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ABSTRACT

Nowadays, there is a tendency of use of low temperature in laundry cleaning for both environmental and
economical reasons, which makes the use of enzymesin detergent products indispensable. Since lipases are
efficient catalyst both in solution and at the water-liquid interface, they are potentially suitablefor lipid stain
removal applications in industrial laundry and household detergents. The effect of different commercial
detergents and surfactants on enzymatic activity of lipase from Fusarium oxysporum was observed through
p-nitrophenyl pal mitate (pNPP) assay. The enzymewas compatiblewith variousionic and non-ionic surfactants
aswell ascommercial detergents. Lipase activity was strongly inhibited by Sodium Dodecy! Sulphate (SDS),
but not by Triton X-100 and Triton X-114. The best assay conditions observed for thislipasewerepH 8.0 and
50°C. The enzyme was stable at alkaline pH and remained 93% of residual activity during 1 h incubation at
60°C. The highest lipase activity was measured with triglycerides of middle and long chain fatty acids (Cs-Cis).
Thisenzyme showed avariable specifity/hydrolytic activity towards variousfatsand oils. All these properties
and its resistance towards various surfactants and tolerance to commercia detergents make this lipase a

potential additive for detergent formulation.
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INTRODUCTION

Lipases (triacylglycerol acylhidrolases, EC 3.1.1.3)
hydrolyzetri-, di- and monoglyceridesat an oil-water interface
wherethelipasesactivitiesare greatly increased by amechanism
of interfacial activation (5,8). The mgjority of lipases exhibit
a high activity toward lipids with fatty acid residues of Cs to
Cis chain length (15). The lipase used in each application is
selected based on its substrate specificity such asfatty acid,
alcohol, position (regio-) and stereospecificity, as well as
temperature and pH stability (17).

Microbial lipases have already established their vast
potential regarding to their usagein different industries. The
interest in microbial lipase production has increased in the
last decades, because of its large potential in industrial
applications as additivesfor foods (flavor modification), fine
chemicals (synthesis of esters), waste water treatment

(decomposition and removal of oil substances), cosmetics
(removal of lipids), pharmaceutical s (digestion of oil and fats
in foods), leather (removal of lipids from animal skins) and
medical (blood triglyceride assay) (2,4,9,13). However, the
biggest market of their use is in the detergent formulation
(7,16). Regarding detergents applications, new challenges
for lipases producers can be pointed (7,18,19): (1) the high
variation in the triglyceride content of fat stains, requiring
lipases with low substrate specificity; (2) therelatively harsh
washing conditions (pH 10-11 and 30-60°C), requiring stable
enzymes; and (3) the effects of chemical denaturation and/or
proteolytic degradation caused by detergents additives such
as surfactant linear alkyl benzene sulfonate (LAS) and
proteases. The functional importance of lipases in the
detergent industry isrelated to the removal of fatty residues
in laundry, dishwashers as well as for cleaning of clogged
drains.
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The purposes of the present study were to characterize the
alkalinelipase from Fusarium oxysporumwith respect to optimal
pH and temperature aswell as stability, and eval uate the effect
of several detergents and surfactants on the enzyme activity.

MATERIALAND METHODS

Strain
Fusariumoxysporumwasisol ated from Brazilian Northeast
fruits(Macei 6, AL, and Aracaju, SE).

Chemicals

Oliveail usedfor lipase assay wasfromAzeite* Gallo”, Victor
Guedes, Ind. e Com., S.A., (Portugal). All analytical chemicals
and media components used were of highest purity grade
availablecommercially. All other oilsand commercial detergents
used were purchased locally.

Lipaseproduction

Fusarium oxysporum was cultivated for 96 h, at 30°C in a
medium consisting of (w/v): glucose 1.0%; peptone 0.3%; yeast
extract 0.2%; K HPO, 0.2%; MgSO..7H,0 0.1%; Na,CO; 0.1%;
and agar 2.0%. After that, it wastransferred to aliquid medium
contained (w/v): olive oil 1.0%; peptone 1.5%; yeast extract
0.5%; KH,PO, 0.3%; MgSO..7H,0 0.04%, pH 6.0. Fermentation
wascarried out at 30°C under 160 rpmin shaker. After 24 h, 1 mL
of the culture medium was transferred to a fresh medium and
incubated for more 48 h. The fermented medium was chilled
rapidly to 4°C and the cells were removed by filtration. The
supernatant was fractionated with ammonium sulfate to 70%
saturation. After centrifugation, the precipitated was dialyzed
against water at 4°C and freeze-dried (Lin et al., modified (10)).

Assay of Lipase
All the experiments were performed in triplicate and the
standard derivation calculated.

Assay using olive oil as substrate: Lipase activity was
determined by titrimetry using olive oil emulsion which was
prepared by mixing 25 mL of olive oil and 75 mL of 7% arabic
gum solution in ahomogenizer for 2 min. The reaction mixture
containing 5 mL of oliveoil emulsion, 4 mL of 50 mM Tris-HCl
buffer, pH 8.0, 1 mL of 110 mM CaCl, and 1 mL of enzyme (5 mg/
mL) wasincubated at 50°C for 30 min under orbital shaking at
160 rpm. The reaction was immediately stopped after the
incubation period by the addition of 15 mL acetone:ethanol
mixture (1:1 v/v), and the released free fatty acidsweretitrated
with 50 mM NaOH. One unit (U) of lipase activity was defined
asthe amount that released 1 pmol of fatty acid per min[11].

Assay using different fatsand oilsassubstrates; 2% (w/v)
of fats and ails (olive ail, soybean oil, sunflower cil, corn oil,
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chickenoil and milk cream) and 1200 mM of triglycerides (triacetin,
tributyrin, tricaprylin, trilaurin and triolein) were individually
added to the reaction mixture containing 4 mL of 50 mM Tris-
HCl buffer, pH 8.0, 1 mL of 110 mM CaCl, and 1 mL of enzyme(5
mg/mL.). After 30 min of incubation at 50°C with orbital shaking
at 160 rpm, the reaction wasimmediately stopped by the addition
of 15 mL acetone:ethanol mixture (1:1 v/v), and therel eased free
fatty acids were titrated with 50 mM NaOH. One unit (U) of
lipase activity was defined as the amount that released 1 umol
of fatty acid per min.

Assay using p-nitrophenylpalmitate (o0NPP) assubstr ate:
The activity was assayed with reaction mixture, in a final
volumeof 1 mL, containing 40 mM Tris-HCI buffer (pH 8.0), 20
mM pNPP, as substrate, and 25 pL of enzyme (5 mg/mL). After
10 min of incubation at 40°C, the reaction was stopped by the
addition of 2 mL of ethanol 96%, and the p-nitrophenol
released was monitored spectrophotometrically at 420 nm,
using astandard curve. Onelipase unit (U) was defined asthe
amount of enzyme that released 1 umol p-nitrophenol per
minute.

Effect of pH on activity and stability

The pH effect on activity and stability profileswere studied
by oliveail assay inapH rangeof 3.5-11.0 using different buffers
at 50 mM concentration. For stability, 1 mL of enzyme (5 mg/mL)
wasmixed with 1 mL of respective buffer and incubated for 24 h
at 4°C. After that, the assay was performed as described for

olive oil assay.

Effect of temperatur eon activity and stability

Temperature effect on lipase activity was studied by carrying
out the enzyme reaction at different temperatures in the range
of 10-70°C at pH 8.0 using Tris-HCI buffer (50 mM). The
thermostability of lipase was tested by pre-incubating the
enzyme (5 mg/mL) at different temperaturesranging from 30 to
80°C for 1 h. After that, the assay was performed as described
for olive oil assay.

Effectsof surfactantsand commercial deter gentson enzyme
stability

Effectsof surfactants (Tween 20, Tween 40, Tween 80, Triton
X-100, Triton X-114, Sodium Dodecyl Sulphate (SDS) and
surfactin from Bacillus subtilis (12)) and commercial detergents
(Omo, VidaPlus, Tixan, Ace, Ariel, Brilhante, Surf and Revel) on
enzyme stability were determined toward p-nitrophenylpa mitate
(pNPP) assay. 50 L of enzyme sample (5 mg/mL) wereincubated
in 50 L of surfactants and commercia detergents (solution of
0.1, 1.0 and 10.0% wi/v) for 1 h at room temperature (30 + 2°C)
and the residual activity was determined at pH 8.0 and 40°C
for 10 min, using p-NPP as substrate as described for p-
nitrophenypamitate assay.



RESULTSAND DISCUSSION

In the present work alkaline lipase was most active in pH
range between 7.0 and 9.5. Thisenzymewasfound to be stable
in pH 7.0 to 9.0, and it kept around 45% activity after 24 h
incubation in buffer of pH 11.0, at 4°C (Fig. 1). ThelipasefromF.
oxysporum f. sp. lini was stable in pH range 6.0-7.0 and had
optimum activity at pH 7.0 (6), whilethisenzyme showed to be
morestablein alkaline pH. On another hand, some lipasesfrom
Baccilus thermoleovorans were found to be most active at pH
9.0-10.0 and stable in a broad range of pH values 5.0-11.0,
retaining morethan 80% of activity after 26h at 30°C (3).
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Figure 1. Effects of pH on alkaline lipase activity and stability.
The experimentswere performed in triplicate and bars represent
the standard derivation.

The optimum reaction temperature was 50°C. Thermal
stability was investigated by incubating the enzyme at various
temperatures for 1h. The enzyme showed great stability up to
60°C (Fig. 2). Compared to higher thermal stability at 50°C, this
lipase kept 93% activity at 60°C. These results show that this
enzyme is more stable than lipase from F. oxysporumf. sp. lini
which activity was reduced by about 50% at 60°C when the
enzyme solution was incubated for 1h (6).

Fig. 3 shows lipolytic hydrolysis toward various
triglycerides. The order of hydrolysisratewasasfollows: triolein
> tricaprylin> trilaurin > triacetin > tricaproin > tributyrin. Higher
lipolytic activity was observed when triglycerides of middle
(Cs-C12) and long (C;s) chainfatty acidswere used as substrates.
This enzyme specificity towards lipids with fatty acid residues
of Cs-Cys chain length strongly suggest that the enzyme used in
this study showed a true lipase activity (1,15). These results
were similar to those presented by lipase from Fusarium
oxysporum f. sp. lini (6). On another hand, Rapp (15) found
different properties for lipase from Fusarium oxysporum f. sp.
vasinfectum, which presented higher hydrolysisactivity toward
trilaurin at pH 5.0 and 45°C, and it was not very thermostable.
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Figure 2. Effects of temperature on alkaline lipase activity and
stability. The experimentswere performed in triplicate and bars
represent the standard derivation.
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Figure3. Substrate specificitiesof alkalinelipasetoward several
triglycerides. The lipolytic assay was determined at 50°C, pH
8.0, 30 min incubation. The experiments were performed in
triplicate and bars represent the standard derivation.

The enzyme was found to be active on a wide range of
natural substrates of either vegetable or animal origin. It
hydrolyzed various natural lipids at different rates. Thislipase
showed major activity on vegetable oil and higher activity on
corn oil 125% compared to olive oil. Lipolytic activity in milk
creamwas 30% lower thanin oliveoil (Fig. 4).

The effects of various surfactants and commercial
detergents on the alkaline lipase activity were tested at 10%
and 0.1% (w/v). Table 1 showsthat the enzymeis stablein both
ionic and non-ionic surfactants. Tween 40, Tween 80 and
surfactin inhibited up to 30% lipase activity after 1h of
incubation at 30°C. On another hand, Triton X-100 and Triton
X-114 showed an activating effect, as showed to lipase from
F. oxysporum f. sp. lini (6) using Triton X-100. SDS was a
strong inhibitor of Aspergillus caneus (17) and Bacillus
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Figure 4. Levd of hydrolysis activity from different fatty and
oil compared with alive ail (olive oil was taken as 100%). The
lipolytic assay wasdetermined at 50°C, pH 8.0, 30 minincubation.
Theexperimentswere performed in triplicate and barsrepresent
the standard derivation.

Table 1. Relative lipase activity in presence of surfactants and
detergents.

Surfactants/detergents  (%w/v) Relativeactivity (%)
Control? 100.00

Surfactants

Tween 20 10 9B.75
Tween 40 10 8257
Tween 80 10 69.93
Triton X-100 10 110.72
Triton X-114 10 147.39
DS 01 239
Surfactin 1 86.86
Commercial detergents

Omo 01 20.19
VidaPlus 01 4891
Tixan 01 2155
Ace 01 5255
Arid 01 3493
Brilhante 01 2265
Surf 01 31H
Revel 01 3055

All of experiments were done in triplicate and repeated twice;
@ No addition of surfactants and detergents; Activity = 732 U/mL at
40°C and pH 8.0.

thermoleovorans CCR11 (3) lipases, causing almost total
inhibition of enzyme activity. Pocalyko and Tallman (14) have
studied the adverse effect of SDS on the activity and stability
of cutinase. They suggested that SDS causes local
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conformation changesin the active site that result in inhibition,
partial reversible unfolding, and subsequent inactivation.
Lipases are diverse in their sensitivity to solvents, but there is
general agreement that polar water immiscible solventsare more
destabilizing than water immiscible solvents (3).

Theeffects of commercial detergents showed different rates
of lipase inhibition at the same conditions as the surfactants,
probably because of commercial detergentscomposition. Rathi
et al. (16) studied the effect of commercial detergentsasAriel,
Wheel, Nirma, Fena, Surf Ultra, Rin Supreme on lipase activity
from Burkholderia cepacia comparing with Lipolase® (Novo
Nordisk, Denmark). They found that thelipase from B. cepacia
exhibited better resistance to commercial detergents (57-80%
residual activity) than Lipolase® (40-80% residual activity) after
1h of incubation at 37°C and pH 11.0. Inthe present results, the
lipase presented 20-52% residual activity, less than presented
by Lipolase®.

CONCLUSION

In conclusion, the lipase from F. oxysporum has several
propertiesof significant industrial importance, in particular, pH
and temperature stability, Cs-Cis Wide specificity. All features
presented by thislipase, activity inakaline pH, high temperature,
resistance to many surfactants, and tolerance to commercial
detergents, make this enzyme a potential additive for detergent
application. Further work to establish what kind of commercial
detergent this lipase can be applied and better application
conditions are necessary to be carried out.
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RESUMO

Caracterizacdo delipasealcalinade Fusarium
oxysporum e o efeito de diferentes surfactantese
detergentes sobreaatividade enzimatica

Atuamente, hAumatendénciade utilizar baixastemperaturas
em limpeza de lavanderia por raz8es ambientais e econdmicas,
situacOes estas que tornam indispensaveis 0 uso de enzimas
em produtos detergentes. Devido as lipases serem excelentes
catalisadoras em solugoes e em interface agua-6leo, elas sdo
potencialmente apropriadas para aplicagdo na remocéo de
manchas de gorduras em lavanderia industrial e detergentes
domésticos. O efeito de diferentes detergentes comerciais e
surfactantes sobre a atividade enziméticadalipase de Fusarium



oxysporum foi observado através de ensaios com p-
nitrofenilpalmitato (pNPP). A enzimafoi compativel comvarios
surfactantes i6nicos e ndo-iénicos como também com
detergentescomerciais. Atividadelipoliticafoi fortementeinibida
por Sulfato Dodecil de Sédio (SDS), masnao por Triton X-100e
Triton X-114. As melhores condicdes de ensaio observadas
paraestalipaseforam pH 8,0 e50°C. A enzimafoi estavel em pH
acalino e manteve 93% da atividade residual durante 1 h de
incubacdo a 60°C. A maior atividade lipoliticafoi medida com
triglicerideos de &cidos graxos de cadeiamédiaelonga (Cs-Cs).
A especificidade hidroliticadaenzimaem vérios dleosegorduras
testadosfoi variavel. Todas estas propriedades e suaresisténcia
avéariossurfactantes etoleranciaadetergentes comerciaisfazem
desta lipase um aditivo potencial para formulacdo de
detergentes.

Palavras-chaves: Lipase alcalina, Fusarium oxysporum,
surfactantes, detergentes
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