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Metagenomics is an important tool for mining and discovering new enzymes, making it possible to explore the diversity of en-

vironments. Therefore, this strategy can be used to prospect for xylanases, which degrades lignocellulosic biomass, an important

source of renewable energy of great economic interest. The aim of the work was to identify and investigate the diversity of xylanases

of the GH10 family present in the rumen metagenome of Nelore cattle and to prospect molecules with good potential for biotechno-

logical application through in silico analyzes. Pfam was used for the initial selection of GH10 sequences, then the physical and chemi-

cal parameters were computed using the ProtParam tool, SignalP-5.0 server was used to predict signal peptides and cleavage loca-

tion, transmembrane helices prediction was made in TMHMM server, version 2.0 and domain annotation was performed with dbCAN

meta server. In addition, identity comparison was performed with NCBI BLAST webtool, sequences were aligned with ClustalW and

Neighbor-Joining Tree and pairwise analysis were performed. The metagenomics analysis from Nelore cattle rumen returned 38 se-
quences with the GH10 domain, CE1, GH43 and CBM6 were also identified in these sequences. Analysis of Neighbor-Joining Tree and
proteins identity enabled to differentiate 6 groups with, at least, two proteins with identity higher than 70%. Based on the analysis,

13 sequences were considered unappropriated for biotechnological application for either for being unstable or having transmem-

brane helices. In this sense, based on the in silico analyzes, 25 of the 38 sequences presented good characteristics for in vitro studies.

Thus, in addition to the identification of the 38 sequences with GH10 domain, a workflow of in silico methodologies was suggested to

assist the selection of sequences that will guide future in vitro studies.
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Introduction

The use of metagenomic databases is valuable for discovering
new enzymes making it possible to explore the diversity of envi-
ronments [1,2]. In this way, this application presents itself as an al-
ternative pathway that helps and enriches the search for new genes
related to degradation of lignocellulosic material. Metagenomics
provides industry an unprecedented chance to bring diverse bio-

molecules to industrial application [3,4].

Lignocellulosic biomass, an important source of renewable
energy, has gained prominence of great economic interest [5]. In
this sense, there are highly efficient microbial communities in the
hydrolysis of lignocellulose, such as the digestive system of ter-
mites and ruminants [6,7]. The degradation of plant biomass by
ruminants is a consequence of the symbiosis between these and
the numerous microorganisms, present in the ruminal cavity, that
specialize for this purpose [7]. The metagenomics of the rumen
environment allows both understanding of the functioning of this
microenvironment, as well as the identification of new enzymes for

the hydrolysis of lignocellulosic biomass [8-10].

Among hemicellulose degrading enzymes, xylanases are re-
sponsible for cleaving xylans, the most abundant hemicellulose in
nature. The biodegradation of xylans involves the action of several
hydrolytic enzymes, those that act on the branches (acetyl xylan
esterease, a-D-glucoronidase, a-L-arabinofuranosidase), and those
acting in the main chain (endo-1,4-B-xylanases EC 3.2.1.8 and
B-xilosidase, EC 3.2.1.37) [11], leading to the release of xylooligo-
saccharides, which will be hydrolyzed by the other hemicellulases.
Hemicellulases, together with auxiliary enzymes, increase the yield
of monosaccharide generation in the enzymatic hydrolysis process
of the lignocellulosic complex [12]. Within the group of hemicel-
lulases, xylanases are used in industry in xylooligosaccharides pro-
duction processes to obtain xylitol [15], production of fermentable
sugars for the production of second generation ethanol [13] and

paper production [11].

The heterologous expression of proteins using Escherichia coli
is one of the most common systems when high productivity of re-
combinant proteins is desired, E. coli is called a “microbial factory”,
due to its easy handling, low production cost and high efficiency
[16]. Even though it is highly advantageous, it depends on the char-
acteristics of each gene, often making the process difficult [17], and
some strategies can be taken to increase the efficiency of the pro-

cess and avoid further problems. For example, some proteins, such
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as membrane proteins and proteins of larger molecular size, are
often not expressed in E. coli, or when they are, they form inclu-
sion bodies [18]. The presence of signal peptides can also cause
problems in the production of heterologous proteins, often leading
to insoluble molecules [19]. Therefore, the use of tools that pro-
vide prior knowledge of the gene is extremely important for the
overexpression of recombinant proteins. The use of bioinformatics
through in silico prediction significantly increases the chances of
protein expression success [20]. Most of these tools offer an alter-
native of optimization, restriction sites, removal of harmful codons
or nucleotides, in addition, the great advantage is that they are of-

ten available in online servers [21].

In this sense, the present work, using in silico analysis, investi-
gated the diversity of GH10 xylanases in the rumen of Nellore cattle
and the characteristics of the identified sequences. These studies
were carried out aiming to differentiate and indicate the sequences
with the greatest potential for biotechnological application. Addi-
tionally, a workflow was proposed to systematize criteria that are
essential for the selection of sequences with greater biotechnologi-

cal potential.

Materials and Methods

Identification of xylanases

The metagenomic data used for prospecting the sequenc-
es were obtained from the sequencing llumina HiScanSQ se-
quencing data set from Nelore cattle rumen (public data access:
SRX818104), which assembly and annotation of genes were stored
in the metagenomic database of the Laboratory of Biochemistry
and Plant Microorganisms (LBMP). For this purpose, a reference
sequence of endo-f3-1,4-xylanase from the GH10 family, obtained
in The American database of the National Center for Biotechnol-
ogy Information (NCBI) was used to infer the xylanases sequences,
then the sequences were submitted to the database eggNOG or-
thologist [22]. The ORFs (open reading frames) were selected with
an e-value of -30, aligned with ClustalW [23], and validated for en-

zymatic domains in the Pfam database [24].

Prediction of physical and chemical parameters, signal pep-

tides, transmembrane helices and domains

The physical and chemical parameters were computed using
the ProtParam tool [25], SignalP-5.0 server was used to predict
signal peptides and cleavage location [26], transmembrane heli-
ces prediction was made in TMHMM server, version 2.0 [27] and

domain annotation was performed with dbCAN meta server [28].
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Sequence alignment and estimated divergence between se-

quences

The sequences were organized in a FASTA file and, in order to
estimate identities between sequences, a protein-protein BLAST
was used to align the obtained sequences [29]. In addition, se-
quences were aligned with NCBI patent database using the same
BLAST tool.

Also, the sequences were aligned with multiple alignment tool
ClustalW with Clustal X (version 2.0) software [30]. After the Clust-
alW alignment the number of amino acid differences per sequence
from between sequences were calculated. Standard error esti-
mates were obtained by a bootstrap procedure (1000 replicates).
This analysis involved 38 amino acid sequences containing gh10
domain. All ambiguous positions were removed for each sequence
pair (pairwise deletion option). There were a total of 1410 posi-
tions in the final dataset. Evolutionary analyses were conducted in
MEGA X [31].

Next, a Neighbor-Joining tree was inferred to evaluate the re-
lationship between the protein sequences [32]. The bootstrap

consensus tree inferred from 1000 replicates was taken to repre-
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sent the relation of the sequences analyzed [33]. Branches corre-
sponding to partitions reproduced in less than 75 bootstrap rep-
licates were collapsed. Sequences distances were computed using
the number of differences method [34] and are in the units of the
number of amino acid differences per sequence. This analysis in-
volved the 38 amino acid sequences. All ambiguous positions were
removed for each sequence pair (pairwise deletion option). There
were a total of 1410 positions in the final dataset. The referred
analysis was conducted in MEGA X [31]. The final tree was ana-

lyzed and generated with ITol (Interactive Tree of Life) tool [35].

Results and Discussion

The metagenomics analysis from Nelore cattle rumen returned
38 sequences with the GH10 domain, additionally, the sequences
may contain other domains (Table 1), this type of analysis is im-
portant to infer GH10 diversity in this complex environment. Be-
sides, other domain recognition may be used to choose between
sequences to be investigated in further steps, to clone and express
the molecules with best biotechnology potential. Xylanases have
broad use in industrial processes [11,13-15], in this sense, this
kind of study is important to identify new molecules, in order to

improve enzyme utilization in industrial and biotechnological pro-

cedures.
Sequence| Molecular - % of % of . .
ID Length Weight Domains Inls;::;l:ty TMHMM, pl |positive| negative Allllr:::;lc Signal P****
(aa) (kDa) aa** aa***

Xyl 01 368 41.62 GH10(24-365) 32.36/Y 0 7,06 12.2 12.2 88.80 Y(1-21)

Xyl_02 719 81.28 GH10(34- 3241/Y 0 6,03| 114 12.8 67.97 Y(1-20)
364)+CE1(503-715)

Xyl 03 387 4452 GH10(33-383) 28.02/Y 0 522| 114 15.8 83.10 N

Xyl_04 724 82.10 GH10(34- 34.25/Y 0 6,44 | 12.2 12.8 72.32 Y(1-20)
365)+CE1(505-720)

Xyl_05 753 85.29 GH10(26- 41.85/N 0 853| 12.6 11.8 62.59 Y(1-24)
346)+CE1(537-748)

Xyl_06 731 82.81 GH10(33- 34.69/Y 0 789 124 12.2 71.78 Y(1-20)
367)+CE1(507-728)

Xyl 07 711 80.42 GH10(36- 32.92/Y 1 6,44| 12.1 12.8 69.93 Y(1-23)
369)+CE1(509-687)

Xyl_08 723 81.65 GH10(35- 30.34/Y 0 6,21| 109 12.0 65.84 Y(1-21)
368)+CE1(507-719)

Xyl_09 727 82.39 GH10(34- 35.81/Y 0 6,38| 124 13.2 74.04 Y(1-21)
368)+CE1(508-723)

Xyl_10 | 368 41.91 GH10(25-365) 26.95/Y 0 [672| 122 12.5 90.35 Y(1-22)

Xyl 11 754 84.48 GH10(35- 38.74/Y 0 569 105 12.7 70.04 Y(1-22)
360)+CE1(499-750)
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Xyl12 | 368 42.19 GH10(27-365) 30.16/Y 0 621 117 10.6 80.65 Y(1-23)

Xyl13 | 345 39.81 GH10(22-343) 36.00/Y 0 656 122 12.8 77.74 Y(1-20)

Xyl14 | 652 72.26 GH10(60-386) 29.05/Y 1 1636 120 12.4 77.81 Y(1-25)

Xyl15 | 744 84.43 GH10(23- 43.47/N 0 |[586 108 12.4 68.84 Y(1-21)
347)+CE1(528-738)

Xyl16 | 379 42.99 GH10(35-376) 39.09/Y 1 |715| 121 12.1 83.88 Y(1-33)

Xyl17 | 368 41.55 GH10(24-365) 36.65/Y 0 |706] 111 11.1 86.71 Y(1-21)

Xyl18 | 728 82.92 GH10(34- 37.57/Y 1 |676| 129 13.2 72.72 Y(1-22)
370)+CE1(509-724)

Xyl19 | 714 81.61 GH10(24- 37.72/Y 0 621 126 13.7 70.57 Y(1-20)
355)+CE1(498-710)

Xyl.20 | 727 82.22 GH10(34- 35.98/Y 0 629 125 13.3 72.43 Y(1-22)
368)+CE1(508-723)

Xyl.21 | 746 84.00 GH10(37- 40.04/N 0 689 117 11.9 72.96 Y(1-23)
371)+CE1(509-728)

Xyl22 | 645 73.46 GH10(33- 35.18/Y 0 |[798 126 12.2 70.59 Y(1-20)
366)+CE1(506-639)

Xyl.23 | 644 75.85 GH10(8- 37.20/Y 0 633 132 14.1 68.99 N
343)+CE1(483-634)

Xyl 24 | 433 49.78 GH10(35-369) 38.62/Y 1 [835| 145 13.9 74.32 Y(1-24)

Xyl25| 382 43.20 GH10(37-373) 28.44/Y 0 1937| 154 11.8 77.15 Y(1-26)

Xyl 26 | 501 57.39 GH10(21-355) 39.42/Y 0 6 | 12.0 13.8 65.35 N

Xyl.27 | 725 82.40 GH10(34- 38.70/Y 0 1626 124 13.2 68.61 Y(1-21)
370)+CE1(512-722)

Xyl28 | 723 82.04 GH10(30- 38.91/Y 0 |702] 122 12.3 74.44 Y(1-19)
360)+CE1(507-719)

Xyl 29 | 385 44.51 GH10(49-383) 37.63/Y 1 [803] 130 12.5 67.12 Y(1-35)

Xyl.30 | 726 82.52 GH10(33- 32.32/Y 0 724 129 12.9 71.43 Y(1-19)
367)+CE1(507-722)

Xyl31| 748 85.03 GH10(42- 33.82/Y 1 |642| 124 13.1 70.40 Y(1-29)
379)+CE1(518-743)

Xyl 32 | 418 47.85 GH10(3-327) 35.54/Y 0 |567| 115 14.1 70.89 N

Xyl 33| 389 45.23 GH10(36-371) 36.33/Y 1 |847| 141 13.1 65.42 Y(1-22)

Xyl34 | 726 82.27 GH10(33- 36.21/Y 0 |79 131 12.8 70.25 Y(1-20)
367)+CE1(507-722)

Xyl 35| 432 49.32 GH10(44-427) 44.81/N 0 |551| 109 13.2 71.83 N

Xyl 36 | 691 77.77 GH10(17- 29.65/Y 0 |533 97 12.2 68.08 N

302)+CBM6(446-551)
Xyl 37 | 849 95.33 GH43_7(26- 42.50/N 0 499 9.7 12.8 75.18 Y(1-22)
295)+GH10(500-849)
Xyl 38| 305 35.03 GH10(1-302) 32.88/Y 0 603 121 15.8 79.02 N

Table 1: Predicted physico-chemical parameters, domains, transmembrane helices and signal peptide of the 38 identified GH10

sequences.

*Y refers to stable proteins and N refers to unstable proteins. ** Percentage of positively charged residues (Arg and Lys). ***Percentage

of negatively charged residues (Asp and Glu). ****Y indicates presence of signal peptide and N indicates absence of signal peptide.
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In order to characterize and analyze the sequences returned by
prospecting, in silico analyzes were carried out to search for the
most promising molecules to be tested in future in vitro heterolo-
gous expression assays. Despite not substituting laboratory tests,
in silico analysis contributes to the choice of molecules with the
best potential, leading to savings in human and financial resources
and time. Thus, a workflow (Figure 1) was used to choose, among
the 38 sequences, those with better conditions for heterologous

expression.

Figure 1: Workflow for protein sequence selection.

The alignment of the 38 sequences, followed by an analysis by
Neighbor-Joining Tree, made it possible to establish relationships
between the sequences. When Neighbor-Joining Tree (Figure 2)
and proteins identity (Table 2) are compared it is possible to dif-
ferentiate 6 groups with, at least, two proteins with identity high-
er than 70%. These groups are divided in branches with Xyl 23
to Xyl_22 and Xyl _33 to Xyl _07 (17 proteins with high identity);
branch with Xyl_38 to Xyl_10 (5 proteins with high identity); Xyl_37
and Xyl _03; Xyl_11 and Xyl_32; Xyl 02 and Xyl_08; Xyl 28 and 19.
Proteins Xyl_35, Xyl_13, Xyl_05, Xyl_15, Xyl_12, Xyl_36, Xyl_14 and
Xyl_25 do not have high identity with any of the identified sequenc-
es (Table 2).

80

These groups, together with the degree of identity between
the sequences, provide important relationships for knowing the
diversity of proteins that may have different properties. Another
analysis that contributed in this regard was the BLAST of the 38
sequences against the NCBI patent database. The results in table 4
demonstrated the presence of sequences with up to 68.79% iden-
tity (Xyl_07 and AKY00359.1). The observed values of identity are
not high and do not exclude future studies with the herein identi-
fied sequences. In this sense, sequences obtained by metagenomic
analysis of rumen can contribute in an important way to the dis-

covery of new molecules with biotechnological potential.

Figure 2: Neighbor-Joining Tree inferred after ClustalW

alignment of the 38 identified proteins.
The percentage of replicate trees in which the associated
proteins clustered together in the bootstrap test (1000 replicates)

are shown next to the branches.
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Xyl38 | 84 37 43 39 | 39 | 39 | 38 37 38 85 | 37 51 38 39 36 | 86 | 85
Xyl37 | 41 34 92 36 | 34 | 35 | 35 33 36 42 | 33 35 34 33 34 | 41 | 41
Xyl.36 | 28 33 23 32 | 30 | 26 | 27 33 26 27 | 31 28 28 29 33 | 28 | 30
Xyl35 | 35 50 32 54 | 49 | 51 | 51 49 50 33 | 46 33 50 27 47 | 35 | 36
Xyl.34 | 40 65 35 88 | 57 | 90 | 78 64 87 38 | 56 37 58 31 55 | 40 | 41
Xyl.33 | 39 66 34 70 | 64 | 71 | 79 66 73 39 | 57 37 61 31 57 | 38 | 40
Xyl32 | 37 62 34 60 | 61 | 58 | 64 60 60 36 | 92 35 56 31 61 | 36 | 38
Xyl31 | 38 65 34 79 | 58 | 83 | 78 64 80 38 | 55 37 59 29 55 | 37 | 40
Xyl.30 | 40 65 34 87 | 66 | 90 | 78 64 88 39 | 56 37 59 30 56 | 39 | 41
Xyl 29 | 38 67 33 70 | 62 | 69 | 95 67 71 37 | 60 35 62 29 60 | 36 | 39
Xyl.28 | 38 61 32 61 | 63 | 61 | 63 62 62 37 | 57 36 57 32 56 | 35 | 38
Xyl.27 | 38 66 34 75 | 70 | 77 | 73 66 76 40 | 59 37 59 30 57 | 38 | 38
Xyl.26 | 39 70 34 79 | 62 | 77 | 86 68 80 39 | 62 36 61 30 58 | 38 | 40
Xyl25 | 44 33 38 36 | 38 | 36 | 37 35 36 42 | 36 36 38 41 37 | 43 | 42
Xyl.24 | 40 65 34 83 | 51 | 84 | 72 62 85 40 | 54 37 57 31 49 | 40 | 41
Xyl.23 | 40 65 35 86 | 62 | 90 | 79 66 89 40 | 57 37 59 31 56 | 39 | 41
Xyl.22 | 39 64 35 88 | 55 | 92 | 77 64 84 40 | 55 35 58 32 54 | 39 | 40
Xyl21 | 37 66 33 75 | 64 | 75 | 78 66 78 37 | 56 38 59 30 57 | 36 | 37
Xyl 20 | 39 65 34 89 | 67 | 89 | 78 64 90 40 | 57 36 57 31 55 | 37 | 38
XylL19 | 34 60 32 59 | 62 | 60 | 62 60 60 35 | 58 38 56 31 58 | 34 | 35
Xyl.18 | 39 65 32 86 | 58 | 85 | 78 64 84 39 | 55 38 58 31 54 | 39 | 38
Xyl.17 | 90 37 40 40 | 39 | 40 | 39 37 38 85 | 36 49 36 40 37 | 80

Xyl.16 | 85 34 40 37 | 38 | 37 | 35 35 37 79 | 35 48 36 38 35 80
Xyl15 | 36 60 32 56 | 68 | 55 | 58 58 56 35 | 60 36 60 32 35 | 37
Xyl.14 | 39 31 32 32 | 33 | 31 | 28 30 30 38 | 33 34 32 32 | 38 | 40
Xyl.13 | 37 55 34 58 | 58 | 55 | 62 55 60 36 | 53 36 32 60 | 35 | 36
Xyl12 | 49 35 35 35 | 37 | 35 | 35 36 36 48 | 36 36 34 36 | 48 | 49
XylL11 | 36 61 34 56 | 57 | 55 | 57 60 56 36 36 55 33 60 | 35 | 36
XylL10 | 92 35 38 38 | 38 | 38 | 37 35 37 36 48 36 38 35 | 79 | 85
Xyl 09 | 39 65 35 90 | 58 | 84 | 78 64 37 | 56 36 60 30 56 | 37 | 38
Xyl 08 | 36 93 33 64 | 71 | 63 | 65 64 36 | 60 37 57 31 58 | 36 | 38
Xyl 07 | 38 65 33 79 | 62 | 77 65 78 37 | 57 35 62 29 58 | 36 | 40
Xyl 06 | 38 64 33 86 | 67 77 64 85 38 | 54 36 58 31 55 | 37 | 40
Xyl 05 | 40 56 33 56 56 | 57 56 58 38 | 57 37 60 33 69 | 38 | 39
Xyl 04 | 39 65 34 67 | 86 | 79 64 90 38 | 56 35 58 32 56 | 37 | 40
Xyl 03 | 40 33 34 | 33 | 33 | 33 32 35 38 | 34 35 34 32 32 | 40 | 40
Xyl 02 | 36 34 65 | 70 | 64 | 65 93 65 35 | 61 35 58 31 61 | 34 | 37
Xyl 01 36 39 38 | 39 | 38 | 37 36 38 88 | 36 48 37 40 36 | 82 | 87

ID  |Xyl01| Xyl02 Xyl_03 Xyl_04 |Xyl_05|Xyl_06Xyl_07| Xyl.08 | Xyl .09 Xyl .10/Xyl.11| Xyl.12 | Xyl.13 | Xyl_14 | Xyl_15 Xyl_16|Xyl_17

“«
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Table 2: Percentage of identity between the 38 sequences identified in Metagenomic analysis and counting of sequences with identity
higher than 70%.

In addition to GH10, the analysis of the domains present in the
38 sequences on the dbCAN platform made it possible to identify
three other domains (Table 1). The CE1 domain, Carbohydrate es-
terase family 1, corresponds to an extensive class of enzymes ca-
pable of degrading xylan [36], and is present in most of the iden-
tified sequences: Xyl _02; Xyl 04; Xyl_05; Xyl _06; Xyl_07; Xyl_08;
Xyl .09; Xyl 11; Xyl_15; Xyl_18; Xyl_19; Xyl 20; Xyl _21; Xyl_22;
Xyl_23; Xyl_27; Xyl_28; Xyl_30; Xyl_31 e Xyl_34. The CBM6 domain,
carbohydrate-binding modules, is common in xylanases, having an
auxiliary role in the hydrolysis of insoluble substrates [37] and was
identified in Xyl_36. Xyl_37 contains the GH43 domain, glycoside
hydrolase, related on the degradation of hemicellulose and pectin
[38]. In this sense, the presence of complementary domains can
contribute to the choice of multifunctional molecules, something

desired in biotechnological applications [39].

Additionally, ProtParam (Table 1) and Pairwise analysis (Table
3) show that the identified sequences are distinct based on amino
acids residues number. According to table 3 the differences be-
tween amino acids residues number did not interfere in sequences
identity (Table 2) and Neighbor-Joining Tree clustering (Figure 2).
Besides, ProtParam returned the prediction of physical-chemical
parameters of the identified sequences (Table 1). It was possible to
observe the presence of 33 stable proteins (values lower than 40),
and the unstable ones were considered inadequate for future stud-
ies. The aliphatic index is related to the thermostability of globular

proteins, higher values indicate possibly more thermostable pro-

teins [25]. This is an important characteristic when concerning
biotechnological applications, therefore, sequences Xyl 01, Xyl_03,
Xyl_10, Xyl_12, Xyl_16 and Xyl_17 presented values above 80, in the
other hand, the lowest observed value was 62.59 for Xyl_05 (Table
1).

In addition, the analysis conducted on the webtool SignalP iden-
tified the presence of signal peptide in 31 of the 38 sequences (Ta-
ble 1). The presence of signal peptide may hinder studies of cloning
and expression of proteins in vectors, despite this, signal peptides
can be removed when starting in vitro studies, so this is not a de-
termining factor in discarding a particular sequence. Another point
considered was the absence of transmembrane helices, since these
structures make it difficult to express and purify proteins, in this
sense, only 8 of the 38 sequences have this undesired characteristic
(Table 1).

According to the excluding criteria (instability index and trans-
membrane helices) the sequences Xyl_05, Xyl_07, Xyl_14, Xyl_15,
Xyl_16, Xyl _18, Xyl 21, Xyl_24, Xyl_29, Xyl_31, Xyl_33, Xyl_35 and
Xyl_37 were considered not viable for cloning and expression. In-
stability index is an excluding criterion since stability is directly
related to the production of heterologous enzymes, in systems
like E. coli, and unstable proteins can not be applicated in biotech-
nological sectors. The presence of transmembrane helices in the
prediction of the secondary structure may also be a determining

factor that makes heterologous production unfeasible, since these
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Table 3: Estimates of divergence between sequences, the number of amino acid differences per sequence from between sequences
are shown. Standard error estimates are shown above the diagonal and all ambiguous positions were removed for each sequence pair

(pairwise deletion).

ID Identity Acession Xyl 21 67,38% AKY00359.1
Xyl 01 57,10% AKY00358.1 Xyl_22 65,58% AKY00359.1
Xyl_02 67,49% AKY00359.1 Xyl_23 67,18% AKY00359.1
Xyl 03 51,72% ABZ41703.1 Xyl_24 62,25% AKY00359.1
Xyl_04 66,33% AKY00359.1 Xyl _25 53,45% ACP87342.1
Xyl_05 64,42% AKY00359.1 Xyl_26 68,41% AKY00390.1
Xyl_06 66,24% AKY00359.1 Xyl 27 66,24% AKY00359.1
Xyl 07 68,79% AKY00359.1 Xyl_28 64,48% AKY00359.1
Xyl 08 67,10% AKY00359.1 Xyl_29 66,27% AKY00359.1
Xyl_09 66,33% AKY00359.1 Xyl_30 66,38% AKY00359.1
Xyl_10 54,91% AKY00358.1 Xyl_31 64,74% AKY00359.1
Xyl_11 64,46% AKY00359.1 Xyl _32 69,34% AKY00390.1
Xyl_12 49,43% AKY00358.1 Xyl_33 62,82% AKY00359.1
Xyl_13 57,01% AKY00359.1 Xyl_34 66,47% AKY00359.1
Xyl_14 42,53% AER76185.1 Xyl_35 48,10% AKY00359.1
Xyl_15 66,89% AKY00359.1 Xyl_36 48,48% AER76187.1
Xyl_16 55,65% AKY00374.1 Xyl_37 59,87% AKY00367.1
Xyl _17 56,03% AKY00358.1 Xyl_38 57,70% AKY00358.1
Xyl 18 64,99% AKY00390.1 Table 4: Percentage of identity between the 38 sequences
Xyl_19 63,61% AKY00359.1 ) e . )

identified in Metagenomic analysis and NCBI Patent database.

Xyl 20 65,47% AKY00359.1

Citation: Adriano Marques Gongalves,, et al. “Diversity of Glycoside Hydrolase 10 Family Xylanases Found in Rumen Metagenome and Selection of
Sequences with Biotechnological Potential". Acta Scientific Microbiology 4.7 (2021): 76-89.



Diversity of Glycoside Hydrolase 10 Family Xylanases Found in Rumen Metagenome and Selection of Sequences with Biotechnological Potential

proteins normally participate in specific processes and functions in
biological systems [40], consequently making it difficult to obtain

their soluble form.

In this sense, based on the set of in silico analyzes performed,
25 of the 38 sequences showed good characteristics for study, since
the presence of the signal peptide is not an excluding criterion.
Therefore, the choice for future in vitro analyzes was made based
on the desirable characteristics present in the aforementioned se-
quences: absence of transmembrane helices, structural stability,
thermal stability, identity with biotechnological application mole-
cules, presence of domains of interest and difference in their amino

acid sequences.

It is important to emphasize that one of the selected sequences
has already presented promising laboratory results regarding its
applicability and bifunctionality [41]. The other selected molecules
will be investigated in future studies. Additionally, our work also
contributes with a workflow that can be used to select enzymes
of interest, starting from a database (Figure 1). It is important to
note that this workflow can be used for other proteins and types of
sequences once it is possible to analyze general characteristics of

amino acid sequences.

Conclusion

The present work analyzed the diversity of sequences contain-
ing the GH10 domain present in the rumen of Nelore cattle. In addi-
tion to the identification of the 38 sequences, a workflow of in silico
methodologies was suggested to select sequences that will guide

future in vitro studies.
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