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Purification and Characterization of Cold Active Lipase from
Psychrotrophic 4deromonas sp. LPB 4
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A lipase from Aeromonas sp. LPB 4, a psychrotophile isolated from a sea sediment was purified and
characterized. The lipase was purified 53.5 fold to a homogeneous state by acetone precipitation and
QAE sephadex column chromatography and its molecular weight was determined to be 50 kDa by
SDS-PAGE. The enzyme exhibited maximum activity at 10°C and was stable at temperatures lower
than 50°C. This lipase favored substrates containing medium carbon chain of acyl group, while too low
and high carbon chain decreased its activity. The lipolytic activity of purified lipase was slightly
increased by the addition of 0.1% detergent, but decreased by 1% of detergent. Butanol severely
decreased the lipase activity while methanol increased the activity about 15%.

Key words: psychrophile, Aeromonas sp. LPB 4, lipase

Lipases (glycerol-ester-hydrolases, E.C.3.1.1.3.) are carbo-
xyl esterases that hydrolyze glycerides present as aqueous
emulsions. Certain microorganisms are able to utilize lip-
ids of plant and animal origin as the source of carbon and
energy for growth by producing extracellular lipases (Fog-
arty, 1983). New applications of the microbial lipases such
as hydrolysis of fats, transesterfication, stereospecific hy-
drolysis of racemic esters, organic synthesis, and the use of
lipases in detergents have been developed (Mckay et al.,
1993; Gerday et al., 1997; Marshall et al., 1997). Large
area of the earth’s surface is occupied by cold environ-
ments, such as the Arctic, Antarctic, and alpine region, and
abysses. Even under such inhospitable conditions, many
cold-adapted microorganism’s, called psychrophiles, can
grow at 15°C or lowter, whereas psychrotroph is essen-
tially a mesophilic microorganism that can also grow
under cold conditions below 15°C (Morita, 1975; Takeshi
et al., 2001). The cold adaptation of these microorganisms
is likely to be due to, at least in part, their ability to pro-
duce cold-active enzymes which exhibit higher catalytic
activities at low temperatures than their mesophilic and
thermophilic counterparts do (Margesin er al, 1994).
Recently, much attention has been made to the application
of psychrophiles, psychrotrophs, and their cold-active
enzymes in biotechnology (Choo et al., 1998; Kulakova et
al., 1999; Gerday et al., 2000). For example, cold-active
hydrolases such as proteinases, amylases, cellulases and
lipases from microorganisms have been used as additives
in laundry detergent (Margesin et al., 1994). Also, cold-
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adapted microorganisms and their enzymes have been
used as catalysts for organic synthesis of unstable com-
pounds at low temperatures (Langen et al., 1999). Cold-
adapted microorganisms could also be developed as agents
for bioremediation at low temperatures. Bioremediation
(Timmin and Pieper, 1999) is a recently-established tech-
nology that utilizes microorganisms for the restoration of
contaminated environments. In some cases, bioremedia-
tion can be enhanced by adding microorganisms with spe-
cific metabolic functions, a procedure that is refered to as
bioaugumentation. (Tanaka, S., 1998). In this study, we
isolated a psychrotrophic bacterium, Aeromonas sp. LPB
4, from Sapkyo sea sediment, Korea, and the lipase was
purified from this bacterium and characterized.

Materials and Methods

Enrichment and screening of psychrotrophic lipase pro-
ducing bacteria

For screening of psychrotrophic lipase producing bacteria,
enrichment cultivation was done from Sapkyo sea sedi-
ment, Korea. Enrichment culture contained 100 ml of LB
(10 g of tryptone, 5 g of yeast extract, 10 g of NaCl per
liter), 1 g of Sapkyo sea sediment, and 1% (v/v) of tribu-
tylin (Sigma, USA) as lipase substrate. After 30 days of
enrichment cultivation at 10°C at 150 rpm, enrichment cul-
ture broth was diluted with cold distilled water and 100 pl
of the 1/000 diluent was spread on tributylin-LB agar (LB
agar containing 1% (v/v) of tributylin) and cultivated at
10°C. Psychrotophic bacterial colony appeared after 3 days
and lipase producing bacteria was indentified by the tribu-
tylin-hydrolyzed clear zone after 5 days (Anaet al., 1997).
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Identification of isolated bacteria

For identification of isolated bacterium, 16S rDNA se-
quencing was done. The degenerated primer based on
conserved sequence of 16S rDNA was used to amplify
16S rDNA from isolated bacterium using PCR. Nucle-
otide sequence of forward primer, called N16sF, was 5'-
AGA-GTTTGATCMTGGCTCAG-3' (posed at 27 on 16S
rDNA) and sequence of reverse primer, called N16sR,
was 5'-GGYTACCTTGTTACGACTT-3' (posed at 1492
on 16S rDNA). 1.4kb PCR fragment was ligated into
pGEM-T easy vector (Promega), and generated pl 6DNA
was sequenced by BIONEX (Korea).

Enzyme purification

Aeromonas sp. LPB 4 was cultured by shaking at 200 rpm
for 5 days at 10°C using 500 ml baffled flask containing
100 ml of LB, and then transferred to a 15 L jar with a
working volume of 10 L of LB. The cells were grown for
8 days at 10°C, and the airflow rate was 1 vvm using air
compressor. To purify the lipase, the culture supernatant
was collected from culture broth by centrifugation (6000
g, 4°C, 10 min). The supernatant was precipitated by add-
ing cold-acetone up to 70% (v/v) concentration of ace-
tone. After centrifuging at 4°C and 6000 rpm for 30 min,
the precipitate was resuspended in 50 ml of 50 mM Tris-
Cl (pH 7.0) and dialyzed against 3 changes of 5 L of 50
mM Tris-Cl (pH 7.0) overnight. The protein solution after
dialysis was applied onto QAE sephadex column (Phar-
macia), pre-equilibrated with 50 mM Tris-Cl buffer, pH
7.0, and eluted with step gradient of ON, 0.1 N, 0.2 N,
0.3N, 0.4 N, and 0.5 N NaCl. The active fractions were
collected and then concentrated by ultrafiltration using
YM30 (Amicon).

Lipase activity assay

Generally, lipase activity assay was performed using p-
nitrophenyl substrate as described by Winkler and Stuck-
mann (Winkler and Stuckmann, 1979) with some modifi-
cations. In brief, the reaction mixture consisted of 135 ul
of 0.4% (w/v) Triton-X (Sigma), 0.1% (w/v) gum Arabic
(Sigma) in 50 mM Tris-Cl buffer, pH 7.0) and 15 ul of
substrate (16.6 mM p-nitrophenyl substrate in 2-propanol).
The mixture was pre-reacted at 10°C for 10 min and 50 pl
of enzyme solution was subsequently added. After 30 min
of incubation at 10°C, the color change was measured at
405 nm using multi-well plate reader (BIOTEK). One unit
(U) of lipase activity was defined as the amount of enzyme
that released 1 umol of p-nitrophenol per min. For routine
enzyme assay, p-nitrophenyl carproate (Sigma) was used
as a lipase substrate. Protein concentration was measured
by the method of Bradford (Bradford, 1976) with bovine
serum albumin as a standard.

Electrophoretic analysis
Proteins were analyzed by sodium dodecyl sulfate-poly-
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acrylamide gel electrophoresis (SDS-PAGE) with a 12%
polyacrylamide resolving gel and a 4% polyacrylamide
stacking gel (Laemmli, 1970). SeeBlue® Plus2 (Invitro-
gen) was used as protein molecular size marker. When
activity staining was performed, the sample was not
boiled, and after electrophoresis, SDS was removed by
washing the gel once for 20 min with 20% isopropanol
and then twice for 10 min with distilled water. For lipase
activity detection, the gel was transferred to a 1.3% agar
plate containing 1% tributylin, 25 mM Tris-Cl (pH 7.0),
and 5 mM CaCl,. After incubation for 6 h at 10°C, lipase
was visualized as clearing bands of tributylin hydrolysis
(Patricia et al., 1997)

Specific activity of purified lipase on different carbon
chains

For determination of the enzyme specificity on carbon
chain numbers, the following substrates (Sigma) were
used: p-nitrophenyl acetate (C2), p-nitrophenyl propi-
onate (C3), p-nitrophenyl butylate (C4), p-nitrophenyl
carproate (C6), p-nitrophenyl carprate (C10), p-nitrophe-
nyl laulate (C12), and p-nitrophenyl palmitate (C16).

Effect of temperature, organic solvents, detergents, and
various chemicals on activity and stability of lipase

The relative activity of Aeromonas sp. LPB 4 lipase at
various temperatures (0~100°C) was measured by using
the standard procedure described above. To determine
thermal stability, the enzyme samples were incubated in
50 mM Tris-Cl buffer (pH 7.0) at the each temperatures (0
~100°C) for 30 min, cooled on ice, and then the residual
activity was measured. Effect of detergents on lipase
activity was analyzed by incubation of enzyme for 1 hr at
10°C in 50mM Tris-Cl buffer (pH 7.0) containing 0.1% or
1% (w/v) detergent. The control contained no detergent.
Activity was measured at the beginning and at the end of
incubation by the photometric assay with fi-nitrophenyl
carproate as a substrate. The detergent concentration in
the assay mixture was 0.005 and 0.05%, respectively. The
effect of organic solvents, 50% (v/v), on lipase was ana-
lyzed in a similar way to the effect of detergents. The
mixture was incubated for | h at 10°C and the control
contained no organic solvent. The solvent concentration
in the assay mixture was 0.2% (w/v). The influence of
various chemicals on lipase was determined by incubating
of the enzyme for 1 h at 10°C in 50 mM Tris-Cl (pH 7.0)
containing the reagent to be determined. Residual activity
was measured by the photometric assay with fi-nitrophe-
nyl carproate as a substrate.

Results and Discussion

Isolation and identification of psychrotrophic lipase pro-
ducing bacteria
To 1isolate psychrotrophic lipase producing bacteria,
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enrichment cultivation was performed with Sapkyo sea
sediment as described in Materials and Methods. After
enrichment cultivation, thirty candidates which hydro-
lyzed tributylin during 5 days of incubation on tributylin-
LB agar were isolated. They were re-screened on tribu-
tylin-LB agar and the bactertum forming the largest clear
zone was selected. 16S rDNA sequence of isolated bac-
terium exhibited the highest similarity to that of a marine
bacterium Aeromonas hydrophila (95% homology). A
marine bacterium Aeromonas hydrophila can grow at var-
ious temperatures between 4~37°C and produce lipolytic
enzyme (Pemberton ef al., 1997). And habitat of this bac-
terium is mainly sea sediment and colony of that is very
viscous on agar plate because of lipopolysaccharide of
this bacterium (Pemberton et al., 1997). Isolated bacte-
rium in this research showed the same characteristics. So
the isolate was named as Aeromonas sp. LPB 4, for lipase
producing bacterium 4. Aeromonas sp. LPB 4 could grow
at temperature 4, 10, 20, and 30°C but not at temperature
over 30°C on LB agar unlike Aeromonas hydrophila
researched. So this bacterium may be a psychrotrophic
bacterium. The production of lipase from Aeromonas
hydrophila (Nieto et al, 1987; Thornton et al, 1988;
Anguita et al., 1993; Eggset et al,, 1994; Pongtharin, et
al., 1997;Yin et al., 1997) was maximum at 30°C. But
production of lipase from Aeromonas sp. LPB 4 was max-
imum at 10°C. The reason of different production of
extracellular lipase by Aeromonas sp. LPB 4 compared to
other Aeromonas hydrophila (Nieto et al., 1987; Thornton
et al., 1988; Anguita et al., 1993; Eggset et al., 1994;
Pongtharin et al., 1997;Yin et al., 1997) considered either
by temperature-dependent production of it or the extra-
cellular lipase from Aeromonas sp. LPB 4 is thermolabile
(Naeem et al., 2001).

Purification of the lipase from Aeromonas sp. LPB 4

The extracellular lipase activity was the highest when Aer-
omonas sp. LPB 4 was grown at 10°C for 8 days in LB
medium. For purification of lipase from Aeromonas sp.
LPB 4, we performed 10 L cultivation at 10°C for 8 days.
The cell free supernatant was precipitated by cold acetone
after centrifugation. After dialysis against 50 mM Tris-Cl,
pH 7.0, the protein sample was applied onto QAE sepha-
dex column and fractionated by step gradient. The active
fraction was eluted by the 50 mM Tris-Cl, pH 7.0, con-
taining 0.2 N NaCl and concentrated by ultrafilteration.
After acetone precipitation and QAE sephadex chromatog-

Table 1. Purification of lipase from Aeromonas sp. LPB 4.
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SDS-PAGE

Activity staining

Fig. 1. Electrophoretical analysis of purified lipase from Aeromonas sp.
LPB 4. Left panal showed SDS-PAGE and right panal showed zymo-
gram with tributylin as a substrate. In zymogram, the reaction was per-
formed at 10°C overnight.

raphy, the enzyme was purified 53.5 fold to homogeneity
with 7.5% yield (Table. 1). Two major protein bands were
displayed after acetone precipitation on SDS-PAGE (Fig.
1) but a single protein band of 50 kDa after QAE sephadex
chromatography. The zymographic analysis indicated
lipolytic activity was associated with the 50 kDa band in
both acetone precipitated proteins and the active fraction
concentrate after QAE sephadex chromatography. Lipoly-
tic activity of this protein was also detected on Native
PAGE (data not shown). Lipases from Aeromonas sp., A.
hydrophila MCC-2 (Yin et al., 1997), A. sorbia LP004
(Pongtharin et al., 1997), A. hydrophila (Nicto et al.,
1987), A. hydrophila (Thornton et al., 1988), A. salmoni-
cida (Eggset et al., 1994), and A. hydrophila (Anguita et
al., 1993) were sized at approximately 80, 97, 15.5, 31,
26, and 72 kDa. But there have been no report on 50 kDa
size of cold active lipases researched (Feller e al,, 1990;
Mayorodomo et al., 2000; Suzuki et al., 2001; Alcuati et
al., 2002) except a low temperature lipase, psychrotrophic
Pseudomonas sp. KB700A (Naeem et al.,, 2001).

Biochemical characterization of purified lipase

Generally, lipase activity showed different patterns
depending on carbon chain length of acyl group. To deter-
mine the effect of carbon chain length of group on lipase

Step Total protein (mg) Total activity (U*) Specific activity (U/mg) Yield (%) Purification fold
Culture broth (15 /) 2059 800 1.5 100 1
Acetone precipitation 224 138 14.7 17.3 9.8
QAE sephadex 16 60 80.3 1.5 535

*means {mole of p-nitrophenol released per min,
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activity, various p-nitrophenyl substrates with different
carbon chain lengths were used; p-nitrophenyl acetate
(C2), p-nitrophenyl propionate (C3), p-nitropheny! buty-
late (C4), p-nitropheny! carproate (C6), p-nitrophenyl car-
prate (C10), p-nitrophenyl laulate (C12), and p-nitro-
phenyl palmitate (C16). The lipase showed high activity
when p-nitrophenyl propionate (C3 acyl group) and p-
nitropheny! carproate (C10 acyl group) were used as sub-
strates (Fig. 2). Thus medium chain acyl group p-nitro-
phenyl! esters seemed to be good substrates for the purified
lipase, while too short chain length of acyl group of p-
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Fig. 2. Substrate specificity on different carbon chains of acyl group.
Reaction was performed at 10°C for 30 min. C-2, C-3, C-4, C-6, C-10,
C-12, and C-16 mean chain length of acyl group of substrate used . Sub-
strates used were p-nitrophenyl acetate (C2), p-nitrophenyl propionate
(C3), p-nitrophenyl butylate (C4), p-nitrophenyl carproate (C6), p-nitro-
phenyl carprate (C10), p-nitrophenyl laulate (C12), and p-nitrophenyl
palmitate (C16). The data represent three separate experiments.
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Fig. 3. Effect of temperature on the activity and stability of purified
lipase from Aeromonas sp. LPB 4. Enzyme activity was assayed at
each temperature (@). For thermal stability experiments (O), the
enzyme was preincubated at indicated temperature for 30 min and the
remaining activity was subsequently determined. The experiment was
performed three times.
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nitropheny! esters, such as p-nitrophenyl acetate (C2 acyl
group), or p-nitrophenyl esters consisted of too long chain
of acyl group more than C10 were poor substrates. This
type of substrate specificity depending on the length acyl
group was similar to lipase from 4. hydrophila MCC-2
(Yin et al., 1997). To determine the temperature effect on
purified lipase, enzyme assay was performed at 4, 10, 20,
30, 40, 50, 70, and 100°C using p-nitrophenyl carproate
(C6) as a substrate. The activity of purified lipase was sim-
ilar at all temperatures tested (Fig. 3). The purified lipase
was stable up to 50°C but stability of it decreased dramat-
ically over 50°C (Fig. 3). Thus it was more active up to
50°C than other lipases from another Aeromonas sp. in
terms of stability and activity at different temperatures
(Yin et al., 1997; Pongtharim et al., 1997). And it was
interesting that purified lipase from Aeromonas sp. LPB 4
maintained the lipolytic activity at low temperature. The
activity of the cold enzyme presents an apparent optimal
activity around 35°C and retains about 20% of its activity
at 0°C, whereas the activity of the mesophilic lipases is
close to zero at temperatures below 20°C and increases at
temperatures above 60°C (Gerday et al., 1997). So we sug-
gest that the lipase of Aeromonas sp. LPB 4 has the char-
acteristic of cold adapted enzyme. And lipase from
Aeromonas sp. LPB 4 may be better in application to low
temperature and more stable alternative to other lipases.
The effects of various detergents on the purified lipase are
shown in Table 2. In general, we observed an increase in
lipase activity with the addition of detergents. Interestingly,

Table 2. Effect of various detergents on activity of purified lipase from
Aeromonas sp. LPB 4.

Detergent Concentration (%, w/v) Relative activity (%)*
Control 0 100+0.1
. 0.1 119£0.2
Brij30
1 1024+0.5
0.1 131£0.3
Tween 80
1 104+0.4
. 0.1 121+0.5
Triton X-100
1 105+0.6
0.1 119+0.7
SDS
1 109+0.5

*This experiment was performed triple.

Table 3. Effect of various solvents on activity of purified lipase from
Aeromonas sp. LPB 4.

Solvent Concentration(%, v/v)  Relative activity*
Control 0 100+0.1
Methanol 50 125+0.3
Ethanol 50 86+0.2
Isopropyl alcohol 50 67+0.4
Butanol 50 16+0.3

*This experiment was performed triple.
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Fig. 4. Effect of various chemicals on activity of purified lipase from
Aeromonas sp. LPB 4.

there was a 31% increase in activity when 0.1% (w/v)
tween 80 was added. However, when detergent concentra-
tion increa-sed from 0.1% to 1%, the activity of the puri-
fied lipase slightly decreased. The activity of the purified
lipase was decreased by the addition of 50% of organic
solvents except methanol (Table 3). In the presence of 50%
of methanol, the activity increased by 25% but signifi-
cantly decreased in the presence of 50% of butanol. Sev-
eral lipases showed enhanced lipolytic activity in the
presence of Ca” and hence called Ca® dependent metal-
loenzyme (Matsumae and Shibatani, 1994). No influence
on the lipase by 1 mM divalent cations, as Ca*", Mg”", and
Mn?” was observed after 1 h of incubation at 10°C (Fig. 4).
So purified lipase may not be a Ca*"-dependent lipase or a
metalloenzyme.
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