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Abstract. Metagenomic approaches provide access to the genetic
diversity of the environment for biotechnological applications, allowing
the discovery of new enzymes and new pathways for numerous catalytic
processes. Five new putative type II CRISPR-Cas9 DNA endonucleases
were identified from the compost community using the DELTA-BLAST
algorithm. It was determined using phylogenetic UPGMA analysis that
four of these potential enzymes are similar to those of the Bacteroidetes.
Protein structural modeling confirmed the data of DELTA-BLAST and
UPGMA analysis. These new five proteins found may be promising for
genome editing in termoresistant Actinomyces.

1 Introduction

Extreme environmental conditions such as hot springs, deep-sea hydrothermal vents and
organic composts are reservoirs of unique microbial diversity, providing the potential for
the release of new enzymes with desirable properties. The adaptation of microbial
communities to these environmental conditions explains their high genomic and metabolic
flexibility, and they often encode enzymes with novel properties suitable for many
applications [1].

The aim of this work was to search for homologues of CRISPR-Cas9 DNA nuclease
from the compost metagenome. Such homologues may be interesting for the development
of a system for editing the genes of various bacteria inhabiting this artificial biotope. These
enzymes must be thermotolerant, because temperatures during the incubation of compost
rise to 90 degrees Celsius or more. Thermotolerant enzymes can also be used to edit the
genome of bacteria isolated from other extreme biotopes. An additional bonus of using such
sequences can be the use of a thermostable in vitro DNA editing system. An interesting
fundamental study of the found TR (thermoresistant) homologues of type II CRISPR-Cas9
DNA endonucleases can be a structural study of these enzymes for the subsequent
production of biotechnologically significant mutants based on amino acid sequences
extracted from the compost metagenome.
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2 Materials and methods

The main details of the methodological approaches were published by us earlier [1]. The
reference point for the search for homologues was the amino acid sequence of the second
type II CRISPR-Cas9 gene product. The search for homologues in the compost
metagenome (env_nr, taxid: 702656 [3-4] was performed using the DELTA-BLAST
algorithm with the following change in the default parameters: gap costs: existence: 9
extension: 1. Sequences MNK39233.1, MNQ43276.1, MNF63500.1, MNX56837.1, and
MNU15097.1 were found with statistical confidence. Sequences of CRISPR-Cas9
homologues from various bacterial taxa were taken as controls. Phylogenetic analysis was
performed using the UPGMA algorithm with 2000 repetitions of the bootstrap statistical
analysis [7] in the MEGAX software package [5].

Building the model by SWISS-MODEL [11]. Templates searches were done using
BLAST [9] and HHblits [10] against the SWISS-MODEL Matrix Library (SMTL [12], last
updated: 2021-03-03, last included PDB release: 2021-02-26). The model was built by
aligning the target sequence with the template using the ProMod3 software tool [13].

3 Results

Amino acid sequences found using DELTA-BLAST in the metagenome of the compost
from the Experimental Botanical Garden Goettingen, Germany [3-4] were used for
phylogenetic analysis (Fig.1).

The result of the taxonomic identification of homologues was: MNK39233.1 -
clustered with enzymes from Chryseobacterium; MNQ43276.1, MNF63500.1,
MNX56837.1 - with enzymes of the taxa Cytophagales and Flavobacterium.

The evolutionary relationships of the homologue MNU15097.1 remain unclear. It is
interesting that attempts to compare it with databases in GenBank also did not give an
unambiguous result. It is possible that a new rare sequence of the second type CRISPR-
Cas9 endonuclease has been found.

Building the MNK39233.1 model by SWISS-MODEL: homology modelling of protein
structures [11]. The search for patterns in the SMTL database [12] for structural modeling
confirmed the data of DELTA-BLAST and UPGMA analysis.

Protein structural modeling was performed for all five found sequences: MNK39233.1,
MNQ43276.1, MNF63500.1, MNX56837.1, and MNU15097.1 (Tab.1). As an example, we
present the best result obtained for the MNK39233.1 sequence. A total of 19 templates for
MNK39233.1 found. Model on the structure from SMTL DB ID: 6jdv.1 (Crystal structure
of NmelCas9 in complex with sgRNA and target DNA (ATATGATT PAM) in catalytic
state) [14] for sequence MNK39233.1 was found (Tab.l1). The model was obtained by
superimposing the studied sequence on the structure of the protein ID: 6jdv.1 from SMTL

(Fig.2).
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MNK39233.1 compost metagenome

WP 076559079.1 Chryseobacterium indoltheticum WB
WP 047478033.1 Chryseobacterium sp. CF356 WB
WP 176370720.1 Elizabethkingia anophelis AB
TBR19487.1 Chitinophagaceae bacterium SB

WP 187258337.1 Flavihumibacter stibioxidans AB
WP 095898369.1 Capnocytophaga sputigena AB
HHY08360.1 Corynebacteriales bacterium S AB

WP 143373552.1 Flavobacterium sp. ZT4R6 SB

WP 074452235.1 Tannerella forsythia AB

WP 061450703.1 Prevotella bivia AB

WP 137259888.1 llyomonas limi SB

WP 148727930.1 Bacteroides pyogenes AB
MBD3821724.1 Thiotrichales bacterium AB
OTE97221.1 Crenothrix sp. D3 WB

KAF3982408.1 Methylococcales symbiont of Hymedesmia sp. WB
HAI95868.1 Methylococcaceae bacterium WB

WP 018651807.1 Actinobacillus capsulatus AB

WP 126372222.1 Pasteurella multocida AB
NBI42224.1 Haemophilus felis AB

MBD3653065.1 Kangiella sp. OB

TXH65979.1 Xanthomonadaceae bacterium SB
TAK38849.1 Xanthomonadaceae bacterium PB
KAB2901047.1 Dokdonella sp. SB

WP 097626958.1 Porphyromonas gingivalis AB

WP 111845761.1 Aequorivita antarctica OB

WP 148781571.1 Aquimarina intermedia OB

WP 121667405.1 Mesonia aquimarina OB

WP 121667998.1 Mesonia aquimarina OB
MAOO07272.1 Alteromonas sp. OB

WP 137341483.1 Dyadobacter frigoris WB

WP 032577104.1 Bacteroides fragilis AB

WP 007093045.1 Kordia algicida OB

MBI1232615.1 Cytophagales bacterium SB
NLH55945.1 Rikenellaceae bacterium AB

WP 128091214.1 Capnocytophaga ochracea WB
MNQ43276.1 compost metagenome

MNF63500.1 compost metagenome

MNX56837.1 compost metagenome

WP 143386690.1 MULTISP-S: unclass Flavobacterium WB
WP 203095599.1 Flavobacterium psychrophilum WB
HAO091000.1 Succinivibrio sp. AB

WP 146342874.1 Dellaglioa algida AB

WP 046923360.1 Ligilactobacillus ruminis AB

WP 056939199.1 Lentilactobacillus buchneri AB

WP 087841903.1 Lactiplantibacillus plantarum AB
OTE88909.1 Escherichia coli AB

WP 033838504.1 MULTISPECIES: Bacteria

WP 006506696.1 Catenibacterium mitsuokai AB

WP 002378009.1 MULTISPECIES: Bacteria

WP 007746220.1 Oenococcus kitaharae AB

WP 118268981.1 MULTISPECIES: Bifidobacterium AB
WP 117656794.1 Bifidobacterium pseudocatenulatum AB
MNU15097.1 compost metagenome

WP 117099786.1 Klebsiella pneumoniae

Fig. 1. Phylogeny of amino acid sequences of type II CRISPR-Cas9 homologues - endonucleases
from the compost metagenome. Evolutionary distances were calculated using the method based on the
JTT matrix [8] in terms of the number of amino acid substitutions per site. This analysis involved 55
amino acid sequences. Black diamonds denote sequences from the compost metagenome. The colors
of the circles indicate different source biotopes of sequences: green - plants, brown - soil, light blue -
fresh water, dark blue - ocean, red - animals, black - taxon Bacteria.
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Table 1. The best results of template search for MNK39233.1 sequence from the compost
metagenome in the SWISS-MODEL Matrix Library (SMTL).

Template I d::gty O;tiftz' QSQE Fo;ynd Method Resolution Simi?:rity Coverage Description

Gjed.1.A 2318 monomer - HHblts Xoray  3.07A 031 077 ~ CRISPR-associated endonuclease
6jdq.1.A 23.42 monomer - HHblits X-ray  2.95A 0.32 0.77 CR'SPR'E'SS"C‘?;zge"d°“”°'ease
Bjdv.A 2327 monomer - HHblits Xay  3.10A  0.31 077  CRISPReassociated endonudlease
Bje9.1.A 2342 monomer - HHblits X-ay  3.46A 0.32 0.77 CR'SPR'BSS“?;ige"°°“”°'ease
6kcB.1A 2345 monomer - HHblits Xoray  290A 032 076 CriSPReassocialed endonuclease
6¢9.1.C 2342 monomer - HHblits X-ray  346A 032 077  CRISPR-assocated endonuclease
6ke7.1.A 2327 monomer - HHblits X-ray  3.30A 0.3 077 ~ CRISPR-associated endonuclease

4 Findings

Five new putative type II CRISPR-Cas9 endonucleases were identified from the
compost microbial community using the DELTA-BLAST algorithm. It was determined
using phylogenetic UPGMA analysis that four of these potential enzymes are similar to
those of the Bacteroidetes from the taxa Cyftophagales, Chryseobacterium and
Flavobacterium. Protein structural modeling confirmed the data of DELTA-BLAST and
UPGMA analysis. Structural modeling of proteins showed that potential secondary
structures similar to the known endonuclease Cas9 are distributed along the entire length of
the paired sequence alignment. This distribution is typical for all studied paired elements.
This indicates the possibility of using the data of the found sequences for the synthesis of
artificial genes and for obtaining real endonucleases for their experimental verification and
subsequent use. The potential thermal stability may determine the scope of application of
these new proteins - Cas9 homologues in practice. These new five proteins found may be
promising for genome editing in thermoresistant microbe.

Fig. 2. Protein structural model for the MNK39233.1 sequence from the compost metagenome. The
structures with the highest similarity in pair structural alignment are shown in purple.
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