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Screening of hydrolytic extremozymes in haloalkaliphilic Archaea by
culture and molecular-based methods

ABSTRACT:

Exploring of extremophilic Archaea and their
enzymes had great significance to biocatalysis.
Enzymes produced by Archaea allow
improvement in multiple sectors of industry.
They can help reduce the quantity of waste
energy and material consumption, thus making
the technology more environmentally—friendly.
This study aimed to screen hydrolytic
extremozymes in different Soda Lakes of Wadi
Al-Natrun, Egypt, by enzymatic agar-plate
assays and molecular-based methods. Five
hundred and thirty-five haloalkaliphilic archaeal
strains isolated from different Soda Lakes were
screened for production of protease, amylase,
pectinase, chitinase, cellulase, lipase and
esterase at pH 10 and 25% NaCl (w/v).
Furthermore, metagenomic DNA was extracted
from water sample of Ga'ar Lake and
constructed library were sequenced to identify
the genes encoding target enzymes by using
illumina Hiseq2000 system. By enzymatic agar-
plate assay, all tested strains showed potential
production of extracellular enzymes, a total of
39.4% of screened strains produced protease,
27.1% showed amylase activity, 25.9% for
lipase and 7.4% displayed cellulase activity, but
none of tested strains produced chitinase or
pectinase. While, by shotgun metagenomic
technique, all genes encoding metabolically
active hydrolytic enzymes studied were detected
in water sample of Ga'ar Soda Lake.
Metagenome-derived DNA libraries have
focused on many classes of enzymes, among
these hydrolytic enzymes were prominent. The
results of both methods indicated that these
soda lakes are rich with commercially valuable
enzymes.
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INTRODUCTION:

Extremophiles, able to live in unusual
habitats, can potentially serve in a verity of
industrial applications (Horikoshi, 2008). The
groups of Halobacteriaceae that can grow
under alkaline conditions in the presence of
salt are referred as haloalkaliphiles. The dual
extremity of halolkaliphiles make them
interesting models for fundamental research
and exploration of biotechnological potential
(Dodia et al.,, 2008; Joshi et al.,, 2008;
Bominadhan et al., 2009; Purohit and Singh,
2011). Haloalkaliphilic archaea have largely
been studied from the concentrated hyper
saline environments; Soda Lake, Solar
Saltern, Salt brines, Carbonate springs and
Dead Sea. Soda Lakes represent stable and
extremely productive aquatic ecosystems.
Most of the alkaline Soda Lakes in Africa,
India, China and elsewhere with pH values of
11 and higher and salt concentrations
exceeding 300 g/l are teeming with life (Oren,
2002). The enzymes from extremophilic
organisms, particularly halophilic and
http://my.ejmanger.com/ejeb/
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haloalkaliphilic archaea are relatively
less explored. Among the enzymes, hydrolytic
enzymes are the most important groups of
industrial enzymes.

Moreover, it's an emerging approach to
explore diversity and metabolic processes
based on the analysis of the total genomics
DNA of microbial communities in their natural
environments. In the direction of
metagenomics studies, isolation and analysis
of environmental DNA are the key steps,
which would allow mining microbial diversity
and help understanding the dynamics,
properties and functions of these organisms
(Desai and Madamwar, 2007; Purohit and
Singh, 2009). The functional diversity of a
community can be quantified by annotating
metagenomic sequences with functions, this
usually involves identifying metagenomic
reads that contain protein coding sequences
and comparing the coding sequence to a data
base of genes, proteins, protein families or
metabolic pathways for which some functional
information is known (Nacke et al., 2012). The
function of the coding sequence is inferred
based on its similarity to sequences in the
database. Doing this for all metagenomic
sequences produces a profile that describes
the number of distinct types of functions and
their relative abundance in the metagenome
(Oulas et al., 2015).

Despite advances in understanding the
diversity of haloarchaea, studying their
hydrolytic enzymes received less attention.
However, some special haloarchaeal enzymes
are characterized in details (Ruiz and de
Castro, 2007; de Castro et al., 2008; Muller-
Santos et al., 2009). The aim of this study
was to describe the potential of enzymatic

production in haloalkaliphilic archaeal
population including: amylase, cellulase,
chitinase, lipase, pectinase and protease

qualitatively by  screening535 archaeal
strains, and by using metagenomic library
generation and shotgun sequencing.

MATERIAL AND METHODS:
Site description and sampling:

Sediment and water samples were
collected from four soda lakes of the Wadi Al-
Natrun in September of 2014, Lake UmRisha,
a saturated hypersaline lake (30°20'48.70"" N,
30°23’08.14" E), Lake Razoniya (30°21.748’N,
30°21.137'E), Lake Ga’ar (30°27.222" N,
30°10.83’ E) and Lake Khadra (30°26.566’ N,
30°13.133" E). All samples were immediately
stored at 4°C upon arrival at the Suez Canal
University for microbiological investigation.
For DNA extraction, samples were
immediately frozen at - 80°C upon arrival
biotechnology institute, faculty of agriculture,
Suez Canal University. Temperature, pH and
electric conductivity (EC) were measured in
the field. The concentration of some ions such
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as Ca®", Mg?*, Na*, K*, CI', HCO3, CO3s2, S0472,
p, and NOs2 in the environmental samples
under study was done in Faculty of
agriculture, Suez Canal University, according

to standard procedures of Clesceri et al.
(1989).
Isolation and growth conditions:

The growth haloalkaliphilic medium

described by Tindall et al. (1980) was used
for isolation procedures (Dyall-smith, 2008).
The pH of the medium was adjusted on 9.5 -
10. Cultures were incubated at 40°C for one
month. Pure isolates were obtained by
successively cultivation on the same medium.

Screening of strains for extracellular
hydrolytic activities:

To qualitative detection of producing
extracellular hydrolyses, different enzymatic
agar-plate assays were performed;
Haloalkaliphilic minimal medium was used
for screening of all enzymes produced by
five hundred and thirty-five haloalkaliphilic
isolates; this medium was developed by
Mwatha and Grant, (1993), with the
following composition, yeast extract, 1 g;
KNOs, 1 g; KH2PO4, 1 g; MgS04.7H20, 0.2
g; NaCl, 150 g; Na:2COs, 18 g; pH was
adjusted to 10. The minimal medium was
supplemented by the following substrates
separately; 0.1% Tween 80 for Ilipase
activity, 1% Starch for amylase activity,
0.1% skim milk for protease activity, 0.5%
crystalline cellulose for cellulase activity,
1%chitin and pectin for chitinase and
pectinase detection, respectively, were used
for evaluation of hydrolytic enzyme
production according to the suggested
methods in Laboratory Manual for General
Microbiology (Stukus, 1997).

Identification of the isolates:

Genomic DNA was extracted from fifty
haloalkaliphilic strains, the best enzymatic
producers, using a modified method from
Experimental Techniques in Bacterial Genetics,
described by Maloy (1990).The 16S rRNA gene
was amplified with a set of Archaea-universal
primers (Invitrogen, USA), the primers 5'-
ATTCCGGTTGATCCTGCCGG-3' (positions 6—
25 in Escherichia coli numbering) and
5'’AGGAGGTGATCCAGCCGCAG-3'; positions
1540 — 1521 (Ventosa et al., 2004). The PCR
conditions: 50 pl of reaction system, reaction
cycles 30 times, 95°C pre-denaturation 5 min,
94°C denaturation 1 min, 60°C annealing 1
min, 72°C extension 1 min 30 s, 72°C final
extension 10 min, 4°C hold. 50 ng/ul of each
PCR product was used to prepare the
samples which were delivered to MacroGen
Company in Korea (http://www.dna.
macrogen.com) following their specifications.
The sequences were analyzed using BLAST
(http://www.ncbi.nlm.nih.gov/BLAST) to get a
preliminary identification of the strains. The
cluster analysis was performed using the
MEGA 6 software package.
http://my.ejmanger.com/ejeb/
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High-throughput DNA Sequencing:
Metagenomic DNA was extracted
directly from environmental samples, frozen
sediment and water samples (- 80°C), using
15 ml of water (filtered through 0.2 um
membrane filters) and 10g of sediment
according to Mesbah et al. (2007). Two DNA
samples, water and sediment of lake Ga'ar,

were arrived to MacroGen company
www.dna.macrogen.com for library
construction and sequencing following

RESULTS:
Physico-chemical properties of sample sites:

The studied lakes were highly alkaline
and hypersaline. The temperature at the
collecting sites was in the range 37 - 40°C.
The pH was in the range from 8.03 to 9.05.
E.C values were 158.8 and 143.2 dS m™* for
water samples of lakes Rosania and Gaar,
respectively. More information about the
dominance of different anions and cations of

illumina Hiseq2000 manual’s instructions. the water and sediment 5amp|es was
illustrated in table 1.
Table 1. Physico-Chemical analysis of water and sediment samples of Soda Lakes in Wadi Al-Natrun, Egypt.
Soluble ions (gl?)
Sample sites EC
Ph o Na* K* Ca*  Mg* P CO## HCOy CI SOs* NOy
(dsm™)
Gaar 9.05 1432 399 1248 024 0.4 299 144 16.836 61.9 10.08 426
Water Khadra 8.5 15.44 3.25 0.058 0.4 0.449 525 0 0.183 6.44 0.72 3.02
Rosania 9.1 158.8 4834 148 04 0486 534 6.264 4794 693 7.68 114
Gaar 8.68 6.17 68.2 0.7 0.9 11 64.6 156 5.12 55 114 1.8
Rosania  8.74 6.74 77.3 0.1 0.2 0.4 525 167 2.49 40 8.6 17
Sediment
Khadra  8.09  0.905 6.3 0.1 1.7 1.9 68.7 0.72 1.09 7 2.4 0.7
Umrisha  8.46 6.4 72.3 0.1 0.1 0.4 40 048 1.09 65 7.4 0.4
Characterization of the isolated strains: Table 2. Detection of enzymatic activity from
Haloalkaliphilic archaeal strains were screened archaeal strains.
obtained from different sediment and water Enzymatic activities
from four Soda Lakes in Wadi Al-Natrun, strains
Egypt. These microorganisms were found to Protease Lipase Amylase Cellulase Pectinase Chitinase
be growing optimally at 20% salt wN31 + + + + - -
concentration and their optimum pH was in  WN32 + + + + - -
the range 8 - 10. Most isolates showed the  WN33  + + + + - -
typical pink, orange red and red WN34 ~+ - - - - -
pigmentation.  Most of them  were WN35 + + + + - -
polymorphic shapes (short rods, triangles, WN36 + * * - -
squares and flat disks), whereas some wsg; * * .
coccoid cells were also observed. All a9 . + + ) ) )
isolated strains were Gram negative. WN40  + + + - - -
Enzymatic activity of the isolated strains: WN41  + + + + - -
The ability of producing six different wmg : :
hydrolytic enzymes was tested qualitatively a1  + + + + ) )
among haloalkaliphilic archaeal strains \yn5 + + + - - -
isolated from different four lakes in Wadi Al-  wN46  + + + + - -
Natrun. A total of 39.4% of screened strains  wN47  + + + - -
produced protease, 27.1% showed amylase WN48 - - + - - -
activity, 25.9% for lipase and 7.4% WN49  + + + - - -
displayed cellulase activity, but none of the WN30 - + + - - -
tested strains could produce chitinase or WN51  + * * i - -
pectinase enzymes. As shown in table 2, wsgg + + : +
fifty strains were morphologically different WN54  + . + i i i
and displayed one or more hydrolase 55 -+ + + . . .
enzymes activity. Of these strains, ten wnse - + + - . .
strains, presented four hydrolytic enzymes; wNs57  + + + + - ,
protease, amylase, lipase and cellulase, WN58 + + + - - -
were selected for identification by 16S rRNA  WN59  + + + - - -
gene sequencing. WN60 - + + - - -
WN61 + + + + - -
WN62  + + + - B 3
WN63  + + + - - -
WN64  + - + - - -
WNB5  + + + - - -
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Cont. Table 2 Identification of the strains;

mg? : + The phylogenetic affiliations of the
WN68  + . isolated strains were revealed by 16S rRNA
WN69 . gene sequencing. The strains were all
WN70  + ¥ . - . belonged to the family Halobacteriaceae and
WN71 - - - - - closely associated with the genera:
WN72 Halobiforma, Natronococcus, Natronobacterium,
WN73 + - - Natrinema, Natrialba, Natronomonas and
WN74 - - - Haloterrigena with high similarities (=2 90%) to
WN75 ; R

known species within these genera. The tree
WN76 . . . .

showing the phylogenetic relationships of the
WN77 . . ; .

selected isolated strains is represented in
figure 1.

+ + + +
.
:
'

+ + + +
:
'

WN78
WN79
WN80

+ 4+ + o+ +

+ 4+ + + +
+ + + +
.
.
'

Matronococcus sp. SuaE43( ELUGT2840.1)

Matronococcus sp. SuaE43 EUET2840.1)2)

Matronococcus sp.WHNHS3(KFPE61850.1)

Wn33(KT459360)

Matronococcus amylolyticus strain AR36MROZE217.1)

Matronococcus amylolyticus strain AhZ6MR0ZE21T.1)(2)

Matronococcus aibiensis(AY 277581.1)

Halobiforma sp.SLVHOZ(K.1123849.1)

WNA4(KT459371)

Halobiforma nitratireducens strain C231(NRO28153.1)

Wn31KT459358)

—| WH32(KT459359)
WN4G(KT459373)

— Matronobact efum gregory i strain SP2MR 113531.1)

Uncultured archaeon38B1( AF424774. 1)

Uncultured archaeon 41-1(AF424771.1)

Uncultured archaeon 41-1 (AF424774.1)

L Halopiger dieffamassiliensis strain IIH2NR. 133030, 1)

Natrinema sp. TRM20084 (KF739022.1)
4(Hajobacteriaj es archagon YIM 93683(JF 449440 1)
Halaotemigena limicola strain JCM 13563(MR 113510.1) 163 ribosomal RMA gene
_[— Matrinema sp. O7HDA373050.1) 165 ribosomal RMA gene
Matronobact erium innermongoliael AF009601. 1) 165 fbosomal RMA gene partial sequence
Matrialba magadii strain JCM 8861(MNR 113522 1) 165 ribosomal RMA gene complete sequence

WNASKT459362)
L WNETKT453334)
WNE1(KT459388)
L WNT3(KT458400)
Matrialba chahannaoensstrain WHNHS4 KPE828440.1)
Matrialba chahannaoens strain JCM 10990MR113520. 1)
Matrialba chahannaoensis strain Sua CS1EUGF2837.1)
Matrialba chahannaoensis strain JCM 10990MNR113520.1)

WNB2KT459379)
Matronomonas sp. SA11(JF950945. 1)
4|;[Natrnn0monas sp. SAZ(JF950946.1)

Matronomonassp. SAZ1(JF 350947 1)

——
e

Fig. 1. Neighbor-joining tree (partial sequences ~950 bp) showing the phylogenetic relationships of archaeal 16S rRNA
gene sequences of isolated strains to closely related (S = 90%) sequences from the GenBank database.

Nucleotide sequence accession numbers: beeln d_zposited in thed NCbB| and GdenBatr:k
The 16S rRNA gene data of the ten "1C eotide sequence databases under the

. . . ion number hown in figure 1.
archaeal strains reported in this study have accession numbers as shown in figure
ISSN: 1687-7497 On Line ISSN: 2090 - 0503 http://my.ejmanger.com/ejeb/



Hamedo et al., Screening of Hydrolytic Extremozymes in Haloalkaliphilic Archaea by Culture and Molecular-based Methods 85

Metagenomics analysis:

The results of functional analysis for
water sample of Ga’ar Soda Lake indicated
that 21.4% contained predicted proteins with
known functions and inter pro match. The
detection of genes encoded for different
functions and activities presented only 5% of
genes belong to hydrolase activity. The data
was annotated by EBI metagenome
(www.ebi.ac.uk) under EBI Metagenomic
database  with an accession number
PRJEEB18746.The hydrolytic enzymes
detected by Shotgun metagenomics
sequences were different types of lipases
(phospholipase D, lipase maturation factor,
phospholipase Al and phospholipase D,C-

terminal), amylases (alpha amylase,
glucoamylase), proteases (protease prsw,
tricorn protease «c¢l1 domain), cellulases

(putative cellulase), pectinases (pectin lyase
fold, pectinesterase), chitinases (glycoside
hydrolase chitinase active site), xylanase as
well as DNase.

DISCUSSION:

Enzymes from microorganisms that can
survive under extreme conditions could be
particularly useful for applications under
unusual conditions including extremities of
temperature, pH, salt, pressure, etc. Major
interests have so far focused on the enzymes
of thermophiles that can function at higher
temperatures. The enzymes from halophilic
and haloalkaliphilic archaea that can function
in extreme pH and salinity have been less
explored, but are now generating interest from
this point of view (Horikoshi, 2008;
Makhdoumi-Kakhki et al., 2012). With the
advancement in molecular tools, it would be
possible to get insights into the biocatalytic
mechanisms for greater applications (Santos
and Sato, 2009).

In this study, by investigating 535
haloalkaliphilic archaeal strains, wide range of
hydrolytic enzymes could be detected in the
isolated strains which supported by the results
of Makhdoumi-Kakhki et al. (2012), who
surveyed hydrolytic enzymes activity in
haloarchaeal strains isolated from hyper saline
environment Aran-Bidgol Lake, Iran. Patil and
Bajikal (2013) reported that the isolation and
studying of the hydrolytic enzymatic diversity
of three extremely haloalkaliphilic strains
Natrinema, Natrialba and Natronobacterium
from Lonar Lake, India.

Lipolytic enzymes, comprising esterases
and lipases, are extensively distributed in
microorganisms, plants, and animals. These
enzymes were catalyzed the hydrolysis,
synthesis, or transesterification of ester bonds.
At present, these enzymes represent about
20% of commercialized enzymes in industry
(Lopez-Lopez et al., 2015), as they have great
potential in several industrial processes such as

ISSN: 1687-7497

production of biodegradable polymers,
detergents, food flavoring, oil biodegradation, or
waste treatment (Anobom et al., 2014). In this
study, 25.9% of the screened strains displayed
lipase activity, this percentage was similar to
previous study of Lizama et al. (2001) who
stated that the 20% of isolated haloarchaeal
strains from Salt Lake in Chile produced
amylase and lipase. Moreover, protease
enzyme was the most common enzyme of
screened strains (represented 39.4%), and
produced by species with various genera,
Halobiforma, Natronococcus, Natronobacterium,
Natrinema, Natrialba, Natronomonas and
Haloterrigena. Ozcan et al. (2006)
demonstrated the production of amylase,
protease, lipase from haloarchaeal strains
isolated from hypersaline environment, while
Birbir et al. (2007) showed amylase, protease,
lipase, cellulase, nuclease activities in the same
environment.

The analytical study of functional genes in
saline and alkaline environment was evaluated
previously by Keshri et al. (2013). To our
knowledge, this is the first study for surveying
hydrolytic enzymes by Shotgun Metagenomic
technique in Soda Lakes of Wadi Al-Natrun,
Egypt. In this investigation, metagenomic
analysis of water sample of Ga’ar Lake revealed
that 5% of genes encoded for different functions
and activities belonged to hydrolytic activities,
including protease, lipase, amylase, cellulase,
pectinase, chitinase, xylanase and DNase.

CONCLUSION:

Haloalkaliphilic archaeal hydrolytic
enzymes seem to be very good candidate for
industrial application which are not only
require salt, but also may have excellent
activity at high temperature, low water activity
and high pH value. Therefore, this study aimed
to search for these enzymes either by
enzymatic agar-plate assay or functional
metagenomics for further cloning, enzyme
purification and characterization. By
investigating 535 haloalkaliphilic archaeal
strains wide range of hydrolytic enzymes could
be detected in the isolated strains, 39.4% of
screened strains produced protease, 27.1%
showed amylase activity, 25.9% for lipase and
7.4% displayed cellulase activity. By functional
metagenomics, 5% of genes encoded for
different functions and activities belonged to
hydrolase activities. The results of both
previous methods indicated that these soda
lakes are prosperous with commercially
valuable enzymes.
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