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Abstract

The corrosion and microbial growth-inhibiting properties of two sulphonamide compounds, 2-
(phenylsulphonamido)-3-methylbutanoic acid (A) and 2-(4-Methylphenysulphonamido)-3-methylbutanoic acid
(B) were investigated. Gravimetric and electrochemical methods of corrosion study were used to keep the
corrosion inhibiting process under surveillance in 1 M KOH. In contrast, the agar well diffusion technique was
used to ascertain the biocidal activities of the compounds on four identified microbes; Proteus mirabilis
MW016889, Enterobacter hormaechei MW016890, Bacillus sp MW016891 and Thiobacillus sp. The two
compounds were found to simultaneously retard the corrosion process and microbial growth. The corrosion
inhibiting properties may be attributed to the surface assimilation of the constituents on the corroding metal
while the biocidal growth retardation is attributed to the disarray of the sprouting of the vital metabolic activities
of the microbes. Quantum chemical computations and molecular dynamics simulations were used to ascertain

the computational contributions of the compounds to the anti-corrosion activities. 2-(4-
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Methylphenysulphonamido)-3-methylbutanoic showed better inhibiting properties, and this may be attributed to

its higher atomic mass.

Keywords: corrosion; antibacterial; biocide; sulphonamide; and inhibition

1 . Introduction

Metallic corrosion has been a cause of worry to manufacturers in recent decades. All structural metals corrode
to some extent in chemical environments. Despite many corrosion prevention data available, the problem has
persisted. Draconian environmental effects have deficient the use of inorganic materials for corrosion control.
Such materials which include chromates, oxides nitriles etc. are being replaced with innocuous organic
materials.>? These substances are known to adsorb on the surface of the metallic material, thereby obstructing

the action centre on the metal facet, hence retarding the metal corrosion.

Sulphonamide compounds have been reported to inhibit the multiplication of pathogenic (substances that cause
illness) microorganisms and form the significant agent in the synthesis of some useful pharmaceutical drugs.* *
Attempt to supplement the field of application of these sulphonamide compounds to material protection in
aqueous environments is gaining interest in the research industry.>” An essential supposition in our present
finding is that the reported antibacterial effects of these synthetic materials could be extrapolated to reducing the
crucial metabolic activities of corrosion-related microorganisms.®*® These materials may also be thought to

reduce microbial induced corrosion.

This report seeks to extend the field of application of sulphonamide compounds to material protection and
investigate the inhibitive effects of the compounds on the corrosion of mild steel in 1 M KOH and also the
biocidal activities of the compounds on the corrosion associated microorganisms.” weight loss, Potentiodynamic
polarization and electrochemical impedance spectroscopy methods of monitoring corrosion were used for the
corrosion study while scanning electron ,microscopy was used to examine the metal microstructure. To
computationally evaluate the distinctive input of the synthetic sulphonamide compounds, to the inhibition
experience, some density functional theory (DFT) based quantum chemical calculations were exploited. The agar
well diffusion method was used for the antibacterial analysis to ascertain the growth retardation ability of the

sulphonamide materials on the identified microbes.
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Figure 1 molecular formulae of the sulphonamide compounds

2. Materials and Experimental Section
2.1. Preparation of Materials

2.1.1. Inhibitor Preparation

The sulphonamide compounds used in this project were synthesized in the organic chemistry laboratory of the
Imo State University Owerri.* % 5g of each sulphonamide compound was dissolved in 1 L of distilled water to
obtain 5 g/L solution which was subsequently diluted to the desired concentrations 0.2 mg/L, 0.4 mg/L, 0.6 mg/L

0.8 mg/L and 1.0 mg/L.

2.1.2. Metal Preparation

The percentage composition by mass of the metal specimen utilized in the weight loss experiment is C — 0.05;
Mn - 0.6; P - 0.36; Si — 0.3 and Fe-98.69 with a dimension of 3 cm X 3 cm X 0.14 cm, purchased from a
commercial metal dealer in Owerri Imo State. The metal surfaces were scraped away under flowing water with

13,14

silicon carbide abrasive paper, of strength #400-#800, rinse in clean water, cleaned with acetone to dryness,

weighed and preserved in a dry desiccator for use when desired.”® For the electrochemical tests, mild steel of
dimension 1 cm X 1 cm 0.14 cm were used. The metals were encased in polytetrafluoroethylene (PTFE) rods
with the aid of epoxy resin, ***" leaving only a part (1 cmz) of the metal uncovered, and the denuded part was

prepared as described above.

2.1.3. Solvents Preparation
All media distilled water used for this project was autoclaved at 121 °C for 15 minutes. 1 M KOH was used as

the corrodent and was prepared from a high-quality analytical reagent.
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2.2. Experimentals
2.2.1. Isolation of Microorganisms

Scrapings from corroding pipeline were obtained from the equipment of Total oil and gas company along
Okigwe road Owerri. Samples were aseptically collected in sterile polythene bags and transported in a cold box
containing ice to microbiology laboratory of Imo State University Owerri. Serial dilutions obtained from the
scrappings were achieved and utilized for isolation of aerobic bacteria on Nutrient agar and sulfate-reducing
bacteria on Winokrasky medium. The spread plate technique was employed for inoculation. Nutrient agar plates

were incubated at 37°C for 24h while Winokrasky agar plates were incubated anaerobically at 35°C for 48h.
2.2.2. Identification of Microrganism

Isolates were preliminarily identified to genus level based on their morphological (cellular shape and
arrangement, Gram reaction) and biochemical characteristics (catalase, oxidase, indole, urease). Based on their
preliminary result, four isolates preserved in tryptone soy broth were sent to Inquaba biotech South Africa for

sequencing.

2.2.3. Molecular Characterization

Extraction of genomic DNA was performed with ZR Soil Microbe DNA miniprep extraction kit (Zymo
Research Corporation, Irvine, CA, USA) without modifications. The integrity of DNA was done using 1%

agarose gel electrophoresis and quantified using Nanodrop spectrophotometer (3300).

2.2.4. 16S rRNA Sequencing Method

16S rRNA gene PCR amplification and sequencing were done by Inquaba Biotech, a commercial service
provider located in South Africa. The primers 27F and 1492R were used, PCR reaction was performed with
20nm of genomic DNA as the template in a 30pul reaction mixture by using OneTaq Quick-load 2X Master Mix
(Biolab, USA). Amplified PCR product was sequenced using ABI Prism 3730xIDNA analyzer (Applied

Biosystems, Foster City, CA).

2.2.5. Phylogenetic Analysis

DNA sequencing analysis was done following standard procedures. Contiguous sequence reads were obtained
using Bioedit software package and subsequently aligned using CLUSTAL (version 1.2.4). The 16rRNA
sequences of bacteria obtained from this study were compared with sequences in the GenBank using the Basic

Local Alignment Search Tool,*® for nucleotide sequences (blastn)
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2.2.6. Gravimetric Experiment

The gravimetric tests were achieved by metal submersion method in a 300 ml of the test solution perpetuated at
300 K. The earlier prepared mild steel coupons were hanged from support into containers of the system.*® To
ascertain the reduced weight after a given time, the mild steel coupons were removed, soaked in a solution
having 20 % NaOH and 200 g/L zinc dust to quench corrosion, washed with distilled water while scrubbing
with a bristle brush, dried using acetone, weighed and re-inserted into the test container.’ This was done at 24 h
interval ceaselessly for a period of 120 h. The weight loss at a particular hour was calculated by subtracting the
weight at a given time from the earliest weight of the metal.?* The average of triplicate measurements was

calculated to give the gravimetric data.

2.2.7. Electrochemistry Experiment

A standard three-electrode glass 400 mL cell was utilized in a VERSASTAT 400 Complete DC Voltammetry and
Corrosion System installed with a VV Studio software.?? The metal coupon dipped in a 1M KOH electrolyte was
the working electrode as graphite, and saturated calomel electrode (SCE) was the counter and reference
electrodes used for the electrochemical study. The saturated calomel electrode was joined to the cell using a
Luggin’s capillary.?® Impedance data were obtained at corrosion potentials (E.or) using a range of frequency of
100 kHz-10 MHz, * at perturbation amplitude of 5 mV, the potential capacity for the potentiodynamic
polarization experiment was 250 mV versus corrosion potential at 0.333 mV/s scan rate.?® The experiments

were conducted three times, and the average values serve as the electrochemistry data.

2.2.8 Scanning Electron Microscopy examination (SEM)

Surface morphology of the mild steel metal was studied using scanning electron microscopy
Shimadzu SSX-550. Metal coupons of 15 x 10 x 2 mm were polished and prepared as in the
gravimetric experiment, immersed for 24-h in the KOH solution without and with the
sulphonamide inhibitors at 30 °C, washed in distilled water, dried in acetone and submitted for

SEM analysis.

2.2.9 Antibacterial Experiment
The agar well diffusion method was used for the antibacterial experiment.?® Pure cultures of each isolate were
grown on Nutrient broth for 18 h at 37°C. The concentration of each inoculum was adjusted with sterile normal
saline to the turbidity of 1.5x10*CFU/ml (0.5McFarland standard).0.1ml was inoculated unto sterile Muller
Hilton agar by spreading. A sterile cup borer was used to create wells (15 mm) in the inoculated plate.

Synthesized compounds were aseptically added into the wells using a 2ml micropipette. The plates were kept on
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the laboratory bench to allow the synthesized compound to diffuse into the agar and subsequently incubated at

37°C.

2.2.10 Identification of Bacteria

A total of four bacteria genera comprising Proteus mirabilis MW016889, Enterobacter hormaechei MW016890,
Bacillus sp MWO016891 and Thiobacillus sp were identified. Mesophiles such as Proteus and Bacillus have
previously been isolated from corroded metal material.?’ The Sulphur reducing bacteria thiobacillus has been
implicated repeatedly from several studies.?®%

3. Results and Discussion
3.1. Gravimetric Result
Gravimetric tests were performed on the mild steel coupons, and the results are presented in figures 2 and 3,
respectively. From the results, it can be inferred that the sulphonamide compounds reduced the corrosion of mild
still to a reasonable extent as weight loss is seen to decrease with increase in the concentration of the inhibitor.

The efficacy of the compounds as inhibitors was evaluated as below;

AWinh
0f = - — g
IEw% = (1 A“b“lank)xmo 1)

Where W, and Wi,k represent weight reduction in the inhibited and uninhibited systems.
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Figure 2 Graph of weight loss vs time for mild steel corrosion for compounds A and B respectively
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Figure 3 Graph of inhibition efficiency vs concentration for mild steel corrosion for Compounds A and B

respectively
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3.2 Electrochemistry Results

3.2.1. Potentiodynamic Polarization Results

Polarization experiments were conducted to explore the influence of the sulphonamide additives on the anodic
and cathodic half-reactions of the electrochemical process. Mild steel Potentiodynamic polarization (PDP)
behaviour in 1 M KOH in the absence and present of the sulphonamide additives are shown in figures 4 and 5
while the PDP parameters comprising corrosion current density values (I, ), the corrosion potential (E o)
and the effectiveness of the inhibition IE % calculated from the exploration of the polarization curves are shown

in Tables 1&2 for compounds A and B respectively.

-6.0 —=—1MKOH

- —e—029/LA

—4—10g/LA
3

~-08 -0.7 -0.6 -0.5 -04 -0.

Evs SCE (V)

Figure 4: Potentiodynamic polarization curves of Mild steel in 1 M KOH in the absence and presence A.
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Figure 5: Potentiodynamic polarization curves of Mild steel in 1 M KOH in the absence and presence B.

The inhibition effectiveness (IE %) was evaluated from the values of the corrasion current densities without

Ieorr b1 @nd with I, inn the presence of the sulphonamide additives according to the relationship below;

IE% — lcorr ,bl _lcorr ,inh X 100 (2)

corr ,bl

A critical examination of the polarization results in Figures 4 & 5 and Tables 1&2 shows that the presence of the
sulphonamide inhibitors reduced significantly, the corrosion current densities (I, ) from the values they had in
the uninhibited system, the reduction is more pronounced with the increase in concentration. Also, the presence
of the inhibitors affected significantly the cathodic and even the anodic half-reactions shifting the corrosion

potential (E ..+ ) slightly towards the negative (cathodic) half-reaction in A and somewhat towards the positive

(anodic) half-reaction in B.

Table 1. Electrochemical Parameters for Mild in corrosion 1 M KOH in the Absence and Presence of A.

SyStem Ecorr Icorr IE % Rct le(llQ n IE %
lsncm-Z)
(MVvs (uA/cm?) (Qcem?)
SCE) x10™
1M KOH -463 210.3 155.2 715 0.88
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0.2g/LA -483 69.7 66.9 349.7 30.2 0.88 55.6
1,09/LA -494 40.3 80.8 494.6 20.5 0.89 68.6

3.2.2. Impedance Results

Impedance experiments were accomplished to understudy the kinetics of the electrochemical processes and also
to gain insight into the mechanism of the Fe/KOH edge with or without the sulphonamide inhibitors. The
Nyquist formats of the impedance responses are given in Figures 6 and 7 also; the impedance parameters are
shown in Tables 1&2. The Nygiust plots show only one hollow half-circle in the high-frequency region.® The
depression that is observed in the Nyqgiust plots centred under the real axis is typical of most solid metallic
materials having frequency dispersion of the impedance details.*! A solution resistance (R ) represents the
transfer function, which is shorted by a capacitor C placed in parallel with the charge transfer resistance (R;)

according to
1 el
Z, =R, + (R—t +]wC) ®)

This transfer function can only be used when dealing with systems in the same physical phase hence cannot give
the reason for the capacitive loop depression. For non-ideal frequency systems, however, a constant phase
element (CPE) replaces the capacitor, and this gives the reason for the deviation from the ideal dielectric system.

The CPC impedance is then given by
Zepr = Qa' o)™ 4)

. L 1 N
Where Qg represents CPE constant and n is the CPE exponent while j = (—1) /2 represents an imaginary
number and w is the angular frequency measured in radian, and it is equal 2ntf and f = frequency in Hz. The

Qg4 values were calculated from the R, values with the relationship.

1
Qa = TRas

®)

The impedance spectra were accordingly fitted into an equivalent circuit Rg(Qq R) to obtain the impedance
parameters.® The electrochemical data in Tables 1and 2 show that the magnitude of the R increased when the
inhibitor is introduced and then increased further with concentration with a corresponding decrease in the value

of Qg which is the reason for the increase in the size of the capacitive semicircle showing that the inhibitor is

GSJ© 2021
www.globalscientificjournal.com



GSJ: Volume 9, Issue 7, July 2021
ISSN 2320-9186 1665

effective for the systems studied. The reduction in the Qg values as the inhibitor concentration increased which
usually occur when the dielectric constant reduces or as the double layer solidness increases may be due to the

adsorption of the sulphonamide compounds (having smaller dielectric constant when compared to the adsorbed
water molecules that they displaced) on the mild steel/ inhibitor surface and hence protecting the metallic

material from corrosion.

The values of IE % for the impedance experiments were obtained by comparing the value of R, with and

without the inhibitor as follows;

IE(%) — (Rct,inh _Rct,bl> X 100 (6)

Rct,inh

Where R inp, is the R, value when the inhibitor was added and R, j; is the R, value in the blank solution.

Table 2. Electrochemical Parameters for Mild steel in 1 M KOH in the Absence and Presence of B.

System Eoor e IE % R Oue | n IE %
lSncm—Z)
(mVivs | (uA/cm?) (Qcm?)
SCE) x10™
1M KOH -463 210.3 155.2 715 0.88
0.2g/LB -456 38.9 81.5 640.9 17.2 0.87 75.8
1.0g/LB -449 25.8 87.7 892.5 125 0.89 82.6
GSJO 2021
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Figure 6. Electrochemical impedance spectroscopy for Mild steel in 1 M KOH in the absence and presence of

A.
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Figure 7. Electrochemical impedance spectroscopy for Mild steel in 1 M KOH in the absence and presence of

B.

3.2.  Scanning Electron Microscopy (SEM) Results
Surface characteristic of the metal before and after immersion of the mild steel in the
aggressive solution without and with the inhibitors was done using scanning electron
microscopy. Figure 8 shows the SEM images of the mild steel coupons before immersion in
the aggressive solution (a), after immersion in 1 M KOH (b), and after immersion in the

aggressive solution with in the presence of A (c) and in B represented in 8 c. The image in
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Figure 8 shows that the mild steel coupons were severely damaged when exposed to the
aggressive solution without the sulphonamide inhibitor (Figure 8 b) compared to when the

inhibitors where added (Figures 8c and 8d).

Figure 8, SEM images of the metal before immersion (a), after immersion in the blank 1 M KOH

solution (b), in 1 M KOH+A (c) and in 1 M KOH+B (d)

3.3. Antibacterial Result

The result shows that the inhibitory effect of compound A increased as the concentration
increased. The highest inhibition was recorded against Proteus mirabilis (15 mm) and Bacillus sp (12mm). For
compound B, inhibitory activity was more pronounced against Enterobacter hormaechei and Thiobacillus sp.

The inhibitory result is shown in Tables 3 and 4, respectively.
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Table 3 Antibacterial Result for A

Concentration

(g/L)

Zone of Inhibition (mm) for the organisms

Enterobacter Thiobacillus sp Proteus mirabilis | Bacillus sp
hormaechei MW016889 MW016891
MW016890

0.2 4 5 6 4

0.4 6 6 8 6

0.6 8 10 10 8

0.8 10 8 11 10

1.0 11 10 15 12

Table 4 Antibacterial Result for B

Concentration Zone of Inhibition (mm) for the organisms

(g/L)
Enterobacter Thiobacillus sp Proteus mirabilis | Bacillus sp
hormaechei MW016889

MW016891

MW016890

0.2 8 8 4 2

0.4 10 9 6 4

0.6 11 11 7 7

0.8 12 14 9 8

1.0 14 16 11 9
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3.4. Computational Result

Already, experimental data has shown that the inhibitive effect of the chosen sulphonamide compounds may be
ascribed to the surface assimilation of the constituents on the surface of the mild steel. Further evidence of the
surface assimilation is obtained from quantum chemical computations and molecular dynamics modeling, such
calculations were achieved to highlight the arrangement of atoms in the compounds thus establishing the reaction
site and also the local reactivity of the compound. Our data computation was made possible using Density
functional theory (DFT) electronic structure program DMol® with a Mulliken population analysis.** The
electronic data for the said modeling is the Perdew—Wang (PW) local correlation density functional as well as
the restricted spin polarization using the DND basis set. COMPASS force field and the Smart minimize method

using high-convergence criteria were employed for geometry optimization.

The electronic structure of the molecule was then modeled, this to indicate the apportioning of the frontier
orbitals, to show the reaction emplacement and the local reactivity of the molecules. The optimized structures,
highest occupied molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO), and also the
electron densities of the molecules are shown in Figure 9 while Table 5 shows the corresponding computed
quantum chemical parameters for the most stable arrangement of the molecules which include Homo energy
(Exomo ), Lumo energy (Eiomo ), Energy gap (Epymo =momo ), absolute electronegativity (X), absolute
hardness (1), electron charge transfer (AN), absolute softness (o) and the adsorption energy. The result showed
that the values correspond with that already reported for some organic compounds.®* Interestingly, high-value
Homo energy (Epomo ) reflects a higher tendency of the compound to give an electron to the unoccupied d-
orbital of the mild steel. Similarly, the low value of the energy gap (ELuymo —nomo ) Shows that the energy
needed to detach an electron from the least occupied orbital is likely to be low giving rise to in high inhibiting

power. The Homo and Lumo energies are related to the ionization potential (/) and electron affinity (A) as

below;*®
[ = —Enomo )
A = —Ejomo (8)

Electron transfer (AN ) from the inhibitor which functions as a Lewis base to the metal which functions as a

Lewis acid is calculated with the equation below;
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Xm—Xi
AN = 2= 9
2(Mpm4y) ©)

Where y,, and y; represent the absolute electronegativity of the mild steel and the sulphonamide compound
respectively; while mn,, and n; stand for their corresponding absolute hardness. The theoretical values of 7
eV/mol and 0 eV/mol for x,, and 1, where used to calculate the values of AN presented in Table 5. AN values
have been shown to relate well with adsorption energy with the high value showing stronger adsorption of the

sulphonamide compound to the mild steel surface. The relationship between y, n, A and I are given below;

+A

x== (10)
I-A

n=- (11)

The chemical hardness/softness has been reported to be a significant indicator of the tendency of the molecules
towards molecular interaction hence softness encourages close attachment between the inhibitor and metal
surface and also blending with the metal state.** Equation 12 shows the relationship between absolute hardness

and softness.

The reactivity order of the sulphonamide compound is 2-(4-methylphenylsulphonamido)-3-methylbutanoic acid

> 2-(phenylsulphonamido)-3-methylbutanoic acid as calculated from our quantum chemical computation.

o=1 (12)

Optimized structure Homo orbital Lumo orbital Electron density

2-

¢

(phenylsulphonamido

)-3-methylbutanoic

acid (A)

2-(4-

methylphenylsulphon

amido)-3-
methylbutanoic acid

(B)
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Figure 9 Electronic properties of the sulphonamide compounds

Table 5 Calculated quantum mechanical parameters for the sulphonamide compounds

Quantum chemical mproperty | 2-(phenylsulphonamido)-3- 2-(4-methylphenylsulphonamido)-3-
methylbutanoic acid (A) methylbutanoic acid (B)
Enomo (€V) -5.491 -6.041
ELumo (eV) -1.557 -2.181
ELumo —nomo (eV) 3.934 3.860
¥ 3524 4.111
n 1.967 1.930
AN 0.884 0.748
o 0.508 0.518
Adsorption energy (kcal/mol) -124.27 -133.17

3.5. Molecule dynamic simulations (MD)

Molecule dynamic simulations were used to analyze the surface assimilation of the sulphonamide compounds
on the surface of the mild steel. Forcite quench molecular dynamics was used to analyze different low energy
arrangements to pick out the small energy minima.*** COMPASS force field and the Smart algorithm were
utilized in the calculations. The simulation box has the dimension 30 A x 25 A x 29 A having periodic
boundary conditions to simulate a part of the surface having no arbitrary boundary conditions.***° The box held
the metal slab split alongside the Fe (110) flat surface. The height of the vacuum layer was 20 A. Prior to the
optimization of the Fe (110) plane, the conformation of the down surface of the slab was impelled to the bulk of

the positions and other degrees of freedom were eased. The metal surface was then extended into a 20 x 8
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supercell. The adsorption of the compound was only on one side of the slab. The temperature of adsorption was
303 K with NVE (microcanonical) entity; the time step was 1fs and simulation time of 5ps. Quenching of the
system was done every 250 steps. The optimized structures and Fe plane were used for the simulation. The
representative snapshots of the sulphonamide compounds are shown in Figure 10. The relationship quantified the

adsorption energy from our calculation;

Eads = Etot - (Einh + EFe) (13)

Where E;, represent the total energy of the adsorbed Molecule/metal couple in the gaseous phase, and
Einn, and Eg. show the strengths of the inhibitor and metal slab, respectively. A negative value of the adsorption
energy shows a stable adsorption structure. The adsorption energies shown for A and B correspond to the average
of five most stable representative adsorption arrangements of each molecule. The sizes of the adsorption energies
obtained from our calculations -124.27 kcal/mol and -133.17 kcal/mol are all negative and of reasonable sizes
indicating stable structure. The pattern in the adsorption energy is related to the size of the molecular showing
that the larger molecule adsorbed more firmly on the surface of the metal. This strong attraction to the metal
surface accounts for the high inhibiting tendencies observed in the experimental result. The theoretical results
agree well with our experimental results showing that compound B may be a better inhibitor than compound A

this may be attributed to its larger molecular size.

Figure 10 Representative snapshots of the sulphonamide compounds

4. Conclusion

The experimental and theoretical results have shown that the chosen sulphonamide compounds reduced the
corrosion of the metal in 1 M KOH solution as well as retarded the microbial growth of Proteus mirabilis

MW016889, Enterobacter hormaechei MWO016890, Bacillus sp MWO016891 and Thiobacillus sp. The
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gravimetric results indicated that the corrosion retardation effect of the compounds increased with concentration
increase; the electrochemical results show that the inhibition was due to the surface assimilation of the
sulphonamide compounds on the metal surface. High values of inhibition efficiencies were observed both in the
gravimetric and electrochemical experiments. Density functional theory rooted in Quantum chemical
computation and molecule dynamic simulations further confirmed the inhibition properties of the compounds.
The sulphonamide compounds also showed microbial growth inhibition against Proteus mirabilis MWO0I 6889,
Enterobacter hormaechei MW016890, Bacillus sp MWO016891 and Thiobacillus sp with the inhibition being
more pronounced against Proteus mirabilis MWO0I6 889 and Bacillus sp MW016891 for compound A. For
compound B, inhibitory activity was more effective against Thiobacillus sp and Enterobacter hormaechei

MWO016890

Data availability
Bacteria Sequence data generated from this study have been deposited to GenBank under accession M\W016889-

MW016891.
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