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Abstract. Xanthomonas oryzae pv. oryzae (Xo0) is causal agent of bacterial blight (BB) in rice. Many
genes in Xoo have been identified in recently years. One of these genes, a gene coded for uridine
diphosphate (UDP)-MurNAc-tripeptide ligase (MurE), catalyses the addition of meso-diaminopimelic acid
(m-DAP) into peptidoglycan by coupled to the hydrolysis of ATP has more popular interest. However,
there are no experimental data to confirm hypothesis of this enzyme in Xoo. A significant overview at the
ATP binding site of most the MurE ligases demonstrated much more variable with amino acid sequence
identities in this part, variable percentage around 22 to 26%. Besides, a refined homology structural feature
between EcMurE and XooMurE will very important for determining possible involvement of the MurkE
ligase activity in Xoo. Therefore, a new recombinant protein named XooMurE from Xoo was purified with
the N-terminal His-tagged form through a Ni-NTA column in this study. After purification, the Histag was
removed then out of the N-terminal His-tagged XooMurE by TEV protease. Purification effectiveness of
XooMUurE over 95% in this study could produce an essential material for e studies about mechanism of
XooMurE and consequently available direction for discovering novel anti-bacterial compounds against
Xanthomonas oryzae pv. oryzae (X00).
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I. INTRODUCTION
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Figure 1.1 Schematic pathway of MurE ligase are involved in de novo synthesis of the bacterial cell wall
peptidoglycan [9].

Rice is the most cultivated food crop, feeding more than half of the world population [1]. Although a rapidly
growing global population has led to an increase in demand for rice, severe environment stresses, such as
climate change and disease pressures, add challenges to rice production [2]. Xanthomonas oryzae pv. oryzae
(Xoo0) causes bacterial blight, which is one of the most problematic diseases in rice and can cause crop
losses of up to 50% [3]. Recently studies of Xoo in rice fields of Vietnam reported different races with
diverse reactions because contained different resistance genes [4]. In fact, until now there is no effective
pesticide against bacterial blight even though outbreaks occurring in most rice-growing countries. Many
protein related to the peptidoglycan synthesis has proven to be a well-established and validated target for
antibacterial research, since it is the site of action of the clinically important -lactam and glycopeptide
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classes of antibiotics [5]. Each of the disaccharide-pentapeptide peptidoglycan structure is a specific and
essential component of the bacterial cell wall [6]. Consequently, the MurE enzyme is highly specific for
the relevant amino acid, as avoid incorporation of incorrect amino acids into the macromolecule it could
result in deleterious morphological changes and then cellular lysis [7, 8]. The enzyme catalyzes the addition
of p-glutamic acid to the cytoplasmic intermediate UDP-MurNAc-I-Ala (UMA,; Fig. 1).

MurE ligase involved in the peptidoglycan (PG) biosynthetic pathway are characteristic of eubacteria and
are absent in humans. Because of condensing of the correct species-specific amino acid substrate, MurkE
ligase is critical to forming cross-linkages in glycan strand, thus it plays a key role in maintaining PG
integrity. Indeed, addition of the incorrect amino acid at the third position of the PG peptide moiety can
result in morphological changes and bacterial cell lysis. Recently the MurE liagse structure of the
Staphylococcus aureus with substrates was elected important residues for the formation of the amino acid-
binding pocket. Up to now, several different approaches have been used to monitor enzyme activity of the
bacterial enzyme, which is amenable to high-throughput screening by discovery of novel ATP-competitive
inhibitors of MurE [10, 11]. More specially, each of which not only showed the common catalytic
mechanism for their condensing function, but also share conserved amino acid regions and structural
features such as C-terminal domains response to binding UDP precursor substrates. But, in fact almost at
the ATP binding site of the Mur ligases is remained a highly variable region, sequence identities ranging
from 22 to 26%. Almost conserved amino acid of them including with vital glutamates and histidines, are
responsible for coordinating the Mg?* ions [11-13].
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Figure 1.2 Amino acid sequences alignment for modeling: alignment of the XooMurE protein sequence (Accession
No. AE013598.1) As the template sequence with that from three reference strains, E.coliMurk (PDB ID 1E8C); M.
tuberculosisMurE (PDB ID 2WTZ); S. aureusMurE (PDB ID 4C12). (A) Amino acid sequences alignment at the
ATP binding site of the four compared MurE ligases, in which reserved amino acids related to this site indexed
below purple lines.
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Due to the common catalytic mechanism and conserved motifs of the Mur ligases discovering a potential
inhibitors against one kind of MurE may inhibit one or more of the group of enzymes. Thus it provides a
potential counter mechanism averse to development of possible resistance [14]. Since the structure of
XooMurE has not been determined experimentally till now, homology modeling was used to construct a
three-dimensional model of the protein. A Blastp search of the XooMurE XooMurE sequence (Accession
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No. AE013598.1) Aligned sequences to that in the PDB database revealed XooMurE with chain A of MurE
in E.coli (PDB ID 1ES8C) as the closet homolog, with 44% identity, and that opposed to MurE of M.
tuberculosis and S.aureus are sequential 41% and 34%, respectively (Supplementary Fig. S1)
Accordingly, the binding ability of ATP molecule with MurE ligase of Xoo is ideal to finding out novel
strategized targets for the development of new classes of antibacterial compounds [15]. A fully elucidated
enzymatic mechanism supposed based much more results from high-throughput screening of natural
products, or structure-based virtual screening and inhibitory investigations [7]. Hence, a directed
interference in wall peptidoglycan biosynthesis by inhibition to the XoMurE activity will allow the
development of inhibitor against Xanthomonas oryaze. Response to this purpose, we have cloned, over-
expressed, and purified MurE from Xanthomonas oryaze (XoMurE). The results revealed that XoMurE
ligase was produced by the BL21(DE3) cell and harvested this enzyme following through two times
purification by the Ni-NTA column. As the results in purification effectiveness over 95% purity in this
study, XooMurE could utilize as an essential material in estimation studies for specificity binding ability of
XooMurE with nucleotide substrates in vitro condition and consequently available for discovering attractive
targets in the development strategies of novel anti-bacterial compounds. Inhibition of MurE prevents
bacterial growth, which makes this enzyme an attractive and viable target in the urgent search of novel
effective antimicrobial drugs.

Il. MATERIALS AND METHODS

2.1 Materials and strain

A modified version pET11a used in this study, it was provided by Professor Yeh-Jin Ahn from Sangmyung
University. In order to accommodation for purifying target protein, we designed a novel construction from
the original pET11 by addition nucleotides coding a tag of six histidine residues followed recognition
sequence of TEV protease in the plasmid. Both sites located before recognition site Ndel restriction enzyme.
It is named as the pET11a-Histag-TEV. Two restriction enzymes (Ndel and BamHZ1) were purchased from
New England BioLabs (Massachusetss, US). Kit for purifying plasmid was purchased by Invitrogen. TEV
(tobacco etch virus) protease was used to cutting his-tag by Sigma-Aldrich (USA). Other chemicals were
demonstrated with the high quality.

Xanthomonas oryzae py oryzae strain KACC10331 was used as original strain for isolating XooMurE gene
by polymerase chain reaction (PCR) method. The Ni-NTA His-Bind resin (Ni-NTA column) from
Novagen used to to purifying the recombinant protein contains His-tag.

2.2 Cloning of the XoMurE gene (XO0-3080) and the pET11a-Histag-TEV plasmid (Novagen)

The XooMurE gene in X. oryzae pv. oryzae encoded a total of 495 amino-acid residues. The full-length
XoMurE gene was amplified via PCR using bacterial cells (Xoo KACC10331) strain) as the template. The
sequences of the forward and reverse oligonucleotide primers designed from the published genome
sequence (Lee et al., 2005) were as follows: 5’-GGG CATATG AGC CGT TCC ATG GCG GCT-3’ and
5’-GGA TCC TCA TGG GCG CAC TCC CAA CAC-3’, respectively. The bases in bold designate the
Ndel and BamHI digestion sites. The amplicon was double-digested with Ndel and BamHl, ligated into the
pET1la-Histag-TEV made the recombinant clone pET11a-Histag-XooMurE, and then transformed into E.
coli BL21(DE3).

2.3 Expression and purification of Histag-XooMurE by Ni-NTA column

E. coli BL21(DES3) cells containing pET11a-Histag-XooMurE were grown at 37°K to an ODego 0f 0.5 in
Luria—Bertani (LB) medium containing with 50ug ml* ampicillin. To finding the optimal conditions for
expressing the Histag-XooMurE, two temperature conditions of 15°C and 37°C and then three IPTG
concentrations were examined to assessing expression of recombinant protein. For checking the
temperature, as cultured LB media reached to ODsoo 0.5, the control expression of Histag-XooMurE was
induced by treating the cell with supplementary of 0.5 mM IPTG in the cultured LB medium. After that,
the culture was further incubated at 15°C and 37°C for 4, 6 and 16 hours. At each test periods, 1 ml culture
solution was harvest and the centrifuged at 3000rpm (Hanil Supra 30K A1000S-4 rotor) for 15 min at 4°C.
The cell pellet was re-suspended in ice-cold lysis buffer (25 mM Tris—HCI pH 7.5, 300 mM NaCl, 3 mM
and B-mercaptoethanol) and then homogenized by ultrasonication on ice (Sonomasher; S&T Science). The

© 2020 Industrial University of Ho Chi Minh City



CLONING AND EXPRESSION OF A MURE LIGASE ENZYME AS A POTENTIAL TARGET 89
AGAINST BACTERIA XANTHOMONAS ORYZAE PV. ORYZAE

crude cell extract was centrifuged for 15 mins at 13000rpm (Hanil) at 4°C to remove cell debris. After
centrifugation, the supernatant contains soluble Histag-XoMurE and debris mixed to lysis buffer applied to
10% SDS-PAGE. Secondly, for checking the IPTG concentration, as soon as cultured LB media reached
to ODewo 0.5, the cells induced with varying IPTG concentrations ranged to 0.1mm; 0.3mM and 0.5mM.
Then the cells were cultured continuously at 15°C for an additional 16 h after inducing expression of Histag-
XooMurE. Procedure of harvesting and checking the expression of this protein is similar to the above
procedure.

2.4 Purification of Histag-XooMurE by Ni-NTA His-Bind resin column (Novagen)

All the cells the preceding time (after 16 hours induced by IPTG) were harvested by centrifugation at
3000rpm (Hanil Supra 30K A1000S-4 rotor) for 30 min at 4°C. The cell pellet was resuspended in ice-cold
lysis buffer (25mM Tris—HCI pH 7.5, 300mM NaCl, 3mM and 3-mercaptoethanol) and then homogenized
by ultrasonication on ice (Sonomasher; S&T Science). The crude cell extract was centrifuged for 30mins
at 21000g (Hanil) at 4°C to remove cell debris. Firstly, this column was washed using the binding buffer
(25mM Tris—HCI pH 7.5, 300mM NaCl, 3mM R-mercaptoethanol, and 5mM imidazole. Secondly, the
supernatant was loaded into the Ni-NTA His-Bind resin column (Ni-NTA column) and affinity purification
was performed according to the manufacturer’s protocol at 4°C. Third, contaminant proteins were extruded
out the Ni-NTA column by using the wash 1 buffer (25mM Tris—HCI pH 7.5, 300mM NacCl, 156mM R-
mercaptoethanol, and 5 mM imidazole). Fourth, this column was loaded continuously with the wash 2
buffer (25mM Tris—HCI pH 7.5, 300mM NaCl, 30mM R-mercaptoethanol, and 5mM imidazole) to
removing later contaminant proteins. Finally, Histag-XooMurE was purified through the Ni-NTA column
by the elution buffer contains a higher concentration of 250mM imidazole.

2.5 Digesting histag and re-purifiying XooMurE by Ni-NTA column

The Histag-XooMurE was eluted by using elution buffer containing 250mM imidazole and then dialyzed
against TEV protease cleavage buffer (25mM Tris—HCI pH7.5, 15mM NaCl, 3mM R-mercaptoethanol) for
16h at 4°C. After dialysis, the XooMurE protein with N-terminal His-tag was treated with a dilution series
based on mass of TEV protease during 16h at two temperatures of 20°C and 4°C in order to cut and then
remove this tag. The XooMurE protein without the tag was again applied onto Ni-NTA His-Bind resin
(Novagen) to remove any uncleaved proteins. The flow through fraction containing cleaved XooMurE was
collected and applied onto a HiTrap Q anion exchange column (GE Healthcare) for further purification.
The homogeneity of the purified protein was analyzed via SDS-PAGE. Finally, the purified XooMurE was
concentrated using a Vivaspin20. The final XooMurE was appoximately 8mg/ml.

2.6 Further purification by using anion exchange chromatography

To investigate the purity status of XooMurE, anion exchange chromatography was employed, in which this
ligase sample at 8.0 mg/ml was applied onto a (GE Healthcare) through a biologic Duaflow TM
chromatography system (Bio-rad) of Sepharose Fast Flow column (Hi trap Q FF) with a flow rate of
Iml/min. XooMurE was eluted with 65 ml linear gradient of increasing NaCl concentration (0 — 500mM)
in combination an running buffer contains 25mM Tris pH7.5, and 3mM R-mercapthenol. Protein elutions
were monitored from its absorbance at 280nm.

I11. RESULTS

3.1 Construction of plasmid containing XooMurE gene (XO0O-3830)

The gene encoding XooMurE protein from X. oryzae pv. oryzae was amplified by PCR and then it was
ligated into the expression plasmid such as pET11a-His-tag and then transformed to the competent NEB
cells. The grown colonies exited in the screening LB media contain 50ug ml-* ampicillin has collected in
order to continuously cultured overnight in LB broth. After 16 hours, the cell was centrifuged to harvesting
the pET11la-His-TEV plasmid comprised XooMurE gene. The plasmid treated then by two restriction
enzymes (Ndel and BamH1), the result showed that appearance of two bands corresponding to weight both
of the pET11la-His-TEV and of the XooMurE gene. This result refined that the cloning procedure of
XooMurE into the pET11a-His-TEV was successful.
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Figure 3.1 Purifying and checking the pET11-Histag-TEV plasmid construction contained XoMurE gene by using 2
restriction enzymes (Ndel and BamH1). a: Purifying the recombinant pET11-Histag-TEV plasmid construction from
colonies grew in LB media with ampicillin concentration of 50ug/ml. Lane 1: Ladder; lane 2-6: S1 — S6 are plasmid

samples. b: The comparison results of the resulting recombinant plasmid construction: lane 1: uncut recombinant
plasmid; lane2: Ladder; lane 4: recombinant plasmid were cut by 2 restriction enzymes (Ndel and BamH1).

Based on the sequencing solution, all sequences of this construction revealed detailly in Fig 3.2, in which

nucleotides of XooMurE gene appeared in their exact positions. Its sequent sequence also comprises one
His-tag and a recognition site of TEV protease located front of XooMurE gene. The new recombinant
plasmid is really valid fundamental midpoint to remove of his-tag and effective purification of any target
proteins. Finally, presented peaks in the sequencing outcome refined again that the XooMurE gene inserted
successfully into pET11 plasmid construction (Supplementary Fig. S2). Although having appearance of a
point mutagenesis at nucleotide of 330, in which GGC codon replaced by GGG, but both coded only
Glycine residue. Therefore this mutagenesis is not effect the structure of Histag-XooMurE.

3.2 Expression and purification of Histag-XooMurE

3.2.1. Expression test and purification

For the purpose of overexpression, the Histag-XooMurE was checked factors for its expression. Both
factors of temperature and IPTG concentrations are initial conditions to controlling expression of
recombinant protein. Therefore we examined two experiments to finding the best conditions for expression
of Histag-XooMurE of Xoo. The expression tests by temperature were monitored by SDS-PAGE. The
appearance of bands in a molecular mass of 58 kDa responding to desired molecular weight exhibited
exactly of harvesting Histag-XooMurE protein. This protein presented in soluble characteristic and
respective bands of this protein had ascended gradually in width belongs the culture time periods. (Fig 3.3
a & b). Besides, the results also showed that Histag-XooMurE expressed in both experimental temperatures
and but better in the 15°C after 16 hours. Next, since IPTG concentration also influences to expression of
this protein. As seen in fig 3.3.c, the expression of His-tagMurE ligase protein has increase as respectively
together increasing IPTG concentration. At the IPTG concentration of 0.5mM revealed an appreciable
increased Histag-XooMurE synthesis rate opposed to less IPTG concentrations (0.1mM and 0.3mM). From
these results, we gave an initial optimal condition for expression of the Histag-XooMurE is at 15°C until
16 hours later with induced by 0.5mM of IPTG concentration. All The Histag-XooMurE was purified
subsequently by affinity chromatography of Ni-NTA column.
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Figure 3.2 Analysis of coomasive blue—stained SDS-PAGE of expression test of the Histag-XooMurE from BL21
(DE3) contained the recombinant pET11a-Histag-XooMurE plasmid. a & b: Surveying two temperature conditions
of 15°C and 37°C for expression of the Histag-XooMUurE; c: Surveying IPTG concentrations (0.1mM; 0.3mM;
0.5mM) for expression of the Histag-XooMurE at 15°C (refined optimal temperature)

3.2.2 Digesting his-tag and re-purification

Before determining biological characteristic of Histag-XooMurE for further study, this protein should be
removed the involved His-tag in order to making the accurate full length of XooMurE. Therefore, the Histag
at N-terminal was treated with TEV protease. Ratio of molecular weight of XooMurE and TEV protease
together in two differential temperatures were used to determine a suitable condition to extracting this tag.
As shown in fig3.3 a & b, the Histag at N-terminal moved out of the purified Histag-XooMurE with
differential effectives at each mixture of TEV and recombinant XooMurE. Consider the aspect of
temperature condition at 20°C, resulting much more digested the tag when increasing the pending time
reached to 16 hours for each detaching reaction. In contrast, the number of separated this tag in the condition
of 4°C is less than that in 20°C condition. Therefore, a qualified condition based on the ratio molecular
weight of TEV and of the purified Histag-XooMurE (1:10) was chosen and reaction at 20°C pending in 16
hours can be provided a best satisfactory condition for both removing the His-tags and harvesting pure
XooMurE.
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Figure 3.3 SDS-PAGE photo of cutting Histag at two surveying temperature conditions (20°C & 4°C) combined to
differential ratio of TEV and Histag-XooMurE. (a): The results of the differential ratio of TEV and Histag-
XooMurE at 20°C in two time periods (6 hours and 16 hours); (b): The results of the differential ratio of TEV and
Histag-XooMurE at 4°C in 16 hours

The results of detaching His-tag and purify XooMurE in larger scale (10L LB media) are shown in figure
3.4. As soon as this tag removed completely, XooMurE re-purified by the Ni-NTA in the second
purification. Through extrude his-tag by TEV protease and sequential followed each stages of purification,
at the same time bands incubated with TEV protease in Fig 3.5 (a) & (b) grew down as comparing to band
without TEV protease. Moreover, purity of XooMurE without His-tag also was refined by appearance only
one band at the follow-through solution, which was separated with contaminant proteins such as XooMurE
with His-tag and TEV protease enzyme by both retained in the Ni-NTA column. More especially after
concentrating processes revealed the final bands are clearly displayed, no strange bands appear in this step,
which proves that TEV protease is digested His-tag completely and produced high protein purification
efficiency.
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Figure 3.4 SDS-PAGE photo of the results of detaching Histag and purify XooMurE in larger scale (10000ml LB
media). a: The results of the differential ratio of TEV and Histag XooMurE at 20°C in 16 hours); b: The results of
re-purifying XooMurE without His-tag, lane 1: ladder; lane 2: Elution solution involves band of TEV protease
(25kDa) and a little of XooMurE with Histag(58kDa) ; lane 3-4: Wash 2 solution contains XooMurE with Histag;
line 5-6: Flow-through solution contains XooMurE without Histag.

3.2.3 Further purification by using anion exchange chromatography

Anion exchange chromatography is the power method to separate target proteins. The characteristic of the
purified protein was analyzed via the peaks observed in chromatography (Fig 3.5).
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Figure 3.5 Scheme of the purification protocol. a, Elution of the XooMurE from a Sepharose Fast Flow column (Hi
trap Q FF) during the last chromatography step. b, SDS-PAGE (10%) analysis of samples taken during the
purification procedure and of fractions indicated with red numbers in a. Lane 1-7, samples analysed anion exchange
chromatography. Lane 2: protein ladder. Lane 4, sample after anion exchange chromatography.
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XooMurE could be detected initially at a concentration of 12.5 mM NaCl involved in the running buffer.
As the results shown in the fig 3.6, according to observed peaks of twelve fractions in ranges of 25 to 37
via SDS-PAGE showed that high homogeneity of the XooMurE. Finally, to maintaining the biological
nature of the target protein, best fractions (T29-T33) was collected and then concentrated to an appointed
mass of 8mg/ml for preservation. The purity of the XooMurE checked again via SDS-PGE (Fig 3.5). The
final amount of XooMurE was produced about 92 mg per 10 liter of cultured media.

Sul 2ul Sul

XooMurE
(55kDa)

L(kDa) XooMurE XooMurE

Figure 3.6 Purified XooMurE on 10% SDS-PAGE, Lane 1: Ladder; Line 2 and 3: purified XooMurE at two
different volumes (2l and 8pl).

IVV. DISCUSSION

Nowadays, as appearance of multiple bacterial strains resistant to currently available antibiotics may be the
main reasons to distribute the spread of resistance mechanisms among emerging and re-emerging bacterial
pathogens. Some enzymes involved in its cell wall peptidoglycan biosynthesis were considered as potential
therapeutic targets. One of these genes, a gene coded for uridine diphosphate (UDP)-MurNAc-tripeptide
ligase (MurE), catalyses the addition of meso-diaminopimelic acid (m-DAP) into peptidoglycan by coupled
to the hydrolysis of ATP has more popular interest. Until now, biochemical and structural characterization
of MurE from pathogen bacteria were studied much, such as MurE liagse from Escherichia coli,
Pseudomonas aeruginosa, Mycobacterium tuberculosis, Chlamydia trachomatis, Staphylococcus aureus or
Yersinia pestis [12, 13, 16-19]. By the way, the results of enzyme kinetics of the amide ligase MurE also
determined by using the synthesized nucleotide substrate UDPMurNAc- Ala-Glu (uridine 5_-diphosphoryl
N-acetylmuramoyl-Lalanyl-D-glutamate) [13, 16, 20]. Furthermore, the MurE ligase from Yersinia pestis
recently considered as a case study to identification of potential drug targets in metabolic pathway analysis
[19].

Because of structure and function of the MurkE enzyme play an important role in development of novel
inhibitors [15]. In fact, the structure of MurE ligase of Xoo has not been determined experimentally now,
and amino acid sequence of XooMurE liagse showed high homologous with these ligases involved in three
pathogen bacteria such as E. coli, M. tuberculosis, S. aureus, that ranging from 34 to 40 % identify. The
results in sequence analysis of MurE ligase from Xoo and the other reference also refined changeable amino
acids at the ATP binding site located in the central domain of each structures (Supplementary Fig. S3).
Hence, based on similarity with homologous enzymes such as MurE ligase of E. coli, producing the high
pure quality of XooMurE could provide a highly specific material to study of finding novel catalysis
mechanism of XooMurE, and then consequently potential inhibitor in research its inhibition activity.
Inhibition of the activity of XooMurE could prevent bacterial growth, which makes this enzyme an
attractive and viable target in the urgent search of novel effective antimicrobial drugs.

V. CONCLUSION

Xanthomonas oryzae is causal agent of bacterial blight (BB) in rice. In which, uridine diphosphate (UDP)-
MurNAc-tripeptide ligase (MurE), catalyses the addition of meso-diaminopimelic acid (m-DAP) into
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peptidoglycan by coupled to the hydrolysis of ATP has generated renewed interest. Because of structure
and function of the Mur enzymes considered for development of novel inhibitors[7]. Hence, in this study,
the XooMurE of Xoo was over-expressed in the cytoplasm of Escherichia coli cells. After detaching His-
tag out of this protein, the purified XooMurE was further purified by an assay of anion exchange
chromatography, and monitored by SDS-PAGE. The results showed this protein exhibited a molecular mass
of 51, 36 kDa. The yield was 92 mg per 10 liter of culture. Finally, the purity effectiveness of XooMurkE
over 95% could provide an essential material in the purpose assessment studies for specificity binding of
MurE ligase with nucleotide substrates in vitro. It could consider as a basic result for discovering attractive
targets in the development of new anti-bacterial compounds.

APPENDIX

Supplementary Fig. S1: The estimated homology results of XooMurE gene from NCBI (AE013589.1) and
aligned sequences to that in the PDB database with chain A of MurE in E.coli (PDB ID 1E8C) as the closet
homolog, with 44% identity, and that opposed to MurE of M. tuberculosis and S.aureus are sequential 41%
and 34%, respectively

Percent Identity Matrix - created by Clustal2.1

1: gi|pdb|4C12]|A 100.00 28.48 32.77 31.e01
2: gi|pdb|2WTZ|A_55-522 28.48 100.00 39.74 37.89
3: XoMurE-Sequencing 32.77 39.74 100.00 44.30
4: gi|15988379|pdb|1E8C|A_25-490 31.01 37.89 44.30 100.00

Supplementary Fig. S2: The aligned results of XooMurE gene from NCBI (AE013589.1) and XooMurE gene

involved the pET11 plasmid construction

10 2 k) 40 %0 80 n & N0 100 110 120
@GTT GAC GG ACAT TCOOC TCTAGAATAAT TTT GT TTAACT T TAAGAAGGAGATATAACCATG G GCCATCATCATCATCATCATCACAG CAGCG CCTG TATTTTCAGGG ACATATGAG

n 380 30 0 410 420 43 440 &0 0 40 40 40
GTTTGCGCGCGCGCCTTGGCGTGATGGCCGATCAATTTCATGGCCGGCCGTCGCATGCAATGCGCATGGTCGGCGTCAC TGGGACCAATGGCAAGACCTCCACCG TACAGTTGC TGGCGCAGGCGC

500 510 520 530 540 550 560 570 580 590 600 610 620
TGACGCTGCTCGGTACGCCCACCGGCACGCTCGGCACCCTTGGCGTCGGTCTGTATGGTGCGGCCGTGTCGACCGGTTTCACCACGCCGCTGGTGCTGCCCACGCATGCGTTGCTGGCGCAGTTGC

ﬂ W) AW M i “"u“ll‘-'(l‘\ \ ﬂ A i '] M M\, {\f'jw

Supplementary Fig. S3: Amino acid sequences alignment for modeling: alignment of the XooMurE protein sequence
(Accession No. AE013598.1) as the template sequence with that from three reference strains, E.coliMurE (PDB ID
1E8C); M. tuberculosisMurE (PDB ID 2WTZ); S. aureusMurE (PDB ID 4C12). Three functional domains in each

sequence of MurE were refined by colored boxes. N-terminal domain indexed by green box; Central domain
indexed blue box; C-terminal domain indexed by purple box
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TAO DONG VA BIEU HIEN MQT ENZYME MURE LIGASE NHU LA MQT TAC NHAN
TIEM NANG CHONG VI KHUAN XANTHOMONAS ORYZAE PV. ORYZAE

Tom tit. Xanthomonas oryzae (Xo0) 1a tac nhan gay bénh bac 14 vi khudn trén cay IGa. R4t nhidu gen
hiéun hiru trong loai vi khuan da dugc x4c dinh trong nhitng nim gan day. Mot trong nhimg enzyme do la
enzyme uridine diphosphate (UDP) -MurNAc-tripeptide ligase (MurE) xuc tac viéc bd sung axit meso-
diaminopimelic (m-DAP) vao Iép peptidoglycan bang cach két hop véi qué trinh thily phan ATP di tao ra
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su chl y nghién cttu mai. Tuy nhién, khdng c6 dix liéu thuc nghiém dé xéac nhan gia thuyét nay trong Xoo.
Mot céi nhin tong quan c6 ¥ nghia vé vi tri lién két phan tir ATP ciia cac MurE ligase da cho thdy c6 nhiéu
su bién ddi cua céc trinh ty axit amin, chiém ti 1& khoang tir 22 dén 26 phan tram. Bén canh d6, cau tric
tuong dong giira hai cau tric ciia ECMurE and XooMurE s la rat quan trong cho xéc dinh tién hoa ra cua
hoat tinh MurE trén té bao XXo00. Do d6, mot loai protein tai té hop goi 12 XooMurE duoc tao ra tir xoo da
dugc biéu hién va tinh sachsach vai hinh thirc ¢ gang duéi His tai dau N. Sau khi tinh sach, duéi His da bi
loai bo ra khoi Histag-XooMurE boi enzyme TEV protease. Hiéu qua tinh sach XooMurE trén 95 phan
tram trong nghién ctru ndy cd thé tao ra mot vat lidu hiéu qua trong nhitng nghién ciru vé co ché hoat dong
Clia enzyme nay, va dinh huéng cho tim kiém phirc hop méi c6 kha ning khang khuan vi khuan
Xanthomonas oryzae (x00)

Tur khod. Escherichia coli (E. coli), histidine-tag, pET11a plasmid, purity effectiveness.
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