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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 inves% gate extracellular protease ac% vity of two diff erent extremely halophilic archaea and to iden% fy 
them by using phenotypic and molecular methods. The haloarchaea were isolated from salted raw hide. The isolates were screened for 
produc% on of protease enzyme and two isolates which have extracellular protease ac% vity were selected. To iden% fy the halophilic archaea, 
Gram staining procedure, an% bio% c sensi% vity tests and molecular methods were used. According to the 16S r-RNA molecular iden% fi ca% on 
results, isolate 1 iden% fi ed as Halococcus morrhuae JCM 8876 with % 99 sequence similari% es and isolate 2 iden% fi ed as Natrinema pallidum 
153 with % 99 sequence similari% es. Azocasein was used as a substrate for measuring their proteases ac% vi% es daily and their op% mum 
ac% vi% es were determined. H. morrhuae and N. pallidum showed daily maximum proteases ac% vity on 6 and 4 days, respec% vely. According 
to the results of the study, it was found that proteases ac% vity was related with diff erent reac% on condi% ons. These condi% ons were detected 
as diff erent pH (4-11), temperature (4-70°C) and NaCl concentra% on (1-5 M) values. H. morrhuae showed the maximum ac% vity at pH 9.5, 
2M NaCl concentra% on and 50°C temperature and N. pallidum displayed the op% mum ac% vity at pH 9.0, 2M NaCl concentra% on and 40°C 
temperature. 
KEY WORDS: salted hide, haloarchaea, extracellular protease enzyme, 16S r-RNA sequence analysis.

INVESTIGAREA ACTIVITĂȚII PROTEAZICE EXTRACELULARE A DOUĂ ARCHAEA EXTREM HALOFILE DIFERITE IZOLATE DE PE PIELEA CRUDĂ
REZUMAT. În acest studiu, s-a urmărit cercetarea ac% vității proteazice extracelulare a două archaea extrem halofi le diferite și iden% fi carea 
acestora u% lizând metode feno% pice și moleculare. Haloarchaea au fost izolate de pe pielea crudă sărată. Izolatele au fost evaluate în funcție 
de capacitatea de producere a enzimelor de % p protează și s-au selectat două izolate care au ac% vitate proteazică extracelulară. Pentru 
a iden% fi ca archaea halofi le, s-au u% lizat proceduri de colorare Gram, teste de sensibilitate la an% bio% ce și metode moleculare. Conform 
rezultatelor iden% fi cării moleculare ARNr 16S, izolatul 1 a fost iden% fi cat ca Halococcus morrhuae JCM 8876 cu asemănări de secvență de 
99%, iar izolatul 2 a fost iden% fi cat ca Natrinema pallidum 153 cu asemănări de secvență de 99%. S-a u% lizat azocaseina ca substrat pentru 
măsurarea zilnică a ac% vității proteazice și s-a determinat ac% vitatea op% mă a acestora. H. morrhuae și N. pallidum au prezentat ac% vitate 
proteazică maximă zilnică la 6, respec% v 4 zile. Conform rezultatelor studiului, s-a constatat că ac% vitatea proteazică a fost corelată cu diferite 
condiții de reacție. Aceste condiții au constat în valori diferite ale pH-ului (4-11), ale temperaturii (4-70°C) și ale concentrației de NaCl (1-5 
M). H. morrhuae a prezentat ac% vitate maximă la pH 9,5, la concentrația de NaCI de 2M și la temperatura de 50°C, iar N. pallidum a prezentat 
ac% vitate op% mă la pH 9,0, concentrația de NaCI de 2M și temperatura de 40°C.
CUVINTE CHEIE: piele sărată, haloarchaea, enzimă protează extracelulară, analiză de secvență ARNr 16S.

ENQUÊTE SUR L’ACTIVITÉ PROTÉASE EXTRACELLULAIRE DE DEUX ARCHÉES DIFFÉRENTES EXTRÊMEMENT HALOPHILES ISOLÉES DE LA 
PEAU BRUTE

RÉSUMÉ. Dans ce# e étude, l’objec% f a été d’étudier l’ac% vité protéase extracellulaire de deux archées diff érentes extrêmement halophiles et 
de les iden% fi er en u% lisant des méthodes phénotypiques et moléculaires. Les haloarchées ont été isolées de la peau brute salée. Les isolats 
ont été évalués selon la produc% on d’enzyme protéase et deux isolats avec une ac% vité protease extracellulaire ont été sélec% onnés. Pour 
iden% fi er les archées halophiles, une procédure de colora% on de Gram, des tests de sensibilité aux an% bio% ques et des méthodes moléculaires 
ont été u% lisés. Selon les résultats d’iden% fi ca% on moléculaire d’ARNr 16S, l’isolat 1 a été iden% fi é comme Halococcus morrhuae JCM 8876 
avec des similitudes de séquence de  99% et l’isolat 2 a été iden% fi é comme Natrinema pallidum 153 avec des similitudes de séquence de 
99%. L’azocaséine a été u% lisée comme substrat pour mesurer quo% diennement leurs ac% vités protéases et leurs ac% vités op% males ont été 
déterminées. H. morrhuae et N. pallidum ont montré une ac% vité protéase maximale quo% dienne à 6 et 4 jours, respec% vement. Selon les 
résultats de l’étude, on a constaté que l’ac% vité protéase a été liée à diff érentes condi% ons de réac% on. Ces condi% ons ont été détectées 
avec diff érentes valeurs de pH (4-11), de température (4-70°C) et de concentra% on de NaCl (1-5 M). H. morrhuae a montré une ac% vité 
maximale à pH 9,5, une concentra% on de NaCl de 2M et une température de 50°C et N. pallidum a montré une ac% vité op% male à pH 9,0, une 
concentra% on de NaCl de 2M et une température de 40°C.
MOTS CLÉS: peau salée, haloarchées, enzyme protéase extracellulaire, analyse des séquences d’ARN-r 16S.
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INTRODUCTION

Microbial cells live in associa! on with 
other cells in nature and popula! ons of cell 
interact with other popula! ons in microbial 
communi! es. The abundance and diversity 
of any microbial community is controlled by 
the resources available and condi! ons such as 
temperature, pH, presence or absence of oxygen 
that prevail in that community [1]. A phylogene! c 
analysis based upon ribosomal RNA sequence 
characteriza! on 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 op! mal growth 
and most of halophilic archaea can thrive up 
to the satura! on 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 fi sh [5]. Adapta! ons to extreme 

environments provide to serve in several of 

biotechnological and industrial applica! ons [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 produc! on of food, leather and 

detergent industry in par! cular [9]. Therefore, 

the aim of the present study was to inves! gate 

extracellular proteoly! c ac! vi! es of diff erent 

halophilic archaea isolated from salted raw hide, 

to iden! fy them phylogene! cally and determine 

op! mum and variable condi! ons such as pH, 

concentra! on of NaCl and temperature.

MATERIALS AND METHODS

Two halophilic archaea which were 

isolated from salted raw hide were iden! fi ed 

using Gram staining procedure, an! bio! c 

sensi! vity tests and 16S r-RNA sequence 

analysis. SW 25 medium was used for culture 

isola! on, ac! va! on, growth and phenotypic 

tests. This medium was composed of 833.4 

ml/l SW 30 solu! on, 5g/l yeast extract, and 

20 g/l agar. SW 30 solu! on contained 234 

g/l NaCl, 39 g/l MgCl
2
, 61 g/l MgSO

4
,1 g/l 

CaCl
2
, 6 g/l KCl, 0.25 g/l NaHCO

3
 and 0.7g/l 

NaBr. Media were adjusted to pH 7.5 with 

1N NaOH. To detect Gram reac! ons and cell 

morphology of the isolates Gram staining 

was performed [10]. The disc diff usion 

method was used to determine an! bio! c 

suscep! bili! es of the isolates with the 

following an! bio! cs: Novobiosin 30 μg 

(NV30), Penicillin G 10 U (P10), Streptomycin 

10 μg (S10), Ampicillin 10 μg (A10), Bacitracin 

10 μg (B10), Erythromycin 15 μg (E15), 

Tetracycline 30 μg (T30), Vancomycin 30 μg 

(VAN30), Chloramphenicol 30 μg (C30), and 

Cefotaxime 30 μg (CTX30).

For genomic DNA isola! on of isolates, 

commercial Bacterial DNA isola! on kit was 

used and Dyall-Smith [11, 12] method was 

modifi ed. The cultures grown in 250 ml 

Erlenmeyer fl asks containing 50 ml SW-25 

liquid medium were incubated at 40°C for 5 

days at 150 rpm. 1.5 ml of samples (OD
600

~ 

1) were taken and centrifuged at 10.000 g 

for 10 minutes at +4°C. The supernatants 

of the samples were removed and 400 μl 

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 isola! on was performed 

according to the instruc! ons of the DNA 

isola! on kit. Genomic DNAs were measured 

spectrophotometrically at absorbance values 

of 260 nm (A
260

) and 280 nm (A
280

). The purity 

grades of DNA were determined by A
260

 / 

A
280

 ra! o and those between 1.5-1.8 were 

used for Polymerase Chain Reac! on (PCR). 

To control the DNA bands, 0.8% agarose gel 

was prepared with 1X TAE. Syber® Green I 

and 6X gel loading dye were used for loading 

the samples into the agarose gel. 

A commercial Taq DNA Polymerase kit 

was used for PCR setup protocol. The reac! on 

was prepared in sterile 0.2 ml PCR tubes and 

the tubes were placed in the Thermal Cycler 

a' er brief centrifuga! on. At the end of the 

reac! on, 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 (Na# onal Center of 
Biotechnology Informa# on) website. The 
16S r-RNA gene regions of the isolates were 
analyzed by the nucleo# de BLAST (Basic 
Local Alignment Search Tool) and compared 
with the 16S r-DNA sequences present in 
the GenBank database. A phylogene# c tree 
was constructed using the Mega program 
to establish the rela# onship between the 
isolates and their phylogene# cally similar 
species.

For the determina# on of the protease 
produc# on, skimmed-milk was added into 
the SW 25 medium. Clear zone observed 
around the colony was considered as 
posi# ve protease ac# vity. To product 
protease enzyme in shake fl asks, 1 ml of a 

week old culture of isolates was inoculated 

into a sterilized 250 mL Erlenmeyer fl ask 

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].

Proteoly# c ac# vity was determined 
using Azocasein solu# on as a substrate. The 
solu# on was composed 0.4% Azocasein, 

2M NaCl, 50mM Tris-HCl at pH 7.0. 500 

µl of Azocasein substrate was incubated 

at 40°C. A& er 10 minutes 100µl enzyme 

was added to the reac# on mixture and 
incubated at 40°C for 30 minutes. The 
reac# on was stopped by the addi# on of 
250 µl of %20 TCA solu# on. The reac# on 
mixture was centrifuged at 10.000 g for 10 
minutes. 100 µl of supernatant was taken 
and mixed with 900µl 2 M NaOH solu# ons. 
The enzyme ac# vity was determined by 
measuring the absorbance at 440 nm. The 
absorbance increase of 0.01 units at 440 nm 
in reac# on condi# ons was determined as 1 

unit (U) ac# vity [15, 16]. Bacterial biomass 
was measured with VIS spectrophotometer 
(Mecasys Op# zen Pop QX UV\VIS, Korea) at 
600 nm [17, 14]. In the study the enzyme 
ac# vi# es were measured daily. 

The extracellular protease ac# vi# es 
of two diff erent archaea were monitored 
at diff erent pH values (pH 4.0-11.0) at 
Azocasein substrate solu# ons with NaOH, 
sodium acetate, and Tris- HCl buff er. The 
eff ect of temperature on the protease 
produc# on was studied at diff erent reac# on 
temperature (4-70°C). The other parameters 
were kept constant. The diff erent NaCl 
concentra# ons (1.0-5.0M) were used in 
the Azocasein substrate to determine the 
op# mum salinity.

RESULTS AND DISCUSSION

The haloarchaea isolated from salted 
raw hide were screened for produc# on of 
protease enzyme. Two diff erent isolates 
which have extracellular protease ac# vity 
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. Phylogene# c tree 
based on 16S-rRNA sequence data indica# ng 
the rela# onship of isolates is shown in Figure 
1.

Figure 1. Phylogene# c tree based on 
16S r-RNA sequence data indica# ng the 

rela# onship of isolates

Protease ac# vi# es of isolates were 
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measured daily. While the highest protease 
ac! vity of Halococcus morrhuae was 
determined on the sixth day of growth 
(Figure 2), the maximum protease ac! vity 
of Natrinema pallidum was observed on the 
fourth day (Figure 3).

Days

Days

Figure 2. Maximum protease ac! vity of H. 
morrhuae on the sixth day of growth

A=600

A=600 U ml-1

U ml-1

Figure 3. Maximum protease ac! vity of N. 
pallidum on the fourth day of growth

The eff ect of pH on protease ac! vity 

of Halococcus morrhuae and Natrinema 
pallidum was determined in the presence 

of 2 M NaCl. Halococcus morrhuae enzyme 

exhibited signifi cant ac! vity in the pH range 

of 5.5-9.5 and the maximum ac! vity value 

at pH 9.5 was defi ned as 0.075 U/ml. No 

ac! vity could be determined at pH 5.0 and 

10.5 (Figure 4). The enzyme of Natrinema 

pallidum showed considerable ac! vity in 

the pH range of 5.0-10.0 and reached the 

highest value at pH 9.0 (0,063 U\mL). The 

ac! vity was observed at pH 10.5 as 0.023 U\

mL but no ac! vity was observed at pH 11.0 

(Figure 5).

Figure 4. Eff ect of pH on extracellular protease 

ac! vity of H. morrhuae

Figure 5. Eff ect of pH on extracellular protease 

ac! vity of N. pallidum
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For both isolates, it was found that 

2M NaCl was op! mum concentra! on for 

the highest enzyme ac! vity. However H. 
morrhuae and N. pallidum isolates were 

found to exhibit protease ac! vity at 1.0-

4.5M NaCl and 1.0-3.0M NaCl, respec! vely 

(Figures 6 and 7).



259
Revista de Pielărie Încălţăminte  17 (2017) 4

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

Figure 6. Eff ect of NaCl concentra$ on on 

extracellular protease ac$ vity of H. morrhuae

Figure 8. Eff ect of temperature on extracellular 

protease ac$ vity of H. morrhuae

Figure 9. Eff ect of temperature on extracellular 

protease ac$ vity of N. pallidum
Figure 7. Eff ect of NaCl concentra$ on on 

extracellular protease ac$ vity of N. pallidum

NaCl Concentra$ on (M)

NaCl Concentra$ on (M)

The eff ect of temperature on the 

protease ac$ vity of H. morrhuae and N. 
pallidum isolates was shown in Figures 8 

and 9 respec$ vely. While the op$ mum 

temperature for the enzyma$ c ac$ vity of 

H. morrhuae was found to be 50°C, the 

op$ mum temperature for enzyme ac$ vity 

of N. pallidum was determined as 40°C. On 

the other hand, it was found that protease 

ac$ vity 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).

 ° C 

 ° C 

Accordingly, the obtained values for 

maximum extracellular protease ac$ vity of H. 
morrhuae and N. pallidum were determined 

as 50°C, 2M NaCl, pH 9.5 and 40°C, 2M NaCl, 

pH 9.0, respec$ vely.

Capiralla et al. [18] reported that 

op$ mum 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 op$ mum ac$ vity between 

pH 8.0-10.0. We can say that our fi ndings 
are similar to the fi ndings obtained by the 
researchers in terms of pH value. Vijayanand 
et al. [14] reported that protease ac$ vity 

did not occur at a value below pH 5.0 by 

Halobacterium sp. Js1. However, N. pallidum 
153 exhibited protease ac$ vity between 
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pH 4.5 -5 in our study. Kamekura et al. [20, 
21] studied about Natrialba asia! ca and 
their extracellular serine alkaline protease 
enzyme ac! vity. Their results showed that 
maximum enzyma! c reac! on was at 1.3 
M NaCl concentra! on. On the contrary, for 
both isolates, it was found that 2M NaCl was 
op! mum concentra! on for the maximum 
enzyme ac! vity, in our study. Temperature 
is one of the most important parameters 
for enzyme ac! vi! es. Studies to determine 
the op! mum temperature revealed that 
the protease showed a maximum ac! vity 
at 40 and 50°C. It could be said that our 
research fi ndings in terms of temperature 

values were similar with the fi ndings of 

these inves! ga! ons. On the other hand, 

present studies show that most halophilic 

microorganisms did not exhibit enzyme 

ac! vity at low temperature [22, 23, 15]. In 

contrast, it was found that protease ac! vity 

was to be at a wide temperature range of 30-

70°C for H. morrhuae, 4-75°C for N. pallidum, 

in our study.

CONCLUSIONS

In the study, fi rstly the haloarchaea 

were isolated from salted raw hide. The 

isolates were screened for produc! on of 

protease enzyme and two isolates which 

have extracellular protease ac! vity were 

selected. The halophilic archaea isolates 

were iden! fi ed by using Gram staining 

method, an! bio! c sensi! vity tests and 16S 

rRNA sequence analysis. It was determined 

that both isolates were Gram nega! ve and 

suscep! ble to novobiocin and bacitracin 

an! bio! cs. According to the 16S rRNA 

molecular iden! fi ca! on results, isolate 1 and 

isolate 2 iden! fi ed as Halococcus morrhuae 

JCM 8876 and Natrinema pallidum 153 with 

99% sequence similari! es, respec! vely. 

Secondly, protease ac! vity condi! ons of 

the two extreme halophilic archaea were 

quan! ta! vely determined. According to the 

research fi ndings, the enzyme of Halococcus 

morrhuae and Natrinema pallidum exhibited 

ac! vity 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 NaCl 

concentra! ons, at a wide temperature range 

30-70°C and 4-75°C respec! vely. Extremely 

halophilic archaea with proteoly! c enzyme 

ac! vi! es may cause major quality problems 

not only on the raw material but also the 

fi nal leather. If archaea causing damage to 

the hide and skin by proteoly! c ac! vi! es 

were iden! fi ed, target-specifi c an! archaeal 

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 ac! vity of H. morrhuae 

and N. pallidum were determined as 50°C, 

2M NaCl, pH 9.5 and 40°C, 2M NaCl, pH 9.0, 

respec! vely. Finally, this study also showed 

that two diff erent archaea isolated from 

salted raw hide can be evaluated in a wide 

variety of areas of the industry by further 

inves! ga! ons.
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