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ABSTRACT

The extracellular protease-production capacity of 33 bacterial isolates taken from marine biotopes in King George
Island, Antarctica, was evaluated in liquid cultures. The P96-47 isolate was selected due to its high production capac-
ity and was identified as Pseudoalteromonas sp. The optimal growth temperature was 20 °C and the optimal for
protease production was 15 °C. Proteases were purified from culture supernatants, developing a multiple-band profile
in zymograms. They were classified as neutral metalloproteases and worked optimally at 45 °C with an E_ , of 47 kJ/
mol. Their stability was higher at neutral pH, retaining more than 80% of activity at pH 6-10 after 3 h incubation at 4 °C.
After 90 min incubation at 40 and 50 °C, the percentages of residual activities were 78% and 44%. These results
contribute to the basic knowledge of Antarctic marine proteases and also help evaluate the probable industrial appli-
cations of P96-47 proteases.
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RESUMEN

Proteasas extracelulares de la cepa marina antartica Pseudoalteromonas sp. P96-47. La capacidad productora
de proteasas extracelulares de 33 aislamientos bacterianos tomados de biotopos marinos en la Isla Rey Jorge,
Antartida, fue evaluada en cultivo liquido. El aislamiento P96-47 fue seleccionado debido a su alta capacidad productora
y fue identificado como Pseudoalteromonas sp. La temperatura 6ptima de crecimiento fue de 20 °C y la de produccién
de 15 °C. Las proteasas fueron purificadas a partir del sobrenadante de cultivo, y en los zimogramas desarrollaron un
perfil de miltiples bandas. Estas proteasas fueron clasificadas como metaloproteasas neutras y se observé que
trabajan 6ptimamente a 45 °C, con una E, , de 47 kJ/ mol. Su estabilidad fue superior a pH neutro y retuvieron mas del
80% de su actividad a pH 6-10 después de 3 h de incubacién a 4 °C. Luego de 90 min de incubacioén a 40 y 50 °C, las
actividades residuales fueron 78% y 44%, respectivamente. Los resultados que se presentan en este trabajo contribuyen
al conocimiento béasico de las proteasas marinas antarticas y también a evaluar las probables aplicaciones industria-
les de las proteasas de P96-47.
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INTRODUCTION

Extreme environments are very particular sites. The
microorganisms that are able to live under the harsh physi-
cochemical conditions of those places have their biochem-
istry adapted to work optimally in the biotopes where they
thrive. The Antarctic continent is one of the coldest areas
on earth and in several of its environments (such as
seawater, marine sediments and sea ice) the tempera-
ture is approximately constant throughout the whole year.
In these places, bacterial microbiota is adapted to live in
the cold and to resist freezing and thawing cycles. The
enzymes produced by these microorganisms work more
efficiently at low temperatures than the corresponding
mesophilic and thermophilic ones (6, 9, 12).

In marine environments, several bacterial groups play
a key role in the degradation of organic matter whereas

others are responsible for a significant fraction of the pri-
mary production contributing to the cycling of C, N and P
(3).The enzymes produced by these organisms take part
in these processes and, therefore, their isolation and study
are of great importance not only for the comprehension
of their biochemical characteristics and their activity in
situ but also for the probable relevance in many different
industrial applications. Cold-active enzymes can be used
in food processing, the leather industry, laundry powders
for cold-water washing, waste treatment and as cleaning
agents in cold environments, among other uses (2, 22).

The y-Proteobacteria group comprises several genera
which include species which are reported as dominant in
marine environments (4). Among these genera, the
Pseudoalteromonas species are worth noticing. The ge-
nus has several marine species which are able to pro-
duce a variety of bioactive compounds, including extra-
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cellular enzymes. This ability enables them to compete
for nutrients, colonize surfaces, live in association with
other organisms and assimilate complex organic com-
pounds (11). Extracellular proteases represent one of the
most important groups of hydrolytic enzymes and the
Pseudoalteromonas species are known to produce
exoproteases, which mainly act in algae and organic
matter degradation (13, 15, 16, 20).

Aiming at improving the basic knowledge on this mat-
ter and keeping in mind the industrial interest in cold-
adapted proteases, this work was conducted with the
purpose of isolating and generally describing protease-
producing marine bacteria from Antarctica, focusing on
the characterization of the proteases produced by one
Pseudoalteromonas sp. strain.

MATERIALS AND METHODS

Isolation of microorganisms

Isolates were obtained from samples of marine water,
sediment or dead marine animals as previously described (23,
24).

P96-47 strain was selected among 33 marine protease-
producing isolates as a producer of high levels of cold-adapted
proteases in submerged culture. This strain was identified at
genus level by using molecular techniques, as elsewhere
described (19).

Bacterial cultures

The strains were grown in marine nutrient broth CM1 (Oxoid,
Ltd, Basingstoke, Hampshire, England) supplemented with 0.3
g/l CaCl,.2H,0, pH 8.0 and prepared with 100% v/v artificial
seawater (17). From each isolate, duplicate cultures of 60 ml in
300-ml flasks were inoculated with 1% (v/v) of a subculture and
incubated at 20 °C and 240 rpm on a rotary shaker until they
reached the stationary phase of growth (24). The effect of
temperature on growth and protease secretion was evaluated
on cultures incubated at 15, 20 and 28 °C. The maximal specific
growth rate (y . ) at each temperature was established by linear
regression analysis in order to determine the slope of the linear
part of the semilogarithmic plot of dry weight against time.
Protease secretion at each time was estimated by measuring
the proteolytic activity in the culture supernatants of the samples,
as described below.

Protease detection

Proteolytic activity was measured by digestion previously of
azocasein (Sigma, St.Louis, USA) according to the method
previously described (24). One EU was defined as the amount of
enzyme that produces an increase of 0.100in A, under the assay
conditions. Two commercial proteases were used as standard:
Metalloprotease Type IX P6 141 (Sigma) and Subtilisin Type VIII
P5380 (Sigma, St. Louis, USA). Protease profiles were developed
in zymograms after electrophoresis (SDS-PAGE) of cell-free culture
supernatants, using gelatin as a copolymerized substrate (10).
Proteolytic activity was evident as gelatin-depleted bands.

Biochemical purification

For their characterization, a solution containing the P96-47
proteases was obtained from culture supernatant by concentrating
the fluid by tangential ultra filtration and subsequent passage
through a XK 26/20 (Amersham Pharmacia Biotech, Uppsala,
Sweden) column containing S-Sepharose Fast Flow resin as
previously described (25). Other purification methods were tried,
such as hydrophobic interaction chromatography (HIC) with
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Phenyl Sepharose and Octyl Sepharose resins, immobilized
metal ion affinity chromatography (IMAC) with Ni?*, Cu?* and Zn?
ions, anion exchange chromatography (AEC) with Q (pH 10.0)
and DEAE (pH 8.0 and 9.0) resins and cation exchange chroma-
tography (CEC) with Sulfopropyl resin (pH 5.0). These methods
were not able to separate active bands and, in addition, gave a
low or null recovery of the proteolytic activity. Total protein content
was measured by the bicinchonic acid method (21) using the
commercial kit BCA (Pierce, Rockford, lllinois, USA). Purity was
checked before and after purification by non-reducing SDS-PAGE
stained with Coomassie Blue R250 0.1% in a solution of 30:10:60
methanol, acetic acid, water.

Effect of temperature and pH on activity and stability

The effect of pH on protease activity and stability was
determined by using the standard protease assay as previously
described (24). For determination of the apparent optimal
temperature (OT), the proteolytic activity was measured at various
temperatures ranging from 0 °C to 60 °C and pH 8.0. Apparent
activation energies (E, ) were calculated from the linear portion
of Arrhenius plots as described by Pirt (18). For the evaluation of
the effect of temperature on enzyme stability, the proteases were
incubated at pH 8.0 for 1 h (enzyme assay buffer) at temperatures
ranging from 10 to 60 °C. Following, the enzyme solutions were
cooled and the residual activity was measured at 20 °C using
the standard protease assay. In addition, the proteases were
incubated at 40 °C and 50 °C for various periods. Afterwards,
the mixtures were rapidly cooled and the residual activities were
determined by using the standard protease assay. The half time
of thermal inactivation (t) was calculated as the incubation time
at which the protease retains 50% of its maximal activity at a
given temperature (14).

Effect of inhibitors and metal ions

The effect of protease inhibitors (10 mM each): PMSF, 2,2-
bipyridil, 1,10-phenantroline, EDTA and cystein, as well as of
metal ions (1 mM each): Zn%, Hg?', Cu? and Ni* was
investigated. The proteases were incubated with each of the
reagents at 20 °C and pH 8 for 1 h. The residual activities were
determined by using the standard protease assay.

RESULTS

Characterization of strains

Of the 33 heterotrophic, aerobic, psychrotolerant ma-
rine isolates, the majority of them were non-spore form-
ing gram-negative rods (Table 1). All of them were able
to produce extracellular proteases detected as clear zones
of casein hydrolysis around colonies in skim-milk agar
plates. The P96-47 isolate was the best protease pro-
ducer and was selected for the characterization of its
proteases. It was identified at genus level by comparison
of the partial sequence (5’-end, 493 bp) of the 16S-rDNA
gene with sequences deposited in the databases. P96-
47 was identified as Pseudoalteromonas sp., with 98.3%
identity with Pseudoalteromonas sp. AS-41, AJ391202
and 96.9% identity with Pseudoalteromonas aliena KMM
3562, AY387858 (type strain) in the RDP database (1).

Growth, protease secretion and temperature
dependence of proteases

When all the isolates were grown at 20 °C in liquid
culture, the maximal growth was observed after 24-48 h
of incubation. Also, protease secretion started at the be-
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ginning of the stationary phase of growth, reaching its
maximum in the late stationary phase (48-72 h), for al-
most all the isolates. In any culture, the increase in pro-
teolytic activity correlated with a decrease in biomass lev-
els, suggesting that the activities appearing in culture
supernatants did not come from inside the cells as a re-
sult of bacterial lysis. The levels of biomass and proteo-
lytic activity at the end of cultures are shown in Table 1.
Three isolates failed to secrete detectable amounts of

protease, even when they produced casein hydrolysis in
skim-milk agar plates.

The dependence of proteolytic activity on temperature
for hydrolysis of azocasein was determined for the cell-
free culture supernatants after centrifugation of cultures.
The optimal temperature for activity was determined be-
tween 40 and 50 °C for all proteases. The E__, values for
proteolytic activity were variable and, for some crude pro-
tease extracts, about 10-20 kJ/mol lower than those ob-

Table 1. Growth and proteolytic activity levels reached after 72 h of culture of the Antarctic marine bacteria isolated from

different samples and optimal temperature for activity (TO) and activation energies (E

are expressed as the average of duplicates + SD.

) of the proteases produced. Values

act:

Strain Morphology and Gram Source Biomass Proteolytic activity TO E,x
stain (gl (U/ml) (°C) (kd/mol)

91 Gram-negative cocci fish stomach 0.54+0.03 0.07 £0.01 50 36
273 Gram-negative rods fish tegument 4.09+0.04 0.06 +0.01 50 49
337 Gram-negative rods fish tegument 0.88+£0.05 1.00+0.04 50 55
435 Gram-negative rods fish tegument 0.09 +£0.02 0.01+0.00 50 44
814 Gram-negative rods sea water 0.07 £0.01 1.15+0.05 40 40
Ele-2 Gram-negative rods dead elephant seal 3.09+£0.04 2.10+£0.09 40 40
Ele-3 Gram-negative rods dead elephant seal 3.32+0.03 1.20 £0.05 40 54
Piel-1 Gram-negative rods fish tegument 0.08 £0.02 1.00+0.04 40 40
Prot-4 Gram-negative cocci sea water 2.40+0.02 2.50+0.11 50 49
Prot-5 Gram-negative rods sea water 1.56 +0.01 1.36 £0.06 45 51
Prot-8 Gram-negative rods fish tegument 2.24+0.01 4.86+0.21 40 49
Prot-11 Gram-negative rods dead elephant seal 1.76 £0.02 0.10 £0.00 40 49
Prot-12 Gram-negative rods fish tegument 2.05+0.01 4.58+0.20 55 58
Prot-14 Gram-negative rods fish tegument 2.15+0.02 3.93+0.17 45 46
P95-26 Gram-positive spore-

forming rods marine sediment 1.83+ 0.06 Non detectable - -
P95-27 Gram-positive spore-

forming rods marine sediment 1.90 £0.07 5.35+0.23 >50 52
P95-28 Gram-positive spore-

forming rods marine sediment 1.85+0.06 6.03 £0.26 >50 52
P96-1 Gram-positive rods sea water 1.25+0.04 7.00£0.30 45 37
P96-3 Gram-negative rods sea water 1.18+0.04 12.90+0.55 45 38
P96-25 Gram-negative rods marine sediment 1.05+0.04 Non detectable - -
P96-26 Gram-positive rods marine sediment 1.16 +0.04 Non detectable - -
P96-45 Gram-negative rods sea water 1.30 £0.05 7.84+0.34 45 50
P96-46 Gram-negative rods sea water 1.12+0.04 2.72+0.12 45 55
P96-47 Gram-negative rods sea water 1.05+0.04 67.04 +£2.88 45 a7
P96-48 Gram-negative rods sea water 1.75+0.06 11.20+£0.48 45 50
P96-49 Gram-positive rods sea water 1.62+0.06 7.00+0.30 40 50
P96-50 Gram-negative rods sea water 2.06 £0.07 19.00+1.20 40 48
P96-51 Gram-negative rods fish stomach 1.32+0.05 5.84+0.25 40 87
P96-52 Gram-negative rods fish tegument 1.16 +0.04 8.80+0.38 40 74
P96-53 Gram-negative rods fish intestine 1.24+0.04 4.28+0.18 40 55
P96-54 Gram-negative rods fish intestine 1.50 £0.05 1.24 £0.05 40 76
P96-55 Gram-negative rods fish intestine 1.42+0.05 14.80 +0.64 45 29
P96-56 Gram-negative rods fish tegument 1.26 £0.04 15.68 £0.67 45 49
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served for the mesophilic commercial protease Subtilisin
(60 kJ/ mol). The pattern of proteolytic activity developed
by culture supernatants on gelatin-SDS-PAGE mainly
showed multiple-band profiles, with only two isolates from
a dead elephant seal skin, which revealed only one band.

On the basis of its behavior towards temperature of the
proteases present in crude extract and the considerable
high levels of proteolytic activity detected at the end of cul-
ture, the P96-47 isolate was selected for further characte-
rization of the proteases produced. P96-47 was able to grow
from 15 to 28 °C but not at 34 °C, proving to be psychroto-
lerant. The optimal growth temperature was 20 °C (growth
rate 1.4 /h, biomass 2.6 g/l), but the highest proteo-
lytic activity in culture supernatant (63.2 EU/ml) and the
maximum protease production yield (33.3 EU/g) were
reached at 15 °C.

Preparation of P96-47 proteases for further
characterization

After production in liquid culture at 20 °C for 72 h, reach-
ing a proteolytic activity of 67.1 EU/mI, the proteases
present in culture supernatant were concentrated by tan-
gential ultra filtration with a recovery of 100% of proteo-
lytic activity and a purification factor of 1.5. The concen-
trate was further purified to separate the contaminant pro-
teins (components of culture media and other bacteria-
derived proteins without proteolytic activity) by cation ex-
change chromatography and gel filtration with a recovery
in protease activity of 27% (2.4-fold final purification). The
specific activity of proteases in the obtained solution was
of 4330 EU/mg protein.

After trying several methods (mentioned in the Materi-
als and Methods section), no one was able to separate
the different active bands observed in zymograms. S-
sepharose chromatography was finally used because it
gave the best results (higher recovery and concentration
of proteolytic activity). The major peak of proteins that
appeared in the elution profiles was coincident with the
peak with proteolytic activity. Nevertheless, as mentioned
above, SDS-PAGE and zymogram of the single peak with
proteolytic activity showed that the methods used were
effective in removing most of the contaminating proteins
but not in separating the five active bands present in the
zymogram of crude extracts (Figure 1). These active
bands had molecular masses of 52, 43.5, 41, 40 and 30.5
kDa. Even when the bands developed in the zymograms
were clearly visible, no bands with molecular masses
corresponding to those of the proteases could be observed
in SDS-PAGE of the culture supernatant, which indicated
that proteases have high activity but are present at low
mass concentration. This fact made it necessary to con-
centrate the supernatant by ultrafiltration and to subse-
quently apply a purification method that concentrates the
sample instead of other methods such as gel filtration,
which dilute the purified proteins. As a result, a solution
containing a mixture of proteins with proteolytic activity
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Figure 1. (a) Zymogram (SDS-PAGE with copolymerized gelatin)
of P96-47 proteases present in culture supernatant. Gel was
stained with Amidoblack 1% w/v in a solution of 30:10:60
methanol, acetic acid, water, (b) Non-reducing SDS-PAGE of
concentrated culture supernatant (1) and of the pooled fractions
with proteolytic activity after cation exchange chromatography
(2). Gels were stained with Coomassie Blue R250 0.1% in a
solution of 30:10:60 methanol, acetic acid, water.

(that could not be separated) but without the contami-
nant proteins coming from the culture media was obtained
and further characterized as a whole.

Effect of temperature and pH on activity of P96-47
proteases

For P96-47, the optimal proteolytic activity was regis-
tered at neutral and slightly alkaline pH. The pH-depend-
ence profile showed maximal activity between pH 7.0 and
pH 9.0, with relative activity above 50% between pH 6.0
and 10.0, and more than 80% between pH 7.0 and 9.0
(Figure 2a).
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Figure 2. Effect of pH (a) and temperature (b) on activity of
Antarctic Pseudoalteromonas sp. P96-47 protease. (8) P96-47;
(m) dotted line, Metalloprotease Type IX P6 141 and (a) dotted
line, Subtilisin Type VIII P5380.

The thermal-dependence profile of P96-47 proteases
appears to have more than one peak, probably corre-
sponding to the response of more than one protease with
different temperature dependence for their activity. The
apparent optimum temperature for activity towards
azocasein of the purified proteases was observed at
45 °C, a lower value than those registered for the com-
mercial proteases used as reference. One important char-
acteristic is that the proteases displayed above 70% of
relative activity on the broad range of temperatures com-
prised between 35 °C and 60 °C (Figure 2b). The
Arrhenius law was followed between 10 and 45 °C and

Figure 3. Effect of pH (a) and temperature (b) on stability of
Antarctic Pseudoalteromonas sp. P96-47 protease. Enzymes
were incubated at 4 °C for 3 h at different pH (a) and at different
temperatures for 1 h (b) and the residual activities were measured
at 20 °C and pH 8. (e) P96-47; (m) dotted line, Metalloprotease
Type IX P6 141 and (a) dotted line, Subtilisin Type VIII P5380.

the apparent E, , was 47 kJ/mol. This value is lower than
those obtained from the commercial mesophilic Meta-
lloprotease (58 kJ/mol) and the subtilisin (60 kJ/maol),
tested under the same conditions.

Effect of pH and temperature on stability of P96-47
proteases

The stability of P96-47 proteases was higher at neu-
tral pH, retaining more than 80% of the maximal activity
at pH ranging from 6.0 to 10.0 after incubation of 3h at 4 °C.
At pH 5.0 and 11.0, 60-70% of relative activity was still
conserved, being the P96-47 proteases more active at
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Figure 4. Effect of temperature on stability of Antarctic
Pseudoalteromonas sp. P96-47 protease. Enzymes were
incubated at pH 8 and at 40 °C (a) and 50 °C (b) for the indicated
periods. The residual activities were measured at 20 °C and pH
8. (e) P96-47, (W) dotted line, Metalloprotease Type IX P6 141
and (a) dotted line, Subtilisin Type VIII P5380.

pH 4.0 than the commercial metalloprotease and subtili-
sin, tested under the same conditions. Nevertheless, at
pH 12.0, only 10% of relative activity could be detected,
as well as for the neutral metalloprotease, while the alka-
line subtilisin was 75% active (Figure 3a).

The stability after 1 h exposure to different temperatures
was similar to that observed for the metalloprotease, but
lower than that displayed by the subtilisin. The maximal ac-
tivity was only retained at temperatures below 30 °C, only
50% was retained at 45 °C and only 10% at 60 °C, with a
rapid thermal inactivation (Figure 3b). After 90 min of incu-
bation at 40 and 50 °C, the residual activities were 78% and
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Table 2. Effect of inhibitors and metal ions on the activity of
proteases from the Antarctic strain Pseudoalteromonas sp.
P96-47.

Residual activity (%)®

P96-47 M@ S@
PMSF 98 81 0
2,2-bipiridil 113 37 101
o-phenantroline 9 0 86
EDTA 14 0 43
Cystein 16 0 59
ZnCl, 45 0 40
HgCl, 61 0 50
CusO, 36 0 32
NiSO, 22 0 38

MThe residual activities were measured after pre-incubation of the enzymes
for 1 h at 20 °C and pH 8.0 with each compound at the stated concentration;
@ Metalloprotease Type IX P6 141; ©® Subtilisin Type VIII P5380.

44% for P96-47 proteases, while subtilisin retained 90% and
65% of its initial activity. On the other hand, the metallopro-
tease retained 82% and 24%, being more sensitive at 50 °C
than the psychrotolerant proteases (Figure 4a and 4b). At
this temperature, the t of P96-47 proteases was of 65
min, while the metalloprotease had a lower ¢, of 22 min
and the subtilisin a higher value, longer than 90 min (the
final time of the assay).

Effect of inhibitors and metal ions on activity of
P96-47 proteases

The solution of purified proteases was 91% inhibited
by 10mM 1, 10-phenantroline and 86% inhibited by EDTA
(metalloprotease inhibitors), which indicated the presence
of metalloproteases. PMSF and 2, 2-bipyridil did not af-
fect the enzyme and cystein caused 84% of inhibition of
the activity, probably due to the presence of disulphide
bonds essential for keeping an active enzyme conforma-
tion. The presence of 1 mM Zn?*, Hg?*, Cu?* and Ni?* af-
fected the activity of the enzyme solution by 39-78%,
slightly higher than the inhibition of the commercial sub-
tilisin tested under the same conditions, while the
metalloprotease was completely inhibited (Table 2).

DISCUSSION

The description and characterization of the enzymes
produced by extremophilic organisms is relevant not only
for their participation in the natural cycles in the environ-
ment but also for their possible application in industry.
The exploration of biodiversity can lead to the discovery
of not-yet-described enzymes or to the elucidation of the
role enzymes play in their natural biotopes. Bacteria in-
habiting marine environments often produce exoenzymes
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that help them take advantage of macromolecules as
nutrients. Among the proteolytic marine bacteria isolated
from water, sediment and animal samples, gram-nega-
tive rods were predominant. The same was observed for
non-marine environments within the same geographic
area (24). Unexpectedly, the proteases had optimal ac-
tivity at temperatures up to 50 °C higher than the tem-
peratures where the producing organisms live. Also the
E, ., found were in general slightly lower than the values
registered for mesophilic proteases. Even when the natu-
ral environment of the producing bacteria never reaches
temperatures higher than 10 °C, the proteases produced
by them are not fully adapted to work in the cold, having
temperature dependence for activity similar to that found
for proteases produced by mesophilic bacteria. Never-
theless, even when the temperature dependence curves
showed that in situ, the levels of proteolytic activity are
almost negligible at the temperature of the environment
where the producing strains live, nothing can be said about
the performance of the enzymes in their natural environ-
ment, which could be better than that displayed by them
when tested in vitro.

The species comprised in the genus Pseudoalte-
romonas, which exclusively thrive in marine waters all
around the world, have diverse adaptive and survival strat-
egies. They are also frequently found associated to
eukaryotic organisms or to particles of organic matter and
the broad spectrum of bioactive metabolites that they can
produce target a great number of organisms (11). Bacte-
rial psychrophilic and psychrotolerant strains of marine
origin, belonging to the genus Pseudoalteromonas, have
been found to produce a variety of enzymatic activities.
Strains isolated from deep-sea sediment produce cold-
active cellulose (27) and protease (8). A cold B-galactosi-
dase from an Antarctic Pseudoalteromonas haloplanktis
was extensively characterized and produced as a re-
combinant protein in Escherichia coli displaying no al-
terations in its properties (12). A protease with tolerance
to high salt concentrations is produced in high amounts
by a Pseudoalteromonas sp. strain isolated from Span-
ish hypersaline environments (20). Another strain asso-
ciated with the brown algae Fucus evanescens has proved
to produce a variety of metabolic activities (bacteriolytic
and hemolytic activities, gelatinases and caseinases,
lipases, DNAses, fucoidanhydrolases, laminarases,
alginases, pustulanases, p-glucosidases, p-galacto-
sidases and p-xylosidases) (13). Furthermore, other
strains were found to live in association with higher or-
ganisms and to produce inhibitory extracellular agents
as well as compounds which promote the survival of other
marine organisms living in their vicinities (11).

Enzymes produced by Pseudoalteromonas and other
microorganisms during their descent through the water
column, contribute to the progressive degradation of the
organic matter in the sea. They also take part in the min-
eralization processes, which occur close to the bottom,

as in the degradation of detritus in the benthic layer.
Proteases from Pseudoalteromonas species patrticipate
in the lysis of marine algae, as it is described for a strain
isolated from the brown algae Fucus evanescens which
plays a role in the initial stages of algal degradation (13).

The genus Pseudoalteromonas is apparently com-
posed of good producers of a variety of metabolites. It is
reported that the strain Pseudoalteromonas sp. CP76 was
selected as the best protease producer among several
moderate halophiles (20). In this work, P96-47 was se-
lected for being the best producer among all the proteo-
lytic isolates. When growth and protease production were
tested at 15, 20 and 28 °C, maximal proteolytic activity
occurred at 15 °C, while the highest growth rate and maxi-
mal biomass were recorded in cultures incubated at 20
°C, which indicates that P96-47 is psychrotolerant and
that its best physiological condition is reached at tem-
peratures well below the optimal temperature for activity
of the produced proteases (45 °C).

As mentioned above, though P96-47 displayed high
levels of protease production in cultures incubated at low
temperature, the optimum temperature for activity of its
proteases is slightly lower than that of mesophilic
metalloproteases, retaining up to 80% of maximal activ-
ity at 50-60 °C. This fact tells about the adaptation of P96-
47 isolate to live in the cold relying more on the increase
of the amount of high-specific-activity proteases produced,
than on the ability of its enzymes to efficiently work at low
temperatures. This probable strategy was also observed
for the proteases produced by three Stenotrophomonas
maltophilia strains isolated from sub Antarctic soils (26),
in contrast with other proteolytic isolates from the same
area which display optimal activity at lower temperatures
than those found for the corresponding mesophiles (23,
24). Regarding this strategy, Feller and Gerday (5) men-
tioned that in order to compensate for the low kinetic en-
ergy at low temperatures and, thus, support nutrient deg-
radation and uptake, psychrophilic and psychrotolerant
microorganisms can either synthesize cold-efficient en-
zymes or produce high levels of enzymes. In addition,
the thermal dependence curve obtained for P96-47
proteases seemed to be shaped for two superimposed
curves (the activity at 60 °C was confirmed by repeating
the measure three independent times), originated from
the activity of different enzymes in the solution obtained
after purification, which also revealed a multiple band pro-
file in zymograms that may correspond to more than one
protease and/or to isozymes. The producing strain was
isolated from surface sea water. The marine environment
is an oligotrophic habitat where the biosynthesis of more
than one enzyme of a given catalytic type can benefit the
bacteria with the advantage of the ability of using a broad
spectrum of substrates with different efficiencies. From
an industrial point of view, the relevance of this aspect
relies on the fact that the production of proteases with the
P96-47 strain yields a preparation that retains up to 70%
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of its maximal activity in a broad range of temperatures
(35-60 °C).

Usually, bacterial neutral metalloproteases are active
in a narrow pH range (5 to 8) and have relatively low
thermotolerance. Nevertheless, the P96-47 proteases
cover a broad pH range of activity with more than 50% of
relative activity between pH 5 and 11, which extends the
spectrum of possible industrial applications. The thermal
lability can be a desired property in some industrial bio-
technological processes, as they generate less bitterness
in hydrolyzed food proteins than animal proteases do, and
their reactivity can be controlled to produce food hydro-
lysates with a low degree of hydrolysis. They can also be
selectively inactivated after working in a complex mixture
of enzymes or after cooking in the case of food manufac-
turing processes. The thermal instability displayed by the
Antarctic proteases herein described is not surprising,
since cold-adapted enzymes have more flexible tertiary
structures that confer higher catalytic efficiency at the
biotope temperatures where the producing organisms
thrive, which allows higher reaction velocity and substrate
turnover, but can also lead to the risk of thermal stability
loss (7).

To conclude, the information herein presented con-
tributes to the general knowledge on marine cold-active
proteases. Gathering the information about the charac-
teristics of the bioactive compounds produced in marine
environments for the different organisms will allow the
elucidation of the dynamics of the organic cycles and food
webs. On the other hand, and regarding the industrial
use of enzymes, having the basic knowledge on the char-
acteristics of the enzymes found in nature and the mo-
lecular adaptations to the conditions of the biotopes where
they naturally work is required in order to apply molecular
techniques to modify already commercialized enzymes
or newly isolated ones. On the basis of this knowledge,
modern biotechnology can alter thermal stability, pH and
OT, substrate specificity or even yields of production in
order to improve the enzyme performance to cover de-
sired applications
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