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CHAPTER 1 

INTRODUCTION 

Lipid metabolism in the run:ina.."lts and significance of hydrolysis 

and hydrogenation in the =wnen·. 

The digestion pattern of ruminants differs f r om other mammals in 

that t he food of ruminants is subjected to a microbial ferment ation in the 

rumen before passing into t he true stomach . Carbohydrates , proteins , 

organic acids and many other food constitaents are attacked by the micro­

organisms in the rumen and as a result short- chain fat ty acids (VFA) , CO2 , 

CH
4

, NH
3 

etc . are pr oduced as the end product of microbial metabolism. 

This ruminal fer~entation has a considerable effect on the metabolic 

pr ocesses of the animal and moreover . the functions of the rumen micro­

organi sms are intimately associated with certain metabolic disorders of 

the ruminant (Bryant , 1959) e . g . Ketosis, bloat e tc. It is now gener ally 

believed that the organisms of functional significance in the rumen are 

pr otozoa and bacteria which ure capable of growth under the anaerobic 

conditions pr evailing.. The rumen provides an ideal anaerobic enviro!lIDent 

f or a large and diverse microbial population at a temper atur e of 39°-40°c , 

The pH of the ingesta is slightly acid and the bacteria are adapted to 

live between pH 5. 5 and 7.0 (Hungate , 1966) . 

It is apparent from earlier studies that the lipids of ruminants 

differ in several r espect s from those of non- ruminant herbivorous animals 

in particular. Occurrence of unusua l ly high proportions of stearic acid 

and the presence of~ acids and isomeric forms of ol eic , l inoleic and 

linolenic acid in depot f a.ts ..and tissue lipids are peculiar to ruminants, 
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Furthermore milk fat of ruminants contains a number of branched- chain 

fatty acids and a mixture of volatile fatty acids . These differences in 

the lipid composi tions of ruminant animals from those of non- ruminants may 

be explained by ~he fact that the microorgFU1isms in the rumen can effect 

extensive cha!1ges to the dietary lipids . These changes include the 

hydrolytic release of esterificd fatty acids (Garton et a l ., 1958, 1959 

and 1961 ; Wright, 1961) and the hydrogenation of unsaturated fatty acids 

(Reiser, 1951) . :Secaus(:; of the high content of c
18 

- unsaturated fatty 

acids in the most common feeds of ruminants , the microbial activity 

results in the accumulation of free stearic acid as the end product of 

complete? hydrogenation aJ1d geometrical and positional isomers of oleic , 

linoleic and linolenic acids as the end product of inccmplete hydrogenation 

(Shorland et al . , 1955 and 1957) . At th,:, same time, hydrolysis of 

triglyceride and galactosyldiglyceride make glycerol and galactose 

available f or f ermentation by the rumen microorganisms . The products of 

glycerol fermentation by the microorganisms are CO
2

, acetic acid , pro­

pionic acid and butyric acid. The rate of utilisation of glycerol , 

calculated t o be at least 0.065 ;u moles/ml/min . , is due to bacterial 

metabolism (Wright , 1969) . A mixtu:".'E: of acetic , propionic and butyric 

acids results from the fermentation of galactose by several rumen 

bacterial species (Hobson ana. 1f:ann, 1961) These VFA further undergo 

metabolic changes to pr ovide extra energy to the animal . Very little , if 

any degradation of l:ih::m.ted long-chain fatty acids from the hydrolysis of 

lipids apparently takes place in the rumen . There is no evidence that 

acids of chain l engthc16 and greater are absorbed to any appreciable 

ext ent from this part of the alimentary t r act (Garton et al ., 1961 ; 

Hobson and ~Iann , 1961; Wood et al . , 1963) . 
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Little or no r esemblance between the fatty acids of dietary fat e..nd 

the fat in the rumen indicates tha t extensive modi fication of dietary fat 

by the rumen microorgp...nisrns occurs in the rumen. Lipid content of digesta 

which passes from the rwnen t o the small intestine via the true stomach is 

mainly long- chain fatty acids, in particular s t earic and olei c acid. 

TheGe fatty acids , r eadily 1:..bsorb from the small i nt~?stine , form a con­

siderable proportion of the fatty 2.cids in the lipids of thoracic - duct 

lymph which drai ns into systemic circulation (Garton, 1967) . 

It was noticed that depot fat of steers and goats contained more 

stcaric acids and l ess oleic acids on diets cont~ining triglyceride rich 

in c18 unsatur1:.t0d fatty acids . Hydrogenation of unsaturated fatty acids 

in the:: rumen was first observed by Reiser (1951) . This process attributed 

to the deposition of stearic acid in the depot fats which ar ose from 

bacterial hydrogenation of c
18 

unsabrated fatty acids. Linolenic acid 

is &.lmos t absen t from the depot fats of ox , sheep in contrast t o the non­

ruminants which contains a very high proport ion of linolenic acid in their 

depot f a ts (Shorland, 1952) . Linolenic acid, the predominant fatty acid 

constituent of pasture , appeared only in traces in the depot fats of 

ruminants. A particularly effectivG hydrogenation in the rumen has been 

observed by Shorland et al . ,(1955) . They found tha t more than 50'/o of 

linolenic was converted into stearic '.:lcid. The presence of trans acids 

in the ruminant depot fats (Hartman et al ., 1954) was explained on the 

basis of bacterial action i n the rumen. Incubation of linol enic , lino-

leic and olcic acids under CO2 with sheep rumen contents r esulted in the 

pr oduction of stearic acid, trans and positional isomers of unsaturated 

acids as wel l (Shorland et al ., 1957) . 
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Depot fats of foetal lambs do not contain such a high proportion of 

stearic acid as the maternal ewe (Body and Shorland, 1964/• The young 

animal was found to absorb dietary unsaturated fatty acids into its depot 

fats, which demonstrates t hat the development of an active rumen is 

essential for hydrogenation of unoaturatod fatty acids (Siren , 1962) . 

Ogilvie et al. (1961) studied the effect of duodenal administration of 

linseed oil on the composition of ruminal depot fats and observed t hat the 

main fatty constituents of the oil - linoleic and linolenic acids are 

capable of being deposited in the depot fats . Normally those fatty acids 

are in the range of 1 to 2%. A distinct increase in proportion of 

stearic acid of both milk fat and adipose tissue was observed when soybean 

oi l was fed orally to cows but on intravenous i njection of the oil , the 

proportion of polyunsaturated acids in milk fat was increased (T9ve and 

Mochrie , 1963) . 

Of the known naturally occurring fate, the ruminant milk triglyce-

rides are among the most complex in fatty acid composition . The l ow 

concentr ation of polyunsaturated fatty acids in ruminant milk fat and 

adipose tissue fats is primarily due to biohydrogenation of dietary c
18 

di- and tri- unsaturated fatty acids t o more saturated forms by the micro-

or ganisms i n the rumen . However , higher levels of unsaturated fatty 

acids in milk fat were observed when monozygotic twin milking cows wer e 

grazed on young ryegrass (Hawke , 1963) whi ch contained more l ipid and 

more unsatura ted fatty acids than mature ryegrass (McDowell et al., 1961) . 

This i ncrease in unsaturated lipids in the milk fat was related to the 

higher levels of unsaturated acics in the diet and the consequence of a 

decrease in the overall hydrogenation in the rumen. On incubation of 

linoleic acid with rumen cont ents , the product of hydrogenation•.by the 
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microorganisms were mainly oleic aci d with a small concentration of stearic 

acid . This was explained on the basis that high concentration of linoleic 

acid comple:tely inhibited the conversion of oleic acid to stearic acid 

(Moore et al ., 1969) . Recently it has been shown that lipolysis and 

hydrogenation in the rumen can be controlled by protecting the lipids from 

the action of li.pases and hydrogenases (Scott et al. , 1970). When 

formaldehyde treated polyunsaturated lipid-protein complex were added to 

the diets of ruminants the proportion of polyunsaturated acids in the 

plasma increased from approximately 4% to 25-jc)% within 24 hours post 

feeding and led to an increased incorporation of these acids into glyce­

rides of milk and body fats . 

An i nc reased yield of stearic and ol ei c aci d was observed in milk 

fat when cows were f ed oil containing stearic , oleic , linoleic and lino­

lenic acids or these acids in free f orm (Starry, 1970) . Starry et al. 

(1967) supplemented the diet of cows with coconut oil and observed an 

increase in the concentration of l auric and myristic acids in plasma tri-

glyceride and in the amount of these acic!.s in milk fat . A variable 

relationship exis t s between the dietary intake of pal mitic acid and its 

yield in milk fat (Starry, 1970). The addition of lipids to the rumen 

influences the pattern of fermentation of other dietary constituents 

(Robertson and Hawke, 1964a; 1964b) which in turn way have impbrtant 

effects on the metabol ism of ruminants . 

The food of grazing ruminants is mainly of pasture species such as 

ryegrass, clover etc. and to a lesser extent the leaves of many other 

plant species. Although the lipid content of leaf tissue is only about 

5 to 1~ of the total dry matter, the quantity of lipid consumed by adult 
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ruminants is quite significant - for example , a. cow eating 100 lb. of 

pasture daily will ingest approximately 500g of lipids and during the 

period of pregnancy , lac tation and stall-feeding it may r eceive a diet 

which pr ovides 1 kg of lipids daily (Garton , 1967) . 

L 2. . Rebtionship between hydrolysis and hydrogenation i n the rtlf.len . 

'fhe two main tY1JG S of enzymatic reactions which dietary lipid 

under goes in the r 1.lllcn are ; 

(i) r e lease of the constituent fa tty acids ( Gerton et al., 1958) 

(ii) hydrogenation of unsaturated fatty ac ids which are the main 

fatty acid components of plant lipids (Weenink , 1961) . 

Comparisons of the degTee of satu£ation of the fr ee fatty acids Elnd. the 

esterified lipids of rumen contents suggest that bioh;ydr ogenation of the 

fre e fatty acids does not occur until they are hydrolysed from dietary 

glycerolipid ( Garton et a l., 1961; Hawke and Robertson , 1964; Patton and 

Kester , 1967) . The r equirement of f.ree fatty acid subst r o:LE:: in 1:-he r umen 

was fur t her confirmed by Hawke and Silcock (1 969). In more precise 

studies, i nvestigation of the r ate of lipolysis and hydr ogenation was 

carri ed out by the use of a s;ynthetic triglyceride 2 (1-14c) linolenoyl -

3 - oleoyl - 1 - palmitoylgl ycer ol in incubation with rumen content . 

(Hawke and Silcock , 1970) . The authors found no detectable hydrogenation 

products in t he triglyceride fracti on 1'!hich r emained unhydrolysed and in 

the partial products of h:rdrolysis wher eas hydrogenation of ( 1-14c )­

linolenic acid occurred in the free f a tty acid fraction producing a mix-

ture of 14c - stearic , monoenoic and dienoic acids . From these evidences 

it was concluded that biohydrogenation of unsa turated fatty acids of 

di etary lipids in the rumen proceeds only aft er the fatty acids have been 

removed from ester combination by lipolysj_s. Consequently, the extent of 
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hydrogenation of u..~sa turated f a tty acids is dependent on the activity of 

lipolytic microorganism in the rumen. 

_1..3. Lipases 

1.3.1. Terminology 

A group of esterases , called lipases , are of primary importance in 

catalysing the hydrolysis of glycerol es ters of fatty acids to fatty acids 

and glycerol. Usually the term lipase refers to any enzyme which hydro..,. 

lyses various esters . The report of th8 com.mi ssi on on enzymes of the 

International union of Bioch0rnistry (1961) defines lipase (E.C.3.1.1.3) 

as a "glycerol ester }zydxolase" and the use of emulsified substrates are 

r ecommended because they are active in heterogeneous systems (Sarda a.nd 

Desnuelle , 1958 ) whereas estrases seem to hydrolyse substrates in solution 

(Aldridge , 1954) . This distinctior, between lipases and es t erases does 

not imply to a different catalytical mechanism between the t"·o groups of 

enzymes (Oosterbaan and Jansz , 1965 ) . The R.bove commission further 

defines a unit of lipase as being the,t amount of enzyme whi ch, acting on 

an est er emulsion under the condi t i on of the test, libsetes 1 micro-

equivalent of acid per min . The emulsion should be of such nature that 

gives the maximum reaction rate. 

Lipases are widespread in plants, animals and microorganisms . 

Pancreatic lipase has been the most ext ensively studied and our knowledge 

of the mechanism of lipase action is almost entirely derived from studies 

on pancreatic lipase . 
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Detection and isolation of lipolytic organisms 

From the rumen 

It has been shown that triglyceride of long-chain fatty acids can 

be rapidly hydrolysed by mixed rum0n microorganisns (Garton e t al., 1958; 

1961; Wright, 1961). Hobs on and l,Ia..'1Y1 (1961) detected lipolytic organisms 

from the she c,p rumE;n by diluting fresh rumen contents into various media 

containing linseed oil. For the detec tion of total acidity , extraction 

of fa tty acids was f ollowGd by thHir titration with ethanolic NaOH solution. 

Alternatively, clear zones around the colonies in linseed oil-agar or tri­

butyrin- agar roll tube were taken t o indicate lipolysis or esterase 

activity. The isolated lipolytic bacteria were strictly anaerobic 

curved Gram-negative rods and were active in the hydrolysis of tributyrin 

and linseed oil as well as f ermentation of glycerol, T:ie lipolytic 

bacteria did not utilise the liberated long-chain fatty acids, a finding 

there is in agreement with the observation of Garton et al. (1961) , The so 

bacteria appeared to be nomal inhabi tants of the sh2ep- rumen when the 

animals were fed a number of different rations . They differod from all 

known species in their limited fermentation reactions but morphologically 

they v:ere similar to many types of rumen bacteria. The authors sucgested 

that these bacteria were amongst tlw more important lipolytic bacteria in 

the rumen. Hobson and Swnmers (1966) studied the relationship between 

growth rate and the activity of a lipolytic bacterium isolated from the 

rumen and in batch culture observod that lipolytic activity was associated 

with growing cells, 

B) From various sources 

A detailed review on earlier work for the detection and isolation 

of microbial lipases have been published by Lawrence (1967a). However, 
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Fryer et al. (1967b) described two double layer techniques for the detec-

tion of lipolytic organism in which the organisms are grown on nutrient 

agar overlaid on; 

i) tributyrin agar, or 

ii) a thin layer of I'lilk fat saturated with victoria blue. 

Using these two techniques t he authors tested 22 strains of Gram-positive 

cocci, 20 strains of Gram-negative rods, and 3 strains of micrococci for 

the lipolytic activity . These techniques offerred the advantages that 

there was no danger of inhibition of microbial growth by dyes or substrates, 

the rate of lipolysis could be followed from the beginning of incubation 

and the colonies recovered after detection . If necessary the organisms 

could be grown on a carbohydrate media . The tributyrin-agar method has 

the further advantage tl2t the sensitivity of the assay could be increased 

by decreasing the concentration of tributyrin. 

Nature of nicrobial lipases 

The ability to produce some extra-cellular lipase appears to be a 

general property of most , if not all, growing bacteria under suitable 

conditions . Although the extent to whi ch lipase is formed varies very 

considerably even between strains of the same species of organisms 

(Lawrence, 1967a) and is markedly influenced by different nutritional and 

physical conditions (Lawrence et al., 1967b). Extracellular lipases are 

found in the supernatant fluids of cultures of Pseudomonas fragi (Alford 

and Pierce, 1963; Mencher et al. , 1965; Mencher a!'ld Alford, 1967; 

Lawrence et al., 1967b; Lu and Liska 1969a), Micrococcus freudenreichii 

(Lawrence et al., 1967b), lactic acid bacteria (Fryer et al., 1967a), 

Staphylococcal lipase ( Tirunarayanan and Lundbeck, 1968; Vadehra and 

Harmon, 1969). Most of the organisms considered to produce extracellula.f 
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enzymes are Gram-positive bacteria (Pollock , 1962 ). Some or ganisms 

capabl e of pr oduc ing extracel lular lipase appear to contain a smal l amount 

of cell~-bound enzyme (LaVJrence et al., 1967b). Presence of the latter was 

explained cm the basis of the ineffi ciency of tb,~ lipase f orming systGm to 

release nost of the new enzyme into the culture fluid with no specific 

intracellular function (Lampen , 1965). Dc1.ring the growth of P.rogueforti 

and Asperigillu s niger the prosence of almost equal quantities of cell­

bound and extracellul ar lipase was observed (Chand.an e t al. , 1962) . 

There are r eports where extracellular lipase have different opti mum pH 

(Shahani et a l., 1964) to that of cell - bound l i pase from the same organisfi'l 

(Khan et al., 1964) . The rumen bacterium reported by Hobson and Summers 

(1966) was found to produce two enzymes - an esterase associated mainly 

with the cells and a lipase which mainly secr eted into the culture medium. 
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Figure 1. The lipase (A) and esterase (B) ac­
tivities of cells (o) and superna­
tants (l)from a continuous culture 
growing at different rates. Sub­
strates, naphthyl stearate (A), naph­
th;rlacetate(B). Superimposed on A 
is a 6raph of the steady-state cell , 
concentrations at different growth 
rates (Hobson & ~'ummers, 1966). 
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1. 3.4. Induced and noninduced lipases 

Enzymes in some microorganisms are not formed by a genetic system 

if the substrate of the enzyme is absent e .g . lipases are synthesised in 

candida paralipolytica under the influence of inducer lipids and related 

substances (Ota et a1. , 1968) whereas the enzyme was undetectable in non-

induced microorganisms. Lipase production by Torulopsis ernobii was 

increased markedly on the &ddition of f ats , oils and higher fatty acids to 

the base medium at concentrations of 0.2 - 0,6% (Yoshida et al., 1968 ). 

The fonnation of lipase by some microorganisms are not inducible 

i.e. lipases are formed by organisms in the absence of lipid in the 

medium. Micrococcus freudenreichii and Pseudomonas fragi produced lipase 

in media free of triglyceride substrate (Lawrence et al., 1967b) .• 

However, low concentrations of t ributyrin or trioctanoin did not show any 

significant effect on lipase production although higher concentrations 

were inhi.bi tory. 

1.3.5. 

A) 

Purification of lipases 

Pancreatic li}ase 

Pa..ncreatic lipase is capable of acting on emulsified (Benzonana 

and Desnuelle, 1968) and micellar (Entressangles and Desnuelle, 1968) 

substrates. Attempts have been made by many investigators to purify the 

enzyme. Since 1957, Desnuelle and his colleagues in Marseilles have 

contributed remarkedly in the purification of hog pancreatic lipase . 

Their earlier methods involve extraction of lipase from pig pancreatic, 

its selective precipitation with (NH
4
)to4. and acetone followed by 

electrophoresis on starch . Enzymic activity was followed by potentio- · 

metric titration of fatty acids liberated from emulsified triglyceride . 
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TABLE 1 

Effect of li12_i_cl_?Jid r elateq. S);l.bst_8!}ce13 

0n the growth and lipol yti c a ctivity of Candida paralipolytica 

(Ota et a l., 1968) 

Addition Lipase Act. Growt h 

(1% ~) (0 . 05 M- NaC!H ml) (Packed vol . ml ) 

None o . oo 0.103 

Castor oil 2 . 17 0. 035 

Olive oi l 0 . 85 0 . 152 

Soybean oil 0 . 48 0 . 176 

Linseed oil o . 52 0 .199 

Rapeseed oil 0 . 35 0 . 163 

Coconut oi l 0 . 03 0 .146 

Tung oil 0 . 05 0 . 001 

Lard 0 . 42 0 . 110 

Triacctin o . oo 0 . 074 

Tri- n- butyrin o . oo 0 . 055 

Tripalmitin o . oo 0. 096 

Tri stearin 0 . 02 0 . 102 

Triolcin 2 . 33 0 . 080 

Monolein 0 .12 0 . 038 

St earic a cid 0 .01 0 . 182 

Linolcic acid 0 . 05 · 0 . 078 

Tween 20 + 0 . 58 . 0 .119 

Span 20 + 1.25 0 .070 

n- oc t anc * o .oo 0 . 036 

n-Dodecane * o.oo 0.020 

Pcntene 2 * o .oo 0.001 

Octadecene -1 * 0 . 02 0 .100 

Cyclohexane * o.oo 0.001 

Saponin + 0.13 0 . 009 

Cholesterol+ o . 66 0.104 

* 
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They obtained a 35 - fold purification with a yield of 3CY/o with respect to 

the initial extract or a 63 times purification with a yield of only 3% 

(Sarda et al ., 1957). A 135 - fold purification was achieved with an 

overall yield of 20% when differentia l absorptions of lipase on tricalcium 

phosphate and an aluminium hydroxide and zone electrophoresis at pH 5.25 

in st2rch columns were used . The purest fraction appeared to be homo-

geneous by both chromatographically and electropharetically (Marchis-

Mouren et al ., 1959) . The procedure seemed to be time comn;ming and in 

each preparation not more than 1 mg of purified lipase could be obtained. 

Use of lyophilised supernatants of f resh pancreas homogenates as the 

starting material improved the purification technique . The lipase peak 

obtained by DEAE-cellulose chromatography was dialysed and then lyophilised 

and chromatographed on Sephadex G-200 . This lust step fr ee d the enzyme 

from all remaining nucleotides and some protein impurities but the 

specific activity of the final product (60 to 65% lipase ) did not increase 

due t o inactivs tion of lipase during dialysis or lyophilis~tion (Benzonana 

et al. , 1964) . The techniques described so far for the purificg tiori of 

pig pancreB.tic lipase sui]ply insuffic::. ent enzyme to allow studies of 

structure . However, Sarda et al. (1964) described more sa tisfying 

techniques comprising centrifugation of pancre2.s homogenates at 100,000g 

for 60 min ., lyophilisation of the clear extract to give a stable powder, 

(NH
4

)
2
so

4 
frnctionation of this powder follovrnd by filtration through 

Sephadex G-200, during which the lipase shoi;-Jed an abnormally high rate of 

migration and was highly purified during passage through the column. 

Verger et al . (1969) purified two lipases existing in porcine pancreas and 

pancreatic juice by a method involving the folloiing steps: delipidation 

of pancreas homogenates by solvent extraction , fractional (NH
4

)2so4 
precipitation, removal of an acidic phosphatide by extraction and partition 
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between butanol and (NH
4

) 2so4
, chromatography on DEAE- cellulose at pH 9 . 0, 

gel filtration with Sephadex G-100 foll owed by the separation of t he two 

lipases by chromatography on CU-cellulose . 

r elatively large scale . 

TABLE 2 

This procedure was used on a 

Tulai 11 st~:Q.§.._5?f _lipase __ p~rif~ca ti_on 

(Eenzonana e t al., 1964) 

Steps Lipase Enzymes i n the fractions 

(gm por 100 gm protein) 

Total Estimated Recovery Sp. Ac- L:ipase .Aley"Jase Chymo- Tr;yp-

fumber Weight mg tivity tripsi- sinogen 

Units nogen 

Pancreas 25 x105 27>3 90 

homogenates 

300g 
c:: 

Supernatant 22. 2 xl0_.1 248 100 125 1. 4 6 . 3 10 . 8 15. 0 

(NHJi30 4 
21.8xl05 243 98 180 2 . 0 6 . 8 4,7 8.2 

prcci-pita te 

Acetone 14 . 5x105 161 65 880 9 . 8 3. 7 0 . 8 4 . 5 

precipitate 

D:0\E- Cellu- 6.2x105 70 28 5,5m 6 . 1 0 . 7 o.o 0 . 0 

l ose chr\)-

matography 

B) Microbial lipases 

Earlier et t empts to purify microbial lipases were carried out by 

precipitation with ehtanol followed by electrophoresis (Fiore and Nord, 

1950); precipita tion with (NH4)2.so
4 

absorption on calcium phosphate gel 

and chromatography on calcium phosphate-celite 535 (Tatsuoka et al . , 1959) . 



- 15 -

In the l ast few years sephadex, polyacrylamide gels, DEAE-cellulose have 

been successfully used for the purification of and characterisation of 

lipases. 

Rhizoous arrhizus lipase was purified by fractionation through 

Sephadex G - 100 followed by ultracentrifugation and then again chroma-

t ography on sephadex G - 100 . The lipolytic fraction was concm1tra·~ed 

under reduced pressure, r ecycled on a smaller column and lyophilised 

(Laboureur and Labrousse, 1968). Partial purification of Micrococcus and 

Pseud.omonal lipase was achi eved by (~m
4 

)2s0 
4 

precipitation of culture 

supernatant and then filtration by Sephadex G - 100 and G - 200 

(Lawrence et al ., 1967b). Sephadex G - 100 was used for the purification 

of concentrated Staphylococcal li:p~se (Tirunarayanan and Lundbeck , 1968 ). 

Lipase from Pseudomonas fragi was purified by frnctior1ation of th8 

cu.lture supernatant v;ith (mr
4

)2so
4 

and acetone precipitation. Filtration 

through sephadex G - 200 followed by DEAE-cellulose chromatography gave 

further purification. The purifi ed llpolytic fraction was el ec trophore­

tically homogeneous. The yield was 1. 3% of the original activity v.H:h a 

specific activity 100 times that of the starting culture filtr~t e s 

(Lu and Liska, 1969a ) . 

Purification of lysolecithinase from the rumen 

Attempts to obtain cell-free lipolytic enzyme preparations from the 

rumen bacteria have so far not been successful although a soluble enzyme 

preparation of washed rumen microorganisms was obtained by Dawson (1959) ._ 

The enzyme was purified by (NH
4

)2so
4 

pr ecipitation and adsorption on 

calcium phosphate gel . The pm,ified enzyme thus prepared was readily 

active in the hydrolysis of lysolecithin . 
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Methods of determining lipase activity 

The r a te of lipolysis can be followed by measuring the rates of 

disappearance of triglyceride or the rate of fat ty acid production. 

Measurement of the formation of glycerol, mono- and diglycorides is more 

difficult for following the rate of lipolysis and is not commonly used. 

A. Col orimetric methods 

The methods described by a number of inves tigators for the colori­

metric micro-deter mination of fatty acids depend on the formation of a 

copper soap 0f the fatty acid , its extraction into an organic solvent 

followed by the estimation of copper (Iwayama , 1959; Baker , 1961; 

Duncombe, 1963). Coppr:r may be r eplaced by cobalt which is then dcter-

1:1ined with <I..- nitroso - (3 - naphthol (Novak, 1965). The colourGd 

complex with free fatty acids was formed by the use of rhod.amine Band 

uranyl ion and the complex was extracted into toluene and measur ed colori-

metrically (Mackenzie et al ., 1967). Mahadevan et al. (1968) showed that 

the sensi ti vi ty of Duncombe I s procedure could be increased b;y- the use of 

1,5 .dl4?he;nylcarbohydrazide as colour complex agent in place of diethyl-

dithiocarchrunat e . Meyer-Bertenrath and Kaffarnik (1968) described a 

method for moasuirng the lipase activity in the serum and other fluids by 

using dilauric acid ester of fluoresce ine as substrate . As this ester is 

colourless and non-fluorescent, hydrolysis of the ester liberates fluore­

sceine which can be determined precisely by colorimetric or fluorometric 

techniques . 

B. Titrimetric measurements of liberated fatty acids 

Several methods which have been described for measuring lipase 

activity in the hydrolysis of triglyceride are based on the titration of 
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liberated free fatty acids with 11lcoholic sodium hydroxide solution 

(Dole- 1956) . Hobson and Ma.rm (1961) used this method to measure the 

li})olyt ic activity of rUJ110n microorganisms grown in media containing 

linseed oil . At the end of incubation period the whole culture was 

aci dified , extracted with ether and the to t al acidity determined by 

titration wi tl1 sodiu.'Il hydroxide solution . A similar pr ocedure was 

carried ou t for studying the lipolytic acti,,i ty of Staphylococcus aureus 

(Vadehra and Harmon , 1965 ) • Im.tead of using t he organisms themselves, 

disintegrated cells or cell-free sur,ernatants of the growth medium have 

been incubated with triglyceride . ~ther extr acti on followed by the 

t i tration of liberated free fatty a cids with ethanolic sodiwn hydroxide 

deter:r.i ined the t otal acidity (Alfor d and Pierce, 1963) •. 

The continuous automatic titr ati0n of the fatty acid produced by 

the action of lipase on an appropriate substrate in a pH - stat has been 

used by many investigat orn (Shah and Wilson, 1965 ; Lawrence et al. , 1967b; 

Tirunarayanan and Lundbeck , 1:)68; Downey and Andrews , 1969) . The major 

advantage of this procedure is that the j_ni tial velocity of lipolysis can 

be measured v1ithin a. short period of incubation and no extr action of free 

fatty acids is involved . However, this me thod suffers from a drawback, 

that it is difficult to 1aeasure the lipase activity at pH < 7 . O perhaps 

due t o incomplete titration of l ong-chain fatty acids , and the method 

cannot be used t o foll ow the lipol ysis in a buffered culture :nedium 

(Lawrence, 1967b) . 
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Figure 2. Potentiometric test for the deter­
mination of lipase -activity. The 
figures indicate the relative amounts 
of lipase used in each assay 
(From Desnuelle , 1961). 

C. Manometric r.iethods 

)lanomenic methods have been described (Aldridge , 1954 ; WiEs , 1961) 

to follow the ra~e of fatty acid production by determining the rate 0f 

liberation of CO2 from a bica=bonate buffer. Tt.e technique can be used 

as an alternative to the pH - stat but insoluble fatty acids do not readily 

liberate CO2 from the bicarbonate buffer (Lawrence, 1967b) . 

D. Clarification or turbidimetric method 

A rapid turbidimetric method has been devised by Rottem and Razin 

(1964) in which the lipolytic activity is followed by measuring the rate 

of clarification of the tributyrin suspension. As the hydrolysis of 

tributyrin proceeds, the products of hydrolysis e . g. monobutyrin , glycerol 

or butyric acid become water- soluble . So the rate of clarification of 

tributyrin suspension is a direct measurement of the rate of disappearance 
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of triglyceride. The method is also applicable for higher triglyceride 

( Grossberg £1. al. , 1953). A thin-layer agar rliffusion technique devEloped 

by Lawrence et e.l.. (1967a), permits the rapid quantitative comparison of 

the relative acti vities of lipase preparation age.inst low concentrations 

(0.1% ~ ) of triglyceride, usually tribut;yrin. Because of the solubility 

of monobut~Tin, glycerol and butyric acid, lipolytic activity produced a 

zone of clearing a:cound a hol e containing the enzyme solution which was 

made in solidified tributyrin-agar emulsion . 

E. Radio-chemical techniques 

The radio-chemical t E:c chniques recently developed f or f0llowing the 

lipolytic activi ty involve separati,x, of the products of hydrolysis of 

radioa,cti ve triglyceride and unreacted triglyceride followed by the mea­

surement of radioactivity of individual components. 14c - triolein is 

used as test subs trate it is readily emulsified and is available- commer-

cially . Chino a..YJ.d Gilbert (1965) used a f'lorisil column to separate 

monoglyceride, di glyceride, triglyceride and free fa tt;y acids . Clarke 

and Hawke (1970) separafr,d the products ty thin-layer chromatography on 

s ilica gel. The radioactivity of each component w2.s measured by two 

alternative t echniques ; 

(a) T:.1e chromatogram was scanned by a radio chromatogTam scanner 

and the peak areas vrerc measured planimetrically 

(b) The appropriate areas of each component were scraped into . 

counting vials and counted in a liquid scintillation counter. 

Finally, a radioactive assay procedure for triglyceride lipase described 

by Kaplan (1970) was based on the differential extraction of triglyceride 

and fatty acids by alkaline solvents followed by the measurement of radio­

activity in a Packard TriCarb Scintillation counter. 
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1. 3. 8 . Specificity of lipases 

The hydrolytic activity of a lipase may be influenced by the nature 

of the alcohol moiety and the structure of the fatty acids . In addition, 

the effect of the stereochemistry of substrates such as triglycerides must 

be considered. 

A. Effect of alcohol moiety 

Some studies have been made on the rate of hydrolysis of esters of 

different alcohols by microbial lipases . Lipases from Pseudomona.s fragi 

hydrolysed methyl butyrate - the rate of hydrolysis was about one-

fifth the rate of triolcin and one- thirteenth that of coconut oil (Lu and 

Liska, 1969b) . A weak esterase activity found in the lipase preparation 

from Rhizopus delemar would be considered to be due to the activity of 

lipase (Fukumoto et al . , 1964) . A partially purified lipase of Micro-

coccus freudenreichii was active against Q - nitrophenylbutyrate and 

emulsified triglyceride (Lawrence et al . , 1967b ) and Stephylococcal lipase 

was preferentially active in the removal of fatty acids having between 

four and six carbon atoms, eith~r in the form of glycerol esters (tri­

glyceride) or simple esters of butyric acids (Tirunarayanan and Lundbeck , 

1968 ) . 

Pancreatic lipase was found t o hydrolyse methyl oleate but the rate 

of hydrolysis was 1/30th of that of triolein . Even the hydrolysis of 

tributyrin was much faster than that of methyl butyrate despite the latter 

being in the form of an emulsion (~a.rda and Desnuelle , 1958) . 
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Effect of structure of fatty acids 

Unsa tura tion 

The lipase from Geotrichum candidum has been found to possess a 

high degree of specificity towards esterbonds involving oleic acid regard-

less of position in the triglyceride (Alford ct al , , 1964) . .Furthermore, 

the lipase removed very little elaidic acid from glyceryl - 1 - elaidate -

2, 3 - dioleate (Jensen et al . , 1965) . The degree of unsaturation of the 

chains of fatty acids from zero to two double bonds did not have any 

appreciable influence on the rat8 of hydrolysis by pancreatic lipGse 

(Savary and Desnuelle, 1956) . 

TABLE 3. 
Lipolysis of synthetic triglyceride by lipase from Geotrichum ce.ndiqum 

Alford et al., (1964). 

Weight percent of fatty acids as 

Triglyceride Palmi tic Stearic 0leic 

2 - stearyldiolein 1 99 
2 - oleyldistea.rin 2 98 
2 - palmitoyldiolein l 99 
2 - oleyldipalmitin 20 80 

2 - oleylpalmitosten.rin 9 1 90 
2 - palmitoyldistearin 50 50 

2 - stearoyldipalmitin 99 1 

1 - oleoyldistearin 2 98 

1 - stearoyldiolein l 99 
1 - oleoyldipalmitin 35 65 

1 - palmitoyldiolein 5 95 
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Chain length of f a tty acids 

It has beE:n consistently observed that micro·bial lipases show a 

greater activity towards glyceridGs containing short- chain fatty acids 

than those containing long- cha in f a tty acids. Maximwr. rate of hydrolysis 

were observed when tributyrin or t r i pr opionin was used as substrate 

(Rottem and Razin, 1964 ; Sl1ah and Wilson , 1965; Tirun2.rayanan 2.nd 

Lundbeck, 1968) . However, purified lipase from Pseudomonas fragi hydro­

lysed trilaurin most r apidly and f ollo~ed in ordE:r by t r i caprin, tri­

palr:iitin, tributyrin, tricaproin and tristee.rin (Lu and Liska , 1969b) . 

Pancreatic lipase r emoves short- chr.:. in fat t y acids more rapidly t ban l ong­

chain fatty acids (Entressangles et al., 1961; Wills , 1961) . Hydrolysis 

of tributyrin was more rapid than any other triglyceride by human milk 

lipase (Schinheyder and Volqvartz , 1943) . 

It follows from the forego ing considerc tion trot VQI'iat ions in 

a ctivity t ow2rds vari ous natura l lipids by a microbial lipase ar e possible 

beco..use of the particular specificity of the enzyr:ie-. Lipa s e from Mucor 

pusillus showed ac t i vity in the hydrolysi s of butter f a t , vegetable lipids 

Qnd sele cted synthetic triglyceride (Somkuti and Babel , 1968 ) . lilllong the 

natural lipids it showed highest activity in t he hydrolysis of coconut oil 

and the ac tivity decreased in the following order : 

Coconut oil 1 Butter f a t , Safflower oil , Cottonseed oi] , Olive oil and 

Corn oil. Analysis of rumen liquor incuba t ed with li;nseed oil and olive 

oil showe d that hydrolysis of the latter i s slightly more rapid than tha t 

of the former (Wr ight , 1961) . In some ca se s it is difficult to decide 

whether these are differences due to structure or whether dispersion and 

emulsif ication are affecting the r a te of lipolysis . In this connecti on 

it has been observed that vegetable fats are hydrolysed mor e r eadily by 
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Figure 3. Hydrolysis of triglyceride by 
Staphylococcal lipase 
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pancreatic lipase than animal fats such as beef fat or whDle oil (Wills, 

1965) . 

c. Effect of position of f atty acid in the triglyceride 

Microbial lipases have b0en found to diff er in the site of their 

a t t a ck on triglycEirine . Some micro biol lipnses e .g. Ps0udomonas fragi, 

Pseudomonas fluoresc ens, Pseudonon~s geniculata , Candida paralipolytica 

hydrolyse primarily the ester bonds in 1 and 3 positions of triglyceride 

(Alford et nl . , 1964) in a manner similar to that of pancreatic lipase . 

Li pases of some microbial sources , hcF -2ver, show positional spccifi ties 

towards the 2 - posi tion as v:ell as the 1 and 3 positions of the tri-

elyceride. For example Fukumoto et a l. (1963) observed tha t the crystal-

line lipase from Asperigillus niger Rlmost compl e t ely hydroly8ed olive oil, 

indica ting tha t the enzyme can attack not only the primary ester bond in 

the triglyceride but al so those a t the secondary positions smoothl,y. 

The lipase from Staphylococcus aureus and Asperigillus fla."'rus· appears to 

be similarly non-specific (Alford e t al., 1964) . ---

1. 3. 9. Factors affecting· the activity of lipases 

A. Effect of pH 

The effect of pH on the rate of hydrolysi s is the result of its 

combined effects on the enzyme itself, on the stability of enzyme , the 

velocity of enzyme-substrate combination and breakdown and the properties 

of the substrate/aqueous interface in case of diphasic systems (Lawrence 

1967b). In some cases the optimal pH depends on the nature of the sub-

strate being hydrolysed . Lipase from Mycoplasma gallisepticum showed 

maximum activity for mono-,· di- and tributyrin at pH 7.5 but for tri­

laurin and triolein the optimal pH was s.o (Rottem and Razin, 1964). 
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Figure 4. Major pathway for the hydrolysis of triglyceride by pan­
creatic lipase. Complete hydrolysis of triglyceride 
proceeds with the rapid splitting of the 1 & 3 linkages 
followed by slow hydrolysis of the 2- monoglyceride. 
Ri, R11, R111 represent fatty acids of the same or 
different structure (From 118.hler & Cordes, 1967). 
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pH optima of r a t serum lipase were 7. 2 , 7. 6 and 8 .05 for ethyl butyrate, 

tripropionin and tributyrin r espectively (Tuba and Hoare , 1950). 

Other pH optima.ls quo t ed are : 

9. 0 for Mucor lipoluticus Aac - 0102 lipase (Nagaoka et al ., 1969); 

8 . 0 - 8 . 5 f or }ilicrococcus freudenreichii and Pseudomonas f ragi lipase 

(Lawrence et a l., 1967b); 9.0 for Penicillium erustosum lipase (Oi et al . 

1967); 7.5 - 8 .8 f or St aphylococcal lipase with tributyrin (Tirunarayanan 

and Lundbeck, 1968); 10,0 for E.Coli phospholipase but phospholipase A 

from the same organism showed two pH optimes- 5. 0 and 8 . 4 (Prculx and 

Fung , 1969 ). Pancrea tic lipase has presented an optimum pH of 8 .2 

(Alichanidis,1969) . 

B. Effect of temperature 

With a f ew excepti ons microbial lipases are mos t active within 

t emperature range 30° - 40°c £ . g . thG lipase of PeniciJ.lium oxalicum is 

almost actl·ve at 37° - 40°c (Ki·rsh , 1935)·, f M 1 11· t· o . >ycop asma ga icep icum 

a t 37°c (Rottem and Razin, 1964) . However, lipases from different micro-

0 organisms are active at t emper atures bel oTI O C e . g . l ipases from ? scudo-

~ fragi , Staphylococcus aureus , Geotrichum candidum, Candida paralipo­

lytica and Fenicillium Sp . showed considerable activity in the hydrolysis 

of emulsified corn oil , coconut oil ru1d lard in 2 - 4 days at -7° C, in 7 

days at -18° c and over a 3 week incubation period activity was exhibited 

by some of these cultures at - 29°C particularly towards corn oil (Alford 

and Pierce, 1961) . Pancreatic lipase showed an optimum temperature at 

37°c in an incubation period of 15 min . (Alichanidis, 1969). 

Studies have been made on the stability of lipases at different 



- 25 -

temper a t ures e . g . l i pase from Mucor pusillus los t 50'% of its activity when 

heated at 5e0 c for 45 min. (Somh.'Uti and Babel , 1968) a t pH 5. 5. A 

preparation of Pseudomona.l lipase ob t ained by precipitati on wi th ( NH4)2so
4 

lost all activity a t 100°c for 3 min . and the t herrnos tabi lity of lipase 

f r om Micrococcus freudenreichii was dependent on its degree of purificati on 

(Lawrence et al. , 1967b) . Li pases from Penicilliurn crustosum were found 

to be stable below 45°c (Oi et a l ., 1967) . Activity of pancreatic lipase 

completely ceased on incubation for 15 min . at eo0 c (ii.lichanidis , 1969) . 
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Figure 5. pH-activity relationship for the 
hydrolysis of tributyrin by 
Staphylococcal lipase 
(Tirunarayanan & Lundbeck, 1968). 
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C. Effect of emulsification of substrate 

It has been shown that pancreatic lipase acts preferentially on 

emulsified esters (Sarda and Desnuelle, 1958), The authors compared the 

rate of hydrolysis of a true solution of tracetin and emulsified triacetin 

in gum arahic . In a true solution, at low concentrations of triacetin, 

the rate of hydrolysis is very slow but the rate increased very sharpl y as 

the concentration of triacetin is increased to form a heterogeneous systemJ 

Under these conditions, lipolysis must occur only at the interface between 

the lipid droplet and tte aqueous phase ~ The rate of hydrolysis is, in 

part determined by the area of this interface - the higher tho degree of 

emulsifica tion th8 smaller the individua l lipid droplets and the larger 

the surface area . ½11en the emulsion i s finely dispersed the intcrfacial 

area is l a rger and for th e same weight of substrate larger interfaces will 

give higher rates of hydrolysis by absorbing oore lipase , Consequently, 

if the same weight of substra te, (triolein) is emulsified to give different 

disp0rsions, the r a t G of hydrolysis i s f a stest \7hen the intcrfacial area 

is greatest (Sarda et al., unpublished experirJc-nts cited by Desnu8lle, 1961). 

Although an increas e in surfa ce ~rea due to emulsification signi­

ficantly increases the rate of lipolysis, the effect is compl5x and 

depends on the exact chemical nature of the emulsifying agent (Viills, 1965). 

Bile salts, egg albumin, gum arabic, soaps and synthetic detergents have 

been used as emulsifying agents to increase the rate of lipolysis\ Some 

of these agents activate, while others inhibit lipase. Rate of shaking 

of the reaction mixture is an additional factor of importance in investi-

gating lipase. The degree of emulsification is less important if the 

triglyceride suspension i n the aqueous phase is rapidly shaken so that a 

fresh interface is constantly being made available to the lipase (Wills, 
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1965) . 

Sinco microbial lipases like pancreatic l ipase usual l y act on water 

insoluble substra t es , the degree of emuls i f i ca t ion al so acce l erates the 

rate of hydrolysis by mi crobial lipases (Hugo and :Beveridge , 1962 ). 

However , Asperigi l lus niger l ipas e was found to be ina ctive in an emulsi-

fied system but activity was obtained simply by shaking the r eaction 

mixture (Iwai_ et a l., 1964 ). 
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Figure 6. The influence of saturation on the hydrolysis of 
triacet i n by lipase from swine pancreas. The 
numbers at the upper borderline give the inter­
facial area expressed in 105 x cm2 in 100 ml tri­
a cetin emulsion (From Oosterbaan & Jansz, 1965). 
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D. Effect of Sonication on pancre;a tic lipase 

Sonication for a short period of time was found to increase the 

activity of pancreatic lipqso (Goodma...11 and Dugan, Jr., 1970). Lipase was 

rapidly in~ctivated by sonication at 50°c, although it was stable at 30°c 

and e.t lower temperatures. At 40°c a slight inactivation of the enzyme 

was observed during the first 5 min . of sonication, howcv8r as the soni-

cation time increased, the enzyme los-1; activity. When an emulsion of 

0 
olive oil - gum arnbic in lipase was sonicatcd for 4.5 min . at 38 C, 2.7 

times as ouch fatty acid was liberP..ted than in the control. This signi-

ficant increas E.: in rate of llydrolysis v;as ascribed to the forrua tion of a 

better emulsion of olive oil and gum arabic due to sonication leading to a 

greater turnover rate of substrnte at th0 oil - water interfaco . The 

enzyme was active in the hydrolysis of tripalmi tin when the latter ~,as 

dissolved in methylmyristate 
0 

2nd sonicatGd with the enzyme at 45 C. 

the otherhand stirring of lipase and tripalmitin did not lead to th~ 

liberation of free fatty acids.· 

E. Effect of metal ions 

Certain metal i ons e . g . calciw:l and magnesiwn were found to 

On 

accGlGrate the hydrolysis of triglyccrid0 by lipase probably by removing 

the liberated fatty acids as insoluble soaps. Ca++ have a function in 

maintaining the stability of pancreatic lipase (Wills, 1961). Ca and Mg 

ions increased the activity of Penicillium crustosum lipase. Oi et al. 

(1967) suggested that calcium activated the enzyme by stabilising its 

active configuration . Calcium was found to have a catalytic effect 3 to 

4 times great er than Mg for staphylococcal lipase when tributyrin was used 

as substrate (Tirunarayanan and Lundbeck, 1968). These two meta.lions 

also incroosed the activity of phospholipase A from E. Coli ( PJ:oulx and 
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Fung, 1969). Hydrolysi s of triglyceride by pancreatic l ipase goes to 

completi on more readily in the presence of calcium (Desnuel lc et al., 

1950). However· , lipases of some microorganisms are not stimulated by 

divalent i ons e . g . lipases from Micoplasma (Ro ttem and Razin, 1964) and 

Micrococcus f r eudenreichii (Lawrence e t a l., 1967b). 

Effect of metals ru1d non-metallic inhibitors on lipases 

In COJ[lJ;'Jon with many other hydrol ytic enzymes, microbial lipase s 

are i nhibited by several metal i ons . Lipases from Micrococcus freuden-

reichii and Pseudomor..as fragi are strongly inhibited by zinc and r.1ercuric 

ions and partially, by copper, nickel , cadmium and k ryllium in t hat or der 

of decreasing effecti veness (Lawrence ct al., 1967b) . Gu++ and Hg++ 

s trongly inhibited pancreatic lipase (Wills, 1960). The inhibition of 

zinc and mercuri c i ons towards bo t h the above ment i oned microbial lipases 

are counteracted by histidine and l ess effectively by EDTA (Lawrence e t al,, 

1967b ). Again EDTA was activ8 i n rcr;ioving th e toxicity of Fe+++ towards 

lipase from Pseudomonas fragi (Lu and Liska, 1969b ) but it inhibited 

staphylococcal lipase in hydrolysis of var ious substrates , a l though thr:; 

inhibition was counteracted by Ca and !,ig ('i'irunar ayanan and Lundbed.: , 1968 ). 

Sodium laurylsulphate was an inhibitor for Mucor lipolyticus lipa se F
3 

towards olive oil (Nogaoka and Yamada , 1969), E.Coli phospholipase A and 

lysophospholipase (Proulx and Fung, 1969) and lipase I and II of Peni-

cillium crustosum (0i e t al., 1967). Diethyl-p-nitrophenylphosphate was 

most effective inhibitor of lipas e of Micrococcus frcudcnreichii (Lawrence 

et al., 1967b). Iodoace tate and N- ethylmaleimide were modera te inhibitors 

of Pseudomonas lipase but relatively high concentrations of ,-chloro­

mercuribenzoate did not inhibit the enzyme completely (Lu and Liska, 1969b). 

The following illustrations show the interesting behaviour of some 
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compounds as inhibitors or accelerators of the activity of 2 lipase 

fractions prepared from Penicillium crus tosum~ L:i.pase I is slightly 

inhibited by sodium deoxycholate (inhibition is reversed by calcium ions) 

while lipase II is stimulated to some degree by the same agent . On the 

otherhand the activity of lipase I towards tributyrin is decreased by 

tween 20 and polyvinylalcohol but the same agents inhibited the activity 

of lipase I towards olive oil and t hat of lipase II towards tributyrin. 

Although lipase I was unaffected by span 80, it inhibited lipase II in the 

hydrolysis of tributyrin (Oi et al., 1967) . 

During lypolysis the liberated free fatty acids inhibit lipases of 

different microorganisms to differing ext ents. Oleic acid was found to 

inhibit the lipase activity of Pseudornonas aeruginosa (Sierra, 1957), 

Pseudomonas fragi (Smith and Alford, 1966) and Micrococcus freudenreichii 

(Lawrence et al ., 1967b ). The growth of Streptococcus cremoris was 

markedly inhibited by ol eic acid (Anders and Jago, 1964) . 

A marked r educ tion in lipolytic activity t owards triglyceride was 

was observed when penicil1in or t erramycin were added to rumen contc:nts 

(Wright, 1961). 
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CHAPTER 2 

i'i.DI OF 'rHE PrtESENT STUDY 

Sinco it has been firmly ostablishod that biohydrogonation in the 

rumen only takes place after the constituent fatty acids of dietary 

lipids are r eleased in free form , it is of importance , therefore , to 

obtain an understanding of the nature and mechanism of activity of micro­

bial lipases which aro re:sponsible for the release of fatty acids from the 

dietary lipids . To this end , attempts have been made to isolate lipases 

from mixed rumen bacteria and t o isolate the lipolytic organisms present . 
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CHAPTER 3 

MATERIALS AND METHODS 

Solvents and reagents 

All solvents used were purified by distiilation and r eagents were 

of analar or reagent grade unless otherwise mentioned . Glyceryl 

tri (oleate - 1 - 14c) and linolenic - 1 - 14c were obtained from the 

Radiochernic&l Centre, Amersham, England . 

3. 2. Preparation of medtt.!: 2~n~ ti tuents 

The anaerobic techniques followed are basically those of Hungate 

(1969). Commercial gases were freed from oxygen by passage through a 

column of hot reduced copper filings. Sterile oxygen-free CO2 or N2 

were used t o displace air from the solutions, media and cultures. 

Clarified rumen liquor v!as prepared from rumen contents taken from 

a fistulat ed cow . The contents were first strained through one layer of 

cheese-cloth to r emove coarse f ood particles . The strained fluid was 

2 
autoclaved under anaerobic conditions for 15 min . at 15 lb:/in And 

centrifuged a t 2~CCOx~ for 20 min . under CO2 • The clear supernatant was 

used as a component of the medium for the culture of total rumen bacteria. 

used. 

Mineral salt solutions described by Bryant and Burkey (1953) were 

These solutions had the fol lowing compositions (g/lOOml): 

Salt solution No . 1: K2HPo4, 0.3 ; 

Salt solution No . 2: KR2Po4, 0.3; (NH4)2so
4
, o.6; NaCl o.6; 

Mgso
4

, 0 .06; C~Cl~ 0.06. 

The required quantity of dry material was weighed into bottles previously 
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flu shed with oxygen-free CO2 • CO2-satura t ed boiled and cooled water was 

added t o the bottles and then they wer e stoppered with precautions t o 

prevent the eutry of atmospheric oxygen. 

Sterile 19% sodiwn bicar bonat e solution was prepared anaerobically 

by using a sterile menbrane (cat . No . XX4004700 Milli-pore corp.) filt er, 

Distill ed water was boilE:d and cool ed under a stream of oxygen-free CO2 

in a flask . Sodium bicarbonat e was pla ced int o a bottle which was flushed 

with CO2 for at l east 5 min. bef ore the r equired quantity of water was 

added to the bot tle with a 100 ml bulb pipette , i~en the Sodium bicar­

bonate was dissol vGd , t he sterile filter a ssembly was flushed free of 

oxygen with a stream of oxygen-free CO2 gas. The Sodium bicarbonate 

s olution was trar1s f err8d to the fil tor and the gas used to supply pressure 

f or filtra tion. The steri l e filtrate -v;a s collected in previously flushed 

sterile t ubes anli then stopper ed . 

Sterile Sodium suh ihide - c.ysteine hydrochl oride reducing agent was 

prepar ed according to the method of Bryant and Robinson (1961a) and 

sterilised by filtration under oxygen-free nitrogen u:cing the methods 

described f or t he pr eparation of steril e sodium bicarbonate solution . 

3,3, Prepara tion of media 

The ingredi ents of the media other than those provided in salt 

solutions 1 and 2 were weighed and placed into a round bottomed flask 

having a long neck. The flask was gassed with oxygen-free CO2 for at 

least 5 min. before the addition of CO2-sa turated boiled and cooled wa ter 

with a 100 ml bulb pipe tte. Appropriate quantities of salt solutions 

1 and 2 were added to the flask next and finally a 50 ml syringe was used 
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to add clarified rumen fluid, The component s were mixed thoroughly and 

brought t o the boil under a streem of oxyg0n-free CO2• This mediun was 

distr ibuted t o culture t ubes in 4 .15 ml (medium A and B) and 8 ml qu~ntities 

(medium C) using the procedure described by Hungate (1969). The stopp0re:d 

tubes of medium under CO2 were autoclaved for 15 min . at 15 lh/in
2 

in a 

vertica l rack with a lid (kbtool Specialties , Ypsilanti , Mfohigan , U.S.A.) . 

Arry tubos showing a. trace of pink oxidised rosazurin were rejected as the 

strictly anaerobic bacteria ,.·:ill not grow under these conditions. 

(1962) , 

Composition of media 

Medium A: It was the rumen fluid agar medim1 dcscri bed by Coleman 

It was used for tho culture of the total rumen bacteria and the 

isol at i on of tributyr:i.n-splitting bacteria from the rumen. The modium 

had the following composition (g/100 ml or ml/100 ml); Agar, 1.5; 

glucose, 0 , 025; ccllobiose, 0 . 025; starch , 0 . 025; s~lt solution no. 1, 

7 . 5; salt solution no . 2, 7, 5; clarified rumen liquor, 40; water, 60; 

resazurin (0.1% solution), 0 , 1 . 

Medium B: This was a semi-synthetic m0dium described by Bryant 

and Small (1956), It was used here in an attei!lpt to avoid tho high con-

centrati ons of free fatty acids in rumen fluid medium. The coriposition 

of the medium v;as as follows (g/100 ml or :nl/100 ml); glucose, 0 .5; 

tripticase, 1.5; yeast extract , 0 , 5; salt solution no . 1, 7,5; salt 

solution no_. 2, 7,5; Agar, 1.5; resazurin (0 . 1% solution), 0,1 . 

Medium C: This was a synthetic medium described by Bryant and 

Robinson (1961b), It was used for the determination of the lipolytic 

activity of tributyrin-splitting rumen bacteria with respect to mono­

galactosyldiglyceride. 
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TABLE 4 

Bryant and Robinson's (1961b) synthetic medium 

Component 

Cellobiose 

Cas~in hydrolysate 

KH
2

Po
4 

NaCl 

(NH4)2S04 

CaC12 

MgC12 , 6H20 

MnC12, 4H20 

CoC12 , 6R20 

Pyridoxamine 

Riboflavin 

Thiamine HC l 

Nicotinamide 

2HC1 

Ca-D-pantothenate 

p-Aminobenzoicacid 

Folic acid 

Biotin 

Resazurin (0.1% solution) 

Inoculation of medium 

Concentration in mg/100 ml 
or in ml/100 ml 

300.0 

200.0 

90.0 

90 . 0 

90 .0 

2.0 

2.0 

1,0 

0.1 

0.2 

0.2 

0.2 

0.2 

0,01 

0.005 

0.1 

A series of 9 tubes containing medium A which showed no trace of oxidation 

were selected for the dilution of fresh rumen fluid and culture of the bac­

teria.. The contents of the tubes were melted and kept in a water bath at 509:,. 

Sterile sodium bicarbonate (0.25ml) and sodium sulphide-cysteine hydro-
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chloride reducing agent (0.1 ml) were added to each of these tubes using 

sterile disposable tuberculin syringes fitted with 21 gauge needles . 

Rumen fluid (0.5 ml) was injected t o given 1:10 dilut i on into the first 

tube and mixed. Serial 10 fold dilutions were prepared by transferring 

0. 5 ml of this t o subsequent dilutions t o 4. 5 ml of molten medium 'A' 

using a fresh syringe f or ea ch dilution. The inocula t ed agar w&s evenly 

spread over the i ns ide of the tubes as they w8r e rolled und~r a stream of 

cold tap wat er. The first tubes to be cool ed were those containing the 

highest dilution. All incubations were carried out at 39°c. 

Isol ati on of pure cultures 

The t echnique used for picking colonies was described by 

Hungate (1950). 

Subculture and s torage of cultm·es 

Pure cultures of ni, B2 and B3 ( strain 1, 2 and 3 respectivei y ) 

wer e stored at room t emper a ture and subcultured in medium A with agar at 

an interval of 15 t o 20 days . 

3.8. Rumen sampling 

For the isolation of lipolytic fractions P.nd lipolytic micr• orgaLisms 

from rumen content, rumen samples were collected from a lactating Jersey 

cow fitted with a rumen fistula. The cow was fed on clover-ryegrass 

pasture. Before sampling the cow was withheld from feeding for about 3 

hours. The samples were taken from a cent ml position in the rumen and 

placed directly into a previously warmed thermos flask. To minimise the 

sampling errors, a large quantity of the sample (approximately 2 litre• 

after homogenisation and straiting) was taken on oach occasion and mixed 
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thoroughly before homogenisation. 

3.9 . Procedure f or the prepar a tion of lipolytic fractions from t otal 

rumen cont ents for the purifi cation of lipascs . 

Homogenisation and stra ining of rumen content 

Totl\l rum~n content~ were homcgenis8d in a 

Waring blender f or 2 .5 min . The o1)eration was carried out in two stages 

in order t o avoid the possi ble i nactiva ti0n of the enzyme by warning duri ng 

homogenisation . Sufficient solid mat erials froI:1 the totA.l rumen contents 

wer e discarded in order t o obta in a suitable consistency during homogeni-

sation . The mixture was strained t hr ough one l ayer of cheese-clot h 

immediatuly after homogenisation. 

Separation of prot ozoal 8nd debris f r action 

Strained riur.cn contents were centrifuged in a Sorvall I.!odel SS- 3 

centrifuge (GSA r ot or) a t 500x~ f or 10 min . t o precipitate protozoa and 

debris. 

Preparation of bacterial fraction 

The supernatant obtained from centr ifugation of s trained rumen 

cont ent at 500x~ was further centrifuged a t 20 , 000x~ f or 30 min . in the 

Sorvall centrifuge (SS- 34 r otor) . The precipitate (bacterial pellet ) was 

washed twi ce with 0 . 06 M phosphate buffer (pH 6 . 9 - 7 . 0) , recentrifuged 

at 20 , 000x~ for 20 min . and suspended i n sufficient 0 . 06 M phosphate 

buffer t o make up to the original vol ume of rumen contents . 



- 38 -

High frGguency sonication 

A suitable quantity of washed bacterial cell was taken i n a small 

beaker and suspended in 0 . 06 M phosphate buffer to form a thick s lurry. 

The beaker was placed in an ice bucke t and subj 0cttd to sonica tion in a 

-MSE 100 watt ultrasonic disintegTator (Measuring and Scientific Equipment 

Ltd ., London) f or one min . at n pcwer output of 8 microns peak-to- peak 

and the process was repeated after cooling to give t he r equired length of 

sonication time . 'rhis intermittent procedure was adop t ed i n ord8r to 

avoid the possible denaturation of the enzyme by heat produced by sonication., 

Ultrafiltration 

A suspension of sonicated bacterial pellet in 0 . 06 M phosphate 

buffer made up to the original volume of ruinen contents was centrifuged in 

Beckman Model L preparative ultra centrifuge at 90 , 000x~ for 30 min . 

The supernatant fracti on was filtered through a Zei tz filter to give a 

bacterial free extract . 

Dialysis 

The filtered super natant was dialysed against 5 litres of distilled 

water with changes after 1, 3 and 6 hour s followed by an overnight dialysis 

against 5 litres of distilled water... Dialysis was carried out in cellu-

l ose tubing (Visking Co., Chicago) with stirring at 4°c. 

3. 9.7. Freeze-drying 

The dialysed material w4s transferred to a round. bottomed flask and 

rotated in an ethanol tank (-38°C) in order to get an evenly distributed 

deposit of frozen material about the inside wall of the flask. The flask 

was then attached to the vacuum system of the freeze-drier (Cuddon freeze-
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dry, Blenheim , New Zea land). 

3. 9 . 0 . Gel - filtration 

A colwr~ (71 cm x 1. 8 cm internal diameter) of Sephadex G-200 

(Pharmacia, Uppsala , Sweden) was packed up to a height of 68 cm . with 

swollen ge l in the cold . A plug of glass wool was placed at the bottom 

of the column in order to support t he gel . The column was equilibriated 

with 0.15 M- NaCl solution and thE:: sample (lyophilised material) dissolveq. 

in 1 . 5 ml of 0 . 15 11illaCl, was carefully adde d to the top of the column wi th 

a Pasteur pipet t e without disturbii1g the surface . The sample v2.s allowed 

t o ent2r the bed followed by a few ml of the eluant ( 0 . 15 M- NaC1) to rinse 

the edges of the column. Finally the space above thE:: bed was fill ed with 

the eluting solvent and fractions of approxir.:iately 4 ml were collected 

with a flow rate of 12 to 18 ml/hour . 

Sufficient lyophilised materi a l was taken i n half- saturated (Nl\) 2 

so4 to give a 1.12% solution and held a t 4°c for sev8ral hours . This 

mixture was contrifuged at 90 ,000x~ for 15 min_. The supernatant was 

dialysed overnight and free ze- dried . The precipitate was washed with 

half- satur~ted (NH4)2so
4 

and centrifuged at 60,000x~ for 30 min . The 

centrifugate was dissolved in water i n the cold and centrifuged at 

25 ,000x~ f or 30 min. to give a clear supernatant which was fre eze-dried . 

3.10 Determination of protein 

The protein content of lyophilised material prepared from sonic~ted 

bacterial pelle t was estimated by Biuret method . Lowry method was 
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adopted to dE'termine the protein content of lyophilised (NH
4

)2so
4 

preci-

pitate or supernatant . In both cases bovine serum albumin was used as 

the standard protein solution. 

3 . 11. Thin- layer chroma tog:raphy 

3 . 11 . 1. Prc:;paration of chromatogaphic plates 

A vreighed amount of the silica gel (E . !11Lrcl. AG. Darmstadt) with 

twice the volume of dj_stilled w<-, ter srio..ken vi.gorously and the rcsul tant 

slurry added to the Desaga applicator which was adjusted. to give layers of 

required thickr,css . For qualitative analyses of fatty acids , mon0---, di - and 

triglycerides lf'.yers of 0 . 25 mm thickness uoed \'!hilc: 0 , 5 mm layers ,,are 

used f or the purification of triglycerides, 1 , 2- diglyccrides and me thyl 

e:s ters 0f fatty ncids . The plates vmre activated at a tu:iperatur e b, twt:: cn 

110 to 115°c in en oven for a.bout 1 hour . No special conditions ,11crc 

used for the stor :1ge of the- preparl:d pl a t 1..s . 

3. 11.2 . Elution solv0nts 

Ilexe.ne (B .r . 66 - 70°c) , diGthyl ether and acet i c acid were used as 

eluting solvents . F'"'xan0 :lnd e:th-.?r were c..ricd ovGr anhydrous sodium 

sulphate . The solvent mixture us1..d to develop the chromatogram wer e : 

Component (% by volume) 

Experim&nt Hexane EthGr Acetic acid 

Se1,,ar ation and identification of fatty 

acids, mono- , di- , and triglycerides . Puri- 70 30 1 

fication of glyceryl tri 14) (oleate-1- C . 

Purification of 1 , 2 - diglyceride 6o 40 1 

Purification of methyl estur of oleic acid. 80 20 
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The samples dissol ved in hexane were applied to the chromatographic layer 

about 1 . 5 cm from one ~dge of the plate . The. layers were deve loped in a 

chromatography tank lined with filter pap~r to assist cquilibriation. 

After chromatography the plate was dried and spr ayed with 0 . 1% (~) solution 

of 2 , 7 - dichloreflu~reacein in ethanol and viewed under UV- light . Compo-

nents wGrc identified by comf arison with known compotL'1ds chromatographed 

simultaneously. In the preparative procedure , the zones containing the 

required component vrere scraped into cc.:ntrifugc. tubes, extracted with e ther 

by shaking, centrifuged, the supernatants removed by decantatior1 a.'1d the 

solvents evarora ted to dryness . 

3. 12 . Incubation procedure for radio- chemical assay 

A suitable aliquot (usually 5 ml, except otherwise mentioned) of 

each fraction to be t es ted for lipase activity was incubatc:d \;ith 14c -

triolein dissolved in small volume of hexane in an ErtenmcyGr flask or i n 

a t est tu.be . Anaerobic conditions wer e maintain.:d by l,ubbling N2 through 

the incubation mixture . A...'1B.crobic conditions wer e not maintaine:d during 

the assay of lipolytic activity of fracti ons obtained from Sephadcx G - 200. 

Mild shaking was cont i nu0d throughout t h8 i ncubation per iod . 

0 experiments the incubation t amverature was 39 C. 

3.13. Radiochemical methods 

Radioisotope counting 

I n all 

Aliquots of radioactive sample in hex.nne were cvaporated to dryness 

in counting vials or radioactive components from the thin- layer plate 

*8re scraped into the counting vials and 10 ml of toluene scintillation 

fluid ( t oluene containing 2 , 5 diphenyloxazole (0. 15%) and 1 , 4- bis- 2 (5-

phenyl oxazolyl)- benzene (0.05%)) was added to the vial s and counted in a 
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Packard Model 3375 liquid scintillation spectrometer . The efficiency of 

14 the system was determined by using a standard sample of U ~ C - h exa-

decane , 

3. 13 . 2. Detc.,rmina tion of rad.io::icti ve lipids from the thin-layer 

plates 

i) Scanrcing 

To determine the distibution of radioactivity among compononts of a 

mixture of fru: fatty acids, mono-, di - and. tri-glycerides 20 cm x 5 cm 

plate were used . The individual ar0as of radioactivity were determined 

by a Packard Mod0l 7200 Ra.diochromatogram modified to take thin-layer 

plates using the folJ.owing settings: Voltage , 300; time constant, 30 sec; 

chart speed , 6 cm/hour; gas flow, 110 ml/min . Radioactive compounds were 

identifi ed by comparison with standards chromatographed and sprayed with 

0. 1% (~) solution of 2, 7 - dichlorofluorescein in ethanol . The r el3.tive 

estimates of the proportions of radioactivity present in each lipid com­

ponent was obtained with a planimet0r (G . Cor~di A. G. Zurich) . 

ii ) Remow"l of zones 

Al tcrnativel:y , thu determination of the relative r adioactivi ty of 

the components was achieved by scraping 1:rB zones corresponding to the 

stande.rd compounds run simultaneously into counting vials. 

Scintillation fluid was added to each of the vials and count ed in a 

Packard Model 3375 liquid scintillation spectromet er. 

3.14. Preparation of emulsions 

It was found necessary t o emulsify the triglyceride under standard 

conditions to get a r eproducible rate of hydrolysis. Lissapol NDB 
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( I mperi al Chemical Indust ry Ltd. ) and gum acacia (B .D.H. ) were used as 

emulsifying agents . 

Equal volumec of peanut oi l and water with 1% lissapol NDB were 

mixed and the mixture was homogenised for 5 min. in a MSE homogeniser 

(Measuring a.'1.d Scientific Eq_uipment Ltd. , London ) and immedia tely pipetted 

into the incubation flasks . Alternatively , 10 g of gum acacia was added 

to 80 ml of ice- cold water and mixed thor oughly. 1 ml of l i pi d (tr i 0lcin or 

tributyrin) was added and the resul tant mixture was homogenised in the 

MSE homogeniser for 5 min . at full speed. Water was added to give a final 

volume of 100 ml (Downey and Andrews , 1969) . The emul sions were used on 

t he day they were prepared. 

Emulsification of monog2lactosyldiglyceride was carried out according 

to the following procedure : An al iquot of ether with 25 mg or 8 . 5 mg of 

galactolipid was added to a homogeninsing vessel containing 0 . 5 g of pow-

dered gum acacia and 8 ml of hot CO2- saturated water . The contents of the 

vessel wer e homogenised for 15 min . at full speed using the MSE homogeniser 

under a stream of oxygen- free CO
2

• Sterile reducing agent and lo% sodi um 

bicar bonate solution was added to the emulsion in the proporti on of 1% 
V V Cv) and 5% Cv) r espectively. 

Tr i butyrin agar or peanut oil - agar emulsion was prepared accor ding to 

the pr ocedure of Fryer e t a l. (1967b ) with some modification. Tributyri n 

or peanut oil (0 . 2% ~) was emulsified in a ho t aqueous soluti on containing 

1 . 5% agar and 0 . 0001% r esazurin using a MSE homogeniser at f ull speed f or 5 

min. under a s t r eam of oxygen- free CO
2

• Aliquot s of 2 ml wer e distributed 

into culture tubes under oxygen- f r ee CO2 (Hungate , 1969) and s terilised f or 

15 min. a t 15 l b . / in2• 
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3.15. Double layer technique for the detection of tributyrin-splitting 

bacteria from the rumen. 

Tributyrin-agar or peanut oil-agar as prepared in tubee (section 

3.14) was 
0 melted and k0pt at 50 C. Sterile sodium bicarbonate solution 

(0.1 ml) and r educing agent (0 . 02 ml) was added to each tube by means of 

a disposable syringe and the contents of the tubes were thoroughly mixed . 

Each tube was held horizontally in ru..-.ming cold tap water and the emulsion 

was kept flowing over the inner surface of the tube until the tributyrin-

agar or peanut oil-agar emulsion was set. This operation gave an opaque 

thin coating of the emulsion over the inner surface of the tube. The 

same operation was continued for all the tubes and the agar was allowed to 

set at the room t empernture for 20 - 25 min . and then transferred into 

the water bath (50°c). Tenfold di11,1.tions of rumen fluid •r a bacterial 

preparation from rumen solids (Sub-s&ction 3.9.3.) in a knovm volume of 

0.06 M phosphate buffer,were prepared in mediu.rr. A using the methods 

described in section 3. 5. Starting from thu highest dilution, an aliquot 

of 2 ml from each tube was transferred to each of tho previously warmed 

tubes containing a thin-layer of tributyrin-ago.r emulsion. The emulsion 

was ov~rlaid with the basal nedium by rotating the tube under a stream of 

tap water . 
0 

Finally, the tubes were incubated at 39 C. 

3.16. Procedure for following the hydrolysis of prasi galactolipid by 

tributyrin-splitting bacteria 

Comparison of the rate of hydrolysis of galactolipid 

by strain 1, 2 and 3 

For each strain, 1 ml of 96 hours broth culture in medium C was 

inoculated into another 8 ml of medium C and incubated for 20 hours. A 

syringe was used to add a suitable aliquot of galactolipid enrulsion pre-
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pared as described in section 3.14 to each tube of t act erial 

culture a.nc at the same time to two uninoculated control tubes . The 

tubbs were incubated at 39°c. The uninoculated contr ol tubes were used 

to check the non-enzymatic hydrolysis of the substrate . 

3. 16 . 2. Time course for the hydro]ysis of galactolipid by strain 1 

1 ml of 40 hours broth culture in media C rms inoculated into 4 

tubes containing 8 ml of media C and incubated for 6 hours rith an unino-

culated control (9ml) . A suitable aliquot of gnlactolipid emulsion as 

prepe.red in section 3 .14 w2.s added to each tube and the tubes were r e-

incubated. In both the experiments (secti on 3,16.1 and 3. 16.2) reactions 

in the tubes were stopped aft0r appropriate intervals using the procedure 

described in section 3.17; except hexane was used in place of chlor oform. 

A quantitative determination of th8 proportion of liberated free fatty 

acids in each incubation was carried out colorimetrically using the 

method described in section 3. 18. 

3.17. Terflination of lipolysis and extraction of lipid 

The reacti on was stopped by adding an equal volume of £thanol to 

the incubation I!lixture and hsating for 5 mins. in t he vm.tGr bath at a 

t tur b t 50°c to 6o0 c. empera e o ween The pH was brought to 4 , 0 by addition 

of 0 . 1 M-HCl. The r esultant mixture was transferred to a separating 

funnel and lipids were extracted with chloroform (3 separate extractions) . 

The combined extracts wer e washed with disti l led wat~r, dried with an-

hydrous sodi um sulphate l.llld evaporat~d to dryness . The dried lipids 

wer e dissolved in a known volume of hexane and stored in the r efriger ator 

at 4°c until r equired f or analysis . 
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3.18. C0l0:rioctric assay of lipcl lytic activity 

A standard graph was prepared using s ol utions J f pal mit ic acid i n 

the r:mge of 80 t c 400 m/'-1 r:iol es/ 5r.1l chlor ofcrm.. The method of 

Duncombe (1963) modified by ¥iahadevan c t a l . (1969) was used with the 

f ollowing changes : 

i) Shaking of the lipid soluti0ns with copper r eagent for 2 min . 

in a vortex shaker s et a t t op spe(;d was f ol lowed by hand shaking for 1 min . 

in place of shaking only f or 30 ssc . in t he vortex she,kcr. 

ii) Centrifugation a t 1500 rpm f or 5 min. was f ollowed by th€ 

r emoval of the water layer with the aid of a suction pump . 

Colorimetric esti mation of free fatty acids was carri ed out using the 

gr aph shown in fig . 7. Appropria te:: standard solutions of palmitic acid 

were included with Ecach series of de terminations . 

3. 19 . Assay of lipolytic ac tivit.Y '..ls i ng the pH- s t at . 

The, activity of l yophilis.Jd raa t eriol prc·pared from sonicated 

bacterial p01let t owards ernulsifi c;d tri ol ein and tributyrin was f ollowed 

by thz titr ati on of the acids liberated from the substr ates with 1.9 mM ­

NaOH solution by using a pH- sta t (type TTTllA , Radio~eter, Copenhagen , 

Denmark) . 

vessel . 

A suitable quantity of enzyme solution was placad into the reaction 

2 ml of substrate emulsion was added follow8d by dis tilled water 

to bring up the final volume t o 4 ml . The pH of the assay mixture was 

adjusted to the desired value by adding 0 . 1 M-NaOH or 0 . 1 M- HCl as 

necessary. N2 was continuously bubbled through the incubation mixture at 
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39°c to maintain anaerobic conditions . The burette containing NaOH 

solution was fitted with a CO2 absorbing tube (carbsorb, B.D.H.). 

Recording of the additions of Na.OH solution were commencod 5 min. after 

mixing the substrate and enzyme solution. To check for non- enzymatic 

hydrolysis control experiments (without enzyr;ie) were also run. The 

assays for on8 particular sLt of experiments were performed in rapid 

sequence in ordsr to minimise the possible effects of enzyme instdbility. 

3. 20. Preparation of fatty acids fro r:-, lipids 

Saponification of purified monogal actosyldiglyceride (kindly 

supplied by Dr . J.C. Hawke) a.nd methyl oleate were carried out by re­

fluxing with an appropria t e volume of 6% (~) KOH in ethanol on a sand bath 

f or 1 hour 30 mi n . After r emoval of mos t of the ethanol in~, the 

potassium s~lts were transferred t o a separating funnel and acidified with 

6 M - HCl. The fatty acids were extracted with di othylethor . Th0 ether 

extract was washed 3 tim,rn with wa t er, evapora ted t o dryness in vacuo Emd 

stor ed at - 20°C until r equired. 

3. 21. Metllyla tion of fa tty acids by diazonetha.ne 

Diazomethane was produced as e.n ether solution from N- metbyl-N-

nitroso- tol uene- para- sulphona.rnide . Methylaticn was carried out at o0 c 

for 20 - 30 min. The excess diazomethanewas removed by heating the reaction 

0 
at about 55 C. Purification of the methyl esters of fatty acids on thin-

layer plate (sub-section 3.11. 2) was followed by their storage at -20°c 

until required. 

3.22. Gas-liquid chromatography 

The ?..nalyses of the purity of methyl esters of oleic acids were 



- 48 -

performed by using a Varian .'\erograph (Model 1520) chromatograph on a 

5' x ¼1' stainless steel column with 12% diethylene glycol succinate (DEGS) 

on chromosorb W ( 60 - 80 mesh) at 165°c . A N2 flow rRte of 60 ml/min . 

was used.For the analyses of fatty acid composition of monoga.lactosyldi ­

glyc0ride , the same chrooa t ogr aph was used with F\. 6 1 x ½'' colurrm of 12% 

0 DEGS on chromoscrb W at a t 0;:1pcr'.lture of 150 C. Planirnetry was used t c 

cstimat E:; the proportions of methyl ~s t ers i1 the total seJJ1ple . Each peak 

area was mcA.sured threo times and tho avc"rage va lue tn.kon . 

3. 23 . Dot err:i.inati on of fr_tty acid com-;:iosition c f rnonogalactosyldiglyceride 

Saponification of mcnoenlactosyldiglyceride and subsequent extre-

ction of fatty acids was carried out a s described in section 3. 20 . Fatty 

acids were methylat ed with diazomethane: (s0ction 3. 21) , purified with 

thin- layer chromn.togre.phy (subsection 3. n . 2) and analyscc. by gas- liquid 

chrooatography (section 3. 22) . 

TABLE 5 

Gas- liquid chr omat ~br:re~hic analysGs of the fatty acids 

of oonoga l actosyldiglyccride isol atoc. from ryegrass 

Fatty acids Perconte.g8 composition 

14 :0 trace 

16 :0 2. 89 

~ 16 :1 t race 

1::,.9 18 :1 trace 

&, 1210 : 2 3446 

~,12 , 1518 :3 84. 42 

Unidentified 9. 24 
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3. 24 . Synth,2sis of r a di oactive triglyceride 

Distillat i on of glycGrol 

Glycerol (M & B) was di stilled undE:r r educed pressur e . The first 

and last 15% of the distillak were r e j ected (Mattson and Volpenhein, 1962). 

Synthesis of gl:vceryl 1- palni t ::i .. t o 

Glyceryl 1- palmi tate ,.,as synthesised accor ding t o the method of 

Hartman (1960) . The crysta.llinc glyceryl 1- pa l rni t a t e was checked for 

purity by thin- l ayer chroirro.tcgraphy (sub- s '-:ction 3.11. 2). 

Preparation of ol eic acid 

Purification of methyl es ter s of ol cic 2.cid from mixed fatty acid 

cE.,t .,.::c- was carried out by f:c :::.. ct i l~12 l di s tillat i on under r educed pressure . 

0 .85 cn internal diameter) packed with 

glass helixos t o a he i ght of 56 er;; w2.,s .1scd. . ~racti~ns collected were 

checked by gas- liquid cl"'u'orna t ography ( s ection 3. 22 ) fo r their purity . 

Oleic acid wa s deriv2d from the ne thyl esters of ol elc acid as described 

in section 3. 20 . 

Prep~.ration cf oleyl chloride 

Oxa lyl chloride wa s used t o prepare ol eyl chloride from ol eic acid 

according to Mattson and Volpenhein (1962) . 

Synthesis of glyceryl 1- palmita te - 2 ~ oleate and 

glyceryl 1- palmitate - 3 - olcate 

Glyceryl 1- palraitate was acylated with ol eyl chloride to get a 

mixture of glyceryl 1- palmitate - 2 - oleate and glyceryl 1- palmitate -

3 - oleate a l ong with other reaction products . Mattson and 
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Vol penhein (1962) . 

Purification of diglyceride isomers 

A mixture of free fatty a cids, mono-, di- and triglycerides r esul­

ting from acylation of glyccryl 1 - lJalmitate wero chro!!latogr aphed on acid­

washed fl orisil which was pr ep2.n,d accor di n6 t o Carroll (1963) mid 

activated a t 110°c overnight befor e usF~ . Eluting solvents wer e dried 

over anliydrous sodium sulpha t e and then dried over sodium wire f or at 

l eo.s t 24 hours . A stan:iard glass Quickfi t colur.,n (41 . 5 cm x 1.8 cm 

i nternal diameter) wns pac;k&d wi t b A. s lurr;y of 40 gm of fl orisil in 

hexane , which gave a hGight of ::.bout 35 cm . on se ttling . The crude 

mixture of free fatty aci ds , me,no-, di - 1::.nd triglycerides was dissolved in 

hexane:diethyl ether (19~1, v/v) and was appliad t o the column using a 

Past0ur pipdt€-. 'Ihe f l ov, r ':. t e of the elution solvent was about 200 -

300 ml /hour . :E:fflu.__· nts w0r e c ,:, lh.cted il1 15 ml fractions and thin-

layer chr0matography was uscc; t:) icluntify the clutl:cl fr:::.cti nns . A mix-

ture of 1, 2 - di gl ycerides and 1, 3 - diglycerides containing n slight 

amount of fr ee f a.t ty acid was ;:btained frc;m the fracti ons cc,ntaining 10 

t o 15% other i n hexane . The fr cG fa tty acids wer e removed frofil the 

diglyceride by wash i ng with 5% sodium carbona t e s olution and washed with 

di s tilled water, until n2utralised. The mixture of 1 , 2 - 2.nd 1,3 - di -

glycer ides was applied t o the s Gcond column in hexane : die thylether 

( 19 : 1 , V / v) . 1,3 - diglyceride was obtained from fracti on no . 8 to 19 

with 7% ether in hexane as el uting solvent but mixed isomers wer e obtained 

from fraction nos . 20 t o 43 with a gradual increase in 1,2 - diglyceride . 

This 1,2 - diglyceride was purified by thin-layer chromatography . 
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Sy11thcsis c f triglyceri d.0s: 

Lin ol :myl chlorid.:: prepared fr or:; linolenic ac id and oxa lyl chl oridG 

according t o J'fa ttsori ancl Volrcmhcin (1962) wa s cquilibriated wi t h 1 - 14c 

- linol enic acid in cl,l-)r c f orr:1 f or 2 h ours n. t r o,)m t empe:re. turo (Borg stron 

and Krabisch, 1963 ). The diglycer irlt: i sor,crs we r e <;,cyla t ecl with the 

r esulting 1 14 I 14 C - linolGnyl chloride usine:· c, 5CY;o ~1o l ac'.' exce s s of 1 - · C 

- linol0nyl chlor idG v:i th a r eaction tirJ,} of 72 hours o.t r ,1or,1 tcr.,peraturc 

(Wiat t son a nd Vol penhein , 1962 ) . ThG crur\e triglycerid2 isomers wor 8 

0 
purifie d on o.n 2.cid- washc d fl ::iri si l c c,l um!'l and 3tor ed :i t - 20 C. 
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CHAPrER & 

RESULTS 

Effect of homogenisation of total rumen contents and the lipolytic 

activi ty of the 20,000xg centrifugate 

An ~utline of the procedures adopted to isolate lipolytic fractions 

from the rumen contents is given in fig. 8. To study the effect of homo-

genisation on the lipolytic activity of rumen fluid the latter was prepared 

from t otal rumen contents with or without prior homogenisation. When 

5ml a liquots of each of these rumen fluids (Frac . Band C in fig. 8) were 

incubated with 14c- triolein, it was found that the lipase activity of the 

rumen fluid prepared from homogenised rumen contents was approximately 

twice that of the unhomogenised rumen fluid during a 90 min. incubation. 

TABLE 6 ,.. 

Lipolysis of 14c- triolein by rumen fluid before and after homogeni­
sation and by a 20 , 000xg centrifugate prepared from homogenised rumen fluid. 

14 
Incubation conditions: 5ml of each fraction; glyc~yl tri (oleate-

1- c) (2. 2 x 106 dpm)in 29,,ul hexane; 90 min . incubation at 39°c in pre­
sence of N~ with constant shaking. Radioactive products of incubation 

L . 
were measured by r adiochroma togram scans. 

Fractions Description 

B 

C 

Rumen fluid 

( unhomogenised) 

Rumen fluid 

(homogenised) 

H 20,000x~ centri­

fugate prepared 

from fraction C 

Radioactivity in each lipid fraction o. 

Triglyceride Fatty acid Diglyceride Monoglyceride 

55.0 25.4 12 . 6 

48.6 · 

54.2 5.4 
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Furthermore, less substrate remained as mono- and diglyceride in 

the homogenised preparation (3.l and 3.4% respectively compared with 7.0 

and 12.6% in the unhomogenised preparation). When fraction C was centri­

fuged at 20,000x~ approximately 54% of the 14c- triglyceride fatty acids 

were removed by the centrifugate (Frac. H) under the same incubation 

condition (Table 6). 

Effect of sonication on the lipolytic activity of the washed 

bacterial fraction 

A two min. sonication of the bacterial pellet (Frac. Hin fig. a) resulted in 

a slightly increased lipase activity in the 90,000~ supernatant fraction 

(Frac. L) and a reduced lipolytic activity in the g0,000~ centrifugate (Ft.K) 

TABLE 7 

Lipolysis of 14c- triolein by fractions prepared from the bacterial 
pellet and sonicated bacterial pellet. 

14 
Reaction mixture: 5 ml of each fraction; glyceryl tri (oleate-1-

C) (1.1 x 106 dpm) in 10?,l hexane; 90 min. incubation at 39°c in 
presence of N2 with constant shaking. 

Radioactive products of incubation were measured by radiochroma­
togram scans. 

Fractions Descriptions 

Radioactivity in each lipid component(%) 

Triglycei:ide Fa.tty acid D:iglycer:ire Monoglyceride 

I 

J 

K 

L 

Control 90,000x~ 

centrifugate 

Control 90,000x~ 

supernatant 

12.8 

45.6 

Sonicated 90,000x~ 27.8 

centrifugate 

Sonicated 90,000x~ 39.5 

supernatant 

77.0 2.8 

31.1 16.8 12.6 
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compared with the nonsonicated control. The r esults in table 7 show that 

the percentage recovery of the free fatty acids from both the supernatant 

fractions (Frac. J and L) is almost equal but radioactivity in both mono­

and diglycerides was slightly higher in the sonicated supernatant resulting 

in a lower percentage of triglyceride remaining unhydrolysed. 

The lipolytic activity of the two supernatant fractions (Frac. J 

and Lin fig. 8) was inves tigated more fully by following the release of 

the fa tty a.cids, mono- and diglycerides from 14c- triolein 'l':i th time of 

incubation. Approximately 42% of the r ndioactivity of the 14c- triolein 

was recovered in the free fatty acid fraction after 5 hours incubation 

with the 90 , 000x~ supernatant (Frac. Jin fig. 8) prepared without soni-

cation. An a lmost linear increase in the form.a tion of fa tty ac j_ds with 

time was apparent. There was a corresponding decrease in the triglyceride 

over the same tine interval. - The formation of monoglyceride reached a 

maximum of 12.3% aft er 3 hours . 11.8% diglyceride wa s obtained after 

1 hour and the level rema ined f a irly constant for the remainder of the 

incubation (Fig . 10). A control incubation consisting of 5 ml 0.06 M 

phosphate buffer with added 14c- substrate shovred no lipolytic activity . 

Corresponding incubations using the 90,000x~ supernatant (Frac. L 

in fig. 8) prepared from sonicated bacteria gave 15.4% free fatty acids 

after 1 hour and double this value after 2 hours . No further increase 

occurred after three hours. However, the percentage of triglyceride 

continued to decrease over the three hours period of incubation due to the 

continued formation of mono- and diglycerides (Fig. 11). 
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Lipolytic activities of 90 , 000xg centrifugate and supernatant and 

200 1000xg centrifugate and supernatant prepared from a sonicated 

bacteria l pellet 

Enzymatic activity r emained in the 200 ,000x~ supernatant fraction 

(Frac . N) al though this was lower than the 90 ,000X!fI su:pernntant (Frac . L) . 

As expected, the 200,000x~ centrifugate (Frac . M) possessed a greater lipo­

lytic activity than 90 , 000x~ centrifugate (Fra c. K) - 67 . 8% free fatty 

acids being formed in two hours compared with 6o% (Table 8) . 

TABLE 8 

Lipolytic activities of centrifugatesond supernatants obtained 
after centrifugation of sonicated bacterial pellet at 90 ,000xg and 
200,000xg . -

14 
Reactiog mixture : l'f-1 heu..ne containing glyceryl tri (oleate- 1-

c) (1.1 x 10 dpm);5 ml of ea.ch fraction; 2 hours incubation at 39°c in 
presence of H2 with constant shaking . 

Radioactivity of lipid was measured aft er separ~tion by thin-layer 
chromatography and r emoval of zones . 

Radioactivity in each lipid component (%) 

Fractions Description Triglyceride Fatty Diglyceride Monoglyceride 
e.cid 

K Sonica ted 
90 ,000xg 32 . 1 60 . 0 5 , 3 2 . 6 
centrifugate 

L Sonicated 
90 , 000xg 41 . 3 45 . 6 8 . 6 4 . 5 
superne.tant 

M Sonicated 
200 , 000xg 24 . 5 67 . s 4 . 8 2 . 9 
centrifugate 

N Sonica ted 
200 , 000x~ 50. 4 33 . 9 9.0 6. 7 
supernatant 

Conversely, lipolytic activity of the two corresponding supernatants was 

in the reverse order - 45 . 6% free fatty acids was formed by the 90 , 000x~ 
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supernatant and 33.9% free fatty acids by the 200,000x~ supernatant . The 

formation of both mono- and diglycerides are higher from the supernatant 

fractions than from the corresponding centrifugate fractions (Table 8) . 

Stability of soluble lipolytic fract i 0ns 

A comparison of the stability of lipare activity of sonicated 

90 , 000x~ supernatant (Frac. Lin fig . 8) , dic.lysed supernatant (Frac . Pin 

fig. 8) and lyophilised material (Frac . Q in fig . 8 ) were made by storing 

them at 4°c for 5, 4 and 4 days (ap:proximateJy) respectively . 

TAJ3LE 9 

Lipolys is of 14c- triolein by soluble lipolytic fractions (after 
storing at 4°c for a:rrproximately 4-5 days) prepared from sonicated 
bacterial pellut. 

1 Reaction mixture: 2f11 hexane containing glyceryl tri (oleate-l-
4c) (2 . 49 x 106 dpm); 2 ml from each of 90,000xg supernatant (Frac. L) 

and dialysed Eupernatant (Frac . P); 7 . 5 mg ly.cphilised mat erial (Frac . Q) 
(equivalent to 2 ml of dialysed supernatant) di s solved in 2 ml 0 .06 M 
phosphate buffer, 2 hours i ncubation at 39°c i n presence of nitrogen with 
constant shaking . 

Radioacti vi t;y of lipid vvas measured after separation by thin- layer 
chr omatogra,hy and removal of zones . 

,-------------------------- --
Radi 0activi ty in each lipid component (cr-s) 

Fractions Description Triglyceride Fatty acid Diglyceride Monoglyceride 

L Sonic·_ted 
90,00IJxg 69 .1 20 . 5 7 . 1 3 . 3 
supernatant 

p Dialysed 70 . 2 20 . 7 6.3 3. 0 
superna·.;ant 

Q Lyophilis ed 43.4 39 . 7 11.9 ~-0 
material 

39.7% of the 14c- triolein was recovered in tne free fatty acid fraction 

from the lyophilised material (Frac . Q) whereas the formation of free 

fatty acid was approxiraa,tely half this value wi thout freeze-drying in both 
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sonicated and dialysed supernatant (Frac . L and P). In t he 3 fractions 

tested, the formation of mono- and diglycerides was higher from the lyo-

philised material (Tabl e 9). It would seem from Table 9, that lipases 

are more stable in the lyophilised condition than in an aqueous soluti on 

with or without dialysis. 

4.5. Lipolytic activity of l yophilised material 

The f ormation of 14c- labelled hydr olysis pr oducts f r om 14c- trio­

l ein by lyophilised material (Frac . Qin fi g 8) was determined by indivi­

dual incubation of 15 to 75 min . under the conditions des cribed in fig . 12 . 

7.6% of the r adioactivity was recovered in t he free fatty a cid fraction 

after a 15 min. incubation and the level reached to a maximum of 19% after 

a 75 min . incuba tion . Over this period of incubation an appr oximately 

linear formation of free fatty acids was obser ved. No significant 

difference in the f ormation of mono- and di glyceride was apparent at the 

different incubation times (Fig. 12). 

4 .• 6 Fractionation of lyophilised material on a column of Sephadex G-200 

By applying 20 mg protein (35.5 mg lyophilised material - frac . Q 

in fi g . 8) to a co lumn of Sephadex G- 200 (as described i n sub-section 

3. 9. s .), the elution pattern indicated the al'pearance of 3 protein peaks 

of varying sizes (Pig . 13) . 

It is observed in Table 10 that lipolytic a ct i vity was not concen-

trated in a single peak . However, there is a possibility that lipases 

are to some extent concentrated in the r egi on of fraction numbers 33, 36, 

40 and 42 . In control incubation over two hours using 1 ml of distilled 

water in place of the column eluant it appeared that 4.7% of the r adio-
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activity was incorporated into the fr ee fat t y acid fracti'Jn (Table 10) . 

TAELE 10 

Lipolytic activity of fracti ons obtained from a Sephadex G-200 
column . 

l !i Reaction mixture~ 0 .5/~l of hexane containing glyceryl tri (oleate-
1- "C) (0 . 6425 x 106 dpm ) i 1.0 or 0 . 2 ml of each fraction; 2 hour s 
incubation at 390c with constant shaking . 

Radioactivity of lipid ,·ras rne&sured after sepa:r-a tion by thin-- layer 
chromatography and removal of zones . 

% of radi oactivity in each lipid 

Fraction Absorbance Quantity Triglyceride Fatty Di glyceride 
number at 280 nm in ml acid 

11 1.3 1.0 76.5 11. 6 7.7 
14 0 .185 0 . 2 74.0 11.7 9 .5 

19 0 .12 0 . 2 73.8 10.4 11.9 

24 0 .196 0. 2 79.2 7 , 8 11. 6 

29 0 .292 0. 2 80 , 3 9. 6 8.6 

33 0 . 41 1.0 64 . 3 19 .1 1L 6 

36 0 . 142 0. 2 67.6 12 . 3 16.2 

. 40 0 . 215 LO 66 .2 1L 9 12 .3 

42 0 . 133 0 .1 2 S4.s 11.7 20.2 

48 - 0 . 071 0 .2 84 . 4 7,9 6 .3 

Blank 1 ml 
di stilled 91.1 4 7 3.8 
water 

4.7 Lipolytic activity of lyophilised half-saturat ed (NH
4

)2so
4 

precipitate 

component 

Mono-
gl;yceride_ 

4.2 

4 , 8 

3. 9 

1.4 

1. 5 
5.0 

3. 9 

9.6 

3. 3 

J..4 

0 , 4 

Details of the (NH
4

)2so
4 

fractionation have been described in sub­

section 3. 9 . 9. A suitable aliquot of peanut oil emulsion containing 

approximately 10 mg of the oil with the amount of each fraction (Frac. U 

and Zin fig. 8) equivalent to 10 mg of protein w~s dissol ved_ ~n 5 ml of 

0 .06 M phosphate buffer. The incubation was r·.:-.rried out fer 4 h0urs under 



.. 58a -

2 

3 

4 
5 

s p 

Fig . 14. Demonstration of lipolytic activity of half-s aturated ( NH
4

) 
2
so

4 precipitate as prepared from lyophilised material . 
Key : 1, triglyceride ; 2 , free fatty acid· ; 3, diglyceride ; 
4, monoglyceride; 5, origin; s

1
, standard lipids ; S&P, the 

lipia.s extracted from the supernatant and precipitate respec­
tively after incubation of e:nulsi:f'ied peanut oil for 4 hours 
(For details of incubation conditions see section 4.7.). 
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nitrogen with constant shaking. Approximately equivalent aliquots of the 

lipids extracted from the incu·bation products were separated on thin layers 

of silica gel , as shown in fig . 14. 

precipitate possessed lipolytic activity whereas the supernatant fraction 

appeared to be i nactive . The trace of diglyceride, which appeared in the 

r eacti on products of both the precipitate and the super natant , was due to 

an impurity in the peanut oil (Fig. 14) . 

4.8. Effect of pH on enzyme activity 

The effect of pH on the lipol ytic activity of lyophilised material 

(Frac. Qin fi g . 8) towards emulsified triolein was investigated by the 

use of a radiometer titrator as described in section 3,19 . No activity 

was found at pH E.5 (Fig . 15) . lfonenzyma tic hydrolysis of the substrate 

was observed only at the alkaline side of neutrality (Fig . 16) . When 

corrections for nonenzymatic hydrolysi s were made, it is apparent that as 

the pH was raised, the activity of lipase increased to reach a maximal 

value between pH 8 . 0 and 8 . 5 . 

activity (Fig. 17) . 

Further increases in pH decreased the 

When a similar study was carried out using emulsified tributyrin as 

the substrate, the rate of lipolysis increased above pH 4.5, r eaching a 

maxi mum value at pH 7.0. Further increase in pH up to pH 9.5, decreased 

the lipolytic activity (Fig. 20). Again corrections were made for some 

nonenzymatic breakdown of emulsified tributyrin which occurred on the 

alkaline side of neutrality and in addition at the lower pH values 

(Fig . 19). 
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J:;ffect of pH on the rate of hydrol_ysis of emulsified triolein by 
l yophili sed material as prepa r·ed from 90 , 000xg supernatant of 
sonica ted bac t erial pel l et. -

35 

Reaction mixture : Assays were performed by titr ation of the liberated 
acid a fter mixing 2 ml of lyophilised material (10. 4 mg pr otein ) with 
2 ml triolein emulsion (triol ein:water = 1:100, Y/v) at 39°c under N2 
with conti nuous mixing of the assay mixture . 

5 10 15 20 

TIME OF INCUBATION(minl 

Effe ct of pH on the rate of non-enzymatic 
hydrolysis of emulsified triolein. 
Reaction mixture: Assays were performed by 
titration of the libernted acid after mixing 
2 ml of wa ter with 2 ml of triolein emulsion 
(triolein:water • 1:100 , V/v) at 39°c under 
N2 with continuous mixing of the assay mixture. 
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4.9 Relationship be tween enzyme concentr ati on and reaction velocity 

The ef fect of differ ent concentrations of lyophilised material 

(Frac. Qin f ig. 8) on the rate of fatty acid production from emulsified 

tributyrin was studied at pH 7.0 with aid of a radiome t er titrator as 

described in section 3.19. A gradual increase in lipase activity was 

observed with the increase in enzyme concentration. The s l opes of the 

straight linvs arc approximately proportional to the amount of the enzyme 

(Fig . 21). However, an appr oximately linear relat i onship was obtained 

when the amount of protein used in each assay was drawn agains t the milliuni ts 

of lipase (Fig. 22). 

4.10 . Counts of tributyrin - hydrolysing bacteria 

Counts of tributyrin - splitting bacteria from fresh rumen fluid 

and bacterial pellets prepared from the rumen cont ent s (sub-section 3.9. 3.) 

v1ere made . A few coloniE:s with clear zones ar ound them were noticed 

after 21 hours incubation . Most of the tributyrin - splitting colonies 

appear ed between 20 and 40 hours after incubation began and produced 

macroscopic zones of clearing on tribut yrin layer. In some cases zones 

of clearing appeared befor e visible col onies had developed . After 48 

hours incubation it was possible to make a total viable count and a total 

count of tributyrin - splitting colonies . A 10-6 dilution of rumen fluid 

contained 148 colonies, of which 68 (46%), were surrounded by zones of 

clearing,. This represents a total count of 1.4 x 107/ml of rumen fluid. 

When the organisms were derived from the bacterial fraction of rumen 

content, a 10-6 
dilution contained 107 colonies of which 52 (40 •. 6%) were 

surrounded by clear zones. The total count was 1.0 x 107/ml of rumen 

fluid. On prolonged incubation the colonies and the clear zones became 

larger and the zones tended to become confluent. Colonies which had not 
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produced zones of clearing within 48 hours usually failed to do do on 

prolonged incubation. 

4.11. Isolation of tributyrin-splitting bacteria in pure culture 

Three different types of tributyrin - hydrolysing colonies were 

isolated. The isolated colonies were selected because of their rapidity 

with which they produced zones of clearing in comparison with other tri-

butyrin-splitting colonies. Table 11 shows the morphological characteris-

tics of the 3 different types of colonies. The highly branching nature 

of strain 1 helped to distinguish it from others. This was observed on 

one occasion that strain 1 seemed to r epresent about la(o of the total 

tributyrin-splitting bacteria in the rumen. 

4.12. Effect of time on t he production of area of clearing of tributyrin 

by the tribµtyrin - splitting bacteria 

A r elationship between the area of clearing of o.2% (~) emulsified 

tributyrin with the time of i ncuba tion by the 3 isolated tributyrin -

hydrolysing bacteria was investigated. The double layer technique 

described in section 3.15. was used. Starting from the beginning of 

incubation, the diameter of the zones of clearing was recorded after 

every 24 hours. It is apparent from figures 27, 28 and 29, that the in-

crease in the area of lipolysis is not linear with respect to time. It 

is also evident that strain 1 is most efficient in the hydrolysis of tri­

butyrin and that the activity of the other strains decreased in the 

following order; strain 1 , strain 3 , strain 2. 



TABLE 11 

Cultural and morphologica l characteristics of bacteria 

~train Colour Shape Edge Density Any distinctive Gram staining study 
f eature Gram-negative Shape 

or 
Gram-positive 

1 white Filamentous Filamentous Opaque at t he centre Highly branched Gr am-negative Rod I O'\ 
I-' 
IX> 

2 white circular undula t e Opaque centre sur- Viscous Gr am-negative Rod 
rounded by in.~er trans-
f er ent and outer trans-
lucent edges 

3 white circular slightly Tra.nsfcrent with a slight - Gram-negative Rod 
undulate translucent at the centre 
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Colony characteristics of Strain 1 growing in media A 

with the area of clearing of 0. 2% tributyrin. 



Electron micrographs of tributyrin­

splitting bacteria negatively stained 

with 1% phosphotungstic acid. 

Fig. 24 : Strain 1 - magnification, 

Fig. 24a: Strain 1 - magnification, 

Fig. 25 : Strain 2 - magnification, 

Fig. 25a : Strain 2 - magnification, 

Fig. 26 : Strain 3 - magnification, 

Fig. 26a : Strain 3 - magnification1 

19,000 X 

19,000 X 

52,000 X 

68,000 X 

19,000 X 

62,000 X 
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Fig. 26 
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4. 13 . Study of the lipolyt ic activity of tribut;YTin- splitting bacteria 

towarQs peanut oil 

In an investi,:;a tion of the lipol ysis of peanut oil by the isolated 

tri::--uty:ri n -hydrolys ing bacteria (B1 , B
2 

and B
3

) double layer t echniqus 

as described in section 3. 15 . ,wa,s used . After 72 hours incubation at 

0 39 C, only very narrow zom:s of cl2aring were observed microscopically. 

These narrow zones of clearing did not incr:.::ase in size even on pr olonged 

incubation . 

4.14 . Activity of tributFin - splitting bacteria in the hydrolysis of 

gr&.~~ galactolipid 

A comparison of the hydrolysing capacity of the 3 strains of 

bacteria (B1 , B
2 

and 13
3

) t ow~rds gal a ctol ipids was made by f ollNli ng the 

formation of free fatty acids colorimetrically (section 3.18) within 25 

hours incubation time . A contr ol experim.ent a t zero hour showed 411 m 

/1 moles of free fatty acids and the l eve l r eaches 462 . 5 aft er 25 hour s 

incubatio!'l. . A slight nonenzymatic hydrolysis of the substr ate was appa-

rent under the conditions of incubation (Table 12 ) . Strain 1 vms found 

to be mos t effici ent in the hydrolysis of grass- galactolipid . However, 

it is appar ent from. t able 12 t hat all 3 strains showed the same r e l a tive 

lipolytic activity toward gal actolipid as they did toward tributyrin ( section 

4.12) i . e . the activi ty decreased in the fo llowing od.er: :2-1 ; R~ , B2• 
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TABLE 12 

Hydrol3rsis of monogalactosyldiglyceride by tributyrin - splitting 
bacteria.. 

Sam1:-le * 

BO 

B25 

Bl 

B 
2 

B3 

Fatty acids in 

mp moles 

411.0 

462 . 5 

1316. 2 

630 . 0 

961.0 

B
25 

less fatty acids 

in m1-1 mole s 

s53.7 

168 . 5 

498 . 5 

+ % of breakdovm 

of total galac­

tolipid 

6 .53 

1.3 

3. 81 

* B0 arid B
25 

are the control experiments at zero hours and 25 hours 

respectively. B
1

, B
2 

and B
3 

are strain no. 1, 2, and 3 respectively for 

which 25 hours incubat i on was carried out using 1 ml of galactolipid 
emulsion containing 5 mg of the substr2.te . 

+ These figures were calculated on the assumpt i on that linol ei1ic acid was 
tte only fa tty acid associe.tec.. with the monogalactosyldiglyceride . 

For detai l s of incubation conditions see sub- section 3. 16 .1. 

4.15. Effect of time in the hydrolysis of monoga.lactosyldiglyceride 

by bacterium strain 1 

Among the 3 types of bacteria studied, strain 1 showed the highest 

activity towards galactolipid (section 4.14). This was the reason it was 

selected to determine its activity against galactolipid with time. 

Formation of free fatty acids was followed by their measurement colori-

metrically (section 3.18). Control experiment at 16 hours incubation 

time liberated 285.0 m,11 moles free fatty acids. However, there is an 

increase in the concentration of liberated free fatty acid with the in­

crease in time reaching a maximum value 451.2 m/1 moles at the end of 

16 hours (Fig . 30). 
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CHAPI'ER. 5 

DISCUSSION 

5 . 1. Purification and, cha.rc. ctc,ris.,e. tion. of liP~:.svs fr .:,n mixed rumen bacteria 

Assay of lipolytic activity was carried out by continueus titratien 

of libera ted fatty acids using a radiom~ter. This permitted the measure-

ment of the initial velocity of lipolysis a t a constant pH . More sensi ­

tive radioche~:iica l techniques ( Clarke and Hawke , 1970) were used t o follow 

the rate of lipolysis. It was confirmed that well separate~ radioactive 

lipids of the reaction mixture on a thin-layer chromat ographic plate could 

be directly s canned or alternatively, by transfer of t he appropriate areas 

of lipids from the plate into vials followed by the de termination of radio-

activity i n a liquid scinti l l a tion spectrome ter . The formation of mono-

and di glyceride during the r eaction could be followed u s ing t his t echnique , 

Final ly , estimation of free fatty acids was carried out by a colorimetric 

met hod (Mahadevan e t a1 ., ·196a ) . 

The attachment of cellulolytic microor ganism of the rumen t o plant 

particles i n the digesta has been established by a number of workers 

(King , 1959; Hungate, 1966 ). I t appears that there is a similar ~ttach-

rnent of lipolytic microorganisms t o the particulate materia l (Clarke and 

Hawke, 1970) . The apparent effec t of homogenisation is to detach some of 

the lipolitic microorganisms from their natural site i n the aqueous media 

which results in a greater lipolytic activity (Table 6) . In spite of 

this close resemblance between the cellulolytic and lipolytic bacteria on 

the point of their attachment to the plant particles, further investi'.'9 

gations on their differences are necessary. Whether lipolytic bacteria 

are cellulolytic form to be followed by more precise details of the 



- 65 -

~elationship between the two g1:oups of bacteria, have yet to be studied . 

Garton et al . (1961) did not detect mono- or diglycerides in the rumen 

contents after adding triglyceride . The presence of these compounds has 

been dem0nstra ted by Hawke and Robertson (1964), Silcock (1968) and Clarke 

(1969) . The present experiments further confirm that there is some 

accumulation of mono- and digl ycer i de . It is appar ent tlw.t both mono­

and diglyceride arc. formed i n the hydrolysis of 14c- triolein by strained 

rumen fluid (tabl e 6) . The percentage of r a dioacti vity in the monoglyce-

ride fraction appear ed to be approxima t ely half of thE: diglyceride l evel 

throughout the period of incubation (Fig. 11 and Fi g . 12) . The l ipase 

activity i n the rumen docs not l ead t o a type of breakdown (Garton e t al ., 

1961; CJarke and Hawke , 1970) a s with pancreatic lipase (Savary and 

Desnu~l le , 1956 ) . This would her dly be expect ed been.use t he lipases 

prepa r ed from rumen cont ent s are likely t o be derived f r om many different 

bacteria l sources . "Whether or not t hC:: r e are sp~ci fic l i pa.ses pr esent, 

t hey canno t be described until t1:e char acter istics 0f t he l i pR.ses of a 

si ngl e ba ctE:r ial species have been de t er mine d. 

High frequency soni ca.tion of bacteria l prepara tion from t he rumen 

r esulted in the transf er of lipolytic activity to t he 90 , 000x~ superna t ant 

(Clarke and Hawke , 1970) . The r esults pre sented in Table 7 confirm the 

earlier work . The lm'l'er activity in the 90 , 000x~ super natant prepared 

from bacteria without prior sonication could be expla ined by s ome lysis i n 

the 0 ,06 M phospha t e buffer (Table 7) . 

High speed centrifugation was used f or the preparation of lipases . 

Milk lipases were prepared from the supernatant fractions obtained after 

centrifuging skim mil k (containing 0 . 75 M NaCl) at 80 ,000x~ for 2 hours 
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(Downey and Andrews, 1969) . A 60 min. centrifugation of pig pancreas 

homogenates at 100 ,000x~ in 9 volume of water was carried out to get a 

clear extract which was used as the source of lipase for the next purifi­

cation step (Sarda et al ., 1964) . However, in this study the supernatant 

fraction (Frac . Lin fig. 8) obtained after centrifuging sonicated bacteria 

at 90 , 000x~ for 30 min. was used in order to achieve a further purifica tion. 

An appreciable lipolytic activity remained in the supernatant fraction 

(Frac. Nin Fig. 8) after centrifugation of the sonicated bacterial pellet 

at 200, 000x~ for 30 min. Furthermore, the 200 , 000x~ centrifugate had 

greater activity than that obtained at 90 , 000x~ (Table 8) . This seems to 

indicate that some lipolytic bacteria or particles with lipolytic activity 

remain suspended in the 90 , 000x~ supernatant which are then removed by 

higher centrifugal force. When the latter was filtered through a Zeitz 

filter the bacteri a-free filtrate showed slightly l ower lipolytic activity 

than the non- filtered supernatant . The presence of lipolytic activity in 

the 200 , 000x~ supernatant (Table 8) i s also good evidence for the existence 

of soluble lipases . 

Lipases from Fusarium lini Bolley was f ound to be very stable in 

dry state but unstable in aqueous solutions (Fiore and Nord, 1950) . 

Electrophorctic studies provide evidence that the enzyme destruction in 

aqueous solutions resulted from proteolysis . In the present study, from 

a comparison of the stability of soluble lipases in aqueous solutions and 

in lyophilised material , it is apparent that rumen microbial lipases are 

unsta.ble in aqueous solution. However, this could not provide infor-

mation of the factors involved in the inactivation of lipascs . On the 

other hand, lyophilised material is fairly stable . It a]s e appears from 

the results presented in Table 9, that dialysis of.the enzyme extract does 
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not inactivate the lipases, 

The use of Sephadex columns seems to be one of the most i mportant 

steps in the purification of microbial lipases . This technique success-

fully purified many microbial lipases such as Micrococcus and Pseudomonal 

lipase (Lawrence et a l. 1967b) , Staphylococcal lipase (Tirunarayanan and 

Lundbeck , 1968) , and Pseudomonal lipase (Lu and Liska , 1969a) . Substantial 

puri fication of pancreatic lipase v,as achieved when the former was filtered 

through Sephadex G- 200 (Benzonana et al ., 1964; Sarda et al ., 1964) . 

However , in the present s tudy , Sephadex G- 200 used to purify lyophilised 

lipase preparn.tion (Frac . Qin fig . 8 ) did not result in a useful concen-

tration of lipase activity. Although three different protein peaks (Fig . 

13) were obtained, the lipolyt i c activity was distributed over all the 

peaks (Table 10) . The main probl em in applying this purifiaction procedure 

to the lyophilised material was the low specific activity of the lipase 

which meant that the appr opriate protein loading (section 4 . 6) for the 

column was low in tota l lipase activity. 

A 50% (NE
4

)
2
so

4 
precipitate of the lyophilised material showed lipo­

lytic activity towards emulsified peanut oil leaving the corresponding 

super nat ant , inactive (section 4 . 7). 

is suffici ent to precipitate all the lipases including other protein im-

purities . Perhaps it would be a significant step in the purificati on of 

rumen microbial lipases . In this connection , lysolecithina.se , an enzyme 

isolated from the rumen bac t eri a , was purified by (NH
4

)2so
4 

precipitation 

and adsorption on calcium phosphate gel (Dawson, 1959). (NH4)2so4 frac­

tionati on of culture supernat ant purifi ed Pseudomonas lipase (Lu and Liska, 

1969a). Half-saturated (NH
4
)
2
so

4 
was used for the purifiaction of pan-
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creatic lipase (Benzonana et al . , 1964 ; Sarda et a l . , 1964) . 

I t has been observed by some investigators that optimal pH of a 

lipase depends on the nature of the substrate it hydrolyses . Mycoplasma 

Galliscepticum lipase showed a pli opti ma 7. 5 for the hydrolysis of mono-, 

di- , and tribut yrin but it showed maximum activity at pH 8.0 f or the hydro­

lysi s of trilaurin and triol ein (Rottem and Razin ,. 1964) . Rat serum 

lipase showed pH optimas 7. 2 , 7. 6 and 8. 05 for the hydrolysis of ethyl 

butyrate , tripa l mitin and tributyrin (Tuba and Hoare , 1950) respectively. 

Durlng this study on rwnen lipase , lyophili sed material (Frac . Qin fig. 8) 

wa s used as the source of enzyme for the determination of its pH optimum 

t owards triolein and tributyrin. The pH of the rumen ingesta is slightly 

acid and t he bacteria are adapted to live betv,een pH 5. 5 to 7. 0 (Hungate , 

1966) . Howev8r, the crude lipase preparation showed an opti~um betTTeen 

pH 8. 0 to pH 8. 5 for the hydrolysis of triolein when assayed in the range 

of pH 6. 5 to pH 9. 5 (Fig. 17); this also showed maximum activity at pH 

7 .0 t owards tributyrin rrhen asaayed in the range of pH 4. 5 to pH 9. 5 

(Fig. 20) suggesting the possibility of more than one lipase. 

Microbial lipase show a greater activity towards gl yoerides 

containing short - chai n fatty acids than t owards high molecular weight 

fatty aci ds . When Tirunarayanan and Lundbeck (1968) compared the 

activity of staphyl ococcal lipase towards a number of different tri­

glycerides they f ound the rate of hydrolysi s of tributyrin was t he 

highest and triol ein the l owes t . Maximum hydrolysis was observed by 

Micrococcal lipase when tributyrin or t ripalmitin was used a s substrate 

(Rottem and Ra zin , 1964; Shah and Wilson , 1965). Hydrolysi s of tri­

butyrin was more r apid than any other triglyceride by human mil k l ipase 
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and pancre,,tic lipase (Sch~nh0yder and Volqvartz , 1044) . An appr oximately 

similar phenomenon WRS aci1ieved >'.'hen trioloj n and tri bu tyrin was used in 

the l yophilised lipase pr cp,qration. The lirolytic activity was many times 

higher tm·113.rds tri butyrin than triolcin. When tributyrin was used as su1 -

strate at pH 7 , 0 , 0 . 05.1 unit of 13.ctivit y per mg of pro t ein was achieved 

(Fig. 20) . By cor..prriso:n , when triolei'1 .v:.s used as substrate at pH 3. 5, 

only 0 . 002 unit of activity per MC of protein ,·m.s ncheived (Fig . 17). 

Isolation and ch~r2c t erisation of tribut,'1Tin- s plittinr bactcrie 

H0bson and Mann (1961) detected lipolytic nicroorganisms by grni:nt.'." 

the isol- tes in media containing linseed oil 'l.nd determining the -'...1.nal 

acidity in an rcid- other ~xtr~ct . It had be~n r eported some y~nrs 0&rli 0~ 

that bacterial cultures contain ether-sol uble acids originating from tho 

metabolism of protein or carbohydrate (Lul.H ... r i; etd. , 19~9) . Consc-

qaently , if th8 te~hriqlle is to be used , the level of avail,bl e protd11 

arid cnrbohyclra. to :;ius t be kq, t lo'.\", In the prcscrit study , pure: cul turc of 

tributyrin- spli tting bacteria was testeci for thGir lipolyt.ic a~t.vi ty 

using galactoli p i d m: substr '.ltc- (sc:cUcns 4 . 14 and .1 . 15:• since gala.cto-

lipids ar e of quanti t.?. ti Vt- imJ)ortance no r>.. class of dietc'.lry lipids in the: 

grazing ruminc..nts . The libe:ratcd f r 0," fa tty f.lcids \,ere dctercir.8d colori­

metrioally ( s0ction 3.18) after extraction wi t h hexane . Since the colori­

metric assay is specific f or l ong- chain f atty ucids , contP.r.linP..tion of Ghe 

extr acts with ~lkalinc or acid degradation pr oducts (Lawrer.cc et a l . , 

1967a) from the growing cultures would not inter fere with t he cnlnri metric: 

es timation . 

Clear zones a r ound the colonies grown in linseed oil-agar or tri­

butyrin- agar roll tube were taken to indicate l i 3olys is or esterase 
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activity (Hobson and Mann , 1961) . I n this s tudy the double layer tech-

nique (section 3 . 15) was used for the detection of lipolytic bacteria. 

Since the col oni e s were grown separately from the site of lipase acti on, 

the t echnique avoided the possible inhibition of liberated fatty acids 

towards the or ganisms . Approximately 1.4 x 10 7 tributyrin- spli tting 

bacteria (section 4. 10 ) wer e found to be pre Gent /ml of rumen fluid-. 

Three strains of tributy:rin- splitting bacteria were isolated in 

pure culture . '.i.1he isolates were rapid in their action tov;ard tributyrin 

(Fig-s . 27 , 28 and 29 ) . However , vhen the lipolytic activity of these 

three strains was investigated using peanut oil, only very narrow zones of 

clearing were observed microscopically after 72 hours incubati on . On 

pr ol onged incubation, t hese z01,es of clearing did not incr ease in size 

(section 4 . 13) . On the other l'w!md., clear zones ar ound colonies i n contact 

with tributyrin- agar were much more obvi ous (sE:ction 4.10; fig. 23) . In 

thj.s connection , i t should be noted that hydrolysis of tributyrin was f ound 

t o be more rapid than t riole in by l yophilisec. lirase preparation from 

mixed rumen bacteria (Fig. 17 ; Fig . 20) . Oleic acid has been found to 

inhibit the lipolytic activity of vari ous microor ganisms such as Pseudo­

monas aeruginosa (Sierra , 1957 ) , Pseudomonas f r agi (Smith and Alford, 

1966) and W~crococcus freudenreichii (Lawrence e t a l ., 1967b) . The grmdh 

of Streptococcus cremoris was markedly inhibited by oleic acid (Anders 

Jago, 1964 ) . Using over night broth cultures (in media A) of the thr ee 

isolates (B1 , B2 a.~d B
3

) their lipolytic activity towards emulsifi ed 

14c- triol ein with unlabelled carri er , was investiga ted. Apparently, 

they could not hydrolyse triolein within 24 hours incubation but further 

s tudies will be required to comment on t his point . However , f r ee fatty 

acids appear ed in the incubation products when monogalactosyl diglyceride 
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was incubated with these t hree strains (Table 12; Fi g . 30) . Unfortu-

nately, control e::.pE:riments using cul tu::c<;; of standard turbid.i ty •:. i i;hout 

ad.ded monogclactosyldiglyceride , were not carried c~t . So , it is incon-

clusi vo 'vhe t her the lH·er atE:u. fa tty acids ar8 of bacterial or galn.ctolipid 

origin . Furt:-ie::-: studies c::ill b~ required to provide ir,formation on this 

point . I'he lack of activity i"112n 14c- triolein vms u sed as substrate 

could posstble be due to the inhibitory effect of oleic a cid on the growtJ-:. 

of the organisms or on their l ipase a ctivity . In thi s connection it 

should be noted that the grass- galactoli1-,id used. as cubs vratG contair.ed 

only a trace of oleic acid (T~tle }). 

ThE: formation of lipase by some microorge.nisrns are i nducible 2 . g . 

lipases are sy:1thcsised in Candi da parcli.polytica under th1:: influe nce o ~ 

lipids and re ln.ted substances (Ota at a l., 1968) . AJdition of fats and 

oils to the base medium, increased the lipas,::: production h;y ':i.'orulopsis 

ernobii (Toshida e t al . , 1968) . :-Io·,:ever , it i s arr,f'..:::-cn t fron fi r . 27 , 

28 and 2~ , that tlie production o~' the ar,.:e. of cluari-1g by tr:'_hut;yTin-

splitting bacteria with r espect to tim'- j s 1:ot line::r . It is sugg•2sted 

that this rna;r indicate a l ag pha::;e during which the tributyrin- spli tting 

enzymes arc induced. 

The highly branching nature of colonies of B
1 

(Fig . 23) made it 

easy to distinguish from other tributyrin- splitting bacterial col onies 

(Tabl e 11) . It was observed on one occasion tr.at B
1 

represents about lo% 

of the total tributyrin- spli tting bacteria in the rumen. 

2 months after t he first isol a t ion of B
1

, B
2 

and B
3

, 

to B1 wer e again observed in isolates from rumen fluid . 

Approximately 

colo~ies Gimilar 

This may 

i ndicate that this bacterium is the normal i nha bitant of the rumen of the 
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cow 3Tazing 0!1 fresh pastures. It wa s no t possible to make t he sarr,e 

visual observation for B
2 

"..nd B
3 

be cause the;:,, did nC't possess such a 

6..istinsui shed pr :perty1 i. e . branch:i.ng in the colony ('l'abl e 11). 

In c c l lul ose- ag:::i.r medi um col onies of But:yr:;,:.'i.b:r::. ~· vary in smpe f r oJT 

l ens- shaped t o "tl'ian::.ular or highly branched (Hungate , 1966) . L.ipol ytic 

bal;tcria i. solat&d by I:obson and LfaJlY (1961) wore vibrioshaped . I n the 

rres:mt study, the isolated Gr ibutyrin- sp:!.i-t;ting b_c.,ceria h&ve not b.:en 

.:1a:nen .• 

g2ve a!: ir,dicr1 tion tr..at tr,is pc.rt .:. r.ulf:ir st:ra in may be P.. stra.i.n of J31-.-l;yri -

All tr,e way thr ougli , mediu::1 A ( section 3.4) with a,18.r Vias used for 

the s toraGc o f the 3 groups of bRcter ia. When colonies of the t !rroe 

i solates has been 1,r-2.nsferred to mc:iium B(scction 3.4) with agar, a •.re ry 

good. growth of all ci-irce isolA. t,2s has been obse:rved vii thin '3.n incub& tior. 

C, 
period of 13 hours a t 39 C. Wh,m the coloni es of the 3 s trn i ns -:verc 

t r ansferred. to ricdiri. C ( 'rable 4) , a pc,1:iod of 96 hours was r equir ed fo:;:-

adapt ati on bef o:rc P..n? of the iso2.e.tcs could 6rro,· freLly, 
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CH./1.PT:sH. 6 

1. Solu::,le lipase:, f'r,J.ctions with li_Jolytic ·.ctivi ty have b,:,0n pr e:9a::::·21~ 

fror.1 rumen bacteria Tihicl: had "been subj(;c+ed to sonica tion. 90 , 0JJ).._fi 

cent:r.,ifugntion, ultra- filtration, dialysis, freuze- tlr;yin5 ? .. nd (:1m
4
\su! 

precipitation was used for th0 pr~uai~tion of lipase . 

ge 1- fil tr'.;J. tiOil t o pu:rif .i. ca t-;.on ,.·crG not succesr.:f11l. 

J,,, ttempts to appl y 

2 . LipfJlytic activity has be:c!:1 2-ssn;:ecl 1,y raci.i och..::micaJ , colori:iet:~i c 

and titrimctric methods . The lipases rwrc r~orc sfabl0 in lyop~lilisu1 

state than in aquc0u3 solution. 

3. ThG activity of l;'/ophiliscd Ji~;nse shorred a pH opti:!lum bdu~vr p::-i_ 

6 . 0 - 8 . 5 n.nd e..t pH 7, 0 for the 11;y-c1.: .. ·olysis of trio 1 eh: F..nrl tri b·.i."v:'., ri:1 

rcspE>Jti vcly . 

4. 11.nen tributyrin ·:;as ·.me<'. us tre SlJ:)r:tra.t1.: , it v:c..s f onnd thH.t ~i::e 

r eactio,1 VGl r,ni ty V.'c,,,S apprc;xi:..1r'tel;y proport-i.i·n,,_J t.0 the 3r.io1mt o.~ ;n.·otoir?. 

in the l :rophiliscd enzy,-,1e . 

5. A double la;yer anaerobic t echnique was used f c::- thG detection r.nd 

isolation of tributyTin- splitting bc:cteria fror:1 -Lne ru::ic11 of a cov, . 

6. Total number of tributyrin- splitting bacteria in f r esh rumen fluid 

fror:i a era.ss fed cow was found to be appr oximately 1. 4 x 107/ml. 
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7. Three strains of tributyrin- spli tting bacteria were isolated. 

isolated o:rganisms were strictly anaerobic Gram-negative rods which were 

capable of growth in three different synthetic and semi- synthetic medi a . 

Investigati ons of the lipolytic activity of these stncins was carried out 

using monogalactosyldiglyceride , peanut oil and 14c- triolein . 

8 . One of these stra ins was considered to be a normal inhabitant of 

the cow rumen since it appeared to represent approxirr.ately 10% of the 

total tributyrin- splitting bacteria in the rumen . 
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