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INVESTIGATION OF EXTRACELLULAR PROTEASE ACTIVITY OF TWO DIFFERENT EXTREMELY HALOPHILIC ARCHAEA ISOLATED FROM RAW
HIDE

ABSTRACT. In this study, it was aimed to investigate extracellular protease activity of two different extremely halophilic archaea and to identify
them by using phenotypic and molecular methods. The haloarchaea were isolated from salted raw hide. The isolates were screened for
production of protease enzyme and two isolates which have extracellular protease activity were selected. To identify the halophilic archaea,
Gram staining procedure, antibiotic sensitivity tests and molecular methods were used. According to the 16S r-RNA molecular identification
results, isolate 1 identified as Halococcus morrhuae JCM 8876 with % 99 sequence similarities and isolate 2 identified as Natrinema pallidum
153 with % 99 sequence similarities. Azocasein was used as a substrate for measuring their proteases activities daily and their optimum
activities were determined. H. morrhuae and N. pallidum showed daily maximum proteases activity on 6 and 4 days, respectively. According
to the results of the study, it was found that proteases activity was related with different reaction conditions. These conditions were detected
as different pH (4-11), temperature (4-70°C) and NaCl concentration (1-5 M) values. H. morrhuae showed the maximum activity at pH 9.5,
2M NaCl concentration and 50°C temperature and N. pallidum displayed the optimum activity at pH 9.0, 2M NaCl concentration and 40°C
temperature.

KEY WORDS: salted hide, haloarchaea, extracellular protease enzyme, 16S r-RNA sequence analysis.

INVESTIGAREA ACTIVITATII PROTEAZICE EXTRACELULARE A DOUA ARCHAEA EXTREM HALOFILE DIFERITE IZOLATE DE PE PIELEA CRUDA
REZUMAT. Tn acest studiu, s-a urmérit cercetarea activititii proteazice extracelulare a doud archaea extrem halofile diferite si identificarea
acestora utilizand metode fenotipice si moleculare. Haloarchaea au fost izolate de pe pielea cruda sarata. Izolatele au fost evaluate in functie
de capacitatea de producere a enzimelor de tip proteaza si s-au selectat doua izolate care au activitate proteazica extracelulard. Pentru
a identifica archaea halofile, s-au utilizat proceduri de colorare Gram, teste de sensibilitate la antibiotice si metode moleculare. Conform
rezultatelor identificarii moleculare ARNr 16S, izolatul 1 a fost identificat ca Halococcus morrhuae JCM 8876 cu asemanari de secventd de
99%, iar izolatul 2 a fost identificat ca Natrinema pallidum 153 cu asemanari de secventa de 99%. S-a utilizat azocaseina ca substrat pentru
masurarea zilnica a activitatii proteazice si s-a determinat activitatea optima a acestora. H. morrhuae si N. pallidum au prezentat activitate
proteazica maxima zilnica la 6, respectiv 4 zile. Conform rezultatelor studiului, s-a constatat ca activitatea proteazica a fost corelata cu diferite
conditii de reactie. Aceste conditii au constat in valori diferite ale pH-ului (4-11), ale temperaturii (4-70°C) si ale concentratiei de NaCl (1-5
M). H. morrhuae a prezentat activitate maxima la pH 9,5, la concentratia de NaCl de 2M si la temperatura de 50°C, iar N. pallidum a prezentat
activitate optima la pH 9,0, concentratia de NaCl de 2M si temperatura de 40°C.

CUVINTE CHEIE: piele sarata, haloarchaea, enzima proteaza extracelulard, analizd de secventd ARNr 16S.

ENQUETE SUR LACTIVITE PROTEASE EXTRACELLULAIRE DE DEUX ARCHEES DIFFERENTES EXTREMEMENT HALOPHILES ISOLEES DE LA
PEAU BRUTE

RESUME. Dans cette étude, I'objectif a été d’étudier I'activité protéase extracellulaire de deux archées différentes extrémement halophiles et
de les identifier en utilisant des méthodes phénotypiques et moléculaires. Les haloarchées ont été isolées de la peau brute salée. Les isolats
ont été évalués selon la production d’enzyme protéase et deux isolats avec une activité protease extracellulaire ont été sélectionnés. Pour
identifier les archées halophiles, une procédure de coloration de Gram, des tests de sensibilité aux antibiotiques et des méthodes moléculaires
ont été utilisés. Selon les résultats d’identification moléculaire d’ARNr 16S, 'isolat 1 a été identifié comme Halococcus morrhuae JCM 8876
avec des similitudes de séquence de 99% et I'isolat 2 a été identifié comme Natrinema pallidum 153 avec des similitudes de séquence de
99%. L'azocaséine a été utilisée comme substrat pour mesurer quotidiennement leurs activités protéases et leurs activités optimales ont été
déterminées. H. morrhuae et N. pallidum ont montré une activité protéase maximale quotidienne a 6 et 4 jours, respectivement. Selon les
résultats de I'étude, on a constaté que l'activité protéase a été liée a différentes conditions de réaction. Ces conditions ont été détectées
avec différentes valeurs de pH (4-11), de température (4-70°C) et de concentration de NaCl (1-5 M). H. morrhuae a montré une activité
maximale a pH 9,5, une concentration de NaCl de 2M et une température de 50°C et N. pallidum a montré une activité optimale a pH 9,0, une
concentration de NaCl de 2M et une température de 40°C.

MOTS CLES: peau salée, haloarchées, enzyme protéase extracellulaire, analyse des séquences d’ARN-r 16S.
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INTRODUCTION

Microbial cells live in association with
other cells in nature and populations of cell
interact with other populations in microbial
communities. The abundance and diversity
of any microbial community is controlled by
the resources available and conditions such as
temperature, pH, presence or absence of oxygen
that prevail in that community [1]. A phylogenetic
analysis based upon ribosomal RNA sequence
characterization reveals that living systems
represent three domains: the eubacteria,
eukarya and archaea [2]. Archaea are the main
group to thrive in extreme environments in terms
of salinity, pH and temperature [3]. Halophilic
archaea require 1.5-4 M NaCl for optimal growth
and most of halophilic archaea can thrive up
to the saturation point of NaCl around 5.5 M
[4]. Haloarcheae are found in habitats with
high salinity such as salt and soda lakes, salted
hides and fish [5]. Adaptations to extreme
environments provide to serve in several of
biotechnological and industrial applications [6].
Halophiles produce several biotechnological
products. The most important of them are
biopolymers, bacterio- and halorhodopsins,
biosurfactants and enzymes [7, 8]. Proteases are
one of the most important groups of enzymes.
Annual usage values of microbial proteases are
determined as 25% for alkaline protease and
21% for other proteases. Halophilic proteases
are used in the production of food, leather and
detergent industry in particular [9]. Therefore,
the aim of the present study was to investigate
extracellular proteolytic activities of different
halophilic archaea isolated from salted raw hide,
to identify them phylogenetically and determine
optimum and variable conditions such as pH,
concentration of NaCl and temperature.

MATERIALS AND METHODS

Two halophilic archaea which were
isolated from salted raw hide were identified
using Gram staining procedure, antibiotic
sensitivity tests and 16S r-RNA sequence
analysis. SW 25 medium was used for culture
isolation, activation, growth and phenotypic
tests. This medium was composed of 833.4
ml/I SW 30 solution, 5g/| yeast extract, and
20 g/l agar. SW 30 solution contained 234

g/l NaCl, 39 g/l MgcCl,, 61 g/l MgSO,,1 g/l
CaCl,, 6 g/l KCl, 0.25 g/I NaHCO, and 0.7g/I
NaBr. Media were adjusted to pH 7.5 with
1N NaOH. To detect Gram reactions and cell
morphology of the isolates Gram staining
was performed [10]. The disc diffusion
method was used to determine antibiotic
susceptibilities of the isolates with the
following antibiotics: Novobiosin 30 ug
(NV30), Penicillin G 10 U (P10), Streptomycin
10 pg (S10), Ampicillin 10 pug (A10), Bacitracin
10 pg (B10), Erythromycin 15 pg (E15),
Tetracycline 30 pg (T30), Vancomycin 30 pg
(VAN30), Chloramphenicol 30 pg (C30), and
Cefotaxime 30 pug (CTX30).

For genomic DNA isolation of isolates,
commercial Bacterial DNA isolation kit was
used and Dyall-Smith [11, 12] method was
modified. The cultures grown in 250 ml
Erlenmeyer flasks containing 50 ml SW-25
liqguid medium were incubated at 40°C for 5
days at 150 rpm. 1.5 ml of samples (OD_ ~
1) were taken and centrifuged at 10.000 g
for 10 minutes at +4°C. The supernatants
of the samples were removed and 400 ul
of sterile cold ultra pure water was added
to the tubes to disintegrate the cells. The
samples were centrifuged at 10,000 g for
3 minutes at +4°C to remove supernatants
and genomic DNA isolation was performed
according to the instructions of the DNA
isolation kit. Genomic DNAs were measured
spectrophotometrically at absorbance values
of 260nm (A, ) and 280 nm (A, ). The purity
grades of DNA were determined by A,/
A, ratio and those between 1.5-1.8 were
used for Polymerase Chain Reaction (PCR).
To control the DNA bands, 0.8% agarose gel
was prepared with 1X TAE. Syber® Green |
and 6X gel loading dye were used for loading
the samples into the agarose gel.

A commercial Tag DNA Polymerase kit
was used for PCR setup protocol. The reaction
was prepared in sterile 0.2 ml PCR tubes and
the tubes were placed in the Thermal Cycler
after brief centrifugation. At the end of the
reaction, the PCR products were controlled
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on an 1.7% agarose gel. Chromatograms
of sequence analyses were edited via
Chromas and forward-reverse sequences
were aligned on NCBI’s (National Center of
Biotechnology Information) website. The
16S r-RNA gene regions of the isolates were
analyzed by the nucleotide BLAST (Basic
Local Alignment Search Tool) and compared
with the 16S r-DNA sequences present in
the GenBank database. A phylogenetic tree
was constructed using the Mega program
to establish the relationship between the
isolates and their phylogenetically similar
species.

For the determination of the protease
production, skimmed-milk was added into
the SW 25 medium. Clear zone observed
around the colony was considered as
positive protease activity. To product
protease enzyme in shake flasks, 1 ml of a
week old culture of isolates was inoculated
into a sterilized 250 mL Erlenmeyer flask
containing 50 mL of the SW 25 medium and
incubated at 40°C in an incubator shaker at
150 rpm. 1 mL of culture was taken on a daily
basis and the contents were centrifuged at
10.000 g for 10 minutes to remove cells and
insoluble materials. The cell free supernatant
was used as the source of the crude enzyme
[13, 14].

Proteolytic activity was determined
using Azocasein solution as a substrate. The
solution was composed 0.4% Azocasein,
2M NaCl, 50mM Tris-HCI at pH 7.0. 500
pl of Azocasein substrate was incubated
at 40°C. After 10 minutes 100ul enzyme
was added to the reaction mixture and
incubated at 40°C for 30 minutes. The
reaction was stopped by the addition of
250 pl of %20 TCA solution. The reaction
mixture was centrifuged at 10.000 g for 10
minutes. 100 ul of supernatant was taken
and mixed with 900ul 2 M NaOH solutions.
The enzyme activity was determined by
measuring the absorbance at 440 nm. The
absorbance increase of 0.01 units at 440 nm
in reaction conditions was determined as 1

HALOPHILIC ARCHAEA ISOLATED FROM RAW HIDE
unit (U) activity [15, 16]. Bacterial biomass
was measured with VIS spectrophotometer
(Mecasys Optizen Pop QX UV\VIS, Korea) at
600 nm [17, 14]. In the study the enzyme
activities were measured daily.

The extracellular protease activities
of two different archaea were monitored
at different pH values (pH 4.0-11.0) at
Azocasein substrate solutions with NaOH,
sodium acetate, and Tris- HCl buffer. The
effect of temperature on the protease
production was studied at different reaction
temperature (4-70°C). The other parameters
were kept constant. The different NaCl
concentrations (1.0-5.0M) were used in
the Azocasein substrate to determine the
optimum salinity.

RESULTS AND DISCUSSION

The haloarchaea isolated from salted
raw hide were screened for production of
protease enzyme. Two different isolates
which have extracellular protease activity
were selected. According to the gene bank
database, it was found that isolate 1 was
similar to Halococcus morrhuae JCM 8876 as
99% and isolate 2 was similar to Natrinema
pallidum 153 as 99%, too. Phylogenetic tree
based on 16S-rRNA sequence data indicating
the relationship of isolates is shown in Figure
1.

Isolate 2
Natrinema pallidum 153
Natrinema versiforme
Natrialba aegyptia
Halovivax sp E107
Haloferax sp HSC4

Halococcus thailandensis
’ Isolate 1
Halococcus morrhuae JOM

Halomicrobium zhouii

—
0.05

Figure 1. Phylogenetic tree based on
16S r-RNA sequence data indicating the
relationship of isolates

Protease activities of isolates were
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measured daily. While the highest protease
activity of Halococcus morrhuae was
determined on the sixth day of growth
(Figure 2), the maximum protease activity
of Natrinema pallidum was observed on the
fourth day (Figure 3).

A=600 —a—Growth —— Enzyme Actvity Uml?
0,6 - - 0,07
05 - - 0,06

L 0,05
04 -

- 0,04
0,3 4

- 0,03
0,2 4

L 0,02
0.1 1 0,01

0 & 0

Days

Figure 2. Maximum protease activity of H.
morrhuae on the sixth day of growth

A=600 Uml?t
0,6 - —— Growth —e—Enzyme Activity - 0,06
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0,5 - 0,05
0,4 - - 0,04
0,3 - 0,03
0,2 - 0,02
0,1 - - 0,01
0 * T T + + 0
0 2 4 6 8

Days

Figure 3. Maximum protease activity of N.
pallidum on the fourth day of growth

The effect of pH on protease activity
of Halococcus morrhuae and Natrinema
pallidum was determined in the presence
of 2 M NaCl. Halococcus morrhuae enzyme
exhibited significant activity in the pH range
of 5.5-9.5 and the maximum activity value
at pH 9.5 was defined as 0.075 U/ml. No
activity could be determined at pH 5.0 and
10.5 (Figure 4). The enzyme of Natrinema

pallidum showed considerable activity in
the pH range of 5.0-10.0 and reached the
highest value at pH 9.0 (0,063 U\mL). The
activity was observed at pH 10.5 as 0.023 U\
mL but no activity was observed at pH 11.0
(Figure 5).

U mlt

0,08 -
0,07 -
0,06 -
0,05 -
0,04 -
0,03 -
0,02 -
0,01 -

0 + T T T T T T T T T T *
45 5 55 6 65 7 75 8 85 9 95 10 105
pH
Figure 4. Effect of pH on extracellular protease
activity of H. morrhuae
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pH
Figure 5. Effect of pH on extracellular protease
activity of N. pallidum

For both isolates, it was found that
2M NaCl was optimum concentration for
the highest enzyme activity. However H.
morrhuae and N. pallidum isolates were
found to exhibit protease activity at 1.0-
4.5M NaCl and 1.0-3.0M NaCl, respectively
(Figures 6 and 7).
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Figure 6. Effect of NaCl concentration on
extracellular protease activity of H. morrhuae
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Figure 7. Effect of NaCl concentration on
extracellular protease activity of N. pallidum

The effect of temperature on the
protease activity of H. morrhuae and N.
pallidum isolates was shown in Figures 8
and 9 respectively. While the optimum
temperature for the enzymatic activity of
H. morrhuae was found to be 50°C, the
optimum temperature for enzyme activity
of N. pallidum was determined as 40°C. On
the other hand, it was found that protease
activity was to be at a wide temperature
range of 30-70°C for H. morrhuae, 4-75°C for
N. pallidum (Figures 8 and 9).

HALOPHILIC ARCHAEA ISOLATED FROM RAW HIDE
0,18 -
0,16 -
0,14 -
0,12 -
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0 + T + + T T T *
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Figure 8. Effect of temperature on extracellular
protease activity of H. morrhuae
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Figure 9. Effect of temperature on extracellular
protease activity of N. pallidum

Accordingly, the obtained values for
maximum extracellular protease activity of H.
morrhuae and N. pallidum were determined
as 50°C, 2M NacCl, pH 9.5 and 40°C, 2M Nac(l,
pH 9.0, respectively.

Capiralla et al. [18] reported that
optimum pH value for extracellular serine
protease enzyme of Halobacterium halobium
S9 was 8.0. Gimenez et al. [19] showed
that the extracellular protease enzyme
which isolated from Natrialba magadii
exhibited an optimum activity between
pH 8.0-10.0. We can say that our findings
are similar to the findings obtained by the
researchers in terms of pH value. Vijayanand
et al. [14] reported that protease activity
did not occur at a value below pH 5.0 by
Halobacterium sp. Js1. However, N. pallidum
153 exhibited protease activity between
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pH 4.5 -5 in our study. Kamekura et al. [20,
21] studied about Natrialba asiatica and
their extracellular serine alkaline protease
enzyme activity. Their results showed that
maximum enzymatic reaction was at 1.3
M NaCl concentration. On the contrary, for
both isolates, it was found that 2M NaCl was
optimum concentration for the maximum
enzyme activity, in our study. Temperature
is one of the most important parameters
for enzyme activities. Studies to determine
the optimum temperature revealed that
the protease showed a maximum activity
at 40 and 50°C. It could be said that our
research findings in terms of temperature
values were similar with the findings of
these investigations. On the other hand,
present studies show that most halophilic
microorganisms did not exhibit enzyme
activity at low temperature [22, 23, 15]. In
contrast, it was found that protease activity
was to be at a wide temperature range of 30-
70°Cfor H. morrhuae, 4-75°C for N. pallidum,
in our study.

CONCLUSIONS

In the study, firstly the haloarchaea
were isolated from salted raw hide. The
isolates were screened for production of
protease enzyme and two isolates which
have extracellular protease activity were
selected. The halophilic archaea isolates
were identified by using Gram staining
method, antibiotic sensitivity tests and 16S
rRNA sequence analysis. It was determined
that both isolates were Gram negative and
susceptible to novobiocin and bacitracin
antibiotics. According to the 16S rRNA
molecular identification results, isolate 1 and
isolate 2 identified as Halococcus morrhuae
JCM 8876 and Natrinema pallidum 153 with
99% sequence similarities, respectively.
Secondly, protease activity conditions of
the two extreme halophilic archaea were
guantitatively determined. According to the
research findings, the enzyme of Halococcus
morrhuae and Natrinema pallidum exhibited

activity in the pH range of 5.5-9.5 and 5.0-
10.0, at 1.0-4.5M NaCl and 1.0-3.0M NacCl
concentrations, at a wide temperature range
30-70°C and 4-75°C respectively. Extremely
halophilic archaea with proteolytic enzyme
activities may cause major quality problems
not only on the raw material but also the
final leather. If archaea causing damage to
the hide and skin by proteolytic activities
were identified, target-specific antiarchaeal
substances can be used to control them.
Thus, the problems on the salted raw
hide and skin can be solved. On the other
hand, the obtained values for maximum
extracellular protease activity of H. morrhuae
and N. pallidum were determined as 50°C,
2M NacCl, pH 9.5 and 40°C, 2M NacCl, pH 9.0,
respectively. Finally, this study also showed
that two different archaea isolated from
salted raw hide can be evaluated in a wide
variety of areas of the industry by further
investigations.
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