Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



AN THVEHTIGATION OF LIPOLYLT!

IN THo BOVINE RUMEN

A thesis presented in partisl fulfilment of

the requirements for the degree of

Haster of Agricultursl Science

in Animal Ceience

at

Massey University,

New Zealsand.

David Graeme CLARKE
1969




The author 1s ivndebted to hie supervisor, Dr. J.C. Hawke, for
hig lavelusble advice and guidance, readily given throughout the
course of this study, both in the pursuance of this degrce end 1in
oxtye scientific trsiviang.

ip. G. Villson and the staff of the Ho. 2 Deiry Unit, are
acknonledged for the provision of anlmele end faclilitles reguired
for this study.

Special thenks are due to the Hassey University Library Ltaffl
for their aceistence, to lirs. E. Hildred and kirs. 2. 211 for the
expert typlang of this thesis, snd to lMise D. Scott end lir. V.
Herbert for the reprofuction of photographs andé figures.

Finally the suthor would like to extenéd his thanks to the staff
of Mascey University and 1o particular of the Chouistry and Bilo~-
cheanistry Department, to his wife Judith, and to all friends, for
thelr help and encouragement during this study.



Chapter
1

IRTRODUCTION
1.1 Lipssecs
felete. Terulnology
1e1.2. iiistorical
1.1.3. lethods of detection
1.1.4. Parification

1.1.5. Factors affecting velocity of
hydrolysis

1«1.6. FESubstrate specificlity
1.2. Dietary lLipide of Ruminents

1.3 Yodification of Dietery Lipids by
Rusen éiercorganisus

1310 Hydrolysis of diectary lipids
in the rumen

1.3.2. lHydrogenation of unssturated
fatty eclds by rumen fluid

1<3.3. Fermentation of glycerol and
galactone

1.4. ©Significence of Hydrolysis in the Rucsen
THs OBJ=CT OF Tis PReUSRT STUDY
HATSRIALL AND METHODG
3.1. ©Solvents end Reageunts
3+2. Aseay of Lipase Activity by the Color~
c‘?.&"?.fimmmm of Loung-
3«3. Thin Layer Chromatography
3.3.1. Preparation of thin layers

3.3.2. Preparation of eluting solveants

N W -

12
15

16

18

22

25
27
29




Boho

3. 5-
3eba

SaTe

3e8e

3ea

3«3+3. Chroaatographie procedure
Radiocheuaicnl Methods
3.li.1s Radioisotope counting

3elie2. Detersination of radionctive
couponents of thin layers

Rumen Saaplieg

Preparation of Rumen Contents for
Incubetion

3e6e1e Preparation of protoszoal and
"debris" fractions

3e5.2. Preparstion of clarified rumen
liguor snd bacterial fractions

3e5.3. Homogenisstion of unstrained
rumen contents

Incubetion Procedure for Following
Lipolysis

Teraination of Reaction and Lxtraction
of Lipia

Preparation of Cell-free Bacterinsl
Extracts

3e9.1. Osmotic shock treatnent
3<9.2. High frequency sonication

BAPSRIMENTAL AND RESSULTS

hoate

Assay of Lipolytic Activity

hetei. Preparation of 2 standard curve
for the colorimetric deteranin-
ation of freec fatty acids

relessed during lipolysis

PR of Yo ratty acta
fyon triglyceride as an
assay of lipolytic activity

b4e1e3s Bvaluation of radiochemical
techniques

32

32
33

33

35

35

-

4o

Lo




Lipolytic Activity of Strained Ruuen

Demonstration of lipolytic
activity by qualitative thin
layer chromatography

Quantitative measure of lypol-
ytic activity of strained
rumen liquor

Effect of concentration of
ptrained rumen liquor on rate
of hydrolysis

Effoct of substrate concen-
tration on the rate of
hydrolysis by strained rumen
liquor

Isolation of Rumen Lipase

Livolytic aetivity of fractions
of streined rumen liguor

The effect of homogenisation of
unstraloed rumen contents on
lipolytic asctivity

The effect of homogenisation of
total rumen tents on the
fomation of 1ahalled1h
hydrolysis products from ""C=-
triolein by fractious of rumen
contents

Lipolytic activity of cell-free
extracts of rumen bacteria

Analytical Procedure

Distribution of Lipolytic Activity in
Rumen Contents

Nature of Other Microbial Lipases

h.z.
Ligquor
h.2.1 -
h.a - 2.
h.2. 3'
!J 02 ch.

bn3.
u - 3.1 L]
bo3e2e
bo}s}o
h.j.h.

DISCUSSIOR

5.1

5.2.

S5e3a

5.&.

The Relationship between Hydrolysis and
Hydrogenation of Lipid in the Rumen

L8

L8

55

55

58

61

8 I ® W



Chaptep

6

REF S HAHCAS

&y



10

1

12

13

ljl’ﬂ Y i

Fatty acld composition of pacture lipids

Coumpocition of froc fetty aclide snd the fettiy
acide of neutrnl 1linido folloving 32 hyé@rolyeis
of linsced oil by ranen contento

Foma&on of mC-lnbolleﬂ hydrolysis producto
fron '“C-triolein by pancreatic lipace

mtemitmuon of the hydrolysis products of
C=-triolein following thin layer chromstography

Reproducitility of the deteraination perceot-
age hydrolycis produects by renoviag 1 labelled
coaponents froa the chroaatogras snd countiog by
liguid scintillation spectrometry

Fomation of free fatty acid from enulsificd
peanut oil by struolined runen liquor

Foma&g:z of mC-labellae hydrolysis producto
f rom triolein by stralned rumen liquor

iffect of oonoentrat”n of strained rumen liguor
on the forastipp of '“Celabelled hydrolysis
producte from triolein

Effect of subfﬁmta concentration on the
rorﬁ?tlon of '“C-lsbhelled producte of hydrolysis
of '“C=triolein by streined rumen liquor

Foraation of free fatty acid froa euuleified
poanut 0il by froctions prepared from strained
rumen liguor

affeet of homogenisation of totsel ramen contents
on the formation of free fatty seld by o
supsroatant and a 500g centrifugate froction

Poraafjon of U 1abe1led hyarolyeis products
from triolein by froctions of total rumnen

romagion of e _1abe11ed hydrolysis products
¢ triolein by fpactions of total rumen
contents

hi

u7

L3

51

33

f6a

67




i

oy

&b

10

11

2

“he mejor pathway for the hydwolysis of
triglyceride by lipesce

The iofluence of the caturation concentration
on the roto of hydrolysis of trisceiin by
pancyreatic lipage

Variation of the mate of hy’rolyeic of simple
r’lgwriéeﬂ with the chain leagth of the fattiy
acid

atbmay for the hydrogevation of licolenie
acid by rumon alercorganisus

The relstionship between extinetion and frec
fatty ecié lovels, for soclutions of paluitic
acid in chlorofom

Radiochronatogppa seen of the products of
nyfirolyals of triolein separated by thin
layer chroantogr:nhy

Cheages in thir concentration of lsbelled con-
poucnte when “C-trialeta was ineubated with
pencrentic lipace

Thin layer chroastogrephie separntion of free
fattly acld and triglyceride comnonents followe
ing the iocubation of emulsified pesnut oil
with etreloed rumen liquor

Hate of foruation of froe fetty scid by strained
ramon liguor

Eﬂ?ﬁ' of tlae of incubetion on the forusition
of 'HC-fatty acid from 1lhc-triclein by streined
ruman ligquor

Bffeect of aaount strained runen nﬁmr on
the formation of ~fatty acié fron '"‘C-triolein

Bffect of substrate conceniretion on the forn-
ation of free fetiy acid by strained wnen liguor

Pomation of frec fotty aecid froa omaleified
peanut oil by feections prepeved from stroined
rasen liquor

11

11

26

bt

b3

L9

8



13

11

15

=ffoct of houogenisation of total rusen con-
tents on the fomuation of free fatty acid by
500g centrifucate and 500g supernatant
fractions

Pathwaye for the preparstion of fractions of
rumen contents for incubation

Preparation of bacterisl cell-free extracts
from total rumen contents

63

69



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
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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).





