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ABSTRACT 

The relative sensitivities of four methods for the deter-

mination of lipase activity was found to be dependent upon the source 

of the enzyme, when comparisons were made using commercial porcine 

pancreatic lipase and two partially-purified bacterial lipases. 

Lipase activity was dependent upon substrate surface area 

rather than substrate concentration per se. Long-chain insoluble 

fatty acids were inhibitory to lipase activity. A minimum concen-

ii 

tration of fatty acid was required before inhibition of lipase activity 

occurred. This minimum inhibitory concentration was inversely related 

to the chain length of the fatty acid. Fatty acid inhibition of lipase 

t • 't ld b t' 11 db the add1't1'on of ca2+. ac 1v1 y cou e par ia y reverse y 

A sensitive and precise assay for the determination of soil 

lipase activity was developed. The assay involves a 3h 0.1 M tetra-

sodium pyrophosphate (pH 7.5) extraction of soil, followed by a 10 min. 

assay on the extract using the fluorogenic substrate 4-methyl umbel-

liferone nonanoate (4 MUN). Basal lipase activities of thirteen New 

Zealand topsoils ranged from 28 to 597 nmol 4-methyl umbelliferone 

-1 -1 
(4 MU) produced min g of oven-dried soil and were not strongly 

correlated with soil pH, clay content, cation-exchange capacity, or 

organic matter. 

The addition of triacylglycerols to soil samples 

in du c e d microbial production of lipase resulting in 

triacylglycerol degradation and associated oxygen consumption. With 

tallow applied to a Hamilton clay loam topsoil sample at the rate of 

-1 
2.5 mg g and incubated at 25°C, lipase levels increased from 160 runol 

-1 -1 1 1 
4 MU min g to 490 nmol 4 MU min- g- after 8 days and the majority 

of the triacylglycerol was degraded within 14 days. The time for 

significant triacylglycerol degradation to occur was related to the 

level of lipase induction upon amendment and not upon the basal lipase 



levels of the soil. The extent of lipase induction and, therefore, 

triacylglycerol degradation, was influenced by loading rate, type of 

triacylglycerol, soil type, temperature, and mineral nutrient addi-

tions. In synthetic mixtures of substrates the breakdown of triacyl-

glycerol occurred after the microbial oxidation of alternative 

substrates. 

The lipolytic microbiota of both unamended and triacyl-

glycerol-amended soils were isolated. The bacterial population 

demonstrated the greatest increase upon amendment with triacyl-

glycerols. A bacterial isolate obtained by enrichment culture, 

and designated Pseudomonas 017, was capable of producing high levels 

of extracellular inductive lipase when grown upon triacylglycerols, 

iii 

long-chain fatty acids and hydrocarbons. Growth upon these substrates 

was accompanied by the production of an emulsifying agent. The lipase 

of P.c:r-udmnonan 017 was partially purified and characterised. 
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CHAPTER 1 INTRODUCTION 

The importance of lipases 

The enzyme triacylglycerol acyl-hydrolase (EC 3.1.1.3, 

commonly termed lipase) cleaves the ester linkages of triacylglycerols 

or their analogs. Lipase is active against only those acyl-ester 

substrates that are insoluble (or in micellar form) in an aqueous 

environment (Brockerhoff and Jensen 1974), and therefore its activity 

may he readily distinguished from that of carboxylic-ester hydrolase 

(EC 3.1.1.1, commonly termed esterase). 

The action of lipase represents a case of special interest 

to enzymologists, with a water-soluble enzyme acting upon a water-

insoluble substrate. Studies cm the kinetics of such heterogenous 

catalysis should prove of more value in understanding the principles 

of enzymatic reactions in natural biological systems (where most 

enzymatic activity occurs at interfaces) than classical studies in 

homogenous systems (Verger and de Haas 1976). 

In the medical field, low serum lipase levels are ir·1plicated 

us the cu use of congeni tul hyperlipemia ('l'ype I hyperlipoproteinemia) 

(Fredrickson and Herbert 1978). The possibility exists that manipu-

lution of serum lipase levels may be useful in controlling abnormal 

lipid accumulation. Elevated serum lipase levels provide a clinical 

indication of acute pancreatitis (Tietz et al 1959). 

Microbial lipases are responsible for the development of 

rancidity in fat-containing foodstuffs (Alford et al 1963; Deeth and 

Fitz-gerald 1976). However, with certain products lipolytic action 

is necessary for flavour development (Lawrence 1967a; Seitz 1974; 

Deeth and Fitz-gerald 1976). Besides flavour development, microbial 

lipases have a variety of industrial uses being incorporated into 

1 



detergents, washing powders, pharmaceuticals, chewing gum and denti-

frices (Seitz 1974). Several manufacturers are now marketing enzyme 

powders (containing lipase) which promote rapid and efficient break­

down of organic materials in wastewaters (e.g. Actizyme®marketed by 

Southern Cross Laboratories, Dural, New South Wales, Australia). 

Triacylglycerols are the principal components of the lipid 

or "oil and grease" fraction of domestic sewage and various food-

processing wastewaters (Hunter and Heukelekian 1965; Overcash and Pal 

197 9) . During biological treatment of such wastes, sufficient lipo-

lysis and subsequent oxidation, must occur if problems associated with 

triacylglycerol accumulation within the treatment plant are to be 

avoided, and suitable effluent quality with respect to organic levels 

is to be achieved (Banerji et al 1974). 

1.2 Scope of the thesis 

The prime objective of the research was to 

investigate the induction of lipase and the consequent degradation 

of triacylglycerol in soil. This was prompted by proposals by both 

2 

the dairy industry (James, New Zealand Co-Operative Dairy Company, per>s 

comms) and the meat processing industry (Cooper, Meat Research Institute 

of New Zealand, J>erc cormnu) to increasingly use land application as u 

method of treatment of wastewaters. As wc1stewaters from both of these 

industries contain triacylglycerol, concern was held that triacyl-

glycerol accumulation may occur resulting in decreased rates of waste­

water infiltration and oxygen diffusion. 

In addition to studies on lipase in soil (Chapters 5 and 6) 

several other objectives arose once research had begun. Specifically, 

these were: 



(1) To develop and compare methods of estimating lipase 

activity (Chapter 2); 

(2) To further elucidate interface phenomena as it relates 

to lipase activity (Chapter 3); 

(3) To study the production and properties of microbial 

lipases, particularly those produced in the presence 

of insoluble carbon and energy sources (Chapters 8, ~ 

and 10). 

I 

3 
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CHAPTER 2 THE MEASUREMENT OF LIPASE 

(TRIACYLGLYCEROL ACYL-HYDROLASE, EC 3.1.1.3) ACTIVITY 

2.1 Assay methods An overview 

There are numerous published methods for the quantitation of 

lipase (triacylglycerol acyl-hydrolase EC 3.1.1.3) activity, each posses-

sing its advantages and disadvantages. The method of choice becomes one 

that is best suited to the particular experimental system being investi-

gated. Lipase assays can be broadly classified into those using the 

"natural" triacylglycerol substrates and those using "artificial" substrates. 

( a) Lipase assays employing triacylglycerols as substrates 

With lipase activity towards triacylglycerol substrates the primary reac­

tion being investigated is: Triacylglycerol +Diacylglycerol+ Fatty acid. 

The di- and monoacylglycerols may subsequently be attacked to release gly-

cerol. The rate of the reaction can be measured by the rate of physical 

or chemical changes occurring in the assay system. 

2.1.1 Turbidimetric determinations of lipase activity may be perforrne:I 

in semi-solid or liquid systems. Lawrence et al (1967a and b) have des-

cribed an agar diffusion assay for lipase estimation which was "able to 

detect lower levels of lipase activity" than continuous potentiometric 

titration. The sample is placed in a well within a thin layer of buf-

fered agar containing emulsified t.riacylglycerol. After incubation the 

zone of hydrolysis is measured, the square of its diameter being a measure 

of lipase activity. Zones of hydrolysis are seen as zones of clearing 

when short-chain (<c12 ) triacylglycerols are used as substrates, due to 

the solubility of the released fatty acids and di- and monoacylglycerols. 

With long-chain (>c12 ) triacylglycerols, zones of hydrolysis show up as 

increased opaque zones, presumably due to Ca-salt precipitation of the 

rel~ased fatty acids. Alternatively, the system may be flooded with 

Osmium tetroxide and translucent zones of hydrolysis appear against a 

dark background (Kuimova ct al 1975). 



In liquid systems the lipolytic hydrolysis of emulsified 

triacylglycerols leads to a decrease in the turbidity of the system 

(e.!7. Borgstrom 1957; Rottem and Razin 1964: Shihabi and Bishop 

1971). With short-chain triacylglycerols such a decrease results from 

5 

the solubility of the hydrolysis products,whilst with long-chain triacyl­

glycerols the effect is due to~ la,,er extirx::tion co-eff.icients of~ insoluble pi::o-

ducts (Kd< ct aZ 1978). N:>values relating the sensitivityofthisrrethod to other 

methods could be found in the literature. However, a method where low 

enzyme activities would be determined by small differences between large 

absorbance values would appear to have an inherent lack of sensitivity. 

In addition, the possibility of substrate limitation exists as low levels 

of triacylglycerol (e.g. Kok 
-1 

et aZ 1978, 0.2 mg mL } must be used to 

provide initial spectrophotometric absorbance readings that are meaningful 

(i.e. not above approximately 1.2). This possibility has not been dis-

cussed by users of the technique, although measurements presented else-

where in this thesis (Section 3.2; Figs. 3.1, 1.2, and 3.3) suggest that 

substrate limitation is likely. 

Both turbimetric procedures are suitable for assaying for lipase 

activity in microbial culture supernatants which may contain buffering 

agents, acidic by-products and other compounds which may interfere with 

other triacylglycerol-based lipase assays. Lawrence ct aZ (1967a and b} 

successfully monitoreri lipase production by the agar diffusion assay in 

cultures of Micrococcus and Pseudomonas species. Aisaka and Terada 

(1979) used a liquid turbidimetric procedure to examine lipase production 

by the fungus Rhizopus japonicus. Both methods have in common the dis-

advantage of employing urbitrary units of lipase activity (diameter s:JUared 

or~ absorbance per unit of time) although Kok et al (1978) have described 

a procedure for calibration of the liquid turbidimetric method. 
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2.1.2 Stalagmometric determinations of lipase activity measure the 

rate of change of surface tension (usually by a Du Nuoy Tensiometerl in 

the assay mixture. The observed changes in surface tension upon incu-

bation of lipase with triacylglycerols results from the surfactant and 

solubility properties of the hydrolysis products. When soluble hydro-

lysis products are formed the surface tension decreases whilst insoluble 

products lead to an increase (Lagocki et al 1970). The use of short-

chain triacylglycerols releasing soluble hydrolysis products is preferred 

as surface tension changes are larger and the 'quality' of the interface 

is unaltered by accumulation of insoluble hydrolysis products (Dervichian 

1971; Verger and de Haas 1976). The extent (as well as the direction) 

of surface tension change is dependent upon the substrate used (and 

hence the reaction products), the presence of surface-active amphipaths 

(e.g. contamina:ing proteins) and the degree of ionisation of the released 

fatty acids (Dawson 1969; Lagocki et al 1970; Brockerhoff and Jensen 

1974) . The technique is therefore a difficult one to perform and 

subsequently interpret and requires pure preparations of lipase. It can, 

however, provide valuable information on the kinetics of lipase action, 

lipase denaturation at the interface,and the role of colipase (Lagocki 

et al 1973; Verger and de Haas 1976; Verger ct al 1977). 

2.1.3 Conductimetric determinations of phospholipase activity have 

been described by Moores and Lawrence (1972). Increases in conductivity 

of a low ionic strength assay system are brought about by the production 

of fatty acid anions and protons. The method therefore requires that 

the released fatty acids be ionised and soluble. Moores and Lawrence 

(1972) ensured such conditions by performing the reaction in 20% v/v n­

prop~n~l or by using substrates releasing short-chain fatty acids. The 

method was described as "rapid and sensitive" and "readily adapted for 

routine large-scale determinations". The method has apparently not 

been used with triacylglycerol and lipase despite its potential. 
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Conductimetic methods are limited to relatively pure enzyme preparations 

(i.e. those not containing contaminating conducting materials) that are 

capable of activity in low ionic strength systems. 

2.1.4 Analysis of released fatty acids by titration is the method 

most often used in lipase determinations. The titration may be per-

formed directly upon the assay system, after addition of water-miscible 

organic solvents such as alcohol or acetone, or after extraction of the 

fatty acids into a water-immiscible organic solvent (Lawrence 1967b; 

Desnuelle 1972; Brockerhoff and Jensen 1974). 

Direct titration procedures may be performed after a pre-set 

incubation period (Tietz et al 1959; Mates and Sudakevitz 1973) or 

continuously by maintenance of a predetermined pH using periodic manual 

additions of alkali or employing an automatic pH-stat (Benzonana and 

Desnuelle 1968; Vandermeers et al 1974). 

Alkali titration of the released fatty acids after a pre-set 

incubation period requires that the assay system be unbuffered or only 

weakly buffered so that sample titration values are significantly higher 

than blank values. This essentially means that the pH of the assay sys-

tern changes during the incubation period. This change in pH, coupled 

with lipase inactivation during the long incubation periods required to 

obtain sufficient sensitivity (Jonsson und Snygg 1974), results in sub-

optimal rates being determined. Renshaw and San Clemente (1967) used 

a strong buffer (0.lM Tris-HCl, pH 8.3) and a short incubation period 

and titrated both blank and samples to a pH of 10.5. Such a method is 

likely to be quite insensitive as blank titration values will be high 

due to the presence of buffer. 

Alkali titration may be performed potentiometrically or a sui-

table indicator may be used. When triacylglycerols releasing long-chain 

fatty acids are used as substrates the end-point of the titration should 

be at pH 9.0 or greater to ensure complete ionisation of the fatty acids 

(Shahani et al 1964; Mattson and Volpenheim 1966; Benzonana and 



Desnuelle 1968). Titrations with an indicator should therefore use 

one with a sufficiently high pK such as thymol blue or thymolphthalien 
a 

(pK 's of 9.6 and 10.5 respectively). 
a 

The problem does not arise with 
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short-chain tr iacylglycerol substrates, such as tr ib.1tyryl')lycerol, which 

is completely ionised above pH 6.0 (Brockerhoff and Jensen 1974). At 

the end of the assay period miscible organics, such as alcohol or acetone 

are usually added to stop the reaction and/or to improve the solubility 

of released long-ch~in fatty acids (Tietz et al 1959; Mates and Suda­

kevitz 1973; Iwai et al 1975; Bashkatova and Severina 1978). 

Some improvement in the sensitivity of titration procedures 

would appear to be possible by extraction and subsequent titration of 

released fatty acids within a water-immiscible organic phase (Cohen 

el al 1969; Lu and Liska 1969; Henderson 1971; Castberg et al 

197S; Sugiura et al 1977). This method is dependent upon the 

released fatty acids partitioning into the organic phase and hence this 

organic phase must be chosen with care, particularly when water-soluble 

fatty acids are involved. Castberg ct al (1975) obtained high extrac-

tion of water-soluble butyric acid into an organic phase of diethyl ether 

and light petroleum. The organic extraction method allows assay syst0ms 

to be strongly buffered at optimal pH's and to contain buffering agents 

from the sample1 and hence it has been successfully used with crude and 

purified microbial lipases (Lu and Liska 1969; Henderson 1971; 

Sugiura et al 1977). 

Continuous titration of released fatty acids by addition of 

base provides initial reaction velocities essential for studies on lipase 

kinetics (Desnuelle and Savary 1963; Benzonana and Desnuelle 1965 and 

1968; Brockman et al 1973; Vandermeers et al 1974). The method is 

dependent upon a non-buffering or weakly-buffering assay system and is 

therefore likely to be an insensitive method when the lipolytic activity 

of crude enzyme preparations such as microbial culture supernatants are 

being determined (Lawrence 1967b). When long-chain triacylglycerols 



arP used as substrates the procedure needs to be performed at pH~ 9.0 

to ensure that all of the released fatty acid is ionised and hence tit-

rable. The assay pH may be reduced if a high ionic strength system is 

used (Benzonana and Desnuelle 1968). If it is required to perform 
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assays at lower pH's then correction for the degree of ionisation of the 

released fatty acid is necessary (Shahani et al 1964). Alternatively, 

short-chain triacylglycerols such as tributyrylglycerol may be used as sub­

strates as the released fatty acids will be completely ionised down to 

pH 6.0 (Brockerhoff and Jensen 1974). It would appear that several 

workers have not realised this limitation and have constructed pH­

activity curves with long-chain triacylglycerols (e.g. Renshaw and San 

Clemente 1967). As most lipases display maximal activity toward tri-

butyrylglycerol as compared to other triacylglycerols and display pH 

optima between 7.0 to 8.0, the use oftributyrylglycerol as substrate 

provides the optimum sensitivity (Erlanson and Borgstrom 1970; Brocker­

hoff an~ Jenser. 1974). 

2.1.5 Analysis of released fatty acids by manometry is another short-

duration lipase assay, but is rarely used (Lawrence 1967b). The metl:od 

relies on the liberation of co2 from a bicarbonate buffered assay system 

by the released fatty acids. For the desired shift in the bicarbonate/ 

co2 equilibrium to occur the fatty acids released must be ionised and pre­

ferably soluble. Thus, short-chain triacylglycerols are the preferred 

substrates (Drummond and Tager 1959a and b). The method would obviously 

be interfered with by any other reactions in the assay system releasing 

co2 (e.g. respiration) or indirectly by any reactions releasing acidic 

by-products which would upset the bicarbonate/CO2 equilibrium. The 

method is, therefore, only likely to function successfully with purified 

enzyme preparations. In such situations the practical complications of 

the ma1i:ometr ic method (gas purging, complications arising from pH and 

temperature changes) make the pH-stat method more desirable. 



2 .1. 6 Analysis d' Cl4-labelled fatty acids released from triacyl-

glycerols by liquid scintillation counting is a very sensitive method 

of assaying for lipase activity (Brockerhoff and Jensen 1974). The 

separation of the labelled fatty acid from radioactive tri-, di- and 

mono-acylglycerols can be achieved by use of paper chromatography (Marsh 

and Fitzgerald 1972), anion exchange resins (Kelley 1968), Florisil 

columns (Chino and Gilbert 1965) or TEAE-cellulose columns (Zieve 

1973). Liquid-liquid extractions of lipid and separations of labelled 

fatty acids usually involves two-step treatments of the assay mixture 

(Kaplan 1970; Schatz et al 1970). However, Belfrage and Vaughan 

(1969) have described a single-step method for separation of labelled 

fatty acids from the acylglycerols. Radioactively labelled triacyl-

glycerol substrates have been successfully used for the determination 

of lipase activity in microbial cell cultures as well as after purifi­

cation (Paznokas and Kaplan 1977; Proulx ct al 1978). 

2 .1. 7 Analysis of released fatty acids by gas-liquid chromatography 

is capable of providing qualitative information on the nature of fatty 

acids released by lipolytic action in mixed substrate systems, as well 

as quantitative information on activity (Alford and Pierce 1963; 

10 

Alford et al 1964; Mencher and Alford 1967). The procedure described 

by Alford and co-workers involves ion-exchange or thin-layer chromato­

graphy for separation of fatty acids from the acylglycerols followed by 

methylation or silylation of the fatty acids prior to gas chromatographic 

analysis. As a method solely for quantitative dete~mination of lipase 

activity the procedure described contains many steps which make it 

unf uvouruble for rc,utine assays. However, modifications to the proce-

dure could be made to improve speed and ease of analysis. For example, 

the single-step liquid extraction and separation of fatty acids described 

by Belfrage and Vaughan (1969) could be coupled to analysis of the unmodi­

fied fatty acids (i.e. no silylation or methylation step) using recently 

developed columns (e.g. the esterified carbowax's, FFAP and SP-1000). 
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Alternatively, both the acylglycerols and released fatty acids could be 

extracted into a general lipid solvent and subsequently separated during 

the chromatographic analysis using high-temp~rature columns such as the 

carborane silicones. 

2.1.8 Analysis of released fatty acids by colourimetry provides a 

lipase assay with sensitivity (relative to titrimetric methods, see for 

example Mahadevan et al 1969) that is capable of functioning success­

fully with crude enzyme preparations such as microbial cell cultures 

(Breuil and Kushner 1975a). The method involves complexing of releasa:l 

fatty acids with copper or cobalt followed by subsequent extraction of 

the resultant soaps into an organic phase. The copper and cobalt in 

this phase is reacted with suitable chromogens (e.g. diethyldithio­

carbamatc, diphenylcarbazone) and the absorbance related to fatty acid 

level by way of a standard curve (Meinertz 1971). The colourimetric 

determination of fatty acids, described by Duncombe (1963) has been modi­

fied for use in assays of lipase activity in serum (Lippi et al 1972), 

and microbial cultures (Breuil and Kushner 1975a). Mahadevan et cl (1969) 

have substituted diphenylcarba~one for diethyldithiocarbamate in 

Duncombe's method for measurement of pancreatic and lysosomal lipase 

activity as has Muller (1972) for serum lipase measurements. 

modification increased the sensitivity by 4-6 fold. 

Such a 

The colourimetric assay must be performed with care so as not 

to contaminate the organic phase sample with unreacted copper from the 

aqueous phase. The method is not suitable for use with short-chain 

triacylglycerol substrates as the copper (or cobalt) salts of the 

released fatty acids do not partition effectively into the organic phase 

(Duncom•,e 1963; Meinertz 1971; this thesis, section ·2.4). This 

limitation was apparently not realised by Breuil and Kushner (1975a and 

b) who used the method withtributyrylglycerol as a substrate. 



2. l. 9 Analysis of released fatty acids using bacterial biolumin-

escence has been reported by Ulitzur (1979). Myristic acid (c14 : 0) 

released from lipolytic action upon trimyristylglycerol increased the 

luminescence of a mutant strain of the luminous bacterium Beneckea 

harveyi. The method was rapid and extremely sensitive, being capable 

of detecting the release of 10 pmol myristic acid per min. 

2.1.10 An electron spin resonance method for serum lipase activity 

determination toward triacylglycerols has been described by Janzen and 

Burns (1977) although no information as to its sensitivity was given. 

• '1 • II 'f. • '1" b t t b) D1.paae assaiIs emp1,oyi.ng a1°t,z, 1,c,z,a1., su s Y'Cl -es 

The use of "artificial" substrates for determination of lipase 

activity has become increasingly popular due to their rapidity, sensi-

tivity and precision. However, criticisms as to their validity as 

lipase substrates have been made on the basis of specificity ( Nachlas 

und Seligman 1949; Uarrowman und Uorgstrom 1968; Barrowman 1969; 
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Brockerhoff 1969; Melius and Doster 1970; Brockerhoff and Jensen 1974). 

The use of artifical esters with short acyl chains for lipase estimation 

is unwise as such substrates are available for attack by carbo}:ylesterase 

(EC 3.1.1.1) if they possess sufficient solubility in the assay system. 

2.1.11 Lipase assays using chromogenic substrates are the most common 

of the artifical substrate methods. Hydrolysis of p-nitrophenyl esters 

releases the yellow-coloured p-nitrophenol which can be assayed by measur-

ing absorbance at 400 nm (Barrowman and Borgstrom 1968). Substrates for 

lipase assay should be insoluble (e.g. the esters of laurate and palmi­

tate) but their absorbance due to turbidity interferes with the assay 

and must be removed by addition of a water-miscible organic solvent (~g. 

acetone) . 

The liberation of B-napthol from its acyl-esters can be 

measured after diazotisation, protein precipitation and extraction into 

ethyl acetate (Nachlas and Seligman 1949). The purple pigment has an 



13 

absorbance maximum at 540 nm. Napthol esters have been successfully 

used for lipase assays in crude microbial cell cultures by Hobson and 

Summers (1966) and Breuil and co-workers (Breuil and Kushner 1975a; 

Breuil ct al 1978). In both of these studies hydrolysis of the ace-

tate ester was used as a measure of carboyylesterase activity whilst 

hydrolysis of longer-chained esters (laurate, palmitate) was regarded 

as lipase activity. 

Brockerhoff et al (1970) have described a sensitive lipase assay 

using vinyl oleate as the substrate. The released unstable vinyl 

alcohol isomerizes to acetaldehyde to produce a dye which is analysed 

colourimetrically at 666 nm. The sensitivity of the method arises 

from both the relatively high rate at which vinyl oleate is hydrolysed 

by lipase (pancreatic) and the high molar absorptivity of the dye 

formed by acetaldehyde. 

Varley (1969) has described a method for serum lipase deter-

mination using phenyl laurate as substrate. The released phenol was 

unalysed using reaction with the Fol in-Ciocal teau reagent and subsequent 

spectrophotometric measurement at 686 nm. 

2.1.12 Lipase assays using fluorogenic substrates have been evaluated 

by Guilbault et al (1968). The fluorogenic substrates tested were esters 

of n-methyl indoxyl (excitation A= 438 nm, emission A= 500 nm), fluores­

cein (excitation A= 490 nm, emission A= 530 nm), and 4-methyl umbelli-

ferone (excitation A= 340 nm, emission A= 450 nm). The medium-chain 

length (C7-c9) 4-methyl umbelliferone esters possessed the lowest detec-

tion limit and were suitably specific for lipase. Jacks and Kircher 

(1967) had earlier demonstrated the potential of 4-methyl umbelliferone 

esters as lipase substrates. The use of fluorescein dibutyrate as sub-

strate (Kramer and Guilbault 1963; Guilbault and Kramer 1964) requires 

both ester linkages to be cleaved before the fluorochrome is released. 
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This requirement leads to low rates of measured activity and, hence, 

relatively high detection limits. Guilbault and Heiserman (1969) have 

determined that of six n-methylindoxyl esters used as substrates for pan­

creatic lipase, the myristate ester was the best, from the viewpoint of 

stability and specificity. The general use of fluorometric techniques 

in enzymology is described by Guilbault (1973). 

The developmental work described above, for use of fluorogenic 

substrates, has been performed largely with animal and plant lipases. 

The method employing 4-methyl umbelliferone esters has subsequently been 

successfully employed for microbial lipases (Dooijewaard-Kloosterziel 

and Wouters 19;76; Adoga and Mattey 1979; Roy 1980). Fluorometric 

assays of lipase activity are rapid, extremely sensitive (approximately 

1000 x that of conventional titrimetric and potentiometric methods, 

e.u., Guilbault et al 1968; Dooijewaard-Kloosterziel and Wouters 1976; 

Roy 1980) and capable of being used with crude s.:imples such as micro-

bial cell cultures. Of particular interest to the aims of this thesis 

ar0 th0 publicationr. of P.:mcho]y .:mo Lynd (1<)72 .:rnd 1971) which d0mon-­

strated the suitability of the 4-methyl umbelliferone butyrate substrate 

for the determination of lipase activity in crude extracts of soil. 

2.2 Precision and detection limits 

In deciding upon an analytical method the choice should be 

made with a knowledge of the pre~ision and the detection limit of the 

methods available. The precision of a m2thod (i.e. the scatter or dis-

persion of test results of subsamples) may be statistically measured by 

the use of variance, standard deviation (square root of the variance) 

or relative standard deviation (the standard deviation expressed as a 

percentage of the mean). Results suitable for statistical estimation 

of precision should be based on 5 or more determinations. When the 

precision of a method is being quoted it should be done for various 

levels of the substance, as the relative standard deviation is likely 

to increase as levels approach the detection limit. Also, determinations 
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of precision should include the variability in the blank values (Wilson 

1961). Thus, if the results for the sample (A) and blank (B) have nor-

mal distributions, then the standard deviation of the corrected results 

is given by the expression 

/ s 2 + s 2 
A ._B 

where SC = the standard deviation of the "true" level 
(the true level, c, being A-B). 

SA = the standard deviation of the sample value 

and SB = the standard deviation of the blank value 

When s 2 >> s 2 the effect of blank variability is negligible. 
A B 

Whens! 
2 

is approximately equal to SB, however, the true standard 

deviation will be about 40% (i.e. a factor of t'2) greater than the stan-

dard deviation calculated from the sample results only. The latter case 

will most frequently urise when sample values are close to blank values 

(i.e. approaching the detection limit). 

The limit of detection of an analytical method can be deter­

mined statistically from a knowledge of the standard deviation of the 

blank values (Wilson 1961; Roos 1962). The detection limit (using the 

conventional level of significance of 95%) is that level where there is 

a 5t risk of concluding that the substance is absent when it is present, 

and a 5% risk of concluding that the substance is present when it is 

absent (Roos 1962). This can be shown to be equal to 2 x 1.645 SC. 

If it is assumed that the standard deviation of the sample values at the 

detection limit are equal to the standard deviation of the blank values 

(i.e. SA= SB, and therefore SC= mB, then the detection limit is 

equal to 2 x 1.645 x mB or 4.65 SB (Midgley 1979). 



Previous studies on lipase determinations have often quoted a 

precision at one enzyme level only and/or with no account being taken of 

the variubility in non-enzymic rates. The detection limit (or "sensi-

tivity") of a method, when stated, is either stated intuitively (e.g. 

"extremely sensitive", "insensitive") or using a non-statistical basis 

(e.g. the level of enzyme giving twice the Pate of the blank). 

The following sections describe the procedures and give statis­

tically based estimates of precision and detection limit, for several 

methods of estimating lipase activity. As enzymes from different 
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sources display different substrate specificities, the precision and 

detection limit is defined for each method and each of the three enzymes. 

The three enzymes used were a commercially available porcine pancreatic 

lipase (Sigma Chem. Co. St Louis, USA), and bacterial lipases from 

Staph!Jlococcu:J au.1°e1w NCIB 6571 and Pscudomont:W 017 (a soil isolate) 

partially purified and described in Chapter 10. As well as precision 

and detection limit other factors are discussed in assessing the methods 

(r·.u. speed of analysis, limitations). 

2.3 Continuous potentiometric titration assay of lipase activity 

The standard procedure adopted for continuous potentiometric 

titration of released, fatty acids was as follows: 

A 15 mL aliquot of a 2% (v/~) emulsion of tributyrylglycerol 

(Sigma Chem. Co., St Louis, USA), in distilled water (created 

by sonication for 5 min, at maximum power in a Dawe Soniprobe) 

was placed in a water-jacketed reaction vessel and equili­

brated to 30°C. The pH electrodes of a suitable meter ( 

Radiometer 22 or expanded scale Pye Unicam Model 290) were 

placed in the vessel and the contents stirred. The system was 

adjusted to pH 7.5 ± 0.2, at which point an aliquot of the 

enzyme suspension (usually l mL) was added and a stop-clock 

initiated. The system was maintained at pH 7.5 ± 0.2 by 

periodic addition of small quantities (10-100 µL) of a 



suitable concentration of standardised alkali (NaOH, 

0.01 Mor 0.1 M). The times at which the alkali additions 

were made were recorded and the subsequent butyric acid pro­

duction rate determined. Results were expressed as µmol 
. -1 -1 -1 

butyric acid released min mL (or mg protein). 

Each assay was completed within a 10-minute period. 

Rates of non-enzymic hydrolysis were determined using boiled 

(5 min) enzyme samples. 

Rates of non-enzymic and enzymic hydrolysis were linear for 

at least 30 min (Fig.2.1). At pH 7.5 the mean rate of non-enzymic 

hydrolysis calculated from 10 separate determinations was 0. 05 µmo,l 

butyric acid min-l with a standard deviation (S8 ) of 0.009 µmol butyric 
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. . -1 acid nan . By definition, the detection limit is that level of enzyme 

. . . -l • 4 6 5 S ) releasing 0.042 µmol butyric ac1d min (1.c. . x B. This corres-

ponds to a detection limit of 0.129 µg Lowry protein for the Pseu:do-

monaa 017 lipase, 8.81 µg Lowry protein for the Staphylococcus aureus 

lipasc- and 0.035 ll<'J Lowry protein for the commcrical porcine pancre;:itic 

lipase. 

The precision of the method was determined at a range of 

enzyme levels by variable dilution of the Pseudomonas 017 preparation. 

Each dilution was subsampled l0x for subsequent analysis. The data is 

presenced in Table 2.1. When enzyme levels are near the detection limit 

the stand~rd deviation of the blank values has a significant effect on 

the precision of the method. The activity obtained at levels near the 

detection limit may be between 50-150% of the "true" activity of the 

sample (using 95% confidence limits as 2SC). The minimum achievable 

relative standard deviation of the method obtained at enzyme levels 

well above the detection limit, is between 5.0-6.0%. The minimum 95% 

confidence limits are therefore 10-12% of the determined value. 

The method described was capable of being modified to test the 

effect of pH and temperature on enzyme activity. Rates of non-enzymic 

hydrolysis were not affected by temperatures up to 50°C but were mar-

kedly increased by pH's above 7.5 (Fig.2.2). Base-catalysed hydrolysis 
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Fig. 2. l 

Time (mins) 

Release of hutyric acid with time in 

continuous p0tentiometric titration 

assay of a hoiled enzyme control <-•-) 

an<'l 2.n enzyme system (-o-). 

Enzyme source was purified Pr:cwlo1x•1,o,c; 

017 lipase at a level of n.45 µg Lowry 

protein. 
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0.073 o. 013 0.009 0. 0158 21.7 

0.178 0.017 0.009 0.0192 10.fl 

0.358 0.023 0.009 0.0242 6.9 

o. 721 0.039 0.009 0.0400 5.6 

1. 790 0.105 0.009 0.1054 5.8 

Standard deviation of sample values (10 replicates) 

Standard deviation of blank values (10 replicates) 

= Standard deviation of the "true" value, with the 
"true" value being the sample - blank. 

✓s2 + s2 SC calculated as .A 8 
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of trihutyrylglycerol has been observed previously by castberg et al (1975) 

and Erlanson and Borgstrom (1970). Thus, when pH-activity relation-

ships were being determined blank rates were assayed for at each pH 

value. As the pK of butyric acid is at pH 4.81 (CRC Chemical and 
a 

Physical Handbook) pH-activity relationships were investigated to a 

minimum pH of 5.81. Using the relationship, 

log = pH - pK 
a 

it can be shown that at pH 5.81 91% of the butyric acid would be 

ionised. 

The method was used in this thesis to test the substrate 

specificity of various enzyme preparations. However, this involved 

more than simply replacing tributyrylglycerolwith the desired substrate. 

With substrates releasing fatty acids of acyl chain-lenglh ~c10 , two 

0xtrQ factors influenced the kinetics of the reaction. 

i) The longer-chain fatty acids, when released, exerted a product 

inhibition effect with resultant non-linear kinetics and sub-optimal 

rates of hydrolysis. 
2+ 

This effect was reversed by the addition of Ca 

(as c~cl 2) to the assay mixture at a final concentration of 5 mM. A 

more detailed presentation and discussion of this phenomenon may be 

found in 3. 3 .. 

ii) The long-chain fatty acids, when released, may not be com-

pletely ionised and hence the titratable acidity (and therefore apparent 

activity) is less than the true value. This can be overcome by 

increasing the ionic strength of the system (Benzonana and Desnuelle 

1968). Thus, the assay system was modified by addition of 0.1 M NaCl 

(final concentration) which lowers the pK of oleic acid (c18 : 1 ) from 

9.2 to 7.8 (Fig.2.3). The presence of both 0.1 M NaCl and. 5 mM 

Cacl 2 lowers the pKa of oleic acid to 6.3, which means that at the assay 

pH of 7.5 94% of the acid is ionised. Assay systems for substrates 

releasing long-chain fatty acids (>c10 ) therefore contained 2% (v/v.) of 
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Effect of NaCl and Cacl 2 on the titration 

of oleic acid. 10 pmol of oleic acid in 

15 mL of 2i (v/v) olive oil in distilled 

water was titrated against 0.01 M NaOH. 

o-o, oleic acid; a-□, oleic acid + 0.1 M 

NuCl; • -•, oleic acid + 0 .1 '.·1 NaOH + 5 m.1\1 
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emulsified substrate, 0.1 M NaCl, 5 mM Cacl 2 all in a total volume of 

15 mL with the subsequent addition of the sample. 

Investigation of the effect of pH on enzyme activity is 

theoretically possible with long-chain substrates providing corrections 

are made for the changes in degree of ionisation at e~ch pH. In prac-

tice, it was found more satisfactory to use tributyrylglycerolor, if 

long-chain substrates were specifically of interest, to use the organic 

extraction-colourometric fatty acid analysis described in 2.4. 

The continuous potentiometric titration method was unsuitable 

with enzyme preparations that contained appreciable levels of buffering 

capacity such as some bacteriological growth media. The effect of such 

buffering components in the growth media on the observed extracellular 

lipolytic activities of Staphylococcus aUN'US NCIB 6571 and Pseudomonas 

017 was investigated. The cell-free supernatant of these organisms was 

collected by centrifugation after 48h growth on trypticase ~.oy "roth 

(for S. aureus) or olive oil-mineral salts (for Pseudomonas 017) accor-

ding to the procedures outlined in Section 10.2. Both of these media 

possess consid,!r able buffering capaci Ly. The Lrypticase soy broth is 

buffered by peptone and hydrogen phosphate constituents whilst the 

olive oil-mineral salts medium contains phosphate buffer at a final 

concentration of 70 mM. 

Aliquots of the cell-free supernatants were analysed for 

activity towards tr ibutyrylglycerol by the standard continuous potentio­

metr ic titration technique before and after dialysis against distilled 

water for 24h. In addition, the concentration of butyric acid at the. 

end of the 10 min assay period was determined by gas chromatography 

using a Pye Unicam GCD. 

Tributyrylglycerol was removed from samples by 5 min. end-on­

end shaking with an equal volume of hexane and butyric acid assayed 

by direct injection of an aliquot (2-10 µL) of the aqueous phase. The 

glass column used was 1.8 m long x 4 mm internal diameter packed with 
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15% PEGA (polyethylene glycol adipate) on 100-120 mesh Diatomite C-AW 

(Pye Unicam, Cambridge, U.K). The column T was 130°C, FID detector T 

158°C and injector T 135°C. The carrier gas was N2 at a flow rate of 

24 

. -1 -1 
35 mL min Hydrogen and air flow rates were 40 and 160 mL min res-

pectively. Under the conditions employed butyric acid was eluted 3-4 

min after injection. Preliminary experiments with a range of standards 

demonstrated that >90% of the butyric acid remained in the aqueous phase 

after hexane extraction of the tributyrylglycerol. The level of butyric 

acid in samples was determined by comparison to standards prepared in 

distilled water. The relative response of the detector to samples or 

standards was calculated by the following simple equation: 

Relative response (arbitrary units) = 

peak height x retention time x 
attenuation 

injection volume 

The relative response of standards was linear (r> 0.98) over the range 

'J 1111101 Lu LOO nmol ut bu tyr ic ilcic..l injected. 

The culture supernatants displayed little or no apparent 

lipase activity when assayed by the standard continuous potentio-

metric titration procedure {Table 2.2), despite the activity detected 

by gas-liquid chromatography being well above the apparent detection 

limit of the method. After dialysis, the activity of the Pseudo-

monrw 017 supernatant detected by continuous potentiometr ic titration 

approached that observed by gas _ liquid chromatography indicating 

dilution of the interfering buffering components. Activity with the 

Staphylococcus aureus supernatant was observable but still below that 

recorded by gas-liquid chromatography indicating the persistance of some 

non-dialysable buffering components. These results demonstrate the 

inapplicability of a continuous potentiometric titration technique for 

following patterns of lipase prodnction in bacteriological 9rowth media. 



'rABLE 2. 2 Lipase activity of the cell-free supernatants of 

l'seudomori.as 017 and Staphylococcus aureus NCIB 

6571 as determined by continuous potentiometric 

titration before and after dialysis (24h, dis­

tilled water) and comparison to the activity as 

determined by gas-liquid chromatography. 

A C T I V I T y 
-1 

M E •r HOD 
(µmol butyric acid min . mL -1) . 

Pseudomonas 017 Staph. aureus 

Continuous potentiometric 

titration 

i} before dialysis 2.2 0 

ii} after dialysis 4.9 0.102 

Gas liquid chro!l'c1togr aphy 5.0 0.132 

---
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2.4 Lipase activity assayed by colourimetric determination of 

released fatty acids 

The standard colourimetric procedure adopted for assay of 

lipase activity by the rate of fatty acid release was as follows: 

An emulsion of olive oil (high purity, Sigma Chem. Co., St 

Louis, USA) was prepared by sonicating a 3% v/v suspension 

using a Dawe Soniprobe at maximum power for 5 min. Into a 

15 mL screw-cap test-tube (teflon-lined caps) was placed 1 mL 

of freshly-prepared (within Bh) emulsion and 2 mL of 0.1 M 
2+ 

Ti:· is-HCl buffer pH 7. 5 (with 7. 5 mM Ca as Cacl2) . After 

5 min equilibration at 30°C, an aliquot of sample (0.1-0.5 mL) 

was added and incubated for 30 min. The reaction was stopped 

by addition of 2 mL of 0.27 M CU(NO3) 2 . 3H2o in 0.45 M tri-

ethanolamine buffer pH 7.8. Copper soaps of the fatty acids 

were extracted by addition of 10 mL chloroform (BDH, reagent 

grade) followed by vigorous end-on-end shaking for 2 min. 

Reaction tubes were subsequently centrifuged (2000 G for 4 min) 

to provide a distinct phase boundary. The upper blue aqueous 

phase was removed by suction, using a finely-drawn pasteur pip-

ette connected to a water vacuum puma, and discarded. A suit-

able aliquot (0.1-3.0 mL) of the chloroform layer was removed 

and diluted to a final volume of 3 mL with chloroform. To 

this was added 0.5 mL of 9 rrM diethyldithiocarbamate (DOC) in 

n-hutanol, mixed and allowed to stand for 10-60 min before mea­

surement in a Beckman DU spectrophotometer at a wavelength of 

440 rm with a 1 cm light path. 

The reagent blank, used to zero the spectrophotometer contained 

buffer, copper reagent, chloroform and DDC. The substrat blank 

contained buffer, substrate, copper reagent, chloroform and DOC. 

This system provided a check on the purity of the olive oil sub-

strate and its rate of hydrolysis. In addition, a sample blank 

containing buffer, sample, copper reagent, chloroform and DOC 

was run to determine the level of interference from fatty acids 

present in the sample. 

Fatty acid standards were prepared using oleic acid (ClB:l) 

dissolved in chloroform to final concentrations of 5-100 µM. 



10 mL aliquots of these standards were shaken vigorously with 

2 mL of the copper reagent, centrifuged and 3 mL quantities 

of the chloroform phases were subsequently reacted with 0.5 mL 

of the DOC reagent. By use of this standard curve and suit-

able conversion factors lipase activity could be expressed as 
. -1 -1 -1 

µmol oleic acid released nnn mL {or mg protein). 
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With a 3 mL aliquot of the chloroform phase the substrate blank 

had a mean absorbance at 440 nm of 0.053 with a standard deviation of 

0.021 (10 determinations). From the standard curve (Fig.2.4) this stan-

dard deviation corresponds to a fatty acid concentration of 2.4 µMin the 

10 mL chloroform phase o: a total amount of 0.024 µmol. By definition, 

the detection limit (4.65 x s8 ) is therefore that level of enzyme that 

rPlcases 0.113 µmol oleic acid in the 30 min incubation period or 0.004 

pmol oleic acid 
. -1 

min This corresponds to a detection limit of 

0.054 pg Lowry protein for the Pscudomon"J.s 017 lipase, 1.67 µg Lowry 

protein for the Staphyloeoceus au:r>cus lipase and 0.010 pg Lowry protein 

for the commercial porcine pancreatic lipase. 

The precision of the method was determined at a range of enzyme 

levels by variable dilution of the Pseudomonas 017 preparation. Each 

dilution was subsampled l0x for subsequent analysis. The data pre-

s0nted in Table 2.3 demcnstrates a minimum achievable relative standard 

deviation for the method of between 4-5%. 

The method may be successfully used with incubation at differ­

ent temperatures (5°C - 70°C) and different pH's (4.0-10.5) with no 

difference in suhstrate blank levels. 

Whilst the method was routinely used with olive oil (prin­

cipally trioleoylglycerol) it was capable of being used with other long-

chain triacylglycerols down to trilauryl0lycerol. 

Fatty acid standards of chain length c8 or less gave low colour 

responses {Table 2.4) presumably due to the low solubility of these 

fatty acids in the chloroform. This technique cannot, therefore, be 

used with shor t·-·chain tr iacylg 1 ycerol subst rat cs. 
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an olive oil emulsion. The partially purified Pseudo-

monas 017 lipase was used as the enzyme source (detec­

tion limit 0.054 ~g Lowry protein). 

§ 
~ ~ •.-l 

r-1 r-1 .µ 
I I <U 

s:: * s:: ·•➔ s:: 
·.-l 0 •.-l > 

>, I=: •.-l E QJ ~ 
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·.-l u > u <U <U 
.j.J <U QJ 
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'0 :> 

u Cl >, s:: s:: ,ct: >, <U 
.j.J 

'O 
.j.J .j.J <U 

s:: .j.J .j.J C/l QJ 
<U <U 1-l <U E: m 
QJ 4~ 'O 

4-l QJ 

:s r-1 s:: > d.O 
r-1 •.-l ~ 

0 <U 0 .j.J 

~ 
~J 

E: <U 
C/l ;:l. r-1 

~ ~ llJ 
A:: 

SA s SC B 

7 0.9 0.8 1.20 17.2 

17 1.0 0.8 1.28 7.5 

39 1.4 0.8 1.61 4.1 

74 3.0 0.8 3.10 4.2 

150 7.1 0.8 7.14 4.8 

736 37.0 0.8 37. 0 5.0 

Standard deviation of sample values (10 replicates) 

Standard deviation of blank values (10 replicates) 

Standard deviation of the "true" value, with the "true" 
value, being the sample-blank, calculated as: 

s2 
R 



TABLE 2.4 The colour response produced by various fatty acids 

when subjected to the copper soap-chloroform extrac-

tion technique. All fatty acids at 100 µM. 

Fatty acid Absorbance 440 nm 

Acetic(2:0) 0 

nutyric ( 4: 0) 0.002 

Caprc,i c ( 6: 0) 0.008 

Caprylic ( 8: 0) 0 .196 

Capric ( 10: 0) 0.820 

Laurie (12: 0) 0.835 

Myristic (14:0) 0.848 

Palmitic (16:0) 0.864 

Stearic (18:0) 0.865 

Oleic (18:1) O.BSS 
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The method was used successfully in this thesis with crude 

cell culture :3Lope.:ratants as has been done previously by Breuil and 

Kushner (197 SJ) . However, the value of the method was diminshed when 

the sample contained high levels of fatty acid which provided a high 

interfering sarnpl.-e blank. 

A pre.bl €ITT sometimes encountered with the method was high sub-
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strate blanks. ~hese high substrate blanks were occasionally associated 

with contaminatrd buffer but more often associated with high levels of 

fatty acid ~~cuw~lating in the olive oil with time. For this reason, 

olive oil w~s p~~hased in small quantities and used within 6 months. 

Substrate blank:s ·with an absorbance at 440 nm of >0.l were regarded as 

unsa ti sfacto r.y. No problems were experienced with the copper and DOC 

reagents which we::.·e routinely stored at 4 °c and used within 1 month of 

preparation. 

2.5 Assav· o:f lipase activity using p-nit.rophenyl laurate 

was: 

Th~ standard p-nitrophenyl laurate assay for lipase activity 

To 0. 8 rnL of 0.1 M Tris-HCl buffer pH 7.5 (with 7.5 mM ca2+ 

as CaCl . ..,) was added 0.1 mL of 8 mM p-nitrophenyl laurate 

(Sigma Chem. Co., St Louis, USA) in 2-ethoxyethanol. The 

re suLtar.it emulsion was equilibrated <1t 30°C for 5 min. A 

O.l rnL aliquot of sample was then added followed b9 incubation 

fo:: 3 0 :,,in. The final concentration of P-nitrophenyl laurate 

in tl:1"2 assay system was therefore 800 PM. After incubation, 

3 rr,L of acetone was added, the whole was mixed and the absor­

bance measured at 400 nm in a Beckman DU spectrophotometer 

(1 c~ path length) after 10 min. Non-enzymic rates of P-

nitrciphenyl laurate were determined in the same manner using 

hoile,d ,:s min) enzyme. The reference cell of the spectra-

pheito,met.er contained acetone .:md buffer (3:1). The increase in 

absorbamce was related to a standard curve and converted to 
. -1 -1 -1 . 

\Jmol P-rnitrophenol released nnn mL (or mg protein). 

The stamdard curve for p-nitrophenol was constructed using a 

m.:i-:.rixof 1 par ts ucctonc to l p.:ir t 0 .1 M 'l'r is -I!Cl 



2+ 
buffer pH 7.5 (with 7.5 mM Ca as cacl2). The curve was 

linear over the range 0-1 mM (Fig.2.5). 

The mean non-enzymic blank absorbance after 30 min incubation 

WdS 0.005 with a standard deviation of 0.002 (10 determinations). Dy 

defi.nition, the detection limit is therefore that level of enzyme that 

procluc1.~s un .absorbance of O. 009 or a final p-ni trophenol concentration 
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of 11.7 µM (from the standard curve) in the 4 mL of acetone-Tris. '!'his 

converts to 46.8 nmol after 30 min or a rate of 1.56 nmol 
. -1 min 

corr esµonus to a detection limit of O. 0368 i1g Lowry protein for the 

Pr:,'urkrr101!11;: 017 lipusc, f1. 67 µq Lowry protein for the St.apliu7,r1eoc-cun 

aureun lipase, and 0.088 µg Lowry protein for the commercial porcine 

pancreatic lipase. 

The precision of the method was determined at a range of 

This 

enzyme levels by variable dilution of the Pseuclomonas 017 preparation 

followed by subsequent repeated (lOx) analysis of each dilution. The 

minimum achievable relative standard deviation of the method was between 

4-5% (T~ble 2.5). 

The method was capable of being used at temperatures up to 50°C 

with no chanqe in mean rrn-enzyrnic blunk v;:3lues. \-hc>n th2 mcthcd war; used with 

incubation at different pH values it w2s necessary to correct for both 

thP changes in non-enzymic hlank values and the changes in the colour 

response of the released p-nitrophenol. The p-nitrophenyl laurate ester 

i~; incroasinqly urn:;t..ible at pll's >8.0 resultin<J in higher rates of non-

cnzyrnic hydrolysis. The degree of colour produced by p-nitrophenol is 

also pH-dependent. with highest absorbances occurring at pH's> 10. Con-

siclerat.ion was initially given to adding alkuli to the final acetone-Tris 

matrix to increase the colour response, as is done with other p-nitro-

phenyl ester enzyme assays (e.g. Tabatabai and Bremner 1970). However, 

the increased rate of non-enzymic hydrolysis coupled with its wider 

variability precluded such an approach. 
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TABLE 2.5 

-r.:: 
•n 

..-1 (lJ 
(lJ _µ 

> 0 
(lJ 1-1 .._, 0.. 

(\) >, 

~ 1-1 
3 

N 0 
C: ...:i 
w 

0-, 
;:1. 
~ 

0.05 

0 .1 0 

0.20 

0. r;o 

1.00 

5.00 

* 

s 
13 

The precision of the lipase assay using 

p -nitrophenyl laurate as the substrate. 

The partially purified Pceudomonas 017 

lipase was used as the enzyme source 

(detection limit 0.0368 µg Lowry protein). 
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To test substrate specificity, other esters of p-nitrophenol 

were used in place of the laurate, with the inclusion of suitable non-

enzymic blanks. The p-nitrophenyl esters of acetate and caprylate 

were less stuble with hiC]hr.r non-cnzymic blank values, whilst the pal-

mitate ester was more stable. Under the conditions of the assay p-

nitrophenyl acetate was partially insoluble and hence can be regarded 

as a potential substrate for both lipase and esterase. 

The p-nitrophenyl laurate substrate solution (8 mM in 2-

ethoxyethanol) and the p-nitrophenol standards were stable for 2 weeks 
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when stored at 4°C in the dark. Standards lost 50% of their colour when 

left at room temperature and exposed to the light for 24h. 

2.6 Assay of lipase activity using the fluorogenic substrate 

4-methyl umbelliferone nonanoate (4 MUN) 

The standard fluorometric assay for lipase activity was: 

To 3.0 mL of 0.1 M Tris-HCl buffer pH 7.5 was added 0.1 mL 

of sample (or suitable dilution) followed by equilibration 

at 30°C for 5 min. 0.1 mL of 10 mM 4-methyl umbelliferone 

nonanoate (Koch-Light Laboratories, Colnbrook, England) in 2-

ethoxyethanol was added (giving a final concentration of 312 

JJM) and vortex mixed. The resultant emulsion was placed in 

a Farrand Mk I spectrofluorometer and zeroed with excitation 

at 340 nm and emission at 450 nm with 5 nm exit and entrance 

slits. The assay mixture was incubated at 30°C for 10 min 

and the increase in fluorescence determined. Rates of non-

enzymic substrate hydrolysis were determined using the same 

procedure except that boiled (5 min) samples were used. The 

increase in fluorescence was related to a standard curve of 

4-melhyl umbelli(ernne (4 MU) and results expressed as µmol 
-1 -1 -1 

4 MU released min mL (or mg protein). The standard 

curve for 4MU was constructed with an identical matrix to assay 

mixtures using boiled samples. The procedure was thus: To 

2.7 mL of 0.1 M Tris-HCl buffer pH 7.5 was added 0.1 mL of 10 

mM 4 MUN and 0.1 mL of boiled enzyme. The spectrofluorometer 

was zeroed. To this matrix was added 0.3 mL of a standard 

4 MU solution (prepared from a 10 mM stock standard dissolved 



in 2-ethoxyethanol and diluted with 0.1 M Tris-HCl pH 7.5) 

and the fluorescence measured. The standard curve was 

linear over the final concentration range of 0 - 20 µM 

(Fig. 2. 6) . 

The mean non-enzymic blank rate of hydrolysis was 0.03 nmol 

min-l with a standard deviation of 0.01 nmol 
-1 

min (10 determinations) 

By definition, the detection limit is that level of enzyme releasing 
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0.0465 nmol 4 MU . -1 
1111n This corresponds to an enzyme level of 0.536 

ng Lowry protein for the Pseudomonas 017 preparation, 25 ng Lowry protein 

for the Staphylococcus aureus preparation, and 7.8 ng for the pancreatic 

lipase. 

The precision of the method, determined at various levels of 

l'neudomonaa 017 lipase, had a minimum achievable relative standard devia-

tion of 1-2% (Table 2.6). 

Whilst the method was routinely used with 4 MUN as substrate, 

other fatty-acyl-esters of 4 MU were sometimes used to test substrate 

specificity. When this was done it was necessary to determine non-

enzymic blank rates for each substrate as the shorter-chain acyl-esters 

(4 MU-acetate, 4 MU-butyrate, 4 MU-caproate) were particularly unstable. 

In addition, separate standards with the appropriate substrate present 

had to be run. The fluorescent response with the same standard concen-

tration of 4 MU was found to vary, depending upon the substrate present. 

The 4MUU substrate solution in 2-ethoxyethanol was stable for 

l month when stored at 4°C. Other fatty-acyl-esters of 4 MU possessed 

similar stability except for the more unstable 4 MU-acetate and 4 MU-

butyrate which were prepared on the day required. The 10 mM stock stan-

dard of 4 MU prepared in 2-ethoxyethanol was stable for 6 months when 

store<'l at 4°C. Working standards prepared by dilution of this stock 

with 0.1 M Tris-HCl were stable for at least 1 week at 4°C (determined 

-1 
by ratio of fluorescent response to that given by 1 mg L quinine 

sulphate in 0.05 M H2S04 ). 
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The precision of the fluorometric lipase assay 
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Lowry protein). 
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0.87 0.017 0.01 0.020 2.3 

1.73 0.021 0.01 0.023 1.3 
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The method described was capable of being used at different 

temperatures providing separate non-enzymic blank rates were determined 

at each temperature. Non-enzymic blank rates increased with tempera-

tures above 30°C and became unacceptable at temperatures above 50°C. 

39 

When examining the relationship between pH and lipase activity 

with the fluorometric technique several factors had to be considered. 

The 4 MUN substrate became increasingly unstable at alkaline pH's (Fig. 

2.7) and hence non-enzymic blanks had to be performed at each pH inves-

tigated. In addition, the fluorescent response of 4 MU and the optimum 

excitation wavelength varied with pH (emission maximum remained at 450 

nm). Fink and Koehler (1970) have previously demonstrated this with 

the unsubstituted umbelliferone. Scans of excitation wavelength of 

4 MU clcmonstrated that the maximum shifted from 340 nm at pH's <7.3 

to 365 nm at pH's >7.5 (Fig. 2.8). At pH's below 7.3 the 365 nm 

excitation was observed as a shoulder on the main 340 nm peak and above 

pH 7.5 the situation was reversed. After examining the fluorescent 

response at each wavelength over the pH range 2.0 - 10.0 (Fig. 2.9), 

it was decided to adopt 340 nm as the excitation wavelength under all 

assay conditions. This was done because at the pH region of optimal 

activity for lipases (approximately pH 6-9) the fluorescent response at 

365 nm was extremely pH-dependent. 

2+ 
The assay system did not routinely contain Ca , a common co-

factor for the expression of lipase activity. It was found that the 

addition of ca2+ did not affect the rate of attack of 4 MUN by any of the 

three purified lipases providing the fluorescent response after the 10 

min incubation period was in the linear range of 0-20 µM 4 MU (final 

concentration). The effect was probably due to the low enzyme levels 

required and the nature of the fatty acids being released (see Section 

3.3 for a full discussion of this phenomenon). In systems where fatty 

acid levels in the sample were suspected to be high, assays were also run 

2+ 
with Ca (as Cacl2 ) incorporated into the buffer to give a final 

concentration of 5 mM. 
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2.7 Summary and discussion 

Several assays for lipase activity were examined and detection 

limits and precision determined. These results are summarised for all 

four methods in Table 2.7. It becomes apparent from this table that the 

rcli1ti ve sensitivities of the methods varied depending upon the enzyme 

source. For example, the fluorometric method was 240 x more sensitive 

than the continuous potentiornetric titration techniques for the Psuedo­

monan 017 lipase, 352 x for the Staphylococcus aureus lipase, and 4.5 x 

for the pancreatic lipase. These differences are simply a reflection 

of the relative substrate specificities of the 3 enzyme preparations. 

The pancreatic lipase has a high specificity for triacylglycerol sub­

strates with relatively low rates of attack towards monoesters such as 

p-nitrophenyl laurate and 4 MUN. In contrast, the bacterial lipases 

display broader substrate specificities with considerable activity 

toward ~rtificial esters as well as triacylglycerols. 

The fluorometric method possessed the greatest sensitivity and 

highest precision. It was quick and simple to perform with no further 

munipulation being required after incubation (unlike the Cu-soap colour i-

metric fatty acid assay and p-nitrophenyl laurate assay). It was 

capable of being used with crude enzyme sources,providing suitable 

matrices for standards were prepared. The fluorometric method was 

thPrefore used for routine monitoring of lipase activity throughout this 

thesis. By definition, lipases are enzymes which attack triacylgly-

cerols to release diacylglycerols plus fatty acids. There has there-

fore been some controversy in the literature as to the suitability of 

artificial esters for use in lipase assays, particularly from the view­

point of enzyme specificity (Barrowman and Borgstrom 1968; Brockerhoff 

1969; Melius and Doster 1970). However, Barrowman and Borgstrom (1968) 

have demonstrated that several artificial esters including P-nitrophenyl 

laurate, provided the necessary specificity. As the acyl chain-length 

of the artifical esters increased (and hence their insolubility) their 



TABLE 2.7 The detection limits and minimum achievable 

precision of four methods for determining 

lipase activity. 

DETECTION LIMIT PRECISION 

M E T II O D (µg Lowry Protein) 

SOURCE 
'O 
i.... 
<U 
'O 
C ~ 
<U C 

.j.J 0 
Cf,) Ul .,; 

~ 
Cf,) .j.J 

;::: QJ <U 
C) C\) Ul :> •,-I 

E: ~ <U •,-I :> 
{1 (l) .j.J QJ 

(:::i ... <U 'O 
;:; u rl 
<:\) C QJ 
Cf,) v5 <U i.... 

p__, °" ~ 

% 
Continuous potentio-
metric titration 

0.129 8.81 0.035 5.6 

cu-soap,colourimetric 
0.054 1.67 0.010 4.1 

futty acid assay 

p-r,itrophenyl laurate 0.0368 8.67 0.088 4.0 

Fluorometric (4 MUN) 0.000536 0.025 0.0078 1.3 
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specificity as substrates for lipase increased. However, 4-methyl 

umbellifcrone caprc1tc (C10 ) w.:is capable of bein9 attacked by both pan-

creatic lipase and esterase. Therefore, in situations where the 

identity of the enzyme was in doubt preliminary tests with p-nitro­

phenyl laurate and/or triacylglycerol substrates were performed. 
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CBl\PTER 3 STUDIES ON LIPASES AND SURFACE-RELATED PHENOMENA 

3.1 Introduction 

The kinetics of enzynwtic catalysis in heterogenous systems 

has attracted considerable attention in recent years. Many enzymes 

function naturally in two-phase systems with either the enzyme and/or 

the substrate present at an interface (McLaren and Packer 1970; Verger 

and de Haas 1976). The commercial benefits derived from immobilisa-

tion of enzymes onto solid surfaces allowing continuous product harvest­

ing has added impetus to studies of enzymatic action in heterogenous 

systems (Zaborsky 1973; Mosbach 1976). The action of hydrolytic 

enzymes on lipid substrates represents a system whereby a water-soluble 

0nzyme acts upon u wuter-insolubl0 suhstrc1te. Such lipolytic enzym0s 

include lipase (EC 3.1.1.3), cholesterol estcrase (EC 3.1.1.13), the 

phm;pholipuses (EC 3.1.1.4, J.l.-1.J, c1nl 3.1.4.4) and lysophospholipuse 

( EC 3 . 1. J .. 5 ) 

As is common to the functioning of all enzymes, the essential 

prerequisite for lipolytic activity is the formation of an enzyme-

substrate complex. As lipid substrates are insoluble,the crucial 

~;tcp [or the per formancc of the catalytic rec1ction becomes the initial 

adsorption of the enzyme at the inter face of the lipid and c queous phases. 

Studies by Desnuelle and co-workers (Sarda et al 1957; Sarda and 

Desneulle 1958; Benzonana and Desnuelle 1965) demonstrated that rates 

of pancreatic lipase activity were dependent upon the interfacial area. 

They found that the adsorption of enzyme onto the substrate surface 

was an equilibrium phenomenon with increased adsorbed enzyme (and hence 

increased activity) occurring with increased surface area of substrate 

up to a saturation point. 



The effect of certain substances on lipolytic activity has 

been related to modifications that such substances have (or may have) 

on the surface interaction between enzyme and substrate. Some of the 

more definitive studies are those of alcohol inhibition (Mattson et al 

1970), effects of bile salts and colipase (Brown et al 1977; Lairon 

at nl 1978) and inhibition by phenylcarboxylic acids (Rakhimov and 

Dzhanbaeva 1977) on lipase activity. The observation that product 
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inhibition of lipolytic catalysis occurs when water-insoluble (but not 

water-soluble) fatty acids are being produced (Schonheyder and Volqvartz 

1945; Shah and Wilson 1965) suggests that such inhibition may also be 

due to an effect on the properties of the interface (Benzonana and 

Desneulle 1968). The nature of fatty acid inhibition and its rever-

2+ sal by Ca (and other divalent cations) remains poorly understood. 

The purpose of the work presented here was to further inves-

tiqatc the role of substrate surface area on lipase activities and 

elucidate the nature of the effects observed with fatty acids and other 

surface-active substances. 

3.2 Effect of substrate surface area on the activity of three 

purified lipases 

Benzonana and Desnuelle (1965) demonstrated the significance 

of interfacial area in determining lipolysis rates using porcine pan­

creatic lipase and two olive oil emulsions of different particle size. 

Different particle size systems were created by centriguation of a 

sonicated emulsion and utilisinq either the larger particles in the 

upper 'cream' layer or the smaller particles beneath. This method was 

rccoqniscd by the authors as being rather crude, even though consistent 

results were obtained. The work reported here uses three lipase pre-

parations and four systems with a different interfacial area per unit 

weight of substrate created by sonication and by adsorption of the sub­

strate (olive oil) onto siliconised glass microspheres of defined 
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diameter. Unlike the studies of Benzonana and Desnuelle (1968), the 

assay system did not contain bile salts, which have been shown to alter 

the kinetics of lipid-lipase systems (Brown et al 1977; Lairon et al 

1978; Semeriva and Desnuelle 1979). 

The enzyme preparations used were porcine pancreatic lipase 

(Grade 1, Sigma Chem. Co., St Louis, USA), and two bacterial lipases 

obtained from 8tarhylococcus aureus NCIB 6571 and Pseudomonas 017 (a 

soil isolate) and partially purified as described in 10.2. 

Glass microspheres (Duke Scientific Co, Palo Alto, USA) with 

mean diameters (determined by microscopic observation) of 7.0 µm (stan­

dard deviation of 0.6 µm) and 40 µm (standard deviation of 2.0 µm) were 

siliconised and triacylglycerol coated in the following manner: 

Microspheres were detergent rinsed (warm 2% Na 3Po4), chromic 

acid soaked for l0h, rinsed to neutrality with distilled-deionised water 

and dried at 60°C. lg of microspheres were then rendered hydrophobic 

by 24h shaking incubation at 37°C with 10 mL of the silylation reagent 

2% (w/v) dichlorodimethylsilane (Supelco Inc., Bellefonte, USA), in dry 

toluene. Subsequently the toluene was evaporated and 5 mL of a hexane 

solution of triacylglycerol added (high purity olive oil, Sigma Chem. 

Co., St Louis, USA) to give a final weight of added lipid of either 

-1 -1 
4 mg g or 20 mg g of microspheres. The hexane was evaporated at 

60°C with orbital shaking at 200 rev min-l 

An emulsion of olive oil (3% w/v) was prepared in 0.1 M Tris-

2+ 
HCl pH 7.5 (with 5 mM Ca as CaC1 2) by sonication (2.4). This emul-

sion possessed a positively-skewed size distribution profile with a 

mean diameter of 1.11 µm (as determined by a Coulter electronic par­

ticle counter fitted with a 30 µm aperture and a multichannel analyser). 

-1 
As the emulsion was stable for at least 8h (number of particles mL 

and size distribution remained the same), substrate was prepared daily, 

thereby avoiding the need for addition of 'stabilisers' or 'emulsifiers'. 



The assays were performed in the following manner: 

Into a 15 mL screw-cap test-tube (teflon-lined caps) was 

placed either various volumes of (0-1.0 mL) of sonicated 

olive oil emulsion or various weights (5-200 mg) of olive 

oil coated glass microspheres. All systems were adjusted 

to a total volume of 1.0 mL by addition of 0.1 M Tris-HCl 
2+ 

pH 7.5 (with 5 mM Ca as Cacl 2). After equilibration at 

30°c, 10 µL of enzyme preparation was added, a stopclock 

initiated, and the system vigourously shaken. The reaction 

was stopped after 3 min incubation with the addition of 2 mL 
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of the copper reagent used in 2.4. Subsequent determination 

of released fatty acids was performed by colourimetric anal-

ysis as described in 2.4. Enzyme levels (as Lowry protein) 

in the assays were 0.85 µg for commercial porcine pancreatic 

lipase, 400 µg for Staphylococcu.r, aw0eu.s lipase, and 6 pg 

for Pseu.domonas 017 lipase. 

The amount of lipase not adsorped onto the substrate surface 

was determined by removing a 0.1 mL aliquot of the liquid 

phase of the glass microsphere systems, after the incubation 

period but before the addition of copper, and assaying flouro-

metrically for lipase (2.6). The extent of lipase adsorption 

was determined by difference, using a control incubated with­

out substrate. 

Results obtained for the activity of the three lipases towards 

four different substrate systems are presented on a substrate weight per 

unit volume basis in Figs. 3.1 - 3.3 and on an interfacial area (IA) 

per unit volume basis in Figs. 3.4 - 3.6. Woolf plot transformations 

-1 -1 
(S.V VB Sor IA.V vs IA) revealed linear plots (r> 0.95) for all 

systems indicating apparent obedience to Michaelis-Menten kinetics. 

Gross changes in the apparent K 's could be induced by altering the 
m 

amount of substrate surface available per unit weight (Table 3.1), 

whilst the apparent v 's remained unaltered (within experimental error). max 

However, the apparent K (IA) values were constant for each lipase. 
m 
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, 20 mg olive oil adsorbed onlo 1 g of 7 µm diameter glass beads 
(surface area= 174 cm2 mg-1 substrate). 

51 



..-• 
,-~ 0.4 / • ----o- 0 a I 

C -~• 
E: 

'Cl ..... 
u 
ro 

u ..... 
Qj 

,-1 
0 

,-1 
0 
E: 
;:I. 

> 

H 
I 
:> 
\/' 

+ .- .,.--0 □-
.1., /0~ 

0.3 
// 0 □ f,// 

0.2 ~i1/ 
~□ 

0.1 

0 

4 

3 

2 

l 

0 
0 0.5 1.0 

S (mg mL -l) 

(a) 

(bl 

1.5 

Fig. 3.1: (a) The effect of olive oil concentration(s) on the 

reaction velocity (v) of l-'[:eudo1'/0nas 017 lipase 

with systems of various surface area. 

(b) Woolf plot transformation of data. 

2 -1 
o-o, sonicated emulsion (surface area= 38.6 cm mg substrates). 

□, 20 mg olive oil adsorbed onto 1 g of 40 µm diameter glass beads 
(surface area= 30.6 cm2 mg-1 substrate). 

• , 4 mg olive oil i:ldsorbecl onto 1 g of 40 11m diameter glass beads 
(surface area= 153 cm2 mg-1 substrate). 

+ , 20 mg olive oil adsorbed onto 1 g of 7 pm diameter glass beads 
(surface area= 174 cm2 mg-1 substrate). 
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'rABLE 3 .1 

Lipase source 

Pancreatic 

r, rna'e,11~ ,J, 

Pseudomonas 017 
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Summary of kinetic data obtained for 3 lipases 

when acting upon olive oil systems containing 

different interfacial areas per unit of weight. 

Data obtained from Woolf plots. 

-
ro ro 
QJ .1,.1 QJ 
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cu 0, 0~ >: ro 

·.-1 u QJ ro .-l 
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i:: QJ u 0 QJ 0.. E= 0.. --- 0.. s:: E:: 
H 0.. ~ 3: I-< 4: 4: 4: •.-f u 

~ 

(r) 

30.6 0.98 0.76 0.31 22.9 

38.6 0.95 0.62 0.33 22.3 

153.3 0.99 0.17 0.34 25.8 

174.0 0.99 0.15 0.35 28.5 

J0.6 0.95 6.4 0.95 189.0 

38.6 0.99 5.2 0.97 181.0 

153.3 0 .96 1.1 0.96 169.0 

174.0 0.99 0.9 0.96 162.0 

30.6 0.99 0.21 0.44 6.3 

38.6 0.99 0.22 0.44 4.7 

153.3 0.97 0.05 0.43 7.1 

174. 0 0.97 0.03 0.45 5.6 



These results support the generally held concept that the kinetics of 

lipolysis can be explained by replacing the substrate concentration 

rep RC with an interfacial area term in the standard Michaelis-Menten 

equation (Benzonana et al 1964; Benzonana and Desnuelle 1965; 

Brockerhoff and Jensen 1974). 
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Assuming that the apparent K (IA) replaces K (substrate con-m m 

ccntration at 0.5 v ) then such values should be inversely related 
max 

to the affinity of the lipolytic enzyme for the substrate surface. It 

would appear from Table 3.1 that the three lipases used possessed widely 

varying affinities for the substrate surface. As the system is hetero-

genous, with affinity for the substrate being synonymous with adsorption 

to the substrate, the relative levels of enzyme adsorption observed with 

the three lipases (Fig. 3.7a) was predictable. A strong correlation 

existed between lipase activity (% apparent v ) and% lipase adsorbed 
max 

(Fig. 3.7b). 

The nature of the adsorption process of lipase to a lipid 

surface is presumably vin a hydrophobic binding mechanism (Brockerhoff 

and Jensen 1974; Rakhimov and Dzhabaeva 1977), an assumption supported 

by the effect of substances which create or diminish surface charge at 

the interface (Brown et al 1977). It is therefore reasonable to sug-

gest that the relative degrees of hydrophobicity of the three enzymes 

follows the inverse of their apparent K (IA) 's i.e.~ Pseudomonnr, 017 
m 

lipase> pancreatic lipase> Starhylococcus aureus lipase. 

3.3 Fatty acid inhibition of partially purified bacterial lipases 

Despite the apparent acceptance that calcium ions should be 

added to lipase assay systems to overcome fatty acid inhibition 

(Brockerhoff and Jensen 1974), little definitive work on the nature of 

the inhibition could be found in the published literature. Fatty acid 

inhibition of lipase activity has been assumed to be a surface phenome­

non whereby ionised water-insoluble fatty acids adsorb at the substrate-
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aqueous interface creating a negative surface charge thereby preventing 

formation of the lipid-lipase complex (Benzonana and Desnuelle 1968; 

Dawson 1968). However, the study of Smith and Alford (1966) with a 

f'Nn~Jom()ncw lipa$e demonstrated fatty acid inhibition that was time-

b 1 • d b 2+ ' ' dependent and not reversed ( ut neutra ise) y Ca addition. 

Apparently, the effect of fatty acid was to irreversibly denature the 

enzyme rather than to affect the surface interaction. Also, these 

workers found little or no inhibition occurred with a number of long-

chain, water-insoluble saturated fatty acids. In this study, attempts 

were made to further elucidate the nature of fatty acid inhibition and 

2+ the role of Ca . 

2+ 
The differential effect that added Ca ions (as Cac1 2 , final 

concentration 5 mM) had on the observed catalytic activity of the two 

bacterial lipases towards various triacylglycerols is summarised in 

Table 3.2. The data presented was calculated from the total alkali 

consumed in 5 min of incubation in the potentiometr ic assay system (2.3). 

When soluble fatty acids were hcing reli?ased ca 2+ did not influence 

] ' ' ' h' l 2+ • 1 • b d • h h 1 .ipase activity w 1st Ca stimu ation was o serve wit t ere ease 

of insoluble fatty acids, a finding consistent with previous studies 

(Shi.ih and Wil::.,on 1965; Bcnzonana and Desnuclle 1968; Entrei,s.:rngles and 

n,-::;nur-110 1968). 

A closer examination of the pattern of alkali consumption 

during the assay period revealed linear rates when soluble fatty acids 

wr!re being released with and without ca2+ present. However, in systems 

where insoluble (or partially soluble) fatty acids were being released 

alkali consumption was linear in the presence of ca2+ but hyperbolic 

2+ 
in the absence of Ca (Fig.3.8). With substrates containing long-

chain fatty-acyl groups the time bcfure divergence of the rate curves 

2+ 
with and without Ca was dependent upon the fatty acid being released 

and the level of enzyme in the assay system (Table 3.3). Apparently, 

a minimum level of fatty acid had to be reached before inhibition of 



TADLE 3.2 Influence of calcium ions (5 mM) on the 

enzymatic activity of two purified bac­

terial lipases towards a variety of 

triacylglycerols. 

ENZYME ACTIVITY 

(% of activity 
. 2+ 

S U B S T R A T E without Ca ) 

l'seudomonas 017 Staprq/lococcus aureus 

Tributyrylglycerol 100 100 

Tricaprolyglycerol 100 100 

Tricaprylylglycerol 100 100 

Tricaprylglycerol 100 100 

Trilaurylglycerol 165 118 

Trimyristylglycerol 182 153 

Tripalmintoylglycerol 265 154 

Tristearoylglycerol. 325 154 

Trioleoylglycerol 580 182 

Trilinolylglycerol 765 221 
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lipase activity (and reversal by ca 2+) became noticeable. This 

minimum inhibitory concentration (MIC) decreased with increasing fatty­

acyl chain-length, indicating a relationship with relative aqueous 

solubilities. The further decreases in MIC observed when double-

bonded fatty acids were being released may be a result of greater 

steric hindrance at the interface due to their 'kinked' structure. 

2+ . . 
The differential effect of Ca on the enzynnc hydrolysis of 

artificial lipase substrates is summarised in Table 3.4. All assays 

were performed according to the standard procedures of 2.5 and 2.6 

2+ 
except for the addition or deletion of Ca and the use of shortened 

incubation periods. Comparison of results obtained for various lipase 

2+ 
substrates (Tables 3.3 and 3.4) demonstrate that the effect of Ca 

was dependent upon both the alcohol moiety of the esters and the fatty 

acid being released. The influence of the alcohol moiety is a reflec-

tinn of the different lev0ls of fatty acid r0leased during th0 assay 

period. If each fatty acid has a minimum concentration before it 

jntiibits the activity of a li!:J.::ise on a specific substrate, then if the 

assay system was such that this MIC was not reached during the incuba-

2+ 
tion period no effect of Ca would be observed. 

In order to gain further information on fatty acid inhibition 

(and, in particular, the "MIC concept") assay systems were amended with 

fatty acids. The use of substrates which apparently demonstrated an 

effect of released fatty acids on activity (i.e., a ca2+ influence) 

during the assay period were obviously unsuitable for these studies. 

Studies were performed primarily with 4-methyl umbelliferone non­

anoate with some work using tributyrylglycerol. 

Fatty acid amendments to assay systems were made as aqueous 

solutions of their neutralised sodium salts. The Na salts were pre-

pared by dissolving the ~ppropriate acids in ethanol and neutralising 

with ethanolic NaOH (lM). 'l'he precipitated salts were washed with 

ethanol and stored dry under vacuum over H2so4 , being prepared as 



TABLE 3 .4 Effect of ca2+ (5 mM) on the activity of 2 

bacterial lipases towards the esters of p­
nitrophenol and 4-methyl umbelliferone and 

the level of fatty acid present at the end 

of the incubation period. 

* L I p A s E 
r ,, u 13 S'l'RATE 

Slat'h. au1°eus Pseudomonas 017 

i or 9. ()f 
filtty 

activity 
Fatly 

.:ictivity 
without 

acid 
without 

acid 

ca2+ level ca2+ level 

(~1M) (µM) 
·- -

P -ni trophenol esters: 
acetate 100 35 100 140 
capryL:itc 100 90 119 419 
laurate 128 134 145 400 
palmitate 134 70 156 256 

4-methyl umbelliferone 

* 

esters: 100 0.6 100 5.5 
butyrate 100 0.6 100 5.5 
nonanoat.e 100 3.6 100 10.5 
laurate 100 2.0 100 8.4 
palmitate 100 0.8 100 2.2 
oleate 100 0.9 100 8.8 

Enzyme levels (as Lowry protein) were 10 µg per assay for 

Staph. aureus for both p-nitrophenyl and 4-methyl umbel-

liferone esters. Enzyme levels (as Lowry protein) were 

4 µg and 0.4 µg per assay for Pseudomonas 017 for p­

nitrophenol and 4-methyl umbelliferone esters respectively. 

Assay periods were 1 min for 4-MU ester assays and 10 min 

for p-nitrophenol assays. 
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aqueous solutions prior to use. 

Both the staphylococcal and pseudomonad lipase preparations 

were inhibited in activity toward 4 MUN by insoluble or partially 

soluble fatty acids (Figs. ~-9 and 3.10). At any given concentration 

of the fatty acids the level of inhibition increased with increased 
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insolubility i.e.~ increasing chain length), a finding consistent with 

the studies on triacylglycerol substrates (Table 3.3) and with those of 

Rakhimov and Dzhanbaeva (1977) with phenyl derivatives of a range of 

fatty acids. Plots of the logarithm of fatty acid concentration 

causing 50% inhibition against fatty acid chain-length (Log I 50 vs n) 

gave straight lines for both lipases (Fig. 3.lla) as did a plot of the 

logarithm of fatty acid aqueous solubilities against chain length (Fig. 

3. llb). It is apparent from Figs. 3.9 and 3.10 that a minimum inhibi-

tory concentration (MIC) of fatty acid must be reached before lipase 

activities are depressed. This MIC was d.irpctJ y related to the 

aqueous solubilities of the fatty acids but did not coincide with 

saturation concentrations (Table 3.5). The previous observation 

(Table 3.4) that activity toward 4 methyl umbelliferone esters was 

2+ 
unaffected by Ca was due to the fact that the MIC's of the fatty 

acids were not reached during the assay period. 

The MIC's were similar for both lipases despite the obser­

vation that at fatty acid concentrations above this MIC the staphylo-

caecal lipase was inhibited to a greater extent (Fig. 3.lla). However, 

the apparent MIC's of fatty acids affecting lipase activity towards 

other substrates (traicylglycerols and p-nitrophenyl esters) were 

markedly different (Tables 3.3 and 3.4). In addition, the MIC of added 

oleate was higher in systems with tributyrylglycerol as substrate than 

in systems with 4 Ml~ (Fig 3.12). These results suggest that the 

inhibitory effect was an indirect one involving an interaction with the 

substrate rather than with the en7,-yme. 



Fig. 3.9. Effect of various levels of fatty acids on the 

activity of the lipase of Staphylococcus aureus. 
4 

Butyrate had no inhibitory effect up to 10 µM. 

(a) Valerie (C 5), • 

Caproic (C 6), • 

Caprylic (C8 ), • 

Caprie (c10 ), o 

Laurie (c12 ), c 

Myristic tc14 ), 6 

(b) Palmitie (c16 ), o 
Stearie (c18 ), • 

Oleic (ClB:l), ~ 

Linoleic (ClB:Z),o 



~ 

rl 
0 ... 
.µ 
C 
0 
u 

"-' 
0 

(,'/:' -~ 
>, 
.µ 
..... 
> ..... 
.µ 
u 
ru 

100 

80 

60 

L-=------ 1 3 
10 

( il) 

-----10,,4 

10 

• id con,. (PM) Fatty ac 

- ~----11 3 
10 

2 
10 

•ct cone. Patty ac1 (llM) 

66 



Fig. 3.10. Effect of various levels of fatty acids on the 

activity of the lipase of Pseudomona.s 017. 

Butyrate had no inhibitory effect up to 10 4 µM 
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Effect of falty acy]. chain length on: 

(<1) inhibi lion of lipases from Staphylococcus 

aurcus (o-o) <1nd l'sc11domonas 017 (□-a). 

(b) agucouG !;c.,luhility (dill-ii from CRC Handbook 

of Biochemistry). 



T/\BLE J.5 

Fatty Acid 

Caproate (6: 0) 

Caprylate (8: 0) 

Caprate (.10: 0) 

Laurate (12: 0) 

Myristate (14: 0) 

Palrr·it:1te (16: 0) 

Stearate (18: 0) 

Oleute (18:l) 

Linoleate (18:2) 

* 

/\queous solubilities and minimum inhibitory 

concentrations of fatty acids in systems with 

4 MUN as substrate and the lipases of 

Staphylococcus aurPus NCIB 6571 and Pseudomonas 

017. 

MIC (µM) 
Aqueous 

Solubility Starh. aurcus Pseudomonas 017 

(µM) 

8.78 X 104 4.5 X 102 8.5 X 102 

5.48 X 103 2.3 X 102 3.8 X 102 

l.05 X 103 1.4 X 102 1.7 X 102 

3.14 X 102 80 80 

1.05 X 102 65 65 

32.4 18 25 

12 14 14 

- 11 10 

- 9 9 

Enzyme levels (as Lowry protein) were 10 u9 and 0.4 µg per assay 
for Staph. au~eus and Pseudomonas 017 preparations respectively. 
/\ssay period was 1 min. 

- Data not available. 
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Changes in substrate concentration induced a classical 

-1 "competitive inhibition" response with Woolf plots (S.V vs S) of 

fatty acid inhibited systems (Figs. 3.13 and 3.14) demonstrating 

similar slopes (therefore similar apparent v 's) but different y-
max 

intercepts (therefore different apparent K 's) (Table 3.6). 
m 

Compe-

titive inhibition, in the classical sense, results from competition 

between the inhibitor and the substrate for the active site of the 
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enzyme. As the lipolytic reaction occurs at a substrate-aqueous inter-

face the inhibition observed with fatty acids could be rationalised by 

a competition between inhibitor and enzyme for available substrate sur­

face, an explanation offered by other workers (Benzonana and Desnuelle 

1968; Rakhimov and Dzhanbaeva 1977). The concept of a minimum inhibi-

tory concentration (MIC) and its dependence on fatty acid chain-length 

developed in the work reported here can be accommodated in such a 

theory by assuming that this MIC is the level where fatty acids are 

occupyirq enough of the surface to begin to limit the availability of 

substrate to the enzyme. The greater the insolubility of the fatty 

acid the more it would partition at the interface and therefore the 

more its inhibitory effect and the lower its MIC. However, such a 

"ster ic hindrance" theory h a r; difficulty in explaining the reversals 

. 2+ . 
observed with Ca ions. The Ca-fatty acid soaps formed are insoluble 

and would therefore still occupy the interface. An alternative explan-

2+ 
ation for fatty acid inhibition and reversal by Ca ions may be 

postulated from consideration of surface charge phenomena. Adsorption 

of fatty acids at the interface would be with the uncharged alkyl groups 

at (or in) the lipid and the hydrophilic carboxyl end exposed to the 

aqueous medium (Dawson 1968). Thus, the previously uncharged lipid 

substrate surface would become negatively-charged and hence lipase 

adsorption and subsequent activity is diminished. This 'charge-

2+ repulsion' theory would accommodate the effects of Ca (and other 

divalent cations) in the role of a neutraliser of this negative charge. 
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TABLE 3.6 

Olc~ute level 

(µM) 

0 

30 

150 

300 

Kinetic parameters calculated from Woolf plots 

for Na-oleate inhibition of the lipases of 

Staphylococcus aureus NCIB 6571 and Pseudomonas 

017. 

* * 
Staph. aurezrn 1 i pu se Pseudomonas 017 lipa::;E 

K (app) K (app) V V 
m max _1 m max _1 
(µM) (nmol min ) (J..IM) (nmol min ) 

16 12 1.8 87.0 

269 11. 9 146 86.9 

720 11.9 518 84.8 

llBO 11. 5 585 83.3 

* -1 
Enzyme level at l µg protein assay 

TJ\13LE 3.7 Inhibition of two bacterial lipases in hydrolysis 

7J 

of 4 MUN by increasing levels of Nci-oleate and the 

reversal of inhibition by calcium. Enzyme levels 

(as Lowry protein) were 10 µg and 0.4 µg per assay 

for Staph. aureus and Pseudomonas 017 preprations 

respectively. 

% lipase activity of control 

Na-oleate cone. 
Star'h. P.cwudomonas 017 aureua 2+* 2+* 

µM without ca2+ with Ca without ca2+ with Ca 

0 100 100 100 100 

30 56 89 67 89 

60 4 5 87 49 86 

150 30 72 35 76 

300 21 69 33 62 
** ** 600 20 60 n.d. n.d. 

* 2+ 2+ 
Ca added at final concentration of 5 mM. Increases in Ca up to 
100 mM did not enhance the reversal effect. 

** 
n.d. = not determined. 



A similar surface charge approach was proven for the inhibitory effect 

of gum arable (composed of sugar acids) on hydrolysis of tributyryl-

1 1 b • d b dd ' ' 2+ t g ycerol and the reversa o ta1ne ya 1t1on of Ca ions (Browne 

nl 1977). However, this "charge-repulsion" theory has difficulty 
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. . . ff f 2+ . 1n expla1n1ng totally thee ects o Ca ions. In the present study, 

as increased levels of fatty acid were added to the assay system, the 

ability of ca2+ to reverse the inhibition was diminished, even at 

2+ 
elevated levels of Ca (Table 3.7). It may be that fatty acid 

inhibition involves principally charge-repulsion at low concentrations 

but that at higher concentrations steric hindrance becomes important. 

A combination of both charge-repulsion and steric-hindrance mechanisms 

also allows for explanation of the greater inhibition observed with 

unsaturated fatty acids on the basis of their "kinked" alkyl chain 

(Gurr and James 1975) and therefore greater steric hindrance. 

3.4 Effects of some surface-active agents on two partially_ 

purified bacterial lipases 

The published literature contains examples of both stimulation 

and inhibition of lipase activity by a range of surface-active agents, 

variously described as emulsifiers, stabilisers, detergents, and surfac­

tants (Brockerhoff and Jensen 1974; Semeriva and Desnuelle 1979). 

Stimulatory compounds may be added to substrate emulsions to stabilise 

thr.m thereby preventinCJ coagulation and subsequent decreases in avnil-

able substrate surface area (Brockerhoff and Jensen 1974). Alter-

nntively, they may act by reducing the extent of lipase denaturation 

sometimes associated with adsorption at the interface (Borgstrom and 

Erlanson 1973; Vandermeers et al 1974) . Inhibition may be attributed 

to effects either directly upon the enzyme or indirectly by affecting 

the properties of the interface (Semeriva and Desnuelle 1979). The 

work reported here was performed to elucidate the effects of surface-

active compounds on the activity of two bacterial lipases. It was 



hoped that studies with an artificial substrate, 4 MUN, might clarify 

the mode of action of these surface-active compounds. 

The effect of addition of several surface-active compounds 

to the potentiometric assay system (2.3) on the activity of the two 

bacterial lipases towards olive oil is summarised in Table 3.8. The 

effects of the same compounds when 4 MUN is the substrate is presented 

in Table 3.9. Compounds which demonstrated an effect influenced by 

time of contact with the enzyme may be assumed to act on the enzyme 

re~ Re, whilst those compounds with no difference in effect with time 

act on the total reaction system (e. :I,, by competitive inhibi ti.on or 

changing the properties of the substrate surface). 
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The time-independent stimulatory effect of Triton X-100 

(c:ilkyL:iryl polyether alcohol) observed with the two lipases at both con­

centrations with both substrates was apparently an effect of increa,,ing 

uubstratc turnover rate, although the mechanism remains unknown. 

Similar stimulation of activity by Triton X-100 of an Acinctobaetm1 

lipase toward S-naphthyl laurate was observed by Breuil and Kushner 

(1975b). Stimulation by Triton X-100 at low concentrations followed by 

inhibition at high concentrations was observed for liver lipases (Kaplan 

and Teng 1971; Kari.ya and Kaplan 1971). Paznokas and Kaplan (1977) 

found that high concentrations of Triton X-100 (0.625-2.5%) inhibited 

the velocity at low substrate levels of a MJ1c>abaetc1•iwn lipase. 

Sodium dodecyl sulphate (SDS I an anionic detergent) added to 

the reaction systems caused a time-dependent decrease in the activity 

of both lipases. The decrease in activity was similar with both sub-

strates and subsequent dialysis (18h, against 5 L 5 mM Tris-HCl pH 7,5) 

did not regenerate activity. Both these results indicate that the 

em.ymes were irreversibly denatured by sos, a finding consistent with 

its effects on animal lipases (Borgstrom and Erlanson 1973). 

Paznokas and Kaplan (1977) were able to recover 50% of the activity 

after SDS electrophoresis of M11Cobacte1•ium lipase and demonstrated that 



TABLE 3. 8 

COMPOUND 

(final cone). 

Gum arabic (0.5%) 

!_-,odium <iodecyl 
sulphate (0.03%) 

Tri ton x-100 
(0.03%) 

Triton X-100 
(0.6%) 

Tween 80 (0.03%) 

Tween 80 (0.6%) 

Na-taurocholate 
(0.1%) 

Na-taurocholate 
(1%) 

* 

Effect of surface-active compounds on the activity 

of partially purified lipases from Staphylococcus 

auY'eun NCID 6571 and PsC'udomonas 017 towards olive 

oil as determined by continuous potentiometric 

titration. 

% activity of control 

Pseudomonas Staph. aur>eus 

Immediate 
30 min. 

* :!:mmediate 30 min.* 
preincub. preincub. 

100 100 100 100 

125 50 65 13 

140 144 165 164 

200 210 230 225 

100 145 100 100 

75 68 62 62 

68 68 130 133 

12 12 25 25 

JO min. preincubation of compound with enzyme prior to addition of 
substrate. 
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'!'ABLE 3. 9 

C O M P O U N D 

(final cone) 

Gum arabic (0.5%) 

Sodium decyl 
sulphate (0.03%) 

Triton X-100 
(0.03%) 

Triton X-100 
(0.6%) 

Tween 80 (0.03%) 

Tween 80 (0.6%) 

Nu-t.:iurocholate 
(2 mM) 

Na-taurocholate 
(20 mM) 

* 

Effect of surface-active compounds on the activity 

of partially purified lipases from Staphylococcus 

aureus NCIB 6571 and Pseudomonas 017 towards 4-

methyl umbelliferone nonanoate. 

% activity of control 

Pseudomonas 017 lipase Staph. aureus lipase 

Immediate 
Preincubation 

Immediate 
Pre incubation 

30 min* 30 min* 

100 100 100 100 

172 54 65 12 

158 162 161 160 

252 250 225 228 

100 151 85 85 

81 80 65 62 

59 51 112 112 

9 8 35 32 

30 min preincubation of compound with enzyme prior to addition 
of substrate. 
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the preparations activity was unaffected when assayed in the presence 

of 0.02% sos. The Pseudomcnas 017 lipase preparation was stimulated 

by the presence of SOS in the assay system providing the assay was 

performed immediately. It would appear that SOS may have a favour-

able effect on the substrate-enzyme interaction but an unfavourable 

effect on the stability of the enzyme. 

The nonionic detergent, Tween 80, inhibited the activity 

of both enzymes when present at 0.6%. Variation in 4 MUN substrate 
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level revealed that such inhibition was "kinetically competitive"(Figs.3.15 

and 3.16). Similar results were obtained by Wouters (1967) for 

1;, ·1, l;,?°dwm lipase and olive oil substrate. Work presented in Chap-

ter 10 demonstrated that reither enzyme was capable of action upon 

'l'ween 80 which suggests that the inhibition was a competition with the 

enzyme for the substrate surface. At 0.03% Tween 80,a stimulatory 

effect on f-'rwudomonns 017 1 ipase \'.On observed after 30 min preincubation. 

The effect was similar in magnitude with assay by both substrates and 

hence appeared to be either an influence on the enzyme pel" se or on an 

inhibitor present in the enzyme preparation. 

The effect of the anionic bile salt Na-taurocholate was to 

inhibit the activity of Pnrzidomnnrw 017 lipase at both concentrations 

(0.1% and 1%) whilst the activity of Staph. auPe,.ts NCIB 6571 lipase was 

stimulated at 0.1% but inhibited at 1%. Studies by other workers have 

shown similarly variable results on the effects of Na-taurocholate on 

lipases. Bacterial lipases may be stimulated (Chander et al 1979; 

Severina and Bashkatova 1979) or inhibited (Finkelstein ei; al 1970; 

Breuil and Kuohner 1975~ Severinaand Bashkatova 1979) by Na-

taurocholate. It is thought that stimulation by bile salts arises 

from their protection of the enzyme from denaturation upon adsorption 

to the substrate (Borgstrom and Erlanson 1973; Vandermeers et al 1974). 

The inhibitory effect of bile salts has been variously ascribed to 
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"charge-repulsion" and "steric-hindrance" at the interface and direct 

binding with the enzyme itself (Borgstrom and Erlanson 1973~ Brown et 

,d 1977). 

l 97 9) . 

The situation is at present unclear (Semeriva and Desnuelle 

The results with gum arabic (TablcE 3.8 and 3.9) suggest that 

this compound has no effect on the activities of the two lipases. 

ever,variation in the 4 MUN substrate concentration demonstrated a 

"kinetically competitive" inhibition probably resulting 

How-

from "charge-repulsion" at the substrate surface (Wouter 1967~ Brown 

et al 1977). 

The results presented demonstrate that no generalisations as 

to the effects of surface-active compounds on lipase activity can be 

made. The effect of a surface-active compound is dependent upon its 

concentration, the origin of the enzyme, whether preincubation occurred 

anrl the r-;ubstrote u,.0ci. Inhihiting cff0cts may be due to either 

enzyme denaturation or effects associated with the substrate-aqueous 

jnlerL1ce. 

3.5 Summary 

Studies in this chapter have helped to further the under-

standing of lipase action and surface-related phenomena. •rhe impor-

tance of available substrate surface area to lipase adsorption and 

suhscqucnt activity was demonstrated. The nature of fatty acid 

inhibition was somewhat clarified and the concept of a minimum 

inhibitory concentration developed. The influence of surface-active 

compounds on lipase activity was investigated. However, results did 

not allow any general theories on the nature of their influence to be 

developed. 



CHAPTER 4 ENZYMES IN SOIL AN OVERVIEW 

4.1 Origin of soil enzymes 

Despite the lack of conclusive evidence, it is accepted that 

enzymes in soil originate from animal, plant, and microbial sources 

(Ladd 1978) . Furthermore, it is often tacitly assumed that, of these 
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sources, microorganisms contribute the largest portion of the accumulated 

soil enzymic activity (Kiss et al 1975). 

Numerous studies have shown that enzyme activity in soils may 

be influenced by the prevailing vegetation (Ross 1966; Khan 1970; 

Neal 1973; Pancholy and Rice 1973a and b; Kiss et al 1978; Duxbury 

and Tate 1981). These results, however, cannot be used to support the 

hypothesis that plants act as a significant source of soil enzymic 

activity. The effects may be indirect, whereby the changes in the type 

and quantity of plant-derived organic material added to the soil induces 

a differential response by the microorganisms within it (Kiss et al 1978; 

Ladd 1978). More ucceptable (though still indirect) evidence for the 

existence of plant-derived enzymes in soil, comes from studies demonstrat­

ing the high enzyme activities associated with plant tissue (herbage and 

roots) and root exudates (Estermann and McLaren 1961; Hall and Davie 

1971; Neal 1973; Ross 1975; Ross 1976; Speir and Ross 1976). 

These studies indicate that plants have the z,otential to make a consider-

able contribution to the soils enzymic capabilities. Whether such a 

potential is actually realised has not yet been conclusively proven and 

presumably depends upon the stability of plant-derived enzymes in the 

soil environment. 

The contribution that unimal-derived enzymes may make to the 

total soil enzymic pool has received scant attention. The excreta of 

earthworms contains significant levels of invertase (Kiss 1957) and phos-

phata~;c (De Jorge and Sawayc.1 1967). Presumably, other enzymes present 

in the digestive tract of animals, living within and upon the soil, are 
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excreted and therefore potentially available to contribute to the soil's 

enzymic pool. As with plant-derived enzymes, the realisation of this 

potentii1l presumably depends upon the stability of the enzymes in the 

soil environment. 

The significance of enzymes of microbial origin to the accumu­

lated soil enzyme activity is not doubted (KisE et al 1975; Skujins 

1976, Skujins 1978; Speir and Ross 1978) even if not conclusively 

proven (Ladd 1978). The tacit assumption that microorganisms supply 

most of the soil enzymic activity arises from a knowledge of their growth 

and metabolic characteristics (Speir and Ross 1978). Microorganisms in 

soil are numerous, are generically (and hence, enzymically) diverse, and 

possess the capacity to inductively produce enzymes in response to the 

addition of substrates. 

4.2 Range of enzymes in soil 

Enzymic activity from four of the six major divisions of enzymes 

have been detected in soils. Oxidoreductases and hydrolases have received 

the most attention. There have been several investigations of transf('r.;:se 

and lyase activities, but no reported studies on isomerase and ligase 

uctivities in soil. Reviews detailing the range of enzymic activities 

detected in soil include those of Skujins (1967), Kuprevich and Shcher­

bakova (1971), Kiss et al (1975), Skujins (1976) and Ladd (1978). The 

activities of approximately fifty different enzymes have been detected 

in soil (Ladd 1978). Considering the diversity in the soil microbial 

population, and the contribution that plants and animals may make, it 

seems likely that the range of enzymic activities detected in soil will 

increase in the future. 



4.3 Stability and state of soil enzymes 

The presence of enzymes in geologically preserved soils and 

sediments (Skujins and McLaren 1968; Radulescu and Kiss 1971; Nanni-
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pieri et ~z 1973) suggests that native soil enzymes are extremely stable. 

The stability of soil enzymes (relative to enzymes from other sources) 

is further demonstrated by their resistance to physical, chemical and 

enzymic treatments. Enzymic activity may remain in soils subjected to 

prolonged incubation at high temperatures (Conrad 1940; Halstead 1964; 

Chalvignac 1971; Zantua and Bremner 1977). Soil enzymes may be less 

affected by inhibitors than enzymes from other sources (Bremner and 

Douglas 1971, Kiss rt al 1975; Lethbridge and Burns 1976) and may be 

stable to harsh chemical conditions used to extract them (Getzin and Rose-

field, 1968). Several enzymes present in soil have been shown to be 

resistant to attack by added proteases (Burns et al 1972a and b; Saty­

anarayanil and Getzin 1973). 

A considerable proportion of the soil enzymic activity resides 

outside living cells (Kiss et a! 1975; Skujins 1976; Burns 1978; 

Skujins 1978). These enzymes may be truly extracellular (i.e. released 

from live cells) or be intracellular enzymes, released into the soil 

upon cell lysis. To avoid confusion in terminology, Skujins (1976 and 

1978) used the word aln'.ontic to describe all enzymic activity existing 

outside living cells. The accumulation of abiontic enzymes in soils 

suggests that a mechanism (or mechanisms) exists for their stabilisation 

as it may be anticipated that such enzymes would be rapidly consumed as 

a proteinaceous substrate by soil microorganisms (Burns 1978). 

The ability of certain purified components of soil to stabilise 

enzymes in vitPo has been well demonstrated. Some workers have considered 

the formation of clay-enzyme complexes (and, more generally, clay-protein 

complexes) and the stability thereby conferred upon the enzyme (McLaren 

1954; Estermann et al 1959; Aomine and Kobayashi 1964; S¢renson 1969; 

Hurter and Stotzky 1973). However, clay-enzyme or other clay-protein 



complexes do not necessarily exhibit increased stability (Burns et al 

1972a, and b; McLaren and Barshad 1976; Morgan and Corke 1976). 

Numerous in vitro studies have examined model humus-enzyme systems from 

the viewpoints of mechanisns of formation, kinetics and stability (Ladd 

and Butler 1975; McLaren 1975). These model studies have revealed 
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that enzymes (and, more generally, proteins) may be bound to humus by a 

variety of bonds (ionic, hydrogen, covalent, hydrophobic) and that such 

binding usually imparts an increased resistance to denaturation, although 

this increased stability is frequently accompanied by a decreased activity. 

The capacity of isolated soil components to bind, and thereby 

stabilise, enzymes in Pitro presents only indirect evidence for the opera-

tion of such mechanisms in vit~o. More direct evidence is provided by 

the extraction and separation of cnzymically-active complexes from the 

general soil milieu. Several workers have extracted humus-enzyme corn-

plexes from soil and discovered that such complexes are extremely stable 

(Eurns ct al 1972a and b; McLaren et al 1975; Nannipieri et aZ 1975~ 

C.:icco und Mugqioni 1976; Cccc.:inti rt: ,17 1978). Whereas humus-enzyme 

complexes have been isolated from soil, humus-free clays with enzymic 

activity have not (McLaren 1975 and 1978). The observation that enzy-

mic activity may be highest in the clay-size fraction of soils (Haig 1955; 

Burns r·L al 1972b) may merely reflect the relative distribution of humic 

materials (and hence humic-enzyme complexes) which have been shown to bind 

preferentially to clays (Mortland 1970). 

4.4 Applied aspects of soil enzymology 

Enzymes in soil are the fundamental catalytic agents responsible 

for the decomposition and mineralisation of organic material. Deterrnina-

tion of the activity of enzymes in soil may therefore be of practical sig­

ni[icance from a number of viewpoints. 



In the agronomic context, work in the 1950's (particularly 

by Soviet and East-European workers) suggested that measurement of 

enzymic activity may provide a "biological index" of soils, from which 

an assessment of soil fertility could be made (Kiss et al 1975; 

Skujins 1978). Since that time, the increasing number of exceptions 

to this approach has led to the viewpoint that the complexity of the 

soil system and the factors influencing its enzymic activity, does not 

u1 low the overall fortili ty of il soil to be judged by an enzyme measure-

ment (Howard 1972; Burns 1978; Skujins 1978). Nevertheless, 

measurement of specific enzymic activities in soil may provide infor­

mation of value regarding nutrient cycling and hence the availability 

of these nutrients to plants. In this context, the release of inor-

ganic nitrogen and phosphorus, by the activities of ureases and phos­

phatases respectively, are of most significance, as the availability of 

these nutrients often limits plant growth. With the increasing use of 

urea as a nitrogen fertilizer, problems associated with soil urease 

activity have been experienced (Bremner and Mulvaney 1978). The riEe 

in pH and liberation of ammonia may damage seedlings, lead to nitrite 

accumulation and toxicity, and result in gaseous loss of applied ferti-

lizer as ammonia. Soil urease, and compounds capable of inhibiting it, 

h.:ive therefore been well studied (C.[l. Bundy and Bremner 1973). 

Amendments to soil, associated with normal agricultural prac­

tices or with the land-application of wastes, may affect specific 

enzymic activities in soil in three basic ways: 

(i) The amendment may contain substances that are inhibiting 

to the soil enzyme. Examples include the inhibitory effects of pesti-

cides on various soil enzymes (reviews by Kiss rt al 1975 and Cervelli 

et al 1978) and high phosphate fertilisation on phosphat.:ises (Speir and 

Ross 1978). The inhibitory effect may be transient or long-term, its 
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duration being dependent upon the persistence of the inhibitory substance. 
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(ii) The amendment may stimulate the production, by soil micro-

organisms, of the enzyme(s) responsible for its degradation. This has 

been demonstrated for a large number of substances added to soil inclu­

ding various polysacchurides (reviewed by Kiss et al 1978), organic 

esters of sulphur (Houghton and Rose 1976), lipids (Pancholy and Lynd 

1972) carbohydrates (Ladd and Paul 1973), pesticines(reviewed by 

Cervelli et al 1978)and others. It would seem possible, therefore, 

that the time taken for the induction of such degradative enzy1nes could 

be used as a tool for monitoring the breakdown of additives in soil 

(Nannipieri et al 1978 and 1979). However, not all substances added 

to soil are degraded by enzymes induced by their presence. Some sub-

stances may be primarily degraded by the stabilised accumulated enzymic 

c1ctivity present in the soil bcfo1•c the addition of its substrate. 

This appears to be the case with urease (Zantua and Bremner 1976) and 

possibly for a large number of other enzymes (Kiss et al 1975). 

(iii) The amendment may stimulate general microbial activity 

and thereby lead to an increase in the levels of enzymes not directly 

r0sponsible for its degradation (C.!J. Ladcl and Paul 1973; Zantua and 

Bremner 1976; Nannipieri et al 1979). This overall increase in 

enzymic activity may be expected to increase soil fertility due to an 

increased mineralisation of nutrients. However, the reverse may occur 

when amendments of organic substances high in C and low in P and N are 

ildded to so.i.l. Such amendments may lead to the increased activity of 

enzymes associated with mineralisation (e.g. urease, phosphatase) merely 

providing nutrients for inunobilisation within tre expanding population of soil 

microorganisms thereby denying such nutrients to plants (e.g. Plice 

1948; Ladd and Paul 1973; Smith 1974). 
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CHAPTER 5 LIPASES IN SOIL EXTRACTION, MEASUREMENT, AND PROPERTIES 

5.1 Measurement of enzymic activity in soil 

An axiom of classical enzymology is that enzymes should be 

assayed under optimal conditions. The result obtained represents the 

maximum potential catalytic activity of the sample. Generally, this 

axiom has been followed in soil enzymology, with assays being performed 

with excess substrate, at optimum temperature, and with a buffer 

capable of maintaining optimal pH throughout the incubation period 

(Burns 1978). Several workers have pointed out that an assessment 

of the fate of a substrate when added to soil is best evaluated by per­

forming enzyme assays at soil pH's (Zantua and Bremner 1975a; Roberge 

1978). Presumably, their argument could be extended to include the 

requirements that assays be performed at soil temperatures and soil 

moisture levels. The method of choice depends upon the aims of the 

investigator. Measurement of maximum potential catalytic activity 

allows for comparative assessments of total accumulated enzyme levels 

between soils and, temporally and spatially, within soils. These 

measurements, therefore, allow for an assessment of the factors con­

trolling the level of accumulated enzymes in soil and the extent to 

which microbially-produced enzyme induction occurs upon amendment of 

soil with an enzyme substrate. Measurement of enzymic activity under 

conditions existing in the field assesses the rate of substrate degra-

dation likely to occur in that environment. This type of measurement 

is of direct, applied significance when evaluating the persistence of 

fertilizers, pesticides and various constituents of wastewaters when 

added to soils. The fate of the additive is of prime interest in 

such studies, rat.her than the enzyme itself. 



In assessing the enzymic potential of a soil sample several 

problems exist that do not arise in assays performed with more pure 

systems. 

(i) To measure the enzyme level present in the sample it is 

essential that no induction of further enzyme production occurs 

during the period of the assay. This has usually been accomplished 

by the addition to the assay mixture of toluene which,supposedly, acts 

to prevent microbial proliferation without influencing the activity 

of enzymes (Skujins 1967; Kiss et al 1975; Skujins 1976; Skujins 
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1978). However, these reviews demonstrate that toluene may not always 

achieve this objective. For this reason, assays of enzymic activity 

involving short-term incubation (<2h) with the substrate have been 

recommended as an alternative means of minimising microbial prolifer-

ation during the assay period (Burns 1978). 

(ii) The product or substrate, whichever is used to assess 

enzymic activity, must be separated quantitatively from the soil 

particulate matter. For example, the sorptive powers of soil con-

stituents have proved a problem with phosphatase assays based on the 

measurement of the release of inorganic-p from organic-p (Skujins 

1967; Speir and Ross 1978) and f3-napthol from f3-napthol phosphate 
, , 

(R.:::irnircz-Martinez and McLaren 1966). 

(iii) The buffer system used in the assay should not solubilise 

soil substances which would subsequently interfere with the estimation 

of product or substrate (Rysary and Macura 1972; Tabatabai and Singh 

1976; Lethbridge et al 1978). 

(iv) Ideally, freshly-collected and field-moist soils should be 

used for Pnzyme asr;ays. When this is not practical, storage of soils 

should be under conditions favourable to the preservation of activity 

of the enzyme of interest (Skujins 1967; Speir and Ross 1975; 

Zantua and Bremner 1975b; The air-drying of soils prior to enzyme 

assays arose from the established use of this practice in other areas 



of soil research. However, the air-drying of soils may have drastic 

effects on enzymic activity (Ross 1965; Tabatabai and Bremner 1970; 

Speir and Ross 1975b) .:1nd the continuation of the practice has been 

qm•~;tioned (Hoberqv 1978). 

(v) Products of enzymic action in soil may themselves act as 

substrates for other enzymes present in the soil, thereby giving an 

underestimate of the acLivity (Ross 1974). 

Most assays of soil enzymes involve direct incubation of the 

soil with substrate (Roberge 1978). However, some assays involve 

determination of enzymic activity in soil extracts e.g. polyphenol 

oxidase (Mayaudon et al 1973a and b), peroxidase (Bartha and Bordeleau 

1969), lipase (Pancholy and Lynd 1972) and uricase (Martin-Smith 1963). 

In studies related to the state of enzymes in soil and in attempted 

purification, activities have been determined in soil extracts of 

enzymes which are usually measured in the soil itself (Burns rt nl 

1972a and b; Ladd 1972; McLaren et al 1975; Hayano and Katami 1977; 

Nannipieri ~t al 1980). These studies have usually demonstrated that 
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.:i cc,nsick•r.:ible proportion of the cnzymic activity is not extractable. 

However, several ,~tudies have demonstrated that certain enzymic act­

ivities in the extracts of some soils may be equal to or greater than 

th0se observed with soil incubations (Ladd 1972; Nannipieri et al 1980). 

Increased activities upon extraction may indicate the removal of diffu-

sion barriers between the substrate and the enzyme. Such an effect is 

more likely to be observed when the substrate involved is of high mole-

cular weight (Ladd and Butler 1975; Nannipieri et al 1980). It may 

be argued, therefore, that the tot.al level of enzymes in the soil is 

best assessed by measurement of activity in extracts, providing an 

efficient extractant is available. Furthermore, assaying enzymic 

activity in extracts avoids some of the problems associated with enzyme 

assays in a heterogenous environment (McLaren 1960; McLaren and Packer 

1970; Cervelli cl al 1973; Irving and Cosgrove 1976). 



5.2 

5. 2 .1 

* Measurement of lipase levels in soil 

Previous work: Lipase activity in soil has been measured by 
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incubation of soil with emulsified tributyrylglycerol (Pokorna 1964; 

Maurey 1979). However, such methods require long-term incubations to 

obtain detectable concentrations of produced fatty acids, may be inter­

fered with by other acids (Pancholy 1971) and are relatively insensitive 

(Pancholy and Lynd 1972). Furthermore, it seems possible that a pro-

portion of the released fatty acid may be metabolised (Adelson et al 

1957; Krause and Lange 1965) and/or bound to soil constituents 

(Mortland 1970) and therefore not measured. Another problem likely to 

occur is that of diffusion barriers. This problem would be exacer-

bated in lipase assays as the substrate is insoluble, existing as an 

emulsion with particle sizes in the micrometre range (3.2). 

Mat bur rd al (1980) measured acetic acid production of soil, 

inculic.1 tell with tr iacetylglycerol for 18h, and mistakenly termed this 

lipa~e activity. As lipases do not appreciably attack soluble sub-

strates (Desneulle 1972), the determined activity must be regarded as 

primarily that of carboxylesterase (EC 3.1.1.1). 

Pancholy (1971) and Pdncholy and Lynd (1972 and 1973) have 

mec.1sured lipase activities in phosphate buffer extracts of soils using 

the fluorogenic substrate 4-methyl umbelliferone butyrate. The pro-

cedure was rapid, precise and sensitive. However, the efficiency of 

extraction of lipase was not determined, and hence the measured activi­

ties must be viewed with caution. llayano and Katami (1977) demon-

strated that phosphate buffer extrc.1cted only 0.3% of the S-ylucosidasr 

activity of a soil. 

* Some of the contents of this section have been published (Appendix III) 



5.2.2 Standard assay for soil lipase activity: Previous assays 

for soil lipase would appear to have a number of shortcomings (5.2.1). 

/\n alternative assay method was therefore developed. The assay 

involves the use of the general soil organic matter extractant tetra-

sodium pyrophosphate, used previously for enzyme extractions (Nanni­

pi,·•ri ,·/ ,tl 1974 and 1980), and subsequent incubation with the 

fluorO<]enic substrate 4-methyl wbelliferone nonanoate (4 MUN). 

Results leading to the adoption of this standard procedure are detailed 

in following sections. The standard assay was: 

5.2.3 

To lg of soil (stored field-moist at 4°C) in a 50 mL 

Erlenmeyer flask was added 10 mL of 0.1 M tetra-sodium 

pyrophosphate buffer, pH 7.5. Flasks were incubated 

at 30uC with orbital shaking at 120 rev 
-1 

min for J h, 

and the slurry centrifuged at 4000 G for 15 min. A 

0.1 mL aliquot of the dark-brown supernatant was sub­

sequently used as an enzyme source in the standard fluoro­

metric lipase a~say using 4-methyl un~elliferone nonanoate 

(4 MUN) as substrate (2.6). Incubation with substrate 

(final concentration 312 µM) was therefore of 10 minutes 

duration, at a temperature of 30°C, and with 0.lM Tris-HCl 

buffer pH '7.5. Rates of non-enzymic substrate hydrolysis 

were <letermined using boiled (5 min) soil extracts. Stan-

<lard curves to relate fluorescent response to 4-methyl 

un,belliferone (4 MU) concentration (0-20 µM), were con­

structed using the same matrix as samples, again with boiled 

soil extract. The use of an identical matrix was essential 

as p:_i-i:ophosphate extracts caused considerable quenching of 

fluorescence of 4 MU standards. 

expressed as nmol 4 MU produced 

soil. 

Enzyme activity was 
. -1 -1 min g of oven-dried 

Standard assay versus a direct incubation technique: As 

der,crihcd in 5.1, efficient extraction of enzymes from soil is rarely 

achieved. For an extracted enzyme assay to be preferred over that 

involving direct incubation with soil as a measure of total enzyme 

level, then the activity of the extract must be equal to or greater 
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than that observed with the soil. The standard soil lipase assay 

of 5.2.2. was compared to the following assay involving direct incuba-

tion of the substrate, 4 MUN, with the soil. The direct incubation 

assay was: 

To 0.1 y of soil in a 50 mL Erlenmeyer flask was added 

4.5 mL of 0.1 M Tris-HCl buffer pH 7.5 Flasks were 

equilibrated at 20°c by shaking for 10 min at 120 rev min-1 . 

in an orbital incubator. After equilibration, 0.5 mL 

of 10 mM 4 MUN in 2-ethoxyethanol was added (final concen­

tration 1 mM) followed by shaking for a further 10 min. 
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Flasks were then cooled by immersion in an ice bath before the 

contents were poured into pre-cooled centrifuge tubes, and 

centrifuged at 4000 G for 10 min at 2°C. Supernatants were 

analysed fluorcmetrically for 4 MU concentration using stan-

dards prepared in the same matrix. Controls were run in 

which substrate was added to the soil suspension immediately 

before flasks were transferred to the ice bath. Correctims 

were also made for the extent of 4 MU adsorption onto each 

soil by addin<J a concentration range of 4 MU solutions in 

0.1 M Tris-J-!Cl pH 7.5 to 0.1 g soil samples, incubating for 

10 min, and measuring the fluorescence of the centrifuged 

supernatant. This fluorescence was compared to that of 

4 MU solutions prepared in 0.1 M Tris-HCl pH 7.5 soil 

extracts . 

produced 

Enzyme activity was expressed as 
. -1 -1 

min g of oven ctr ied soil. 

nmol 4 MU 

With four New Zealand topsoils (0-15 cm depth, described in 

5.3.l) the activity in 0.1 M pyrophosphate buffer extracts was equal 

to, or greater than, that determined when the substrate was incubated 

directly with the soil (Table 5.1). The higher activities observed 

in extracts may reflect the removal of diffusion barriers between the 

substrate and the enzyme that may limit activity in soil incubations 

(Ladd 1972; Ladd and Butler 1975; McLaren 1978). This high 

apparent extraction efficiency (>100%) can be compared to the 

efficiency of p:,,rophosphate in extracting soil phosphatase (30. 7 -

65.6%), soil urease (5.4 - 8.6%), soil protease as casein hydrolysis 

(56.9 - 111%) and soil protease as benzoyl arginine amide hydrolysis 



TABLE 5.1 

--

S 0 I L 

Humilton clay 
loum 

Ru.:itcmci.Jt.J cl.iy 

llorutiu silt loam 

Waitete sand 

U = Unamended, 

Lipase activities of four New Zealand top­

soils as determined by the pyrophosphate 

extraction method and the direct soil incu-

bation method. Results are expressed as a 

mean + two standard deviations of 10 separate 

assays. Amended soils were loaded with 
-1 

tallow at 2.5 mg g for 8 days at 25°c 

prior to analyses. 

Treat-
Lipase activity (nmol 4 MU min -1 -1 g ) 

ment 
Direct Incubation Pyrophosphate 

u 125 ± 19 161 ± 10 

A 419 ± 75 500 + 22 

u 92 I lfl 95 -l 7 

A 298 ± 44 348 ± 18 

u 162 + 18 194 ± 9 

A 228 ± 30 292 ± 16 

u 363 ± 65 597 ± 25 

A 586 ± 84 840 ± 42 

A= Amended 
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(14.7 - 67.ei) (Nannipieri cl al 1980). This indicates that with 

direct incubutions, diffusion problems are more acute with lipase 

assuys, presumably because of the large size of the substrate. In 

this respect the results of Nannipieri ct al (1980), where higher 

apparent extraction efficiencies for protease were obtained when the 

high molecular weight substrate, casein, was used for assay in com-

parison to that obtained with the smaller bcnzoyl arginine amide sub­

strate, further indicates the interplay between substrate size and 

apparent extraction efficiency. 

The pyrophosphate extraction method was more precise than the 

direct soil incubution method (95% confidence limits between 4.2 - 7.4% 

and 11.1 - 23.4% respectively). The higher degree of variability with 

the direct soil incubc:ition method arose principally from variations in 

lipase uctivity occurring after cooling in ice following incubation. 

Attempts to terminate the enzyme activity more abruptly by adding acid 

or c:iJkuli were unsuccessful, either due to quenching of the fluores-

cence of 4 MU or to non-enzymic hydrolysis of the substrate. 

An additional complication with the direct soil incubation 

technique was the necessity to correct for adsorption to soil colloids 

of the 4 MU produced (Fig. 5.1). A similar problem was experienced 

> > 

by Rumircz-Martinez and McLaren (1966) in the fluorometric direct incu-

bation assc:iy of phosphatase, with released S-napthol (from S-napthol 

phosphate) being adsorbed to soil. Adsorption curves for 4 MU were 

different for each soil and sometimes non-linear. Hence, correction 

for udsorption needed to be evaluated for each soil and over the concen-

tration range where assay systems were likely to fall. This difficulty, 

coupled with the lower precision and sometimes lower measured activities 

made the direct incubation method less desirable when compared to the 

standard pyrophosphate extraction technique. 
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5.2.4 Extraction of lipase activity from soil: Measurement of 

lipase activity in pyrophosphate extracts, as a function of extraction 

time demonstrated maximal recovery of activity within 3 h (Fig. 5.2). 

With the Hamilton clay loam and Ruatangata clay, reduction in 

measured lipase activity was observed if the extraction extended over 
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3 hours. Ilowcvcr, the activity in 3 h pyrophosphate extracts was 

relatively stable to incubation at 20°C (Table 5.8). These results 

suggest that, upon continued extraction, there was a subsequent release 

of either proteolytic enzymes capable of degrading lipase and/or inhi-

bitory substances. The stability of lipase upon continued extraction 

with the two soils derived from volcanic ash may reflect the stability 

of organic matter in general in such soils (Wada and Inoue 1967; Wada 

and Harward 1974), or the absence of proteolytic activity in such soils 

(Aomine and Kobayashi 1964). 

Measurement of Lowry protein (Appendix I) and organic material 

in the extracts obtained at various times revealed that considerably 

more protein and organic material was recovered after 3 h extraction 

(Fig. 5. 2) . Apparently the lipase was extracted prior to the bulk of 

soil pruteins and organic material. Similar results with pyrophosphate 

extraction of phosphatase and protease from soil have been reported 

(Nannipieri et al 1980), whilst opposing results have been found for 

soil urease (Nannipieri et al 1974; Nannipieri et al 1980). 

When soils were subjected to a range of extractants, highest 

lipase activities were obtained in extracts of 0.1 M tetra-sodium pyro-

phosphate (Tables 5.2, 5.3, 5.4, 5.5). Little further activity could 

be ohtained by a second extraction of the soils with py1ophosphate. 

However, when the snil residue of other cxtractants used was re­

extracted with pyrophosphate the combined activities of both extractants 

approached that present in a single pyrophosphate extraction. Excep-

Lions were soils initially extracted with either 10 mM EDTA or 0.1 M 

NaOI!, which apparently denatured the lipase. The extraction technique 



Fig. 5.2. Effect of extraction time on levels of tetra-

sodium pyrophosphate ( 0.1 M, pll 7. 5) extractable 

lipuse, organic material (absorbance 280 nm) , and 

protein (Lowry) for four New Zealand topsoils. 

(a) Hamil ton clay loam; (b) Rua tang a ta clay; 

(c) Horotiu silt loam; (d) Waitete sand 
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TAJ3LE 5.2 

Extractant 

Comparison of the efficiency of extraction 

of lipase from Hamilton clay loam by 0.1 M 

tetra-sodium pyrophosphate and a range of 

other extractants all used at soil to 

extractant ratios of 10:1 for 3h. 

Lipase Activity 
-1 

(nmol 4 MU produced min g -1 

In Extrdct 
In Pyrophosphate 
Extract of Residue 

Distilled water 16 142 

'l'ris-IICl 0.1 M (pH 7. 5) 38 120 

Phosphate buffer 0.1 M (pH 7. 5) 50 110 

Phosphate buffer 0.1 M (pH 7.5)* 23 141 

Phosphate buffer 0.1 M + 2 M urre 104 45 

Phosphate buffer 0.1 M -1- 1 M I<Cl 54 100 

Phosphate buffer 0.1 M + 1 M I<Cl 
+ 10 mM EDTA 6 5 

Acetate buffer 0.5 M (pH 5.8) 14 140 

Tetra-Na pyrophosphate 0.1 M 
160 5 (pH 7. 5) 

Tetra-Na pyrophosphate 0.1 M 
156 6 + 10% ethanol 

Tetra-Na pryophosphate 0.1 M 
155 8 

+ 2 M urea 

Tetra-Na pyrophosphate 0.1 M 
155 7 + 10% toluene 

NaOH 0.1 M 4 4 

* Extracted according to the method of Pancholy and Lynd (1972) 
using a soil-to-extractant ratio of 2:1 for 30 min. 
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T/\13LE 5.3 Comparison of the efficiency of extraction 

of lipase from Waitete sand by 0.l M tetra­

sodium pyrophosphate and a range of other 

extractants all used at soil-to-extractant 

ratios of 10:l for Jh. 

E X T R A C T A N T 

Distilled water 

Tris-HCl 0~l M (pH 7.5) 

Phosphate buffer 0.1 M (pH 7.5) 

Phosphate buffer 0.1 M (pH 7.5) 

Phosphate buffci: 0.1 M ½- 2 M urea 

Phosphate buffer 0.1 M + l M KCl 

Phosphate buffer 0.1 M + 1 M KCl 
+ 10 mM EDT/\ 

Acetate buffer 0.5 M (pH 5.8) 

Tetra-t-.a pyrophosphate 0.1 M 
(pH 7. 5) 

Tetra-Na-pyiophosphate 0.1 M + 10% 
ethanol 

Tetra-Na-pyrophosphate 0.1 M + 2 M 
urea 

Tetra-Na-pyrophosphate 0.1 M + 10% 
toluene 

NaOH 0.1 M 

* 

Lipase Activity 
. -1 

(nmol 4 MU produced min 

In 
Extract 

12 

46 

75 

36 

180 

75 

12 

24 

591 

580 

575 

598 

10 

g-1, 

In Pyrophos­
phate extract 
of residue 

582 

541 

510 

555 

402 

511 

18 

571 

8 

6 

12 

4 

14 

Extracted according to the method of Pancholy and Lynd (1972) 
using a soil to extractant ratio of 2:1 for 30 min. 
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TABLE 5.4 Comparison of the efficiency of extraction 

of lipase from Ruatangata clay by O.l M 

tetra-sodium pyrophosphate and a range of 

other extractants all used at soil-to­

extractant ratios of 10:1 for 3h. 

Lipase activity 
(nmo~1 4 MU produced 

E X T R A C T A N T 
min g-1 ) 

In 
In pyrophos-

Extract 
phate extract 

of residue 

Distilled water 11 82 

Tris-HCl 0.1 M (pH 7. 5) 36 59 

Phosphate buffer 0.1 M (pH 7. 5) 41 52 

* Phosphate buffer 0.1 M (pH 7. 5} 20 74 

Phosph.:itc h11ff0r + 2 M 11r0.:1 70 21 

Phosphate buffer+ l M KCl 48 45 

Phosphate buffer + 1 M KCl + 10 mM 
2 2 

EDTA 

Acetate buffer 0.5 M (pH 5.8) 18 71 

Tetra-Na pyrophosphate 0.1 M (pH 
95 3 (pH 7. 5) 

Tetra-Na pyrophosphate 0.1 M + 10% 
88 6 ethanol 

Tetra-Na pyrophosphate 0.1 M + 
89 5 

2 M urea 

Tetra-Na pyrophosphate 0.1 M + 
95 2 

10% toluene 

NaOH 0.1 M 1 1 

* Extracted according to the method of Pancholy and Lynd (1972) 
using a soil-to-extractant ratio of 2:1 for 30 min. 
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TJ\I3LE 5.5 Comparison of the efficiency of extraction 

of lipase from Horutiu silt loam by 0.1 M 

tetra-sodium pyrophosphate and a range of 

other extractants all used at soil-to­

extractant ratios of 10:1 for 3h. 

Lipase activity (nmoli 
4 MU produced min-lg-) 

E X T R A C T A N T In pyrophosphate 
In extract of 

Extract 
residue 

Distilled water 8 174 

Tris-HCl 0.1 M (pH 7. 5) 35 161 

Phosphate buffer 0.1 M (pH 7. 5) 38 142 

* Phosphate buffer 0.1 M (pH 7. 5) 25 162 

Phosphate buffer + 2 M urea 85 105 

Phosphate buffer + 1 M KCl 38 137 

Phosphate buffer + 1 M 1:c1 + 10 mM 
F.DTA 

7 12 

Acetate buffer 0.5 M (pH 5.8) 11 178 

Tetra-Na pyrnphnsphate 0. l M 
190 7 (pH 7. 5) 

'l'ctru-Na pyrnphnsphate 0.1 M + 10% 
190 5 ethanol 

'l'ctra-Na pyrophosfhatc 0.1 M + 
186 6 

2 urf'a 

Tetra-Na pyrophosphate 0.1 M + 10% 
195 5 toluene 

NaOH 0.1 M 12 12 

* Extracted according to the method of Pancholy and Lynd (1972) 
using a soil-to-extractant ratio of 2:1 for 30 min. 
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of Pancholy (1971) and Pancholy and Lynd (1972, 1973). extracted 

between 6 - 21% of the activity detected in pyrophosphate extracts. 

In contrast to the enzyme ac ti vi ty me as ur ed in this study 

c,uboxylesterase activity was not extractable with pyrophosphate 

(Getzin and Rosefield 1968), but was extractable in strong alkali 

(Getzin and Rosefield 1968) and with extractants containing EDTA 

(Cacco c:i11Cl Mug<J ioni 1976) . This indicates that the activity being 

measured in thi~; ,;tudy was specifically lip.:ise and not carbo11Cylesterase. 

No significant differences in activity were observed with 

the addition of toluene to the pyrophosphate extractant. This result 

wus perhaps predictable, as little microbial lipase production would 

be expected to occur in a relatively short {3 h) extraction I"-'r iod 

with no substrute present. Pokorna {1964) observed a 15% decrease 

in lipase activity in the presence of toluene. However, his assay 

involved a long-term (72 h) direct incubation of soil with tributyryl­

glycerol which may allow sufficient time for significant lipase induc-

tion to occur. Pyrophosphate may be regarded as a relatively mild 

extractant which does not disrupt cells present in soil (Nannipieri et 

nl 1974). The measured activity thus represents accumulated abiontic 

soil enzyme. 
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Determination of the levels of Lowry protein and organic 

materiul in various extracts from Hamilton clay loam enabled an evalua­

tion of the specificity of the extractants to be made (Table 5.6). On 

a protein basis, changes in specific activity were not large. The 

,,pecifi~ uctivity, on an organic material basis, was highest in the 

least efficient extractants indicating that a portion of the lipase may 

exist in a relatively labile state, with the rest being tightly bound 

and only extractable with an efficient organic matter extractant such 

as pyrophosphate. The increased lipuse levels observed when urea was 

added to phosphate buffer reflected the ability of urea to extract more 

organic matter from soil. 



TABLE 5.6 Specific activities of various extractants 

,-

for soil lipase. 

clay loam. 

The soil used was Hamilton 

Specific Activity* 

E X T R A C T A N T Protein Organics 
Basis Basis 

Dis tilled Wu ter 88 78 

Tr j_ s-JJCl 0.1 M (pll 7. 5) 95 75 

Phosphate buffer 0.1 M (pH 7. 5) 102 51 

Phosphate buffer + 2 M urea 100 18 

Tctrc1-Na pyrophosph~te 0.1 M 
85 0.9 (pH 7. 5) 

Protein basis= 

Organics busis = 

specific activity expressed as nmol 4 MU 
min-1 mg-l protein. 

specific activity expressed as nmol 4 MU 
min-1 unit Abs 280 nm-1. 
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The effect of extractant-to-soil ratio on the efficiency of 

extraction was determined for the four soils using pryophosphate as 

extri.1ctant (Pig. 5.3). The amount o[ activity recovered obeyed a 

Langmuir curve, with greater than 90% of the theoretical maximum 

activity (as determined from regression analysis) being extracted at 

solution-to-soil ratios of 10:1. At higher dilutions efficient 

extraction was compromised by excessive dilution. 

5. 2. 5 Choice of substrate: A range of fatty-acyl-esters of 4 MU 

(prepared at 10 mM in 2-cthoxyethanol, the acct~te ester prepared in 

ethanol) were tested for their suitability as substrates for extracted 

soil lipase determination. The acetate, butyrate, octanoate and 

laurate esters were obtained from ICN Laboratories, Cleveland, Ohio, 

USA; the heptanoate, nonanoate, palmitate and oleate esters were 

obtained from Koch-Light Laboratores, Colnbrook, England. Variations 
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in the concentration o[ substrate (~-) in the assay system were made in 

order to derive the Michaelis-Menten kinetic values K (substrate cone. 
m 

at 0.5 v ) and v (maximum velocity of enzyme activity). 
mc1x max 

Whilst 

this exercise may be regarded as fundamentally invalid due to the 

i.n~;olubility of lipc1se substrates, it was a useful approach from the 

practical viewpoint, as it allowed for the choosing of the most desir­

able substrate and the level needed to avoid substrate limitation 

during un ass.:ty. All data obeyed Michaelis-Menten kinetics with the 

transformation s.v-1 vs s (Woolf plot) possessing high linear correla-

tion coefficients (r'0.95). From these linear regressions the apparent 

-1 -1 
K (y intercept.slope ) and v (slope ) were calculated for each m max 

substrate for each of the four soils (Table 5.7). Maximal activities 

were observed towards the nonanoate (C,) ester of 4 MU for all four 

soils. The substrate specificity was similar for the lipase extracted 

from ull four soils ,:md resembles that previously reported for pan­

creatic and plant lipases (Jacks and Kircher 1967) and for bacterial 

1 i pases ( 10. 3 .1) . Maximal substrate affinity (minimal apparent K) 
m 
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TABLE 5. 7 

I 
I 

SUBSTRATE 

(ester of 4 MU) 

Acetate (C2 ) 

Butyrate (C4 ) 

Heptccnoate (C7 ) 

Oct,noate (C 8 ) 

Nonanoate (C 9 ) 

Laurate (c12 ) 

Palmitate (c16 ) 

Oleate (ClB:l) 

Kinetic constants for the hyjrolysis of fatty-acyl-esters of 4 MU by lipase extracted 

from four New Zealand topsoils. 
-1 

g 

K 
m 

values are :.iM. V 

S O I L 

max 
-1 

values are nmol 4 MU min 

Hamilton clay loam Ruatangata clay Horotiu silt loam Waitete sand 

K \i K V K V K V 
m max IE max m max m max 

35 30 30 15 30 36 .32 82 

17 36 15 20 12 47 16 112 

12 74 10 43 9 90 12 260 

12 142 lC 85 9 170 12 509 

13 162 13 95 9 195 10 590 

19 120 20 78 28 142 28 432 

38 32 35 22 45 45 55 115 

18 47 15 31 45 61 45 181 

..... 
0 
CXl 



was observed with the medium chain-length esters (C -C) for all four 
7 9 

soils. Substrate affinities were remarkably similar between soils 

except for the longer-chain esters (c12 , c16 , c18 : 1 ). The higher 

apparent I< 's observed for these substrates by the extracts from the 
m 
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lwo soils developed on volcanic ash (Hurotiu silt loam and Waitete sand) 

indicates that steric hindrance problems were greater in these extracts. 

The apparent K 's observed for hydrolysis of 4-methyl umbilliferone 
m 

butyrate (12 - 17 µM) were slightly lower than that found by Pancholy 

and Lynd (1972) for soil lipase extracted by phosphate buffer (33 µM). 

'I'hl! aµparcnt K values observed for the 4 MU esters are similar to those . m 

previously reported for plant and animal lipases (Jack~ and Kircher 

1967; Guilbault et al 1968) and determined elsewhere in this thesis 

for bacterial lipases (10.3.2). 

The substrate concentration chosen for routine assay with 

4 MUN (312 µM) was well above the determined apparent K 's for all four 
m 

The lack of substrate limitation was further demonstrated by 

the extent of 4 MUN hydrolysis by soil extracts being linear with time 

for at least the first 15 min, even with the high activity of the 

Waiteti sand extract (Fig. 5.4). Incubations for 10 min were used 

routinely. 

5.?.. 6 Effect of temperature, air-drying and storage : Maximal rates 

of hydrolysis of 4 MUN by pyrophosphate extracts from the four soils 

occuried between 30 - 40°C, with relatively little change in activity 

up to 50°C {Fig. 5.5). As the 4 MUN substrate becomes increasingly 

unstable at higher temperatures {2.6), 30°C was selected for routine 

assuy. 

The lipase activity in pyrophosphate extracts was extremely 

stable and extracts could be conveniently stored prior to analysis. 

With the soil extrac.ts tested, no activity was lost when stored at 

-20°c or 4°C for up to 5 days (Table 5.8). At 20°C, the most rapid 
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TABLE 5.8 

s 0 I L 

Hamilton clay loam 

Ruatangata clay 

Horotiu silt loam 

Waitete sand 

Effect of storage at different temperatures 

on relative activity of lipase extracted 

from soils by 0.1 M tetra-sodium pyro­

phosphate. 

Temperature of Storage 

-20°C 4°c 20°C 

5 10 5 10 5 10 
days days days days days days 

(% activity) 

100 95 100 84 88 73 

100 100 100 88 90 77 

100 100 100 96 95 90 

100 100 100 100 100 97 
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loss of uctivity WilS observed in extracts from the Hamilton clay loam 

and Ruatungata clay. 

The temperature stability of the pyrophosphate extracts was 

determined by pre-incubation for lh at a range of temperatures prior 

to analysis (Fig. 5.6). All soil extracts were stable up to 50°c. 

Above this temperature the Hamilton clay loum and Ruatangata clay 

extracts were less stable {Tat 50% inactivation= 57uC) than those 
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from Horotiu silt loam and Waitete sand (Tat 50% inactivation= 75°C). 

The temperature stability of the lipase in the soil (as opposed to the 

soil extracts) was determined by lh pre-incubation of the soils at 

vurious temperatures prior to extraction and nnalysis. The lipase 

present in the soils proved more temperature stable than that in the 

ext1·c3cts with no loss of activity occurring at the highest temperature 

used ( 90°C). Lipase activity of extracts or soils were totally des-

t.royed hy autocl.1vinq ilt 121 °c for l:illin. The thermal stubili ty of (n 

;;{tu soil lipase was considerably greater than that observed for lipases 

from microorganisms isolated from the soil (10.3.4). 

No detectable difference in extrilctable lipase activity was 

ilpparent between soil when collected fresh or after storage at field-

moisture at 4°C for up to 2 years before extraction and assay. Air-

drying of soils before extraction and assay decreased measured lipase 

activity by 32% in Hamilton clay loam, 44% in Ruatangata clay, 14% in 

Horotiu silt loam, and 11% in Waitete sand. Similar decreases in 

lipase activity upon air-drying were observed by Pokorna (1964). 

5.2.7 Effect of p~: The lipase activity of pyrophosphate extracts 

wi.ls determined in a ran(_Je of buffers between pll 2.0 - 10.0 {Fig. 5.7) 

Equivalent lipase uctivities were obtained at the same pH in regions 

where the buffer systems overlapped, indicating that the buffers them-

selves did not have differing effects on enzyme activity. Lipase 
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activity characteristically displayed two pH optima; one at pH 6.5 -

7.0, the other at pH 8.0 - 8.5. The proportion of activity present 

in each peak varied, depending upon the soil. The choice of pH for 

routine assay is therefore somewhat arbitrary and may be dependent upon 

soil types. A pH of 7.5 was chosen as it avoided the problems of 

increased non-enzymic substrate hydrolysis at alkaline pH, and depres­

sion of fluorescence of 4 MU standards (prepared in a matrix of buffer, 

extract and 4 MUN) at acid pll. 

The dual peaks observed in pH/activity studies may reflect 

separate contributiuns from the bacterial and fungal components of the 

soil microbiota. Pure culture studies on soil isolates rev0aled that 

bacterial lipases characteristically display an alkaline pl-I optimum 

whilst fungal lipascs characteristically have optima which are acidic 

(8. 3. 3) . This appears to be a general phenomenon (Lawrence 1967b); 

The properties of each soil would be expected to regulate the relative 

contributions of bacteria and fungi to the soil lipase pool, and hence 

explain the differences in observed pH profiles. More definitivf' 

proof of this hypothesis has been provided by Hopkins (1982) who re­

inoculated sterilised soils with bacterial and/or fungal lipolytic 

isolates, and observed the development, upon incubation, of a single 

alkaline lipase peak (bacterial inoculum), a single acidic lipase peak 

(funsal inoculum), and dual peaks (both bacteria and fungi). 

When Hamilton clay loam was amended with triacylglycerol 

(as per 6.2.1) the relative proportions of the two peaks in the pl-I 

profile changed (Fig. 5.8). The alkaline peak became of greater 

relative significance, possibly indicating the dominant role of bac-

teria in the breakdown of added triacylglycerol. The large increase 

in the bacterial population capable of utilising triacylglycerol as a 

sole carbon and energy source (relative to that of fungi and actino­

mycetes) upon amendment of soil with triacylglycerol (8.2.3) further 

corroborates this suggestion. 
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5.2.8 Effect of calcium: Calcium is a common cofactor added to 

lipase mixtures (Desnuelle 1972). However, the addition of calcium 

to the standard fluorometric assay developed in this thesis did not 

stimulate activity of pancreatic or bacterial lipases towards 4 MUN 

(3. 3). ] ] • • f 2+ ( f. 1 t. 5 h /\c c 1 t1on o - Ca 1na concentra 1On mM; as Cac1 2 ) to t e 

fluorometric assay system had either no effect on extracted soil 

lipase activity (Hamilton clay loam and Ruatangata clay) or caused 
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a rf,,,•r•eui:c (llorotiu silt loam and Waitete sand) (Table 5.9). In assay 

systems from the latter two soils a brown precipitate formed upon addi-

2+ 
tion of Ca to the buffer-plus-extract system. 2+ . f As Ca 1s capable o 

precipitating organic material (Tabatabai and Bremner 1969; Ladd 1972) 

it may be that co-precipitation of lipase and humic material occurred 

with a subsequent decrease in activity, possibly associated with 

increased steric hindrance. 

5.3 Lipase activities of some New Zealand soils 

5.3.1 Soils used: Surface soil samples (0-15 nun) collcctcc1 from a range 

uf Nc·w 7.0aLmcl Soil 13urc,m refel'."cnce sites were seived ( <2mm), before storing 

at field moisture in sealed plastic bags at 4°C until analysed. Some 

properties of the collected soils were determined using the methods 

described by New Zealand Soil Dureau (1968) and are presented in Table 

S.10. In addition to surface samples, depth profile samples were 

collected for Waitete sand, Tirau silt loam and Hamilton clay loam. 

5.3.2 Lipase activities and soil types: The lipase activity of 

13 New Zealand topsoils was determined by the procedure described in 

5.2.2. In addition, the amount of extractable organic material and 

extractable protein (Appendix I) was measured. Results (Table 5.11) 

demonstrated a wide range of soil lipase levels (28 - 597 nmol 4 MU 

-1 -1 
min g ) , extractable organic material (190 - 1260 absorbance units 

-1 -1 
at 280 nm g ) , and extractable protein (1.70 - 10.91 mg g ). Even 
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TABLE 5.9 2+ 
Effect of Ca on the activity of lipase 

extracted from four New Zealand topsoils. 

Lipase activity (nmol 4 MU min 
-1 -1 g ) 

s 0 I L 
2+ 2+ 

(5 mM) No Ca ca 

Hamilton clay loam 161 165 

Ruatangata clay 92 94 

Horotiu silt loam 195 135 

Waitete sand 595 410 



TABLE 5.10 Properties of thirteen soil samples ( 0-15 cm 

depth) collected from New Zealand Soil Bureau 

reference sites. 
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s 0 I L Classification pl-I 
Organic 

Clay CEC C (%) (%) 

Hamilton clc1y loam brown granular 
5.3 3.2 28 18.7 

loam 

1-Iorotiu silt loam yellow-brown 
5.8 9.8 24 31.6 

loam 

K<1awa hill soil yellow-brown 
5.6 5.9 29 27.2 

earth 

Naike cl<1y brown granular 
5.6 6.4 50 24.2 

loam 

Netherton clay loam gley 5.5 5.6 30 21.5 

Ruatanyata clay brown loam 5.3 5.3 58 34.7 

Rukuhia peat organic 5.0 60.5 <l 62.l 

T.:iupo sandy silt yellow-brown 
5.8 7.1 12 26.2 

pumice 

'J'e Kowhai silt loam yellow-brown 
5.9 11.2 21 36.0 

loam 

Tirau silt loam yellow-brown 5 r.: 7.5 22 32.2 loam 
. ::, 

Waimete North clay red-brown loam 5.6 3.9 41 32.0 

Wai tete sand yellow-brown 
5.7 8.5 10 24.6 loam 

Wharekohe silt podzol 5.1 5.5 10 21.1 



TABLE 5.11 Levels of 0.1 M pyrophosphate (pH 7.5) extractable 

lipase, organic material and protein in some New 

Sealand topsoils. 

Lipase Organic Protein 

s 0 I L 
(nmol min material 

-1 -1 min-1 g-1 ) (Abs 280 nm g ) (mg g ) 

ttamilton clay loam 161 190 1.90 

Horotiu silt loam 194 412 8.20 

Kauwa hill soil 181 293 3.09 

Naike clay 307 190 1.70 

Netherton clay loam 210 580 7.90 

Ruatangata clay 95 288 5.15 

Rukuhia peat 28 1260 10.91 

Taupe sandy silt 82 220 3.23 

Kc Kowhai sandy loa, 265 158 3.08 

Tirau silt loam 344 205 3.75 

Waimate North clay 278 295 3 .11 

Waitetc s.:ind 597 720 9.38 

Wharekohe silt 220 236 4.64 
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disregarding the organic soil (Rukuhia peat), there was no correlation 

between lipase and organic material or between lipase and protein in 

the extracts (Table 5.12). Of the soil properties measured {Table 

5.11), none gave strong correlations with lipase activities, the 

best correlation obtained being that with organic C (r = 0.465). 

Some previous work has demonstrated strong correlations between soil 

enz~nic activities and organic Cina range of topsoils (e.g. Tabatabai 

and Bremner 1970; Cooper 1972; Dalal 1975; Zantua et aZ. 1977) whilst 

other stucties have revealed only weak relationships (Ladd 1972; 

Pancholy and Rice 1973a; Speir 1977). 

5.3.3 Lipase activities in soil profiles: The lipase levels 

through a depth profile were determined for Waitete sand, Tirau silt 

loam and Hamilton clay loam (Table 5.13). Within each soil there was 

a strong correlation (r>0.90) between lipase activity and both extrac-

t.ald.c or<J.:inic malcrial and soil or<Janic C. Similar results have been 

reported for other soil enzymes (Myers and McGarity 1968; Gould et 

ul 1973; Tabatabai 1977; Speir and Ross 1978; Juma and Tabatabai 1978) 

untl probably reflects the trends in relative biological activity. 

5.3.4 Lipase activities and season: 'l.'he seasonal variation in 

lipase activity was studied by collection and analysis of monthly sur­

face samples (0-15 cm) from the Hamil-con clay loam reference site over 

the period March 1978 - March 1979 (Fig. 5.9). Activities were rela-

tively constant throughout the year, except for a transient rise in 

October - November. These higher spring-early summer values may 

reflect a general increase in microbial activity associated with warmer 

soil temperatures (Ramfrez-Martfnez and McLaren 1966; Khaziev 1969). 

The relatively stable level of lipase indicates that the· opposing pro-

cesses of synthesis and denaturation were equal. In 5.4, the concept 

of u constant stabilised level of lipase in soil is presented. Enzyme 

1,1.lHluce<l in excess ol this stabilised level is unprotected and therefore 

k1~; nnly a short lifetime. 



TABLE 5.12 

Soil property 

Extractable organic 

Extractable protein 

pH 

Organic C 

Clay content 

Relationship between 0.1 M pyrophosphate 

extractable soil lipase levels and other 

soil properties. Correlations derived 

from linear regression analysis of 12 

mi11crul soils uslnq llut.1 of Table 5 .10 

dnd 5.11. 

Correlution coefficient 
(r) * 

material -0.069 

0.097 

0.173 

0.465 

-0.317 

Cation-exchange capacity -0.096 

-----
* Linear regressions of soil property against lipase activity. 
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TABLE 5.13 

DEPTH (cm) 

0-5 

5-10 

10-15 

15-20 

20-25 

25-30 

30-40 

Correlations 

Effect of soil depth on lipase levels 

of three New Zealand soils. 

Lipase activity (nmol 4 MU min-1 g-1) 

Hamil ton clay Tirau silt Waitete 
loam loam sand 

202 485 755 

165 380 570 

151 312 495 

88 268 450 

60 161 403 

47 90 228 

22 41 148 

Hamilton cL:iy loam lipase VS extractable organics, r = 

lipase VS orqanic c, r = 0.97 

'l'irau silt loam: lipase VS extractable organics, r = 

lipase VS organic c, r = 0.96 

Waitete sand: lipase VS extractable organics, r = 

lipase vs organic c, r = 0.94 
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0.91 

0.94 

0.94 
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5.4 The state of lipase in soil 

A conceptual representation of the state of accumulated 

abiontic enzymes in soil has been discussed by Kiss et al (1975), 

Ladd and Butler (1975), Skujins (1976) and Burns (1978). The lipase 

present in soil appears to exist as abiontically accumulated enzyme 

(5.2.3), with activities in cell-free extracts of soils being as high 

or higher than that observed with the soil as a whole. 

The level of an enzyme in soil is the net result of the 

opposing processes of synthesis and denaturation (Kiss et al 1978). 

The observation that lipase activities in soil remain relatively con­

stant throughout the year (5.3.4) indicates that these processes are 

equal. When triacylglycerol-amended soils are incubated the lipase 
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levels are transiently induced but subsequently return to pre-amendment 

levels ( 6. 3. l) . These studies suggest that the soil has a finite 

capacity for stabilisation of lipases and that lipases produced in 

excess of this capacity are unprotected and subsequently denatured by 

proteolytic act.iv i ty. A similar approach has been used by other wor-

kers to exp.lain the long-term constancy of an enzyme level in a par­

ticular soil both seasonally and in response to various amendments 

(Ladd and Paul 1973; Zantua and Bremner 1976 and 1977; Bremner and 

Mulvaney 1978). 

As discussed in 4.3, evidence suggests that accumulated 

abiontic enzymes in soil may exist bound to humic material and hence 

display increased stabilit·y. It may seem logical, therefore, to assume 

that soils with high levels of organic material will possess the great­

est capacity for binding and thereby stabilising enzymes. The results 

presented in 5.3.2 demonstrated only a weak relationship (r = 0.465) 

between lipase levels and organic matter contents for 12 New Zealand 

topsoils. Other evidence, however, suggests that a stable humus-

lipase complex may exist. Specifically: 



Ii) Within ~ach soil a strong relationship existed between 

lipase level and organic matter content through a depth profile 

(5.3.3). 

(ii) The highest ex tr.action of lipase from soils was obtained 

with an extractant that also extracted the most organic material 

(5.2.4). 

(iii) Attempts at purification of soil lipase from other non-

active organic material was unsuccessful (Table 5.14). Similar 

results were found for soil urease, also postulated to exist as a 

humw~-c,nzymc complex (Ceccanti ct ril. 1978). 
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The poor correlation obtained between lipase levels and 

organic matter contents for a range of soils may indicate that lipases 

are stabilised in soil by specific components of the humic material. 

The level of these specific components may regulate the capacity of 

content. As lipases have an affinity for hydrophobic surfaces 

(13rockGhoff and Jensen 1974), it may be that hydrophobic regions of 

the humic material act as stabilisation sites. The increased lipase 

activity obtained with phosphate buffer extracts upon the inclusion 

of urea (5.2.4) indicates that hydrophobically-bound components may be 

involved in stabilisation of soil lipase. The non-uniform distribu-

tion of lipase in the humic fraction that such a postulate implies was 

demonstrated by the variation in specific activity (on an organic 

matter basis) that was observed with variations in extraction time or 

extra.ctant (5.2.4). Similar non-uniform distribution of soil enzymic 

activity has been demonstrated ~y Caeca anJ Maqgioni (1976) for 

esterase and by Nannipieri et aZ (1974) for urease. 

An insight into the binding mechanisms whereby abiontic 

lipases may exist in soil can be gained by examining the relative 

efficiencies of the extractants used (5.2.4). Enzymes extracted from 

soil by phosphate buffer may be taken to represent enzymes bound by 



TABLE 5.14 Procedures attempted for purification 

of soil lipase from pyrophosphate extracts. 

-------------------,---------------------, 

M E T H O D * B E H A V I O U R 

(NH 4 ) 2so4 Co-precipitation of organics 

and lipase. 

* 

(60% saturation) 

Protamine sulphate 
-1 

(1 mg mL ) 

Alcohol (50% v/v) 

Acetone (50% v/v) 

Ultrafiltration 

Co-precipitation of organics 

and lipase. 

Both organics and lipase not 

precipitated. 

Some precipitate formed, 

loss in activity. 

>80% activity lost. 

Methods used were as described for bacterial lipases in 
10.2.2 with 0.1 M pyrophosphate pH 7.5 extracts of soil 
as the starting material. 
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relatively weak ionic bonds to soil constituents (Skujins 1976; 

1-layano 1977). When an enzyme can only be extracted from soil con-

comitantly with the extraction of humic material, this is presumptive 

evidence for the enzyme being more strongly bound to the humic material 

(Ladd and Outler 1975; Skujins 1976; Burns 1978). In all four soils 

ex,:unined (S.2.4) the greatest proportion of lipase (56 - 87%) could 

only be extracted concomitantly with the humic material (by pyro­

phosphate) and therefore would seem to exist in a strongly-bound form. 

When Hamilton clay loam was amended with triacylglycerol and 

incubated for several weeks (6.3.1) there was a change in the distri-

hut ion of the soil lipase (Table 5.15). Large fluctuations occurred 

in the phosphate-buffer extractable lipase levels whilst little change 

was observed in the lipase extractable only by pyrophosphate. This 

suggests that lipase produced in response to substrate addition did 

not hPr.omo stroncrl y-hound to thr humir. matrr ial c1nd h0nc0 wa:, su,-r.0p-

tible to proteolytic attack. Apparently, no further "stabilisation 

sites" existed for the binding of the newly-produced enzyme. 

The studies of 5.2 demonstrated the higher stability of 

lipases in soils derived from volcanic ash (Horotiu silt loam and 

Wai tete sand) . Lipases from these soils were more resistant to 

denaturation during extraction, air-drying and exposure to high tern-

peratures. As a higher proportion of the lipase activity in these 

soils was strongly bound (~xtractable only with pyrophosphate) it may 

be su9gestect that such binding has conferred the observed stability. 

5.5 Summary 

A precise and rapid method for the assay of soil lipases was 

developed using the fluorogenic substrate 4-methyl umbelliferone non-

anoate (4 MUN). The method utilises a :lh 0.1 M tetra-sodium pyre-

phosphate (pl-I 7.5) extraction, followed by a 10 min assay. Optimum 

activity in extracts was observed between 30 - 40°C. The lipases 
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TABLE 5.15 Extraction of lipase activity from unamended 

and amended Hamilton c;lay loam soil. Amen-

ded was with tallow at a loading rate of 
-1 

2.5 mg g with incubation at 25°c. 

Lipase activity (nmol 4 MU min 
-1 -1 

g ) 

SOIL TREATMENT 
Phosphate buffer Pyrophosphate 

extractable extract of residue 

Unamended 50 110 

Amended: 
368 125 

8 days incubation 

Amended: 
58 120 

30 days incubation 

* The soil residue of samples initially extracted with 
phosphate buffer (0.1 M, pH 7.5) was re-extracted with 
pyrophosphate. 

* 



were thermostable and extracts could be conveniently stored at 40°C 

or -20°C for 5 days without loss of activity. Extracted lipases 

characteristically displayed two pH optima; one each side of 

neutrality. These dual peaks in the pH profile are tentatively 

ascribed to the separate contributions of fungi (acidic peak) and 

bacteria (alkaline peak). 

Lipase activities of 13 New Zealand topsoils ranged from 

-1 -1 
28 to 597 nmol 4 MU min g and were not strongly correlated with 

pH, clay, cation-exchange capacity or organic matter. 

Attempts to separate a soil lipase fraction from non-

active oryanic material were unsuccessful. The possible state of 

lipase in soil was discussed and the existence of a humus-lipase 

complex proposed. 
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CHAPTER 6 TRIACYLGLYCEROL DEGRADATION IN SOILS 

6.1 Introduction 

6_.1.1 Principles of land application of wastewaters : Increasing 

public pressure, accompanied by increasingly severe legal restrictions 

on the preservation of surface water quality, has brought about the 

need for a higher level of waste treatment before discharge. Secon-

dary and tertiary treatment of wastes, necessary to meet stricter 

effluent standards, involve high capital and maintenance costs. This 

has provided an economic incentive for the consideration of land treat-

ment of wastes as an alternative (Overcash and Pal 1979). In addition, 

the application of waste to land at suitable loading rates may result 

i11 l1'-'nt!l"ici..i.l cl Lecl!; on :;u.i.L lerlilily !Jy increasiny nutrient levels, 

rates of nutrient cycling and providing water (Bouwer and Chaney 1974). 

The two main design criteria for land treatment of waste­

waters are minimum total cost (and usually, therefore, minimum land 

area) and minimum impact on the environment (Bouwer and Chaney 1974). 

Excessive waste applications to soil may result in undesirable effects 

including malodours (Mosier ~t al 1977), soil clogging (Rine 1974), 

contamination of surface waters and/or groundwaters (Norstadt et aZ 

1977), and toxic effects on vegetation and/or microbially-mediated 

nutrient cycling (JonPs ,-L ,£[ 1970; Chaney and Giordano 1977; Over-

cash and Pal 1979). Thus, to meet the design criteria, it is neces-

sary to assess the assimilative capacity of the receiving soil for each 

of the constituents of the waste. The least easily assimilated con-

stituents determines the maximum acceptable loading rate and, there-

fore, the land area required (Overcash and Pal 1979). Assessment of 
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the assimilative capacity of a soi·1 for ab. iodegradable organic con-

stituent usually involve .. addition of the constituent to a soil and 

determination of its rate of breakdown by th • c respiratory response 

of the soil microbiota (e.g. Dibble and Bartha 1979). 

6.1.2 Oiodegradation of lipids in soil Previous work : r·tudies 

on lipids in soil have concentrated on their extraction and composition 

(see reviews by Howard and Hamer 1960; Stevenson 1966; Morrison 1969; 

Oraids and Miller 1975; Pridland 1976). The lipid fraction of soil 

contains hydrocarbons, alcohols, organic acids and their esters, 

sterols, terpenes, pigments and heterocyclics (Morrison 1969; Braids 

and Miller 1975). Lipids may constitute between 1 - 5% of the soil 

organic matter in mineral soils and up to 30% in organic soils 

(Stevenson 1966; Fridland 1976; Chae and Lowe 1980). 

Little work has been performed on the fate of lipids in soil, 

either tl~~c occurring naturally or as added wastes (Braids and Miller, 

1975). 

The lipid that has received the most attention from the view­

point uf degradation in soil is crude oil and its distillates (C,U, 

Jobson rt n7 1974; Grudin and Syratt 1975; Lehtomaki and Niem~la 

1975; Jensen 1975; Raymond cf; al 1976; Dibble and Bartha 1979). 

In contrast, triacylglycerol breakdown in soil has received scant atten-

tion (Pancholy and Lynd 1972; Smith 1974). Triacylglycerols (the 

prim.:iry storage fat of plants and animals) are a common component in 

vegetable, fish and meat processing and domestic wastewaters 

(Heukelekian and Mueller 1958; Hunter and Heukelekian 1965; Loehr 

and rlc Navarra 1969; Kramer 1971; Banerji ct al 1974; Smith 1974; 

I l 76 I.ordi and Luc-llinq 1976; Darker and Worgan 1981; Green r: n. 19 ; . 

Barnett e-t al 1981; cooper 1981; Hrudey 1981). Lipids in waste-

.. b h wn to cause problems in conventional treatment waters ha,e ecn so 



systems (Heukelekian and Mueller 1958; Simpson 1970; Kramer 1971; 

Novak and Kraus 1973; Banerji ct al 1974; Given et al 1974; Lordi 
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c1nd Lue-Hing 1976). The potential therefore exists for such problems 

to manifest themselves in land treatment systems, particularly if 

loadings are at such a rate as to exceed the lipid-degrading capa­

bilities of the soil and thereby lead to lipid accumulation. The 

observation that lipids may be degraded less rapidly than the other 

major organic constituents of wastes (Loehr and Roth 1968; Novak and 

Kraus 1973) suggests that the assimilative capacity of the soil for 

lipids may regulate the loading rates, and hence the land area 

required, for the disposal of some wastewaters to land. The research 

presented in thic chapter was performed in order to assess the assimi­

lative capacity of soils for lipids and determine factors affecting 

the rate of lipid degradation. 

6.2 Basic procedures for lipid degradation studies in soil 

6.2.1 Amendment of triacylglycerol to soils: A 10% (w/v) emulsion 

of the desired lipid in distilled water was prepared by sonication for 

5 min with a Dawe Soniprobe at maximum power. Lipids that were solid 

c1t room temperature were melted by heating to 60°C in a water bath 

prior to sonication. A suitable quantity of the lipid emulsion (or 

a dilution) was added to thinly-spread soil samples (usually 200 g) 

in the bottom of a plastic aquarium as a fine mist 111:a a hand-operated 

spray unit. The soil was continually mixed during the application to 

ensure an even distribution of lipid. Doth lipid-loaded soils and 

untreated control soils were brought to 60% of their water-holding 

capacity by addition of distilled water as a fine mist. Soils were 

then placed in plastic pots, weighed, covered, and incubated in the 

dark at the appropriate temperature. Moisture contents were main-

tai.ned throughout the incubation by periodic addition of distilled 

water. 
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Loading rates ranged from l - 10 mg of lipid -1 
g of soil 

(0.1 - 1.0% w/v). With the usual conversion factors to the plough 

layer of field soil, this converts to approximate areal loading rates 

. -1 
of 2 - 2r tonnes ha (Dibble and Bartha 1979; Overcash and Pal 1979). 

6.2.2 Measurement of residual triacylglycerol levels in soil: 

Determination of the time taken for the degradation of triacylglycerol 

when applied to soils, was a fundamental requirement of the investi-

gation. To effectively meet this requirement, a reliable technique 

for efficient extraction and subsequent quantitative determination of 

the triacylglycerol had to be developed. 

Previous work on lipids in soil has involved investigations 

into the naturally-occurring lipid component (Braids and Miller 1975). 

These naturally-occurring lipids may be of a diverse nature, with 

widely varying solubilities in a range of organic extractants, and may 

exist in strongly-bound organic matrices, or on clay minerals (Goring 

and Bartholomew 1949; Stevenson 1966; Braids and Miller 1975). For 

this reason, the lipid extraction techniques giving the highest extrac­

tion efficiencies from soils may involve the use of soil pretreatment 

(usually with HCl-HF), heat, long extraction periods, and successive 

extractions with different organic mixtures (Hance and Anderson 1963; 

Morrison and Bick 1967; Wang pt al 1969; Kowalenko and McKercher 

1970) . such exhaustive extraction techniques are time-consuming and 

unsuitable when large numbers of samples are to be extracted. An 

alternative, simple and rapid extraction procedure was employed which 

was capable o[ effcciently extracting the lipid of interest (applied 

triacylglycerol) from soil samples. The procedure of Kowalenko and 

McKercher (1970) was modified with a single 3h 10:1 (extractant:soil 

ratio) hexane-acetone (1:1 v/v) extraction, followed by subsequent 

colourimetric determination of triacylglycerol (Fletcher 1968). The 

standard procedure was: 



To 1.0 g of soil in a 15 mL borosilicate test-tube 

(teflon-lined screw-cap) was added 10 mL of hexane-

acetone (1:1 v/v). The tubes were subsequently placed 

horizontally on an orbital incubator and shaken at 200 

-1 
rev min for 3h. After centrifugation at 2000 G for 

4 min a suitable aliquot (0.1-1.0 m~ was withdrawn, and 

placed into a fresh screw-cap test-tube. With no caps, 

the tubes were placed in a 60°C water bath and evaporated 

to dryness (10-15 min). 2 mL of frcshly-redistilled 

(within 1 week) "Aristar" grade isopropanol was added and 

tubes capped and shaken for 1 min. Subsequent saponifi-

cation was performed by addition of 0.5 mL of lMKOH and 

incubating for 5 min at 60°C. After cooling to room 

temperature, the released glycerol was oxidized to formal­

dehyde hy ,1clclition of O.S mr. of N;i m-pcriocl.:itc (0.25?, in 

2 M acetic acid) and subsequent incubation for 10 min. 

The form<1ldehycle was converted to diacetyldihydrolutidine 

by addition of 3 mL of a colour reagent (prepared at least 

a day beforehand by mixing 80 mL redistilled isopropanol, 

40 mL 2M ammonium acetate, and 0.3 mL acetylacetone) 

followed by incubation for 30 min at 60°C. The resultant 

yellow colour was measured within 20 min at 410 nm on a 

Deckman DU spectrophotometer with isopropanol in the 
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reference cell. A standard curve was constructed (Fig. 6.1) 

with trioleoylglycerol (Sigma Chemical Co, St Louis, USA) 

over the range 0 - 240 µg by using 0 - 2 mL of a standard 

120 mg.L-l solution in hexane-acetone (1:1 v/v) Blank 

absorbances were determined by extraction and analysis of 

a control soil that had not received lipid amendment. 
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Results obtained with applied lipids were corrected for 

the different amount of glycerol released per unit weight 

of lipid in comparison to that of the trioleoylglycerol 

standard. This was merely the ratio of molecular weights 

(the "average molecular weight" of mixed triacylglycerols 

being obtained from Appendix II) with the data derived 

from the trioleoylglycerol standard curve being multiplied 

by 0.34 for tributyrylglycerol, 0.99 for olive oil, 0.94 

for tallow, and 0.88 for anhydrous milk fat to arrive at 

µg triacylglycerol. 

-1 
Results were expressed as µg triacylglycerol g of soil. 
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The technique described provided >95% recovery of triacyl­

qlycerols when sprayed onto soil as an aqueous emulsion (Table 6.1). 

Repeat extraction of the soil residue yielded no further triacyl-

glycerol. The minimum extraction time which provided optimum 

recovery was 3 h (Fig. 6.2). 

extracted. 

Blank absorbances varied, depending upon the soil being 

However, the standard deviation of the blank absorbances 

(S8 ) was relatively constant between soils at 0.015. The detection 

limit of the method may therefore be defined as that triacylglycerol 

level giving an absorbance at 410 nm of 0.070 (4.65 x SB) above the 

blank (2.2). From the standard curve this corresponds to a trial-

eoylglycerol level of 25 µg. With a maximum of 2 mL of a 10 mL 

extract from 1 g of soil being used in the assay, this detection limit 

-1 converts to 125 µg trioleoylglycerol g of soil. For other triacyl-

glycerols this is a detection limit of 43 tributyrylglycerol -1 of µg g 

soil, and 110 µg anhydrous milk fat g -1 of soil. Analysis of 10 sub-

samples of olive oil amended soil (loading -1 
yielded an rate 2.5 mg g ) 

a relative standard deviation of 7%. The amount of triacylglycerol 



TABLE 6.1 Extraction of various triacylglycerols 

from Hamilton clay loam at three different 

loading rates. 

* Extraction efficiency (%) 

Triacylglycerol Loading rates (mg -1 of soil) g 

0.25 2.5 10.0 

Trioleoylglycerol 100 96 96 

Tributyrylglyccrol 100 100 100 

Trilaurylglycerol 98 95 95 

Tripalmitoylglycerol 95 96 95 

Olive oil 101 97 95 

Tallow 99 100 95 

Anhydrous milk fat 98 95 97 

* Extraction efficiency was determined by comparing the 

triacylglyccrol content of soil extracts with that in 

the emulsion used. 
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degraded was calculated as the difference between the level applied 

and the level remaining. 

The technique described will measure, in addition to triacyl­

glycerol, any hexane-acetone extractable glycerol or alkali susceptible 

glycerol ester (including monoacylglycerol and diacylglycerol). With 

triacylglycerol-amended soils the possibility exists that these lipo­

lytic breakdown products and intermediates may accumulate in the soil. 

As free glycerol would be an amenable substrate for microbial utilisa-

tion its accumulation would not be expected. Nevertheless, levels 

of free glycerol in the hexane-acetone extracts were occasionally 

determined using the above described technique with the exclusion of 

the alkaline saponification step. The presence of tri-, di- and 

monoacylglycerols and fatty acids in the extracts was qualitatively 

examined using thin-layer chromatographic separation. The TLC system 

w.:is essentially that described by Skipski and Barclny (1969; p 549) 

and used previously by Clement rt al (1962) and Mencher and Alford 

(1967) for investigations into lipolytic hydrolysis products. 

The procedure was: 

Aliquots (10 - 100 µL) of the hexane-acetone soil extract 

were spotted 4 cm from the bottom of a pre-coated silica­

gel (0.20 mm thick), aluminium-bncked plate (Merck, 

Darmstadt) and developed using ascending chromatography 

with petroleum ether: ethyl ether: acetic acid (90:30:1) 

until the solvent front had migrated 12 - 15 cm from the 

origin (approximately.30 min). Plates were subsequently 

spr.:iyed with 20% (v/v) NH411s04 .:incl charred at 180°C for 

1 h to detect lipids. On each chromatogram 10 µL of a 

standard mixture containing trioleoylglycerol, 1,2-

dioleoylglycerol, monooleoylglycerol, and oleic acid (all 

-1 
(Sigma Grade I) all at 1 g.L (in hexane-acetone) was run. 



When run separately each lipid standard produced a single 

spot (indicating purity) and migrated at a different rate 

to the others (indicating discrimination). Approximate 

Rf 's obtained were 0.60 for triacylglycerols, 0.32 for 

fatty acids, 0.12 for diacylglycerols and O for mono­

acylglycerols. 

The TLC technique described was capable of detecting 0.5 µg 

of lipid C)n the chromatogram. With 100 µL of the 10 mL extract being 
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applied, this represents a detection limit of 50 µg lipid 
-1 

g of soil. 

6.2.3 Measurement of lipase induction : The l~vel of lipase in 

amended soils was monitored using the standard pyrophosphate extraction 

- fluor8met=ic assay technique described in 5.2.2. In samples where 

. -1 -1 
lipase activities exceeded 1000 nmol 4 MU min g , measurements were 

m;i<k u:.;in•0, 0.1 ml. uf .::i 10-fold di.luted (in 0.1 M Tris-IIC.l, pl! 7.S) 

pyrophosphate extract to ensure linear reaction k.inetics during the 

10 min assay period. 

In some studies (as a comparision) the lipase activities in 

the ame·nded soils were measured using the pyrophosphate extracts as 

the en2 ym<:::. source for the standard p-ni trophenyl laurate (2. 5) and 

olive oil emulsion (2.4) assays. 

6.2.4 Measurement of respiratory response : Immediately after 

loadinq scils with lipid, 2 g subsamples were placed in Warburg flasks 

for r,an·'Jm-?tr ic measurement of oxygen uptake, at the appropriate tern-

perature, using 0.2 mL of 20% (w/v) KOH (on filter paper wicks) in the 

centre vel.ls as a co2 absorbent. Oxygen uptake rates were measured 

periodicaLly throughout the incubation period, control soil rates 

-1 -1 subtrac te,::, and the difference expressed as µmol o2 consumed h g of 

soil- Cumulative respiration curves were subsequently derived by 

integra tlon of this rate data. 
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6.3 Biodegradation of lipids applied to soil 

6.3.1 Basic response pattern: The responses of a Hamilton clay 

-1 lu.:1m surface soil sample when amended with 2. 5 mg of tallow g of soil 

and incubated at 25°C are shown in Fig. 6.3. 

the tallow is detailed in Appendix II. 

The composition of 

14 days. 

A large proportion of the applied lipid was degraded within 

-1 -1 
The maximum rate of lipid degradation (0.36 mg g day ) 

occurred 8-10 days after application to the soil. No significant 

0 

chanqcs occurred in the lipid content of an autoclaved (121 C for 2h), 

amended soil during 30 days of incubation. Thin-layer chromatography 

of hexane-acetone soil extracts (6.2.2) revealed no accumulation 

(either transiently or permanently) of the lipolytic breakdown pro­

ducts 1,.c. diacylglycerol, monoacylglycerol or fatty acids (Table 6.2). 

Fatty acids initially present in the applied tallow were apparently 

rapidly degraded being non-detectable after 3 days incubation. 

The lipase activity of tallow-amended soil increased 3-fold 

over its initial level. Unamended control soils showed only a small 

-1 -1 
increase in activity to 200 nmol 4 MU min g after 5 days incubation 

and returned to initial activities after 10 days. After reaching a 

peak of activity at 7 days lipase levels gradually declined to reach 

pre-amendment levels after 30 days. The induced lipase apparently 

acted as a proteolytic substrate for microbes and was therefore rela-

tively unstable in contrast to the accumulated lipase already present 

in the soil (see 5.4 for a more detailed discussion). This induction 

of microbial lip~se production in response to lipid amendment to soil 

has previously been demonstrated by Pancholy and Lynd (1972). 

Addition of toluene (20% v/w) to tallow-amended soil pre-

vented any increase in lipase activity, presumably by preventing 

microbial proliferation. A toluene-treated soil did not appreciably 

degrade applied lipid, with 85% of the lipid remaining after 20 days, 
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TABLE 6.2 

Days after 
Amendment 

0 

l 

3 

5 

10 

20 

The presence (+) or absence (-) of various 

lipid fractions in hexane-acetone (1:1 v/v) 

extracts of a Hamil ton clay loam soil sample 
-1 

amended with tallow (loading rate of 2.5 mg g 

of soil) and incubated at 25°C. Presence or 

absence based on a detection limit of 50 µg 

lipid g-l of soil. 

Lipid 

Triacyl- Diacyl- Monoacyl- Fatty 
glycerol glycerol glycerol Acid 

+ - - + 

+ - - + 

+ - - -
+ - - -
+ - - -
- - - -
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-1 
despite still possessing the initial lipase activity c£ 160 nmol 4 MU min 

-1 
g These results demonstrate that the majority of the degradation 

o[ applied lipid occurred via induced lipase rather than by the 

accumulated lipase already present at the time of application. The 

failure of previously accumulated lipase to attack applied lipid 

probably reflects the difficulty of obtaining substrate-enzyme contact 

in a system involving an insoluble, large-sized substrate and a bound, 

and therefore immobilised, enzyme (5.4) all in the presence of further 

spatial barriers imparted by soil particles. 

Respiratory activity increased markedly in response to 

tallow amendment. Unlike the lipase activity and lipid degradation 

patterns observed, some respiratory response was observed during the 

[irst 2-3 days. This initial response probably represents dcgrada-

tion of the fatty acid impurities present in the tallow prior. to 

triacylglycerol breakdown. This is supported by the rapid disap-

pearance of fatty acids from TLC plates of hexane-acetone extracts 

(Table 6. 2) . 

The amount of oxygen required to completely oxidize 2.5 mg 

of tallow to co2 and H2o can be estimated at 220 µmol o2 (using data 

of Russel· 1980). Approximately 50% of this calculated maximum 

oxygen demand was actually exerted (Fig. 6.3c) suggesting that a 

considerable proportion of the applied lipid was transformed to new 

microbial biomass rather than used for respiration. 

6.].2 Effect of loading rate: Tallow was applied to Hamilton 

-1 
clay loam soil at loading rates of 1.0, 2.5, 5.0 and 10.0 mg g of 

-1 
soil (approximately equivalent to 2.0, 5.0, 10.0, and 20 tonnes ha ). 

and incubated at 25°C. Lipid degradation, lipase induction, and 

respiratory response were monitored (Fig. 6.4). 
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After 25 days incubation all of the lipid added at loading 

-1 
rates of 1.0 and 2.5 mg g of soil was degraded. At loading rates 

-1 
of 5 and 10 mg g of soil 45% and 16% ,;[ the applied lipid had been 

degraded in 25 days. On a mass basis the greatest degradation occur-

-1 
red at a loading rate of 2.5 mg g of soil. Maximal rates of lipid 

-1 -1 -1 
degradation were 0.16 mg g day for the 1.0 mg g loading, 0.36 mg 

-1 -1 -1 -1 -1 
g day for the 2.5 mg g loading, 0.19 mg g day for the 5.0 mg 

-1 -1 -1 -1 
•J lo.:iding, and 0.12 mg g day for the 10 mg g loading. The two 

highest loading rates displayed the longest lag period before measur­

able lipid degradation occurred. 

The extent to which lipase activity was induced in tallow­

amended soil depended upon the loading rate and reflected the extent 

of observed lipid degradation. Highest lipase activity occurred in 

-1 
soil amended with tallow at a loading rate of 2.5 mg g of soil. 

The lower extent of induction of lipase (and hence lower maximal lipid 

-1 
degradation rates) observed with the 1.0 mg g loading rate probably 

reflects the smaller population of microbes in contact with substrate 

and hence able to inductively respond. The lower lipase induction 

observed at the two highest loading rates suggests an inhibitory 

effect of the applied lipid on the microbial population. This 

inhibitory effect resulted in increased lag periods before significant 

lipid degradation, lower maximal degradation rates, and less total 

-1 
lipid degraded than at the 2.5 mg g loading rate. At the two 

highest loading rates, lipase activities were lower than the unamended 

soils for the first 5-10 days. 

The initial respiratory response was not associated with 

triucylglycerol degradation. The extent of this initial response was 

dependent upon the loading rate and probably represents metabolism of 

fatty acid impurities prior to triacylglycerol degradation. Subsequent 

respiratory activity reflected the triacylglycerol degradation patterns 

with an apparent inhibition at high loading rates. 



The inhibition observed in this study with high triacyl­

glycerol loadings was not found by Pancholy (1971) or Smith (1974). 

The results of Pancholy (1971) exhibited increased lipase production 
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-1 up to the maximum loading rate attempted of 50 mg g of soil. Smith 

(1974) demonstrated increased respiratory activity up to the maximum 

-1 
loading rate attempted of 50 mg g of soil. Both of these workers 

ac.lclcd triacylglyccrol to the soil in a non-emulsified state. In con-

trast, the triacylglycerol was added in this study as an emulsion. 

Emulsified triacylglycerol would possess a greater surface area and 

therefore would have been more effective in coating soil crumbs and 

inhibiting oxygen diffusion. When soil crumbs taken from a soil amen-

-1 ded with tallow at a rate of 10 mg g were examined under low-power 

magnification (xl0) a coating of lipid could be seen. As wastewaters 

applied to land have usually undergone some pretreatment involving 

removing of floatables (Bouwer and Chaney 1974; Overcash and Pal 1979) 

the majority of the lipid reaching the soil is in an emulsified form. 

In this respect, the results presented in this study better represent 

the conditions likely to he encountered in the actual land treatment 

systems. 

6.J.3 Effect of soil t~: 'I'he amendment of five New Zealand top-

soils (see Table 5.10 for properties) with tallow at a loading rate of 

-1 2.5 mg g of soil resulted in differing patterns of lipid degradation 

and lipase induction, (Fig. 6.5). The most rapid degradation of tal-

low occurred in those soils in which the most rapid and greatest lipase 

induction above the basal soil activity was observed (Table 6.3). The 

lack of any relationship between the basal lipase activities of the 

various soils and the observed degradation rates of applied lipid is 

further evidence for the insignificant role that pre-accumulated soil 

lipase plays in the subsequent degradation of applied lipid (see 6.3.1 

for possible reasons for this). 
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TABLE 6 .3 

S O I L 

Hamilton 
clay loam 

Horotiu 
silt loam 

Rua tang a ta 
clay 

Wai tete 
sand 

Kaawa 
hill soil 

The responses of five soils to amendment 
-1 

with 2.5 mg g of tallow and subsequent 

incubation at 25 C. 

Lipase activities (nmol 4 MU min -1 -1 g ) 

Inductive Lag period Lipid Initial lipase (days) (~ life) 

160 330 <3 8.5 

195 420 <3 8.2 

100 270 <3 11.6 

595 180 5 15.5 

181 170 8 18.5 
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The observed differences between soils in the extent of 

lipase induction and in lag periods reflects the relative abilities 

of the resident microbiota to take advantage of an externally applied 

energy source. Long lag periods may result from a small and/or pre-
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dominantly dormant lipolytic microbial population. Low maximal levels 

of lipase induction may result from high lipase instability and/or 

limitations imposed on the growth of lipolytic microorganisms, possibly 

by the lack of available mineral nutrients (see 6.3.7). 

6.3.4 Effect of triacylglycerol type: The addition of various 

triacylglycerols to Hamilton clay loam each produced their own charac­

teristic lipase induction and lipid degradation pattern (Fig. 6.6). 

Tallow was the most rapidly degraded (half-life of 8.5 days), followed 

by anhydrous milk fat (half-life of 12 days), tributyrylglycerol (half-

life of 15.5 days) and olive oil (half-life of 18 days). The patterns 

of lipase induction reflected the lipid degradation patterns. Both 

olive oil and tributyrylglycerol amended soils possessed long lag 

periods before lipase induction in comparison to tallow and anhydrous 

milk fat. 

The four lipids used differed markedly in their composition 

(/\ppi:nd ix II) . Th0 tallow and anhydrous milk fat samples possessed 

some non-esterified fatty acid as well as the triacylglycerols. 

Hapid metabolism of this free fatty acid may result in a subsequent 

high degree of lipase inducement and rate of lipid degradation (6.4.2) 

The relative degrees of lipase inducement resemble those for pure 

cultures of lipolytic microorganisms isolated from soil (9.5). The 

rate at which an applied lipid will degrade in soil is dependent upon 

both its ability to induce lipase production and its amenability to 

lipase action. In this respect, tributyrylglycerol was a poor 

inducer of lipase production (9.5) but it was an amenable substrate 

for the lipases of a soil microorganism, (10. 3 .1). This resulted in 
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1 -1 
the maximal rate of tributyrylglycerol degradation (0.19 mg g- day ) 

-1 -1 being similar to that for anhydrous milk fat (0.21 mg g day ) 

which was a better lipase inducer (9.5) but poorer substrate (10.3.1). 

6.3.5 Effect of temperature: The induction of lipase and the 

clc,Jradation or lipitl in roil was markedly temperature dependent ( Fig 6. 7) 

Most rapid lipase induction and lipid degradation occurred at the 

highest temperature tested (25°C). A longer lag period existed at 

17°C but maximal lipase levels obtained were higher than at 25°c. At 

12°C, an even longer lag period was observed. Despite higher lipase 

levels occurring at 17°C maximal lipid degradation rates were observed 

-1 -1 
at 25°C (maximal rate at 17°C of 0.15 mg g day and at 25°C of 0.36 

-1 -1 
mg g day ). This probably reflects the effect of temperature on 

the activity of soil lipase (optimal at 30-40°C, 5.2.6). 

6.3.6 Effect of reloading: The reloading of a tallow-amended soil 

-1 -.l 
at an equivalent loading rate 2.S 11'9 •• lJ ) 15 days after the initial 

amendment, resulted in a further inducement of lipase and an immediate 

rapid degradation of lipid (Fig. 6.8). This indicated that the soil 

microorganisms were pre-adapted to metabolism of lipids by the first 

amendment. Over the 25-day period 90% of the lipid added in the two 

loudinys 
-1 

(total addition of 5 mg g ) was degraded. In contrast, with 

-1 
a single loading of 5 mg g only 40% of the added lipid was degraded 

over the same incubation period. 
-1 

When an amendment of 5 mg g was 

made to a pre-induced soil the lipid was degraded more rapidly than 

with non-induced soil but still at a rate less than that observed with 

repeated 2. 5 mg g -1. loadings. It would appear therefore, that at 25°C 

-1 -1 
u lo.:idin9 rate of 2. 5 mg g • (approximately 5 tonnes ha ) at 15-day 

intervals provides for the most rapid degradation of applied lipid. 
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6.3.7 Effect of fertilizer additions: Nitrogen (as NH 4No3 ) and 

phosphorus (as KH 2Po4 ) were added to tallow-amended soil by dissolving 
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the salts in the distilled water used for tallow emulsification. Con-

-1 1 
L (0.35gPL-). As the 10% (w/v) tallow emulsion contains approx-

imately 70% by weight as carbon the carbon content was 70 g L-l_ The 

amendment therefore possessed an approximate C:N ratio of 20:l and a 

C:P ratio of 200:1. -1 
At the tallow loading rate of 2.5 mg g (5 

-1 -1 
tonnes ha ) the C added was 3.5 tonnes ha and therefore the N and P 

-1 -1 
were added at a rate equivalent to 175 kg ha (or 87 µg N g ) an::! 17. 5 

-1 -1 
kg ha (7.7 µg Pg ) respectively. 

With the Hamilton clay loam soil, fertilizer addition had 

only a minor influence on lipase induction and lipid degradation rates 

(Fig. 6.9). With the Waitete sand, addition of fertilizer markedly 

increased the rate and extent of lipase induction and decreased the 

lipid half-life from 15.5 days to 9 days (Fig. 6.10). These results 

sugqcst that mineral limitations arc probably soil-specific. 

Apparently, Hamilton clay loam soil already possessed sufficient 

available N and P (or possessed the ability to rapidly cycle N and P) 

to support increased microbial growth in response to addition of a 

carbon and energy source (in this case lipid), whereas Waitete sand 

did not. 

6.4 Biodegradation of lipids in mixed substrates applied to soil 

6.4.l Principles: When a microbial population is provided with a 

range of energy-yielding substrates, those substrates are degraded 

sequentially (McCarty 1966; Alexander 1977). Low molecular weight 

soluble organics such as simple sugars and alcohols are utilised for 

microbial respiration and growth prior to high molecular weight, inso-

luble substances such as cellulose and lipid. The consequences of 

this sequential substrate utilisation for land treatment systems is 
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that interval times between wastewater loadings should be based upon 

the time required for degradation of the least readily assimilable 

or<Janic if accumulation of this substance in the soil-plant system 

is likely to create problems (Overcash and Pal 1979; 6.1.1). 

Furthermore, the breakdown of these less amenable substrates should 

be assessed in the waste as a whole as the presence of preferential 

substrates may be expected to delay their degradation. It was for 

this reason that triacylglycerol degradation in mixed substrate 

systems was determined. 

6.4.2 Degradation of triacylglycerols in synthetic mixtures when 

applied to soil : :~nthetic mixtures of substrates (glucose-olive oil, 

bovine serum albumin-olive oil, and oleic acid-olive oil) were pre-

pared by adding the desired quantities to distilled water before emul-

sifying (6.2.1). This mixture was then added to Hamilton clay loam 

-1 
soil to give loading rates of 1 1119 g for the non-tr iacylglycerol 

-1 
component and 2.5 mg g for the triacylglycerol. Olive oil (high 

purity; Sigma Chem. Co., St Louis, USA), was used as it contained 

low levels of contaminating fatty acid (Appendix II). 

With all three mixtures a two-step respiratory response was 

observed (Fig. 6.11). The initial response was not associated with 

triacylglycerol degradation or marked lipase induction (Fig. 6.12) and 

must therefore represent microbial utilisation of the non-triacyl-

glycerol substrate. The secondary respiratory response coincides 

with degradation of the triacylglycerol. The short intermediate 

plateau was probably a result of the exhaustion of the amenable sub-

strate and the time required for induction of enzymes necessary for 

triacylglycerol metabolism. Despite the presence of a preferentially-

utilised substrate, the extent of lipase induction and the degradation 

of triacylglycerol was greater in mixtures than when olive oil was 

added by itself. It would appear that the presence of alternative, 

rapidly-utilised substrates increased the microbial activity of the 



,-j 

I 
CJ'I 

N 
0 

,-j 

0 
F.: 
::t 

C 
0 
.,; 
.j..l 

C1l .... 
,,; 
n, 
Ul 
Q) 

.... 
(!J 

:> 
·rl 
.j..l 

cu 
,-j 
::, 
E: 
::, 
u 

200 

150 

100 

so 

0 
0 5 10 15 20 25 30 

Days 

Cu111uli1tive respiratory response of Hamilton clay loam 

soil when amended with various substrates and incubated 

at 25°c. o-o, l mg oleic acid+ 2.5 mg olive oil per 

cJ of soil; b,-1::,, 1 n:q bovine serum albumin + 2. 5 mg 

olive oil per g of soil; O-D, 1 mg glucose + 2.5 mg 

olive oil per~ of soil; +-+, 2.5 mg olive oil per g 

of soil. 

161 



1 • 1 • J. 6. J 2. 

.--l 
I 

O' 

u-, 
F: 

'0 
QI 

'O 
•~l ,._, 
o·­
QI 

'O 

.--l 
0 ,._, 
QI 

u 
>, 
r~ 

v' 
.--l 
>-, 
u 
rJ . ..., 
,._, 

E-< 

.--l 
I 

.--l 
I 

v' 

.--l 
0 
f= 
C 

>-, 
.w . ..., 
> . ..., 
.w 
u 
f1l 

QI 
Ul 
f1l 
0. . ..., 

...:i 

2.5 

2.0 

(a) 

l-o-o 7 
0 ./if7 

l. 5 I 
1.0 

0.5 

0 ~ ...... o~I~~==-=___._ __ _.__ __ .__ _ __._ _ ___, 
(b) 

Q ___ __..__ __ ...... ___ _._ ___ ..._ ___ .._ __ _ 

0 5 10 15 20 25 30 

Days 

The dcyradution of triacylglycerol (a) and the induction 

of lip;:isc (b) in llamil ton clay loam amended with various 

substrates ;:ind incubated at 25 C. 

o-o, l Ill() olcic acid + 2.S 111(1 olive oil per CJ of soil; 

1::-,-l)., l n;<J bovine serum albumin + 2.5 mg olive oil per g 
of soil; 

□-□, 1 1;,<_J <1 lucosc + 2. 5 m<J olive oil per CJ of soil; 

+-+, 2. 5 my oliVE' oil per '] of soil. 

Hi2 



soils such that a larger population of active microbes were present 

when the switch to triacylglycerol degradation occurred. 
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The most rapid triacylglycerol degradation and highest level 

o[ lipase induction occurred in soil amended with a fatty acid-triacyl-

glycerol mixture. When fatty acid (oleate) was added to soil, as a 

sole source of carbon and energy, rapid oxidation occurred with the 

majority of the respiratory response completed within 2 days (Fig. 

6 .13). After 3 days no fatty acid could be detected by thin-layer 

chromatography. There was a subsequent increase in the lipase level 

of the soil, reaching a maximum after 8 days. Previous studies 

(Tsujisaka et al 1973~ Sugiura et al 1975), demonstrated that lipase 

production by microorganisms in pure culture may be stimulated by the 

addition of fatty acid to the medium. Studies presented in this 

thesis (9.5) demonstrate that an isolate obtained from soil is 

capable of high lipase production when grown on fatty acids as a sole 

source o[ c.::irbon and energy. A similar induction of lipase produc-

tion hy f,,tty :1c:i<l:; ~1pp.:irC'11tly nc:c:iirrc,cl within t·hC' ;;ni.1 mic:robi.11 

population. 

As with oleate-olive oil mixtures, combinations c£ fatty acid 

and other triacylglycerols produced a high level of lipase and a rapid 

degradation of the triacylglycerol (Fig. 6.14). The level of lipase 

reached in fatty acid-triacylglycerol mixtures was considerably higher 

than that observed with either substrate alone. The previously 

observed differences in triacylglycerol degradation and lipase induce­

ment with various triacylglycerol amendments (6.3.4) were negated when 

all systems contained fatty acid. This effect probably explains the 

results observed in 6.3.4, where those triacylglycerols possessing 

[atty acid impurities (tallow and anhydrous milk fat) were degraded 

faster than the pure tri.::icylglycerols (olive oil and tributyrylglycerol). 
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The relationship observed, between increased lipase levels 

and triucylglycerol degradation when both pure triacylglycerol and 

mixed substrates were amended to soil indicates that the activity 

observed by the 4 MUN assay truly represented levels of triacyl-

glycerol-hydrolysing (lipase) activity. This was further confirmed 
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by performing the standard p-nitrophenyl laurate and olive oil emul­

sium ussuys (2.5 and 2.4) using pyropl~sphate extracts from unamended 

uncl umended soils as the enzyme source (Table 6 .4). Fur thermor c, 

this table demonstrates that the activity observed in fatty acid 

<1mcndcd soils cun be <1ttributcd to triacylglycerol-hydrolysing 

<1ctivity. 

* 6. 'J 13i__2dcgr.:iclution of milk applied to soil 

6.5.1 Introduction : In March 1979, industrial action at six dairy 

processing factories in the Waikato region resulted in large-scale 

dumping of raw wholemilk into nearby waterways. The biochemical 

oxygen demand (13OD) of the water increased dramatically, with a con­

sequent fall in dissolved oxygen resulting in fish kills and 

undesirable odours (Tacker 1979). 

The Dairy Wastes Advisory Committee has since investigated 

alternative means of disposal to be used should such a situation arise 

again (Leather 1980). The committee proposed land disposal of milk 

3 -1 
at .:in application rate of 60 m ha at 14-day intervals. They o.lso 

stated that "further research is required in this area before any 

heavier applications could be attempted" (Leather 1980). In compari-

-3 
son to conventional wastewaters, milk has a high BOD (102, 500 gm 

Nemerow 1963) the main components being carbohydrates (principally 

lacto::;c), protein (principally casein), and lipid (principally tria-

cylglycerols). Of these three components, it is probable that the 

triacylglycerols would be the most recalcitrant (6.4.2). 

* Some of: the contents of this section have been published (Appendix Ill) 



TAf~LE 6. 4 

Enzyme 
Source 

Unamended soil 

Amended: tr1ll011 
( 2 . 5 mg g-1 ) ; 
incub::ited 8 
days at 25 °c 

Amended: oleate 
( 1 me; g-1); 
incubated 8 
days 

C 

at 25 C 

Amended: Oleate 
(l mg g-1) + 
tallow (2.5 mg 
g-1); incubated 
8 days at 2s"c 

Lipase activities of pyrophosphate extracts 

of unamended and amended Hamilton clay loam 

soils using three different substrates. 

Lipase activity (nmol product min 
-1 -1 g ) 

I 

4 MUN 
p-nitrophenyl Olive 

laurate Oil 

160 250 280 

490 830 920 

700 1610 1420 

1260 2600 2560 
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The work presented here was conducted under laboratory-

controlled conditions to provide some basic information on the degra­

dation patterns of milk when applied to soils, with particular empha­

sis c:r1 the fate of the lipid component. 

In all experiments raw wholemilk was obtained from the 

Waikato Milk Treatment Station, Riverlea Road, Hamilton. This milk 

3 -1 
possessed a low bacterial count (<4 x 10 mL ; determined as per 

8.2.2) and a triacylglycerol content of 50 g L-l (determined as per 

6. 2. 2 ). 

6.5.2 Effect of milk loading rate : Raw wholemilk was applied to 
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-1 
Hamilton clay loam topsoil samples at rates of 0, 20, 50 and 100 mg g 

3 -1 
of soil (or 0, 40, 100 and 200 m ha ) . The loading rate of the 

-1 
lipid component was therefore 0, 2, 5 and 10 tonnes ha respectively. 

Lipid degradation, lipase induction, and respiratory response were 

followed during incubation at 25°C. 

At all loading rates there was a rapid respiratory response 

which was mainly completed within 6 days (Fig. 6.15). The maximum 

attainable respiratory rate and total oxygen consumed was related to 

the milk loading rate (Table 6.S). All of the applied bichemically 

oxidisable organic matter was consumed by the soil microorganisms at 

all loading rates. 

Significant induction of lipase, and hence degradation of 

lipids present in the milk, did not begin to occur until 4 days after 

the initial application of milk (Fig 6.16). Lipase levels reached 

a peak 8-10 days after initial application of milk and subsequently 

fell r c1pidly. 

loadinc,J rate. 

The maximum lipase level reached was related to the 

The higher lipase levels associated with higher 

loading rates resulted in maximal rates of lipid degradation. The 

-1 maximal rates of lipid degradation were 0.28, 0.75 and 1.42 mg g 

-1 --1 
day for loading rates of 20, 50 and 100 mg y respectively. 



TABLE 6.5 

Loading rate 
-1 (mg g ) 

20 

50 

100 

Maximum respiration rates and the 

total oxygen consumed by Hamilton clay 

loam soil samples incubated with raw 

wholemilk at 25°C at 3 different 

loading rates. 

BOD applied BOD exerted Maximum 

-1 -1 
resp. rate 

(µmol g ) (µmol g ) (µmol g -1 
day -l) 

60 55 13 

150 140 35 

300 275 85 
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6.5.3 Effect of reloading : When a Hamilton clay loam soil sample 

-1 3 -1 
initially loaded with 50 mg milk g (or 100 m ha ) was reloaded 

after 15 days at the same rate, the response of the microorganisms w.:is 

rapid (Figs 6.15 and 6.16). Respiratory response was nearly complete 

within 3 days (c.f. 6 days for the initial application). A second 

peak of lipase activity was reached 4 days after reloading with milk 

(c.f. 8-10 days for the initial application) and the triacylglycerol 

component was degraded within this time. 

6.5.4 Effect of soil type: The amendment of 4 different soils 

with milk resulted in patterns of oxygen consumption and triacyl­

glyccrol degradation that were not markedly different (Fig. 6.17). 

This was despite the basal lipase activities of the 4 soils ranging 

. -1 -1 
from 100 to 595 nmol 4 MU min g The maximum extent to which 

lipase activities increased over these basal levels was similar for 

. -1 -1 
.:ill soils (range 460-560 nmol 4 MU min g ) . This suggests that 

degradation of the triacylglycerol component of milk was achieved by 

the induced lipase rather than the accumulated lipase present in the 

soil before application. 'l'his was also observed when tr iacylglycerol 

alone was added to soil (6.3.3). 

6.5.5 Effect of temperature : Incubation temperatures lower than 

25°C resulted in longer lag periods before significant oxygen consump-

tion occurred. (Fi9. 6.18). At 17°C, after this increased 1~ 

period, respiration rates were similar to those at 25°c. At 12°C, 

longer lag periods were accompanied by lower respiration rates. To 

exert the nwjority of the oxygen demand required 5 days at 25°C, 8 days 

at 17°c, and 15 days at 12°C. 

Incubation temperature influenced the time required for sig-

nificant lipase induction and triacylglycerol degradation (Fig. 6.18). 

The triacylglycerol half-life was 5.5 days at 25°C, 9.5 days at 17°c, 

and 18 days at 12°C. 
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6.5.6 Effect of milk loading on microbial populations: Soil incu-

bated with milk at the highest application rate (100 mg g-l or 200 m2 

ha-1 ) became festooned with a white mycelial growth 2-3 days after 

application (Plate 6.1). Soils at all application rates attempted 

developed a distinct 'musty' odour. Microscopic observation of the 

myceli.:il growth revealed both fungal and actinomycete filaments. 

Plate counts demonstrated that all groups had increased considerably 

in number (Table 6.6), consistent with the observed respiratory res-

ponse. Tentative identification (as per 8.3.1), of randomly-selected 

colonies revealed bacteria of the genera Arthrobacter Bacillus, Pseudo­

mona~:, and l,oet,obam'.llzw (presum.:ibly the L1wtohwill1.w spp were derived 

from the original milk sample). Dominant actinomycetes were StrP-tto-

myceteu and Micromonospora. Common fungal isolates were Penicillium 

6.5.7 Possible implic.:i.tions for emergency milk disposal onto land: 

The above experimc!'ts were carried out under laboratory-controlled con­

ditions and hence any extrapolations to the field must be treated with 

caution. Nevertheless, the data does reveal some interesting points 

which may influence recommendations on milk loading rates and interval 

times. The main design criteria for land treatment of unwanted milk shou 

should be the s.:ime as for conventional wastewaters 1:~ e., the use of the 

maximum loading rate (and, therefore, minimum land area) that is allowed 

for by the constraint of minimum impact on the environment (6.1.1). 

Despite milk possessing a high biochemical oxygen demand the 

soil microbiota appeared capable of rapidly degrading even the highest 

3 -1 
application rate attempted (200 m ha ). Whilst triacylglycerol 

was apparently the last of the major oxidisable organics to be degraded 

times for triacylglycerol degradation at both 17°C (12 days) and 25°C 

(6 days) were still rapid enough to suggest that in a land treatment 

programme, long-term accumulation would not be a problem. 



Plate 6.1 Appearance of unamended control and wholemilk 

amended Hamilton clay loam soil sample after 

imcubation for 3 days at 25°C. 

-1 Wholemilk amendment was at the rate of 100 mg g 

of soil. 





TARLE 6 .6 Effect of wholemilk addition to soil on 

* 

* 

microbial numbers after 10 days (colony-
-6 -1 

forming units x 10 g ) 

Control Milk-loaded 
soil soil + 

Bacteria 4.0 410 

Fungi 1.3 200 

Actinomycetes o.s 120 

Counts determined on dilution plates using media and 
methods described in 8.2.2. 

+ . -1 
Loading rate of 50 mg g of soil. 
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However, at 12°C, the slow breakdown of triacylglycerol may restrict 

milk applications at this temperature to a 'one-off' event. 

From the viewpoint of maximal organic degradation, it may be 

200 m3 ha-1, suggested that milk loading rates up to with an ~nitial 

interval time of 12 days and subsequently of 6 days, could be success-

fully assimilated by the soil if soil temperatures were higher than 

abc>ut 15°C. For Hamilton, this occurs from November-April (New 

Zealand Metereological Service 1978). Based on a large-sized dairy 

factory 
3 -1 

collecting 400 m of wholemilk day (Barnett et al 1981), 

these recommendations would require 24 ha of land (2 ha of land per 

day over the first 12 days). Alternatively, it may be more feasible 

for individual farmers to land apply milk uia normal spray irrigation 

equipment used for dairy shed effluent or with spray booms on tractors. 

It may well be that milk loading rates are not limited by the 

rate of degradation of the oxidisable organics. Other factors that 

may be limiting would presumably include pasture 'burn', waterlogging 

of soil, malodours, and run-off into watercourses (Leather 1980). 

6.6. Implications: Triacylglycerols and land treatment 

Typical lipid (principally triacylglycerols) concentrations 

in a variety of wastewaters are given in Table 6.7. The wastewaters 

of major interest in New Zealand are domestic sewage and those arising 

from slaughterhouses and dairy factories. 

Land application of secondary-treated domestic sewage is 

practised by approximately 20 small towns (Cameron pers comm, r--n~"'D, 

Wellington). This secondary-treated effluent is weak in organics_ 

-1 
(biochemical oxygen demand of 20-60 mg L ) and may be expected to 

contain little triacylglycerol (Heukelekian and Hunter 1956). The 

factor limiting the loading rates of such waste is usually the capa­

city of the soil to receive the volumes of water without waterlogging, 

excessive run-off, or groundwater contamination. 
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TABLE 6.7 Lipid contents of some wastewaters 

Waste 
Lipid content Reference 

(mg L-1) 

Domestic sewage 30-150 Loehr & De Navarra 
1969 

Slaughterhouses 100-900 Cooper et al 1979 

Dairy factories 0-5000 Nemerow 1963 

Fish processing 300-18000 Faessler 1956 

Palm oil mills 1250-23800 Chin & Wong 1981 

Potato processing 10 Smith 1974 



There are 38 export slaughterhouses currently operating in 

New Zealand, each producing a pollution load equivalent to a city of 

60-100,000 population (Cooper et, al 1979). In 1978, 3 slaughter-

houses employed land treatment of post-primary effluent and 3 more 

used land treatment of secondary-treated effluent (Cooper et al 1979). 

By 1980, this had increased to a total of 8 slaughterhouses using land 

treatment, with 5 using secondary treated effluent. As with domestic 

sewage, application rates of secondary-treated slaughterhouse effluent 

to land are limited by the capacity of the soil to receive the volume 

of liquid. With higher strength post-primary effluent, the organic 

loading may become significant. The main components of oxldisable 

organic material in post-primary effluent from slaughterhouses are 

protein and lipid (Russell 1980). Recommended overall land applica-

-1 
tion rates for slaughterhouse effluents arc approximately 600 mm yr 

3 -1 -1 or 6000 m ha yr (Cooper per•H comm; Meat Research Institute of 

New Zealand, Hamilton). With a mean lipid (mainly triacylglycerol) 

-l 3 
l0vP:I or S00 mq r. (or r;oo q m) (CoopC'r 1981) in prim.1ry C'ff1u0nt, 

-1 -1 
this represents a lipid loading rate of 3 tonnes ha yr This 

would typically be applied under a regime of weekly or two-weekly 

intervals over a 30 week killing season. Individual lipid loadings 

would therefore be 0.1-0.2 tonnes ha-l l3ased upon the work presented 

for lipid breakdown in soil (6.3) this lipid loading should be 

easily assimilated by the soil system. Furthermore, the presence 

of protein in the wastewater should aid in this degradation (6.4.2). 

Land applic.:ition of dc1iry L1ctory effluents is a common 

practice in New Zealand, with 45 of 84 plants operating in the 1979-

80 season using spray irrigation (Barnett et al 1981). Dairy factory 

effluents are usually applied to land without any pretreatment. 

The organic strength and composition of the effluent is controlled by 

the type of product being manufactured (Parkin and Marshall 1976; 

Barnett et al 1981). In terms of biochemical oxygen 
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demand (BODc) and lipid content, wastewaters derived from butter and 
'.J 

casein -1 manufacture are the strongest with Boo5 •s of 30-60,000 mg L 

and lipid levels ot 
-1 

5,000 mg L (Nemerow 1963; Barnett et.-al 1981). 

3 -1 Typical spray irrigation programmes involve 10-60 mm (100-600 m ha ) 

of waste application with a 2 week interval time (Parkin and Marshall 

1976; McAu liffe I!/, al 1979). J\ssuming the extreme condition of a 

-1 
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dairy factory waste possessing i1 lipid level of 5,000 mg L (or 5,000 g 

m3) being applied of 3 -1 
this lipid at the rate 600 m ha represents a 

-1 loading rate of 3 tonnes ha every 2 weeks. This is a far higher 

loading than commonly occurs with slaughterhouse effluent. Based 

upon the results obtained with lipid-alone systems (3.3) it may be 

anticipated that lipid accumulation would occur in soils receiving 

this loading of effluent, particularly when soil temperatures fall 

below 15°C. However, as the organic fraction of dairy factory 

effluents contains carbohydrates and proteins as well as lipid and 

may be regarded as a dilution of wholemilk (Barnett ct al 1981), the 

results of 6.4 and 6.5 are probably more applicable. These sections 

revealed that lipids in a mixed organic system were degraded more 

rapidly by the soil microbiota than when lipid was applied alone. 

The results of ~.5 suggest that dairy factory effluent applied at a 

-1 rate to give a lipid loading of 3 tonnes ha could be adequately 

assimilated by the soil system within 2 weeks providing soil tempera­

tures were above 15°C. 

6.7 Summary 

The factors affecting the breakdown of triacylglycerols were 

investigated using patterns of respiration, triacylglycerol degrada-

tion, and lipase activity. Triacylglycerol degradation was influenced 

by loading rate, type of triacylglycerol, soil type, temperature, and 

mineral nutrient additions. Triacylglycerol amendment at a loading 

-1 rate of ~5.0 mg g of soil resulted in an inhibition of subsequent 
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degradation. In synthetic mixtures of substrates the breakdown of 

triacylglycerol occurred after the microbial oxidation of alternative 

substrates. Despite this, the time taken for triacylglycerol degra-

dation in such mixtures was more rapid than when triacylglycerol was 

added by itself~ The degradation of milk when applied to soil was 

studied to provide some information on the possibilities of land treat-

ment of milk under emergency situations. The implications of the 

study, with respect to land treatment of wastewaters common in New 

Zealand, were discussed. 



183 

OIAPTER 7 MICROBIAL LIPASES PH0DUCTION AND PROPERTIES - AN OVERVIEW 

7.1 Lipase production by microorganisms 

The production of lipase (triacylglycerol acyl-hydrolase, 

EC 3.1.1.3) is a property common to a wide variety of microorganisms 

(Lawrence 1967a; Brockerhoff and Jensen 1974). All of the major 

divisions of microorganisms ('true' bacteria, actinomycetes, molds and 

yeasts), possess members capable of producing lipase. The majority 

of microbial lipases studied are extracellular, being secreted into the 

culture medium (Brockerhoff and Jensen 1974). The role of these cell-

free lipases is to hydrolyse exogenous triacylglycerol to yield products 

more amenable to cellular uptake and subsequent metabolism (Lawrence 

1967a). 

There has been controversy as to the existence of truly intra-

cellular lipases and their physiological role (Lawrence 1967a; O'Leary 

1967; Brockerhoff and Jensen 1974). In those microorganisms that 

secrete an extracellular lipase the presence of activity associated with 

the cells may merely reflect inefficiency in the process of excreting 

newly-formed enzyme (Finkelstein ct al 1970; Tsujisaka et al 1973; 

Aisaka and Terada 1979). With other microorganisms, where solely cell-

ho1111d lipuses are produced, a specific intracellular metabolic function 

may be obvious. For example, Paznokas and Kaplan (1977) demonstrated 

the presence of maximul levels of intracellular lipase in Mycobaeter'iwn 

[ 1hlri during the late stationary phase of growth when the pool of 

cellular triacylglycerol shows rapid turnover and acts as a source of 

endogenous energy. In other cases the absence of triacylglycerol in 

cellular constituents (O'Leary 1967) makes the production of an intra-

cellular lipase puzzling (Brockerhoff and Jensen 1974). However, it 

should be pointed out that the distinction between intracellular lipases 

and lipases bound to the external cell surface has not been made in 

these studies (c .u. Rottem and Razin 1964; Oterholm et al 1970). 
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Presumably, lipase bound to the cell surface could perform the same 

function as cell-free lipase in metabolising exogenous triacylglycerol, 

providing that adsorption between cell and substrate occurred. 

Microbial lipases may be produced constitutively (i.e. in the 

absence of an identifiable inducer) or inductively. Constitutive 

lipase production is usually greatest in media containing peptone and 

may be delayed or diminished when growing upon c.:irbohydrates (Lawrence 

~t al 1967a; Mates and Sudakevitz 1973; Chander ct al 1977). The 

addition of triacylglycerol to the growth medium of constitutive lipase 

producers may either have no effect on measured lipase levels (Lawrence 

et al 1967~; Pablo et al 1974) or cause a decrease (Eitenmiller et al 

1970; Jonsson and Syngg 1974). This decrease may represent inhibi-

tion of the lipase activity by released fatty acids rather than an 

influence on lipase synthesis (Smith and Alford 1966). In contrast, 

inductive producers of lipase show a higher level of lipase activity 

in rn<-<lia in which tri.:icylqlycProJ. ha~; been incorporated (Goodm,:rn J.9'J0; 

Ota et al 1968; Yoshida rt al 1968; Tsujisaka et al 1973; Akht~r 

d. u! 1980). Induction of lipase production may occur with substances 

other than triacylglycerols including phospholipids (Ota et al 1968; 

Aisaka and Terada 1979), bile salts (Ota et al 1968; Sugiura et al 

197S), artifical esters such as the tweens (Wouters 1967; Ota et al 

1968), fatty acids (Ota et al 1968; Yoshida et al 1968; Tsujisaka 

ct al 1973, Sugiura et; al 1975), and hydrocarbons (Breuil et al 1978). 

All of these inducers are either water-insoluble and/or possess hydro­

phobic alkyl chains, suggesting that such properties play an important 

role in lipase induction. 

In addition to the medium composition, other conditions of 

cultivation influence lipase production. Lipase commonly does not 

reach maximal levels until the stationary phase of growth (Troller and 

Bozeman 1970; Fulton et al 1974; Jonsson and Snygg 1974; Paznokas 

and Kaplan 1977). The influences of incubation pH (Mates and Suda-

kevitz 1973; Jonsson and Snygg 1974; Akhtar rt al 1980), temperature 



(Lawrence d, al 1967a; Mates and Sudakevitz 1973; Jonsson and Snygg 

1974; and aeration (Alford ct al 1963; Lawrence et al 1967a;Vovk et al 

1974) m lip.:ise levels attained in cultur0 nrc speci0s - specific. As the 

level of enzyme measured is the net difference between synthesis nnd 

denaturation, optimal conditions for the accumulation of lipase in the 

culture may not necessarily be those of maximal synthesis (Jonsson and 

Snygg 197 4) . 

7.2 Properties of microbial lipases 

7. 2. L Stahili ty : 'rhe majority of microbial lipases are relatively 
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stable enzymes, as are lipases in general (Desnuelle 1972). Both cnrle 

and purified microbial lipase preparations have been conveniently 

stored under refrigerated or frozen conditions with little loss in 

activity (Renshaw and San Clemente 1967; Troller and Bozeman 1970; 

1'.:.ililo I'! ,d 1974; Bc:ishlukovu and Sever in.:1 1978). However, some 

studies have demonstrated microbial instability under cold conditions 

particularly with purified preparations (Lawrence et al 1967a Mencher 

and Alford 1967). Significant thermal inactivation of microbial 

lipascs does not usually occur until temperatures of at least 50°C are 

reached (Renshaw and San Clemente 1967; Yamaguchi et al 1973; Pablo 

ct al 1974; Watanabe ct al 1977; Sl~verina and Bashtakova 1979) 

Some microbial lipases, however, have proved quite thermola bile (Mench er 

and Alford 1967; Ingham ct al 1981). 

Microbic:il lipases may posses a broad (Fulton t>t al 1974; 

Pablo pf; al 1974; Sugiura et al 1977; Chander rt al 1979) or a narrow 

(Mcncher and Alford 1967; Ingham et al 1981) tolerance to a range of 

pH's. The pH ran~Je of maximum stability may not necessarily coincide 

with that of maximal activity (Mencher and Alford 1967; Renshaw and 

~:i.:rn Clemente 1967). 



The resistance of microbial lipases to denaturation facili-

tates their purification. Microbial lipases have been initially con-

ccnlr.::itccl .::incl µurified using .:immoni,1m sulphute precipitation (Lawrence 

er; al 1967 a; Lu and Liska 1969; Breuil and Kushner 1975b; Sugiura ei 

al 1977; Chander ct al 1979), ethanol precipitation (Renshaw and San 

Clemente 1967; Vadehra and Harmon 1967; Pablo ct al 1974), ultra­

filtration (Mencher and Alford 1967; Pablo et ai 1974; Ingham et al 

1981).:ind ucetone precipitution (Ota und Yamada 1966) usually with high 

yields. Subsequent manipulations such as gel-chromatography, ion-

exchange chromatography, electrophoresis and lypholisation have been 

performed with varying degrees of success but usually with acceptable 

yields and purification factors (Brockerhoff and Jensen 1974). 

7.2.2 Molecular weight and structure: Reported molecular weights 

for microbial lipases demonstrate a wide range (<10 000- >200 000) 

(Urockcrhoff and Jensen 1974). Individual preparations subjected to 

gel chromatography or gel electrophoresis may show both high and low 

molecular weight fractions with activity (Lawrence et al 1967a; 
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Mencher und Alford 1967; Breuil and Kushner 1975b; Ingham et al 1981). 

In some studies, these fractions have been shown to be interconvertible 

(Mencher and Alford 1967; Semeriva et al 1969; Ingham et al 1981), 

indicating that they represent the same enzyme with the high molecular 

weight form being either an aggregate of the enzyme or an association 

of the enzyme with material not necessary for its catalytic function. 

Studies on purified microbial lipases have demonstrated the presence of 

non-proteinaceous material principally carbohydrates (Brockerhoff and 

Jensen 1974). The presence of carbohydrates may assist in the passage 

of lipases through the microbial cell membrane (Stmeriva et al 1969) or 

in the orientation of lipases at the substrate-water interface (Brocker-

hoff 1973). Several studies have irrlicated that some microbial lipases 



May be bound to lipid material (Chorvath and Fried 1970: Henderson 

and Hodgkiss 1973; Tsujisaka rt al, 1973; Breuil and Kushner 1975h; 

'l'hc role of this lipid material may well be to increase the hydro­

phobicity of the enzyme thereby increasing its affinity for the sub-

strate. Alternatively, the presence of lipid material in lipase 

preparations may merely represent non-specific binding to hydrophobic 

regions of the protein. Amino acid analyses of several microbial 

lipases have shown a high proportion of hydrophobic residues in some 

cases (Tomizuka et al 1966: Chiba et al 1973; Liu et al 1973) but not 

always (Isobe and Sugiura 1977). It has been suggested that the ter-

tiary structure of lipases is such that the enzyme possesses both 

hydrophobic and hyclrophil ic regions which allows for attraction to 

the substrate surface whilst maintaining water solubility (Brockerhoff 

1973; Isobe and Sugiura 1977). Such a tertiary structure would 

rPsult in an <)rientation at the suhstrntc-wi"ltcr interf.:ice similar to 

that achieved by detergent molecules,with the hydrophobic region in or 

upon the lipid ancl the hydrophilic region in the aqueous phase 

(Brockerhoff and Jensen 1974; Verger and de Haas 1976). Thus, this 

tertiary structure would not only allow enzyme-substrate attraction but 

would control the orientation of the enzyme, presumably with the active 

site within the hydrophobic region (Brockerhoff and Jensen 1974). 

7.2.3 Substrate specificity: The numerous studies on microbial 

lipases and their substrate specificity have demonstrated, in general, 

similarities to plant and animal lipaEcs(Desnuelle 1972: Brockerhoff 

and Jensen 1974). Studies with triacylglycerols commonly show 

highest activities towards tributyrylglycerol, low activities towards 

esters with long-chain saturated fatty acids (e.g. tripalmitoylglycerol, 

tristearolylglycerol), and an enhanced activity when the esters contain 

unsaturated fatty acids (e.g. trioleoylglycerol) (Shah and Wilson 1965: 
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Eitenrniller et al 1970; Hassing 1971; Fulton et al 1974; Pablo et al 

1974) . However, some microbial lipases may demonstrate maximal 

activities towards medium or long-chain-length esters (Vadehra and 

Harmon 1965; Iwui et al 1975; Sugiuru ct; al 1977), or, in the case 

of (;'pof,r•J'.chum r-!andidwn, a maximal activity toward trioleoylglycerol 

(Alford and Pierce 1961; Wouters 1967). 

The positional and fatty-acyl linkage specificities of micro-

bial lipases are species-specific. Most microbial lipases appear to 

preferentially attack the outer (i.e. 1- or 3-) ester linkages of 

triacylglycerols in a manner similar to that of pancreatic lipase 

(Alford et al 1964; Pablo ct al 1974; Okumura et al 1976). However, 

some microbial lipases show no positional specificity attacking all 

three ester linkages at similar rates (Alford et al 1963; Alford ct 

al 1964; Hassing 1971; Pablo ct al 1974; Ingham et al 1981). The 

lipase from r;,,otp-iehum r'andid11m preferentiully attacks the oleic acid 

ester linkage regardless of its position (Alford et al 1964; Marks ~t 

11l 1968; Okumura <'I ,1l 1976). 

In addition to activity towurds triacylglycerols, microbial 

lipases may demonstrate activity towards di- and mono-acylglycerols 

(Mencher and Alford 1967; Hassing 1971), methyl esters (Yamaguchi 

et al 1973; Iwai et al 1975; Proulx et al 1978), and various other 

monocstcr s including the "'I'weens" und "Spans" (Iwai et al 1964; 

Yamaguchi ct al 1973) and artificial substrates (Breuil and Kushner 

1975a; Dooijewaard-Kloosterziel and Wouters 1976; Paznokas and 

Kaplan 1977; Roy 1980). The range of substrates hydrolysed by a 

lipase is species-specific (Lawrence 1967b). 

Some microbial lipases defy the definition of lipases as 

enzymes that attack only insoluble (or micellar) substrates. Homo-

genous microbial enzyme preparations have demonstrated hydrolytic 



activity towards both soluble and insoluble esters (Iwai et al 1964; 

Lc1wrence et al 1967b; Fulton et al, 1974; Iwai et al 1975) thereby 

exhibi tin9 hath esterase (carboxylic-ester hydrolase, EC 3 .1.1.1) and 

lipase (triacylqlycerol acyl-hydrolase, EC 3.1.1.3) activity. 
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Several of these studies have indicated that the same catalytic site w:is 

probably involved (Lawrence et al 1967 b; Fulton et al 1974). 

7.2.4 Optimal conditions for activity: The optimal conditions for 

the expression of lipase activity vary with the source of the enzyme 

(Luwrence 1967b; Brockerhoff and Jensen 1974). In general, fungal 

lipases possess acidic pH-optima whilst bacterial lipases possess 

neutral or alkaline pH-optima. However, an acidic bacterial lipase 

(Alford et al 1963) and several alkaline fungal lipases have been 

reported (Oi et al 1967; Marks et al 1968; Nagaoka and Yamada 1973). 

The pH-activity profiles are usually broad (e.g. Alford et al 1963; 

l{ensh.:iw and San Clemente 1967; Marks et al 1968; Roy 1980). 

Microbial lipc1ses char.:icteristically display activity over 

a broad range of temperature (Alford et al 1963; Lawrence 1967b; 

Troller and Bozeman 1970). The optimal temperature for the expres-

sion of microbial lipase activity is usually in the range 30°- 40°C 

(Lawrence 1967a; Brockerhoff and Jensen 1974) although optima at 

lower (Fukumoto el al 1963; Knoche and Horner 1970) and higher 

(Sugiura et al 1977; Watanabe et al 1977) temperatures have been 

reported. 

The uddition of cof.:ictors, such .:is cc1lcium ions (and other 

divalent cations) and bile salts, commonly used to increase the activity 

of vlant und animal lipases (Desneulle 1972) may increase, decrease or 

have no effect on, microbial lipases (Lawrence 1967b; Brockerhoff and 

Jensen 1974) . These effects are related to the conditions of assay 

.:is well as the enzyme source (3.4) thereby making comparisons of pub­

lished literature somewhat tenuous. 



Clll\PTER 8 L[POLYTIC l\lICROORGAMISMS FROM SOIL 

C.l Introduction 

The wide range of microorganisms found in soil possess a 

diversity of metabolic capabilities (Gray and Williams 1971; Alexander 
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1977). This metabolic diversity has resulted in the soil being a com-

mon source from which microorganisms capable of performing a particular 

process (usually of commercial benefit) have been isolated. As micro-

bial lipases have numerous industrial uses (Seitz 1974), and previous 

studies have shown that lipolytic microorganisms may be readily isolata'I 

from soil (Breuil and·Gounot 1972; Yamaguchi et al 1973; Maurey and 

Kilbertus 1976; Watanabe et al 1977) it seemed that an investigation 

of the soil microbiota might result in the isolation of potentially 

valuable lipolytic microorganisms. 

The work presented in subsequent sections describes the 

1:numcrution, isol.:iti.on .:incl charactcrisution of soil microorganisms that 

produce lipuse constitutively and/or inductively. Particulur emphasis 

wus plac.:cc.1 on the isolution o[ microorgunisms producing u high level of 

stable, extracellular lipase with a high specific activity in the cell-

free supernatant after growth in a simple medium. These factors are 

of importance when considering the potential of the microorganisms for 

producing lipase for subsequent purification and industrial application. 

8.2 Isolation of lipolytic microorganisms from soils 

8.2.1 Introduction 

Lipolytic microorganisms have previously been isolated from 

soil ur;inq three fundamcntully different methods: 
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i) Emulsified trihutyrylglycerolmay be incorporated into 

agar media and lipolytic colonies that develop from the streaking 

of soil samples distinguished by a surrounding clear zone of hydroly-

sis (Aaronson 1970). The technique has been used to quantify the 

proportion of colony-forming units (CPU's) that are lipolytic by usirg 

the dilution plate technique. The total number of CPU's and the pro-

portion thereof that are lipolytic can be evaluated on a single plate. 

(Breuil and Gounot 1972; Mourey and Kilbertus 1976). As there is a 

plentiful supply of nlternutive carl,on nnd energy sources in the agar 

medium the method will primarily detect those organisms capable of con­

stitutive lipase production. 

ii) Soil samples may be streaked or dilution plated (for enumer-

ation) onto an agar medium containing a triacylglycerol as the sole 

carbon and energy source (Aaronson 1970; i'latanabe et al 1977). With 

this method the colonies that develop represent those organisms present 

in the sample thnt are capable of producing sufficient lipase on a tri­

acylglycerol substrate to support growth .. 

iii) A soil sample may be introduced into a liquid medium con-

taining triacylglycerol as the sole source of carbon and energy. 

After growth, a subsample is transferred to fresh medium, the process 

being repeated several times. Finally, the lnst of these enrichment 

cultures is strcnkecl onto its equivalent aq.:ir m0dium and the colonies 

isolated (Yamaguchi ~t al 1973; Watanabe et al 1977). This enrich-

ment technique selects for those microorg.:inisms capable of rapid growth 

on triacylglycerol under the conditions of cultivation. As growth 

on this substrate is dependent upon lipase production, the method 

effectively selects for those microorg,:misms cnpable of rapid and sub­

stantial inductive production of lipase. 
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In the context of this study, method (i), when performed on 

an unamended soil sample, probably isolates those organisms responsible 

for the accumulated lipase described in 5.3. Method (ii), when per-

formed on a triacylglycerol-amended soil, probably isolates those 

organisms responsible for the degradation of triacylglycerol described 

in 6.3. Method (iii) probably isolates those organisms present in 

soil most likely to be of commercial value. 

used in this study. 

All three methods were 

8.2.2 Enumeration and isolation of lipolytic microorganisms from 

soil using tributyr.Y!9lycerol-amended media : Evaluation of 

the total colony-forming units (CFU's) and the proportion that were 

lipolytic was performed for the different microbial groups ("true" 

bacteria, actinomycetes, fungi) using the dilution spread plate tech-

nigue onto selective media that contained emulsified tributyrylglycerol. 

The media and incubation conditions used were: 

(i) Trypticase soy agar (BBL, Maryland, USA); at 25°C for 5 

days for bacteria; 

(ii) Czapek-Dox agar (BBL, Maryland, USA) adjusted to pH 5.0 

~ind amended with the antibactcr ial antibiotics polymixin S-sulphate 

-1 1 
(5 mg L ) and sodium bcnzylpenicillin (1 mg L- ); at 25°C for 5 days 

for fungi; 

(iii) Starch-casein agar (Aaronson 1970) with the antifungal anti-

biotics actidione -1 -1 
(50 mg L ) and nystatin (50 mg L ) (Davies and 

Williams 1970); at 25°C for 10 days for actinomycetes. 

Antibiotics (all Sigma Chem. Co., St Louis, USA) were pre­

pared as concentrated stock solutions (aqueous for polymixin S-sulphate 

sodium benzylpenicillin, and actidione; in dimethyl sulphoxide for 

nystatin), filter-sterilised (0.22 µm Sartorius), and added to auto­

claved and cooled media prior to the pouring of plates. 
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Prior to autoclaving, all media received an addition of 

10% (v/v) tsj~utyrylglycerol emulsion (formed by sonication for 5 min 

in a Dawe Soniprobe at maximum power) to yield a final concentration 

of 0.5% (v/v). 

The total CFU's and proportion that were lipolytic (as 

indicated by surrounding clear zones of hydrolysis) were determined 

for five unamended New Zealand topsoils (Table 8.1). The range in the 

proportion of lipolytic bacteria (21-55%) is similar to that obtained 

by Maurey and Gilbcrtus (25-61%). The results presented in Table 8.1 

indicate that both fungi and actinomycetes in soil contain a con­

siderable proportion of lipolytics and may therefore make an important 

contribution to the accumulated lipase observed in soils. The high 

proportion of lipolytic actinomycetes (55-86%) is similar to the fin­

din<Js of Ko and Hora (1970) with phospholipase-producing soil 

actinomycetes. 

When the same tributyrylglycerol-amended media were used with 

-1 
soil previously treated with triacylglyccrol (tallow at 2.5 mg. g of 

soil for 8 days at 25°c as per 6.2.1) all three groups demonstrated an 

increase in countable numbers, with the change in the bacterial popu-

lation being the greatest (Table 8.2). The proportion of lipolytics 

increased within all groups, as may be expected. 

Randomly selected colonies were streaked onto fresh agar and 

individual colonies subsequently picked off and maintained on agar 

slants of the same composition as that used for isolation. 

8. 2. 3 Enumeration and isolation of li.polytic microorganisms from 

soil using olive oil-minera}~~l}-~~_!11edia: The microorganisms 

present in the soil that were capable of growth on triacylglycerol as a 

sole source of carbon and energy were enumerated and subsequently 

isolated using the dilution spread plate procedure with olive oil­

mineral salts media of the following composition : (L-1 ) : 



'I'ABJ ,E 8 . l 

s 0 I L 

Total number of colony-forming units and 

proportion that were lipolytic for various 

groups of microorganisms in five New Zealand 

topsoils. 

Total No. 
-1 -5 

lipolytic) g (xlO ) (% 

Bacteria Actinomycetes Fungi 

Hamilton Clay Loam 4.0 ( 3 2) a.so (64) 1. 30 (57) 

I·Iorotiu Silt Loam 1.8 (55) 0.35 (82) o. 72 (50) 

Taupo Sand 0.43 ( 21) 0.11 (7 5) 0.32 (45) 

Wharekohe Sand 0. 72 (55) 0.14 (86) 0.55 ( 6 0) 

Ruatangata Clay 2.1 (30) 0.61 (55) 0.4 5 (38) 

TABLE 8.2 

s 0 I L 

f--· -----------

Unamended 

Amended 

----------

Total number of colony-forming units and pro­

portion that were lipolytic for various groups 

of microorganisms in unamended and triacyl­

glycerol amended* Hamilton clay loam. 

Total No. 
-1 (xlO-S) (% lipolytic) g 

Bacteria Actinomycetes Fungi 

4.0 (32) 0.5 (64) 1. 3 (57) 

165.0 (95) 0.9 (80) 12.0 (88) 

* /\mended with tallow at a loading rate of 2.5 mg. g-l of soil 
followed by incubation at 25°C for 8 days. 
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NH 4No 3 , 2.0 (Ji KH 2Po4 , 4.0 g; Na 2HP04 , 6.0 g; MgS0 4 .7H20, 0.2 g; 

Feso4 .7H20, 0.019; CaC1 2 , 0.05 g; Olive oil (Sigma Chem. Co, St Louis, 

US/\) , 8. 0 g. The pH was adjusted (pH 7.0-7.2 for bacteria, pH 8.0-

8.2 for uctinomycetes, and pH 5.0 for fungi), the whole sonicated (5 

-] 
min Dav.1:' Soni probe maximum power) , agar added ( 15 g L -) , and auto-

cluved (121°c for 15 min). After cooling to 45°C, antibacterial 

-1 
antibiotics (polymixin s-sulphate, 5 mg. L ; sodium benzylpenicillin, 

-1 
1 my L ·) were added to the fungal media, antifungal antibiotics 

-1 
(actidione, 50 mg L 

-1 
nystatin, 50 mg. L ) to the bacterial media 

and luth antifungal and antibacterial antibiotics to the actinomycete 

media. Incubation of plates was for 5 days ut 25°C for bacteria and 

fungi and for 10 days at 25°c for actinomycctcs. Plates were examina:1 

using illumination from beneath, with a sheet of thin red cellophane 

between the light source and the plate which facilitated the detection 

of white, cream or translucent colonies against the cloudy background 

of the medium. 

All three microbial groups possessed members capable o[ 

']rowth upon triacylglyccrol us a sole carbon source (Table 8.3). 

Numbers increased markedly upon triacylglycerol amendment in soilirrlica­

tinJ w1 induction in the mil of those organisms capable of using tributyrylglycerol 

.:is u :;ole rx:>urce of carton fer growth arrl energy. 'lhe largest increase W:IS trat ol::.ser­

vcd lir Uc mclerial 1.upulc1ti<11 (iSOx)suy(Jcstir:g tliat u.1cteria were the primary 

agents responsible for the df'']radation of triacylglycerol added to 

soil. A comparison of Tables 8.2 and 8.3 (obtained from the same 

exp0rimcntal run) shows that the proportion of the total countable 

population capable of growth on triacylglycerol as a sole source of 

carbon and energy increases from 9% to 53% for bacteria, 6% to 61% 

for actinomycetes, and 9% to 54% for fungi as a result of triacyl­

glycerol amendment of soil. 



TABLE 8.3 Number of colony-forming units present in 

unamended and triacylglycerol amended* Hamilton 

clay loam soil that developed upon olive oil­

mineral salts agar. 

-

I -1 
--1 

I No. g 

s 0 I L I 
Bacteria Actinomycetes Fungi 

Unamended 3.5 X 104 3.O X 103 1.2 X 104 

Amended 8.8 X 106 5.5 X 10 4 6.5 X 105 

* Amended with tallow ilt a loading rate of 2.5 mg. g-l of soil 
and incubated for 8 days at 25°C 
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Randomly selected colonies were streaked onto fresh agar and 

individual colonies subsequently picked off and maintained on slants of 

trypticase soy ugar for ba~teria, Czapek-Dox agar for fungi, and starch-

casein agar for actinomycetes. 

8.2.4 Isolation of lipolytic microorganisms from soil using 

enrichment culture: An olive oil-mineral salts liquid 

medium (compoRition as per 8.2.3, at pH 7.0-7.2) dispensed as 100 mL 

aliquots in 250 mL Erlenmeyer flasks was used as the enrichment medium. 

A sample (0.1 g) of either unamended or amended Hamilton clay loan top-

soil was used as the inoculum. After incubation for 24-36h at 25°C 

-1 and 120 rev min , 1 mL was transferred to fresh medium. This pro-

cedure was repeated 7x, with a sample of the last enrichment flask 

being streaked onto an agar medium of the same composition. Colonies 

that developed (all bacterial) were subsequently maintained on tryp-

Licdse soy .:1g.:ir sL:inlf;. 

8.3 Characterisation of lipolytic soil isolates 

8. 3. l Identification: Bacterial isolates (both ·" true" bacteria 

and actinomycetes) were identified to generic level by examining cell 

morphology, gram reaction, spore formation and position, motility, 

oxidative-fermcntative reactions, catalase reaction and API 20Bprofile 

(Analytab Inc., Plainview, USA). Additional tests were sometimes 

required to classify an organism into one of two similar genera. All 

tests outside those of the API 20 B test strip were per formed according 

to the procedures of Cowan and Steel (1965) and classifications made 

according to the 8th edition of Bergey (Buchanan and Gibbons 1974). 

F'ungi were identified by morphological features (Ainsworth and Sussman 

1973). 
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The identity of the bacterial isolates obtained from unamen­

ded and triacylglycerol-amended soils using three different isolation 

techniques (8.2) arc given in Table 8.4. Lipolytic bacteria isolated 

on tr ibutyry.lqlyccrol - amended media with unamended soil were principally 

Bac·ill~.!D app. whilst with amended soils Pseudomonas spp. dominate. 

In contrast, Breuil and Gounot (1972) found that Pseudomonas spp. 

dominated the lipolytic bacterial flora of unamended Canadian soils, 

although their technique was specifically designed to isolate psychro-

philes. Both P.<:cudomonas spp. and llc1:11etC>lxwt:er spp. dominated the 

bacterial flora obtained on olive oil-mineral salts agar in both 

unamended and triacylglycerol amended soils. Since the bacterial 

population of the soil shows the greatest increase in numbers on this 

agar after amendment (8.2.3), it would seem likely that these Pseudo­

monas app. and Acinetobactc-r> spp. are the principal organisms respon­

sible for the degradation of triacylglycerol added to soil. 

The actinomycete flora demonstrated little apparent change 

in composition, although it was noted that no N1J1'c>11tHcl f:['f'. could be 

isolated on olive oil-mineral salts agar whilst Micromonospora spp. 

wero the most frequently isolated actinomycetc on this media. The 

possibility existed that a significant proportion of the actinomycetes 

were not capable of growing on this media which possessed antibacterial 

antibiotics to increase its selectivity (Davies and Williams 1970). 

The lipolytic fungal flora was dominated by Pcnfr•7'.7-l:iwn r:ti'· 

in unamc-ndcd soils whilst in umendcd soil Pem'.eill1'.wn B[p. rurl FuSCll"iWn spp. were 

drniincmt irolatcs. 'l'hc increase inl-11r',(1J?i21m tVJi. ur-on ~ .:iddition cf triacylglycerol 

to a-Ji.I is d.milur to tlut observC>c1 l:y Krause arrl Larr_ie (1965) for a rarge of water-

~;o] ublc.• r~ub::;tanccs added to soil. 

8.3.2 Lipase production and distribution: A range of soil isolates 

were selected from those characterised in 3.1 and the production and 

location of lipase investigated. For comparison, two stock cultures 

of lipolytic bacteria (Staphyloeoccus aur•eus NCI13 6571 and Pseudomonas 



TABLE 8.4 

Medium and soil* 

l u 

l A 

2 u 

2 A 

3 u 

' 3 A 

l u 

l A 

2 u 

2 A 

l u 

l A 

2 u 

2 A 
~-

Classification of randomly-selected lipolytic isolates obtained from unamended and triacylglycerol 

Hamilton clay loa~. 

-
B a c t e r i a 

Total ?2e~Cc)1:cr~s .~.::--";:ez:::- "::a:::te:t' 3~cf_: Z:,.~B I -·- . . Others ,,-,,-- -------~•-1_,_C),..,-1[,1'Y"1 I / -- - J~--- /-- V - • 

40 3 7 22 l 7 

40 20 12 4 3 l 

30 12 14 l 2 l 

30 14 10 3 3 l 

4 2 2 0 0 0 

4 4 0 0 0 0 

F u n g i 

Total Pr;;,;:-:>::i: Z. ii~m .. ~ -~(✓ 1lY-gi Z ?,us Clc.dos;or-;,wn :J'u2a:'i~.11; Yeasts 

20 13 4 0 l 2 

20 8 l 2 8 l 

20 17 0 l 2 0 

20 8 0 l 11 0 

A c t 1 n o m y c e t e s 

Tota.L Stre;, tom~-:::e te s .·,:{c-Y'"Jrr:or., Jsr ul"C. f!OY'CC.Y'5-i 7 
* l = tr ibutyrylglycerol-amended 

media, 

10 5 2 3 
2 = olive oil-mineral salts agar 
3 = enrichment cultures, 

10 4 5 l O = unamended soil, 

10 4 6 0 
A= amended soil. 

10 2 8 C 

I-' 

'° <.C 
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Ilum•cr:cenr, NCIB 9046) were used. 

Constitutive lipase production was assessed in trypticase soy 

broth (1313L, Maryland, USA) for "true" bacteria, peptone-yeast extracts 

-1 . -1 
broth (composition : 10 g L trypticase pepton e, 1 g L yeast extract, 

pl! 6. 5) for fungi, and actinomyces broth (BI3L, Maryland, USA) for 

actinomycetes. All of these media possessed peptone which has been 

shown to encourage constitutive lipase production (7,1). Lipase pro-

auction was also assessed in the olive oil-mineral salts media of 8.2.3 

Loopfuls of the isolates were taken from agar slants and inoculated 

into 50 mL of media in 250 mL Erlenmeyer flasks. Incubation was 

static at 25°C. Growth and lipase production were evaluated after 2 

days for bacteria, after 5 days for fungi, and after 10 days for actino-

mycetes. Growth was assessed visually (presence or absence) whilst 

lipase activity was determined using the standard olive oil hydrolysis 

assay described in 2.1.8. The location of the lipase activity was 

assessed using the scheme described in Fig.8.1. The activity of 

Fraction I represent~ extracellular lipase. The activity of fraction 

II most probably represents lipase bound to the external cell surface 

since it is unlikely that the large-sized olive oil substrate particles 

would have penetrated the cell and been acted upon by intracellular 

lipases (Finkelstein rt al 1970). Intracellular lipase is represented 

by the activity associated with Fraction III. Fraction IV contained 

principally disrupted cell walls and therefore probably represents the 

same cell surface bound activity as Fraction II. 

The media used to test for constitutive lipase production 

allowed for growth of all isolates within the time periods prescribed. 

(Table 8.5). In contrast, 5 of the 14 isolates examined were unable 

to grow in the olive oil-mineral salts media. All isolates were 

capable of some constitutive lipase production, although the measured 

uctivities and distributions of these lipases showed considerable 

~iffrrences between orqanisms. /\s expected, those organisms capable 



Flask contents centrifuged at 5000 G for 15 min 

Supernatant 
( FRACTION I) 

FIG. 8.1 

+-----~--➔ 

Supernatant 
( FRACTION I II ) 

Cell pellet washed 3x 
and resuspended 1n 
0.1 M Tris-HCl pH 7.5 

(FRACTION II J 

+ 
Cells sonicated for 20 min. 
at max. power in a Dawe 
Soni probe 

Centrifuged at 20000 G for 
30 min. 

Pellet resuspended in 
) 0.1 M Tris-HCl pH 7.5 

(FRACTION IV) 

Procedure used to determine location of 

Lipase activity. 
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TABLE 8.5 The production and distribution of 

lipase by soil isolates and two 

stock bacterial cultures. 

I ** 
LIPASE ACTIVITY 

*::s :r: :i . -1 -1 
~ E-< (nmol 

0 R G A N I S M H ~ :1 min mL ) 
Q " 
ri1 

p:: 
::s (.!) I I II III IV 

Stock cultures: 

s. aul"eus NCIB 6571 TSB + 35 0 0 0 
00 - - - - -

P. fluol"escens NCIB 9046 TSB + 7 0 0 0 
00 + 25 0 0 0 

Bacterial isolates: 
f'::cudomona u 017 'fGB + 22 0 0 0 

00 + 594 0 0 0 

/1cinetobacLe1• 11.30 TSB + 45 17 0 15 
00 + 38 65 0 72 

Bacillus Uehem'.fo1°mis T-C TSB + 9 0 0 0 
00 + 44 8 0 8 

!3aeilZus CCr'('UU SUB TSB + 0 13 8 16 
00 - - - - -

BaciZZiw sp L-C TSB + 0 17 9 19 
00 - - - - -

l'::cuclomonas l'TD TSIJ + 7 0 0 0 
00 + 16 0 0 0 

Pscudomonas j'luo1°escens X-P TSB + 17 0 0 0 
00 + 42 0 0 0 

Fungal isolates: 
PenicilZium FA PYE + 159 10 0 12 

00 + 19 25 4 18 

Penic1'.Zliwn 110 PYE + 13 0 0 0 
00 + 8 24 4 24 

Pw;al"iwn TS PYE + 97 13 4 12 
00 + 17 54 2 60 

l!spergil lus A4 PYE - 49 0 0 0 
00 - - - - -

Cr•!f/Jlococeu:; Y2 PYE + 17 2 28 0 
00 - - - - -

/\ctinomycctPs isolates 
Str>(J[itomycete RB AB + 2 28 0 28 

00 - - - - -
Micl"omonos['Ol"a BB AB + 2 0 18 0 

00 + 34 0 0 0 
* TSB = trypticase soy broth, PYE= Peptone-yeast extract media, 
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AB -· actinomyces broth, 00 = olive oil-mineral salts media. 
** Lipase activity as determined by fatty acid release from olive 

oil 



of growth on the olive oil-mineral salts medium produced lipase, with 

the activities and distributions again differing between organisms. 
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The bacterial isolates BaC'iUz1H SUB and BrwiUu.s L-C pro­

duced a constitutive lipase which was primarily associated with the 

cell surface {fractions II and IV) although some intracellular activity 

was also observed {fraction III). The lipase activity of the 

/1.c~inclobrwlcP isolate A30 was found both extracellularly {fraction I) 

and cell-surface bound {fraction II and IV). Interestingly, the 

majority of the constitutively-produced lipase of the Acinetobacter 

was extracellular whilst the lipase produced on olive oil-mineral salts 

was cell-surface bound. 

cellular lipase. 

All other bacterial isolated produced extra-

The St1•cr>t:omyccte isolate RB produced a lipase which was 

primarily cell-surface bound (fractions II and IV). The Micromono-

npoPa isolate BB produced an intracellular constitutive lipase (frac­

tion III) but an extracellular lipase when growing on triacylglycerol 

(fraction I). 

The fungal isolates Penie1:Uiwn FA, Penic-illiwn HO and 

l•'u.saPium T5 produced primarily an extracellular constitutive lipase 

(fraction I) but possessed both extracellular (fraction I) and cell­

surface bound (fractions II and IV) activity when growing upon olive 

oil. /1.sperrtf:llun A4 produced an extracellular constitutive lipase 

(fraction I) whilst the constitutive lipase activity of the yeast 

C'Pyptococcus Y2 was both extracellular (fraction I) and intracellular 

(fraction III). 

Several of the soil isolates produced higher lipase levels 

than those of the stock cultures, particularly the bacterial isolates 

f'r;eudomonas 017. The inductive extracellular lipase activity of this 

isolate was 24x that of the stock culture of Pseudomor.as NCIB 9046. 



TAI3LE 8.6 

C u L T u R E 

BacteY'ia: 

llctinomucetc:1: 

Fungi: 

Optimal pH's for the expression of lipase 

activity of crude extracts of various soil 

isolate cultures. Assays were performed 

using 4 MUN as substrate.* 

Optimal pH 

Pseudomonas 017 7.5 - 8.0 

AcinetobacteY' A30 8.0 - 8.5 

B. Lichenifoy,mis T-C 8.0 - 8.5 

BaciUus Sp L-C 7.5 - 8.0 

Pseudomoru.1s flu.oY'escem'X-P 8.5 - 9.0 

StY'ef •tomyccte RI3 8.5 - 9.0 

ll i e romo I w D / JO n.1 BB-extracellular 8.5 - 9.0 

M-z'.eP1.JmOncJDi'OY'Cl BB-in tr .:icclluL::ir 7.0 - 7.5 

Pcn-ic-iZUwn FA 6.0 - 6.5 

l'em'.en ! -iwn HO 6.0 - 6.5 

F,,1.sar•ium TS 5.0 - 5.5 

* Buffers used were citric acid - Na citrate (pH 4.0-6.2) 
potassium phosphate (pH 5.2-8.0), and Tris-HCl (pH 7.0-
10.0) all at 0.1 M. 
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The constitutive lipase production of fungal isolates FA and TS were 

also high, but production when growing on triacylglycerol was low. 

8.3.3 Influence o[ pH on activities of crude lipase preparations: 

Studies on soil lipases have demonstrated the presence of dual pH 

peaks, one each side of neutrality (5.2.7). The alkaline pH peak 

preferentially increased upon triacylglycerol amendment (5.2.7) and 

bacterial numbers increased more dramatically than fungi (8.2.2 and 
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8. 2. 3). This evidence suggests that the alkaline pH peak represented 

bacterial lipase whilst the acidic pH peak represented fungal lipase. 

This hyj?Othesis was further corroborated by investigating the influence 

of pH on the lipase activity of various soil isolates. Activity was 

assessed using the crude preparations of 8.3.2 and the standard fluoro­

metric .:issuy of 2.6 with modifications to the pH of the assay mixture 

by the use of different buffers. Similar results were obtained bet-

W<!cn butter systems at points of pll-overlup indic.::iting no eUect of 

buffer composition on enzyme activity. 

All bacterial preparations demonstrated maximal activity 

toward 4 MUN at an alraline pH (range of optimal pH's was 7.5-9.0) 

whilst maximal activity in all fungal preparations was at an acidic 

pH (range of optimal pH's was 5.0-6.5) (Table 8.6). The cell-bound 

lipase of StJ-•eptomycete RB possessed optimal activity at pH 8.5-9.0. 

as did the extracellular lipase of Micr>omonm::pora BB. However, it 

would appear that the constitutive intracellular lipase of Micro­

monocr 10Y'a BB is u different enzyme since it possessed an optimal 

activity at pH 7.0-7.5. 
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8.4 Summury 

The lipolytic microbia of both unamended and triacyl­

glycerol-amended soils were isolated using three different techniques. 

Subsequent identification of these isolates revealed that changes in 

species dominance occurred with triacylglycerol amendment and with the 

use of different isolation media. The bacterial population demon-

strates the greatest increase upon triacylglycerol amendment particu~ 

larly those bacteria capable of growth on triacylglycerol as a sole 

source of carbon and energy. The production and location of lipase 

by the microbial isolates was investigated on two media that tested 

for constitutive and inductive lipase. Several bacterial and fungal 

isolates produced considerably more lipase than stock bacterial cul-

tures, particularly the bacterial isolate Fseudomonas 017. This 

orgunism produced high levels of extracellular inductive lipase. 



CHAPTER 9 GROWTH AND LIPASE PRODUCTION OF TWO SOIL BACTERIA 

9.1 Introduction 

The initial screening of lipolytic soil microorganisms 

(8.3.2) revealed one isolate, Pscudomonas 017, that was capable of 

inductively producing a high level of extracellular lipase. The 

prime objective of the work presented in this chapter was to inves­

tigate the factors influencing the growth and lipase production of 

Pscudomonas 017, with a view to assessing its potential for commer-

cial exploitation. 

Studies were also performed with another soil isolate, 

1lclnctobacter A30, for comparative purposes. This organism 

produced an extracellular lipase when grown upon complex media but, 

unlike Pr:eudomonas 017,primarily a cell-bound lipase when grown upon 

triacylglycerol (8.3.2). 

9.2 Characteristics of the organisms 

The detailed characteristics of the two soil isolates are 

as follows: 

lwinetobacter A30 - Creamy, mucoid colonies on trypticase soy agar, 

Gram negative. Cells pleomorphic being short, plump rods 

(1.5 - 2.0 x 1.0 - 1.5 µm) in logarithmic phase becoming 

coccoid (l.0 - 1.5 µm diameter) in stationary phase. Non-

motile, often in pairs. Optimal growth temperature 30°C, 

range 4 - 42°C. Cytochrome oxidase negative, catalase 
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positive. Strictly aerobic. With API 201'\ strips, negative 

results were observed for gelatin hydrolysis, nitrate reduc­

tase, B-galactosidase (ONPG hydrolysis), urease, trypto­

phanase, H2S production, acetoin production, citrate 

utilisation, and acid metabolism of saccharose, mannitol, 

starch and sorbitol. Weak acid production occurred with 

L-arabinose, fructose, glucose, maltose, rhamnose, galactose, 

mannose and glycerol. The organism was resistant to lU of 



penicillin, but not to SU. 

This llcinctobacter sp may be separated from the morpholo­

gically similar Moraxella by its negative oxidase test, 

its moderate resistance to penicillin, and its ability to 

utilise carbohydrates (Lautrop 1974). Whilst only one 
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species is formally recognised in the genus Acinetobacter 

(llcinctolxwter cal.coaecti1w) this isolate appears to fall 

within the subgroup ".;woffi" which comes closest to deserving 

status as a separate species (Lautrop 1974) since it was 

unable to utilise citrate, was susceptible to SU of peni­

cillin, gave a weak acid reaction with glucose, and was 

unable to hydrolyse gelatin. Breuil pt al (1975) have 

isolated a "j_woffi" ,1cinctabaclcP from river sediment which 

was capable of producing lipase (Breuil and Kushner 1975a 

and b; Breuil et al 1978). 

Pseudomonas 017 - White, glossy colonies on trypticase soy agar, 

turning fawn-brown upon prolonged incubation. Gr.::1m ncga-

ti.ve. Cells single, straight or slightly curved rods 

( 0 . S - () . B X 1 . S - 2 . 0 pm ) . Motile, wi lh J - 8 poldl 

flagella. No diffusible pigment formed on Kings media 

A or B. Optimal growth temperature 25°C, range 4 - 40°C. 

Cytochrome oxidase positive, catalase positive. Strictly 

aerobic. With API 200 strips, negative results were 

observed for gelatin hydrolysis, nitrate reductase, S­
galactosidase (ONPG hydrolysis), urease, tryptophanase, 

H2S production, acetoin production and acid metabolism of 

saccharose, L-arabinose, mannitol, maltose, starch, rhamnose, 

mannose and sorbitol. Positive results were observed for 

citrate utilisation and acid metabolism of fructose, glucose, 

galactose, and glycerol. No growth at pH 4.5 on glucose 

or ethanol. No growth on DL-S-hydroxybutyrate. 

This I'newlomon._w sp may be separated from llcetobactcr• GJ!P 

by its polar flagellation, lack of growth at pH 4.5, and 

inability to utilise ethanol. It is distinguished from 

Glucon,'hacleY' spp by its inability to grow at pH 4.5 and to 

utilise ethanol (De Ley and Frateur 1974). Pseudomonas 017 

may be placed in Group I of the classification scheme of 

Doudoroff and Palleroni (1974) for the genus Pseudomonas 
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since it is capable of growth in a mineral medium with 

the addition of a single carbon source. Since it does 

not grow on DL-B-hydroxybutyrate it can be placed in 

Section I of the classification scheme. Whilst Pseudo­

monaD 017 does not produce a fluorescent pigment, other 

characteristics (including its multitrichous flagellation) 

excludes it from the non-fluorescent sub-group. Pseudo-

monas 017 differs from P. aeruginosa due to its multi­

trichous flagella, inability to denitrify, to grow at 41°C, 

and to hydrolyse gelatin. The isolate cannot be classified 

with P. j"luore.<:ccns since it does not produce a diffusible 

fluorescent pigment or hydrolyse gelatin. Pscudam(lnar. 017 

may be tentatively identified as a non-fluorescent strain 

of l'Dcudomonos ['Utida. According to Stanier et al (1966) 
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Pseudomonas put?'.da is nutritionally diverse and is a frequent 

isolate obtained from enrichment culture, with soil as the 

inoculum and mineral salts plus a single carbon source as 

the medium. 

ditions. 

l'seudcmonas 017 was isolated under such con-

Maintenance and preculture of isolates 

Both isolates were maintained on trypticase soy agar (BBL 

Maryland, USA) slants at 4°c with once-monthly transfers. A standard 

preculture procedure was followed with both organisms prior to growth 

and lipase production experiments. This procedure was as follows: 

To 100 mL of trypticase soy broth (BBL Maryland, USA) in a 

250 mL Erlenmeyer flask was added a loopful of inoculum from 

the maintenance slant. After incubation at 25 °C and 120 rev 

min-l on an orbital shaker for ~4 - 20h, the flask contents 

were centrifuged (5000 G for 20 min), washed 3x with saline 

(NaCl 8.5 g L-1), and finally resuspended in saline to the 

same volume. This washed cell suspension was used as the 

inoculum for growth and lipase production experiments. 

Both the Pseudomonas 017 and the Acinetobacter A30 cultures 

harvested at this time were in mid- to late-exponential 

phase. Viable cell counts using spread-plate dilution onto 

trypticase soy agar revealed that the washed cell suspensions 

obtained from repeated runs contained 1.1 - 4.2 x 10 8 cells 
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9.4.l 

-1 8 -1 
mL and 2.5 - 7.0 x 10 cells mL for the Pseudomonas 017 

and Acinctobactor A30 respectively. In studies with 

complex media Sta1'h!flocor>mm aur>r1m NCIB 6571 was used for 

comparative purposes. This organism was maintained and 

prccultured in the same way as the soil isolates except 

that the incubation temperature was 37°C. At the time of 

harvest of this Staph!Jlococcus aureus preculture cells were 

in mid-exponential phase at a viable cell concentration of 
8 -1 

3.0 - 8.2 x 10 mL . 

Growth and lipase production in complex media 

Effect of incubation time: Growth and lipase production 

by ,1cinctolxwtcr A30, Pseudamonas 017 and St;aphuloeoccus aureus NCIB 

6571 was followed after inoculation of 1 mL aliquots of washed cell 

suspension (9.3) into 100 mL of trypticase soy broth in 250 mL Erlen-

meycr flasks. 
. -1 

Incubation was with orbital shaking at 120 rev min 
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anr'I at tempe1-att1r0,, of 2S 0 r (for ,1cinctobactcr A30 ancl Pseudamonas 017) 

and '.17 °C ( for Staphy lococcuc aur>cus) . Samples were periodically 

removed and growth assessed by turbidity (absorbance at 660 nm) and 

lipase activity assayed by both the fluorometric procedure of 2.6 and 

the olive oil hydrolysis procedure of 2.4. 

Lipase activity as assessed by either method, was closely 

related to the extent of qrowth for all three orqanisms (Fig. 9.1). 

No further increase in lipase activity was observed upon cultures 

entering stationary phase. Prolonged incubation led to a decrease 

in J ipase activity with the Star1hylococci1n and !le1'.netobacter> cultures 

but not with the f'Dcuclomcmas 017 culture. 

Previous work on llcfr1ctoba('tr1 1 isolates has also demon-

strated a close relationship between growth and lipase production in 

a complex medium (Breuil and Kushner 1975a). The results obtained 

with Staphylococcus aureus NCIB 6571 are at variance with previous 

reports on staphylococcal lipase production where maximal activities 

were obtained after cultures entered the stationary phase of growth 
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(Troller and Bozeman 1970; Jonsson and Syngg 1974; Pablo ~t al 1974). 

However, Jurgens rt al (1981) did find a close relationship between 

growth and lipase activity. Lawrence et al (1967a and b) demon-

strated a close relationship between growth and lipase production for 

a pseudomonad growing in complex medium. 

The decreased lipase activity observed upon prolonged 

incubation of the staphylococcal culture may have been due to pro­

teolytic attack since this organism was proteolytic (demonstrated 

activity toward gelatin in API 20B tests). Decreased activity in 

the Acinctobacter A30 cannot be a result of proteolysis since the 

organism was gelatin negative (9.2) and therefore indicates that the 

enzyme was unstable to the incubation conditions (Jonsson and Snygg 

1974) unlike the l'::c>udamonrw 017 lipase. 

9.4.2 Effect of medium composition Aliquots (1 rnL) of washed 

cell suspensions (9.3) were inoculated into 100 mL of various media 

in 250 mL Erlenmeyer flasks. Flasks were subsequently incubatect with 

-1 0 
orbital shaking at 120 rev min at 25 C for Acinetobacter A30 and 

l't:cudomonas 017 and 37 °C for Staphylococcw; aureus NCIB 6571. 

Growth (Ahsorbance 660 nm) and lipase activity (fluorornetric method of 

2.6) were assessed after 48h. 

The effect of medium composition cm growth and lipase pro-

duction was similar for all three organisms (Table 9.1). The higher 

lipase levels obtained with trypticase soy broth and brain heart 

infusion broth as compared to nutrient broth and the positive effect 

poptonC' hu" on 1 ip.:1se production huve previously been demonstrated 

for bacteria (Mutes and Sudakevitz 1973; Jonsson and Snygg 1974). 

The influence that addition of two triacylglycerols and 

their free fatty acids have on growth and lipase production in 

trypticase soy broth is detailed in Table 9.2. Triacylglycerols 

did not uffect the qrowth of u.ny of the organisms. The presence 

of oleate in the medium prevented any growth of the gram positive 



TAI3LE 9.1 

ORGANISM 

Staph. aur>ru.ct 

Acinetobacter> A30 

Pseudomona.,1 017 

* 

Growth and lipase production of 

Staphylococcu.c; aw'eus NCIB 6571, 

Acinetobacter A30, and P.c;eudomonas 

017 after 48h incubation. 

GROWTH 
LIPASE 

* ACTIVITY 
MEDIUM 

(nmol 4MU 
(Abs 660 nm) min-1 mL -l) 

TSB 5.22 45 

BHI 6.85 52 

NB 4.21 0 

NB + p 4.22 18 

TSB 7.31 61 

BIII 7.52 58 

NB 4.33 2 

NB + p 4.44 22 

TSB 6.40 64 

BHI 7.12 63 

NB 5.10 2 

NB + p 4.95 18 

'l'SI3 = trypticase soy broth; BHI = brain heart infusion; 

NB= nutrient broth; NB+ P = nutrient broth+ 1% peptone. 
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TABLE 9. 2 Growth and accumulated lipase levels 

ORGANISM 

/JlaJ:h. au.r•c11 .:: 

of three bacteria incubated for 48h in 

trypticase soy broth with various amend­

ments. 

.,. LIPASE 

* GROWTH 
I 

ACTIVITY 
MEDIUM 

(:n l~s~ 
(nmol 4MU 
min-1 mL-1) 

TSB 3.8 45 

TSB + n 3.9 44 

TSB + TB 4.0 45 

TSB + 0 0 0 

TSB + 00 3.8 21 

Acinetobactm, A30 TSB 10.2 61 

-I­
I 

TSB + B 10.5 60 

TSB + TB 10.3 60 

TSB + 0 10.4 13 

TSB + on 10.l 31 

Pi=;eudomonaH 017 TSB 7.2 64 

* 

TSB + B 7.1 63 

TSB + TB 7.4 63 

TSB + 0 7.3 12 

TSB + 00 7.2 22 

TSB = trypticase soy broth; + B = 0.1% butyrate; 

+TB= O.H tributyrylglycerol; O = 0.1% oleate; 

00 = 0.li olive oil. 

Growth was assessed by viable counts using the spread plate 
dilution procedure onto tryptic.:ise soy agar. Plates were 
incubated for 3 days at 37°C for Staph. aureus and at 25°c 
for llcdne tobacter A30 and P3eudomonas 017. 
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Sta1•hylococcus aureus without influencing the growth of the gram 

neg.:itives, llcinetobactei• A30 and Pseudomonas 017. The selective 

inhihition of growth of gram positives by long-chain fatty acids is 

a well-documented phenomenon (Galbraith ct al 1971; Sheu and Freese 

1973). The inclusion of either tributyrylglycerol or butyrate into 

the culture medium did not affect lipase levels after 48h. In con-

trast, both olive oil (principally trioleoylqlycerol) and oleate led 

to decreased lipase levels after 48h in all cultures which demonstrated 

growth. Decreased lipase levels upon incorporation of long-chain 

triacylglycerols into complex media have previously been reported for 

a range of microorganisms (Smith and Alford 1%6; Eitenmiller et al 1970; 

Jonsson and Snygg 1974). The decrease may represent inhibition of 

the lipase activity by the released insoluble fatty acids (Smith and 

Alford 1966; 3.3) rather than an influence on lipase synthesis. The 

lack of effect of butyrate or its esterified triacylglyccrol can there­

fore be explained by its lack of inhibition of lipase activity (3.3). 

The decreased lipase activity of Pr.rudomonar: 017 cultured in 

trypticase soy broth upon the inclusion of oleate or olive oil is 

puzzling. When Psr-nidomonas 017 was cultured in simple media with 

mixed substrates, the exhaustion of the non-lipid component subse­

quently led to high lipase levels being induced by the lipid component 

( 9. 5) . The absence of such a phenomenon when trypticase soy broth was 

used indicates complete suppression of inductive lipase synthesis. An 

explanation for this suppression may be that the high level of growth 

in the trypticase soy broth made conditions unfavourable for subsequent 

lipase synthesis (e.g. the pH of the culture fluid rose to 8.7 - 9.0) 



9.5 Growth and lipase production in simple media 

'!'he growth and lipase production of 1lcdnctobacte1• AJO and 

Pr.rudmnon(rn 017 was assessed in simple media containing mineral salts 

-1 
and a sole carbon and energy source (at 8 g L ). The mineral salts 

was the same as that used by Oreuil cl al (1978), with the following 

. . -l O 2 compos1t1on L : NH4N 3 , g; 

7H 2o, 0.2 g; FeS04 .7H 20, 0.01 g; CaC1 2 , 0.05 g; initial pH 7.2 ± 

0.2. Aliquots (1 mL) of bacterial precultures (9.3) were inoculated 

into 100 mL of the desired media in 250 mL Erlenmeyer flasks and 

-1 
incubated at 25°c with orbital shaking at 120 rev min . 
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Initial screening of a range of substrates demonstrated that 

both organisms produced higher levels of lipase when grown upon hexa­

decane or olive oil than when grown upon sugars or sugar derivatives 

(Table 9. 3) . The Pscudomonas 017 isolate also produced high levels 

of lipase when C)rown upon lonci-chain f<1tty acicts, unlike !tr>1'.11ef()]V,r"frP 

A10. The induction of microbial enzyme production in response to the 

presence of its substrate is a common phenomenon and has previously 

been reported for the lipase-triacylglycerol situation (Tsujisaka et 

al 1973; Akhtar et al 1980). The physiological role of lipase 

induction under such conditions is obvious, since the utilisation of 

the triacylglycerol as a source of carbon and energy is dependent upon 

its initial hydrolysis. Induction of microbial lipase production when 

growth occurs upon hydrocarbons (Breuil et al 1978) or fatty acids 

(Ota et al 1968; Sugiura et al 1975), has previously been reported. 

The role of lipases in the growth and metabolism of organisms utilising 

these substrates remains obscure. Oreuil rt al (1978) found that all 

their bacter ic1l isol.::iter; that were capable of growth upon hydrocarbons 

were lipase-positive suggesting a causal relationship. The possibility 

exists that the presence of long alkyl-chain compounds stimulates lipid 

metabolism in general, rather than lipase production in particular 

( 9. 7). 



Tl\13LE 9.3 Viable count and lipase levels of cultures 

of Acinctobacter A30 and Pseudomonas 017 

after incubation in single substrate­

mineral salts media for 48h at 25°c. 

* ORGANISM SUBSTRATE 

VIABLE 
COUNT 

-1 
(No mL 

X 10-9 ) 

LIPASE 
ACTIVITY 

nmol min-1 
mL-l 

------------+--------+--------+------+--------< 

Pscudomonar. 017 glucose 

glycerol 

hexadecane 

olive oil 

butyrate 

stearate 

oleate 

APinrtobactrP l\10 pyruvate 

'J.lyccrol 

hexadecane 

olive oil 

butyrate 

oleutc 

7,2 

5.8 

2.4 

3.4 

1.1 

6.2 

6.4 

5.3 

0 

1.5 

3.5 

0 

3.8 

4. l 

16 

32 

182 

732 

0 

162 

196 

44 

0 

118 

151 

0 

0 

0 

19 

40 

215 

922 

0 

592 

863 

35 

0 

88 

112 

0 

0 

0 

•-----·----- ----- - --------- ----- -·--------~--~ 

* A activity toward olive oil as per 2.4; 

8 activity toward 4-methyl umbelliferone nonanoate as per 
2. 6. 

t Viable count determined by spread plate dilution procedure 
using trypticase soy agar. Plates were incubated for 3 days 
at 25°c. 
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Patterns of growth (as monitored by oxygen consumption) and 

lipase production were examined in more detail with three substrates. 

Oxygen consumption was moni tared by setting up a parallel range of 

media (total volume 2 mL) in Warburg respirometric flasks to that 

placed in the main incubation flasks. The Warburg flasks were 
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inoculated with the same preculture at the same relative inoculum size 

(i.e., 1%), 0.2 mL of 20% (w/v) KOH added to filter paper wicks in the 

centre well, connected to manometers, and incubated at 25°c and 120 rev 

. -1 m1n Oxygen consumption rates were periodically determined and 

cumulative respiration calculated by integration of this rate data. 

Preliminary experiments demonstrated that qrowth (as viable count) and 

lipase production within these Warburg flasks were the same as that 

which occurred in the main incubation flask. Fatty acid levels were 

monitored in the main incubation flask using the colourimetric ar.alysis 

of 2.4. 

The patterns of oxygen consumption, culture fatty acid level 

wnd lipase level are presented for AcinetobacteP A30 and Pseudomonas 

017 in Figs. 9.2 and 9.3 respectively. Both organisms demonstrated 

the shortest lag period when grown upon a soluble substrate and the 

longest lag period when grown upon hexadecane. The amount of added 

carbon and the proportion that was respired is presented in Table 9.4. 

The amount of respired carbon was calculated from the reported res­

piratory quotients (ratio of co2 produced to o2 consumed on a molar 

basis) of the substrates (Dennis and Irvine 1981). The proportions 

of added carbon respired with glucose or pyruvate as substrate is 

similar to that reported by others (Pirt 1975). In comparison, both 

organisms respired proportionally less added carbon with either olive 

oil or hexadecane as substrates. Similar results for microbial growth 

on a range of hydrocarbons have been observed previously (Pirt 1975; 

Payne and Weibe 1978). Studies by Kennedy and co-workers (Kennedy 



TABLE 9.4 

ORGANISM 

Ar-dnctohric>trY' 1\30 

l'seudomonaD 017 

* 

Total carbon added and carbon respired by 

Acinetobacte1• A30 and l'scudomonas 017 

<Jrowing on 1'li ffcrc-nt :;ubstrates. 

* CARBON CARBON RESPIRED 
SUBSTRATE 

ADDED -l RESPIRED_1 
(µmol mL ) (µmol mL % 

pyruvate 273 108 40 

olive oil 515 108 21 

hexadecam 567 122 21 

glucose 266 120 45 

olive oil 515 104 20 

hexadecam 567 130 23 

Carbon respired calculated assuming a respiratory quotient 
for glucose and pyruvate of 1.0 and a respiratory quotient 
for olive oil uml hcxadccane of 0. 72 (Dennis and Irvine 1981). 
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and Pinnerty 1975; Kennedy et al 1975) have demonstrated that a 

hydrocarbon-oxidising llc!l'.netobactc1° sp. was capable of pooling 

unmetabolised hydrocarbon within intracytoplasmic membranes. The 

occurrence of such a phenomenon in the present study would explain 

the low proportions of respired carbon observed with insoluble sub­

strates (Payne and Wiebe 1978). 

The action of the microbial lipases on olive oil produced 

fatty acids which initially accumulated in the culture fluids of both 

organisms (Figs. 9.2 and 9.3). These fatty acids were subsequently 
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metabolised. Apparently, during the early stages of growth upon olive 

oil, the rate at which fatty acids were being produced by lipolytic 

activity exceeded the rate at which they were being metabolised. 

The production of fatty acids when growing upon hexadecane 

has previously been reported by Makula et al (1975) for an Acinetobacter 

~p. Finnerty (1977) has suggested that the role of fatty acids in 

hcxadecane metabolism may be to act as an emulsifier of the hexa-

decane, thereby increasing the available substrate surface area and 

consequently increasing the growth rate of the organism. However, 

the studies of 9.6 indicate that the emulsification of insoluble growth 

substrates by Pseudomonas 017 was brought about by an emulsifier with 

proper tics not consistent with that of f.:itty acids f'CP SC: (non­

dialysablc, unstable in the presence of organic solvents, unstable to 

ultrafiltration). The possibility exists that fatty acids were com-

bined with other compounds to form more effective emulsifying agents 

(Zajic and Panchal 1976). 

The lipase levels obtained in the cultures of both organisms 

were highest with olive oil as substrate (Fig. 9.2 and 9.3) as pre-

viously observed in Table 9.3. The patterns of lipase production 

upon olive oil preceeded oxygen consumption patterns with both organisms. 

This simply reflects the necessity of initial lipase action upon the 
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triucylglycerol before oxidation can occur. With hexadecane as 

substrute, lipase production was closely associated with growth. 

This suggests that lipase production was a consequence,rather than 

a cause, of growth upon hexadecane. 

The patterns of growth and lipase production of Pseudo­

monan 017 when cultured with a variety of triacylglycerols was 
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examined (Fig. 9.4). Tributyrylglycerol was not able to support rapid 

growth of Pseudomonas 017, nor was it capable of inducing high levels 

of lipase, despite being an amenable substrate for lipolytic activity 

(10.3.1). Growth was most rapid, and lipase production highest, when 

tallow was supplied to the organism. The possibilities of using this 

byproduct lipid in the commercial production of lipase is discussed in 

10.4. 

Growth and lipase production of Pscudomona:; 017 in fatty acid 

-mineral salts media was dependent upon the acyl chain-lenqth (Table 

9. 5) . The inability of I'r.r11domonar. 017 to grow upon medium chain-

lenqth fatty acids (C 6 - c10 i mRy be related to the inefficiency of its 

extracellular emulsifier to act upon these substances (9.6.5). The 

high levels of lipase production observed with long chain-length fatty 

acids are similar to that previously reported for a yeast (Sugiura et 

nZ 1975). 

The long alkyl-chain hydrocarbons (c16 , c18 ) were capable of 

supporting considerable growth of Pseudomonas 017 along with the 

accumulation of high lipase levels (Table 9.6). As with fatty acids, 

the inability to qrow upon short chain-length hydrocarbons may be 

related to the inefficiency of the emulsifier of Pseudomonas 017 to act 

upon these substances (9.6.5), or the lack of a suitable uptake 

mechanism (9.7). 
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TABLE 9.5 

FATTY ACID 

Acetate (C2) 

Butyrate (C4) 

Caproate (C6) 

Oct.rnoate (C ) 
8 

Dccanoate (ClO) 

Lauratc (Cl2) 

Myr istatc (Cl4) 

Palmitatc (Cl6) 

Stearate (ClR) 

Oleate (Cl8:l) 

Linolenate (Cl8:3) 

Viable count and lipase levels of cultures 

of PBeuclomonar, 017 after incubation in fatty 

acid-mineral salts media for 48h at 25°C. 

VIABLE COUNT LIPASE ACTIVITY 
-1 

(nmol ~1MU min 
-1 

(No. mL X 

10-9 ) mL ) 

1.3 10 

1.1 10 

0 0 

0 0 

0 0 

1.2 705 

3.4 458 

4.1 355 

6.2 590 

6.4 842 

6.3 208 
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TABLE 9.6 

HYDROCARBON 

Hexane (C6) 

Octane (CB) 

Dccane (ClO) 

Hexadecane (Cl6) 

Octadecane (Cl8) 

Viable count and lipase levels of cultures 

of I'Br?u.domonor. 017 after incubation in 

aliphatic hydrocarbon-mineral salts media 

for 48h at 25°C. 

VIABLE COUNT LIPASE ACTIVITY 

(No mL -1 
X 10-9) (nmol 4 MU min -1 mL-l) 

0 0 

0 0 

0.2 17 

2.4 206 

1.9 168 
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Several cross-inoculation experiments were performed with 

h;eudomo1uw 017 cultures. After inoculation of precultures (9.3) 

and growth in one particular medium for 48h, cells were harvested, 

washed 3x in saline (8.5 g NaCl L-1 ) and resuspended to their original 
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volume. Aliquots (1 mL) were subsequently used to inoculate flasks of 

three different media, one of which was the same composition as the 

previous growth medium. The results presented in Fig. 9.5 demonstrate 

that prior growth on any one of the substrates oleate, olive oil or 

hexadecane facilitated subsequent growth and lipase production on all 

three. The organism was induced or primed for growth upon insoluble 

substrates in general rather than being selectively induced towards 

the initial growth substrate only. 

When Pt_:eudomoncrn 017 was grown on a mixed glucose-olive oil 

medium c1 diauxic pattern of oxygen consumption was observed (Fig. 9.6). 

The initial period of oxygen consumption rcpresentr; preferential utili­

sation of the glucose, with the olive oil remaining as a distinct phase 

on the top of the culture fluid. Tlw r;pcondary phase of oxygen consump-

tion was accompanied by a rapid increase in lipase level and emulsi­

fication of the olive oil. This secondary growth therefore represents 

utilisation of the olive oil. When incubation flasks contained bovine 

serum albumin in addition to olive oil, no difference in growth or 

lipase production from that observed in systems with only olive oil was 

noted. As Pseudomonas 017 was not proteolytic (9.2) it would seem 

that the presence of non-utilisable sources of carbon and energy have 

no effect on lipase production. 

The lipase level reached by Pseudomonas 017, when grown upon 

olive oil, was dependent upon the initial level of triacylglycerol below 

-1 
a concentration of 2.0 g L (Table 9.7). Above this concentration, 

no further increases in lipase level were observed. 
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TJ\I3LE 9.7 Lip::isc levels of Pscudomonas 017 when 

cultured in olive oil-mineral salts media 

with different concentrations of olive 

oil for 48h Qt 25°c. 

Olive oil concentration 
(g L-1) 

Lipase level 
1 -1 (nmol 4 MU min- mL ) 

·-----------------•·--------------------

0.1 

0.2 

0.5 

1.0 

2.0 

4.0 

8.0 

35 

70 

185 

4 02 

912 

895 

910 
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9.6 Studies on the emulsifier of .P,c:eudomonas 017 

9.6.1 Introduction: The production of emulsifying agents by 

microorganisms is a phenomenon closely associated with rapid growth 

upon insoluble carbon and energy sources (Hisatsuka et al 1971; 

Erickson and Nakahara 1975; Zajic ,-,t al 1977; Floodgate 1978). 

Emulsification of insoluble substrates exposes a greater surface area 

for enzyme hydrolysis, thereby leading to more rapid rates of decom-

position. Ecoloqically, this emulsification-decomposition relation-

ship may be of great importance in determining the persistence, and 

hence environmental impact, of insoluble lipid substrates (Rosenberg 

ct o_l 1975; Gutnick and Rosenberg 1977). 

The production of extracellular emulsifying agents has been 

reported for a wide range of microorganisms (Zajic and Panchal 1976). 

In some studies emulsifier levels were highest when grown upon soluble 

substrates rather than insoluble substrates (Itoh and Suzuki 1972; 

Floodqate 1978; Rosenberg et nl 1979a), suggesting non-specific or 

constitutive production. However, other studies have shown highest 

emulsifier levels in response to the presence of an insoluble sub­

strate (Iguchi et al 1969; Zajic et al 1977 a), suggesting inductive 

production. 

Several workers have determined the chemical composition of 

rnicrobially-produced emulsifiers (Iguchi et al 1969; Suzuki et al 
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1969; Hisatsuka et al 1971; zajic et al 1977b; zuckerburg et al 1979). 

These studies have demonstrated that microbial emulsifiers possess 

hydrophilic and hydrophobic constituents which are both necessary for 

cffrcliv<' emulsification (7.c1jic .::incl Panchal 1976). Synthetic ernul-

sifiers are used commercially in dispersion of oil slicks,in increasing 

efriciency of oil recovery, and in a variety of foodstuffs, (Zajic and 

Panchal 1976) . It has been suqgested that microbial emulsifiers may 

be more acceptable environmentally, since they are readily 



bioc.lcqrc1cL:iblc (Zajic ct- al 1977a). 
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The production of emulsifying agents by microorganisms has 

usually been assessed qualitatively by visual examination of the fate 

of added insoluble compounds (e.g., Iguchi ct al 1969; Floodgate 1978). 

However, Rosenberg rt al (1979a) have described a simple quantitative 

assay of extracellular emulsifying activity based upon the spectro­

photometric determination of the increase in turbidity brought about 

by emulsification. 

The work described in subsequent sections details the effects 

of emulsification of insoluble substrates on bacterial growth, levels 

of emulsifier production, and preliminary attempts to characterise and 

purify the emulsifier produced by th0 soil isolate Psc11dommuw 017. 

9.6.2 Standard emulsifier assay The standard quantitative assay 

for emulsifier level was based upon that described by Rosenberg et al 

(1979a) and was as follows: 

To 7. 5 mL of cell-free supernatant (obtained by centr i­

fugation at 6000 G for 20 min) in a 50 mL Erlenmeyer flask 

was added 0.1 mL of hexadecane. The flask was subsequently 
-1 

shaken at 200 rev min for lh at 30°C in an orbital shaker 

at which time the turbidity of the flask contents was 

measured as absorbance at 450 nm using a Bausch and Lomb 

Spectronic 20 Spectrophotometer. Where necessary, dilutions 

were made using cell-free supernatants. The reference tube 

used to zero the spectrophotometer contained cell-free super-

natant alone. Controls to test for the degree of self-

emulsification of hexadecane were performed using the mineral 

salts of the media employed for culture growth (9.5) in 

place of the cell-free supernatant. In this case, the 

reference tube used to zero the spectrophotometer contained 

111 incr al [:al ts. Emulsifying activity was determined as the 

difference between the turbidity of incubated samples and 

the control and was conveniently expressed as milliunits mL-l 

of sample where 1 unit represents an increase of 1.0 absor­

bance units at 450 nm during the lh incubation period. The 

increase in absorbance was linearly related to the level of 

emulsifier added (Fig. 9.7). 
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9.6.3 Emulsifier production : Several soil isolates capable of 

growth on olive oil as a sole carbon source (8.3 ), precultured (9.3), 

then inoculated into an olive oil-mineral salts medium (9.5) and 

incubi:lted at 25°C with orbital shaking at 120 rev min-l After 48h 

cultures werr centrifuged (6000 G for 20 min) and emulsifier activity 

determined in the cell-free supernatant. Whilst growth occurred with 

all cultures (as witnessed by a cell pellet forming upon centrifugation) 

the visual appearance of flask contents differed markedly. Cultures 

of Acinetobacte1• A30, Pseudcmonas PTO, and Pseudomonas X-P were trans­

lucent whilst cultures of Pn-·rulomonas 017 and Baeil-lus lichenifo1~mis 

T-C were opaque blue-white indicating a high degree of emulsification. 

Plate 9.1 demonstrates the visual appearance of Pseudomonas 017 after 

qrowth upon an insoluble substrate. The emulsifying activity of cell-

free supernatants demonstrated a comparatively high level of extra­

cC'lJ ular emulsifier production by Pnr11dnmc>nm: 017 and Bacd7Jw: l?'.r•hr;,­

-ifnrnlis T-C (Table 9. 8) . 

Extri:lcellular emulsifying activity in cultures of l'seudomonw; 

017 was closely associated with growth (Fig. 9.8) a findiny similar to 

that reported for an Arthrobacter sp (Rosenberg et al 1979a). Emul-

sifier production by Pseudomonas 017 was apparently an inductive pro­

cess, with levels being highest when growing upon insoluble substrates 

(Table 9.9). In dual-substri:lte systems emulsifier production was 

d<·layecl until giowth upon the insoluble substrute occurred (Pig. 9.8). 

9.6.4 The influence of emulsification on growth: When precultures 

(9. i) .,f r:oil isol.:ites were inoculated into olive oil-mineral salts 

m••dic1 U1,1t hail h<'<'n c,m11lsifiPcl by sonicution (Duwe Soniprobe, mi'lximum 

power for 5 min), reductions in lag periods occurred over those obser-

ved in non-sonicated media (Fig. 9.9). The extent of the lag period 

reduction upon sonication was greatest with those organisms that did 

not produce their own emulsifier (Pneudomonm.: X-P and Pseudomonrw P'rD). 



Pl.1tc 9.1 Fli:tsks of tallow-mincr;:-il salts media 

uninoculatcd (7rft) and after 12 hours 

growth of l'seudomor,as 017 (J.0 1'.ght) . 





TAI1I.E 9. 8 ------

Isolate 

Acinetobacter A30 

l'seudomonas P'rD 

Pseudomonas X-P 

Pseudomonas 017 

Extracellular emulsifying activity of 

some soil isolates after 48h growth in 

olive oil-mineral salts media. 

Emulsifier act. 
(munits mL-1 ) 

71 

0 

13 

323 

Bacillus Z. ie hcni f orrrds T-C 183 

TABLE 9. 9 

GROW'I'll SUI3STRA'l'E 

Glucose 

Glycerol 

!Jexadecane 

Olive oil 

Tallow 

Extruccllular emulsifying actvity of 

Pseudomonas 017 after 48h growth on 

various substrates. 

EMUI,S If'IER ACT. 
(muni ts mL -l) 

13 

13 

160 

323 

315 

Tributyrylglycerol 27 

2.lG 
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The lag period could also be reduced by inoculating precultures 

into media containing olive oil and autoclaved, spent media from a 

l'::,·ucio1nonuu 017 culture previously grown on olive oil {Fig. 9.9). 

Autoclaving the spent media served to destroy lipase activity whilst 

maintaining some emulsifying activity (9.6.5). The spent media 

rapidly (within 2h) emulsified the olive oil and thereby led to rapid 

growth. 

The results obtained demonstrate the importance of the 

interfacial area o[ the insoluble substrate in regulating the rate of 

its microbial degradation. Whilst the enzyme responsible for the 
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initial degradation of olive oil may be extracellular (i.e., lipase), 

the induction of lipase production is likely to be dependent on direct 

substrate-cell contact. The increased interfacial area of systems 

that have been emulsified (either by sonication or by the emulsifying 

factor of P:ir·11drm1nnn0 017) w011lcl allow for rirr,1trr r;11h;;tr.1tr-crll c,,n-

tact and hence more rapid induction of hydrolytic enzymes. Micro-

scopic observations of cultures during the early phases of growth 

revealed strong adsorption between cells and substrate. 

9.6.5 Some prc,?~r:!ies of the emulsifier produced by PDeudomonaB017: 

Thr• extracellular emulsifier of T'nnidm·,onas 017 was capable of 

emulsifying a range of insoluble substances, although the degree of 

cmuJsificz.ition v.:iricd (Tuble 9.10). Emulsifying activity towards 

short-chain insoluble substances (hexane, octane, octanoate, 

decanoate, tributyrylglycerol) was low or non-existent with maximal 

c1cti vi ty occurring towc1rds long-ch;:iin insoluble liquids (h~xadecane, 

olive oil). The emulsifier was capable of some activity towards sub-

stances that were solid at the assay temperature of 30°C {octadecane, 

tallow, anhydrous milk fat) unlike the emulsifier from an ArthPobacter 

.sp. (Rosenberg el: {)l 1979b). The addition of either octanoate or 

dr,c<1noatc to c:tn assay syc;tcm containing hexadccc1ne or olive oil 



'l'Al3LE 9.10 Activity of Pncudomona:J 017 emulsifier 

towards a range of insoluble substances. 

SUI3STANCE 

Octanoate 

Decanoate 

Laurate 

Palmitate 

Oleate 

Tributyrylglycerol 

Olive oil 

Tallow 

Anhydrous milk fat 

Hexane 

Octane 

Decane 

Ilexadecane 

Toluene 

1-methyl naphthalene 

Kerosene 

Paraffin oil 

Vacuum oil 

Hexadecane + octanoate 

Hexadecane + decanoate 

Olive oil+ octanoate 

Olive oil+ decanoate 

Emulsification 
(muni ts mL-1 ) 

0 

0 

40 

71 

101 

5 

308 

lJ.5 

157 

8 

9 

36 

323 

5 

9 

168 

121 

146 

0 

0 

0 

0 
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completely prevented emulsification. Presumably, these fatty acids 

partitioned at the interface with the hydrophilic carboxyl groups 

directed towards the aqueous phase. The emulsifier would, therefore, 

h<1VC"' hC"'en presented with .:i L:itty acid surface which it was unable to 

emulsify. 

The activity of the emulsifier was markedly altered by 

changes in the phydcal state of the insoluble substances brought about 

by variation in the assay temperature (Fig. 9.10). Large increc1ses 

in emulsifying activity occurred when the assay was performed just 

above the melting points of both hexadecane (18.2°C) and tallow (45°C, 

Merck Index). The emulsifier was stable to lh exposure to tempera-

tme:-; up to 90°c and retained 7H of its .:ictivity upon c1utoclaving ut 

121°C for 15 min. 

The activity of the emulsifier from F'scudomonas 017 was 

m<1rk0~ly dccrraned whrn the c1nnay w.:is pC"'rfnrmed at ~l'n below 4.0 

{Fi<J. 9.ll). Activity wus similar over the pli range 4.0 - 9.5. 

Th0 emulsifier w;:is st..1blc to lh exposure to pll's in the range pl! 1.0 -

11. o. Hence, the decreased emulsification observed below pH 4.0 was 

an effect on activity peP sc rather than on stability. Rosenberg et 

al (1979a) attributed a similar decrease in the activity of an emul­

sifier from an lll'Llrt'OU<1c>/,1-'l' spbeluw pll 4.0 to the protonation of a 

carl,oxyl group. 

9.6.6 Attempted purification of the emulsifier of Pseudomona.<J 017 

The initi;:il step in the purification of extracellular microbial emul­

sifiers has involved extraction of the cell-free supernatant culture 

fluid with an organic solvent into which the emulsifier partitioned 

(Hisatsuka et al 1971; Rosenberg ct al 1979a). However, when the 

cell-free supernatant fluid of Pseudomonas 017 was shaken with a 

variety of org,rnic liquids ( toluene, chloroform, heptane) the emul­

si fyinq activity could not be recovered from either the organic or 
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Obviously, further work is required if the emulsifier 

is to h0 purifiPcl sufficiently t.o allow chemical characterisation. The 

purification may best include an initial precipitation step (ammonium 

sulphate? ethanol? acetone?) since organic extraction was a failure. 

The following additional observations should be borne in mind when pur i­

f ication is attempted: 

i) 

ii) 

the emulsifier was non-dialysable; 

the emulsifier was unstable to rotary evaporation but 

stable to lyophilisation; 

iii) the emulsifying activity was lost upon ultrafiltration. 

9. 7 Growth and mctaboI ism of Pr.e11d< 1m,.111ni: 017 : /\ discussion 

The diverse metabolic capabilities of pseudomonads is a 

well-documented phenomenon, and many of the catabolic pathways are 

totally or partially delineated (Sta11i01 ct al 1966; Ornston 1971). 

The initial stages in the metabolism of long-chain hydrocarbons by 

pseu<lomonacls occurs 11 ia an inducible .:ilkanc hydroxylation, alcohol 

dehydrogenation, and aldehyde dehydrogenation sequence to yield the 

corresponding fatty acid (Thijsse and van der Linden 1963; Benson 

and Shapiro 1975; Neider and Chapiro 1975; Grund et aZ 1975). 

Evidence has been presented which suggests that this initial sequence 

of rcvents occurs external to the cell membrane (van Eyk and Bartels 

1970; Benson and Shapiro 1976). Subsequent long-chain fatty acid 

uptake occurs via an inducible group translocation mechanism (Toscano 

and Hartline 1973). Breakdown of the fatty acids occurs via S-

,,xidation (Her inga et. al 196.l; Ornston 1971). 

The observation that Pveudomonar. 017 was induced for growth 

towards a fatty acid, hydrocarbon, and triacylglycerol by prior growth 

on any one of these three substrates (Fig. 9.5) indicates a common 

mechanism for metabolism. Both the hydrocarbon and triacylglycerol 
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are presumably externally converted to fatty acids. Hexadecane would 

be converted to its corresponding fatty acid, palmitate, by the mechan-

ism described in the preceding paragraph. The accumulation of fatty 

acid in cultures of PBeudomonas 017 grown on hexadecane indicates the 

occurrence of this mechanism. Triacylglycerols yield fatty acids via 

the extracellular lipase. Thus, on all three substrates, growth of 

the organism is dependent upon the uptake of long-chain fatty acids. 

Since such uptake occurs Pict an inducible translocation mechanism 

(Toscano and Hart.line 1973), prior growth on any one of the substrates 

provides a ready-primed inoculum for subsequent growth on the other sub-

strates. However, whilst such an explanation would explain the 

situation of initial growth on hexadecane or triacylglycerol followed 

hy growth on olea te, it does not adequately explain the ability of 

initial growth on oleate facilitating subsequent growth on hexadecane 

and ~riacylqlycerol. The requirement for an induced fatty acid uptake 

mechanism would obviously be met by initial growth on oleate. In 

addition, however, facilitated growth on hexadecane and triacylglycerol 

requires the prior induction of the enzymes required to convert these 

substrates to fatty acids. Induction of lipase production by oleate 

was demonstrated for Pseudomonas 017 (Table 9.5 and Fig. 9.5). 

Apparently, induction of the alkane-oxidising enzyme system required 

to convert hexadecane to ~almitic acid must also have occurred with 

oleate as the growth substrate. These results suggest that the 

genetic information coding for long-chain fatty acid uptake is co­

transcr1.bed with that coding for both alkane-oxidation and lipase 

p, ()(luction. Previous studies with other ri:,·ucltm1onaD putido struins 

have demonstrated t.hilt the genetic material coding for enzymes of 

iJlkane oxidation reside in extrachromosomal DNA or plasmids (Grund 

~t ol 1975; Benson and Shapiro 1976; Palchaudhuri and Chakrabarty 

J 976). rt seems likely, therefore, that Pseudomonas 017 contains its 
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'lc.-netic material responsible for alkane oxidation and lipase production 

in such extrachromosomal DNA. 

The inability of Pseudomono.s 017 to grow upon medium-chain 

hydrocurbons and fatty acids (C6 - c10 ) whilst growth was observed 

with short-chain (C 2 , c4 ) and long-chain (>C12 ) substrates is puzzling. 

Growth upon fatty acids by pseudomonads occurs via S- or w- oxidation 

with acetate (C 2 ) units being transferred to coenzyme A (Ornston 1971). 

Since l'seudomrmas 017 was capable of growth upon long-chain ( >C12 ) 

f.::itty acids the or<J.::tnism presumably possesses the necessary enzyme 

complement for these reactions. The inability to grow on c6 - c10 ) 

substrates, therefore, indicates an inability to transport them across 

the cell membrane, rather than an inability to metabolise them within 

the cell. Previous studies have suggested separate uptake mechanisms 

for short-chain fatty acids (C 2 - c61 and medium- to long-chain fatty 

,1cirls (>C8) for psr11c'lomonuds (Toscano and llc1rtl inc 1971). I·low0ver, 

with Pneudomoncw 017 it appears that c6 - c10 fatty acids were not able 

to be efficiently taken up by either the short-chain (C 2 - c4 ) or long­

chain (>C12 ) transport mechanisms present. 

The work presented in this chapter has provided an initial 

insight into the metabolism of insoluble substances by PReudomono.s 017 

Extension of this work would provide a fruitful area for further re-

search. The apparent ability of insoluble substrates to co-induce 

fatty acid uptake mechanisms, alkane oxidation, and lipase production 

deserves further attention, particularly at the genetic level. Such 

studies may reve.::il information of industrial value. Already, Pseudo-

monru: eut,lda strains have been genetically engineered via plasmid 

transfer to yield a "superbug" capable of degrading a wide range of 

hydrocarbon fri:lctions found in oil (Hopwood 1981). 



9.B Summ.:u-y 

The growth, lipase production, and emulsifier production 

of h;ewlcmonas 017 has been investigated. Lipase production was 

low when Pscudomono,', 017 was grown in complex media. Growth upon 

a variety of insoluble substances including triacylglycerols, long­

chain fatty acids and hydrocarbons induced the production of high 

levels of lipase. Prior growth on any one of these substances 

facilitated growth on the others, suggesting a co-induction of 

degradative enzymes. Rapid growth of Pseudomonas 017 on insoluble 

substances was associated with the production of an extracellular 

emulsifying agent. 
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CHAPTER 10 PARTIAL PURIFICATION AND CHARACTERISATION OF LIPASES 

FROM U'l'/ll'JIYLOCOCC:US AUREUS NCIB 6571 AND PSEUDOMONAS 

017 (A SOIL ISOLATE). 

10.1 Introduction 

The soil isolate, Pseudomonas 017, was capable of producing 

a high level of extracellular inductive lipase in simple media con-

taining byproduct lipid (tallow) after a relatively short incubation 

period (Chapter 9). The organism, therefore, appeared to have the 

potential for commercial production of lipase. The work presented in 

lhi.s ch.:ipter repr<'i,ents a preliminary invcstiyulion into methods for 

subs0qu0nt purific;:ition of the enzyme ;:ind u study on the properties of 
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the partially purified lipase obtained. For comparative purposes, the 

lipase of Stauhylococeus aurcus NCIB 6571 was also purified and charac-

terised. 

'!'here have been numerous reports on the purification of 

lipases from pseudomonads (e.g., Mencher and Alford 1967; Lu and Liska 

1969; Finkelstein et al 1970; Sugiura et al 1977; Severina and 

nashkatova 1979), and staphylococci (e.g., O'Leary and Weld 1964; 

Renshaw and San Clemente 1967; Vadehra and Harmon 1967; Troller and 

13ozcrn.:rn L970; Ju'ryens ct al 1981). In order to optimise the yield 

and ohluin maximal purification of the lipases from the two organisms 

studied, initial work involved an investigation into a variety of 

methods for preliminary concentration of the enzyme from cell-free 

10.2 Purification 

10.2.1 Preparation of the cell-free supernatant fluid: Organisms 

were precultured for 18h in 100 mL of trypticase soy broth (BBL, 



Maryland, USA) in 250 mL Erlenmeyer flasks with orbital shaking at 120 

rev min-land temperatures of 37°C for Staphylococeus aureus NCIB 6571 
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and 25°C for PGcudomonan 017. Precultures were centrifuged {9000G for 

20 min) and washed 3 x -1 with sterile saline (8.5 g L NaCl). After 

the final suspension in saline, aliquots (2 x 20 mL) were inoculated 

into either 2 x 750 mL trypticase soy broth for Staphylococcus aureus 

or 2 x 750 mL olive oil-mineral salts media (8.2.3., modified by lower­

-1 
ing olive oil concentration to 2 g L ) for A:eudnmonas 017, in 2 L 

Erlenmeyer flasks. Flasks were incubated with orbital shaking at 120 

-1 
rev min for 2 days at 37°C for Staphylococcus aureus and for 4 days 

;:it 25°c for Psr:udomOIUlS 017. Cultures were subsequently centrifuged 

(9000 G for 20 min) and the supernatant vacuum-filtered {0.22 µm 

Sc1rtorius). 

The cultivation conditions described were designed to produce 

the maximal levels of lipase activity (Chapter 9). The growth medium 

-1 
for Paeudomonas 017 contained 2 g olive oil L as this level gave near 

m;::iximal lipase production (9.5) and a clear supernatant after 4 days 

incubation. Lower substrate concentrations resulted in lowered lipase 

levels (9.5) whilst higher levels failed to provide a sufficiently clear 

supernatant to facilitate subsequent purification. 

The level of lipase in the cell-free supernatant of Pvcudo-

mrman 017 was 15x that in the StaphuZ-ococcus aureus supernatant based upon 

olive oil hydrolysis or 36x based upon 4 MUN hydrolysis {Table 10.1). 

The specific activity of Plwudomonas 017 supernatant was 600x that of 

the .','ta;·h:1locoucnw ,mPeur. supernatant based upon olive oil hydrolysis 

,IIHl I 'i00x usincJ 4 MUN hydtolysis. 'l'he high spcci f ic activity of l'uewlo-

w1nnn 017 supernatant reflects the low level of extracellular proteins 

with no proteinaceous material being present in the medium (c.f. pep­

tone constituents of staphylococcal medium) and apparently a low level 

of extracellular proteins originating from the cell. 



'fl\BLE 10.l 

Culture 

-Jlaph. aureus 

riseudomanas 017 

Lipase and protein levels in the cell-free 

supernatant liquid of a 2-day-old culture 

of St;aphuZocoecirn aur•cus NCIB 6571 growing 

on tr:ypticase soy broth and u 4-day-old 

Pscudomonas 017 growing on olive oil­

mineral salts medium. 

---·---·-
~ . ~ 

...; .j.J , ➔ 

I u I ... , ,;J en 
L: (.: 

Substr.:itc 
>, ~ u 
.j.J...; C ...; .,; r-f 
•rl I •rl I ~-l I 
~ C Q) ..:I •rl C 

·.-i ..... .µ E u •d 
.j.1 E 0 Cl/ f--; 
u ,,_, °' Q., 
.:e ...; p,. .§. Ul .-l 

0 0 
E:;· E:: 
;:t. ;1 

~ 
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Olive oil 0.066 8.25 0.008 

4 MUN 0.033 8.25 0.00'1 

Olive oil 0.98 0.2 4.9 

4 MUN l. 20 0.2 6.0 
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10.2.2 Evaluation of initial purification procedures: The cell-free 

supernatants obtained in 10.2.1 were subjected to four different initial 

puri[ication procedures, 

( i) Ammonium sulphate precipitation was performed by step-wise 

addition of solid (NH4 ) 2so4 to stirred cell-free supernatant 

(1500 mL) at 4°C until a 60% saturation was reached, followed 

by 4h standing and subsequent centrifugation (13000 G for 

JO min at 4°C). The precipitate was resuspended in distilled 

water and dialysed against 10 L of 0.01 M Tris-HCl pH 7.5 for 

20h at 4°c. 

(ii) Ultrafiltration of cell-free supernatant {1500 mL) was per­

formed at 4°C utilising a ChemLab apparatus equipped with 

(iii) 

an Amicon PM-10 filter (nominal molecular weight cut-off of 

10 000) and with positive N2 pressure of 345 kPa. 

Alrnhnl prrripitntinn w~s prrfnrmrct hy rlrnp-wiRr ~ctctitinn nf 

pre-cooled (-20°C) 95% ethanol to stirred and pre-cooled 

(-4°C) cell-free supernatant (1500 mL) until a 50% (v/v) 

mixture was obtained. Stirring was continued for lh fol-

lowed by 16h standing at 4°C and subsequent centrifugation 

at -10°C for 30 min at 13 000 G. The precipitate was resus-

pended in distilled water and dialysed against 10 L of 0.01 M 

Tr is-I!Cl pl! 7. 5 for 20 h at 4 °c. 

(iv) Acetone precipitation was performed by drop-wise addition of 

pre-cooled (-20°C) acetone to stirred and pre-cooled (-4°C) 

cell-free supernatant (1500 mL) until a 30% (v/v) mixture was 

obtained. Stirring was continued for lh followed by 16h 

standiny at 4°C and subsequent centrifugation at -10 C0 for 

30 min at 13 000 G. The precipitate was resuspended in 

distilled water and dialysed against 10 L of 0.01 M Tris­

HCl pH 7.5 for 20h at 4°C. 
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The results presented in Table 10.2 demonstrate that the 

purification and yields obtained with the four initial procedures were 

markedly different between the two culture supernatants. With the 

staphylococcal lipase, high purification factors were achieved by alco­

hol and acetone precipitations whilst the greatest purification for the 

pseudomonad lipase was obtained with (NH 4 J 2so4 precipitation. The 

yields of staphylococcal lipase were higher than those achieved with the 

pseudomonad lipase, indicating either more effective concentration and/ 

or a greater resistance to denaturation. As little of the initial 

total activity of the cell-free supernatant of Pseudomonas 017 was in the 

supcrn.:itant o I precipitations (Table 10. 3) it is apparent that con-

siderable denaturation occurred, particularly with alcohol and acetone. 

With ultrafiltration, less than 2% of the total activity of the cell-

free supernatant of fJs"·udomonas 017 was present in the filtrate and 

Jlow0vPr, :.oakinq of th,, ullr,1fillcr in 20 rnL 

of 2 M urea for 16h, followed by dialysis of this solution against 10 L 

of 0.01 M Tris-HCl pH 7.5 for 20h at 4°C, recovered 45% of the initial 

total activity. It proved impossible to concentrate cell-free super-

natants of Pseudomonas 017 by more than l0x using ultrafiltration due 

lo a rapid decrease in flow rates. The upper side of the ultrafilters 

b0came 'greasy' to touch indicating the formation of a lipid coating. 

It would seem that the lipase may adsorb to this lipid material and be 

r] i.:-:;lodged only upon disruption of hydrophobic bonds by addition of urea. 

10.2.3 Gel chromatography The alcohol-precipitated preparation of 

SLa(Jh!f l oeoccu.r rwreus lipase and the (NH 4 ) 2so 4 -precipitated preparation 

of l':;,,urlnm01111n 017 lipase obtained in 10. 2. 2 were each applied to a 

Sephadcx G-100 column (Pharmacia Co., Uppsala, Sweden) 70cm in length 

and 2.5cm in internal diameter, and eluted with 0.1 M Tris-HCl pH 7.5 

. -l 
at a flow rate of 0.5 mL min The column effluent was passed 

through a Shimadz~ UV-200 spectrophotometer set at 280 nm and 5 mL 

portions were collected by an LKR fraction collector. Fractions were 



TABLE 10.2 

'I'r ca tmen t 

{Nl:-14) 2S0 4 pre-

cipitation 

Ult.rafil tration 

~lcohol precipi-
tation 

l'\cetone prccipi-
tation 

Comp,u: ison of v.::ir ious methods for the ini tia.l 

purification of lipases fr.om cell-free su:::,et: -

natants of Si;riplzyZaeaccus aw'eus NCIB 6 57.J. 

and l'Dcuclamanas 017. 

Staph. aurcua Pscudomanae 017 

-
Pur ific.::ition Yield 

Purification Yield 
factor* 

% 
factor* 

% 

----------·-• 

20 84 4.8 72 

7 42 0.8 22 

60 90 3.5 46 

51 84 3.3 30 

* Pold- incrc~sc in Rpccific activity over that in the cell-
free supernatant 



TAI3LE 10.3 

Treatment 

(NH4 ) 2so4 

Ultrafiltration 

Alcohol 

Acetone 
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The proportion of the initial total activity 

of Pseudomonas 017 lipase recovered in various 

dialysed fractions. 

% total activity recovered in: 

Precipitate Supernatant 

72 10 

Retentate = 22 filtrate = 2 

46 19 

30 12 



assayed for lipase activity by the standard fluorometric assay of 2.6. 

The column was initially calibrated using Blue Dextran (MW 

2 x 106 ) for void volume detcrmin.:ition and 5 proteins (bovine albumin, 

MW n7 000; o v ,11 b11 111 i n MW 45 000; n-chymotryp:;inoq<.•n A, MW 25 000; 

ribonuclease A MW 13 700; cytochrome c, MW 12 400; (all Sigma Chem. 

Co., St Louis, USA) for molecullar weight calibration (Fig. 10.1). 

The staphylococcal lipase was eluted as a single symmetrical 

peak in the void volume (1°ig. 10.2) indic.:iting an enzyme with a mole-

cular weight >100 000. Previous studies on the lipases of various 
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St,a1•h11locoN•w-: a.ur-run strains have also reported high molecular weights. 

(Renshaw and San Clemente 1967; Vadehra and Harmon 1967; Tirunarayanan 

.inrl Lundlil'Ck ] 96B; Troller .:.111(1 Bozcnh.111 1970; although J~rgens ct 

al (1981) reported purification of staphylococcal lipases with molecular 

weights of 43 000 and 44 000. The fractions from 55 - 80 mL were 

r1i.J1ys0d for lOh ,1'1c1inr,t 10 L of rlir.ti1l0d w,1t0r .1t 4°C und subscc1110nt1y 

lyophilised. The preparation obtained demonstrated a 5-fold increase 

in specific activity over the alcohol-precipitated material and a puri­

fication of 300x over the original cell-free supernatant (Table 10.4). 

This lyophilised preparation was stored at -20°C and used as the enzyme 

source in characterisation studies (10.3), in an examination into the 

precision and detection limit of various assays for lipase activity 

(2.J - 2.6), and in studies on lipascs and surface-related phenomena 

(Chapter 1) . 

The lipase from PDeudomo1uis 017 displayed a broad elution 

profile when chromatographed on Sephadex G-100 (Fig. 10.3). The major 

peak of activity was eluted in the void volume (MW >100 000) and was 

followed by some activity in all fractions up to an elution volume of 

130 mL. A secon;I minor peak of activity occurred at an elution volume 

of 120 mL (MW ~ 30 000). Previous studies have demonstrated both 

high (>200 000) molecular weight (Lawrence et al 1967a; Finkelstein 

rt nl 1970; Scvcrinu and Bashkatova 1979) and low (32 000) molecular 
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TAI3LE 10.4 Summary of the purification of lipase from 

8t-r(f'h!Jfoco('<"UG mo•ni:1 NCII3 6571 and 

r'seudomonas o 1 7 . 

- - - -
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St:a1· h:1 lo~OCL'UE' aureus 

Cell-free supernatant 0.004 1 100 

Alcohol precipitation 0.24 60 91 

Gel chromatography 1. 20 300 80 

P.scudomonas 017 

Cell-free supernatant 6.0 1 100 

(N!-14) 2SO4 precipitation 28.8 4.8 72 

Gel chromatography 86.7 14.4 54 
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w0 iCJht (SuCJiuru 17 t n7. 1977) lipuses from pseudomonads. The apparent 

presence of two forms of PseudomonaB 017 lipase has previously been 

reported for other pseudomonad lipases (Mencher and Alford 1967; Lu 

and Lisku 1969) and for pancreatic lipuse (Verger C't aZ 1969). l\s 

lipases have been shown to be associated with non-proteinaceous mater­

ial (Brockerhoff and Jensen 1974), it seems likely that the high mole­

cular weight fraction of Pr,eudomonas 017 lipase represents such an 

ussocL:ited form whilst the low molecular weight (30 000) fraction 

represents free lipase. The broad elution profile may indicate that 

such an association is relatively non-specific, with the free enzyme 

binding to a wide size range of material. As Pseudomonas 017 was 

grown upon a triacylglycerol substrate and the enzyine possesses a strong 

affinity for hydrophobic surfaces (3.2), this associated material may 

be lipid. 

'T'h1• <•lt1t j nn vnl ll!TI('!; from r;r; -- no mr. W('l"P cl Lil y:a•cl r(\r l Oh 

against 10 L of distilled water at 4 °c and subsequently lyophilised. 

'l'his Pncudomonn.r, 017 lipase preparation demonstrated a 3-fold incre.:ise 

in specific activity over the preparation applied to the column and 

14.4x over the original cell-free supernatant (Table 10.4). This 

lyophilised preparation was stored at -20°C and used as the enzyme 

source in characterisation studies (10.3), in an examination into the 

precision and detection limit of various assays for lipase activity 

(2.3 - 2.6) and in studies on lipases and surface-related ~henomena 

(Chapter 3) . 

J0.2.4 Gel electrophoresis: The prepurations obtained in 10.2.3 

were subjected to polyacrylamide gel electrophoresis according t_o the 

urocc•dures of Weber and Osborn (1969). Electrophoresis was performed 

in glass tubes (70mm x 6mm) with a current of 8 mA per tube, a gel 

concentration of J.Oi (w/v), and 0.1 M Tris-HCl pH 7.5 as buffer, All 

::,w,plc•:; ,incl ~;tanrlar<ls w<'n' run unt:i] the bromothymol blue tracking dye 

was within 5mm of the bottom of the gel (approx Sh). Standards used 
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were LJuvine albumin (MW 67 000), ovalbumin (MW 45 000), pepsin (34 200) 

a-chymotrypsinogen (MW 25 000), and lysozyrne (MW 14 300). Gels were 

either stained [or protein (Weber and Osborn 1969) or for lipase 

activity (gels soaked in 4 MUN emulsion, 312 µM, for 5 min followed 

by observation for blue fluorescent 4 MU under UV light excitation at 

354 nm) . 

Both the staphylococcal and pseudomonad lipase preparations 

obtained in 10.2.3 (both void volume fractions on Sephadex G-100) 

lacked mobility on polyacrylamide gels, with protein and activity re-

maininy at or near the gel surface. This confirms their apparent high 

molecular weight as observed by gel chromatography (10.2.3). Attempts 

to improve mobility by 16h pre-incubation of preparations with 1% (w/v) 

~odium ctudecyl sulphate and/or incorporation of sodium dodecyl ~ulphate 

(1% w/v) into the gel were unsuccessful, with protein remaining at the 

t"[' ol Lhe yel .:,ind L'n;:ymc activity bL'in<J lost, µrcsumalily due to 

dc•naturation (3.4). 

10.3 Properties 

10.3.1 Substrate specificity: The substrate specificities of the 

two bacterial lipase preparations were examined using the methods des-

cribed in 2.3 (for acylglycerols, Tweens, ethyl butyrate and natural 

triacylglycerols), 2.5 (for P-nitrophenyl esters) and 2.6 (f6r 4-methyl 

umbelliferone esters). 

Both the staphylococcal and pseudomonad preparations displayed 

no observable activity towards soluble esters (triacetylglycerol at 10 g 

-1 
L , Tween 80, Tween 20, ethyl butyrate and 4 MU acetate) but consider-

c,bl0 activity towards insoluble esters (Table 10. 5) and can therefore 

00 r~garded as true lipases (Desnuelle 1972). Under the conditions 

0 mploy0d, p-nitrophenyl acetate was partially insoluble (a turbid emul­

sion formed) and hence was susceptible to hydrolysis by lipase. 
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Neither preparution demonstrated activity towards sulphate or phosphate 

Tributyrylglycerol was hydrolysed most rapidly by both lipase 

prcparutions. All insoluble triacylglycerols were hydrolysed, although 

rates wore low with solid substrates (tripulmitoylglycerol and tris-

Unsaturated esters were hydrolysed rrore rapidly 

them their saturated equivalents, an appar,,mtly general phenomenon with 

lipasos (Orockerhoff and Jensen 1974). •rhe FsP11domonas 017 lipase 

displayE!d an unexpectedly low activity toward tricaprolyglycerol (6-

carbon f.:itty-ucyl chain). Uoth lipuses displayed activity towards the 

rlioleoyl(Jlyccrols, with the Pnn~dcw1m1,1P 017 lipase hydrolysing these 

subs tr :i tcs at E:imilar or greater rates than the equivalent tr iacyl­

<Jlycor ol. 

The rates at which the natural esters were hydrolysed ref-

lccts their triacylglycerol composition (Appendix II). •r.:1llow, mi 1 k 

fat and coconut oil all contain significant quantities of the more 

rapidly attacked short-chain acyl-esters, unlike olive oil which is 

principally trioleoylglycerol. 

The insoluble fatty-acyl esters of r-nitrophenol and 4-rr.ethyl 

umbelliferone were hydrolysed by both bacterial lipascs. The rates of 

hydrolysis relative to thc.t observed with trioleoylglycerol are presen­

ted in Table lC.6, along with the relative rates with highly-purified 

porcine pancreatic lipase {Sigma Chem. Co., St Louis, USA). The low 

rclutive rates of hydrolysis of both r-nitrophenyl and 4-methyl umbel­

liferone esters observed with the pancreatic lipase are similar to 

results reported previously {Desnuelle and Savary 1963; Brockerhoff 

1969; Melius and Doster 1970). In contrast, the bacterial lipases 

were capable of comparatively high relative rates of hydrolysis, par-

ticularly towards 4-methyl umbelliferone esters. As soluble substrates 

(4 MU-acetate, ethyl butyrate, Tweens, triacetylglycerol) were not 

hydrolysed, it must be assumed that both bacterial preparations 



Tl\BLE 10.6 

S U B S T R A T E 

Trioleoylglyccrol 

p-ni trophenyl 
ucetate 

p-nitrophenyl 
caprylate 

p-nitrophenyl 
laurate 

p-nitrophenyl 
palmitutc 

4-methyl umbelli­
ferone acc'tute 

4-methyl umbelli­
ferone butyrate 

4~methyl umbelli­
ferone caproate 

4-methyl umbelli­
ferone capryl.il:c 

4-methyl umbelli­
ferone nonanoatc 

4-methyl umbelli­
ferone laurate 

4-methyl umbelli­
ferone palmitate 

4-methyl umbelli­
ferone stearc1te 

4-methyl umbelli­
ferone oleate 

4-methyl umbelli­
ferone elaidate 

Rates of hydrolysis of various substrates 

relative to that observed with trioleoyl­

glycerol using lipases from Staph!Jlocoecw; 

au.reus NCIB 6571, Pseudomonas 017 and por­

cine pancreas (Sigma Chem. Co., St Louis, 

USA). 
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cuntuincd no 0sterase but rather, lipase with a markedly different 

:;uhr;tr<1te specificity from that observed with pancreatic lipase. 

10.3.2 Effect of substrate concentration The catalytic activity 

of !':;, ·urlomonun 017 lipase was influenced by substrate concentration in 

one of two fundamentally distinct ways, depending upon the substrate 
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used (}igs. 10.4 and 10.5). Trioleoylglycerol, 4-methyl umbelliferone 

nnn<1no;1t0 ,ind olc.:itc .:ind ()-ni troph0ny] l.:iur.:ite, .:ill displc1yecl .:ippo.rcnt 

Michaelis-Menten kinetics, obeying the linear Woolf transformation 

-1 s, r > 0.98) with apparent K 's of 0.22 mg L , 1.8 µMand 
m 

20 \IM, and 0.09 mM respectively. Triacetylglycerol and ()-nitro-

phenyl acetate displayed sigmoidal kinetics, with no or little activity 

at low subi;trate concentrations. Activity tuw.:irJs triacctylglyccrol 

increased markedly ot substrate concentrations beyond the solubility 

-1 
limit of 71.7 mg mL (Merck Index), a finding that distinguishes 

lipases from esterases (Sarda and Desnuelle 1958; Desnuelle 1972). 

Similarly, marked increases in the hydrolysis of p-nitrophenyl acetate 

occurred beyond a concentration of 0.1 mM, presumably its solubility 

limit. The esters whose kinetics of hydrolysis obeyed the Michaelis-

Menten equation must possess extremely low aqueous solubilities rela-

tivc to the substrate levels at which measurable activities were 

observed. 

10.3.3 Effect of pH : The effect of hydrogen-ion concentration on 

the stability of the bacterial lipases was determined by incubating the 

preparations for 30 min at 30°C in distilled water adjusted to a range 

of pl!'s ('3 to 11) hy addition of !!Cl or NaOII The residual activity 

was measured at pH 7.5 using the continuous potentiornetric titration 

assay with tributyrylglycerol (2.3). The staphylococcal lipase was 

stahle over the pH-range 6 to 10 and was particularly labile at acidic 

pH'~; (Fig. 10.6). ','he 1,seudomonad lipase was stable over the complete 

pI]-ranqe of 3 to 11, (Fig. 10.6). 
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The activity of both bacterial lipases towards tributyryl­

glycerol was markedly influenced by pH (Fig. 10.6). The staphylococcal 

lipase demonstrated an optimum at pH 8.2, the same as that found by 

R0nshc1w ,:ma Sun Clemente (1967). The r:seudomonad lipase possessed 

optimal activity at pH 7.5 - 7.7. The same pH profiles were obtained 

when 4-methyl umbelliferone nonanoate was used as substrate. 

10.3.4 Effect of temperature The thermal stability of the enzyme 

preparations was determined by incubation in distilled water at the 

desired temperatures (25°c - B0°C) for 30 min followed by immediately 

plunging intu a:1 ice bath. The residual activity was subsequently 

determined using the continuous potentiometric titration assay with 

tributyrylclycerol as substrate (2.3). Both the staphylococcal and 

pseudomonad lipases were stable to 30 min exposure to temperatures up 

to 50°C (Fig. 10.7). Above so 0 c, the staphylococcal lipase was more 

thermolal,ile than the pseudomonad lipase. 

The activity of the staphylococcal lipase was maximal .:it 37°C 

with a rapid decrease in activity at higher temperatures. In contrast 

the lipase from l':;,·uclomomrn 017 displayed a broad temperature profile, 

with maximal activity occurring at 50°C. The observed temperature 

optimum for the staphylococcal lipase is similar to that previously 

reverted for staphylococcal lipases (Renshaw and San Clemente 1967) 

and within the 30 - 40°C range where microbial lipases are generally 

most active (Lawrence 1967b; Brockerhoff and Jensen 1974). The high 

temperature optimum for Pscudomonas 017 is unusual for microbial 

lipascs although Sugiura e-t nZ (1977) reported a similar optimum for 

the lipase from l'Bc1uiomc1 ruw fluol'c?Bc•mw. 

Both lipases were stable to storage at -20°C for at least 6 

months. The staphylococcal lipase lost 10% of its activity when stored 

i.lt 4°c for 7 days, whilst the lipase from A;eudomonas 017 was stable 

tmdrr lh<'S<:' conditions. l\t 20°C both lipases lost 15% of their 

activity in 2 days. 
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10.3.5 Effect of enzyme inhibitors: A range of various enzyme 

inhibitorr; Wu s incubated with the bacterial lipase preparations for 

.30 ruins at 30°C and residual activity analysed using continuous poten­

tiomctric titration with tributyrylglycerol as substrate (2.3) (Table 

10. 7). 'l'he lack of inhibition of lipase activity with both prepara-

tions by ethylenediaminetetra-acetic acid (EDTA) demonstrates the 

~bscncc of metal ions at the catalytic site. A role for sulphydryl 

groups near or at the catalytic site for the PN,udomonas 017 lipase 

ir; suggested by the increased activity observed upon reduction with 

dithiothreitol and the decreased activity upon treatment with H2o2 , 

iodoacetic acid and p-chloromercuribenzoic acid. Verger et al (1971) 

and Dooijewaard-Kloosterziel und Wouters (1976) came to similar con-
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cl111~ions for a pancreatic and fungal lipas0 respectively. Apparently, 

sulphydryl groups were not important to the catalytic activity of the 

lipase from 8taphy7.or,nc•eun m1r>m1r.. Ph0nylmethylsulphonyl fluoride 

(PMSF) did not influence the activity of either lipase preparation, 

su~~esting the absence o[ serine at the catulytic site. PMSF has been 

11s0<'1 to diffcrentiat0 between cstcr.:is0s (inhibited) and lipascs (not 

inhibited) (Knoche and Horner 1970). 

10.4 Industrial potential of Pseudomonas 017 lipase 

The ind us trial potential of l'ucudomu11w_: 017 lipase is dif­

ficult to cvuluate as information on the lipases currently produced 

commercially is scarce (Seitz 1974). Intuitively, the following 

observations suggest that Pscudomonau 017 lipase may be of commercial 

value. 

(i) Lipase production is higher and more rapid than other 

microorganisms (8.3.2), including fungi from which commercial 

lipases are commonly produced (Seitz 1974); 

(ii) Lipase production is high during the logarithmic phase of 

growth (9.5), suggesting that continuous cultivation and 



'TABLE 10. 7 

EFFECTOR 

None 

EDTA 

Di thiothr ei tol 

H202 

T ocluac<• L ic c1cicl 

p-chloromercuri-
benzoic acid 

phenylmethyl-
sulphonyl fluor idE 

The ~£feet of various enzyme inhibitors 

on the activity of two bacterial lipases. 

Lipase activity (%) 

Cone. (mM) s. aureus Pseudomonas 017 

- 100 100 

10 98 100 

100 98 100 

1 100 140 

10 98 165 

0.1 94 25 

1 80 0 

1 fl'i so 
10 70 35 

1 97 65 

10 95 45 

0.1 100 100 

1 100 98 
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(iii) 

enzyme harvesting may be feasible; 

High levels of lipase (9.5) with high specific activities 

(10.2) can be produced on readily-available primary proces­

sing b:yvroducts (tallow and anhydrous milk fat); 

(iv) The lipase is stable to storage, temperatures up to 50°c, 

and extremes of pH (10.3). Activity occurs over a broad 
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temperature range and is maximal at or near pH's encountered 

in most environments (10.3). The lipase of Pseudomonas 017 

displays considerable activity towards solid substrates 

(l 0. 3) . 

A simple procedure for the purification of the lipase of 

/'::cwiumon11D 017 needs to be developed if a high-purity enzyme prepara-

tlon is dcsirod. 'fhc use of hydrophobic intcr.-1ction chromatography 

whereby lipases can be adsorbed onto and subsequently desorbed from 

hydrophobic nwtc,rL:ilr; (Ia.oho and Suc_1iur.1 l977b ~ Ji.ir<Jens 1981) dPserves 

investigation. 

10.5 Summary 

The extracellular lipases from StaphuZococcus aureus NCIB 

6571 and Pseudomonas 017 (a soil isolate) were purified 300-fold and 

14.4-fold respectively over that in the cell-free supernatants. Elu-

tiun pro[iles upon Sephadex G-100 chromatography indicated that both 

lip.1scs were of a high molecular weight (>100 000), although the pre­

paration from Pseudomona.s 017 demonstrated activity in fractions 

corresponding to a molecular weight of 30 000. 

Both lipase preparations displayed maximal activity towards 

tributyrylglycerol. Activity was observed towards all insoluble 

esters tested (including esters of p-nitrophenol and 4-methyl umbel-

1iferone) but not towards soluble esters. The lipase of Staphylococcus 

uur•rnu: was unstable at pH's below 6, whilst the lipase of Pseudomonas 



017 was stable over the pH range 3 - 11. Optimal activity occurred 

at pH 8.2 and 37°c for the staphylococcal lipase and at pH 7.5 - 7.7 

;:incl 50°C [or tho pseudomonad lipase. Both lipases were stable at 

temperatures up to 50°c. Neither enzyme possessed metals or serine 

residues at the catalytic site. Sulphydryl groups were necessary for 

the catalytic activity of the lipase from Pseudamonas 017. 

The potential for commercial production and industrial 

<1pplicc1tion of l'i;cudomona:; 017 lipuse was discussed. 
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CONCLUSIONS 

The prime objective of this research at its inception was 

to determine the rate at which triacylglycerol was degraded when 

applied to soil {Chapter 1). The initial step in this degradation 

is the hydrolysis of the glycerol-ester linkages by lipase. The work 
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described in Chapter 2 provides statistical estimates of the precisions 

and detection limits of four methods for analysing for lipase activity. 

The choice of a method for a particular experimental system can be 

based on the sensitivity required and/or the ease of the assay for 

routine use. In this context, the fluorometric assay, using 4-methyl 

umbelliferone nonanoate as substrate, proved most suitable in the pre-

sent study. However, in systems where esterases may be present, 

questions as to its specificity have been raised. The assay described 

by Brockerhoff rt al {1970), using vinyl oleate as the substrate, 

warrants further investigation ~:ince it was apparently both sensitive 

and specific for lipase. 

The kinetics of lipolysis and the influence of various 

surface-active agents was investigated in Chapter 3. The activity 

of lipascs was found to be dependent upon the substrate surface area 

rather than the concentration per S:?. Lipase action is dependent 

upon adsorption of the enzyme to the insoluble substrate surface. 

Factors that affect this adsorption therefore influence the observed 

activity of the enzyme. The inhibitory effect that fatty acids have 

on lipase activity could be explained by a combination of two 

phenomena: 

l) Fatty acids, due to their combination of hydrophobic and 

hydrophilic components, partition at the substrate-aqueous 

intcrf~ce thereby reducing the substrate effectively 

avc:i i .I uble to the enzyme. 



2) The carboxyl group of the fatty acids imparts a charge to 

the surface, thereby repelling lipase. This charge repul-

• ld b t 1 • • • 2+ s1on cou e overcome JY neutra 1sat1on with Ca . 

The sensitivity of the fluorometric lipase assay allows for 

low enzyme levels to be used and thus, fatty acid levels 

do not reach inhibitory concentrations. 

The fluorometric technique developed and defined in Chapter 

2 was used to measure soil lipase activities {Chapter 5). The assay 

involves initial extraction of lipase from th0 soil with sodium tetra­

pyrophosphate followed by the fluorometric determination of lipase 

activity in the extract. This technique proved sufficiently scnsi-

tive and repeatable for measuring both basal soil lipase levels and 

li~asc induction in soils after application of triacylglycerols 

(Chapter 6). 

Studying patterns of oxygen consumption, triacylglycerol 

deqri.lclat.ion, Lind J.ipi.isc induction in tr i..1cyhJlyccrul-.:imcnded soil 

samples, provided basic information on the factors influencing the 
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ability of the soil microbiota to degrade triacylglycerols (Chapter 6). 

These studies showed that the basal soil lipase activity plays no role 

in the degradation of added triacylglycerol, but that the induction of 

lipases by growing lipolytic microorganisms is the determining feature 

of triacylglycerol removal. The induced lipase exists only tran-

siently with lipase activities, returning to preamendment levels with-

in 30 days. This suggests that each soil is capable of offering pro-

tection and hence long-term stability to a certain basal level of 

1 ip.:.rne (via a humus-lipase complex?) with lipase produced in excess 

of this level being unprotected and therefore unstable. 



The studies of Chapter 6 suggest that triacylglycerol 

accumulation problems were unlikely to occur with wastewater appli-

cation to land at commonly-used loading rates. The work needs to 

be extended to field-trials before more definitive statements can be 

mud o. 
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An examination of the microbiota in triacylglycerol-amended 

soils indicated that bacteria were the principal components responsible 

for the degradation of triacylglycerol (Chapter 8). One isolate, 

Pneudomonas 017, produced extraordinarily high levels of extracellular 

lipase when grown on triacylglycerols, fatty acids, or hydrocarbons 

(Chapter 9). The lipase could be produced by growth upon tallow (a 

hyproduct of slaughterhouses), a relatively cheap source of substrate. 

This finding, coupled with the high specific activity of the crude 

supernatant, the high stability, and diverse substrate range, suggests 

that the enzyme may be suitable for commercial production and subse­

quent use in a variety of products (c.u., washing powders, dentifrices, 

sewage digestion activators). The production of lipase by Pseudomo,uis 

017 under conditions of continuous cultivation would seem the next 

str:•p in evaluating its potential for commercial purposes. 

This thesis has examined lipases at the subcellular level, 

the cellular level, and the system level. The findings have furthered 

the knowledge at each of these levels and, hopefully, has provided a 

stimulation for further research into the areas not answered. 



l\PPl•:NDlX I -----·----

Prol.cin lciv,,J~; \•.'Ort: clclC'tlllillCl1 ll~,in(j u modification or 

the method of J,owry et al (1951) us follows: 

0.5 mL of 2~; (w/v) K-Nu t;;irtrc:itc and 0.5 mL of g; (w/v) cuso 4 .su 2o 

immPdiutcly boforc use. 5 mL of tbis mixture was c:iclded to 1 mL of 

f;c:11np.lc (cJJ: dilution), mixcxl uncl left to st.dtHI for 10 min. l\ftcr 

this time, 0.5 mL of Folin-Ciocaltcau reagent (Sigma Chem. Co., St 

Louis, USJ\; diluted 1:2 with distilled water) \·1<1s <1cldcd, the solution 

mixed ancl h•ft for 30 min. The ,1bsorbancc .:it ·150 nm was read usin<J 

a Spcctronic 20 ,md compared to a st<111clard curve: ( 0 - 500 
-1 

)Jg mL 

bovine serum albumin). 
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i) 

ii) 
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APPENDIX II 

Characterisation of triacylglycerols 

Free fatty acid level: The level of contaminating non-fatty 

acid was determined using the colourimetric assay of 2.4. 

300 mg of lipid was dissolved in 100 mL of chloroform and 10 mL 

removed for subsequent fatty acid determination. The levels 

of non-esterified fatty acid (as wt.%) were 0.05% for olive 

oil (high purity, Sigma product), 0.20% for anhydrous milk fat 

and 0.56% for tallow. 

Fatty acyl composition: The fatty acyl components of the tri-

acylglycerols were determined by gas-liquid chromatography after 

methylation (Christie 1973) using the following procedure: 

To 50 mg of sample and 5 mg of heptadecanoic acid (internal 

standard) dissolved in l mL of dichloromethane was added 2 mL 

of mcthanolic (5% v/v H2so4 . The mixture was refluxed for 2h 

then 5% (w/v aqueous NaCl added. The methyl esters were 

extracted into hexane (2 x 5 mL), washed with 2% (w/v) 

aqueous KHCO3 and dried over anhydrous Na 2so4 . The solution 

was filtered, the hexane removed by rotary evaporation, and the 

methyl esters resuspended to 0.5 mL in hexane. Aliquots (5 µL) 

were injected into a Pye Unican GCD gas-liquid chromatograph 

fitted with a flame ionisation detector and a 1.8 m column of 

10% EGSS-X on Gas Chrom P (mesh 100-120) (Applied Sciences,U31\) . 

. -1 Chromatography was performed with an N2 flow of 45 mL min , an 

11 2 flow of 50 mL min-1 , and an air flow of 25 mL min-l Column 

temperature was 180°C, injer;tion temperature was 240°C and detec-

tor temperature was 250°c. The approximate elution time of the 

methyl heptadecanoate interval standard was 9.5 min. 

Pe a k s were identified by their 



n,tcnt.1011 tJmcs reli1l.1.VL' to t:1v1l ol. methyl l1cptaclccc111o;itc 

,111cl comp:1r1'cl to that of lllt'tliyl c~;tcr st<1ndo.rds (l\pplit'd 

Science:;, US/\). Compm;i.ti.ons w0rc, expressed as weight ?, 

by calculo.tion of rel~tive qunntities using peak height x 

retention time (Christie 1973). 

'I'he fo.tty-c1cyl compm;i.ti.ons (1·1t. n were as follows: 

Clll\IN LENG'l'II 
TJU(;LYCERIDE 

-------- ·------·- -------- -- ----·------ --- ---

OLIVE OIL MlLK FAT Tl\LLOW 

4:0 0 6.0 1.0 

G:O 0 1.5 0 

fl: 0 0 2.0 0 

10:0 0 2.0 0 

12:0 0 5.8 2.2 

14:0 0 17.0 3.3 

16:0 8.5 23.1 25.0 

16:1 0 1.3 0.2 

18 1.7 J.3. 0 23.1 

18:1 8 5.1 7.G. R 4 5. 9 

18:2 4.4 0.5 0.2 

20:0 0 1.0 1.4 
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l\PPENDIX lI I 

To dutc-, two p3pers have bct-!n published from the muter ial 

contained in thi:; thesis: 

i) Cooper, /\.B., c1nd Morq.111, 11.·lv., (1981). Improved fluorometric 
met.bud to .:issc1y for 5 soil lip.:H;c uctivity. Soil bi_ol~i_y 
.:ind bi_cl.s::l1cnd stry 13 : ~07--311. (Rcpr int in back pc.1 ckc•t). 

ii) Cooper., A.B., ,md Morq.:m, II.Iv., (.l.911::!). Biodcgrad.:ition of milk 
when .:1pplied to L~oil. Ne\•; z,,<1L111d _ __-j_m1r11a.l of u<Jricultur~1l 
rcsc.:irch 25 : lS·-20 (Hcpr j nt not .:iv.:,il.:1ble) 
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