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Introduction

Enzymes have fascinated the researchers due to their

extensive power of catalysis [1]. Proteases are one of the

major groups of industrial enzymes [2, 3]. Proteases

cleave peptide links of proteins and peptides by hydroly-

sis reaction and are widely present in all living organ-

isms such as plants, animals and microorganisms [4].

They are roughly classified into six major families based

on their active sites and catalytic mechanisms, i.e., ser-

ine, aspartic, cysteine, threonine, asparagine and metallo-

proteases [5, 6]. The total enzyme sales around the world

account for nearly 40−60% [7]. Bacterial proteases are

the most studied enzymes due to their extensive poten-

tial in various industrial applications. The increased

interest in microbially produced proteases is mainly due

to their excellent properties which make them suitable

for industrial application. They have in fact, distinct

advantages such as easy production and the ability to

operate under harsh pH and temperature conditions

[2, 8, 9]. 

The increased industrial demand for detergent prote-

ases over the years is due to their wide temperature and

pH range, a broad specificity for substrates, and stability

and compatibility with surfactants and oxidizing agents

[6, 9, 10]. For these reasons, finding new protease pro-

ducers and obtaining enzymes with improved properties

is compulsory. Although different alkaline proteases have

been isolated from several bacteria and fungi [2, 4, 9],

few have the adequate properties that can be commer-

cially exploited. Moreover, many bacteria to secrete new

alkaline proteases have still remained uncharacterized.

Aeromonas genus was recently identified as an extracel-

lular stable alkaline protease producer [11, 12]. However,
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reports on optimization, characterization of Aeromonas

alkaline proteases are still limited [13−15]. This work

described the biochemical characterization of a novel

surfactant and oxidant-stable alkaline protease pro-

duced by A. veronii OB3. The organic solvent stability

was also investigated.

Material and Methods

Bacterial strain
Aeromonas veronii OB3 was isolated from valley in

Fes, Morocco. The samples were preliminary screened

for the production of extracellular proteases by using

skimmed-milk agar plates and incubated from 24 to 48 h

at 37℃. Protease-producing strains forming a clear

hydrolysis halo were then purified. The isolate OB3 with

the highest proteolytic activity was selected. The isolate

was identified as A. veronii by combining Gram staining,

oxidase test and by using the API 20E and 16S rRNA

sequence analysis. The sequences were aligned using

CLUSTALW software [16]. The accession number of the

16S rRNA sequence from this study is MN596812.

Preparation of fish wastes powder
Briefly, combined heads and viscera wastes from sar-

dinella (Sardinella aurita) collected from a local market

in Fez, Morocco were thoroughly washed with tap water.

The wastes were then mixed with distilled water as

described by Sellami-Kamoun et al. [17] and heated at

90℃ for 20 min to inactivate the endogenous enzymes.

The resulting press cake was minced by mixer grinder,

dried at 80℃ during 24−48 h and grinded into powder

and then stored in clean and dry glass container at room

temperature. 

Enzyme production 
Protease production by A. veronii OB3 was carried out

in media composed solely of 10 g/l of Heads and Viscera

Sardinella Powder (HVSP); pH 8.0. The pre-cultures

were cultivated overnight in Luria-Bertani medium (LB)

[18] and used for the inoculation of production medium.

Cultures were maintained at 37℃ in rotatory shaker at

200 rpm for 24 h. The cell free supernatant collected by

centrifugation of the culture broth was used to calculate

protease activity.

Protease assay
The protease activity was carried out based on Kem-

bhavi method [19] with slight modification. Briefly a

0.5 ml of suitably diluted enzyme solution was mixed

with 0.5 ml of 1% (w/v) casein in the same buffer

(pH 8.0) and the reaction mixture was kept at 60℃ for

15 min. After incubation, the reaction was stopped by

adding 0.5 ml trichloroacetic acid (20%) and cooled at

room temperature for 15 min. Finally, the absorbance

was read in a spectrophotometer under 280 nm wave-

length after centrifugation to remove the resulting pre-

cipitate. 

Biochemical properties
Effect of pH on protease activity and stability. The opti-

mum pH was determined with casein as substrate in

various buffers from 3.0 to 12.0 at 60℃. For pH stability

measurements, the enzyme was preincubated in the

same buffers for 1 h at 30℃ and then the residual activ-

ity was assayed as described above. The non-pre-incu-

bated enzyme is considered as a control for the

calculation of residual activities.

Effect of temperature on protease activity and stability.
The protease activity was assayed at the different

temperature (20−80℃) and pH 9.0. The temperature

stability was measured by preincubating the reaction

mixtures at the same temperatures for 60 min. The

residual protease activity was under optimum condi-

tions.

Effects of protease inhibitors and metal ions. For deter-
mining the effect of various protease inhibitors, protease

activity was assessed by adding to the enzyme solution,

ethylenediaminetetraacetic acid (EDTA), phenylmethyl-

sulfonyl fluoride (PMSF), β-mercaptoethanol and benz-

amidin, at concentrations of 5 and 10 mM. The OB3

crude preparation was pre-incubated for 30 min at 30℃,

and assayed under optimum conditions. To examine the

effect of various metal ions (5 mM) on enzyme stability,

monovalent and divalent metals were added to the reac-

tion mixture. The ions included K+, Na+, Ca2+, Cu2+,

Fe2+, Mg2+ and Zn2+. The activities were compared with

the control to which no inhibitors or metal ions were

added.
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Effect of organic solvent on stability. Stability of the
crude preparation in organic solvents was assayed by

monitoring the residual activity after 14 days incubation

at 30℃ (150 rpm) in the presence of 50% (v/v) of different

polar solvents (butanol, chloroform, DMSO, ethanol,

formaldehyde, hexane and methanol). The residual pro-

teolytic activity was assessed at pH 9.0 and 60℃ against

a control. 

Effects of some surfactants and commercial detergents
on stability. The effect of various detergent additives was
evaluated in the presence of varying concentrations of

some surfactants, added in the standard assay reaction,

such as Triton X-100, Tween 80, SDS and the oxidizing

agent H2O2. The suitably diluted enzyme was pre-incu-

bated for 60 min at 30℃ and the residual activity was

estimated under optimum conditions and compared to a

control in which no surfactants were added [20]. 

For testing the compatibility as detergent additive,

7 mg/ml of solid and 1% liquid commercial laundry

detergents were added to the enzyme preparation (500 U)

and preincubated at different temperatures (30, 40 and

50℃) for 1 h. To simulate washing conditions, detergents

were diluted in tap water and incubated prior to use at

90℃ for 60 min to inactivate enzymes contained in these

detergent formulations. The solid laundry detergents

used were OMO (Unilever), Tide (Procter and Gamble,

USA) and Ariel (Procter and Gamble, Suisse). The liquid

laundry detergent used is El Kef (Lesieur Cristal,

Morocco). A control test was carried out without any

additives under the same incubation conditions.

Evaluation of washing performance using blood stain
To investigate the suitability of OB3 protease as an

additive in detergent formulation, protein spot removal

ability of enzymatic preparation was evaluated from

blood soiled cotton cloth pieces. The soiled pieces were

previously dried down naturally prior before wash test.

The different flasks containing the stained-cloth pieces

were incubated 1 h, at 30℃ and 140 rpm, with tap

water, Tide and Tide supplemented with 500 UT of OB3

crude preparation. The washed cotton pieces were dried

at room temperature for visual examination.

Statistical analysis
The results are expressed on average and the experi-

ments were repeated at least 3 times. The data were

analyzed for significant differences using the two-way

analysis of variance using Graph Pad Prism software,

version 8.0.2 for windows.

Results and Discussion

Isolation of OB3 protease 
Among the isolates screened for protease production,

one was retained as the highest alkaline protease pro-

ducer. The isolate was Gram negative short rods, oxidase

positive. The strain was identified as A. veronii and

named OB3 on the basis of API and 16S rDNA sequence

analysis. 

Fish powders are rich in nutrients (carbon, nitrogen,

and minerals) providing an excellent alternative inexpen-

sive media for enzyme production. Therefore, protease pro-

duction by OB3 was investigated on HVSP-based medium

(10 g/l). A high level of protease activity of 4080 U/ml was

obtained. Sellami-Kamoun et al. also reported similar level

of protease production (5273 U/ml) in fish waste based

medium supplemented by 1 g/l CaCl2 [17].

Effect of pH on the activity and stability of OB3 protease 
The OB3 protease was highly active in a range of pH

5.0 to 12.0 and exibited maximum activity at pH 9.0.

Interestingly, as shown in Fig. 1A, more than 85% of its

original activity was remained at pH 10.0 and about

78.78 and 78% were measured at pH 11.0 and 12.0. This

is an important criterion for their successful incorpora-

tion in detergents since they exhibit highly alkaline

environment [21]. The optimum pH of OB3 protease was

slightly higher than other detergent stable proteases

[22], and was similar to those described for B. mojavensis

A21, B. substilis proteases [22, 23] and that of Thakur et

al. [24] and Aryaei et al. [25]. However, Nakasone et al.

[26] Karunakaran and Devi [27] and Divakar et al. [14]

reported proteases from Aeromonas species, had an

optimum pH around 7. Moreover, A. veronii PG01

protease described by Divakar et al. [14] had a residual

activity of around 20% at pH 10.0. The pH stability

revealed that the OB3 crude preparation exhibited

broad pH stability profile. Between pH 7.0 and 9.0, there

were still 100% of activity remaining (Fig. 1B) and

around 78% of residual activity was recorded at pH 12.0.

Because of its high activity and stability at alkaline con-
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ditions, OB3 protease could be applicable in detergent

formulation.

Effect of temperature on the activity and stability of OB3
protease
The OB3 enzyme was active in the temperature range

tested with an optimum around 60℃ (Fig. 2A). About 74

and 88% of its original activity was obtained at 20 and

80℃, respectively. This optimum is in agreement with

the data for the alkaline proteases from A. veronii PG01

[14], A. caviae [15] and the commercial detergent

enzyme Subtilisin Carslberg and Subtilisin BPN’ [28].

The OB3 crude enzyme (Fig. 2B) is very stable and

maintains about 90 to 100% of its residual activity from

20℃ to 60℃ after 60 min incubation. The OB 3 crude

preparation maintained at 70℃ and 80℃, 75.84 and

73.87% of its initial activity respectively. This activity

and stability at lower and higher temperatures confirm

its eventual use at various washing temperatures.

Sareen and Mishra [29] also described a thermostable

alkaline protease from B. licheniformis. However, prote-

ases from A. caviae [15] and A. caviae AP34 [30] lost

their activity after 30 and 15 min incubation at 80℃,

respectively.

Effect of some metal ions and inhibitors on protease
activity
Data presented in Table 1, showed stimulatory effect

of the majority of the metal ions tested. Among the met-

als tested, the Ca2+ and Mg2+ stimulated protease activ-

ity by 142.66 and 139.11%, respectively. These results

suggest that the enzyme requires metal ions as cofactors

Fig. 1. Effects of pH on activity (A) and stability (B) of the
OB3 protease. Protease activities were evaluated in the pH
range of 3.0-12.0 using buffers of different pH values at 60℃.
The maximum activity obtained at pH 9.0 was considered as
100%. The pH stability of enzyme was determined by incubat-
ing enzymes in different buffers for 1 h at 30℃ and the residual
activity was measured at pH 9.0 and 60℃. The activity of
enzyme before incubation was taken as 100%. 

Fig. 2. Effect of temperature on activity (A) and stability (B)
of the OB3 protease. The temperature profiles were deter-
mined by assaying protease activity at temperatures between
20 and 80℃. The activity of enzymes at 60℃ was taken as
100%. OB3 protease is pre-incubated at different temperatures
for 1 h at pH 9.0, and then the residual enzyme activities were
estimated under standard conditions. The non-heated enzymes
were taken as 100%.
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[31]. A similar effect of metal ions on the activity of alka-

line proteases from Bacillus subtilis AU-2 and Pseudo-

monasputida was described by Patel et al. [32] and Iqbal

et al. [33], respectively. Enhanced protease activity of A.

caviae NRRL B-966 by Mg2+ and Ca2+, has also been

reported by Karunakaran and Devi [27]. Similar results

were also reported by Zhang et al. [34], which revealed

that when Ca2+ interacts with an alkaline protease, it

causes a change into more active and stable conforma-

tion. 

The effect of different protease inhibitors was studied

(Table 1). The OB3 protease was inhibited by the serine

proteases inhibitor PMSF. The activity was reduced in

the presence of the metalloenzyme inhibitor EDTA with

residual activities of 92.07% and 84.15% at 5 and

10 mM, respectively. According to Lee and Jang [35], the

active structure of some serine proteases have two Ca2+

binding sites, and chelating agents such as EDTA

reduced stability significantly at high temperatures. β-

mercaptoethanol caused a slight inhibition (13%) of the

crude enzyme suggesting the eventual cleavage of disul-

phide bridges in native conformation of this protease.

Similar results were reported for other proteases from A.

hydrophila [36] and A. veronii PG01 [14]. EDTA is used

as a water softener in detergent formulations [37], thus

OB3 protease may meet the requirements of additives in

laundry detergents.

Effect of various organic solvents on OB3 protease activity
Hydrolytic enzymes have gained increasing interest

due to their wide industrial applications such as cata-

lysts in the peptide synthesis in the presence of organic

solvents [38]. In the present study, the effect of different

water miscible organic solvents on the protease stability

is shown in Fig. 3. There was no effect on protease activ-

ity in presence of DMSO, while it was slightly affected in

the presence of hexane (83.85%), butanol (91.45%),

methanol (64.62%), ethanol (80%) and formol (73.66%).

However, OB3 crude enzyme was considerably affected

by chloroform. Similar stability has been reported for

some bacterial alkaline proteases [39, 40]. The stability

in some solvents, known to be used for most synthetic

reactions, such as methanol and DMSO, indicate that

the OB3 protease will be an ideal candidate in compari-

son with the described Aeromonas proteases.

Compatibility of OB3 protease with surfactants and oxi-
dizing agents 
In order to be incorporated as bioadditive in laundry

detergent, the alkaline proteases and other detergent

enzymes must have specific characteristics such as sta-

bility under harsh conditions [41]. Commercial deter-

gent proteases such as Alcalase and Subtilisin are

compatible with detergent ingredients, but the majority

show poor stability towards oxidizers [42]. 

Table 1. Effect of various enzyme inhibitors and metal ion
son enzyme activity of OB3 protease.

Inhibitors/Ions Concentrations (mM) Activity (%)

EDTA 5 92.07 ± 0.30

10 84.15 ± 0.59

β-mercaptoethanol 5 87.92 ± 1.35

10 87.16 ± 0.11

PMSF 5 76.98 ± 1.40

10 35.5 ± 0.03

Benzamidine 5 92.83 ± 0.57

10 88.3 ± 0.49

Ca2+ 5 142.66 ± 0.46

Mg2+ 5 139.11 ± 0.15

Na+ 5 114.66 ± 0.09

K+ 5 104.44 ± 0.26

Zn2+ 5 119.11 ± 0.19

Cu2+ 5 108.88 ± 0.21

Fe2+ 5 99.55 ± 0.14

Fig. 3. Effect of different organic solvents on OB3 protease
from A. veronii OB3.
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As summarized in Table 2, an improvement in activity

of 98.29 and 47.43% was recorded in with Tween 80 and

Triton X-100, respectively. Similar activating effect of

Tween 80 was reported by Rekik et al. [43]. While the B.

invictae protease described by Hammami et al. [44] was

less stable than OB 3 in the presence of the same surfac-

tants. Furthermore, the OB3 protease retained about

75.08 and 35.15% of its initial activity in the presence of

0.5 and 1% SDS, respectively. The stability of OB3 prote-

ase greatly exceeds the protease from B. invictae with

only 19.48% residual activity when incubated 1 h with

1% SDS [44]. Interestingly, the protease activity was

improved by H2O2, the activity was 111.53 and 109.82%

in the presence of respectively, 1 and 5%. A slight stimu-

lating effect by low concentrations of the oxidizing agent

was reported for other alkaline serine proteases [39, 45].

Similarly, proteases from B. mojavensis A2 retained less

than 76% of their activity after 1 h at 30℃ [46]. Interest-

ingly, when compared to other proteases from A. veronii

PG01 (58% (2%)) [14] and other detergent stable alka-

line proteases [47−49], OB3 protease exhibit significant

stability in the presence of H2O2.

Compatibility with commercial detergents
As it can be seen in Fig. 3, OB3 protease exhibited

high stability with several commercial detergents. Fur-

thermore, the activity of alkaline protease is improved in

Tide (113%), Ariel (110%), El Kef (109%) and OMO

(107%). At 40℃, remarkable stability was also recorded

in the presence of Ariel, Tide and El kef retaining its

maximal activity and negligible loss was observed with

OMO. However, OB3 activity was slightly decreased at

50℃ in all the detergents tested. In contrast, proteases

from Bacillus safensis RH12 [43] and Bacillus sp. SSR1

[49] retained at 40℃ with Ariel, 75 and 37% of their ini-

tial activity, respectively. 

Remarkably, at 40 and 50℃, A. veronii OB3 protease

was more stable than the commercial proteases present

in some detergent formulations. As compared to A.

veronii OB3 protease (80%), the activity of the commer-

cial detergent Ariel was severely affected when incu-

bated 1 h at 50℃ [51]. These findings strongly advocated

the use of OB3 protease as a bioadditive in detergent

industry.

Wash performance analysis
As seen in Fig. 4, the use of the Tide alone is not effec-

tive in removing blood stain. The best washing perfor-

mance was given by the detergent supplemented with

the enzyme preparation (500 U). Addition of OB3 prote-

ase improved the stain removal efficiency and can

enhance the ability of detergents to clean clothes. It is

noticed that the crude enzyme from A. veronii OB3 is

more effective than other reported detergent-stable alka-

line proteases [16, 31]. Moreover, low level of supple-

mentation of OB3 protease (500 U) in comparison with

previously reported levels described by other papers

(845, 1690, 5070 U) [46, 52]. 

In this study, an alkaline protease from A. veronii was

isolated. Biochemical characteristics, along with compat-

ibility and stability towards surfactants, oxidizers,

organic solvents and commercial detergents were

demonstrated. Such impressive properties make OB3

alkaline protease promising for its use in organic peptide

synthesis and detergent industry applications. In addi-

tion, the use of fish wastes powder constitutes an eco-

nomic alternative to synthetic medium during large-

scale production of commercial proteases.

Table 2. Stability of the alkaline protease OB3 in the pres-
ence of various surfactants and bleaches.

  Concentrations (%) Residual activity (%)

SDS 0.5 75.08 ± 0.76

1 35.15 ± 0.95

Tween 80 5 198.29 ± 0.50

Triton x-100 5 147.43 ± 0.56

 H2O2 1 111.53 ± 1.03

5 109.82 ± 0.57

Fig. 4. Activity of the alkaline protease OB3 in commercial
solid and liquid laundry detergents.
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