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ABSTRACT: The structural complexity of bacterial life makes most of it impossible to
culture. Functional metagenomics approaches overcome the limitations of a culture-based
approach in exploring and assessing the genetic materials of uncultured microbes. The
objective of this study was to identify clones with cold-active proteases through functional
metagenomics. In this work, the environmental DNA (eDNA) isolated directly from Antarctic
soils was ligated into the pCC1FOS fosmid vector, transformed into EPI300-T1R E. coli host
cells, and screened for proteolytic enzymes. Positive protease-producing clones were
identified and isolated on skim milk agar supplemented with chloramphenicol and arabinose.
This clone harbored a fosmid, pCC1FOS, which has a 48.5 kb insert that has been completely
sequenced in both directions. Further analysis of the insert showed 70 NODEs. The NODE 42
encoded hypothetical protein of 297 amino acids showed a significant match to Peptidase
M23 and PG-binding 1 proteins families. A three-dimensional model of the predicted protease
was generated based on the known mesophilic protease of Neisseria meningitides (PDB:
3SLU). The structural alignment showed 27.07 % similarity with RMSD value of 0.402 A
based on 58 aligned residues. The active site residues were identical, but major deletions were
observed in the predicted proteases. This predicted protease showed higher activity at -20 °C
and 20 °C than the positive control (protease from bovine pancreas). Functional
metagenomics is a promising approach in the discovery of cold-active protease with low
homology to the known sequences and expressed in the host cell that has the potential for
bioprospecting in low-temperature applications.

ABSTRAK: Kesukaran struktur kehidupan bakteria menyebabkan kebanyakan bakteria sukar
dikultur. Saringan fungsi metagenomik dapat mengatasi kekangan saringan berasaskan kultur
dalam meneroka dan menilai bahan genetik mikrob tidak kultur. Objektif kajian ini adalah
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bagi mengenal pasti klon protease aktif sejuk melalui saringan fungsi metagenomik. Kajian
ini mencadangkan DNA alam sekitar (¢éDNA) yang diasingkan secara langsung dari tanah
Antartika, dan dimasukkan ke dalam vektor fosmid pCC1FOS, ditransformasikan ke dalam
sel hos EPI300-T1R E. coli, dan disaring untuk enzim proteolitik. Klon yang menghasilkan
protease ini dikenal pasti dan diasingkan daripada agar susu skim. Agar telah ditambah
dengan kloramfenikol dan arabinosa. Klon ini mengandungi fosmid pCCI1FOS, di mana
sisipan sebesar 48.5 kb telah disusun berturut-turut sepenuhnya dari kedua-dua arah. Analisis
lanjut pada sisipan ini menunjukkan terdapat 70 NODE. NODE 42 mengandungi 297 asid
amino protein hipotetis, iaitu sangat serasi dengan protein Peptidase M23 dan PG-binding 1.
Model tiga dimensi protease yang diramalkan ini dihasilkan berdasarkan protease mesofilik
Neisseria meningitides (PDB: 3SLU). Susunan struktur menunjukkan 27.07% persamaan
nilai RMSD sebanyak 0.402 A berdasarkan 58 sisa sejajar. Sisa tapak aktif kedua-duanya
adalah sama, tetapi terdapat pemotongan besar telah berlaku dalam protease ramalan. Protease
ini menunjukkan aktiviti enzim lebih tinggi pada suhu -20 °C dan 20 °C berbanding kawalan
positif (protease dari pankreas lembu). Saringan fungsi metagenomik berhasil menemukan
protease aktif sejuk berhomologi rendah terhadap susunan yang diketahui dan diekspresi
dalam sel hos. Ia berpotensi bagi bioprospeksi dalam aplikasi bersuhu rendah.
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1. INTRODUCTION

Metagenomics study was encouraged with the escalation of next-generation sequencing
(NGS) technologies such as 454 pyrosequencing, Illumina, Sequencing by Oligonucleotide
Ligation and Detection (SOLiD), Helicos Genetic Analysis Platform, Ion Torrent, PacBio
(SMRT) and Oxford Nanopore sequencing. First-generation sequencers, Sanger or Maxam-
Gilbert sequencing, were not capable of sequencing this eDNA due to its huge size. NGS will
generate massive post-sequencing data and require bioinformatic skills for processing and
analyzing. This is an approach of a direct route for analyzing the DNA from the sample. The
DNA or genetic materials are extracted directly from the environment sample, and this DNA
is called environmental DNA (eDNA) [1]. This powerful study has the capability for the
discovery of specific genes from both culturable and non-culturable bacteria [2,3]. The
limitation of culture-based screening restricts the exploration of the potential enzymes or genes
because less than 1% of the total bacterial community can be cultivated in standard media [4].
Most of the bacteria are uncultivable because of their natural complexity.

Functional metagenomics is an approach to analyzing the whole genome for novel
bioactivity. The main objective of functional metagenomics sequencing is to screen and
identify novel enzymes or genes for a specific reaction. The advantages of this technique are
that the researchers do not need to have prior knowledge about the gene sequence and do not
have to depend on the known gene sequence from previous studies to identify the targeted
enzyme. Thus, the culture-based method is important in the process to minimize false-positive
errors. Prior to this approach, a more novel gene that is responsible for functional enzymatic
expression was discovered. Many novel enzymes have been discovered via functional
metagenomics, such as beta-lactamase [5], B-galactosidases [6], serine protease [7], cellulases
[8], endoglucanases [9], phosphatases and phytases [10]. The novel enzymes can be defined
when the similarity of gene homology is lesser (< 70%) compared to the known sequence [11].
A new characteristic of the enzyme can be identified as to whether it has the valuable potential
for industrial and biotechnological application.

In addition, there are limited functional metagenomics studies that have been performed
on the Antarctic regions. Although these cold-active enzymes have been discovered previously
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within other extreme cool regions or the Arctic, unique characteristics and behaviors of the
enzyme under certain conditions are important to be analyzed and applied in a real-life
situation. Based on the findings, only five novel enzymes have been discovered from the
Antarctic region via the functional metagenomics approach: lipase and esterase [12], esterase
[13], lipase [14], chitinase [15] and alkane monooxygenase [16]. There are still a lot more
opportunities to be discovered in this region, such as new species and novel enzymes. The
objective of this study is to discover cold-active protease from Antarctic soil samples through
the functional metagenomics approach and the scope of this study focused on the computational
and prediction level.

2. MATERIALS AND METHODS
2.1. Environmental DNA (eDNA) Extraction

Soil samples obtained from the previous study were collected along with the coastal
environments of the Southern Victoria Land during the Antarctic summer 2011/2012 [17]. Five
grams of soil sample were weighed and transferred into the 10 mL elution buffer (4 %
cetyltrimethylammonium bromide (CTAB), 1.5 M sodium chloride (NaCl), 0.1 M tris, 25 mM
ethylenediaminetetraacetic acid (EDTA) and 1 % polyvinylpyrrolidone (PVP)). Subsequently,
0.03 mL of B-mercaptoethanol was added, and the soil was incubated at 65 °C for 30 minutes
while being inversely mixed a few times. The sample was centrifuged for 5 minutes at 5,000 x
g to remove the foam. The clear supernatant was transferred into a new tube, and one volume
of chloroform phenol: chloroform: isoamyl alcohol was added. The sample was centrifuged at
5,000 x g for 10 minutes after inversely mixing for 5 minutes. The aqueous layer, or upper
layer, was transferred into the new tube, and another volume of phenol, chloroform, or isoamyl
alcohol, was added. The solution was inversely mixed for 5 minutes and centrifuged for another
10 minutes at 5,000 x g. The aqueous layer was carefully transferred to avoid contamination
from the bottom layer and entering the new tube. The half volume of 5 M NaCl was added and
inversely mixed. Three volumes of cold 95 % ethanol were added and inversely mixed. The
sample was incubated at — 20°C for one hour. The sample was then centrifuged at the highest
speed for 10 minutes. The supernatant was discarded, and the pellet DNA was washed with 3
mL of 70 % ethanol. The sample was centrifuged at 5,000 x g for 15 minutes. After discarding
the supernatant, pelleted DNA was air-dried at room temperature. The air-dried DNA was
suspended with 0.1 mL of TE buffer and stored at — 20°C.

2.2. Screening of Functional Expression Library

The extracted eDNA was ligated to the fosmid pCC1FOS and transfected into the host
cells EPI300-T1R via a phage system. The host cell E. coli EPI300-T1R cell comes with the
commercial kit CopyControl Fosmid Library Production Kit with pCCIFOS Vector
(Epicentre, Madison, WI, USA). According to the manufacturer’s protocol, the host cell or E.
coli EPI300-T1R cell provides a mutant #7f4 gene whose gene product is required for initiation
of replication from oriV. The cells have been engineered so that the #7f4 gene is under tight,
regulated control of an inducible promoter. For this process, the CopyControl™ Fosmid
Library Production Kit with pCCIFOS™ Vector (Epicentre) was utilized according to the
manufacturer’s instructions. The infected EPI300-T1R cells were screened for functional gene
expression on the 5 % (w/v) skim milk agar plates supplemented with 12.5 pg/mL
chloramphenicol and 0.01 % arabinose. Arabinose induces the expression of the #f4 gene
product and subsequent amplification of the clones to a high copy number for direct function-
based screening assays of the clone library (Epicentre, Madison, WI, USA). The clones were
cultured for a week at 20 °C. After incubation, the formation of a clearing halo zone formation
indicated the activity of the protease. A clone with positive proteolytic activity was isolated,
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and the fosmid extraction process proceeded. The isolated clone was stored in 25 % glycerol
at -80 °C. Fosmid extraction was performed using the FosmidMAX™ DNA Purification Kit
(Lucigen). The purified fosmid was analyzed by 1 % agarose gel electrophoresis. Then, 50 pL
of the suspended DNA was sent for sequencing services through Apical Scientific Sdn Bhd.

2.3. Metagenomics Data Analysis

Paired-end Illumina sequences were first removed from sequence adaptors and reads with
low-quality scores using bbduk of the BBTools Packages. All QC-ed reads were filtered against
the fosmid sequence (pCC1FOS). Unmapped reads (both paired-end and unpaired reads) were
then assembled using SPAdes 3.11.1 [18]. We employed a two-prong approach to identify
potential contigs associated with the fosmid insert sequence. First, all contigs >5000 bp were
subjected to Principal Component Analysis of their tetranucleotide frequency [19]. Next, all
contigs were filtered using BLASTN (maximum E value of 10) against a database of
Escherichia coli consisting of AP021894, CP025520, NC 000913. The contigs within
NODE 42 were subsequently annotated using Rapid Annotations using Subsystems
Technology (RAST) [20].

2.4. In silico Analysis

The percentage of amino acid proportion was calculated using the GPMAW Lite program
(Alphalyse, Palo Alto, CA, USA). Domains and active sites of the enzymes were searched
through the Pfam database and NCBI Conserved Domain Search [21]. The protein sequences
were aligned with the program ENDscript, and the secondary structures were compared with
those of the program ESPript [22]. PyMOL calculated the RMSD values of psychrophilic and
mesophilic enzymes after performing structure superimposition [23]. The structural differences
between both enzymes were analyzed when aligning both enzymes together.

2.5. Protease Assay of Crude Enzyme

For the enzymatic assay, 250 pL of the crude enzyme, 250 uL of 1% Azocasein and 250
pL of 0.5 M Tris were incubated at -20 °C, 20 °C and 60 °C. The clone was incubated in 10
mL of skim milk broth at 200 rpm until the media became clear. Then, the culture was
centrifuged at 15,000 x g for 15 minutes and the supernatant was considered as the crude
enzyme. Before adding the crude enzyme, the assay was pre-incubated at mentioned
temperature for 10 minutes. For positive control, 0.2 units/mL of protease from the bovine
pancreas was used. After 20 minutes, 500 puL of 25% trichloroacetic acid (TCA) was added to
stop the reaction and centrifuged at 11,000 x g for 30 minutes. The absorbance of the
supernatant was read at 340 nm.

3. RESULTS AND DISCUSSION
3.1. Clone with Positive Proteolytic Activity

In this experiment, only one clone showed the formation of a halo zone (Fig. 1 (A)). This
clone was isolated, and the fosmid was extracted and purified. Fig. 1 (B) shows the gel
electrophoresis results of the digested and the undigested fosmid with DNA insertion. After the
fosmid was treated with the restriction enzyme, EcoRI, two separated bands appeared as the
upper band was the insert DNA (£ 40 kb) and the lower band was the fosmid DNA (8 kb). The
undigested fosmid showed a single band with a high molecular weight of more than 48.5 kb.
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Figure 1. (a) A clone with halo zone formation on skim milk agar plate supplemented
with chloramphenicol and arabinose. (b) The fosmid was analyzed by 1 % agarose gel
electrophoresis. The undigested fosmid showed a single band in lane 1, while the
digested fosmid with EcoR1 showed two separated bands in lane 2.

Other studies also showed that the hit rate for functional enzyme discovery through
functional metagenomics was very low, as tabulated in Table 1[24]. This is because there were
major bottlenecks for the unknown origin of the genes to be expressed in the host cell. Ekkers
et al. (2012) have listed the causal factors for the lack of gene expression, including variations
in the use of codons, inappropriate identification of promoters, lack of proper activation factors,
ribosomal entry, improper folding of proteins, lack of important co-factors, rapid enzymatic
degradation of the gene product, body development of incorporation, gene product toxicity, or
the host's failure to secrete the product of gene expression. However, the advantage of this
screening technique was that when the clone showed positive activity, it indirectly established
a suitable host system for enzyme expression. Up to date, several studies successfully
discovered protease through this approach, such as oxidant-stable serine protease from forest
soil [7], putative proteases from slaughterhouse biofilm [25], alkaline protease from tannery-
activated sludge [26] and mangrove-sediment [27]. However, some researchers hit zero rate
frequency for protease activity through functional metagenomics approaches [28,29].

Table 1: Protease activity screening through functional metagenomics approach.

No. of positive

clones Vector Total clones Hit rate (%) Sample References
1 Plasmid 35,000 0.003 Forest soil [7]
5 Plasmid 170,000 0.003 Slaughterhouse biofilm [25]
1 Plasmid 10,000 0.010 Tannery sludge [26]
4 Fosmid 1,824 0.219 Mangrove soil [27]
0 Plasmid 32,000 0.000 Garden soils and compose [28]
0 BAC 2,843 0.000 Ikaite columns [29]

3.2. Metagenomics Data Analysis

From the shotgun metagenomic sequencing, the total number of reads for the raw data
obtained for both forward and reverse sequences was 55,923,089 reads. After removing the
sequence adaptors and low-quality reads, the total high-quality reads were reduced to
55,673,161 for both forward and reverse sequences. After assembling the reads using SPAdes,
70 NODEs were identified in the sample. NODE or scaffolds reconstructed the DNA sequences
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based on the contigs and bridged via the gap [30]. Contigs were generated after the DNA reads
(k-mers) were assembled and sequenced according to the adjacent overlapping of the DNA
base. Initially, all the scaffolds were analyzed using the Principal Component of Analysis
(PCoA) of their tetranucleotide frequency. Accumulation of the NODEs at the center of the
graph meant that the NODEs have similarities in their tetranucleotide pattern between each
other. These scaffolds were majorly subjected to the host cell, E. coli. The targeted scaffolds
were outlying the eclipse area where these were potential candidates for fosmid with the
insertion. From the graphs in Fig. 2, the selected scaffolds were NODE 42, NODE 55,
NODE 64, NODE 67 and NODE 69.

Individuals - PCA

=

.
69

Dim2 (15.2%)

20

“ Dinam (37.1%)
Fig. 2. The PCoA-tetranucleotide frequency of the assembled contigs. Contigs (NODE)
outside of the eclipse were potential candidates for the fosmid insert.

Based on the BLASTN results, all the nodes showed high similarity to the E. coli except
for NODE 42. Ambiguously, NODE 55, NODE 64, NODE 67 and NODE 69 have different
tetranucleotide patterns to the E. coli genome based on the PCoA result because these scaffolds
were part of mobile genetic elements (MGEs) and were expected to have differential patterns
in their nucleotide composition as illustrated in Fig. 3. MGEs were genetic material that can
move around the genome and also can be transferred among bacterial genomes. MEGs carried
noncore genes and provided important contributions to bacterial adaptation to the environment,
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such as antibiotic-resistant genes in E. coli [31]. The candidate NODE 42 showed similarity
to the cloning vector pCC1FOS, but with less percentage query coverage, 1.04 %.

1.NODE_67_length_8100_cov_142.534588
2.NC_000913
m... maobile element

¥y yjhC €DS yjhB €DS insG CDS Yo yigX CDS

Figure 3. Alignment of NODE 67 to a fragment of the E. coli reference genome where
mobile genetic elements (MGEs) were detected in this region. NODE 55, NODE 64
and NODE_6 also showed the same results.

3.3. In silico Analysis and Enzymatic Assay of Predicted Protease

Further analysis was focused on NODE 42 as this was the only candidate for DNA
insertion. After trimming the fosmid sequence, the total length of the insertion was 34493 bp.
As expected, the DNA insert size length should be between 20 kb to 40 kb as these were the
range sizes of gDNA extracted from agarose gel. This scaffold NODE 42 contained 56 contigs
of DNA with an average size of 572 bp with the lowest and the highest size was 104 bp and
2648 bp, respectively. From the RAST results, the majority of the contigs were hypothetical
proteins. In the Pfam database, the function of the contigs was predicted through the conserved
part of the protein sequence and tertiary structure called domain. In this experiment, contigs of
NODE 42 (893 bp) showed significant match to Peptidase M23 and PG binding 1 protein
families based on both Pfam and NCBI databases as illustrated in Fig. 4 (A) and (B),
respectively. According to on Pfam database, the family members of peptidase M23 (PF01551)
were generally categorized as endopeptidases. Specifically, zinc metallopeptidases with
several specificities and Gly-Gly endopeptidases were included in this family. Based on the
MEROPS, the activities of this peptidase family were cleaving the cross-linking peptide bonds
either between or within the cell wall of peptidoglycan [32]. Besides, this family member has
a propensity to cleave glycine-rich substrate, such as elastin.

» a—
- Peptidase M23
(B) 1 S0 100 150 200 k1]
Query seq.
PG_binding_1

Specific hits
Superfanilies | Peptidase _M23 superfamily

Figure 4: (A) Pfam result analysis showed two domain sections, Peptidase M23
(green) and PG binding 1 (red). (B) Analysis of the conserved domain through NCBI
showed that the selected contig’s protein sequence hit specific domain Peptidase M23

and PG binding 1 superfamily.

This contig with 893 bp was translated into a 297 amino acid sequence for further analysis.
Based on this protein sequence, the Swiss-model tool constructed the structure of the predictive
homology model based on the M23 peptidase domain template with PDB ID 3SLU. This
template protein was characterized as a proteolytic enzyme located at the outer membrane of
Neisseria meningitidis [33]. The percentage composition of an amino acid between the
predictive model and the template was calculated in Table 2. In this experiment, the predictive
model contained a lower arginine residue proportion, 6.06%, compared to the template enzyme,
7.82%. In contrast, the proportion of proline for the predictive enzyme was 4.71% higher than
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template enzymes, 3.77%, but the count numbers were the same, 14 residues. From this finding,
it appeared that arginine residue proportion was more crucial than proline for cold adaptation
in enhancing enzyme structure flexibility. In addition, there were also reports that proline
residue appeared to be increased in some psychrophilic enzymes [34-36]. These psychrophilic
enzymes showed thermostable characteristics, and they can work at lower to higher
temperatures [37]. The flexibility of the enzyme structure could affect the stability and function
of the enzyme. When the enzyme became more flexible, the conformation of the active site
became easier to change and form. This allows the enzyme to bind tighter with various forms
of substrates [38,39]. In this situation, the induced fit model was much more relevant compared
to the lock and key model [40]. When the substrate was bound to the enzyme, the active site
changed its conformation to align perfectly with the substrate's structure. This optimal
orientation strengthens the binding of enzyme and substrate complex for catalytic activity.

Table 2: Amino acid compositions between predictive and template model.

Predictive model Template model (3SLU)

Amino acids  3-Letter 1-Letter

Count % Count %
Alanine Ala A 32 10.77 41 11.05
Cysteine Cys C 3 1.01 0 0
Aspartic Acid Asp D 26 8.75 20 5.39
Glutamic Acid Glu E 10 3.37 22 5.93
Phenylalanine Phe F 11 3.7 12 3.23
Glycine Gly G 31 10.44 50 13.48
Histidine His H 6 2.02 11 2.96
Isoleucine Ile I 9 3.03 15 4.04
Lysine Lys K 7 2.36 14 3.77
Leucine Leu L 19 6.4 28 7.55
Methionine Met M 3 1.01 4 1.08
Asparagine Asn N 9 3.03 8 2.16
Proline Pro P 14 4.71 14 3.77
Glutamine Gln Q 12 4.04 16 431
Arginine Arg R 18 6.06 29 7.82
Serine Ser S 18 6.06 23 6.2
Threonine Thr T 24 8.08 16 4.31
Valine Val A" 26 8.75 31 8.36
Tryptophan Trp W 8 2.69 3 0.81
Tyrosine Tyr Y 11 3.7 14 3.77

In overall secondary structures in Fig. 5 (A), there were fewer differences that could be
observed between the predicted protease and the template enzyme. The active site residue
between the predicted protease and the template enzyme was identical. The catalytic residue
for the predicted protease and the template enzyme was His111 and His373, respectively.
Protein members in this M23 family were characterized by the conserved histidines that
occurred at the HXH motif, as shown in Fig. 5 (a) [41,42]. Based on the structural alignment
in Fig. 5 (b), the predicted structure showed 27.07% similarity with the template enzyme. These
two structures were aligned according to rigid body superstition. Based on the superposed
analysis, the predicted enzyme showed a root mean square deviation (RMSD) value of 0.402
A based on aligned 58 residues. A lower RMSD value meant higher structure similarity
between proteins, and the model was considered very close to the template when the RMSD
value was less than 3 A [43].
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Figure 5. (a) Sequence alignment of predicted protease (Pre_pro) and the template
enzyme (3SLU). There was not much difference that can be observed in the overall
secondary structure of both enzymes (*** is conserved HXH motif). (b) Predicted
protease homology structure (blue) and the template enzyme (3SLU) (brown). Large
deletion (red) was observed when both enzymes aligned together.

Based on this computational analysis, the predicted enzyme sequence was shorter and the
size was smaller than the template enzyme. The most noticeable variance was the deletion of a
large section at the beginning of the predicted enzyme. In the majority, deletion of this section
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was assumed to provide the more accessible active site for substrate binding of psychrophilic
enzymes [44,45]. Besides, the function of the loop in assisting the enzyme-substrate binding
required energy [46,47]. As psychrophiles were surrounded by a lower-temperature
environment and exerted lower kinetic energy, the loop formation appeared to be functionless.
To compensate for these deleted loops, the psychrophilic enzyme was adapted with a higher
flexibility structure, as mentioned earlier. Higher flexibility and more accessible active site of
enzyme reduced the substrate specificity and minimized the energy for substrate
approachability [48]. Due to the scope of the study at the computational and predictive level,
the determination of enzyme size will proceed later through SDS-PAGE.

Moreover, these structural features of the cold-adapted enzymes fitted their thermo-
liability characteristic. When the temperature was raised, heat disrupted hydrogen bonds and
non-polar hydrophobic interaction formation within the secondary and tertiary structure of the
enzyme [49]. As previously discussed, the flexible structure of the cold-active enzyme was
increased when these bond formations were decreased by lowering the proportion of arginine
and proline residues. Therefore, the fewer bond formations within the enzyme, the easier the
enzyme could be denatured by heat. In addition, loop formation also provided extra support for
the enzyme to be structurally maintained in high temperatures [50]. When these loops were
deleted in a cold-adapted enzyme, the enzyme could not withstand high temperatures, and it
unfolded or denatured.

3.4. Enzymatic Assay

For the enzymatic assay, the positive control protease (mesophilic enzyme from bovine
pancreases) is used to compare the activity of the predicted protease to determine whether the
enzyme is categorized as a cold-active enzyme or not.

8
.6 N /
4 — -
2
0

Enzyme unit (U)

-20 20 60
Temperature (°C)

= Positive control Predicted protease

Figure 6. The crude enzyme activity of the predicted protease showed significantly
higher at -20 and 20 °C than the positive control (protease from bovine pancreases).
Results were expressed as mean = SEM. * p < 0.05.

Based on the graph in Fig. 6, the predicted protease showed significantly higher proteolytic
activity than the positive control at -20 and 20 °C. Regarding cold-active protease, this enzyme
has been extracted from psychrophiles inhabiting extreme cold environments, and the majority
showed optimal activity at a temperature range between 30 — 40 °C [51-59]. Researchers’
interest in cold-active enzymes has led to the discovery of many novel cold-active proteases
and reviewed their bioprospecting potential. Generally, cold-active enzymes are eco-friendly
and economical due to their saving energy and cost processing. The use of cold-active protease
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in the detergent is beneficial because washing with cold water protects the color and structure
of the fabric [60]. In the leather industry, the peeling process with cold-active protease can be
performed using tap water only [61]. In the textile industry, cold-active protease could be used
in the treatment processes on synthetic fibers that are sensitive to higher temperatures to
provide a unique finishing surface [62]. Furthermore, in the food industry, processing at a low
temperature preserves the nutritional value and taste in fish and soy sauce production [63].
Additionally, cold-active protease can be used as a meat tenderizer while stored in the freezer

[64].

4. CONCLUSION

This preliminary research is vital to unearth all potential enzymes for bioprospecting
purposes. The discovery of cold-active proteases in this current research has the potential to be
applied in the various industrial field and biotechnological applications. In future, purification
of this enzyme is essential to inspect precisely the optimum conditions for enzyme activity.
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