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INTRODUCTION
1. Reason to choose the topic

Lignocellulose is a major component of plant biomass that is discharged mainly from the forestry,
agriculture, paper industry, etc. This is a source of waste that causes environmental pollution if not
thoroughly treated. However, this biomass can become a raw material for conversion into many valuable
products. Methods that are treating plant biomass by physical and chemical factors have many major
disadvantages such as: produces low monosacharide, demand for specialized equipment with high cost,
solvent residue in product and environmental problems, ... The method of treating plant biomass by enzyme
has many advantages such as: can actively control the reaction, the product of the eachother of stages is the
material for many industries, environmental friendliness, etc. Therefore, the search and production of
hydrolysis enzymes for plant biomass are still of interest in most countries in the world, including Vietnam.

Of the species, termites digest lignocellulose effectively. The studies showed that many microbial species
in gut of termite secrete enzymes such as cellulase, hemicellulase which hydrolyze most of the lignocellulose
into sugars. In the components of lignocellulose, hemicellulose has a heterogeneous structure and various
types of biological molecules. Therefore if we want to decompose compeletely hemicellulose we need many
group of enzymes such as xylanase, f-xylosidase, arabinanase, arabinofuranosidase, a-glucuronidase, o-
galactosidase, acetyl xylan esterase, etc. In which B-xylosidase is capable of cutting at the non-reducing end
position on the xylan-main chain of hemicellulose and xylobiose sugars into xylose sugars, it is essential in
the enzymatic system to convert hemicellulose into monosacharide.

From the financial support of the Vietnam-Japan cooperation project: "Isolation of genes encoding
lignocellulolytic enzymes in termites in Vietnam using Metagenomics technology” (2012-2015), DNA
metagenome of symbiont in gut of Coptotermes gestroi was extracted and sequenced. The size of the
metagenome DNA sequence was 5,431.60 Mb, of which 125,431 ORF and 587 ORF coded for
lignocellulase was determined. The search and selection of genes from metagenome DNA sequences was
based on the selection of each gene encoding the lignocellulase which was predicted by the BGI’s company.
After that each gene was built phylogenetic taxonomy by bioinformatic tool. However, this selection takes a
lot of time because the DNA metagenome data is too large. On the other hand, there are only 10% of
recombinant enzymes that are active in empirical expression. What is the way to search and exploit the gene
coding lignocellulase from the DNA metagenome sequence data of the microorganism in C. gestroi. At the
same time, the selection genes will be expressed successful, and have good activity.

The search and selection of the lignocellulase gene from 587 ORF was performed by hand. The first we
will select each gene encoding for the lignocellulase which estimated by the sequencing company. Then we
investigate the protein's conservative region and initialize the phylogenetic tree for each enzyme. Finally, the
ORF will be selected according to (1) the new sequence, (2) the specific and specific activity center, and (3)
the simple sequence. However, this way takes a lot of time because of too large DNA metagenome data.
Moreover, most of the genes selected in this way are difficult to express successfully. For example, after
selecting eight genes for expression, six genes do not express or express insoluble and only two genes were
expressed weakly. Limitations of the previous study required the development of an efficient method which
help to find out exactly lignocellulase gene from the DNA metagenome data and must have the proper
activity of the target enzyme after expression. In addition, bacterial diversity and lignocellulase in termites
have not been studied in the past. So we conducted the topic " EXPLOIT DNA METAGENOME DATA,
EXPRESS AND RESEACH CHARACTERS OF B-XYLOSIDASE FROM MICROORGANISM IN GUT
OF Coptetermes gestroi IN VIET NAM ™.

2. Objectives
2.1. General objectives

Studies on bacterial diversity and lignocellulase in gut of C. gestroi from DNA metagenome data. At the
same time, building an effective method to search quickly target genes encoding of lignocellulase from DNA
metagenome data of microorganisms in the C. gestroi. That genes have exactly target enzyme after
expression.

2.2. Specific objectives

-Exploit available DNA metagenome data of microorganism in gut of C. gestroi to reseach diversity of
bateria and lignocellulase;

- Build a new method to search for and select genes from DNA metagenome data of microorganisms in
the C. gestroi;



- Express and reseach characters of lignocellulose hydrolysis enzyme.
3. Research content
- Study the diversity of bacteria in gut of C. gestroi and lignocellulase following the CAZY classification
system from the available DNA metagenome data;
- Search for amino acid sequences of B-xylosidase which has been studied in detail actions and select reliable
bioinformatics tools for constructing probes. Using a probe for rapid search of the B-xylosidase gene DNA
metagenome data of microorganisms in the C. gestroi;
- Build probe to search for the gene encoding lignocellulase from the available DNA metagenome data;
- Express and study the characters of f-xylosidase.
4. Objects

DNA metagenome data of microorganisms in gut of C. gestroi of the Genetic Engineering Department,
Institute of Biotechnology, Vietnam Academy of Sciences and technology, some databases and
bioinformatic tools.

5. The reseach scopes

We study the diversity of bacteria in gut of C. gestroi and the method to build probe which use to exploit
and select gene from DNA metagenome data. Gene is expressed in E. coli Rosseta 1 and identified the
characters of B-xylosidase.

6. The scientific and practical significance of the topic

6.1. Scientific significance

- Analyzed of bacteria in gut of C. gestroi in Vietnam and diversity of lignocellulase according to CAZY
classification;

Provided a new and effective method for searching target genes from the DNA metagenome data by
probes;

Expressed and identified the B-xylosidase activity of free-living microorganisms in gut of C. gestroi.

6.2. Practical significance

B-xylosidase is a new, well-functioning enzyme that works optimally in alkaline and high temperature
environments. This enzyme promises to be very effective in the application of plant biomass hydrolysis,
especially when combined with alkaline and thermal treatment of plant biomass.

7. New contributions of the thesis

This is the first study of the bateria in gut of C. gestroi in Vietnam and the diversity of CAZY's
lignocellulose hydrolysis enzymes from DNA metagenome data;

Building probe from gene or amino acids sequences that have been studied to extract genes from DNA
metagenome sequence data by Metagenomics is a hovel approach;

B-xylosidase which is a new enzyme derived from microorganisms in gut of C. gestroi in Vietnam is
expressed and refined successfully with good activity, optimized in alkaline and high temperature
environments.

Chapter 1. OVERVIEW OF RESEARCH
1.1. LIGNOCELLULOSE VA DECOMPOSE
1.1.1. Lignocellulose: The role and composition of lignocellulose
1.1.2. Lignocellulose metabolism: Describe the enzyme system involved in lignocellulose metabolism
1.2. METAGENOMICS, BIOLOGICAL TOOLS AND DATA RESOURCES FOR DNA ANALYSIS
METAGENOME
1.2.1. Metagenomics: Describe the general concept of Metagenomics, its approach in research and
application.
1.2.2. Some tools are used to analyze data

Descriptive basis of data building, the way to use and reliability of some bioinformatic tools used to
analyse data including: BLAST, EXPASY, Phyre 2, TBI, Alcapred and Phylogeny.
1.2.3. Data sources

Description about the sources, amounts of data, data updates and reliability of the two data sources used
in the study including CAZY and NCBI.



1.2.4. DNA probes and applications

A brief overview of DNA probes and their applications, particularly probes has been used in study about
the DNA metagenome.
1.3. p-XYLOSIDASE

An overview of the B-xylosidase includes the names, operating patterns, spatial structure, activity,
application and supply of B-xylosidase.
1.4. MICROBIOLOGY COMMUNITIES AND LIGNOCELLULASE
1.4.1. Some communities attend to decompose lignocellulose: General overview of lignocellulose
microorganisms in the nature.
1.4.2 Microorganism and lignocellulase in gut of termite

Describe the biological characteristics of termites and the diversity of symbiotic microorganisms in the
termite gut - the source of the lignocellulase.
1.4.3. Research overview on microbial diversity and lignocellulase in gut of C. gestroi in Vietham

A summary of the reseach on microorganism and lignocellulase of C.gestroi in Vietnam and the issues
need to be solved in this study.

Chapter 2. OBJECTS, MATERIALS AND RESEARCH METHODS

2.1. OBJECTS AND MATERIALS
2.1.1. Objects

Using 125,432 ORFs from the DNA metagenome data of the microorganisms in gut of C. gestroi was
annotated by BGI. Of these, there are 587 ORFs encoding lignocellulases as a source of data to exploit the
Termite 2 _ GL0112518 gene which encodes B-xylosidase.
2.1.2. Chemicals and machinery

Chemicals: The chemicals were ordered from international standard companies such as Bio-Lab (USA),
Fermentas (USA), Sigma (USA), Merck (Germany). Using machine of key technology department, Institute
of Biotechnology, Vietnam Academy of Sciences and technology.
2.2. RESEARCH METHODS

2.2.1. Method for building probe: We built the probe of B-xylosidase following in the figure 2.2.

CAZY, NCBI data

I

Exploit the sequence of gene coding protein has been studied characteristicly

I

Use bioinformatic tools to find similarities between the sequences that have been studied

V

Construct probes, coverage values and reference homology for each family of enzymes

|

Use a probe to compare with the sequences in the metagenome DNA

|

Select sequence with similarity and coverage according to the reference value

Figure 2.2. Diagram of basic steps in building a probe
2.2.2. Methods to analyse data by bioinformatic softwares



Analyze the diversity of typical microorganisms in C. gestroi; Analysis of ORF diversity of lignocellulase
according to CAZY classification; Compare the ORF sequences of the DNA metagenome data with the
NCBI database by BLAST; Design primers by FastPCR software; Check the position of the restriction
enzyme on the gene by RestrictionMapper software; Transfer DNA sequence code to amino acid sequence
using EXPASY translation program; Predict the structure of Xbx14 by Phyre2 and Swiss model software;
Predict the origin of the gene by the BLAST-Explorer tool; Determine the purity of Xbx14 protein after
refining by Quantity One software.

2.2.3. Microbiological methods: Keep the strain of E.coli; cultivation produces single colonies; bacterial
culture.

2.2.4. Molecular biological methods: Sequencing DNA using new Illumina's HiSeq2000, the method of
transforming plasmid DNA into E. coli by heat shock, the method of extracting plasmid DNA from E.coli;,
genetic screening; DNA/protein electrophoresis on agarose/PAGE-SDS gel, co-expression method, PAGE —
SDS.

2.2.5. Methods of protein biochemistry: Protein purification method by fractional precipitation, quantify
nucleic acid/protein by density measurement, determination of B-xylosidase activity, determine the effect of
temperature and pH, determination of heat resistance of enzyme, determine the kinetic parameters of the
enzyme.

Chapter 3. RESULTS AND DISCUSSION

3.1. RESEACH DIVERSITY OF BACTERIA AND LIGNOCELLULASE ACCORDING TO CAZY
SYSTEM FROM DNA METAGENOME DATA OF MICROORGANISM IN GUT OF C. gestroi IN
VIET NAM

3.1.1. Study on the diversity of bacteria in gut of C. gestroi

3.1.1.1. The composition of the bacterial species has a large amount of ORF in gut of C.
gestroi

Mahella australiensis ] 302
Yokenella regensburgei | 322
Dethiosulfovibrio peptidovorans | 330
Delftia acidovorans | 361
Aminomonas paucivorans | 403
Blastopirellula marina . 409
Dysgonomonas mossii | 530
Enterobacter cloacae ] 583
Tannerella forsythia | 598
Candidatus Azobacteroides.._ 683
Aminobacterium colombiense | 870 ORF
Stenotrophomonas maltophilia | 923
Spirochaeta caldaria ] 938
Pseudomonas fluorescens | 1254
Lactococcus garvieae | 1810
Dysgonomonas gadei | 2176
Lactococcus lactis | 2852
Lactococcus raffinolactis | 4471
Treponema azotonutricium | 5202
Treponema primitia | 10267
0 2600 4600 6600 8600 1 OlI)OO 1 2600

Figure 3.1. A statistical map of the 20 largest ORF species in C. gestroi
Previous research has used the Metagenomics to sequence the DNA metagenome of microorganisms in
the gut of C. gestroi in Vietnam. According to the initial statistics we will focus on analyzing the largest
number of microorganisms that are bacteria. This is a group of lignocellulase-secreting microorganisms that



decomposes lignocellulose completely in both low and high termites. Based on predicted species data, 20
bacterial counts of more than 300 ORFs were identified and filtered (Fig 3.1).
3.1.1.2. Characters of bacteria species help C. gestroi to metabolise nitrogen

Participation in the nitrogen metabolism have six species, including Treponema primitia, Treponema
azotaurricium, Candidatus Azobacteroides pseudotrichonymphae, Aminobacterium colombiense,
Aminomonas paucivorans, Stenotrophomonas maltophilia. In which there are three species (Aminobacterium
colombiense, Aminomonas paucivorans va Stenotrophomonas maltophilia) who are only C. gestroi.
3.1.1.3. Characters of bacteria species help C. gestroi to metabolise lignocellulose

There are 16 species with large amounts of ORF in gut of C. gestroi involved in lignocellulose
metabolism, including: Treponema primitia, Treponema azotaurricium, Lactococcus raffinolactis,
Lactococcus lactis, Lactococcus garvieae, Spirochaeta caldaria, Enterobacter cloacae, Mahella
australiensis, Tannerella forsythia, Delftia acidovorans, Dethiosulfovibrio peptidovoran, Blastopirellula
marina, Pseudomonas fluorescens, Yokenella regensburgei, Dysgonomonas gadei va D. mossii. In which
there are five species (Mahella australiensis, Blastopirellula marina, Yokenella regensburgei, Delftia
acidovorans, Dethiosulfovibrio peptidovorans) who are only in C. gestroi.

In summary, based on the number of ORFs estimated from the DNA metagenome data of microorganisms
in gut of C. gestroi in Vietnam, we found out 20 species of bacteria with very large ORF numbers. In which
there are 03 species involved in nitrogen metabolism and 05 species involved in lignocellulose hydrolysis
that are not present in other termites. As a result, There are not only protozoan but also bacteria to produce
lignocellulase in gut of C. gestroi in Viet Nam

3.1.2. The reseach diversity of lignocellulase in C. gestroi
3.1.2.1. The ORF diversity of GH families hydrolyzing lignocellulose is classified according to CAZY

Following BGI’s anotation there are 587 ORF encoding the lignocellulase from the DNA metagenome
data of the microorganism in gut of C. gestroi. To evaluate the diversity of lignocellulase, we classified them
into the GHs in the CAZY system. Based on the results of CAZY's analysis, it will be easy to compare with
similar research from other termites. Detailed results are presented in table 3.1.

Table 3.1. Comparison of GH families from microorganisms in gut of C. gestroi with other termites

GH N C. gestroi Nasutitermes R. speratus R. flavipes R. flavipes

0 (symbiont)* (symbiont) 2 (symbiont)? ((symbiont)* (symbiont)°
GH1 187 22 - - 3
GH2 36 23 — 1 1
GH3 205 69 1 10 2
GH4 116 14 = = =
GH5 136 56 3 11 2
GH6 21 — — — —
GH7Y 20 = 35 10
GH8 13 5 9 1 1
GH9 16 9 — — 2
GH10 39 46 1 1
GH11 52 14 10 5
GH12 7 = — —
GHI13 10 48 = - 10
GH16 3 1 = 3 3
GH17 2 = — — —
GH18 1 17 — 5 8
GH20 — 15 — 3 4
GH23 — 52 — — —
GH?25 — 1 — — —
GHZ26 6 15 5 1
GH27 24 4 — — 1
GHZ28 2 6 = - -
GH30 2 = = 1 3
GH31 6 26 —




GH32 16 = = =

GH35 2 3 — —

GH36 44 5 _ _

GH37 1 — — —

GH38 — 11 —

N = ||

GH39 50 3 — —

GHA42 30 24 _

—

GHA43 60 16 —

=

GH44 6 6 _

GH45 _ 4 2

—

= > |

GH47 _ _ _

GH51 50 18 — —

GH52

<§)
I
I

—

GHS3 3 12 =
GHS5 1

GHS7 = 17 = =

GHS8 - 1 — _

GH62 1 — . —

GH65 — 6 — —

GH67 20 10 — —

GH68 1 — _ _

GH70 - — _ _

GH74 = 7 =

GH76

—

GH77

GH78

GH82

GHS85

GH86

1

]_ _
GH79 18 — — —

1

2

4

GH87

GH88 =

9
GHI1 = 1 —
GH92 2

GH93

1
GH94 4 68 — _

GH95 = 12 = =

GH97 7

GH98 —

GH103 —

GH106

I

o N o = ||
I
I

GH109

GH113

GH115

GH116

GH117

GH119

GH126

IS
W NS P k|l
|
|
|

GH128

GH130 10 = = =

Do et al.. 2014 (C. gestroi_svmbiont metagenomic sequencing)

2Warnecke et al.(Scharf and Tartar. 2008) (Nasutitermes symbiont metagenomic sequencing).

Todaka et al.(Scharf and Tartar. 2008) (R. speratus symbiont cDNA librarv).

“Tartar et al.(Scharf and Tartar. 2008) (R. flavipes svmbiont cDNA librarv).

*Tartar et al.(Scharf and Tartar. 2008) (R. flavipes normalized qut cDNA librarv).




* GH identities were assigned using the CAZy (carbohydrate-active enzymes) database and
nomenclature system (http://www.cazy.org/). Numbers indicate the number of genes identified within
each GH. Solid circles (.) denote undeterminable numbers. Dashes () indicate missing GH members

The results show that the greater number of GH families and ORFs belonging to each GH in the intestine
of C. gestroi and higher other termites. We are interested in GH families that only appear in the gut of C.
gestroi to determine the ability to decompose the components of lignocellulose, thereby we continue to select
new genes from the available DNA metagenome data. Of the GH families classified by CAZY, the GH117
and GH130 families hydrolyse the branched chain of hemicellulose. These two enzyme families appear only
in the C. gestroi with large numbers of ORFs of 40 (GH117) and 10 ORF (GH130), respectively. This
demonstrates that C. gestroi has the potential for hydrolysing of hemicellulose. The abundance of
hemicellulase from the DNA metagenome data of C. gestroi is a favorable basis for the selection genes
coding hemicellulase in experiment.
3.1.2.2. The ORF diversity of the f-xylosidase belongs to the GH according to the classification of CAZY

In this study we are interested in the hemicellulase and one of the major enzymes involved in the
hydrolysis of hemicellulose is B-xylosidase. The intestine of C. gestroi, there are 48 ORF encoding -
xylosidase, of which 23 ORFs are classified into 13 species, while 25 ORFs are not categorized into species.
OREFs are classified into 8 different GHs and are dominated by GH43, 51, 116. Among the GH families
containing f-Xylosidase, the GH43 family appears in seven different bacterial species. Specially Treponema
primitia contains ORF of 8 GH (Table 3.2).

Table 3.2. Diversity of ORF and GH of -xylosidase in gut of C. gestroi

Species Amount of ORF GH
Bacteroides eggerthii 1 43
Clostridium hathewayi 1 51
Coprococcus eutactus 1 43
Dysgonomonas gadei 3 43,51, 116
Enterobacter mori 1 43,116
Lactococcus raffinolactis 2 43,116
Leeuwenhoekiella blandensis 1 1
Mabhella australiensis 1 3
Marvinbryantia formatexigens 2 1, 43,116
Mitsuokella multacida 3 1,51
Paenibacillus mucilaginosus 1 1
Treponema azotonutricium 1 51
Treponema primitia 5 1,3,5,10,39,43,51, 116

3.2. BUILD METHOD TO FIND OUT GENE CODING B-XYLOSIDASE FROM DNA
METAGENOME DATA OF MICROORGANISM IN GUT OF C. gestroi

In this study we continue to improve and develop a new method to select genes from the DNA
metagenome data. The constructing probes is based on the theory that the amino acid sequences of an
enzyme have the same conservation sequences and the same active sites. Probe would help to select quickly
the sequence of genes from the DNA metagenome data of microorganisms in the gut of C. gestroi. Genes
have to encode the target enzyme exactly and perform well after they were expressed. Probe was built in
steps:
3.2.1. Identify GH families of CAZY containing f3-xylosidase

We clasify the B-xylosidase into each GH, with detailed specification of spatial structure, amino acid
composition and proton receptor during enzyme activity. Based on the high conservation of folding in the
spatial structure of the enzymes will be classify into large “clan” groups. The results indicate that the enzyme
belongs to the four clans: GH-A, GH-D, GH-F, GH-O and 11 families: GH1, 3, 30, 31, 39, 43, 51, 52 54,
116, 120. Details of each family are summarized in Table 3.3.

Table 3.3. GH families contain the -xylosidase according to CAZY

Catalytic Catalytic Proton
Nucleophile/Base Donor

MaAaE.C| GH Clan | 3D Structure Status Mechanism



http://www.cazy.org/

3.2.1.37 1 GH-A (B/a)g Glu Glu Retaining
3.2.1.8 3 Asp Glu Retaining
3.2.1.8 30 GH-A (B/0o)s Glu Glu Retaining
3.2.1.8 31 GH-D (B/a)gbarrel Asp Asp Retaining
3.2.1.8 39 GH-A (B/o)g Glu Glu Retaining
3.2.1.37 43 GH-F 5-fold B-propeller Asp Glu Inverting
3.2.1.37 51 GH-A (B/a)sg Glu Glu Retaining
3.2.1.37 52 GH-O Asp Glu Retaining
3.2.1.37 54 Retaining
3.2.1.37 116 | GH-O Asp Glu Retaining
3.2.1.37 120 Asp Glu Retaining

3.2.2. Searching the amino acid sequences of the B-xylosidase has been studied experimentally

We search for genes/amino acid sequences of B-xylosidase from CAZY and NCBI that have three criteria:
(1) The gene coding B-xylosidase have been studied experimentally and available information about optimal
expression, temperature and pH performance, to ensure that this sequence is indeed the correct activity of -
xylosidase; (2) select only the genes/amino acids sequences from the bacteria, to ensure the similarity and
coincidence of amino acid residues; (3) Sequences should not differ too much in length, so that, after
constructing the probe, the best reference value for the coverage and homology of the probe will be found
with the target sequences. Detailed results are summarized in Table 3.4.

Table 3.4. Summary of data has been studied on #-xylosidase

Or- Code in Bacteria Amount of | Optimal Optimal
der GENBANK amino acids pH temperature (°C)

GH1

1 CAD20872.1 bacteriun:: Ii)?] gcliwfjgnt culture 464 5 40

GH3

1 CADA48309.1 C. stercorarium 715 50
GH30

1 ABX45137.1.1 Bifidobacterium breve 448 6 45
GH43

1 CAA29235.1.1 Bacillus pumilus 535 40

2 AAC97375.1 Bacillus pumilus PLS 535 45

3 AAC27699.1 bacterium Bacillus sp. KK-1 533 55

4 BAA02527.1 Clostridium stercorarium 473 7 65

5 BAC879411 Clostridium stercorarium 497 35 80

6 AF77887 1 Enterobacter sp. enrichment 536 6 40

culture clone nf1B6

7 | AAT9862.1 GeObaC"'#f;t(‘;f‘;ﬁéggrm‘)ph”“s 535 6.5 60

8 ABC750041 Geobacillus the(;gnoleovorans IT- 511 5 70

9 ADV16404.1 Paenibacillus woosongensis 477 6-7 30-45

10 AEF2882.1 Thermobifida fusca TM51 550 4.5 50

11 BAF982351 Vibrio sp. XY-214 535 7 36
GH52

1 BAA74507.1 Aeromonas caviae 729 8.7 60



http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37

AGE344791 Geobacillus stearothermophilus 705 55 70

ABI149956.1 Geobacillus stearothermophilus 705 6.3 65
GH120

1 ABM68042.1 Thermoapaerobacterium 636 5 65
saccharolyticum JW/SL-YS48

Of the GH families, only the GH43 has 11 sequence which have large enough to compare and find
similarities in the next steps.
3.2.3. Group the sequences to identify the similarities by ClustalW — PBIL

ClustalW - PBIL is a tool that allows to compare multiple amino acid sequences to determine the level of
amino acid preservation and similarities between sequences. The results of comparing the sequences will
give the highest order of conservation (Symbol: Prim.cons).

Sequencel = ——-----————————————— KITNPVLKGENPDPSICRAGEDYYMAVSTFEWEPGVQIY
Sequence2 = —-———-———-—————————— KIINPVLKGENPDPSICRVGEDYYMAVSTFEWEFPGVQIY
Sequence3 = ———-——————————————--— KIINPVLKGENPDPSICRVGEDYYIAVSTFEWEPGVQIH
Sequence’7 = —-----——————————-—-— SKIKNPILTGFHPDPSICRVGDDYYIAVSTFEWEPGVRIY
Sequence6 = ———————————————————-— EITNPILTGENPDPSLCRQGEDYYIATSTFEWEPGVRIY
Sequencell  ———-----—————————-- TTTIQNPILKGENPDPSIVRVGDDYYIATSTFEWEPGIQLH

Sequencel0 —-——TSPQVTSSPSREEPRAGTIRNFPVLTGEYPDPSILRVGDDYYMATSTEFEWYPGVTLH

Sequence8  ——-—---————————————— EYSNPVIKGEYPDPSICRVGSDYYLVTSSFQYFPGVPIF
Sequence4 = —-—--——--————————————-— RKQRENPYLPSWEYIPDAEPYVENGRVYIYGSHDREN
Sequence9  —-----———————————————— TKOGLNPYLPSWEYVPDGEPHVENDRVYVYGSHDREN
Sequenceb

QPDNKHYKSAVRKWGDLGNGEFYRNFPVLNSDYSDPDVIRVGGDEYMVCSEFHYMGMPVLH

Prim.cons. QOP22222222222222234MKI2NPVLKGENPDPSICRVGEDYYTIA2STEFEWEPGV2TI2

Sequencel —-HSKDLIHWRLAARPLQKTSQLDMKGNPDSGGV-WAPCLSYADGQFWLIYSDIKVVDG-
Sequence2 —-HSKDLVHWRLAARPLQKTSQOLDMKGNPDSGGV-WAPCLSYADGQFWLIYSDIKVVDG-
Sequence3 —HSKDLVNWRLIAHPLQRVSQLDMKGNPDSGGV-WAPCLSYSEGKFWLIYTDVKVVDG-
Sequence’ —HSKDLKNWRLVARPLNRLSQLNMIGNPDSGGV-WAPHLSYSDGKFWLIYTDVKVVEG-
Sequenceb —HSRDLKNWTLVSTPLDRVSMLDMKGNPDSGGI-WAPCLSYADGKFWLLYTDVKIVDS—-

Sequencell
Sequencel0

—HSRDLINWRLVGHALTRTSQLNMMGMDNSEGV-YAPALTYSDGTFWLCEFSNVHSCRGG
—-HSRDLVHWRPLGGALTETRLLDLAGRRDGAGV-WAPALSYRDGLFFLVEFTNVASYSG-

Sequence8 —HSTNLINWNKIGYCLIRPSOLMLNNATNRSGI-FAPTLRYHEGIFYLITTNVTLKKN-
Sequenced GHAFCLNDYVCWSAPVDDLSEWRYEG-VIYRK---TDDPLNPDGRMCLYAPDVTLGPD-
Sequence?9 GHAFCLNDYVCWSAPVADLADWRYEG-VIYKK---TDDPLNPDGSMCLYAPDVTVGPD-
Sequenceb ——SKDLVNWTIIGRVYDSLKHDPKYDNMEGYAKGSAPAIRYHNGREFYVYF-CTPDEPG-

Prim.cons.

*

.k

GHSKDLVNWRL22RPL2R2SQLDMKGNPDSGGVSWAPCLSY2DGKEWLIYTDVKVVDGG

Sequencel PFKDGHNYLVTADAVDGEWS-DPVRLNSSG-DPSLFHDPSCKKYVLNMLWDHREKHHSFE
Sequence2 PFKDGHNYLVTASEVDGDWS-EPIRLNSSG-DPSLFHDQSCKKYVLNMLWDHREKHHSE
Sequence3 AWKDCHNYLVTCETVDGDWG-EPIQLNSSG-DASLFHDVDCRKYLLNMLWDHRIGRHSE
Sequence’7 QWKDGHNYLVTCDTIDGAWS-DPIYLNSSG-DPSLEFHDEDCRKY LVNMYWDHRVDHHPFE
Sequenceb PWKNGRNFLVTAPSIEGPWS-EPIPMGNGG-DPSLFHDDDCRKYYLYRPWGPRHHSNPH
Sequencell NWMATPSYVVTADSIEGPWS-EPVPIGNYG-DPSLFHDDDCKKYMLNMIWGGRAKTNEE
Sequencel0 NEWDAPNYVTTAPDITGPWS-DPVPLHSLG-DPSLFHDDDCRSWLLSTSMDWRPGRDAF
Sequence8 « —-—---- FIVMSEDLQGEWS-EPIWIDGWGGDPSLEFDNCKVYITGTND-NARGEE-—
Sequenced —-———-GRYYLYYVLDKVPVVS-VAVCDTPAG-KYEFYGYVR---YADGTRLGEREGD--
Sequence? —-———-GRYYLYYVLDKVPIVS-VAVCDSPAG-EYEFYGYVR---YSDGTRLGERQGD--
Sequence5 « -—----- LEMSTATDPAGPWSPLHEVVRVAGWDPCPEWDDC—————— NAYLGHSTVG-A

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’
Sequenceb
Sequencell
Sequencel0
Sequence8
Sequenceid

*

PWKDGHNYLVTADDIDGPWSPEP2PLNSSG2DPSLEHDDDC2KY LLNMLWGHREGHHSF

AGTALQEYSVSEKKLVGERKVIFKGTPIKLTEAPHLYYINDVY YLLTAEGCTRYEHAATT
AGIALOEYSVAEKKLIGRRKVIFKGTPIKLTEAPHLYHIGDNY YLLTAEGGTRYEHAATT
GGIVMOEFSVREKRLIHQPKIIFEGTDIKLTEAPHLYHIGDY Y YLLTAEGCTRYEHAATT
YGIVLOEYSVEQKKLVCEPKIIFKGTDLRITEGPHLYKINGY Y Y LLTAECCTRYNHAAT T
NTIVMOEFDPQTGT LSPERKTLEFTGTPLCYTEGAHLYRHAGWY Y LMVAEXGTSYEHAVVV
GGIIMOEFDADEGKLVGCAPKTVFEGTELGCTEGPQLLKKDDY Y Y LITAECGTERNEAVIV
GGIVAQEFSVRDMKIVCEPVIIFTGTEAGVTEAPHI YKRDGWY Y LVTAECCTQWEHQV TV
LGIYQAEIDLKKGSIIGCERKLIWKGTGGSYPEAPHLYKVNGWY Y LLIAEGCGTEYGHMV IV
—-——-WPOQFDPAVLTE-CERTYLYTG----FCPKGDKSRKGAMATVLGPDMLTVVEEPVITI



Sequence9
Sequenceb

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’
Sequenceb
Sequencell
Sequencel0
Sequence8
Sequencei4
Sequence9
Sequenceb

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’
Sequenceb
Sequencell
SequencelO
Sequence8
Sequence4
Sequence9
Sequenceb

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’
Sequenceb
Sequencell
Sequencel0
Sequence8
Sequenced
Sequence9
Sequenceb

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’7
Sequenceb
Sequencell
Sequencel0
Sequence8
Sequenceid
Sequence9
Sequenceb

Prim.cons.
Sequencel
Sequence?2
Sequence3
Sequence’7
Sequenceb6
Sequencell
Sequencel0

—-———EPQFDPAVLTE-GCEFTYLYTG----FCAIGDKSRKGAMATVLGRDMLTIVEEPVEV

GPIITHKMSPDGTK

V20EFSVAEKK

LDDGVIVYVG-—--KIANGTKIYKRNGY

*

LITPEGGVKTG-WQTV

VCERKITF2GTP2KLTHEAPHLYKI2GY Y YLLTAECCTRYEHAVTV

SSRIDGPYEVH
SSHIEGPYEVH
SKHIEGPYEIH
STSLYGPYEVH
AKTIDGPYELH
SKHIWGCPYEVH
SRSVTGPYEVD
ARSKYPFCPFESC

GG
A
A
A
A
L
A

LESKSIYCPYERK

* .

DNPILTAFHAPSHPLOKC
DNPILSAFHAPEHPLOKC
DNPILTSWHEPRNPLOKC
DNPLLTSWPYPRNPLOKA
DVTMMTSWHLPENPLOKS
ENPILTSRFQEHAELSRA
AGPALTSRHVPEAPLOKA
FNPILTHRS--NHPLOATI
VPSE----PYSRGSG—EGHEFFEAPSNPIRKK
APSE----PYSKGSG--EGHEFFEAPSPIRKR

HASIVQTHTNE
HASIVQTHTNE
HASIVETHTGE
HASIVHTHTDE
HGSLLOQTHTGE
HGFLVETQTGE
HASMVETQHGE
HADIVQYHDGS

VV—-———— LOTG-NTNINGPHQGALVELEGES

ARSK2I3CPYEVHPDNPILTS2H2PE2PLOK2CHASIV2THTGE

YLAHLTGRPIH-SK
YLAHLTGVPIQ-NK
YLAHLTGRPIH-AD
FLVHLTGRPLP-EG
YMAYLTSRPLR-PG
YMSHLCGRRIPNPE
YFAHLTGRPMP-P-
WAVFHGTRPISYPP

DTYYFIYSSVVMHELCYATSKHPTKG
DTYYLIYSSVVMHELCYATSPFPTKG

FMHFQDTGIL-—-—-—

YLAHLTGRPPTPPG

ESIFQQ-RCWCPLGRETAIQOKLEWK-DG
ESIFQO-RCWCPLGRETAIQKLEWK-DG
DSVIHQ-RCYCPLGRETAIQKLEWK-DG
QPLLEH-RCYCPLGRETAIQRLEWK-DG
PLLASGGRCYCPLGRETGIARIEWR-DG
QFMPKYDNCFEFSILGRESALOKAHWQ-DD
——————— SCRCVLGRETALOKIEWSSDG
————————— KHHLGRETCLAPIKWTDDG
—-———-FKYGCVIVSNCDLHIDSYKPAEKP
—-———FTYQCVIVSNNDLHIDSYKPADKP

VVGGKEGLLEVEA
VVGGKEGTLEVEA
VAGGKEGRVEVEA
VVGGNGPSLEIDG
VEGGKHAQLTVKG
IATGKTPVVEVEA
RVRN-AEPLLEVPG

A-MSVKEFSPTYHI
K-IEEKDFAPTYHT
R-ISETKFPSTYQE
S-VEEVSWEKDYDE
Q-VAEQPAAVQGSW
N-LPLHPWPES-PA
RGLAPHPWPQP-SE

IIGYNGRIDIKMDAGYLPVKEKNIGDEII
YYGGNNHGSIVEINGEWYIFYHRHTNG---
Y /YGGNNHGGAVEIQGOWYIFYHRHTNG-—-—

LMGCDGEPVTVYRKPRAGKEYERTFP-QT

————————————— GRVCHLOPVTI'V-DN

RS SIS

EFKDSSLNRHFQTLRI
EFKESTLNRHFQTLRI
QFADRTLNMNFQTLRI
DEDGDTLNHHFQTLRI
DEDGSTLDPELQTLRI
EFIDPTLS-LISTLRE
HEDDPTPRPEWSTLRR
DENSDIFSTDWNEIQN

VGGGKE22LIVE2PRYTI4EHP222TY3E

FTDQIGSVTENPHHIRLYGQE-LTSKEFTOAFVARRWOSEY
FTDQIGSLTEKPRHILRLFGRE-LTSKEFTOAFVARRWOSEY
FTKELGSLTERPNHLRLYGRE-LTSTFTOAFVARRWOSLR
LGEDIATLKARPGHLRLYGRE-LTSREFTOAFVARRWOHEFH
FDDTLGSLTARPGY L RLYGND-LNSTFTOSTVARRWOHFT
VSEKWLSLSERPGEF I RLKGRH-LYSRYEQSMVARRFOAHN
FDSSWVSLTERPGY L.RIRGGQ-PAGLHEPSLVARRLOHRA
RLEHYSS-KG RPSWIKMRGTEKTLNDINSPTFIRRQEHF

-TSFSRQGCMEKIKILEDGSIPQVEMTSCGSADEPLPGRG-YPAYIACNLFCGEESVYT
-TAFSRQGCMEPISFREDGTIPQVEMTSCGPNGGPLAGRG-YPAYLACNLFCKDEELYT
SDUEFDGPELGLOWQWNHNFPVNERWS-LSKRPGY L. TLEAMY-ESLLKARNTLTQKLIGEK

*

VDEFDD2TLN3HEQTLRI

FTEQ2GSLTERPGHLRLYGRESLTSSFTOAFVARRWQHE2

FEAETAVSEFFPKNIQOAAGLVN
FEAETAVSFFPENIFQQOSACLVN
FTAETAVDENPETEQQAAGLVN
FVAETKVSFRPTTEQOSAGLVN
FRAETRMQFSFPVHIQQSACLTC
ATVETKLEFKPNTPYEMACLCA
CIFEACLEFKPEDIROMAGITA
NVS-TLLEFKPNQDNEEACLTV

YNTENWTALQVTYDD-LGRILELSVCENLAFSQPLI
YNTENWTALQVTYDE-LGRTLELSVCQONLAFSQPLA
YNTENWTALQVTYDE-LGRILDVTICDNFTFSQPIK
YNTONWTTLQITWHE-KGRILELMTCDHLVVDQPLR
YNSKNWSYCFVDYEE-QGRTIKVIQLDHNVPSWPLH
YARNGHYFLKMTAND-GERVLQVVGNINDVYGEYSN
YNTRQWHYLRINRDD-GGVFAGVLTSDRGIIREVGR
MNEKHHYEIAL-TKKNGRINVVLKKTVGDIQVVVN-

—-——L7TGAWMNN-QIPKITQDGKDGDEEPGYIANMKDSATAGFKYFDCKGIKSVKIKVR-
GFGASGAWMDS-RIPKITQDGKDGDEEMGY IANM-TDSATAGFKYFDCHGIRRMTIQV—
GTATTELNTENLKNQORAGILAFLGGTQENWIG-VREGE---SYIKAVTAGIRYHGPEIE

FTAETA22FKP2TFQOSACIVNYYNTENW22LOVTYDET-GGR2L3V33CDNLV2SQOPL

KK-IIIPDEIPYVYLKVTIVQRE-TYTYSY
HK-IIIPDEVTYVYLKVITVRKE-TYKYSY
DK-IVIPRDIQYVYLRVNVEWE-TYYYSY
GREIVVPDDIEYVYLRVTIVQAT-TYKYSY
EQPIPVPEQAESVWLRVDVDRL-VYRYSY
DV---VIGDADTVYMRLELKTQ-WYQYSY
RIS-V-TGWPKVFLRAEIDRN—LRFAV-—

FDOOEWEKIDVPLESTHL.SDDFIRGGG--
FDOQKEWKEIDVPLESIHLSDDFIRGGG--
FNKKDWYKIEIPLESKKIL.SDDYVRGGG--
FDGMNWIDLPVTFESYKL.SDDYIKSRA--
FDGETWHAVPVTYEAWKL.SDDYIGGRG--
LDGVDWYEIGPALNSTPL.SDEGGPDIF--
SDGSTWADMGVRLDMSI L.SDEYAEERFGN



Sequence8 YFS-——————- NTIIFSIQANPE-EYKFSFVDPNTGQTYLLGTGLTTLLSTEVAGGET--

Sequence4 CR—=====—————— G- VFEVKTSWNGEVLGKIPVEFSN-IWTEFSASIP--—
Sequence9 CR-—=====—————- G-—=————- AFEIKTAWNGPVLGTIPVEFSN-VWKPYSTELV--—
Sequenceb TP————————— NVWERAEIDLNGITQFYFSTDNENFIQLGGPCRL-———— EAG-—-———-
Prim.cons. 2-SI2VPDDI2YVYLRV2VDRE-TYKYSYSFDGESW3KIPVPLESTKI.SD2YTRG2GGN
Sequencel —-———-FFTGAI'VGMQCQ-DTSCERLPADFKYFRYEETTE-———--

Sequence?2 —-———FFTGAI'VGMQCQ-DTSCERLPADFHYFRYEETDE-—————

Sequence3 -——-—-FFTGAI'VGMQCQ-DTSCAHQHADEFDYEFMYKEL-—-——-————

Sequence’ —-———-AFTGAFI'VGMHCR-DGSCONNYADFDYFLYKEL--—-—————

Sequenceb —-———FFTGAI'VGLHCE-DISCDGCHADEDYFTYEPA-—-——————

Sequencell —-———-RFTGSFAALFVA-DITCQKRHADFDYFEYLEHSEQXENCE

Sequencel0 PIMWGETGAFLGLWAH-DMTCAGLPADEDECTYRPQSPS—————

Sequence8 « ------- GVYI'GLYATGNGKVCTAPAFFDWFKYIPEI-—------

Sequence4  -—----- IPDGIHALYFTYRGSCSASLKSFTLCTD-——————————

Sequence9 = -—---- IPDGIQALYFTYTGMCSASLASFTLE-—-=-———————-—-——

Sequenceb -———-FWKGARIALFSY-NTVMDGGRADFNWFRYEFE--—-—-——--

. *
Prim.cons. PIMWEETGAIVGL2C2YD2SC5GLPADEDYF2YEE3SE2XENCE

Figure 3.2. Results of comparison of the 11 sequences and constructing the f-xylosidase probe for the
GHA43 family. Note: The level of conservation of amino acid radicals is marked from the ""*'* to the """
"." and is not marked. The undercuts in Sequence Prim.Cons will be used to make probes

ClustalW-PBIL will calculate and return to results in minutes depending on the number of sequences after
entering data. In order to be able to construct the probe, the greater the number of B-xylosidase coding
sequences have, the higher the probability of the probe is. Based on amino acid data belonging to different
GH families, only GH43 family has a sufficient number of sequences (11 sequences) to be able to compare
similar regions. The enzymes collected in the GH43 family which have activities in optimally pH from the
acid (pH = 3.5) to neutral (pH = 7) and temperatures between 30°C and 80°C. The length of sequences are
not much different, from 473 amino acids to 550 amino acids (Table 3.4). The results of the analysis after
comparing the 11 sequences of GH43 with the ClustalW-PBIL software are shown in Figure 3.2.

Based on the level of preservable amino acid sites in the polypeptide chain, when comparing the 11
sequences showed that: seven high conservable amino acid residues (red) is the same sequences, 32 medium
conservavle amino acid residues is similar in most sequences (green) and 30 lower conservable positions
(blue) is similar in some sequences. At the remaining amino acid sites, the similarities were compared,
including: 71 amino acid positions were the same from 8 to 10 sequences (orange), 102 positions were the
same from 6 to 7 sequences (pink). In other places, the larger the amino acids will be retained (black). In the
case the number of amino acid types is the same, the final sequence will be the number that represents the
most repetitive amino acid number (Example “2” meaning that there are two amino acids with numbers the
largest equal amount when comparing between 11 sequences). Amino acid sites are less than 50% sequences
will be marked purple. This result shows that the amino acid sequences of B-xylosidase belong to the GH43
in bacteria which are highly preserved. The high conservation of amino acids in B-xylosidase sequences
suggests that the selection of sequences from bacteria only ensures reliable probe data.

3.2.4. Build probe and reference values

Based on the results of comparison between the 11 sequences of the GH43 we will select the preserved
sites (red, green, blue), the location of the majority of amino acids are the same (orange and pink), larger
proportion (black) and location of equal amino acid (humber) to ensure the length of the probe. Amino acid
sites are less than 50% sequence will be removed. This probe will be compared against 11 sequences to
determine coverage and homology by BLASTP.

The GH43 family's probe was constructed consisting of 464 amino acids. It contains all 7 red amino
acids, 32 green positions, 30 blue positions, 71 orange amino acid positions, 102 pink positions, 165 black
positions and 57 numbers (Figure 3.2). The probe sequence obtained for the GH43 family is shown in Fig
3.3.



IZNPVLEGFNEPDPSICRVGEDYY IA2STFEWFPCV2IZHSKDLVNWRLZ 2REPLZ2ZR250

LDMKGNPDSGCVWAPCLSY 2DCGRKEFWLIYTDVRVVDG PWEDGHNYLVTADDIDGPWSPE
PZPLNSSGFDPSLEHODDC 2K Y LINMLWGHFPEGHHS FGCIVZQOEFSVAERE L VCERKT
IF2GTP2KLTEAPHLYRKI2GY VY LLTAECCTRYEHAVTIVARSK2TI3CPYEVHPDNPTIL

[S2H2PE2PLOK2CHASIV2THTGEWYLAHLTGRPI PTPPREYCPLGRETATQORLEWE

DG VGGCGREZZLIEVEZ2PRYTI4EHP222TY3EVI EFDD2TLN3HFOTLRIFFTEQZG

SLTERPGHIRLYGRESLTSSFTQAFVAR FWQHFZFTAETA22FKP2TFQOSACTIVNYY

NTENWZ2LOVTYDETGGR2L3V33CDNLV2SQPL3DDI 2YVYLRV2VDREYKY SY SFD

GESW3KIPVPLESTK . CD2YTRG2GGFFTGAFVGLZC2YD2SC5GLEPADFDYF2YEES

Fig 3.3. Sequence probe belong to GH43 of - xylosidase

The comparison of the level of homology between the probe and each sequence using by BLASTP
indicates that sequences encoding B-xylosidase (GH43) must have a maximum score of more than 17,
minimum coverage and homogeneity of 60% and 30%, respectively (Table 3.5).

Table 3.5. Comparison of homology with sequences of GH43

Seguence Maxscore Total score coverage (%) E-value Ident (%)
Sequence 2 608 608 100 0 72
Sequence 1 603 603 99 0 71
Sequence 3 596 596 99 0 71
Sequence 7 547 547 99 0 66
Sequence 6 444 444 99 5E-155 56
Sequence 10 358 377 98 9E-122 51
Sequence 11 351 351 99 4E-119 49
Sequence 8 231 248 99 2E-73 37
Sequence 5 101 134 83 3E-27 30
Sequence 4 25.8 76.2 61 0.003 33
Sequence 9 17.3 113 60 1.2 46

However, the results showed that this probe was most suitable for sequences 1, 2, 3, 6, 7, 8, 10, 11
(maximum score over 200, homology and coverage over 37% and 99% respectively) and does not represent
4, 5, 9 sequences. Further exploration of sequence 4, 5 and 9 we continue to use the Swiss model to validate
the activity of amino acids 4, 5 and 9 sequence again. The results show that the spatial structure of all three
sequences is highly homologous to the structure of B-xylosidase/a-arabinofuranosidase. This result may be
assumed that sequence 4, 5 and 9 may be due to the simultaneous performance of two functions, but the
alpha-arabinofuranosidase function is more active.

Table 3.6. Estimates of the tertiary structure of 4, 5, 9 sequence by the Swiss model

Sequence |Template Active enzyme Coverage ldent Method Structure | Ligand
Sequence 4 | 4nov.1.A | Xylosidase/arabinofuranosidase Xsa43E 0.6 30.28 [X-ray, 1.3A | Monomer | 1xCA
Sequence 5 | 3c2u.1l.A Xylosidase/arabinofuranosidase 0.94 27.08 [X-ray, 1.3A homo- 4 x B3P
Sequence 9 | 5glk.1.A | B-xylosidase/a-arabinofuranosidase 0.56 36.84 | X-ray, 1.7A| Monomer None

To exploit maximize the genes coding for B-xylosidase, using probes with maxscore, homology and
minimum coverage of 17, 30% and 60%. However, in order to ensure successfully experiement, maxscore,
homology and minimum coverage are 200, 37 and 99%, respectively.

3.2.5. Exploitation of the p-xylosidase by probe from DNA metagenome data

BGI's anotation noted 46 sequence-encoding B-xylosidases (GH43). When using the probe, if we use a
maxscore of 17, minimum coverage of 60% and indentity of 30% we will select 25 sequences, of which 20
sequence coincides with the BGI’s prediction. However, there are still 5 sequences different BGI's
prediction. If based on a maxscore of more than 200, a minimum homology of 37% and a minimum
coverage of 99% are recommended above, there is only one sequence suiltable reference index (Table 3.7).

Table 3.7. Compare the number of sequences which are selected by probes with the BGI ’s anotations

| BGI predictions \ The number of sequences which are selected by probe



http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=WF39R9ZT014&CDD_SEARCH_STATE=0&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=WF39RPZY015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&DISPLAY_SORT=3&HSP_SORT=3
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_207656
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_207655
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_207657
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_207661
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Code gene | Maxscore | Total score | Coverage (%) E value Ident (%0)
GL0104795 GL0104795 382 382 99 1e-130 48
GL0020896 GL 0020896 285 285 62 3e-96 54
GL0117445 GL0117445 285 285 62 3e-96 54
GL0076106 GL0076106 243 259 85 2e-77 38
GL0006405 GL0006405 227 271 68 7e-75 57
GL0044986 GL0044986 225 256 87 Te-72 37
GL0077826 GL0077826 216 265 67 9e-70 48
GL0112518 GL0112518 216 265 67 9e-70 56
GL0001262 GL0001262 214 266 82 8e-67 35
GL0095948 GL0095948 213 213 63 3e-53 39
GL0015489 GL0015489 201 201 67 2e-49 42
GL0088906 GL0088906 154 193 62 2e-48 53
GL0016592 GL0016592 130 160 64 8e-40 49
GL0021333 GL0021333 99.8 117 77 2e-27 30
GL0090776 GL0090776 54.7 119 63 4e-12 37
GL0083296 GL0083296 43.9 58.1 67 4e-09 35
GL0091901 GL0091901 40.4 54.3 64 3e-08 35
GL0079004 GL0079004 37.0 85.1 65 5e-07 36
GL0050001 GL0050001 35.8 112 67 8e-07 36
GL0106540 GL0106540 34.7 72.0 66 2e-06 35
GL0119754 93.2 156 61 3e-26 38
GL0039878 55.8 103 69 2e-13 36
GL0122352 27.3 102 69 4e-04 32
GL0068837 24.6 115 66 0.002 35
GL0042431 22.7 84.3 61 0.011 31
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Figure 3.4. The result of prediction for specific hit and activity site of sequence were selected by the GH43
probe. Note: GH43 XYL:glycosyl family 43 capable of decomposing beta-D-xyloside structure; XynB2:
beta-xylosidase

Results show that: All of 25 sequences which are selected by probes contain specific regions for 3-
xylosidase (specific hit) and active sites (Figure 3.4). Meanwhile, many of the gene sequences encoding by
B-xylosidase predicted by BGI do not encode for this enzyme. Thus the using probes will search less gene
sequences than BGI’s prediction, but more accurate.
3.2.6. Investigation of the tertiary structure of the B-xylosidase exploited by the probe

To determine the accuracy of the selected sequence by the probe, we continue to check the spatial
structure by the Swiss model tool. Results showed that the majority of selected sequences by probes were
estimated to be highly homologous to B-xylosidase. However, some sequences which have a maxscore of
less than 100 have other activities of B-xylosidase such as xylanase and arabinofuranosidase (Table 3.8). The
maxscore is important to consider the authenticity of genes and proteins when using bioinformatic tools to
estimate. This result again helps us confirm that selecting a maxscore of over 200 as the reference value
when using the probe will allow for greater accuracy when selecting genes for experimentation.

Table 3.8. Estimation of the tertiary structure of sequences by the Swiss model

Maxs
core

ident Method structure

Code gene Template Active enzyme coverage Ligands



https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=WF39R9ZT014&CDD_SEARCH_STATE=0&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=WF39RPZY015&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&DISPLAY_SORT=3&HSP_SORT=3
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42520
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42817
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42527
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42693
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42800

GL0104795 | 382 |3c2u.l.A Xylosidase/ 0.95 54.77 | X-ray, 1.3A 4 x B3P
Arabinosidase
GL0020896 285 | 3c2u.l.A | beta-D-xylosidase 0.93 52.11 | X-ray, 1.3A 4 x B3P
_ ] 4 x XYS-XYS, 4
GL0117445 285 | 2exj.1.A beta-D-xylosidase 0.96 55.34 | X-ray, 2.2A homo- | xCA. 3 x MES
tetramer
. 4 x XYS-XYS, 4
GL0076106 243 | 2exk.1.A | beta-D-xylosidase 0.94 37.55 | X-ray, 2.2A % CA. 3 x MES
. 4 x XYS-XYS, 4
GL0006405 227 | 2exk.1.A | beta-D-xylosidase 0.98 59.53 | X-ray, 2.2A % CA. 3 x MES
. . 4 x XYS-XYS, 4
GL0044986 225 | 2exj.1.A beta-D-xylosidase 0.94 4029 | X-ray, 2.2A % CA. 3 x MES
GL0077826 216 | lyrz.1.A beta-D-xylosidase 0.96 57.85 | X-ray, 2.0A | monomer No
GL0112518 216 | lyrz.1. A beta-D-xylosidase 0.93 58.86 | X-ray, 2.0A | monomer No
. homo- | 4 x XYS-XYS, 4
GL0001262 214 | 2exk.1.A | beta-D-xylosidase 0.94 36.73 | X-ray, 2.2A tetramer | x CA. 3 x MES
GL0095948 | 173 | 1yi7.1.A | beta-D-xylosidase 093 | 4652 | X-ray, 1.9A tg‘t‘r’;“rﬁér 4% CA
i homo- 4xCA, 3
GL0015489 161 |2exh.1.A | beta-D-xylosidase 0.98 46.56 | X-ray, 1.9A tetramer x MES
GL0088906 154 | 1yrz.1.A beta-D-xylosidase 0.96 64.1 X-ray, 2.0A | monomer No
GL0016592 | 130 | 1yi7.1.A | beta-D-xylosidase 0.98 489 | X-ray, 1.9A tg‘t‘r’;“rﬁér 4xCA
GL0021333 | 99.8 | 1yrz.1.A beta-D-xylosidase 0.96 31.65 | X-ray, 2.0A | monomer No
. Endo-1,4-beta- homo- | 4 x XYS-XYS, 4
GL0090776 | 547 | 2exj.1.A xylanase 0.42 2422 | Xeray,22A | o TG A 3 x MES
GL0083296 | 439 |3c7g.l.A E”ic;'éfa'sbeeta' 093 | 3388 | X-ray, 2.08 | monomer| 4 x XYP, 1x CA
GL0091901 | 40.4 |3c7g.1.A E”ic;'éfa'sbeeta' 0.91 31.94 | X-ray, 2.0A | monomer| 4 x XYP, 1 x CA
GL0079004 | 37 |1yrz1a | XVianbeta-ld- 0.94 18.62 | X-ray, 2.0A | monomer No
xylosidase
GL0050001 | 358 |3gee.1.A | Pylosidase/o-L- 099 | 5651 | X-ray, 1.6A | monomer|  1xCA
arabinofuranosidase
GLO106540 | 347 |4nov.1.A |  Bvlosidase/o- 0.93 55.74 | X-ray, 1.3A | monomer 1xCA
arabinofuranosidase
GLO119754 | 932 |2exh1A | XVianbeta-1d- 081 | 4277 | X-ray, 1.9A | Nomo- 4xCA,3
xylosidase tetramer x MES
GL0039878 | 558 |1yrz1A | XVianbeta-ld- 094 | 31.09 | X-ray, 2.0A | monomer No
xylosidase
GL0122352 | 273 | 3kst1A | Endo-ld-beta- 0.9 36 | X-ray, 1.7A | monomer 1xCA
xylanase
Endo-1,4-beta- homo- | 4 x XYS-XYS, 4
GL0068837 | 24.6 |2exk.l.A xylanase 0.89 2568 | X-ray,22A | ol L TE A 3 x MES
GL0042431 | 22.7 | 3c7f.LA E”i‘)’/‘é’:a'sbeeta' 0.82 32.08 | X-ray, 1.5A | monomer 1xCA

Note:B3P:2-[3-[[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino] propylamino]-2-(hydroxymethyl)
propane-1,3-diol; XYS: xylopyranose; CA: Ca**; MES: 2-morpholin-4-ium-4-ylethanesulfonate
According to Table 3.7 if we based on a maxscore of more than 200, a minimum homology of 37%, and a
minimum coverage of 99% there is only one sequence meet the requirements of the reference index. So in
order to have more choices when put into practice, we still use GH43 probe with a coverage of 60% and
homology Of 30% reference index, maxscore of 200 and we filtered 11 gene codes from the DNA
metagenome data of microorganisms in gut of C. gestroi including: GL0104795, GL0020896, GL0117445,
GL0076106, GL0006405, GL0044986, GL0077826, GL0112518, GL0001262, GL0095948, GL0015489.
3.2.7. Predict the structure and function of the gene coding p-xylosidase by bioinformatic tools




Table 3.9. Coverage and homology with probes of genes coding -xylosidase

Order Code gene Coverage (%) Ident (%) Completed gene
1 GL0104795 99 48 X
2 GL.0020896 62 54
3 GL0117445 62 54
4 GL0076106 85 38 X
5 GL.0006405 68 57
6 GL.0044986 87 37
7 GL0077826 67 48
8 GL0112518 67 56 X
9 GL0001262 82 35 X
10 GL.0095948 63 39
11 GL0015489 67 42

Selection of the gene for the experiment will prioritize the sequences which were chosen by the probe and
the initial estimate of the completed ORF. Out of 11 genetic codes, there are completed ORF including:
GL0104795, GL0076106, GL0001262 and GL0112518 (Table 3.9).

If the best criterion for the selection of genes in experiment was a maximum score of over 200, homology
of 37% and and coverage of 99%, there is only the GL0104795. However, in addition to selecting the genes
coding for the B-xylosidase, we are particularly interested in the ability of the enzyme which can act in
optimally alkaline and high temperature. Thus, four complete genes will continue to be checked by Alcapred
and TBIs tools.

Table 3.10. Results of the prediction about optimum pH and temperatures of f-xylosidase

Order Code gene Amount of amino Optimum pH Optimum temperatures
1 GL0104795 561 0.217171 55°C~65°C
2 GL0076106 553 0.871792 55°C~65°C
3 GL0001262 555 0.509051 55°C~65°C
4 GL0112518 359 0.984522 55°C~65°C

Using TBI’s software predicts all four enzymes are capable of optimal temperature between 55°C and
65°C. Using Alcapred’s software, the results showed that GL0104795; GL0001262; GL0076106 and
GL0112518 with a predicted index of 0.217171; 0.509051; 0.871792 and 0.984522 (Table 3.10). According
to the predicted results of this software, the index is the closer the value of 1, the active enzyme in optimum
alkaline environment will be higher. Thus, the GL0112518 gene is predicted with the highest alkaline
tolerance will be prioritized for inclusion in the experiment.

In summary, using the probe of GH43 for B-xylosidase with a length of 464 amino acids, the reference
index for homology, coverage and maxscore is over 60%, 30% and 200, respectively. We selected 11 -
xylosidase gene from the DNA metagenome data. Only GL0112518 is a complete gene, which is predicted
to perform optimally at high temperatures and alkaline pH.

3.2.8. Some detailed predictions of GL0112518 encoding B-xylosidase (Xbx14)
3.2.8.1. Results predict the function of Xbx14 by BLASTP
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Figure 3.6. Predict the function of Xbx14 with BLASTP

The GL0112528 gene has a length of 1077 bp. The BLASTP predicted that it encodes for Xbx14 of the
GHA43 family, as originally predicted by the probes (Figure 3.6).

3.2.8.2. Prediction spatial structure of Xbx14 by PHYRE2
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Figure 3.7. Spatial structure model (A) based on clylfC template and activity center (B) of Xbx14
An analysis second structure of Xbx14 show that it has 41% of p-folded strands, 1% of a-chains and 62%
of unspecified sequences (Figure 3.7A). Spatial modeling indecated that Xbx14 were spherical folded, with
the highest homology and coverage of 97% compared to the beta-xylosidase structure of Bacillus 2 subtillis
(Fig 3.7B).
3.2.8.3. Check the source code of GL0112518 with the BLAST - Explorer tool

Using the BLAST —Explorer tool to check the origin of the GL0112518 gene showed that the gene is
within the branch of the Treponema primitia (Fig 3.8). This is the largest group of ORFs in the gut of C.
gestroi (Figure 3.1).
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Figure 3.8. Diagram of origin of GL0112518

In summary, we predict that the GL0112518 gene which have a length of 1077 nucleotides, coding for -
xylosidase by BLASTP and PHYRE 2. The GL0112518 gene is highly homologous to the gene sequence
from the bacterium Treponema primitia, a characteristic bacterium found in C. gestroi by Explorer-Blast.
3.3. EXPRESSION Xbx14 IN VECTOR PET22b(+)
3.3.1. Express Xbx14 gene.
3.3.1.1. Check Xbx14 gene in the Pet22b (+) vector

The results of transforming the Pet22Xbx vector into DH10B cells spreaded on LBA plates (Figure 3.9A).
Electrophoretic analysis of the five Pet22Xbx plasmid showed that all of them ran higher than the non-gene
control vector (Fig 3.9B). This result demonstrates that the Pet22b(+) vector contains DNA fragments which
is inserted into the multiple cloning sites, so plasmid will be larger sizes and run slower on the image.

1 2 3 4 5 6

Figure 3.9. Result of transforming Pet22Xbx vector in E.coli DH10B(A) and electrophysiological analysis
of isolation product of Xbx14 gene (B). Line 1: Plasmid Pet22b (+); Line 2-6: Plasmid Pet22Xbx

The study examined the Xbx14 gene in the Pet22Xbx vector by PCR, cut-off by restriction enzyme and
sequence gene. The cut-off map on the pET22Xbx showed that there is only one point of Xhol and Ncol and
four point of Hincll on the vector (Figure 3.10A). The results of PCR is only one bright, sharp band and the
size of the Xbx14 gene (Figure 3.10B). If pET22Xbx14 is cut by Ncol and Xhol, the product are exactly two
clear bands of approximately 1.1 kb and 5,5 kb (Fig 3.10C) and three bands of 4.0 kb, 1.8 kb and 0.6 kb
when cut by Hincll.This results were completely accurate with theoretical calculations, indicating that the
Xbx14 gene was attached to the pET22b(+) vector. After sequencing Xbx14 with specific primers were
shown that the Xbx14 sequences gene were attached to the pET22b (+) vector exactly as originally rooted
sequences (Appendix 1).
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Figure 3.10. Cutting position diagram of cut-off enzyme Hincll, Xhol and Ncol on pET22Xbx vector (A),
PCR product electrophoresis (B) and pET22Xbx cutting by Ncol and Xhol, Hincll (C). Line 1, 5:
Fermentas marker; Line 2: PCR product of Xbx14 gene, Line 3: pET22xbx cut by Hincll; line 4: pET22xbx
cut by Ncol and Xhol
3.3.1.2. Coexpression gene coding Xbx14 and chaperone in E.coli rosetta 1

Recombinant pET22Xbx vector was transformed into E. coli Rosetta 1 for expression survey. After
optimizing the expression conditions such as temperature, the concentration of the IPTG, the time of
induction, the time of sample collection, the results of Xbx14 expression are quite good, but completely
insoluble Xbx14. This study continued the co-expression of the Xbx14 gene in the pET22Xbx vector with the
chaperones (GroEL (60 kDa), DnaK (70 kDa) and DnaJ (40 kDa)) in the pG - KJE8 vector. The result was
soluble Xbx14 completely (Fig 3.11).

SDS-PAGE shows that when co-expression with chaperone, soluble Xbx14 appear with large band, bold
and theoretical dimensions. On the other hand, Xbx14 protein does not appear in the non-inducible IPTG
sample. When we compared to expression product with sample without chaperone, the Xbx14 protein is
mostly found in precipitation. This proved that co-expression with chaperone helped Xbx14 to perform well
and insolublely. At the same time the checking crude activity of Xbx14 showed that the control did not
appear yellow color of pNP due to the metabolic catalysis of B-xylosidase such as the recombinant Xbx14
protein (Figure 3.12).
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Figure 3.11. SDS-PAGE of comparation to

expresion recombinant Xbx14 with and without Figure 3.12. Test activity of rude Xbx14 with specific pNPX
chaperone in E.coli Rosetta 1

Line M:. Protein ladder unstained (Thermo scientific); Line ©C: Total protein of E.coli Rosetta 1; Line S:
Solulbe protein of E.coli Rosetta 1; Line P: insolulbe protein of E.coli Rosetta 1

3.3.1.3. Optimal expression conditions of Xbx14 gene

a. Influence of temperature on Xbx14 expression in E. coli Rosetta 1



25°C 30°C
6 Kda
MBC P S TS P S TSP s TS
s 16 —
2
=4 66.2 —
I_cl — — L e — - —
o3 45 —
D
2 0D600 R —-—— e (V]
g2 35 —
<
w»
a 1
o 25 —
0
20 25 30
Induction temperature (°C) 18.4 ==

Figure 3.13. Density of cell inducted IPTG at Figure 3.14. SDS-PAGE recombinant protein
20°C, 25°C and 30°C coexpressed in E. coli Rosetta 1 after 6 hours of 0.5

mM IPTG induction at 20°C, 25°C, 30°C.

Line DBC: Negative control, Line TS: total protein; Line S: soluble protein; Line P: insoluble protein; Line
M: Protein ladder unstained (Thermo scientific).

we selected three temperatures lower than the growth temperature of E. coli at 20°C, 25°C and 30°C to
test. On the other hand, according to the supplier's suggestion of pG-KJE8 vector, the appropriate
temperature for soluble chaperone expression is less than 25°C. The results showed that the cell density
obtained after 5 hours of induction was highest at 30°C and lowest at 20°C (Fig 3.13). Electrophoresis
showed that the Xbx14 protein have both soluble and insoluble forms at 20°C, 25°C, 30°C (Fig 3.14).
Although total recombinant Xbx14 was produced at 30°C was the highest, the amount of soluble Xbx14 at
20°C was higher. On the other hand, as recommended by the pG-KJES8 vector supplier, the temperature for
expression of the chaperone should not exceed 25°C. So we will select a temperature of 20°C to express the
Xbx14 gene in subsequent experiments.
b. Influence of IPTG concentration on expression of Xbx14

We selected 9 of IPTG concentrations including: 0 mM; 0.05 mM; 0.1 mM; 0.3 mM; 0.5 mM; 0.7mM;
1mM; 1.2 mM and 1.5 mM to test the effect of IPTG concentration to Xbx14 gene’s expression in E. coli
Rosetta 1 at 20°C. Cells were shaked at 20°C for 5 hours. The collected sample will measure the density of
ODggo. The results showed that the IPTG concentration increase from 0.0 mM to 1.5 mM, the cell biomass
reduced (Figure 3.15). The total Xbx14 were examined by SDS-PAGE (Fig 3.16). At IPTG concentrations of
0.05 mM, the largest recombinant Xbx14 were collected. Examination of soluble Xbx14 revealed that at
different IPTG concentrations, the recombinant protein content was also proportional to the total Xbx14
protein content (Fig. 3.16, Fig. 3.17). Thus, to obtain the highest cell biomass as well as the highest soluble
Xbx14 protein, the most appropriate IPTG induction level was 0.05 mM.
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Figure 3.15. The density of Rosetta 1 E. coli (DE3) cell induced IPTG at concentrations from 0.0 to 1.5 m
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c. Influence of induction time on expression of Xbx14
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Figure 3.18. density of E. coli Rosetta 1 Figure 3.19. SDS-PAGE soluble protein expression in E.
(DE3) cell induced at different OD, coli Rosetta 1 inducted IPTG at OD ) =0.7; 1.0; 1.5.

Line DC: Negative control, Line TS: total protein; Line S: soluble protein; Line P: insoluble protein; Line
M: Protein ladder unstained (Thermo scientific).

Cell were cultured at 25°C for induction of chaperone expression and 20°C induction of Xbx14
expression. We chose at three of induction times which is 0.7, 1.0 and 1,5 of the ODggo. The results indicate
when cell is inducted in 1.5 of the ODgo, the largest biomass cell was obtained (Figure 3.18). The obtained
cell sample continued to check the total Xbx14 and soluble Xbx14. Results show that total and soluble
Xbx14 protein content were equal at 0.7 and 1.5 of ODgqo. However, cell biomass inducted at ODgog = 1.5 is
larger (Fig. 3.19). So we will select the touch at 1.5 of the ODgq for the next experiment.

d. Influence of sample collection time on efficiency Xbx14

Cells after 0.05 mM IPTG induction at 1.5 of ODgy will continue to shake at 20°C. Samples will be
collected after 5 hours, 8 hours, 15 hours and 20 hours of induction. At the time of sampling after induction,
the cell density increased from 5 hours to 15 hours, then decreased at 20 hours (Figure 3.20). The cell is
broken by sonic to check the expression and soluble Xbx14. Results showed that total and soluble Xbx14
content were obtained at least after 5 hours induction and higher at 8 hours and 15 hours. Although cell
density was reduced due to lack of nutrient media, total and soluble Xbx14 were stable (Fig. 3.21) after 20
hours of induction. Combined with the final cell density data, we selected time of 15 hours at 20°C to collect
sample.
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Figure 3.20. Density of expressing E. Figure 3.21. SDS-PAGE protein expression in E.
coli Rosetta 1 (DE3) cell after 5, 8, 15 coli Rosetta 1 collected after 5, 8, 15, and 20 hours
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Line DC: Negative control, Line TS: total protein Line; S: soluble protein; Line P: insoluble protein; Line
M: Protein ladder unstained (Thermo scientific).

Thus, following the optimal conditions for co-expression of Xbx14 with chaperones in Rosetta E. coli, to
obtain large amounts of soluble Xbx14 need temperature of 20°C, 0.05 mM IPTG, ODgy = 1.5 and collect
sample after 15 hours induction.

3.3.2. Refine Xbx14

According to the original design, the GL0112518 gene was attached to the pET22b(+) vector at the
multiple cloning sites, behind having a sequence encoding for 6 histidine which is used to refine the affinity
chromatographic column. However the Xbx14 is soluble in water and completely precipitated at very low salt
concentrations. This is why we can not use the affinity chromatography column, so we will use (NH4),SO,4
to purify by precipitation of fractions
3.3.2.1. Purification of Xbx14 by (NH4),SO,

The result showed that Xbx14 was precipitated in sections from high salt concentrations to very low salt
concentrations. Figure 3.22A shows that Xbx14 is precipitated at 5% (NH4),SO4 and less than such as 3%
NH4),SO4 (Figure 3.22B), 1% NH4),SO4 (Figure 3.22C), 0.2% NH4),S04 (Fig. 3.22D) and 0.02%
NH4),S0O4 (Fig 3.22E). Almost of larger proteins than Xbx14 were precipitated, so the amount of
contaminated protein is very small. In order to purify the contaminated proteins, the study is based on the
isoelectric point of the Xbx14 protein and dissolves in buffer with different pH. The results indicated that
most of the contaminated proteins were dissolved in phosphate buffer pH = 9, while Xbx14 was still
precipitated ( Figure 3.22F).
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Figure 3.22. SDS-PAGE of Xbx14 precipitate by (NH4),S04: 5% (A), 3% (B), 1% (C) , 0.2% (D), 0.02%
(E) and wash with phosphate buffer pH = 9 (F). Line TS : Total protein; Line S: soluble protein; Line 5%,
10% ... corresponding salt concentration (NH4),SO4 used to precipitate Xbx14; Line F: final fluid after
protein precipitation; Line R: fluid after washing the Xbx14 protein precipitate with phosphate buffer (pH =
9); Line L: Xbx14 after washing with phosphate buffer; M: Protein ladder unstained (Thermo scientific).
3.3.2.2. Check the purity of Xbx14 by Quantity one software

The relative purity of the Xbx14 protein was evaluated by Quantity One software. Samples were
measured and calculated for each line equivalent to 2 pg and 4 pg protein (Fig 3.23A). A background
position (BGR) which has the same color and brightness as the background at the Xbx14 protein band
position are selected. Each band is indicated by a corresponding curve vertex on the graph (Figure 3.23B and
3.22C). The scanned and calculated image of the Xbx14 protein was compared with the total protein of
19.8%. However, after refining, Xbx14 accounts for 92.7%.
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Figure 3.23. The results for testing cleanness of Xbx14 after purification by (NH4),SO4 and wash with
phosphate buffer (pH = 9).

3.3.3. Study characters of Xbx14
3.3.3.1. Determine the activity of Xbx14

The activity of Xbx14 was determined by 10 mM pNPX substrate in phosphate buffer (pH = 7) according
to the Teng et al’s method. The reaction appear yellow of the pNP, and the control did not appear yellow
after 1.5 hours of incubation. The activity of the enzyme will be precisely determined by the Elisa method at
405 nm. The results measured and calculated according to the benchmark showing that after 2 hours
produced 0.1692 uMol of pNP from 0.253mg of Xbx14 (Fig 3.24).
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Figure 3.24. Test activity of Xbx14 with specific pNPX Fig 3.25. Xbx14 activity on different substrates

3.3.3.2. Determine the substrate specificity of Xbx14

Some common substrates are CMC, xylan, p-nitrophenyl-p-glucoside (pNPG), 4-nitrophenyl B-D-
xylopyranoside (pNPX) are used to test the specificity of Xbx14. In which, pNPX is specific substrate of
Xbx14, CMC is a specific substrate of endoglucanase, xylan is a specific substrate of xylanase and pNPG is a
specific substrate of B-glucosidase. The results showed that Xbx14 perform the highest activity on pNPX
substrate, weak activity with xylan and not cleaved CMC and pNPG (Fig 3.25). This proves that Xbx14 has
the specific activity of the B-xylosidase that cleaves double-stranded xylose and cleaves sugar molecules at
the ends of the xylan.
3.3.3.3. Influence of temperature on activity of Xbx14

We study optimal activity of Xbx14 in a temperature range of 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C
and 90°C. Results showed that activity of B-xylosidase increased gradually from 20°C to 60°C and decreased
gradually when the temperature increased to 80°C and decreased sharply at 90°C. Thus, the most suitable
temperature for the operation of Xbx14 is 60°C (Fig 3.26), as predicted by the TBI tool. This promises to be a
new enzyme with heat resistant.
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Figure 3.26 Effect of temperature on activity of Xbx14 Figure 3.27. Effect of pH on activity of Xbx14

3.3.3.4. Influence of pH on activity of Xbx14

Xbx14 is capable of performing well in the alkaline pH as estimated by Alcapred tool. The activity test
showed that the enzyme was inactivated at pH 5, the activity increased gradually from pH6 to pH9 and
reached its highest value at pH9. After that the activity decrease lightly at pH10 and decreased deeply at
pH12 (Fig 3.27). Thus the optimum pH of Xbx14 is appropriate in the alkaline environment, consistent with
the initial predictions using the Alcapred tool. This enzyme has the potential to be very effective when
combined with the treatment of plant biomass by alkaline solution. This is also the enzyme we are looking
for in this study.
3.3.3.5. Thermal stability of Xbx14
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Figure 3.28. Activity of XbxI4 testing at Figure3.29. Effect of some metal ions and
different temperatures chemicals on the activity of Xbx14

Xbx14 is treated at temperatures at 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C and 90°C for different
periods of 1 hour and 2 hours before incubation with substrate to test thermal stability. Results showed that,
Xbx14 lost almost of activity despite the shortest processing time (1 hour) at temperatures greater than 70°C.
The enzyme activity is almost stable after 1 to 2 hours of heat treatment at temperatures between 20°C and
60°C. Thus, the Xbx14 is quite stable at 20°C to 60°C (Fig 3.28).
3.3.3.6. . Influence of some metal ions and chemicals on activity of Xbx14

To evaluate the effect of metal ions on the activity of Xbx14, we proceeded according to the method of
Lee et al., or Shi et al. The results show that all of metal ions increase the activity of the Xbx14. Imidazol did
not affect the activity of Xbx14, but at 1 uM 2-mercaptoethanol and 1 uM urea reduced the activity of Xbx14
(Fig 3.29).
3.3.3.7. Dynamic characters of Xbx14

The Km constant of Xbx14 is determined by the pNPX substrate concentration range from 2.0 to 20
mg/ml in phosphate buffer pH9. Kinetic parameters are determined from Lineweaver-Burke graph. The
results showed that with the Xbx14 concentration of 0.253 mg/ml, the equation of reaction rate dependence
on substrate concentration was based on the function y = ax + b with high reliability R? = 0.9937 (Fig 3.30).
Based on the equation, Km and Vmax of Xbx14 were respectively 13.7 mg/ml and 6.5 pmol/min. Therefore,
the specific activity of Xbx14 is 24.54 U/mg.
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Figure 3.30. Depend on reaction Xbx14 on substrate concentration pNPX following Linewever-Burk

In summary, the activity of Xbx14 shows that this is a novel enzyme, capable of optimal performance at
high temperature (60°C) and alkali (pH9). It has with good specific activity of 24.54 U/mg. This enzyme
promises to bring many economic benefits when combined with treatment of biomass by alkalis and heat in
practice.

CONCLUSIONS AND RECOMMENDATIONS
Conclusion

1. This study exploited 20 bacteria species who have been identified to characterize the poor nitrogen and
rich lignocellulose diet of C. gestroi from available DNA metagenome data. Of the three species involved in
nitrogen metabolism and five species involved in hydrolysis of lignocellulose in gut C. gestroi without in



other termites. Thus, We classified 578 ORF coding lignocellulase into 52 different GH families according to
CAZY classification
2. We developed successfully a method to exploit gene from DNA metagenome data by probes basing on
the amino acid sequences which studied detail characters and using support of bioinformatic tools, in the
direction of application with important properties of heat resistance and alkalinity resistance. The
GLO0112518 gene coding for B-xylosidase was found out from the DNA metagenome data of microorganism
in gut of the C. gestroi by GH43 probe;
3. The GL0112518 gene is expressed succesfully in E.coli Rosetta 1. The Xbx14 protein has the [-
xylosidase activity, with kinetic parameters of Lineweaver-Burk equation of Km = 3.18mM and Vmax = 6.5
umol/min and specific activity of 24.54 U/mg. It is a new and highly active enzyme with optimum activity in
high temperature and alkaline pH.
Recommendation
Use of Xbx14 in combination with other cellulases and hemicellulases to hydrolyze lignocellulose.
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