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Abstract
Detergent-compatible enzymes are the new trend followed by most in the detergent industry. Cellulases, lipases, proteases, 
and amylases are among the enzymes frequently used in detergents. Detergent-compatible enzymes can be obtained from 
many organisms, but the stability, cheapness, and availability of microbial enzymes make them preferable in industrial areas. 
In the present study, soil samples contaminated with household waste were collected from different regions of Trabzon 
(Turkey) for amylase-, cellulase-, protease-, and lipase-producing bacteria. A total of 55 bacterial isolates differing in colony 
morphology were purified from the samples and 25 of the isolates gave positive results in enzyme screening. The enzyme 
screening experiments revealed that 10 isolates produced amylase, 9 produced lipase, 7 produced cellulase, and 6 produced 
protease. While 2 isolates showed both protease and lipase activity, for 2 different isolates cellulose and amylase activity 
were detected together. It was also observed that one isolate, C37PLCA, produced all four enzymes. The morphological, 
physiological, and biochemical analyses of the bacteria from which we obtained the enzymes were performed and species 
close to them were determined using 16S rRNA sequences. Based on the results obtained, our enzymes show tremendous 
promise for the detergent industry.
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Introduction

Bacteria have a wide distribution in the soil and soils typi-
cally contain  109 to  1010 microorganisms per gram (dry 
weight) [1]. The species of bacteria, their living conditions, 
and the enzymes produced by them may vary according to 
their ecological environment. Bacterial species with differ-
ent growth conditions prefer different temperatures. While 
thermophilic bacteria generally grow at temperatures above 

45 °C [2], the optimum temperature for mesophilic bacteria 
is between 20 and 45 °C [3]. Thermophilic and mesophilic 
microorganisms are promising for use in industrial appli-
cations because of the biotechnological potential of their 
enzymes such as for cellulases, hemicellulases, amylase, 
pectinases, xylanases, and proteases [4, 5].

Detergent enzymes constitute 25–30% of the enzyme 
market worldwide. Enzymes are considered “green chemi-
cals” and they play a very important role in the detergent 
industry [6]. Their use in detergent formulations not only 
increases stain removal efficiency, but also makes these 
types of detergents more environmentally friendly and more 
reliable [7]. Detergent enzymes make an extra contribution 
to removing difficult stains. The main advantages of using 
an enzyme-containing biological detergent are its effective-
ness at lower temperatures and faster washing performance, 
saving time, energy, water, and money. Detergent enzymes 
include four main classes and each of them has a differ-
ent area of use. Of these enzymes, proteases are used to 
remove protein stains, lipases to break down oil residues in 
materials, amylases to remove starch-based food stains, and 
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cellulases to remove dirt by eliminating small cotton fibers 
that form on the fabric surface during use, thus helping to 
make the fabric smooth [8].

The current trend in the detergent industry is to save 
energy and preserve the quality of fabrics by using enzymes 
that are compatible with detergent formulations to produce 
detergents that act at lower temperatures. The importance 
of adding detergent-compatible enzymes to the content of 
detergents is obvious. Enzymes used as detergent compo-
nents must be stable and effective under the desired condi-
tions (alkaline pH, wide temperature range, etc.), and should 
be compatible and stable with various detergent components 
(organic solvents, surfactants etc.) [9].

Due to the importance of using detergent-compatible 
enzymes in the global enzyme market, the demand for these 
types of enzyme has rapidly increased [10, 11]. In general, 
most of the enzymes used in the detergent industry have 
some limitations, such as low activity and stability against 
anionic surfactants (SDS, chaotropic agents, and oxidants) 
[12]. Most of the commercial detergent-compatible enzymes 
are unstable at desired levels in the presence of detergent 
components such as surfactants and oxidizing agents [13]. 
Although various detergent-compatible proteases, lipases, 
amylases, and cellulases have been obtained during the last 
decade, intensive studies are still needed for enzymes with 
better industrial properties [14, 15].

Detergent-compatible enzymes can be produced by 
plants, animals, and microorganisms. However, the stabil-
ity, cheapness, and availability of microbial enzymes make 
them preferable in industrial areas [16, 17]. Many studies 
concerning the isolation, production, purification, and char-
acterization of microbial enzymes and their industrial appli-
cations have been reported. However, most of them focused 
on one or two enzymes. In this work, bacterial isolates from 
soil samples were screened for all four enzymes simultane-
ously. The aim of this study was to isolate and identify new 
bacteria from soil samples for the detergent industry and to 
determine their enzyme production potential.

Materials and methods

Sample collection

Soil samples contaminated with sink and washing machine 
waste were collected from the Besikduzu and Yomra dis-
tricts of Trabzon (Turkey). The soil samples were collected 
aseptically in sterile culture tubes and transported to the 
laboratory as soon as possible. Soil samples were separately 
inoculated in TSB medium (1 g/100 ml) and incubated aero-
bically in shakers at 37 °C and 55 °C for 24–72 h. Growing 
cultures were diluted  10−1 to  10−10 and streaked directly onto 
TSA agar plates. The plates were incubated for 2 to 5 days 

at 37 °C and 55 °C. After bacterial growth was seen on the 
plates, single colonies with divergent morphologies were 
transferred onto new TSA plates and purified. The purified 
bacterial isolates were maintained in 20% glycerol at − 80 °C 
for further analyses [18].

Screening the enzyme activity of the bacterial 
isolates by plate assay

The bacterial isolates were grown on TSA plates for 24 h 
for preliminary qualitative screening of the four hydrolytic 
enzymes. Enzyme activity screening was performed on 
agar plates each including enzyme-specific substrates by 
the drop plate technique after incubation at 37 °C and 55 °C 
for 1–5 days. All experiments were performed in duplicate 
according to the standard protocols. The isolates that showed 
high activity were selected for further study.

The amylase activity of the isolates was determined using 
LB agar plates including 1% (w/v) starch as substrate. After 
incubation at 37 °C and 55 °C for 3 days, starch hydrolysis 
was detected by flooding the plates with Lugol’s solution. 
Large clear zones around the colonies indicated starch con-
sumption by the bacteria [19]. The lipase activity of the bac-
terial isolates was tested using the diffusion agar method on 
tributyrin agar medium containing 1% tributyrin (glycerol 
tributyrate). After incubation at 37 °C and 55 °C for 2 days, 
the colonies with a very visible clear zone were identified as 
lipase producers [20, 21]. Proteolytic activity was tested on 
agar medium containing 10% (w/v) skim milk. The bacte-
rial isolates were incubated at 37 °C and 55 °C for 2 days. 
The observation of clear zones around the colonies indicated 
positive proteolytic activity [22]. Screening of cellulase 
activity was performed by incubating the bacterial isolates 
on carboxymethyl cellulose (CMC) agar plates containing 
5% (w/v) CMC for 3 days at 37 °C and 55 °C. After this 
period, the plates were stained with Congo red (1% w/v) 
solution for 15 min and washed with 1 M NaCl for 15 min 
to remove the dye. The formation of clear zones around the 
colonies was considered to indicate cellulose activity [23].

Production of the crude enzymes

Based on plate screening, the bacterial isolates exhibiting 
enzyme activity were further analyzed by spectrophotomet-
ric assay. For enzyme production, the isolates were seeded 
in NB medium at pH 7.0 containing skim 10% milk, 10% 
starch, 5% olive oil, and 1% CMC. The bacterial cultures 
were incubated at 37 °C and 55 °C for 3 days. The cell-free 
supernatants obtained after centrifugation at 11,000 rpm for 
7 min were used as crude enzyme extracts and assayed for 
respective enzymatic activity and partial characterization.
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Amylase and cellulase assay

Amylase and cellulase activity were assayed using 1% (w/v) 
CMC and 1% (w/v) soluble starch as substrate, respectively. 
The reaction mixture included 100 µl of substrate solution 
and 100 µl of enzyme solution (cell-free supernatant) was 
incubated for 30 min at 50 °C. Then 500 µl of 3,5-dinitrosali-
cylic acid (DNS) was added to the mixture, which was boiled 
in a water bath for 10 min for color development. The color 
change in the samples was measured by spectrophotometer 
at 540 nm [24].

Lipase activity assay

Lipase activity was determined using p-nitrophenyl butyrate 
(pNPB) as substrate based on the spectrophotometric meth-
odology. The substrate solution was prepared by dissolving 
10 mM of pNPB in an acetonitrile, ethanol, and Tris–HCl 
buffer (50 mM, pH 8.0) mixture (1:4:95 (v/v/v) ratio, respec-
tively). Next 0.9 ml of substrate solution and 0.1 ml of crude 
enzyme were mixed and incubated at 50 °C for 30 min. The 
enzyme activity was monitored at 410 nm spectrophoto-
metrically [25].

Protease activity assay

The caseinolytic method described by Kunitz was modified 
for determination of protease activity. Azocasein was used as 
substrate. Crude enzyme extract (0.5 ml) was added to 1 ml 
of 1% azocasein solution in 50 mM Tris–HCl pH 8.0. The 
reaction mixture was incubated at 55 °C for 30 min. After 
incubation, 100 µl of 10% trichloroacetic acid (TCA) was 
added to the reaction mixture to terminate the reaction. The 
mixture was kept at room temperature for 15 min and centri-
fuged at 10,000 × g for 5 min. The clear supernatant (300 µl) 
was removed in a clear microcentrifuge tube and 300 µl of 
1% NaOH was added. Proteolytic activity was recorded at 
440 nm using a spectrophotometer [26].

Characterization of enzymes

Effect of temperature on the activity and stability 
of the crude enzymes

To evaluate the optimal temperature of the enzyme activity, 
reactions were performed at different temperatures, ranging 
from 30 to 80 °C, using CMCase, protease, amylase, and 
lipase standard assays. The effect of temperature on enzyme 
stability was determined by pre-incubating the crude enzyme 
extracts at 30 °C and 50 °C without substrate. Aliquots were 
withdrawn at regular intervals to assay the residual activity 
under defined conditions. The untreated enzyme was con-
sidered the control (100%).

Effect of pH on activity and stability of the crude enzymes

The effect of pH on the activity of the crude enzymes was 
tested by using substrate solutions prepared in 50 mM of the 
following buffers: sodium citrate buffer (pH range 3.0–5.0), 
sodium phosphate buffer (pH range 6.0–8.0), and gly-
cine–NaOH buffer (pH 9.0–10.0). Starch, casein, pNPB, and 
CMC were used as substrates for amylase, protease, lipase, 
and cellulase, respectively. The activity of the crude enzymes 
was determined under standard assay conditions at optimum 
temperatures. To determine the stability of the crude enzymes 
at pH 8.0, they were pre-incubated at pH 8.0 and 30 °C. The 
enzyme activity was measured at regular intervals to assay the 
residual activity under standard conditions.

Compatibility with detergents

Detergent compatibility of the selected enzymes was deter-
mined by standard enzyme assay. Four different commercial 
detergents were used at a concentration of 5 mg/ml ((A) 
Ariel, Procter & Gamble; (B) OMO Matik, Unilever; (C) 
Bingo, Hayat Kimya; and (D) Boron, Eti Maden). First, 
all of the commercial detergents were incubated at 60 °C 
for 3 h to inhibit the probable enzyme activity in the deter-
gents; then they were mixed with the same concentration of 
crude enzymes (protease, amylase, lipase, and cellulase). 
The enzyme–detergent solutions were incubated at 50 °C for 
60 min, followed by a standard enzyme assay for determina-
tion of the remaining activity [27].

Conventional analysis of the bacterial isolates

Conventional tests of the isolates were performed in dupli-
cate. Gram and endospore staining were performed using 
the methods described by Harley and Prescott [28]. The tem-
perature, pH, and sodium chloride (NaCl) demands of bacte-
rial growth were detected by incubating strains in tryptic soy 
broth (TSB) medium at different temperatures (30–70 °C), 
pH (4.0–10.0), and NaCl concentrations (0–12%). The opti-
mal temperature, pH, and NaCl concentration of bacterial 
growth were determined by measuring the absorbance of 
bacterial culture densities at 600 nm; periodical measure-
ments were carried out between 12 and 76 h. The catalase 
and oxidase activity of the bacterial isolates were investi-
gated as described by Maugeri et al. [29]. The atmospheric 
 O2 demands of the bacterial isolates were determined by 
incubating in brain heart infusion agar.

Molecular identification by 16S rRNA gene 
sequencing and phylogenetic analysis

The genomic DNAs of the bacterial isolates were extracted using 
a Wizard® Genomic DNA Purification Kit (Promega, USA). 
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The 16S rRNA sequences were amplified from the extracted 
DNA samples by PCR with the universal primers UNI16S-L 
(5′-ATT CTA GAG TTT GAT CAT GGC TCA -3′) and UNI16S-R 
(5′-ATG GTA CCG TGT GA CGG GCG GTG TGT A-3′) [30]. The 
following PCR amplification conditions were used to amplify the 
16S rRNA gene: initial denaturation at 95 °C for 2 min, denatura-
tion at 94 °C for 1 min, annealing at 50 °C for 1 min, extension at 
72 °C for 2 min, a total of 36 cycles, and a final polymerization 

step of 72 °C for 5 min. The PCR products were cloned in a 
cloning vector system (pGEM-T Easy, Promega, UK) and 16S 
rRNA gene sequences were determined with an Applied Bio-
systems model 373A DNA Sequencer (Macrogen, Netherlands). 
The isolates were identified by analyzing the 16S rRNA gene 
sequences using the GenBank Advanced Blast Program provided 
in National Center for Biotechnology Information resource and 
the EzBioCloud server (http:// www. ezbio cloud. net) [31]. The 

Table 1  The results of the 
physiological tests of isolates

Isolates Temperature (°C) pH NaCl (%)

Growth range Optimal Growth range Optimal Growth range

1NP5A 30–50 37 5–9 7 0–5
C37-13 30–50 37 5–9 7 0–7
C55-8 40–60 50 4–10 8 0–10
C37-8 30–50 37 6–8 7 0–10
C37-5 30–40 37 5–10 8 0–5
C37-3 30–50 37 5–7 7 0–7
1NP7 30–50 37 5–9 7 0–5
4NL7C1 30–50 37 4–9 7 0–8
A37-3 30–40 37 5–8 8 0–5
A37-4 30–50 37 5–10 7 0–5
A55-3 30–60 45 5–9 7 0–10
A55-4 30–55 45 5–10 7 0–10
A55-8 30–50 45 5–10 7 0–10
C37-1 30–50 37 5–9 7 0–5
C37-4 30–60 37 4–10 8 0–7
1NP6 30–50 37 4–9 7 0–5
2NL3B 30–45 37 5–10 7 0–5
2NP4 30–45 37 5–10 7 0–8
2NL1 30–55 37 5–8 7 0–10
5NP2B2-3 30–45 37 5–9 8 0–8
5NP3D-1 30–50 37 5–9 7 0–5
5NP2B2-2 30–50 37 4–10 7 0–10
1NL100B 30–50 37 4–10 7 0–10
5NP2A3 30–50 37 5–10 8 0–8
C37PLCA 30–50 37 5–9 7 0–10

Table 2  The optimum temperature and pH of the crude amylase, cellulase, lipase, and protease

Amylase Cellulase Lipase Protease

pHopt Temp.Opt pHopt Temp.Opt pHopt Temp.Opt pHopt Temp.Opt

C37-1 7.0 50 °C C37-1 9.0 60 °C 1NP6 10.0 60 °C 1NP6 9.0 50 °C
C37-4 6.0 50 °C C37-3 9.0 40 °C 1NP7 10.0 60 °C 2NP4 8.0 50 °C
C37-5 8.0–9.0 50 °C C37-4 7.0 50 °C 5NP2B2-2 8.0 30 °C 5NP2A3 9.0 60 °C
C37-8 8.0–9.0 50 °C C55-8 7.0 50 °C 2NL3B 8.0 40 °C 5NP2B2-3 7.0 50 °C
C37-13 8.0–9.0 50 °C A55-3 8.0 50 °C 1NL100B 8.0 40 °C 5NP3D-1 10.0 60 °C
A37-3 7.0 50 °C 4NL7C 9.0 50 °C 2NL1 9.0 50 °C C37PLCA 8.0 50 °C
A37-4 7.0 50 °C C37PLCA 8.0 60 °C 2NP4 8.0 60 °C
A55-4 6.0 50 °C 1NP5A 10.0 40 °C
A55-8 6.0 50 °C C37PLCA 8.0 60 °C
C37PLCA 8.0 50 °C

http://www.ezbiocloud.net
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16S rRNA gene sequences of closely related type strains were 
downloaded from the EzBioCloud server and edited using the 
program BioEdit. Phylogenetic trees based on 16S rRNA gene 
sequences were reconstructed by three algorithms with neighbor-
joining [32], using MEGA version 7.0 [33]. The evolutionary 
distance matrix was calculated according to Kimura’s two-
parameter model [34]. Bootstrap analysis based on 1000 repli-
cates was also conducted in order to obtain confidence levels for 
the branches [35].

Results

Isolation of enzyme‑producing bacterial strains 
and screening of the enzymes

In the present study, soil samples contaminated with household 
waste were screened for amylase-, cellulase-, protease-, and 
lipase-producing bacteria; enzyme-producing bacterial isolates 
were partially characterized; and the suitability of the enzymes 
for the detergent industry was investigated. Soil samples were 
collected from different regions of Trabzon (Turkey) and a total 
of 55 bacterial isolates differing in colony morphology were puri-
fied from the samples. Forty-eight of the isolates easily grew at 

37 °C and the remaining seven isolates at 55 °C. The isolates 
were screened for protease, amylase, cellulase, and lipase produc-
tion. It was observed that 25 of the isolates were positive for one 
or more of the enzymes screened. Ten of the isolates produced 
amylase (C37PLCA, C37-1, C37-4, C37-5, C37-8, C37-13, 
A37-3, A37-4, A55-4, and A55-8), 9 were positive for lipase 
(C37PLCA, 1NL100b, 2NL1, 2NL3b, 5NP2b2-2, 1NP6, 1NP7, 
1NP5a, and 2NP4), 7 showed cellulase activity (C37PLCA, C37-
1, C37-3, C37-4, C55-8, A55-3, and 4NL7c), and 6 produced 
protease (C37PLCA, 5NP203, 5NP3d-1, 5NP2b2-3, 2NP4, and 
1NP6). While 2NP4 and 1NP6 showed both protease and lipase 
activity, C37-1 and C37-4 were positive for cellulase and amyl-
ase together. However, C37PLCA was able to produce all four 
enzymes. The optimum growing temperatures of the enzyme-
producing isolates were mostly 37 °C except for A55-3, A55-4, 
and A55-8 (45 °C) and C55-8 (50 °C) (Table 1).

Effect of temperature and pH on the activity 
and stability of the crude enzymes

Among the screened isolates, the enzyme producers were 
inoculated into enriched media for enzyme production. The 
cell-free supernatants obtained after centrifugation were 

Fig. 1  A Effect of temperature and B pH on the crude amylase 
extracts from C37PLCA, C37-1, C37-4, C37-5, C37-8, C37-13, 
A37-3, A37-4, A55-4, and A55-8 strains. C Effect of temperature on 
the stabilities of the crude amylase extracts from the 10 strains. The 
enzyme stability was determined by pre-incubating enzyme at 30 °C 
and residual activities were calculated. D Effect of temperature on 

the stabilities of the crude amylase extracts from the 10 strains. The 
enzyme stability was determined by pre-incubating enzyme at 50 °C 
and residual activities were calculated. E Effect of pH on the stabili-
ties of the crude amylase extracts from the 10 strains. For determin-
ing the stability of the crude amylase at pH 8.0, the enzymes were 
pre-incubated at pH 8.0 and residual activities were calculated
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used as crude enzyme extracts. The optimum temperature 
and pH of the enzymes are given in Table 2. The temperature 
stability of the crude enzymes produced from bacteria was 
determined by pre-incubating the crude enzymes at 30 °C 
and 50 °C.

Optimum amylase activity was observed at 50 °C for 
all 10 amylase-positive isolates and high enzyme activity 
at 40 and 60 °C, which is close to optimum. The amyl-
ases obtained from C37-5, C37-8, C37-13, and C37PLCA 
showed optimum activity at alkaline pH values (8.0 and 
9.0), while the others showed optimum activity at pH 6.0 
and 7.0 (Table 1). The thermostability profile showed that 
all crude amylases obtained from the 10 isolates retained 
more than 75% of their catalytic activity at 30 and 50 °C 
for 120 h. At 50 °C, the crude amylase produced by C37-5 
was fully heat stable. Further, the crude amylase produced 
by C37-4 was fully heat stable at 30 °C. The A37-3, A37-
4, C37-4, C37-5, and C37-13 amylases retained 50% of 
their amylase activity after 24 h, while C37-1 and C37-8 
retained it after 72 h and A55-4 and A55-8 after 96 h at 
pH 8.0 (Fig. 1).

All 7 cellulases showed optimum activity at 40 °C and 
above. All of them showed optimum activity at alkaline pH 

(Table 1). The catalytic activity of the A55-3, C37-4, C55-
8, 4NL7C, and C37PLCA cellulases was less than 40% at 
30 and 50 °C after 4 h. Under the same conditions, C37-1 
retained 80% of its activity. The cellulase of C37PLCA 
showed 80% activity at pH 8.0 after 6 h, whereas the rela-
tive activity levels of all other cellulases decreased below 
50% (Fig. 2).

The optimum temperatures for lipase activity ranged from 
30 to 60 °C; however, all of them showed optimum activ-
ity at alkaline pH. The lipases of 1NL100b, 2NL3b, and 
5NP2b2-2 remained stable for 144 h; of 2NL1 for 168 h; 
and of 1NP6, 1NP7, 1NP5a, and 2NP4 for 192 h at 30 °C. 
The lipase of 1NP5a retained 80% of its activity after 48 h at 
50 °C, while 40% lipase activity was observed for the other 
strains. pH stability analyses revealed that C37PLCA and 
1NP7 had 90% residual activity at pH 8.0 after 48 h (Fig. 3).

The optimal reaction temperature for the proteases of 
5NP2A3 and 5NP3D-1 was 60 °C. However, all of the 
other proteases showed optimum activity at 50 °C. All 
proteases had optimum activity at alkaline pH, except 
for 5NP2B2-3 (Table 1). The proteases of 1NP6, 2NP4, 
5NP2A3, 5NP2B2-3, and 5NP3D-1 remained stable for 
96 h at 30 °C. The proteases produced by 1NP6 and 2NP4 

Fig. 2  A Effect of temperature and B pH on the crude cellulase 
extracts from C37PLCA, C37-1, C37-3, C37-4, C55-8, A55-3, 
and 4NL7c strains. C Effect of temperature on the stabilities of the 
crude cellulase extracts from the 7 strains. The enzyme stability was 
determined by pre-incubating enzyme at 30  °C and residual activi-
ties were calculated. D Effect of temperature on the stabilities of the 

crude cellulase extracts from the 7 strains. The enzyme stability was 
determined by pre-incubating enzyme at 50 °C and residual activities 
were calculated. E Effect of pH on the stabilities of the crude cellu-
lase extracts from the 7 strains. For determining the stability of the 
crude amylase at pH 8.0, the enzymes were pre-incubated at pH 8.0 
and residual activities were calculated
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were stable almost 100% after 6 h of incubation at 50 °C. 
On the other hand, the proteases of 5NP2A3 and 5NP2B2-3 
lost 50% of their activity after 4 h at 50 °C. The proteases 
lost 40% of their activity after 120 h at 30 °C, except for 
C37PLCA. All of the proteases had 80% activity remaining 
at pH 8.0 even after 216 h (Fig. 4).

Selection of enzymes according to their detergent 
compatibility

To determine the suitability of the enzymes for the deter-
gent industry, their compatibility with four commercial 
detergents frequently used nowadays was studied. The 
lipase of 1NL100b was compatible with detergents A 
and D; the lipase of 2NL1 was compatible with B, C, and 
D; and the lipases of 2NL3B, 5NP2B2-2, 1NP6, 1NP7, 
1NP5A, and 2NP4 were compatible with all of the deter-
gents tested. The proteases of 1NP6, 2NP4, 5NP2A3, and 
5NP2B2-3 were compatible with all of the detergents and 
the protease of 5NP3D-1 was compatible with A, B, and D. 
The protease, lipase, cellulase, and amylase produced by 
C37PLCA, which produces all four enzymes, were compat-
ible with the detergents.

Phenotypic features of the isolates

The results of the physiological tests of the bacterial isolates 
are shown in Table 1. All of the bacterial isolates tested 
were Gram-positive. Microscopic analysis showed that only 
two (5NP2B2-2 and 1NL100B) of the isolates were cocci-
shaped bacteria, while the others were rod-shaped. While 
16 of the isolates were able to form endospores, the remain-
ing 8 isolates (1NP5A, 1NP6, 1NP7, 1NL100B, 2NL3B, 
2NP4, 5NP2B2-3, 5NP2B2-2, and C37-4) were not capable 
of forming spores. All of the isolates were catalase positive; 
19 isolates were oxidase positive and the remaining eight 
(C55-8, C37-8, A55-8, C37-4, 2NL1, 5NP3D-1, 5NP2B2-
2, and 1NL100B) were oxidase negative. All of the isolates 
were able to grow in media not supplemented with salt, so 
salt was not necessary for bacterial growth. All isolates were 
able to grow in salt concentrations ranging from 0 to 5%. 
Nine of the isolates were able to tolerate up to 5% NaCl 
concentration in growth media, 3 of the isolates could toler-
ate up to 7% NaCl, 4 of them were able to tolerate up to 8% 
NaCl, and only 9 of the isolates could grow in 10% NaCl. 
None of the strains was able to grow in a salt concentration 
of 15%. The optimum growing pH analyses revealed that 

Fig. 3  A Effect of temperature and B pH on the crude protease 
extracts from C37PLCA, 5NP203, 5NP3d-1, 5NP2b2-3, 2NP4, 
and 1NP6 strains. C Effect of temperature on the stabilities of the 
crude protease extracts from the 6 strains. The enzyme stability was 
determined by pre-incubating enzyme at 30  °C and residual activi-
ties were calculated. D Effect of temperature on the stabilities of the 

crude protease extracts from the 6 strains. The enzyme stability was 
determined by pre-incubating enzyme at 50 °C and residual activities 
were calculated. E Effect of pH on the stabilities of the crude pro-
tease extracts from the 6 strains. For determining the stability of the 
crude amylase at pH 8.0, the enzymes were pre-incubated at pH 8.0 
and residual activities were calculated
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almost all strains grew in pH values ranging between 7.0 and 
8.0. Of the 25 isolates, 10 isolates were able to tolerate up 
to pH 9.0, while 11 isolates were able to grow in pH 10.0. It 
was also determined that all isolates showed growth at pH 
5.0 but only 4 isolates could grow at pH 4.0. The isolates 
were incubated at different temperatures between 30 and 
70 °C with an increase of 5 °C. It was observed that all iso-
lates could grow at between 30 and 45 °C.

Molecular characterization of the isolates

The 16S rRNA gene sequences of the 25 bacterial iso-
lates producing the selected enzymes were analyzed. The 
sequences obtained were compared with the 16S database 
of EzBioCloud. The isolates were identified at the species 
level and the 16S rRNA gene sequences of the bacterial 
isolates were deposited in the GenBank database under 
accession numbers from OL308061 to OL308078. Blast 
analysis of the 16S rRNA gene sequences revealed that all 
isolates showed greater than 99.26% sequence similarity 
to closely related species. Two of the isolates (5NP2B2-2 
and 1NL100B) belonged to the genus Staphylococcus 
(Fig. 5) and the others were Bacillus (Fig. 6). Phyloge-
netic trees based on the 16S rRNA gene sequences were 

constructed to determine the evolutionary relationships of 
the bacterial isolates. The constructed phylogenetic tree 
showed that three isolates (4NL7C, C37-1, and 2NL1) 
formed a cluster with Bacillus siamensis and two isolates 
(C37-8 and C37-3) shared a cluster with Bacillus inaquo-
sorum. Isolates 1NP6, 1NP5A, 2NP4, 2NL3B, 1NP7, and 
C37-4 fell in a separate cluster within the main group of 
Bacillus type strains.

Discussion

Because of the harmful effects of chemicals on our eco-
system, environmentally friendly approaches are needed. In 
this context, the use of microbial enzymes in the detergent 
industry is an area of interest. Nowadays, enzymes used in 
the industrial field are generally obtained from microor-
ganisms. Microbial enzymes are of prime importance due 
to their applications in the detergent, textile, feed, leather, 
waste treatment, and other sectors. The enzymes of micro-
organisms are preferable because they have higher catalytic 
activity than the enzymes obtained from other organisms, 
they are stable at broad ranges of industrial conditions and 
inexpensive, and do not form toxic by-products. Their other 

Fig. 4  A Effect of temperature and B pH on the crude lipase extracts 
from C37PLCA, 1NL100b, 2NL1, 2NL3b, 5NP2b2-2, 1NP6, 1NP7, 
1NP5a, and 2NP4 strains. C Effect of temperature on the stabilities 
of the crude lipase extracts from the 9 strains. The enzyme stabil-
ity was determined by pre-incubating enzyme at 30 °C and residual 
activities were calculated. D Effect of temperature on the stabilities of 

the crude lipase extracts from the 9 strains. The enzyme stability was 
determined by pre-incubating enzyme at 50 °C and residual activities 
were calculated. E Effect of pH on the stabilities of the crude lipase 
extracts from the 9 strains. For determining the stability of the crude 
amylase at pH 8.0, the enzymes were pre-incubated at pH 8.0 and 
residual activities were calculated
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advantages include ease of modification and optimization 
and being easily obtained [31, 36]. Due to their industrial 
importance, interest in the isolation of new bacterial strains 
producing useful enzymes is increasing day by day [37]. 
There are many reports in the literature about the bacterial 
enzymes obtained from soil and water that possess desired 
properties for industrial applications. In the present study, 
household waste-contaminated soil samples were screened 
for enzyme-producing bacteria. We focused on four indus-
trial enzymes, namely, protease, lipase, cellulase, and amyl-
ase, which have been used in industry especially as detergent 
ingredients for a long time. Although commercial detergents 
contain some microbial enzymes, there is still a need to iden-
tify new bacterial enzymes that are highly active and stable. 
We also aimed to obtain bacterial samples that produce two 
or more of these enzymes at the same time; in this way the 
production of commercial enzymes will be more cost effec-
tive. Therefore, our findings are important for filling the gap 
in this field; in particular, the strain C37PLCA (Bacillus sp.), 
which synthesizes 4 enzymes at the same time, can offer 
promising solutions to develop efficient processes.

Protease, lipase, amylase, and cellulase are important 
enzymes in terms of industrial value. These enzymes have 
a wide area of use in industry such as in detergents, food, 
bioremediation, and cosmetics [38]. Proteases, which con-
stitute 60% of the global enzyme market, are used in deter-
gents, leather, food, and cosmetics [16, 39]; starch-degrading 
amylases are used for wastewater treatment [40]; cellulases 
are used for improved malting and clarification in the fer-
mentation industry [41]; and lipases are used in large-scale 
industrial areas such as food, cosmetics, and perfumery [38, 
42]. Industrial enzymes are required to be resistant to high 
temperatures [43]. Studies have shown that bacterial lipases 
show high activity at 37–40 °C. Based on some studies in the 
literature, the activity of alkaline proteases is halved within 
1.5 to 6.5 h at 50–55 °C, but they are generally resistant to 
high temperatures. Detergent-compatible bacterial amylases 
have different optimum temperatures, ranging from 22 to 
70 °C [27] and the optimum temperature of cellulases is 
50–55 °C [44]. Our enzymes are industrially important with 
their ability to show activity at an average temperature of 
40–60 °C. Besides temperature resistance, the activity and 

Fig. 5  Based on the 16S rRNA 
gene sequences of two isolates 
and other similar strains, a 
neighbor-joining tree was cre-
ated. Each nucleotide location 
has 0.01 substitutions. At the 
branch locations, bootstrap 
percentages greater than 50% 
based on 1000 replications are 
displayed. As an outgroup, 
Macrococcus caseolyticus 
subsp. caseolyticus ATCC 
 13548 T was used
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Fig. 6  Based on the 16S rRNA 
gene sequences of two isolates 
and other similar strains, a 
neighbor-joining tree was cre-
ated. Each nucleotide location 
has 0.01 substitutions. Each 
nucleotide location has 0.01 
substitutions. At the branch 
locations, bootstrap percentages 
greater than 50% based on 1000 
replications are displayed. As 
an outgroup, Alicyclobacillus 
acidocaldarius subsp. acidocal-
darius DSM  446 T
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stability of proteolytic activity over a pH range enable these 
enzymes to withstand harsh environmental conditions in 
industrial processes such as for detergents, food, and leather, 
and the synthesis of biologically active peptides [45]. Our 
enzymes showed high activity between pH 6 and 10 and are 
stable at alkaline pH. The fact that the enzymes we obtained 
have activity at high pH is a demonstration that they are suit-
able for this sector because commercial detergents usually 
have an alkaline pH.

The compatibility of the enzymes obtained in the pre-
sent study with commercial detergents (Ariel, OMO Matik, 
Bingo, and Boron) was also investigated. Fourteen partially 
characterized enzymes showed sufficient stability with the 
detergents. All four enzymes produced by C37PLCA were 
active when used with detergents at 50 °C after 60 min. 
Similar results were reported in the literature for other 
Bacillus strains. The protease of Bacillus sp. retained 65% 
of its activity after 30-min incubation with commercial 
detergents at 60 °C [46]. The lipase of Bacillus smithii 
BTMS11 showed more than 90% activity after 3 h of incu-
bation in the presence of detergents [47]. In another study, 
a cellulase produced by Bacillus SMIA-2 was tested with 
commercial detergents, and after an incubation period of 
30 min at 40 °C it was still 70% active [48]. Moreover, an 
amylase of Bacillus subtilis AS-S01a retained 69–100% of 
its activity after 1 h at room temperature [49]. These find-
ings are compatible with our results and we can conclude 
that our enzymes can be included in commercial detergents. 
The strain C37PLCA produced all of the enzymes screened. 
The enzymes were compatible with the commercial deter-
gents. They were also active and stable at alkaline pH and 
the temperatures needed for the cleaning industry. These 
features make this enzyme a promising tool for the deter-
gent industry.

The morphological, physiological, and biochemical anal-
yses of the bacteria from which we obtained the enzymes 
were performed and species close to them were determined 
using 16S rRNA sequences. Homology analysis of the gene 
sequences showed that they were over 99% the same as 
Bacillus species, except for 2 of the bacteria. Those two 
bacteria belong to the genus Staphylococcus. Half of the 
total global enzyme market is derived from Bacillus spe-
cies. As stated before, in this field, enzymes obtained from 
Bacillus species are important for large-scale biotechno-
logical processes due to their thermostability and efficient 
expression systems [36]. Although not all our bacteria are 
thermophilic, the enzymes they synthesize are thermosta-
ble, as seen in studies of Bacillus species [50]. In addition, 
lipases obtained from Staphylococcus species are suitable 
for use in the detergent industry and lipase enzyme studies 
of these species are of interest [51–53]. According to the 
results obtained, our enzymes are suitable candidates for 
the detergent industry.

Conclusions

Soil samples contaminated with household waste were screened 
for protease-, lipase-, cellulase-, and amylase-producing bac-
teria. A total of 25 isolates were determined producing one or 
more of the enzymes. Among these isolates, 10 of them pro-
duce amylase, 9 of them lipase, 7 of them cellulase, and 6 of 
them protease. The strain C37PLCA is capable of producing 
all four enzymes. Optimum temperatures of the enzymes range 
from 37 to 55 °C and they are active at alkaline pH values. 
16S rRNA analyses revealed that two of the strains belong to 
the genus Staphylococcus and the rest belong to Bacillus. The 
stability of the enzymes at high temperatures, alkaline pH, and 
in commercial detergents make them promising.
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