acid side cheins, on hydrolysis rate (Uriclein =
100).

+hen the eame workerr hydrolysed 1-paslaityl=3=butyryl :lyccrol
to the exteut of 10, the frec fntty sclds were in the ratio 17/7
(butyric scid/poluitic seid). iu lipsve csunot distinguleh betw.cn
the 1= and Z=positione ou the triglycericec wolecule, this clearly
showes the hipgh sffinity of the enzyme for chorter cheln featty scids.
This some specificity hee been observed in Jiicinug lipsse (Ory, (t.
Angelo, and Altschul, 1962).
(c) P2 Q

The speciel affinity of pencreatic lipase for the esters of
primary alcohol groups has been known for come time. Hatteon end
Beck (19%6) used a number of synthetic triglycerides with different
acyl moleties, and after thelr hydrolysis by pancreatie lipase,
found that the 2-monoglyceride was the main product in ceach case.
A suall perceatape of 1-monoglyceride was formed and they councluded
that thies may have been due to bond algration. GSavary and Desnuelle
(1956) supported these findings end calculsted that 10-20, of the




fisomers were 1-monoglycerides.

The likelihood of icomerieation wis ilnvestigated by Mettoon
end Volpenhein (1962). These workere found that when 2-ucnoglyecr—
idep were dispersed in sliphtly elkelinc squeous buffer ot 40°
there wos o rapid isomeriscntion to the 1-monoylyceride. Provious to
this, Savary, Constentin and Despouelle (1951) observed thet most
foner fatty scid chaiuns of dletary triglyeccrides were found in the
a.ar.\n position in the chylomnicron triglyceride. Thie findiop led to
a belief that the 2-ucnoglyceride muct be ctablised in sone nadbaer
during lipace ettacke DBonzonons gt gl (196h) found that when 2-
wonoolein wes dispersed in bulfor slone isomerisstion procesded
until thes? ratio wes LO/60. However when free fetty aclde were
mixed with the 2-wonoglyceride as would be the case 1in 1o vive, the
iscoerisstion retio reached 2o equilibriua at 60/L0. The prescnce
of freec fatty sclde appesnrs to have limited the isomerisation of
oleic secid froa an incer to sn outer poeition on the triglyceride
wolecule. This effect iz important biclogically, in the resynthesis
of the chylomieron trirlycericdes.

Tattrie, Bolley end Kates (1958) studied the hydrolysis of the
D esuvd L, isomers of 1,2«dipelnityl-3-oleyl glycerol, sud found that
the rates of hydrolysis of the two isomers snd the JL aixture were
{denticel. Thus pencrestic lipsse doos not sppesr to exhibit any
sterecospecificity.

Hilk lipese wee slso found to be speecific for the hyirolyeis of
primary slcohol esters (Jensen, Duthie, Gander end Morgen, 1960),
but Eicingys lipsse (Gevery, Flanzy and Desuuelle, 1958) anéd lipo~-
protein lipase (Korn, 1961) do not exert this specifieity.



1.2. Dietary ILipide of kuminsnts
The anajor diet of domestic ruminents consists of leaves of

grasces snd lepuuinous plents. The ether-extractible portion of
the leavee of grese gevnernlly counstitutes between 2 - 3. of the
totel dry matter. OClycerides account for up to 7C.:. of this total
lipic fryaction, umweinly in the form of palsctosyl glyceryl esters,
together with susll] ssounte of phoepholipid oné sulpholipid. The
mejor galsctoliplide are monogelectosyl diglyceride snd dligalect~
osyl diglyceride (7eenink, 1959, 19613 Shorlend, 1951). The re=-
maioing components of the 1lipid fraction consist of sterols, sterol
epters, wexes, hyérocarbones end free fatty eseids (liilditeh, 1955;
vecnink, 1962).

It has been observed that for other dietary foodstuffs viz,
silare (.aré end Allen, 1957), artificislly dried gress, (Garton,
1960) and hay (. ard, Lcott end Dewsoun, 1964), the 1ipid content end
rfatty acid compoesition rensins cesentiplly the souwe as that of fresh
pasture.

The fatty aclds preccat in the wono= and diglactosyl diglyecer—
idec of pasture countsin a very high propeortion of unssturated cou-
ponents (approxiustely 805:) es shown in Table 1.

Until recently 1t wes thought thet 211 the unsaturated fatty
acids had the gig configuration, and thet the frgng ecld dié not
occur in fatty acide of plant origin. Howsver, Weenlnk snd Shorlend
(1964) have reported the occurrence of hexadec-ipang-3-euole acid
et low levels in pesture lesves.

The 1ipid content of the concontrate feede such ane maize meal,
linseed meal end cerenls apgain, consists lergely of triglycerides
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characterised by a2 relatively high concentrstion of unssturated C4a
acids. In these cepes however lincleic ncid is the predominent un-
saturated acld (liilaiten, 19%50).

An asrsessaent of the total 1lipid intake pey day for a non-
lactoting édailry cow (bised ob & Aolly consua tiom of 20 1b grasy, on
o dry weight bsels) would be 1o tho region of 450g. (ether-extroct-
ible portion of H.)e This coulé be as high os 1 Kg for a groviong,
pregnant or lectating come The cdaily fatty scld inteke, which re-
preseuts approximately helf of this value, would be in the rerion
of 225g to 500g (iewke, 1963).

iojo

Utudioe durdng the lest deca’e have shown that rusen mieroor-
panieas effect extenclve changee in the dletary lipid. The esrlicr
observetione which made it apparcnt that there were differences
betwceen the 1ipid uwetsboliscn of ruminants and other mamaals were:
(#) the depot fetes of rusinants contained a high proportion of
stearic acid (ililditeh, 19%),

(b) the depot! fate of runinants contained & bigh proportion of
$rong-acids (Swern, Knight and 24dy, 1952 end Hartman, Shorland and
ichoneld, 19%4),

(c) dletary unsaturated fatty acids known to be yeadily escimilated
fiato the depot fats of non-ruminants Aid not appear to be preseant
io the ruminent tissue 1lipids (Gerton, 196L4),

(@) depot fats and milk fats of ruminsnts contsined e complex mix-
ture of unsaturvated fatty acids (especielly isomeric forus of octe-
decencic and octadecadicnoic scids) not found in the fats of other
herbivores (Hilditeh, 1956).
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TABLS 9

Fatiy acidé composition of pasture lipids
(., by weight of total fatty secids)

Fatty Acid Clover-kich “ixed “pmture
Pasture (1) Grasses (2)

catursted:

C46 (Polmitic) 8.9 15.9

Cyn {(Gtearie) 2.8 2.0

Otherso 39 0.5
Unsaturated:

016 (?ﬁlm’.MCIQ) 7.9 2.5

Cyg {(Linoleic) 8.1 13.2

Cen (Linoleniec) 58.9 61.3

(1) Shorlsnd gt gl, 1955
(2) Garton, 1960




Theece obscrvailons indicated thet the peculisr features of
the muinaat lipids were asnocisted with the ascimiletion of the
products of microbiel modification of dletary lipids in the rumen.

The wicroorgsnicas of the rumen 20dlfy the dietary 1ipid in
three main ways:

(2) hydrolytic ruleace of esterificc fatty scide,

(b) reductive uodificetion of unsaturated faotty acide (1l.e.
hydrogenation),.

(e) fermentation of free glycerol liberated duriang hydrolyeic, and
of peslactose releesed fronm galectolipids.

1.311 -

iydrolysis of dlotary 1lipide incluces the relesee of fatty
aclds frou esteor coublaction with triglycerides, asnd the rclease of
relactore from galsetolipidas (the priancipsl fora of 1ipid in green
leaves).

Thet rumen microorganisas csn bring esbout lipolysis of trig-
lyecerides was first reported by Garton, Hobson end Lough (1958).
When linseed oll wap incubated with sheep rumen contents Lg yitro e
considersble part of the esterified fatty seld r:ciduee wore liber-
ated as free fatty ecids. Ko lipolytic amctivity wes shown by bolled
rumen contents nor by shoep sallve, sund it was concluded that
uicroorgenicas were responeible for this action. The same workers
exanined the lipid content of the rumen, sbomasum and upper intest-
ine of o sheep at slsughter, 7 hrs after the last feed, and found
that 80-90% of the lipid wes present ee free fatty acid. The ex-
perimental dlet included LO g of linsced oil per day.

In subeequent studies (Garton, Lough end Viogue, 19593 1961)



the effects of incubeting linseed oil end a number of other lipid
substrates were studied in more deteil. Gerton gt gl (1951) in-
cubated three naturelly occurring triglyesrides which differed in
the degree of saturation of the fatty acids, and alsc in the fatty
acid coaposition, in an atteupt to show 1f the enzyac exhibited

any specificity. The results suggested that there wis some select-
ivity towards triglycerides contailning high proportione of unsat-
urated fatty acids, especielly linolenic acid, slthough the

authors pointed cut that the mwore saturated triglyccrides were more
difficult to euulsify.

In en atteupt to examine this effect more thoroughly Garton et
el (1951) ecarried out a partisl hycdrolysis of linsced oil by rumen
contents. Changes were noted in the fatty acid coupncoition of the
free fatty acids, end the recidual glycerides after hydrolyeis was
allowed to proceed to the extent of 32/.. These cheanpeoe are ghown
in Table 2.

From these firures 1t would appeer that linolenic acid has
boen selectively hydrolysed from the triglyceridec. However it
must be remembered that hydropgenation is also taking plsce con-
currently anéd interpretation is difficult. The results of Garton
et a1 (1961) suggest that hydrogenation of fatty acids free in the
rumen, proceeds at a fastor yate than if the fatty aclds were
still esterified. This suggestion was confirmed by Hawke and
Robertson (1964). In more precise studies, Hawke and Silcock (1969)
incubated 1-paluityl-2- 1-'"C -1inoleayl-3-oleyl glycerol with
rumen countents of o cow in vitro. Analysis of free fatty acids
and fatty acids of wono~, di-, and triglycerides, after incubation,
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TADLS 2

Couposition of frue fatiy acide end the fotty scids of neutrel
lipids followiang 32.. hydrolyasis of linsoed o0il by ruuen contents

I ) .
Fatty Aclad Frce fatty Faity eecid Couponition
acid resicdual {welght ) of
rlyecerides linsced oil
prlultic acid Se7 Se3 5«7
steoric seld L.C a2 ha2
oleic seid 2h.b 18.8 15.6
linclelic scid 38,4 2145 %2
linolenic acid 20.8 TS | 25 I

showmed thet hydropgenation hsd only tcken olace when the fatty ecide
hed becn removed frou ester cumbinotion.

The pethway of hydrolysio of ¢riplycerides by wumen coutents
has not been studled to any grest cxtent. In the i yltrc studies
of Garton gt sl (1961) no diglyeeride or uonoglyceride intormed-
iates could be shown. Fyee glycerol was only found in troce
aaounts, altbough thic was probebly furtheyr fermeanted by the ruues
mieroorganisus. Honke ond Robertoon (1954) obtained chroasto-
graphic evidence for the presence of wono~ and ﬁigl?wrmas in
the rumen contents of cows after infusion of linseed oil, snd 1t
uas suggested thet these intermedietes haed e trsneitory existence
only. The in vitro studies of Hewke snd Silecek (1969) confirmed
the presence of =ono~ and diglycericde intermediates in the hyldroly-
sis of triglyecoride by bovine rumen contents. ' ’



£ilcock (1952) incubeted pediosctive triglyceride specifi-
cally lebelled in the 2-position with the rumen contents of o cow
in yitro end the results suppgested & specificity of hydrolysis
for ratty ecids estcerific at the 1= or 3= positions oo the trip-
lyceride awlecule. Tie resulis did not indicete sny stereo~
specificity between thece two positions.

ttudlec on the lipolytic sctivity of minen contents has not
beon counfined to triglycerides nnd gelectolipids. Sheep rumen
contents have been shown to hydrolyse leecithin and lysolecithin
giving rice to free fatty aclids snd glyeeryl phousphiorylcholine
(Pewson, 19%9). Other workere have shown that fatty scide can be
liberated froa escter combination with sterol esterve end methyl
esters by sheep rumen contente (Garton, unpublished), Tween 50
(Wrirht, 1961), ond ethyl esters by ox minen contenteo (1111,
Saylor, Allen and Jacobegoa, 1960).

Atteapts to obtain cell-free liprclytic enzyae prepar-tions
from runes bacterin heve not been very succeesful. However Dawson
(19892) 1solated & lecithinace from rumen contente which wes
capable of hydrolyeing lecithin via glyeeryl phosphorylcholine
end glycerophosphorie acid.

Hobson and Kaonn (1961) isoleted a pure bacterial culture oo
both a selive-baged medium and a ruanen fluid-based medium which
wae eble to hydrolyse lioeeed oil. The baeteria were obtalned
froa sheep runen contents and appeared es Gran-negative, curved
rods which were etrictly anserobie. Although corphologically sim-
iler to aeny types of rumen bacteria they differed from =11 known
species in thelr limited fermentstion reactions. The suthors
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pointed out that these baeteria were probably not the only ones
which hydrolyse glycerides im the rumen, but bsceusce of the larpe
nunber present (spproximately 108/:31) they probebly play & large
part in thie scction. IHobson ond ¥enn (1951) sleo found thet these
bactoria d1d not metabolise the free fatty acide released, & find-
ing that is in agrecment with Garton gt gl (1961). lore recently
Wood, Bell, Grainger and Teeckel (1963) introduced 1-“‘0 linocleice

acid into the rumen of & sheep and found that less then 1. of radio-

activity subsequently appesared in the steca volatile froction of
rumen contents. Garton (1964) fouund no rediosetivity in earbon
dioxide and fetty acides of chain length less then 618' following
the incubstion of stearcdiolein (containing "‘G-atenric acid) with
rumen contento.

The releace of golectose froa gelactolipids is catalysed by &
end/f geloctosidaces. Conehie snd Levvy (19%7) showed thet mixead
microorpanisas of sheep rumen contente possessed bothe ands galoet-
osidase activity and Bailey (1952, 196L) prepared ccll-free ex-
treots of bovine rumen bseteria which hydrolysed nono=- and digal-
actosyl glycercle These fractions however could not release
galectoce if the romaining aleohol moleties of glyccrol were ecter-
ified, leading to the conclusion that hydrolysis of esterified
fatty aclde muct precede galactosidese sctivity. Iliowever it hes
been shown thats andf galectosideses of & nuuber of protozoal
epecies cen hydrolyse galactose from gelsctoglycerides, whethey the
rensining alcohol moieties are esterified with fatty scid or not
(Howard, 1963; Bailey and Howard, 1953).
1e3.20

Relger (1951) first dewounstreted that rumen fluid possessed




the ability to hydrogonate unssturated faty scids. On incubation
of sheep rumen fluid with linseed oil, the linoclenle acid content
of the oil deercased fryon 30. to approxiaestely 5: with e correspond-
ing increasse in the level of linecleic escid. Boiled rumen contents
friled to give this effect as d1d rumen fluld frou which bacteris
had been removed by centrifugation, thus it wes concluded that
ruzen miercorganiscus were responsible for thie process. Jilley,
Figgs, Colby, Butler end Reiser (1952) fed steers on a ration con-
toining 5% cottonseed oil end concluded that the higher stearic
acid content in their fet depots, ccapared with that in control
eniaels, rosulted froa the esciailation of stearie acid produced
by hydrogenation of the unseturated 618 acide of the oll, by mumen
miercvorgonicas.

ieiser and Reddy (1956) provided the firct direct cvidence
for hydrogenation takiang plece in the rumen. They fed poats & dlet
containing 105 linseed oll, and measured the fatty acide present
ino the rumen after slaughter, 5 hrs after feoeding. The resulte
coafirmed that hydrogenation hs@ taken ploce in the runen.

The mechsuisms iavolved in hydrogenation of unsaturated fatty
acids of the diet was firnt investigated by Chorland, Weenink,
Johns and lcDonald (1957). These workers incubsted large emounts
of olele, linoleic end linolenic acid with sheep rumen contents for
47 hra at 37°, end found that sbout 20% of each unsaturated scid
wes converted to steoric scid. Trsng-scids were fomed to the ex-
tent of 17%, 48% end 67% from oleie, linoleic and linolenic acids
respectively. Fositionel isomers were also formed, particularly
from lioeoleie acid, which gave rise to a conjurated acid, apparent-
1y resistent to further hydrogenation.
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“ard, Scott and Dawsoun (1964) provided useful inforuation on
the intcrmediates of hydrogenation by incubating radiocasctive 018
fatiy acids with sheep rumen contents in an artificisl rusen.
Incubation of "‘C - linoleic acid gave rise $to 2 aono-unsaturated
acld with & tpane configuration, with the double bond predoainantly
at C=13 or C-14. Linolenic acid gave rise to two dienoic acid
isouers with a cis-cls-nonconjugated configuration and with the
majority of the double bonde nt Ce11 or C=12 and C-15 or C=16.
This supports Shorlend gt gl (1957) who found that the major dle-
noic ecid in the non~conjupgatcd frsction, erising from the hydro-
genation of linolenic acid woes octadece~11, 15-diencic acld.

It 1s obvious that during the hyfrogenation process there is
a conegldersble smount of bond migration. This bond migration and
the fomistion of a frpas structure during aicrobianl hydrogenation
closecly parsllels evenis known to take plece when unssturated fatty
acide are subjected to the influence of wolecular hydrogen, in the
presence of fioely divided metel catalyet (Markley, 1951). Polen,
¥clelll end Tove (1964) have discounted the possibility thet nole-
cular hydrogen participates directly in hydrogenation in the runen
end suggested that the wechsoisa involved a microbial hyérogenase
and a redox compound. Polan gt g) (1964) also reported that boiled
rumen fluid stimulated the h;dmtion of linoleic acid and oleic
acid by weshed-oell suspensions of mixed rumen bacteria. This wes
supported by the studies of Wilde and Demson (1966).

The studics of Wilde end Dewson (1966) gave similar results
to Werd g% gl (1964) with the exception thet the major patimay in-
volved the gilg-trans (or {rang-glg) octadecadienoic scid intermed-
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iate, instead of the gig-gis octadecedicucic acids obtalned in the
196 studies. Wilde eand Dawson (19556) also isolated the firet

inte mediate in the biohydrogenstion, ss on octadecastrienolic acid
with two double bonds conjugatcd and sugrested that i1t cculd be
either asn octadece-9,11,15~triencic acid or an octadeca~9,13,15-
trienoic acid. This wouléd seem to lend support to the earlier work
of Shorland g% gl (1957) where the octadece-11,15~diencic acld was
the asjor luntcmediate fored in the hydrogenatiou of linolenlce
acid. The scheue for the hydrogenation of linoleniec acid es pro-
posed by Wilde end Dawson (19566) 1e shown in Fig. L.

Kepler, Hirons, lMcleill end Tove (1966) studied the intemed-
iatec and producte of the blohydrogenation of linoleic seild by
Butyrivibrio L£ibrigolvens. They found that this boeterius could
hyérogenate a mixture of glo-9=franp=ii-octadecedicnolic acid and
Arang~1iO=gio~12=0ctadecadlienoic acid, es readily ar linoleic acid
itoelf. Iowever trgng-9=-trene-12- and gis-9-trenpg-12- end tpeng~-O-
gig-12=0ctadecadienole acides were not hydrogenated, This led to
the bellef that the two fomer dlencic eacide were intemedistes in
linclele acld hydrogenation by B, fibrisolvens and this wos shown
experimentally. KXepler snd Tove (1967) showed thet the isomer-
isation of linoleic scid to octadece~glp-9-tirsus-1i-dienoic acid
was catalysed by linoleat gig-12, trang-ii-isome rese, an enzyme
localised@ in the cell eonvelope.

1e3e3e

The glycerol and gelactope moletien mwleased after hydrolysis
of dletary lipide in the rumen are femmented by rumen bacteria to
yield voletile fatty secids.
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cis-cis-cis-octadecatrienoic acid

(linolenic acid: A? 1219

cis-cis-cis-octadecatrienoic acid

(linolenic acid: AT 11013015,
+2H +2H
trans-trans- cis-trans-=(trans-cis)- cis=-cis-
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acid acid
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trans-octadecenoic \’,‘cis—
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s
~
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N
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Figure 4. Pathway for the hydrogenation of linolenic acid by rumen

microorganisms. (from Wilde and Dawson, 1966).



Hobson snd ienn (1951) isclated Selencmonans rumiventiug ver
Jectilyticug from sheep rumen contents snd found it to be cepable
of fermentins glycerol to propionic acid, It is sgreed that pro-
pionic =cid is the mein product of plycercl ferientetion (Johns,
19533 Hobson and Hann, 1951; Certon g% g1, 1951).

Galactose can be fermented to yileld a mixture of scetic, pro-
pionic and butyric asecids by several isolatcd bacterial species fron
the rumen. Hobson end Menn (1961) showe? that Sglenomongs yuain-
gotiyga var Joctilyticug could also ferment gelactose, as could a
Dutyrivibrio isolated by liobson and Purdom (1961). Howard (1959)
found that the ruunen protozoan Dgeytriche yusinontivs could clso
feraent gelactose snd it hos becn shown that several proteolytice

bacteris also poeseps this ability (Dlackburn ond Hobson, 1962).

1 .h.

Although the 1ipid content of ths diet of moet runinants is
sunll, 1t hoe been pointed out that the sctual intoke of 1ipid per
day can be quite conelderable. Lipicd ie en important “dletary con-
stituent for ell the mejor metsbolic processes of the enimel, viz.
maintenance, body storege, lectation and pregnaney. Consequently
the modification of dletary 1ipid into suitedble metadbolites for use
in these procesces is mwost important.

The majority of the dletary 1ipid consiste of glycerides
(1ilaiteh, 1956; Shorlend, 1961), and from the foregoing discussion,
it is apparent that hydrolyesis is the first etep in the breakdown
of these dietary components. The question of interreaction of
hydrolysis and hydrogenation has largely been recolved by Hevke
and Silcock (1969) who found that hydrogenetion in the rumen



required free fatty acid substrate i.¢. fatty aclds wore not
hydrogenated while still in ester combinetion with glyecerol.

Thae 1t is apparent that the degree of saturation of the fatty
acide svalleble to the runinant, is dependent on the asctivity of
hydrolytic enzymees in the rumecn, Thie could elso be weflected in
the degree of saturation of the fatty ascids in the blood, depot
tisrues oand milk - a slow rate of hydrolysie of dietsry triglycer-
ides in the rumen could ucan lers exposure of frec fatty aclde to
hydrogenation, and the subsegquent eppearsnce of leco saturated fatty
acids in the body tissues snd the nilk.

Hydrolysis also mekes available plycerol and galactone for
feraentation by rumen microorpganisus, providing e further energy
source for the host, in the form of voletile fatty acids (Garton gt
8l, 1951; liobeon and teon, 1961).



Chapter 2
Tias UBJACT OF Tho PRaGERT OTUDY

Studies during the lest decede have ghown thet rusen aicrow
orgenicas ecen e¢ffeect extensive chanpee in dletary lipicdec. The ro-
loase of freu fatty aclds frou ester link with glyeerol by ruuet
aicrcorgenisas was firct reported by Garton gt gl (1950). Tile
finding has subsequontly boen coofirmed by Garton g% gl (1959),
Garton gt gl (1961), Hawke encd Robertooun (1964 ), end Sileoek (19560).
These obpervetlione were uninly confined to s dencastration of
hydrolytic activity by both in vive and ig vitrg technicues, or to
show the effect of 1lipid on oversll aetebolisa.

Garton gt gl (1957) in their oripginel ctudles, schomod that it
wer the rumgn bgeterls thet were respousible for this hydrolytice
activity, but attenpts to obtein coli-free lipolytic euncyme prep-
arstions of rumen bsecteris have not been successful. IHowever,
Dawson (1959) isoleted » lysolsecithinase, and lobsown and Hanm (1961
ioolated rumen bacterie in pure culture which were capsble of
hydrolyeing triglycerides such as linseced oil.

The object of this work war to isclate the lipolytic fraction
from the bovine yumen, and 1f possible, prepare ¢ cell-free lip-
olytic fraction capable of hydrolyeing both astursl snd syunthetie
triglyecerides.
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Chapter 3

A1l solvents used were purified eccording to Vogel (1956), snd
8ll reagents were of either "Analepy” or "Technicel" gradc unlecs
othervise stated. kedicactive glyceryl tri{oleatu-1-1hc) woes Obe=

tained froa the Redlochenical Centre, Asershaa, saglend.

Je2e ispuy of Lipace activity by the Colorimetric
4 ar 7 Loni=- F Agid

The acthod earloyoed vas esgentinlly the eoloriuetric aethod
devise? by Ayers (1756) end aocifled by Iwaysua (1253) sn? Dunco be
(1953).

Thie nethod is dependent on the foruastion of conper sslte of
frce fatty scide (FPA) in ehlorofori solution, on the sdcition of
s copper reaspent (9vol. aa. T =-triethenolemiine; 1vol. Tllescetic
aéid; 10vole GL5S (w/v) Cu(xlj)2.3320}-

A S50l eliquot of the total 1ipid reciduce from the incu-
bations, to give FFA's in the renge of 0.05 - 0.5 u moles, wae
shaken by ionversion with copper recogent for 2 ainutes, anéd tien
centrifuged. The excecs roagent et the top of the tube was dreawd
off with the ©1d of o suction pump. A 3a31 aliguot of these copper
salts in chloroform was edded to 0O.5ml1 of diethyldithiocerbamsate
reagent (0.1 (w/v) solution of sodium diethyldithiocarbamete in
redistilled butsn-2-0l). The sclutions were then mixed by sheking,
and the extinction weessured at bhﬁg/u in a 1em 1light path, agelnst



e blonk solution thet hod becn mubjected to the saie procedure, but
with no added lipid.

The siount of ¥74 o the produetes of incubstion coul? then be
doterilnoe? by coupevlson arsinet o standar? curve of Xnoun conoen-

3.3 ZIhin Leyep Chroastorranhy

3«31« ZIrenoration of thin lagore

Thin layere of (1llca Gel G (Z.Werk, A=(., Darsstedt, Cora=ay)
were prepared by shokins a weighed smount of the siliee pel with
tuice the weight of distilled water, Layors of C.25um thickneso
were eprocd onto gless plates using & Neespe apnlicator. The lay-
arc wers nmllowad to pettle st woouw toumpeorsturc, and were then
transferred to an oven nt 110° for spprozinetely 50 ninutes for

aciivetion.

3.3.2. Freporptis

The elutins solvents usec im ell seperstions were hexane,
diethyl ethor, ond scotic acld ailxed in the proportions 70:30:4
(v/v)s ith the excoptiocn of the lstter the solvents vere Aried

over anhydrous sodium culphate.

b D P

Uemples were taken up in hexsne =nd epplied to the layers at
the origin with glass capillary tubes. All layers were developed
in e previocusly dried end cealed chromatography tenk., Following
development the layers were dried, ané for 2 visusl appyeisal were
sprayed with e 0.15 (w/v) solution of 2,7-dichlovofiuorescein in
ethancl, and viewed under ultrsviolet light. Couponents were iden-
tified by couparison with known standapds chroastographed




- 32 -

ainultaneously on the coue layor.

3-14. 1 4 i

3eliele Ladlolsotope couutlng
RacCioactivity was counted in a Packard odel 3375 Liquid

Secintillation Upectromcter. The selntillstion fluld consisted of
0% (w/vw) 2,5-biphenyloxszole (¥ U), snd 0.0%5. 1,h=bie=2(5=pheny-
lgxnzolyl)-benzano (PuPGP), diseolved in toluene. [0, PO 0P, and
scintillation grade toluene were cobtelned from Huclear Enterprices
Ltéd., sSngland.

A suiteble aliquot of ssmple wes plsced in a counting viel
using 2 5 or 30 microlitre syringe (ilamilton), and eveporated to
éryness under @ 2500 lamp. 100l of scintillation flulcd was theo
added to each ecounting vial.

The efficlency of the counting syctci wes deteriined by in-
cluding a standard ssuple of 1“C-haxadecane in scintillation fluiqd,
with each batch.

3ehia2.
The distributlion of

- LO¢

C=pradioactivity between the various
1lipié components separated on thin layer pletes (20em X %Sca) was
meapured on & Packard lodel 7200 Rediochromatogran Scanner. The
moet suitable conditione for prepering the rediochromatogram scan
were; voltage, 300; time constant, 30seec; chart speed, Gen/hr;
gee flow, (1.37 isgbutane, 98.7% helium) 110ml/min.

Id.atirtenﬁioo of the radiocactive components wes achieved by
spraying werker coupounds on the plates with 2,7-dichlorofluoreccein
after scanning, end viewing under ultraviclet light.

To obtain a relative estimete of the proportions of radicact-
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ivity in each 1lipid couponent, peak areas were messured with the
use of a plenimetey (G.Coradi A.C., %urich). & base line wae
drewn through the average background, sund the peak aress were
measured until = constant resding was obtained.

Alternatively, redioactivity was deteraioed efter thino layor
chrouatography, by ecrepiog the esppropriste areanc of the chromato=
grea directly into counting vials. Ucintillation fluid wes sided
and the sauples counted as described sbove.

3.5. Eumen fecpliog

Throughout thie study, samples were tsken from a lactating
Jersey cow which hed been fitted with £ rumen fistula. The cow
wee a monber of the uilking berd grozios on panture consisting
espscntially of ryegrasc, with some clowver. Tumen cemnles were with-
drawn after the morning milking so that the eninel hod not eaten
for three hours. sZSach eaaple was taken froa e centrel noeition in
the rumen i.e. below the rumen fistule in sn endcavour to reduce

saapling errors (Bryant, 1959).

In prelininary studies, wumcn contents were strained ilmmediate-
ly efter saunpling, through two layerc of cheese cloth to reaove
the coarser food particles. The stralned materisl wes stored in a
flask st 39°, under snserobie conditione (im & nitrogen atmosphere)
until required. In later experiments total rmmen contents were re-
aoved end placed directly into s previously warmed theraos flask,
under the ceame conditions.

During the fractionation of rumen contente eare was taken at
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81l times to ensure that & tewperature of 39° wss meintained, and
that systous vere kept anaercbic, in & continaous ctresa of nitro-
gen.

~hon fracticoation of ruaen ccoteonts involved loco of moterial,
each froetion was uade up to the volume of the starting waterial
with clarified rumsec llguor (Cil.), to pemit valild coapsricons bo-
tween fractions. The preparction of (KL 1o deseribed in Sectlico

3e0e2e

3ebele

Gtraincd mumen contents were subjected to a contrifugation at
500g for 10 ainuter 1n o borvell todel Li=3 Autometie Superspeed
Centrifuge using a GL./ protor, to precipitate protozonm snd fine food
particlec. {eparation of protogua wes aclieved by e sedinmentation
techinicue, based on the method of Heeld, Oxford end Lurden (19%2).

The modified buffer systen used was:

Kgl’i L"Uh 1.5%
NaCl o0
Egﬁﬂh.7n20 0.05
08612+aq 005

Thic was maede up to 2 litre with distilled water and Jjust prior
to use, the followlog sdditions were uade:
cysteline~iiCl 0.2
ﬂlHCO3 5«0
The buffer system was then added to the 500g precipitete snd mixed
several times by iloversion, in a separating fuonel. The suspension



woo allowcd to stand for 30 wuioutes at 39°, 1o whieh time & greyisi-
white layer conslsting essentislly of protozos sedimentod out at
the bottom of the feonel, and the plont debric meterinl collected
g @ thick groen layecr at the top. The layer which contelned the
partially purified protozoa woar run off ond weched soversl tines
with froch bulffor until the precipitate sppeared es & cleen white
layers. Thic was then run off, ond asde up to the originel volume,
with CIi for incubotiocn.

The plent rajabris material vwhich rose to the surface in the

buffer, wes dyavn off with the i of & suction pump oud made up

to the origiosl volune ap above.

The supernatant from the first S00g centrifugation was sab-
Jeeted to a further centrifusstion et 154,000z for 3 mlmutes. The
supernatent wes decanted off ond vecentrifuged et 36,000 for 30
ainutes in e Splineo Hodel L Ultrscestrifage to vield rumen liquor
which was opticelly clesr (clarified rumen liguor-CHlL ).

The precipitate from the first centrifugetion wes washed and
recentrifuped several tizes with CRL to yleld a clecn bactorial
pellet. This wss mnde up to the originel wlume by dlspersion 1o
CRL.
34643

Totsl rumen contents were yemoved from the theraos flack end
homogenised in e Poleris Howogeniser for 10 minutes. Where nocess-
ary CEL wen edded to give & suiteblo consistency for thorough homo-
genication. Allovences were mede for this addition so that cooe
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parisons could be made with other frections. Following this treat-
ment the aixture wees stralned throush two leyers of cheece cloth,
ond thon contrifuged at 50Cg for 10 ninutes. Lupernataut and con-
trifugate woere thon treated es described in fections 3.6.1. ond

303.2.

Daring the courre of this study, the incubatlior proccdéures
were dependent on the method used for the acsay of lipolytic
ectivity.

(a) Colorimetric sssay

¥heo the colorimetric method wes used for the spsay of lipol-
ytic ectivity, 20031 of streined runen contente wap used ec the
starting matericl. Frepered centrifugates were disperscé in CHL
to rive & final voluae egusl to that of the startiop material.
sech fracticn was incubated in 250Cml Arlepuyer flasks io a wator
bath at 39°. Flecks were attached to a shakey to ensure therourh
wixing throughout the incubation, and nitropen was continuslly
bubbled through the incubation medlum in each flack to usintoin
encevobic conditions. Bolllag tuibec wore loserted between flaske
in the flow cyetca to scrve am trape in the event of the develop-
ment of becke-pressures.

Peanut oil (Kcmpthorne, Prosser esnd Co's) wee used es the
substrate ror_hydmlyuin and wee added pe en emulsion which mnlnoﬁ
steble throughout the course of the experiment. The eumulsion wes
formced by amixinr equel volumee of peenut oil snd water with 17
Liesapol (Imperial Cheunicel Industries), in sn homogeniser, end
sufficient emuleion was added to the incubation medium to give a
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1ipié concentration of 1.0 (v/v). 51 sliquots were withdpawn frou
the siogle incubations at 30 minute intervale up to a total time of
I hrs to detoralne the rate of hydrolycisc.

In all exgerinents & control wae run consisting of bolled
ruacn contents with edded mubotrete, or raawn contents with no
added pubptrate.
(v) Radlocheaicel svcey

Redionctive glyceryl trl.{aleate-1-ﬂi(l) (35.!;;_;00/&:) in hozane,
was added together wiith unlabelled carricr to give a final count of
2 /uc/QOml of incubetion medlus. Aspay procedures ware conducted
with two slight varistions.
(i) 3In preliainary ctudies, incubetion conditions ené experinentsl
proceduren were ldentical to those cescribed ebove, with the ex-
ception that in two instences (.14 phosphate buffer pi 7.0 re-
placed CilL, for resuspending centrifurates.
(11) ¥#hen the asssay was used to follow the separation of active
lioolytie fractions, radioactive suhotrate in hexsne wao added to
either a 5ml or & 2Cal eliquot of eech fraction, with no unlsbelled
carrier. Ceuntrifugates were made up to the oripginal volume of the
starting material with phosphate buffer. Incubation conditlons
were the same as described sbove with the exception that the io-
cubation time wae shortened toc 1 hour and conditions were unot kept
anaerobic aefter cell-free extracts hnd been prepared. In this cose
the total incubation wedium was used for the analysis of resction
producte.



The reaction was terminated by the addition of nn egual volume
of ethanol, ond boiling the nixture for £ minutes. The mixture
wor then traneferred to o peperatings funnel sofd the lipid war ex-
traocted intc chlorofori. The chlorofori layey wes run off snd the
reaaining aguoous layer warhed tnice with the pemo solvent. 7The
conbinecd chlorofora extracts were collected in round-botton flacks
aud evaporated to dryness iy voguo on a rotary evaporator. The
1ipid extrecis werc taken up in & knowa volume of chlorofors
{(eolorimetric enelysie) or hezane (rediochenicsl asnalyeis), ené
stored in the refrigerator at L” to swait snalysie of their 1ipld

content.

The pmpamtlén of cell=frec bactericl extracts wes carried
ocut in an endeevour to rcleese hydrolytic enzymes from the ruamen
bactoria. Trestment of whole ¢ells by cemotie shock was bessed on
the method of Hoseal and Heppel (1956). An alternstive method wes
based on high frequcney sonication, using e sonic probe Type 11304

(Pewe Instruments Ltd., Loodon).

3+9.1. Qgmotic ghock trestment
Rumen bscterial cells were obtelined ap described in Section

3ebe2., and were washed three times with phosphate buffer, pl 7.0.
Approximately 1g of washed cells wee taken, to which wes edded Loul
of L0 suercse in 0.0334 Tris-iCl buffer, pi 7.0, followed by
pufficient 0.1 disodium ethylencdieminotetre-scetic seid (8V74),
pli 7.0 to give a finsl concentration of 10™'i. This wes then
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shaken in e CGriffesn Flesk Hhaker for 10 ainutes at room temper-
ature end then centrifuged at 14,000g for 20 minutes in s Sorvell
=3 centrifuge. The pellet wes then dispersed in 80 ml of ice-

cold § X 10““

% magnesium chloride and gently stirred in sn ice-
bath for 10 ainutes. Fractions frou a centrifugetion of this
suspension st 90,000g (fpinco lodel L Lltracentrifuge), were in-
cubated with redioective /lyceryl tri (oleste-1-'YC) for 1 hr as

described in Section 3.7.

3e9«7« High frequency sonication
Approximately 1¢ of the waeshed cells was resuspended in phos-

phate buffer to form a thick slurry. 7This was pleeced in en ice-
bath and subjected to sonicstion for 2 uinates at 5.0 smperes.
“recipltete snd supernstant frsctions prepared at 90,000g were used

for incubstion.
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Chapter L

BALLETASNTAL AND RaGULTS

Gtandard solutions of pelmitic aclié were msde up in the renge

0.05—0.5{,&1 moles in chlorofori, to a finsl volume of 5 ml, snd sub=
jocted to the treatuent deseribed in fection 3.2. The extinction
of a ranpe of free fatty seld (FFA) levels were recorded on a
Beckman iodel DU <uertz Spectrophotometer.

The relationshin batween extinction and FFA levels for pala-
itic =cid in chloroform is shown in Fipg. S. This steadard pgreph
wes used for all the subsequent FIP'4 estiantione usiang the colori-
matric method. Appropriate standard solutions of palaitic seid in
chlorofora were included with sach serics of deterainatiocns.

4.1.2. Forsetion of 'UCefatty scid froa 'MC-triolein cs an
aosay of 1ipolytic ectivity

An essay was developed using pancreatic lipase, as this enzywme
is poseibly the best characterised of the lipolytic enzymes, and
is svailable commercislly.

Hog pancreatic lipase (Type II, Sigua Chemicsl Co., St. Louls,
0., UsivA.) Wao incubeted with glyeceryl tri(oleate~i~'1’C) for 6
ainutos under the following conditions of incubation; 1.4 x 107> /a
woles glyecryl tri(oleate-1-'C) (1.1 x 10° apa) 1o 5,u1 hexane;
5 /q:I. hi (w/v) CaCl,3 0.02mg pancroatic lipase in fml 1 Trie-HCY
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Figure 5. The relationship between extinction and free fatty acid
levels, for solutions of palmitic acid in chloroform.
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buffer, pil 7.5. Incubations were conducted in a weter beth at 38°
with constsnt sheking. The resction wss stooped and the linide
extracted os deescribed 1n Section 3.8. Following eveporation to
dryness the 1ipid wae dissolved in & sulteble volume of hoxene and
an aliquot of thie solution (conteioing spproximetely 3,000 dpa)
wee applied to & thin layor of cpilice gel snd chrometographed as
dencribaed in Section 3.3.3.

The distribution of psdioactivity between the products of
lipolysis, after incubetion of 1hC-tr1olain with panecreetic lipase
for 5 ninutes, as shown by & rsdiochromatogrou scan of a thin
lager of silica gel, is illustreted in Pig. 6.

The formation of 1hﬁ-labelle& hydrolysis produets from 1hﬁ—
triolein by pancreatic lipsse wos deternined by individusl ine-
cubstione of 1 to 6 minutee undey the conditions deseribed sbove
(Tedble 3).

Approxinately L5 of the totel vadiosciivity wes recovered in
the FFA fraction after a 6 ainute incubstion, the rate of relesre
being almost lineer over this period {(Fig. 7). The forastion of
diglyceride reached e mexiazum of 24.3: after 4 wninutes snd then
decressed. An approximately linmeey formotion of monoglyceride wes
cbserved, reaching & level of 11.1°5 of the total rsdiosctivity
after an incubation time of 6 minutes.
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Radiochromatogram scan of the products of hydrolysis of
%C-triolein separated by thin layer chromatography.

Conditions of incubation: 5 ul substrate containing
1.4x10"% u moles triolein (1.1x10° dpm), pancreatic
lipase (0.02mg) suspended in 1ml 1M Tris-HCl buffer

(pH 7.5), 5 ul 4% CaCl , incubated for 5 min at 39°.

MG = monoglyceride, DG = diglyceride, FFA = free fatty

acid, TG = triglyceride. (See text for scanning

conditions).



TABLS 3

Foruntion of 1h€-1abell@d hydrolysic products

1L

froa C-triolein hy pencrestic lipese

(for cond?itions of incubstion soe text)

Time of ~ ra@iosctivity in each lipid
incubation froction as & = of totsl rediosctivity
(min)
Triglyceride |Patty Acld| Diglyeeride | Honoglyceride
o 100 - - P
1 78.7 e 3 Y 23
2 6L.8 16.4 15.6 244
3 5.3 21.6 17.3 649
h L3.7 26.2 2h.3 Hell
.5 28.1 371 15.5 8.3
6 28.4 LY 15.1 11.4
|
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Figure 7. Changes in concentration of labelled components when
%C-triolein was incubated with pancreatic lipase.

TG = triglyceride, DG = diglyceride, MG = monoglyceride,

FFA = free fatty acid. (See text for incubation
conditions).



On enaslysis, the products of hydrolysis, and the deteruion-
etion of the percentage hydrolynis of the cubstrate involved
either; (a) s radiochronatosron senn of the thin lanyers of piliee
gel snd planimetric measurcaoent of peck aveas or (L) scrapiog off
the appropriate arcac of the silice gel directiy into counting
vials, followcd by counting io & liquid scintillotion spoectro-
woter. DBoth tecliniquen were used throughout this study end con-
sequently it wes necessary to coapere these two analyticel
procedures.

20m]1 of strained rumen liquor wes incubated with S/ul’hc-
triolein in O.hml of enulsified pesnut oil, for differvent time
fontervels to give & rango of hydrolysis rates end thece were used
as & source of 1“0-19501100 hydrolysle producte. Tho thin layer
chrometorromne of the extracted 1lipide were firct ccanned 'y a
rodiochromatogran scanner and then the redioactive arcos were
serape” dirvectly into counting vials and counted in & liguiéd scio-
tilletion spectrometer. The two alternative proecedures geve

einilar proportions for each of the lipid couponents (Teble 4).
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ZADLS Iy

1L Deterainetion of the hydrolyeis products of
C-triolein following thin layer chromstography by:

(a) radiochrometogran scanuing end plenimetric
weasurciaent of pesk aress

(v) reuoving redionctive components and counting
by 1liguid seintilletion spectrometry

» padloactivity in each 1ipiéd coaponent
(es a £ of total radionctivity)
Coaponent Fediochronatograa Liquid Cei‘ntillation
Sean (a) Spectrometry (b)
fatty aciad 16.8 | 1548 ‘
@iplyceride b3 l L.7
wonoglyceride 1.0 1.C

The figures gquoted in Table 4 are for one set of incubstion
products. A statistical anelysic of the results of four incubation
producte gave & correlation () = 1.000 and a regreesion

(b ) = 1.0049. It is clear, that within the limits of

scan. sciat.
experimental error, both anelytical procedures gsve couparable
repsulte, snd the data obtalned from one procedure could egquelly be
applied to the other procedure.

Reproducinhility of the procedure of scintillation spectrometry
combined with thin layer chromatography was tested on four aliquots
of the same 1ipid extract prepared from sn incubation mixture.
These were separsted into reection products on thin layers of

silice gel snd areas corresponding to the loeation of each
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compounent were seraped directly into counting vials and counted in

tolucne scintillstion fluid. Table 5 illustrates the reproducidb-

11ity of four separste determinetions of 1“6 couiponents of the same

incubation mixture.

TA

Reproducibility of the determination of
1hperoentago hydrolysis products, by removing
C-labelled components from the chromatogren
and counting by liquid scintillation spectrometry

7% Radioectivity in each lipid component
(as a % of totel radiocactivity)

Aliquot | Triglyceride| Fatty Acid | Diglyceride | Monoglyceride
Ngq
1 L0.3 "M.7 5.9 2.2
2 39.4 52.8 5.8 2.1
3 39.8 1.9 6.8 1.5
h h0.0 51.8 6.!‘ 1.8

A statistical enalysie on the percentage of FFA recovered in
each cese gave a figure of 52.03 + 0.22 (X + SE_) where X is the
X

mean and SE is the standard error.

h.2.1.

The lipolytic activity of strained rumen liquor wes demon-
strated by iocubating L4uml of emulsified peanut oil with 200al of
strained rumen liquor. 5al aliquots were taken from the incubation
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triglyceride

fatty acid
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TG 0 1 2 3 4 = FA

Incubation Time (hr)

Figure 8a. Thin layer chromatographic separation of free fatty acid
and triglyceride components following incubation of
emulsified peanut oil with strained rumen liquor. TG =
triglyceride standard, FA = fatty acid standard.
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medium at 30 uinute intervale for & poriod of 4 hr, en” the 1lipid
extronoteds A qualitative aeasurs of the foruation of !''A wes
ocbtainad by separeting spproximately equivelont smounts of each
aliguot on thio layers of silies rel. It con be seen fros Plg.
8a, that '/ locreasce and triclycerice cdoereaser with time of
incubntions After 1 hr of iancubetion e cuell gusatity of U4 was
preccent and oct of the 1lipid wes in the triglycoride frection.
liowever, after & hrs of iocubotion triglyccride had aluoct dis-

appoered and [ FA wes the uajor coaponcnt.

he2e2. _usntitative goseups of lipolytic activity of

(a) Colorimotyic sgeay of fwog fatty scid reloaned

--.

A nuentitative mensure of the F'/ foramtion i1lluctroted in
the above Gecticn woo obltained by e colorietric detocminstion es
deceribed in Sections 3.2. and Lh.1., end the mrults sve presented

in Teble 6.
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ma 1 q.aor, )
Teaperature, 39Y: in nitrogen; with constant shaking

Lend 4
Aeka

Foraastion of freec foatty acid from esulsified

peanut oil, by gtreined rumen liquor

s 200:l of strainsd
il of emuleified paanut oll

[ -

Time of Free Fetty Acid (/u @oles)
Incubation (he) |Etreimed rumen liguor | Stroined rumen liguor
with substrote sithout substrate

0.0 11.28 11.34

0.5 15.20 11.48

1.0 17.04 11.56

1.5 20.L:0 12.08

2.0 2h.2lL 12.20

2.5 26.9% 12.20

3e0 29.92 - 12.60

3.5 3784 ' 13.4h

h.C 3640 - 13.60

The control cousisted of strained rumen liguor with no added

substrate.

A glight ineresce in the foretion of FFA by the con-

trol, was obsorved (2.26 moles) indicating that soue hydrolysis
of endogencus substrate occurred. IHowever the sddition of lipid
increased the FFA fomation from ﬂ.ﬁafe moles to ﬁ.&o/u woles,
the increeose being lisesr over the 4 hr incubation periocd (Fig.

&)o
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Figure 8b. Rate of formation of free fatty acid by strained rumen

ligquor. Incubation conditions: 200ml strained rumen
liquor with or without 4ml emulsified peanut oil, at 39
in N2 with constant shaking.

® with emulsified peanut oil

A no added substrate



”‘L—trioletn fo 4 2l of emulsificd peconut oil wes incubated
with 200 ul of streined rumen liquor me described in Cection 3.7.
5 wul sliquots were romoved froa the iocubstion ot 50 ninute foter-
vale over a i he period. 7The incubetion wap conducted at 39cj under
an stacsphere of nitrogen, with constent shaiing. Liplde vwere el-
tr-cted froa each aliquot apd ceparnted by thin layer chronatography.
The producte of hydrolyecie deteriined by plenimetric umeasurensnt of
racdliochroaatocran seans are given in Table 7. Approximately 505
of the total rodionctivity appeared in the Pi'A fraction efter L hr
of incubstion, the rate of formetion being linesr for 3 hr (Fig. 9).
Pigiyeoride was at & naximun level at 1 hr and subsequently de-
creaped with increesing time of incubetion. lonoglycoride wse not
datectod in this experiment but in eimilsr experimeate & smell
peak correspondins tc monoglyceride wee observed, The low levels
of dlglyceride and sonoglyceride supgpest thet rumen lipese 1is not
specific for any position on the triglyeceride molecule.

Fomaetipn of of YYc_3ebelled hydrolysis products
triclein by strained rumen liquor

{(Por iocubation conditions pec text)

p uﬂhactlvit: ia esch lipid component
Time of (ac a & of total radicactivity)
incubation , -
(min) Triglycoride | Fatty Acié | Diglyceride | Honoglyceride
0 100 - - : -
60 82.h h.h 33 -
120 6l.2 32.7 3.2 -
1& 509 5!-0 . 2.1 -
2ho 39.8 59.1 1.1 -
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Figure 9. Effect of time of incubation on the release of 1L+C—fatty
acid from %C-trioclein by strained rumen liquor. (See
text for incubation conditions).
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formation of 1“C—fatty acid from 1%c-triolein. (See
text for incubation conditions).
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5C, 100, 150 and 200 @l of strained rumen liquor (wade up to
200 al with clarificd rutten liquor) were incubated with 1hihtrlo-
lein ifo h 11 of ensulsified pesnut oil so dercceridbed 1n Section Je7.,
for four hours. 2 known slicuot of the extroeted 1ipidc wes
chiroantorraacd on thin layerc of cilice gel and the separeted 1linidad
couponents were measurcd on the chromatograa sconnere The effecte
of the strained rumen liguor concentrstion on the rate of fora-

ation of 1hc-lahellea hydrolysis produeis froa Yu

C=triclein are
shown in Table 8 and Fip, 10.

Jver a I hr incubation period, a linear mletionship existe
betvesn the asount of stralned ramen liquoy and the forastion of

he2.h. sffect of substrals coucoutention oo the yote of
Lydeolysig by streined ruyen liquor

The effect of substrete cconcentyation on the rate of hydro-
lysis of 1h0—triolain by strained rumen liguor wes investipgated
by varyiag the asount of unlsbelled carrier in the lacubation.

200 zle of strained rumen liquor was incubated with -

C=trioclein
in 52, 100, 150 and 200 nr of ewulsified peasnut oil. The fora-
ntion of products of hydrolysis es mespuredé by thin layer chron-

etogran scans are given in Teble 9.



Lffect o{ coneentra
of 14C-1abelle

TABLS 8

tion of strained rumen liqu?g on the formation
d hydrolyois procducto f£rom

C=tpriolein

(8ee text for incubation conditione)

Strained rumen

Clarified rmnen

]

. radioonctivity in each 1ipid comsvonont

liquor liquor (ee ,. of total radicactivity
(md) (m1)
T!iglycariﬂal_Fatty Aeid | Diglyeceride | ionorlyceride
50 150 T79 16.8 be3 1.0
100 100 58.9 3246 5e7 2.8
150 50 bOe5 b7.5 5.0 -
200 0 28,6 6346 2.2 1.6

..gg-
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affoet ?{;stubatmta coneentration ob the foepastion
of labelled produete of hydrolysis of
theatrioletin by streined vumen licuor

(for incubation conditions sce toxt)

mfﬁlaaeﬁvity in each 11ipid conm ot
tubstyate (as = of total radiocactivity
Councentratiocn _
{gn substrate 1 . ODOZLY-
/200 a1 Triglycaride | Fatty Acld | Diglyceride! coride
strained pusen i
Alguor)
005 32.7 61.h 3e3 2.4
Ue20 25,9 6845 3.7 2.0
G’.}ﬂ }8&5 55.2 bth 2.0
G'hg !'4‘).3 h"..-j 5&1 1 .3

Conversion of the percentage of “FA a8 8 percontage of the
totnl méimnt‘iﬂty to the equivalent aszount of 7'A in npgmw enshles
a direct comparison io be made with the initisl oubsteate concon-
tration (FPig. 11).

It is spperent thet at @ substrete concentration of 200 ag
triglyeceride /100 @l steained rumen liguor, the ensyme is slmoet
sasturated, and an appropriate substrate concentration for sssay of
enzyme sctivity ies in the pange S50-100 mgn triglycerids/100 ul
strained wumen liguor.
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Figure 11. Lffect of substrate concentration on the formation of

free fatty acid by strained rumen liquor. (See text for
incubation conditions).



Proctions from & esaple of stralned rusen liguor were pro-

pared ss described in Section 3.6., and made up $0 2 final volume
of 200 wl with clarified rumen llguor. Sech fraction wes lncubated
with § ul of emulsified pesnut oll at 39°, under sa atuosphere of
nitrogen and with constant sheking. 5 ml sliqguots were withdrswo
from esch incubastlon at 30 minute intervels over a L hy period for
the colorimetric determination of FFA (Teble 10 end FPig. 12).

The varlable leveles of FFA between fractions at zero time
(Table 10) indicates the way in which the total endogenous FFA 4n
the ruaen is distributed. The rate of foruation of FI'A was rreat-
est in the fraction precipitated by centrifuging otrained rumen
countents at 500g for 10 minutese, and this increase from 11.52/0
moles to 33.76 43 molee of FPA wes limcer during the Iy hour incu-
bation. The removal of protozoe by sedimentation of this 500g
contrifugate did not appreciably affeet the rate of FFi fommation -
in that 20.81;/51 moles of FFA was relessed in the incubation period
as coupared with 22.2&/\: moles by the original 500g centrifugate.
The protozoal frection end the 14,000g supermetent @iéd not exhibit
eny lipolytic activity and the saall incresse froa 11.44 fa aoles
to 13.60 u moles exhibited by straived rumen contents with so added
substrate, indicates some lipolytic activity of the codogencus sub-
atrate.

Sinilar trends were observed in a number of experiments, al-
though absolute values varied slightly with different rumen samples.
Appreciable veriastion cccurred in the fomation of FFA by the
14,000g centrifugate prepared from the 500g superuntant from the



TABLS 10

FPomnation of free fatty eseld fron emulerificd nosnut o0il
by fractions prepayed froa stiralned punen liguoy

(8ee text for incubation couditions)

FPree fatty sncid (/u moles)

Time of
1"?::;’°' %iigzzogl::m:g 500g eentrifurate 500g supernetant
@ SIS rotan | Toted 2eme | protoson | oMRi0008, | t00000E

040 11.u4 11.52 8.60 1.13 b9 0.15
0.5 11.48 14.28 1.2, 1.13 580 0.15
1.0 11.56 17.42 1h.00 1.12 7.12 Cal5
1.5 12,08 20,00 1h.1h2 1.13 7.04 015
2.0 12.20 22.L40 19.2¢ 1.13 8.32 045
2.5 12.20 24,96 21.92 1.12 940l C.15
3.0 12.60 28,56 2h. 32 1413 %.20 015
35 13.44 30.95 26.78 113 10.88 015
he.0 13.60 33476 29k 113 1140 0.45
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Figure 12. Formation of free fatty acid from emulsified peanut oil

by fractions prepared from strained rumen liquor. In-
cubation conditions: 200ml of each fraction incubated
with 4ml of emulsified peanut oil at 399, under nitrogen,
with constant shaking, for 4hrs. @ 500g centrifugate,
O 500g centrifugate less protozoa, A protozoa,

A 14,000g centrifugate
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firet contrifupgation. In the experiment eited, FFi fornstion by
thds froction incemased from ﬁ.ﬁﬁ;ﬂ molee to 11.LO . woles, a rice
of 6.&&;% woles indiesting considersble lipolytie activity. How
evar in severcl other inctevces thic rise was not nore than 2.00 a
aolec.

ilcropcople exsainoation of the incubotion mediun after the 4
bour locubation showed thet the protozZos resained visble in the
control sod 500g centir{fupeate but vichility had deeclined to slmost

zero in the pure protozoel fractiocn.

hnﬁ&gg

fivee it wee epparent thet oot of the 1ipalyt1c sctivity in
runen contonte wae eesoclaetod with the particulate materisl (l.c.
500g ecentrifusaste less the protozos) end the 14,000z precinitate
{containing mainly becteris), preparcd from the oririnal 500g super-
antant, it seeued likely thet wmost of the linolytice orsenisus were
c:oeely adhered to the partly dipested plant materisl in the rusen.
Conpeqguently the total ruwon contents, including the solid ingestae
werc subjoeted to hosogenimation, ae described inm Section 3.6.3%. ino
an sttenpt to detach the lipolytiec orpanisus.

To exaalne the effuet of hosogenisation, fractions separated
from straingd rumen liguor and from total rumen contents which hed
been houogenised were couparad. All fractions were made up to 200 =l
with clerified vunen liguor and incubated with L ul of smulsified
peenut oil, et 35°, in nitrogen, with constent sheking. The yesults
{(Toble 11, snd Pig. 13) show a much higher level of FFA at zero tioe
than was obseryved in the experiment sumearised in Tabdble 10. This



Bffect of homopgenisation of total rumen contente
on the formation of free fatty eeld by e 500g
supernatant and a 500g eentrifurate feaction

(6ee text for inecubation conditions)

o
Free fotty acld (/u moles )
Time of Etralned rumen liquor Homopenised ramen econtents
tne?bltion

br) Control | Total 500g 500g 500g 500z

(no atded contrifugete | supernatent | eentrifugate | supernatant

substrate)

0.0 24,00 2k, 00 22,96 2.50 17.84 6440
1.5 24,96 b T 31.20 3.10 23.5h 10.96
2.0 25.36 39.04 35456 2494 25,50 12.40
2.5 25,60 h2,24 40,08 3450 27.52 13,92
3.0 25.92 L5,92 L3.68 3.50 29.25% 15.12
3.5 26,16 L9.12 L7.52 b, 34 31.36 17.36
heO 26.72 52.30 50488 .80 33,36 18.72
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Figure 13. Effect of homogenisation of total rumen contents on the

formation of free fatty acid by 500g centrifugate and
500g supernatant fractions. (See text for incubation
conditions).

Control

Strained rumen contents

500g centrifugate
500g supernatant

500g centrifugate
500§ supernatant

g Unhomogenised

eobpPION

g Homogenised
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would be expleined by & greater amount of endogenous fetty ecid
progent in the rumen and a further production of 2.72/13 moles of
fatiy acld from endogenous poureve was obeerved ino the control
Tale 11). Howevoer levels of I'PA profuction by fractions pre-
pared from streined rumen liquor are very eimilar to those in
Tabie 10. The fomsction of FFA by the 500z contrifugate fron
strrined rumen liguor incressed fron 22.%/n moles to 50.88/u
moles of fatty acld. Cince the 500z supernatant frection hed
only formed 2.30 moles of FFA in the 4 hr inocubation period, the
livolytic activity of the totsl stralined rumnen liquor was almost
all recoverod in the S00g centrifugate.

un the other hand, the 500g supernatent prepared from homo-
genised wumen contents fomied 12.32/u molee of FPA, while the
corresponding 500g eentrifupate fomed 15.52_311 noles of FF/.

Froa thepe wesulte it is apparent thet Loasogenisaticn of total
runen contents has detached lipolytic miercorgonimas from the solid
iogesta, ensbling them to remalin suspended in the 5°0g supernatant.

be3ee

A dlrect comparison of the lipolytic activity of the fractions
prepared from rumen cootents as outlineéd in Fig. 1L was made.
Aetivity wes mscayed 1n e 6O minute lneubstion using ' 'C-triolein
in 0.4 @l emuleified pesnut oll added to 20 ml of each fraction
(1-8 1o Pig. th). After lncubation 1ipid extracte were chromato-
graphed on thin layers of silica gel and the percentage radio-
sctivity tn each 11pid component is shown in Table 12.



The results presented confirs the earlier findings that homo-
genisation increases the lipolytic asctivity of the 500g supernstent
prepered fyon rumen confentsc. A 500g centrifugstion of streined
rumen licuor (unhouogenised) resulted in sll the 1linolytic sctivity
being confined to the centrifurate, &nd no activity prerent in
subsaquent fractions prepared frow the 5°0g supernatent. lowaver
hosogenisation of totel rumen contonts resulted in the foruntion of
8.0% in the 500g supernatant which was yecovered in the 14,000g
preecipitate of this supernatsnt. Ceversl washinge of this 14 ,000g
precipitate with phosphrte buffer, and recentrifugeation to obtaln
a clean bacterizl pellet, reculted in no loss of activity.

Thic method for the preparation of sctive lipolytic bacteria,
wae ased to cbtelin otarting asterial for further isclation pro-

cedurec.
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(a) UNHOMOGENISED:;

100g Total Rumen Contents
+50m! CRL

strain.

centrifuge,

5003 for 10min

! }

supernatant
ca P

Ocentrifugate
centrifuge,

14,000g for 30min

. 4

centrifugate supernatant
® o e°"?

(b) HOMO GENISED;

100g Total Rumen Contents
+50ml CRL

homogenise, 10min

strain

centrifuge, 500g for 10min

’ '

centrifugate supernatant
@ g @ P

centrifuge,

14,000g for 30min

centrifugate supernatant
) ‘ ®°""

Pathways for the preparation of fractions of rumen
contents for incubation. CRL = Clarified rumen liquor.

(1) to (8) = fraction numbers for incubation.

Figure 14.



LARL: 12
fgégatton of lce1aberled hydrolyeis products from

triclein by fractions of totel mumen contente

(See text for ineubation conditions)

% redioectivity in esch 1ipid component

(ar - of total rediocactivity
WO e Deseription Triglyceride | Patty Aeid| Diglyceride! Monoglyceride

1 Unhomogenised 500g centrifugete 76.3 20,2 2.8 0.7
2 Unhomogenised 500g supernatant 100.,0 - - -
5 Homogenised 500g contrifugate 9.2 6.3 1.6 0.9
4 Hiomogenised 500g supernatant 89.3 8.8 1.9 -
5 Unhoaogenised 14,000g

eentrifupate 100.0 - - -
6 Unhomogenised 14,0005

supematant 10C.0 - - -
7 Homogenised 1L,000g

centrifugate 87.8 10.2 - -
3 Homogenised 14,000g

supernatant 9940 1.0 - -

anhonogenised = strained wumen liquor
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Yhe lipolytic activity of celi~frec extrocts of rumen bacteria

prepered by osmotic shock aund by high froqguency soolcation wan 23«
sained. For an pppraissl of the ceperation procedure, the 1ipoly-
tic nctiviiy of esch fruoction (1=12, in Pip. 15) wos secsured.
Turing prepearation of esch fraction, = kXnown voluse of phosphate
buffer, pil 7.0 wee added to vecuspeuded esnirifugates to ensble
divect compariccne to be usde hetween ench fraction. A % ml aliguot
of gach fraction wae ineudated with 5501 glyeceryl tri(elaata*1-1hc}
(1.4x10°80m) in hezane. o unlebelled carrler wes added but con-
ptant sheking was mainisined throuchout a 1 hour iocubaticn. Lipide
ware extrocted anc rvesction products were ceparated on thin layere
of silica el and seanned on the radiochronstorrais A control in-
cubaiion consistin~ of boile” rumen contente with no adfed substrote
phowoed no lipolytic activity.

The forantion of radicactive products of incubation, froo &
planinetric messursaent of the radiochroastogrsn scans are shown in
Table 13.

It is apparent frou Table 13 that considersble 1lipolvtic
sotivity was prosent in esch incubation, with the excueption of the
econtrol, 90,000g supernstant (#raction 10). The corresponding
supernatants after sonleation (Feaction 8) sod csmotic shock trest-
ment (Prection 12) shoved considersble sctivity. This lipolytic
activity wee retained after these frections had becv passed throuch
@ Zeitz filter, indicating that they wore free of ruumen beeteria.

Lirolytic activity is sleo present in the 14,000g supernstant
(Proction 5). When this fraction wes recontrifuged at 30,000g the
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Total Rumen Contents

homogenise, for 10min
strain (@)

centrifuge, 500g for 10min

centrifugate supernatant

@ © centrifuge,
14,000g for 30min

centrifugate supernatant
@ wash and ©
recentrifuge,
14,000g, 3X
centrifugate
(©)

(bacterial pellet)

sonicate, 2min osmotic shock
centrifuge, centrifuge, centrifuge,
90,000g for 90,000g for 90,0009 for
30min 30min 30 min
l supernatant 1 supernatant 1 supernatant
centrifugate centrifugate centrifugate @
Q ® ()
Figure 15. Preparation of bacterial cell-free extracts from total

rumen contents. (1) to (12) = fraction numbers Ffor
incubation.



gggg:tlon of 1“0—1nb9110ﬂ hydrolyeio proftucte £ roa

riolein by fractions of totel rumen countente

l

- Hadloactivity in each 1ipld componont

Fractiog
Ho. Description Trirlyceride | Fatty Aeld ?1glycar1ﬁc Jonorlyeeride
1 |Gtrained rumen contente 1146 75.0 9.8 346
(after homogenisation)

2 |500g eentrifupgate .2 59.5 b6 h.G
3 |500g superaatant 23.1 61.2 Tl 33
h |14,000g centrifugate 42.6 Ui 3 7.8 £e2
5 |14,000g supernatent 716 20.5 57 2.2
6 |14,000g eentrifugate (after washing) h9.5 h47.5 3.0 -
7 |Sonieation - 90,000g ecentrifugate B0e0 211 8.7 bhe3
8 |Sonication - 90,000g supernctiant 0067 2246 Ww.> 2.4
9 |[Comtrol = 90,000g ecentrifusrate 29.3 6540 0.8 b.9

10 |Contyol « 90,0004 superuatant 1000 - - -

11  [Osmotic Shoek - 90,000g contrifurmte 23.9 23%.2 524 -

12 |Osmotic S8hoek~ 90,000g supernatant 4745 33.8 13.8° 5.0

* {ncludes monoglyceride adirlycoride and en unifeutifie couponent which chromatogrepho

between diglyceride and fatty acid on n thin leyer chromatogram.

Tue ¢o the hiph

radionetivity in this region of the chrometorren resolution to single peake could not

be echieved,
includes diglyeeride and the cpne unidentifiod couponent mc ebove.

4
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formation of F7A was confined to the centrifugste only. This rflnding
could indicate thet the bacleria respounsible for lipolysis are ro=
lstively enzll and that the lower centrifugstion wes not sufficient
for totel precipitstion.
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Chaptor 5

DICLE LTI &

Set. Anmlyticsl Frocecurs

Ia studying the sctivity of any enzyae it is deoglirsble to heve a
relieble sod receonsbly reproducible source of cugZyw. IThis requireaent
heeo becn satisfied in the preseunt ctudy by glivin, attention to the
maintonsnce of & dletary wvepiue which could be reproduced prior to oach
sepling. In experiocats cooducted during the course of & yeor, it vap
obscrved that whon 4 nl of substrate wee incudbated with 2°C ml of rumen
liguor 6.30/11 aoles te 5.&0/0 acles of FPA were forsed per houy over a
L hr period@ of incubstion. “hen the rate of F¥2 formmtion wes necoured
radioche lenlly, 1t wec consistently found that approximstely 15 end
60 of the totml redioesctivity wes 1solsted ss ¥72 eftoer 8 1 hir nod @
L hr focudbstion, respectively.

in addition, the svallebility of s convenient essay aethod is an
importent considerstion in enzyme stadlies. Faurthersore, high sonsit-
ivity of the sseay 1o very desirsble when attecpte are bdelang usde to
purify an suzyme. Gtudlos of lipesce hove to some extent Loon haupor-
ed by the lack of a repié and reproducidble sicro-uethod for assey.
Serly workers 1o this filold (Plorve end Nowrd, 1949; Dole, 19563 Yole
and Holvertz, 1950) relied oo the titration of the rfetty ecidé products
of hydrolysie with slcoholie Haelii, after prolonged incubation of lipid
substrate with lipese. Accurscy wae limited by the fommation of other
ecidic cod=-producte of metsbolism, =nd by the possible fnhibitiom of
enzyue sotivity by the produets of hydrolysis. The introduetion of the
pHl atat euabled & continucus sutometic titretion of liberated fatty
ecide (Shoheod gt gl, 196k}, end hod the sdvsatoge thet the fnitisd




- 73 -

resction velocity could be weasured in short incubation times. How-
ever‘titration methods have the disadvantage that it is difficult to
measure lipase activity close to pll 7.0, because of incouplete
titration of fatty ecids.

Colorimetric deternination of the liberated fatty ecids haes the
advantage of incresced seusitivity over titrimetric methods, The use
of substrotes which give coloured end-products after hydrolysis, or
onee which can easily be converted to coloured products were first
described by Seligmen and Hachlaes (1950). Duncombe (1953) developed
this method to achieve 8 sensitivity of 0.05 - 0.5/u moles of FFA by
colorimetrically determninicg the formation of & complex of copper
soaps of liberated fatty ecids in chlorofora, with diethyldithio-
carbanate reagent. Although relatively time consuning, this method
woe used satisfectorily in prelialinary work for deteraining the
location of the lioolytic fraction in streined rumen liguor.

Radiochemicel methode have been developed over the lzst few yesrs
in an endeavour to schieve greater sensitivity and a more repid
analysis procedure. These methods lnvolve incubation of radiocactive
substrate and the subseguent analysis of the radioactive products of
hydrolysie. Kelley (1968) measured the formetion of ' 'C-lebelled
fatty seids from 1h0~triglycerids by adsorption on dehydrated hydroxy-
charpged lon exchange resin, and subseqguent determination by liquid
scintillation spectrometry. Other lipids were removed by weshing with
solvent prior to counting. |

A major disadvaentage of these methods is thet only the FFA can be
determined readily, and other products of hydirolysis require further
analytical procedures. Chino snd Gilbert (1955) isolated each of the
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rodioactive produets of hydrlyels by column chrometogrephy aud
weasurcd the rsdiocactivity in the coluan efflueat. It wes found in
the prosent study thet this layer chmatography of the resction mixe
ture, followed either by & radlocheuical secen and planimetric mcasure-
ment of peek arees, Oor by reuoval of the appropriate ames of the
chromatogra: end meesureucnt of the radiocsctivity by liguid scintill-
ation spectrometry, is more rapié end sensitive than the column
technique, ond at the same time retsins the advantage of following the
fommation of diglyceride and uwonoglyceride intersediates as well as
A, DBoth assay techniques were used in the present study, snd offer
a velusble extension of the published radiochemicel methods.

The lipolytic amectivity of streined rumon liguor was first ro-
ported by Garton gt gl. (1552), when & merked increase in the level of
FrA wap obgserved followiang the incubation of linseed o1l with cheep
runen contents. Under jo yivo conditions, the level of FFA present in
the rumen of & sheep et slsughter, 7 hr after the last feced was between
507 end 90% of the total lipiad (Garton gt gl., 1959). ihen 1 g of
linseed oil was incubated per 100 wl of rumen contents, hydrolyeis re-
sulted in the liberation of 607 to 90% of the esterificd fatty acid
residues from the original oil, im & 2 hr incubstion (Garton gt gl.,
1961). In this study s &4 hr lncubetion of ''C-triclein with unlebelled
pesnut oil under similer incubation conditions to Garton gt gl. (1961),
resulted in the relesse of GOX of the total FFA'ss In contrast to
these eerlier studies, the rate of FFA forastion was ressonsbly coustant
betwoen experiments, but there was & considersble veriastion in the
level of endogencus FFA present in the rumen liquor (c.f. Teble 6 snd



Table 11).

Tho formsetlon of édiplyceride snd monoplyceride intewvmedietes in
the hydrolysis of triglycoride was not cheerved in the initiel ctudies
by Garton, but Hewke and Robertson (1954) obtained chrouctogrephie
evidenee for thelr foraation. Silcock (1968) slso domonstratod the
presence of these intermediates using a siniler rediochemicel meihod
to the one deseribed in thie study. FProm the dats quoted in Chapter b
it 1isc epparent that both éiglyceride ané uonoglyeerido are foraed as
intermedietos in the hydrolysis of triglycericde by rumen liquor, but
from the low levels observed, it would eppear that they heve a trons-
1tory existence only.

rancreatic lipese hes beon ghown to be epecifie for the hydrolyeis
of primery alcohol esters (Savary and Decnuelle, 1956), end e eimiler
speeificity hee been choerved for milk lipese (Jemsen gt gl., 195C).

On the other hand, Eigings lipase (Cavary et al., 19%3) end 1li-oprotein
lipace (Eorn, 1951) do not exhibit thie epecifieity. Following the
incubation of strained rumen liguor with "‘G—nmlanic gcid in the
2-position on the triglyceride molecule, Silcock (1968) obeserved the
foruation of radioactive diglyceride end monoglyceride. The former
had & transitory existence only, but monoglyceride levels Sended to
incrensne, followed by the liberstion of the roumaining esterified fatty
acid et a slower rate. It was concluded that hyérolysie by rumen
liguor wee specific for the primary alcohol esters and that the slowey
rate of hyérolysis of the resultent wonoglyceride, was due to the
isomerication of the fatty ascid to a primery position before hydrolysis
could take place. Howevey from the resultis presented in this otudy
there eppears to be little evidence for any positional speecificity for
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hyérolysis, by rmumen liquor. Diglyceride levels recched spproximately
6% of the total radioactivity aftcr 1 hr of incubation, followed by a
deerease %o 1 = 2% of the totel radioactivity after 4 hy of incubstion.
The percentage radiosetivity in the monoglyceride fraction anpeered to
reach sbout half of thoe diglyeeride lovel, with no further increase.

The rate of 'PA foruation by strained rumen liguor wac linear
over the 4 hr period of incubation (Fig. b), anc studics on the effect
of amount of rumen liquor (Fig. 10) and the effect of substrate con-
centration (Fig. 11) on hydrolysis rate, depict typical evnzyue
characteristics. Frou Fig. 11 1t would appear that a triplyceride
concentration of between 50 and 100 mp/1C0 ml of streined rumen liguor
gives o maxinun rate of hydrolysis.

Garton (196 ) using cirfewentiesl centrifugstion of stroined rumen
liguor cntablished that ruven becterian wore wespongible for the hydro-
lyeieo of triglyceride, and consequontly it wap saticipated that the
moxiaun lisolytic ectivity would be found in the boeterial concentrate
prepared as deccribed in Gection 3.6. The results presented in Teble 6
and Table 10 are from incubations from the same rumen seaple, and they
show that the centrifugate from a 500g centrifugetion of stralned rumen
contents hes a lipolytic activity almost equal to that of the total
strained rumen contents. Eumen bacteria can be precipitated from the
S500g supernatent by a further centrifugation at 14,000g. When several
preparations of this bacterisl concentrate wmere incubeted with trigly-
ceride, it was found thet lipolytic sctivity was very low endé often
non-existent.

As lipolytic sctivity wes gecerally confined to the 500g ceuntri-
fugate of rumen contents it was poseible that rumen pmm wore the
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principel 1lipolytic orgoulisus. However, the protozos lsolated from
the particulete material by the sedimentation technique of [eald gt gl.
(1952), aié not exhibit any lipelytic activity. Furthorsore, the
l1ipolytic setivity of the perticulate fraction which remnsined after
the removal of protozos wae undiminished.

It has been established by numcrous investigators (King, 19%,
1959; Couwe and Kistner, 1965; liungate, 1965) that cellulolytie
organisus are associated with the particles of ingests, and froa the
sbove fractionation etudies it 1s likely that lipolytic becterie have
a einiler association, thus preventing their suspension in the initisl
500g supermatant.

It was found that subjecting the particulete material to homogen-
isation wes successful in transferriog sone of the lipolytic sctivity
ioto the 500g supernatent (Table 11 end Teble 12). ihen this supor-
natent was recentrifuged at 14,000 alaost ell of the lipolytic
sctivity was preciplteted in the bacterial conceuntrate.

The varylng difficulty that hes beon encountered in isolating
lipolytic organisus from the bovinme rumen could be a reflection of the
dietary regime of the animel. Lipolytie bacteris may not adhere as
tightly to food particles from & ration of grain snd hay as would be
the csse on & pasture ration, and subsequent isolation of lipolytie
bacteria by differontial centrifugation may prove satisfactory. It is
clear that for the isolation of lipolytic baecteria from the rumen of
an animal on & pesture diet, it is en advantege to detach the organisms
frou the particulate material.

A numbey of technigues have been used for the preparation of cell-
froe extracts from rumen bacteris. Kepler and Tove (1967) used a
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French pressure cell for the disruption of beeterisl eells in the
successful isolation of linoleate~12-cis, 1i1-trans iscumerase from
Butyrivibrig fibvisolvens. Sonic oscillatiocn is elno & technique that
hep been used for the preparation of cell-freec cxtrects from bacteria.
Thic has been successfully used in the preparstion of eellular sub-
unito of oxidetive phosphorylation from Mygobacteriua phlei (Brodie
and Grey, 1957). lHoseal snd Heppel (1956) released a number of de-
gradative enzymee froum Zschorichie goli by omuotie shock treatment.

The process of relesce 1s completed within sbout 1 min after contact
of the sucroee-treated cells with the shock medium. It is thoucht that
either cortain enzymes escape very rapidly throurh the sbnormslly
peraocable oell barrier, or that a2 group of enzymes in & psrticular
loestion, such as tho sac, are asctively ejected by osmotic shoeck. 1In
the present study it is Gifficult to interpret whether the released
enzyae is intracelluler or attached to the cell well. Osmotic shoek

is more 1likely to release intracellular easyues than cell-bound ensymes,
and the sctivity observed in Preciion 12 (Teble 13) would possibly
fmply that the lipese is intracellular. However, considersble sctivity
was rotained by the 90,000g centrifugate which would include cell-wall
materisl. Simniler observations were noted following osmotic shock
treatuent.

However, it is clear that both sonication ond osmotic shock have
released lipolytic enzyues into the 90,000g supematant, ae a control
incubstion of rumen bacteria subjected to contrifugation only, @14 not
show eny lipolytic sctivity in the supemmatant (Frection 10, Table 13).

Solubility of the canzymes released by the treatments described
above, has been ¢laimoed when onzymatic activity remains in the super-
netant fraction after a centrifugetion of between 120,000g and
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140,000g. In the preseont otudy the supernstants were prepared from a
90,000g eentrifugate only.

snzyaes are generolly classified os eithor, (a) esll-bound, where
the enzymes are carried sloong with the celle by such procedures as
centrifugation or, (b) extracellular, where the enzymes are rolessed
from the cell by death or lysis, or by some other meanes yet to be des~
eribed.

Lipase =activity hss often been observed in the culture fluide of
meny wiecroorganisme, and the enzyme is generally regarded se being
extracellular (Hugo and Beveridge, 1952; Khan, Chenden, Dill, and
Ghahoni, 1964; Motel, Ichishime and Yoshida, 1956). Gome extracellular
lipase=-foraing systeme slso sppear to heve s samall anount of oell-
bound enzyue. Very small suounts of cell-bound enzyme were dotected
in Geotrichum geundidun sné ighromobacter lipolyticug, but slmost egual
guantities of cell-bound and extracellular lipese were found during
the growth of Agpersillus uniger (Chendan, Carrancedo snd Sheshani, 1952).
There are few reports in the literature where intracelluler lipase
sctivity only, or extracellular lipese sctivity only, has been detected.
Hobson snd Summers (1966) isclated an unidentified organism which
appeared to produce two different enzymes, one cell-bound and the other
secreted iato the culture wedium, =nd khen gt gl (1954) reported that
the extracellular lipese from A, lipolytigus had a different pH optimum
to thet of the cell~-bound enzyme from the seme organism (Shahsnl, Samde,
Desnuelle ond Asmoulay, 1964), and is presumsbly not the seme snzyme.

From the results of the present study, it appears that the
lipolytic mm are cell-bound, and sre not relessed into the super-
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natant. Clerified rumen ligquor did not exhibit eny lipolytic sctivity
in this study, slthough the supornstant from a 14,000g ecentrifusstion
of homogenised rumen contentis (Fraction 5, Table 13) 4i1d show come
hydrolyeis of triglyceride. However o further centrifuprntion st
30,000g treneferved all the esctivity to the centrifusete, sugresting
that poseibly some of the lipolytic organisas of the rumen are very
suall beecteriam.

Selie

Hydrolysie and hydrogenation ere enzymatically controlled re-
actions (Reiser, 19%51; Garton gt gl, 196%) and the letter suthors
suggested that triglyceride hydrolyeis waes carricd to completion before
the subntirate wes releesed from the enzyse thus precluding the iso-
letion of free diglyceride or nonorliyceride intermedistes in the
hydrolysis procees. However these intermedietes heve been isolated
more recently by Hawke and Robertson (1954), Gilcock (1968), end in the
precant study.

S1lcock (1968) concluded that fatty selds were found to be wore
saturated when free in the rumen liguor then when in esterified fora,
but he 414 not discount the possibility of hydrogenation of esterified
fatty ecids. However in more precice studies (Hewke end Silcock, 1969)
it wes found thet hydrogenation can only take plece with fyee fatty
acid substrate. This finding could imply thet hydrolysis is the limit-
ing factor in the hydrogenstion of dietary unsstursted fetty scids.

The importasnce of hydrolysis to dalry products, thus becomes
obvicus. A elow rete of hyfrolysis could mesn a lower rate of hydro-
genstion in the rumen, end the subsequent appearance of inecremsed
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unsaturation of depot fats end wilk lipids, which is undesirable %o
both the meat and butter industry.

The sesponel variatione in the levels of uncaturated fatty eclds
in butterfat has been observed by a number of workers (McDowsll, Reid
end Patchell, 1957; Hawke, 1953), =ud¢ has been explained to a eertain
extent by fluetuntions in the levels of uncstursted featty selde of the
dlet. Hewke (1953) fed monozygotic twin cowe on a Adiet of short
rotation ryegrass, growm to two stages of maturity. The young ryecrese
@let contained higher levels of unsatursted fatty acids, which wore
subsenuently reflected in higher levels of unssturated fatty selds in
the milk fet. A similer effect wes cbeerved by feeding limseed oil in
addition to the mormal grass diet (¥eDowell gt gl, 1957). This increase
in uneaturated lipides of the milk fat hes been explained by decrecased
over all hydrogounation in the rumen. In the light of this discussion
however this effect may slso be explsined by a limited hydrolysie
rate.
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Chapter 6

;. 2 A ptudy hos been asde of the hydwolysis of triglyecerides by rumen
gontente ander in vitro conditions using peanut oil aud synthoetie
glyecryl tri(nlaata-i-mf;) as substrate.

2. & yadiochenicel technlgue has boen developed for assaying lipacse
activitye. The producls of hydrolysls of glyeceryl tri(olaate-‘!-‘uc)
were ceparated by thie layer chrometography ond the rediocetivity
acesured by teo alternative techniques. The eppropriete erees of the
chrouastogrsn were seraped into cousting vieles for liguid escintillation
counting, or the chronatogres wee scanned by e radiochroastogran

geanner, followed by planimetric measuresent of peeok emees.

%Z. The hydrolyois of triglycoride vie diglyceride and wonoglycsride
interuediates to frec fatly seld, by streived rmumen liguor hee been

clesrly desonstrated.

L. The orgenisme recponeible for 1linolysis appeared to be closely
acgociated with the particulete meterisl in the rumen. Afteor homo-
geanisntion of totsl rumen contente, lipolytic sctivity wos trancferred
to the bactorial pellet (14,000g centrifugate).

5. Lipolytic sctivity was found in cell-frec extracts of rumen
bacteria, prepared from & 90,000g centrifugation, after the organisms
had beou subjected to osmotic shoek trestment or sonication.



6. Thet the lipolytic enzyme(s) are intracelluler and appesr to
exhibit no epecificity of hydrolysis for fatty seide in theSor/S
poition of triglyceride has been discuseed.

Te The importance of hydrolysis ss & prerequicite for the hydro-
genation of dietary unseturated fotty acld@s hes been dipcussed.
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