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Abstract: The composition of Rustumihia microbial community and their diversity with o-
xylene-contaminants were investigated by applying molecular techniques, Polymerase chain
reaction and denaturing gradient gel electrophoresis (PCR and DGGE) via investigating 16S
rRNA gene fragments and understand the interrelationships between microbial community
composition and structure for established microbial model community isolated from
Rustumihia WWTP. To this end, that the established consortium could be used to assess the
microbial response as defined by diversity and richness shifts, which are linked to changes in
growth conditions. In this research paper a synthetic consortium was created by isolating
indigenous microbial community members from the Rustumihia WWTP and subjecting
consortium to different pH of (6.5, 7.0 and 7.5) and o-xylene concentrations of (0.5, 5 and 50
Mm) and temperatures (25°C, 35°C, 45°C and 55°C).

The results of this study indicated that the high o-xylene concentration of 50 mM was tolerated
and degraded effectively at 35°C and 55°C, and pH 6.5 (P < 0.001). Bacterial richness and
diversity were recorded according to the Hill parameters of °D, 'D and D under each of the
growth conditions, and then linked to the o-xylene degradation efficiency. At 35°C and pH 6.5,
the consortium achieved high degradation percentage for each of 0.5, 5 and 50 mM of o-xylene
with values 73.1%, 94.8% and 63.08%, respectively. The current study is the first of its kind in
Irag. It investigates the enrichment, isolation, and identification of a microbial community from
the Rustumihia WWTP and determines the efficiency of the isolates to tolerate and degrade o-
xylene, highlighting their sole source of hydrocarbon. This research underscores the usefulness
of molecular techniques for both diversity and richness to understand the ecological impact of
o-xylene as a contaminant and to identify potential molecular techniques for detection of gene
that is responsible for o-xylene degradation.

1.Introduction: O-xylene isomer is an aromatic hydrocarbon that is one of the crude oil components [1 & 2]
and [3]. The uncontrolled use of o-xylene and its release into wastewaters has resulted in considerable harm to
the environment [4 & 5]. O-xylene, in comparison with other oil components, is soluble in water at 175 (+ 8) g
of hydrocarbon in 10%g of water [6]. Although it has carcinogenic properties [7; 8 & 3], it is biodegradable by
numerous types of microorganisms [9; 10 & 3] and [11] under favourable growth conditions. What is
increasingly interesting is the use of microbial communities and their genomes for developing environmental
biotechnological processes (biodegradation, bioremediation, and bioaugmentation) that deal with aromatic
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compounds [12; 13 & 2]. Various bacterial species have been confirmed that could metabolize the chemical
components found in oil, [14 & 15]. For example, literature recorded that a consortium adapted to unleaded
gasoline, which consisted of Pseudomonas, Burkholderia, Rhodococcus, Shewanella, Bacillus, and Alcanivorax
species that were characterised via 16S rDNA, can degrade around 95% of the total Benzene, Toluene,
Ethylbenzene and Xylene At the same time, a Pseudomonas putida strain, that was isolated from that
consortium, could degrade approximately 90% of the total BTEX [16]. Additionally, the bacteria belonging to
the genus Rhodococcus were capable of growing on a wide range of toxic hydrocarbon compounds including
aromatic and aliphatic hydrocarbons [17]. Other microorganisms that can degrade toluene are Pseudomonas
mendocina-KR1 and Pseudomonas putida-DOT T1E [18]; Pseudomonas fluorescens-CA-4 removed
ethylbenzene [4] while Pseudomonas putida F1 removed benzene, ethylbenzene and toluene [3]. The ability to
utilize o-xylene by microorganisms is mainly attributed to the expression of enzymes known as dioxygenases
[19], which can cleave the aromatic-rings and thus oxidise toxic compounds. O-xylene is considered as one of
the most recalcitrant compounds. As a result, specific microbial strains and/or communities are required for its
controlled biodegradation [20]. Nevertheless, several bacteria like Comamonas sp. JB [21], Cladophialophora
sp. T1 [22], Janibacter sp. SB2 [23], Pseudomonas putida BCNU106 [24], Pseudomonas Putida F1 [25],
Pseudoxanthomonas spadix BD-a59 [25], Rhodococcus sp. BTO62 [20], Pseudomonas putida OX1 and
Pseudomonas sp. FMBO08 [27], were isolated and identified for their ability to degrade o-xylene although their
catabolic rates were low (0.004 - 5 mg L™ h™).

The slow degradation rates are considered obstacles considering the large-scale applications of o-xylene in
different fields of life. According to the literature, the o-xylene degradation pathway depends upon the types of
inoculated microbes that are used to initiate the degradation process. For example, Cladophialophora sp. T1
transformed o-xylene to phthalates as end metabolites [22]. Corynebacterium sp. C125 and Nocardia sp. can
degrade o-xylene during an initial aromatic dioxygenase process to produce a cis-dihyrodiol [28]. Two metabolic
pathways were found for Rhodococcus sp. B3 where the monooxygenase enzyme was responsible for initiating
both. Under aerobic conditions, one pathway was found to include the oxidation of the methyl group to produce
2-methylbenzyl alcohol. The other was observed through the oxidation process of the aromatic ring to generate
2, 3-dimethylphenol [29]. In Pseudomonas stutzeri OX1, the situation is different as the mono-oxidation
enzymes act simultaneous on the aromatic ring. They generate 2, 3-dimethylphenol and 3, 4-dimethylphenol
during o-xylene degradation, which are lastly transformed into 3, 4-dimethylcatechol and 4, 5-dimethylcatechol,
respectively [30].

Consequently, the primary objective of this study was to establish a microbial consortium that could be used to
assess the microbial response as defined by diversity and richness shifts, which are linked to changes in growth
conditions. The synthetic consortium was created by isolating indigenous microbial community members from
the Rustumihia WWTPs in 0.5 mM of o-xylene at 25°C and pH 7.0, and then selecting taxa that produced unique
bands on DGGE gels with the highest degradation percentage, according to GC-FID. Later, the consortium was
subjected to four different temperatures, three different o-xylene concentrations and three pH conditions. With
the aid of chemical analysis using the GC-FID method, the o-xylene removal efficiency was measured. The
optimal temperature and pH for o-xylene degradation was identified according to ecological indices of richness
and diversity, which were correlated subsequently with chemical analysis results. The relationships among the
most dominant consortia taxa will be highlighted via the use of ecological indices and assessment of o-xylene
removal efficiency.

This research paper is an overview of the microbial genera inside the Rustumihia wastewater treatment system. It
will also develop an understanding of the microbial structure of a model consortium, which is capable of o-
xylene degradation. Molecular techniques are used to assess the microbial community regarding structure and
function in vitro. Quantitative chemical analysis that is based on GC-FID is used to determine the degradation
rates of o-xylene. Therefore, the current study was conducted to test the hypothesis that the developed microbial
consortium from Rustumihia WWTP will respond differently to stressful growth conditions such as variations in
temperature, pH and alongside with different carbon source (0-xylene) concentrations.
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2.Experimental design: A bacterial consortium was prepared by selecting 15 unique monocultures
according to their DGGE band positions and GC-FID results. Fresh cultures were prepared by
refreshing the frozen stock where (1 mL) of each isolate stock was inoculated into (9 mL) of basic
mineral salt solution, and then subjected to different growth conditions like four different temperatures
(25°C, 35°C, 45°C, 55°C) incubated at dark and on a rotary shaker at (150 rpm) for 14 days, with the
presence of three different concentrations of o-xylene: 0.5, 5 and 50 mM and three different pH 6.5,
7.0 and 7.5. All experiments were done in triplicate to achieve accurate results. After DNA extraction
from monocultures via using Fast DNA™ Spin Kit for Soil (MP Biomedicals, U.S.A.), according to
the manufacturer’s instructions, all ecological indices were calculated using ecological equations (1-
4). Colony DNA extraction for the 15 monocultures were applied and the PCR products were sent to
Genius Laboratories Limited for 16S rDNA sequencing. PCR programme aimed to target the V3
region of the bacterial 16S rRNA genes, from location 341 to 534 which was amplified according to
[31] using the forward primer: 5°-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA
CGG GGG GCC TAC GGG AGG CAG CAG-3" and the reverse primer 5°-ATT ACC GCG GCT
GCT GG-3'. The reaction mixture was composed of 2 uL each DNA extract, 2X PCR Master Mix, 0.5
uL of both the forward and reverse primers, 1.25 pL L™* BSA and molecular grade water up to a final
volume of 25 pL. Thermal-cycling programme consisted of 1 cycle at 95°C for 2 minutes, 35 cycles
of. denaturation at 95°C for 1 minute; annealing at 60°C for 1 minute; extension at 72°C for 1.5
minutes; and final extension at 72°C for 30 minutes. The amplicons were then checked on 1.5% (w/v)
agarose gels as above.

3.Results:

3.1 A developed wastewater microbial consortium

The microbial consortium, which consisted of 15 isolates from distinct stages of the Rustumihia
treatment facility, responded differently to changes in temperatures and carbon source concentrations.
The ecological indices suggested a new way to assess the big scale stability, which was also
complemented by 16S rRNA sequencing of the 15 isolates.

3.2 Temperature

The influence of temperature (ranging from 25°C to 55°C) on a developed wastewater microbial
consortium, regarding o-xylene degradation capacity and efficiency, was investigated with a
gualitative assessment of key ecological indices. Specifically, Hill numbers (equations 1-4).

Equation 1
S
D = /E piq/l/[l—!ﬂ
i=1
General Equation
Equation 2
s
0p= E pi®
i=1

Equation 3

1D =t =g~ i1 pilnpi
Equation 4

Where q = the exponent of species frequencies; s = number of species; pi = proportion of
total sample belonging to its species, e = the base of the natural logarithm
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3.3 Ecological indices profile

Richness (°D)

In Figures 1a, 1b, 1c and 1d a noticeable change was observed in the taxa richness under different o-
xylene concentrations and temperatures. For biomass prediction, taxa richness is not a significant
indicator that ecologists can rely on [9 and 10]. Notwithstanding this, a positive relationship appeared
for community richness (°D) when different o-xylene concentrations were applied to the consortium
under four different temperatures. This suggested different effects on o-xylene utilisation, possibly via
different metabolic pathways, by individual members of the synthetic consortium. The different
growth conditions revealed some idiosyncratic patterns. In Figure 1b, the ecological index of °D was a
good predictor of the environmental variation because its fluctuations represented the consortium’s
catabolic response and were consistent with their degradation efficacy.

In general, Figure 1 demonstrated a significant statistical difference regarding taxa richness at 25°C,
45°C and 55°C with P<0.0001. For 35°C, P was <0.0274.
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Figure 1: Consortia taxa richness, as determined by the Hill number °D, associated with 25°C (a),

35°C (b), 45°C (c) and 55°C (d) following triplicate incubation in the dark for 14 days and with(0.5 (e

), 5 (®) and 50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are

SEM.

Diversity of the common community members (‘D)

Figure 2a, 2b, 2c and 2d showed the diversity of common community members of the synthetic
consortium in the presence of o-xylene at 0.5, 5 and 50 Mm. Statistically significant differences were
recorded for 25°C, 35°C, 45°C and 55°C with P<0.0001.

An observed change was recorded for the consortium, during the first two days of incubation in 0.5
and 5 mM o-xylene (Figure 2d). On day 4, 6 and 10, the consortium members recorded the highest
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value for at 50 mM as 'D = 9.934, 10.206 and 11.163, respectively, and then steady until day 14. In

contrast, for 0.5 mM, the consortium recorded.
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Figure 2:Consortia diversity, as determined by the Hill number 'D, associated with 25°C (a), 35°C
(b), 45°C (c) and 55°C (d) following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (

’) and 50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

The highest values at day 6 and 8 as 'D = 9.499 and 11.106, respectively, from day 8, the consortium
diversity was reduced until the end of the incubation course. For 5 mM, the highest 'D values were on
days 6 and 8 as 10.206 and 8.846, respectively, after which the consortium remained static from day

10 until day 14.

Diversity of the dominant community members (°D)
In general, Figure 3a, 3b, 3c and 3d, highlighted a significant statistical difference for the diversity of
dominant community members. When temperatures 25°C, 35°C 45°C and 55°C applied on developed

consortium and P value were <0.0001.



The First International Conference of Pure and Engineering Sciences (ICPES2020) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 871 (2020) 012015 doi:10.1088/1757-899X/871/1/012015

14 fhal
=15 = 159
5 10 5 10d
. =9
é 5 : g ° i g ¢ s } ° I
I IR IR
E 3 ® H
u L T L] T L L T n T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
(:I Fime {days) Wy i (kv s)
1s. 157
%10— 3 104
£ 3 k I
: 8 * i o .
z 5§ i * I T 5 8 E o @
v S L & G
: s @ 8 o & : I o
0 . r ; . r — 0 — 11—
0 2 4 1] 8 10 12 14 [i] 2 4 [ 8 10 12 14

T falay 1 Time (days)

Figure 3:Consortia diversity, as determined by the Hill number °D, associated with 25°C (a), 35°C
(b), 45°C (c) and 55°C (d) following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (

‘)and 50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

Evenness (‘D/°D)

Figure 4a, 4b, 4c and 4d demonstrate a significant statistical difference for evenness at 25°C, 35°C
45°C and 55°C applied on developed consortium and 0.5, 5 and 50 mM recording P value <0.0001.
According to 'D/°D, the consortium was uneven at 25°C (Figure 4a).

In Figures 4b and 4d, under temperatures of 35°C and 55°C, the consortium showed a consistent effect
of the three o-xylene concentrations except for day 2 as there was a decrease in 'D/°D value as it was
0.465 at 35°C under 0.5 mM and 0.320 for 55°C under 50 mM. Figure 4c revealed a decrease in
'D/°D in the presence of 0.5 mM o- xylene from the start point of inoculation until day 6. There was a
fluctuation in *D/°D for both 5 and 50 mM o-xylene starting from day 0 of inoculation until day 6. The
consortium started to balance again after day 6 and continued to be stable until the end of the
incubation course.
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(b), 45°C (c) and 55°C (d) following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (
‘) and 50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

3.3.1 Effect of pH regarding ecological indices profile

Richness (°D)

Figure 5a, 5b and 5c¢ a displayed a significant statistical difference regarding the consortia richness for
pH 6.5 and 7.0 with P<0.0001. Furthermore, the P value was different for pH 7.5 as it was<0.00009.
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and 7.5 (c) at °C 35 following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (¢) and

50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

Diversity of common community members (‘D)
A significant statistical difference in Figure 6a, 6b and 6c¢ revealed consortia taxa richness for common
community members at pH 6.5 and 7.0 with P<0.0001. The P value for pH 7.5 was <0.0019.
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Figure 6: Consortia diversity, as determined by the Hill number 'D, associated with pH 6.5 (a), 7.0
(b) and 7.5 (c) at 35°C following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (¢)

and 50(*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

Diversity of the dominant community members (°D)

A significant statistical difference was apparent for the consortia taxa diversity for pH 6.5, 7.0 and 7.5
with P<0.0001 in Figure 7a ,7b and 7c. There was a remarkable increase in the dominant taxa value
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with 2D 4.460 at 50 mM on day 4, this decreased again on day 6 with “D value= 2.008, which then
remained static until the end of the study.
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Figure 7: Consortia diversity, as determined by the Hill number °D, associated with pH 6.5 (a), 7.0 (b)
and 7.5 (c) at 35°C following triplicate incubation in the dark for 14 days and with 0.5 (e), 5 (¢) and

50 (*) mM o-xylene. Each datum point is the mean of triplicate samples. Error bars are SEM.

Evenness (‘D/°D)

In general, Figure 8a, 8b and 8c displayed a significant statistical difference regarding the consortia
evenness for pH 6.5, 7.0 and 7.5 with P<0.0001. The highest concentration of o-xylene 50 Mm
showed that the consortium started with ‘D/°D value 0.372 to record a highest value at day 4 and 8
with 0.432. 0.461, respectively. Evenness then fluctuated and reached ‘D/°D value 0.271 at day 14.
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3.3.2 Changes of o-xylene degradation by a developed consortium

The biodegradation of o-xylene by the mixed consortium was carried out at an initial concentration of
0.5, 5 and 50 mM of o-xylene at pH = 7.0 The results are exhibited in Figures 9, 10 and 11
respectively. Figure 9a, 9b, 9c and 9d revealed that the consortium had good removal efficiencies of o-
xylene at four temperatures and different o-xylene concentrations. The consortium grew between
25°C and 55 °C but the maximum removal of o-xylene occurred at 45°C firstly, 35°C and then 55°C
secondly.

Figure 10 a, 10b, 10c and 10d revealed that the consortium preformed a good removal efficiency of o-
xylene at 25°C and 35°C with 5 mM of o-xylene.
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Figure 11a, 11b, 11c and 11d revealed the P value <0.0001 with 50 Mm of o-xylene and temperature
35°C had an effect where the o-xylene degradation efficacy is as explained with Figure 12c. The four
different temperature were significant regarding o-xylene degradation efficacy.
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Figure 9: Changes in o-xylene concentrations at 25°C (a; consortium B~ Ab -#) 35°C (b;
consortium -©-, Ab ), 45°C (c; consortium -3 , Ab A), and 55°C (d; consortium ==, Ab —- ).
Consortium and abiotic controls (Ab) were subjected to 0.5 mM o-xylene and incubated at 150 rpm

and different temperatures for 14 days. Each datum point is the mean of triplicate samples. Error bars
are SEM.
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Figure 10: Changes in o-xylene concentrations at 25°C (a; consortium B~ Ab -#) 35°C (b;

consortium -©-, Ab “#), 45°C (c; consortium -3 , Ab A), and 55°C (d; consortium ==, Ab —- ).
Consortium and abiotic controls (Ab) were subjected to 5 mM o-xylene and incubated at 150 rpm and
different temperatures for 14 days. Each datum point is the mean of triplicate samples. Error bars are
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Figure 11: Changes in o-xylene concentrations at 25°C (a; consortium B~ Ab -=) 35°C (b;
consortium -©-, Ab “®), 45°C (c; consortium -3 , Ab A) and 55°C (d; consortium ==, Ab —- ).
Consortium and abiotic controls (Ab) were subjected to 50 mM o-xylene and incubated at 150 rpm

and different temperatures for 14 days. Each datum point is the mean of triplicate samples. Error bars
are SEM.
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Figure 12: The efficacy of o-xylene degradation per day (control o and consortiumm ). Efficacy
calculated by fitting an exponential trend line to the data for (a) 0.5, (b) 5 and (c) 50 mM of o-xylene
at different temperatures.
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3.4 Sequencing for members of the developed consortium

Wastewater enters the Rustumihia plant and contains high concentrations of inorganic and organic
contaminants. This was revealed by COD levels, according to original data collected from the same
plant [32 & 33]. Generally, wastewater microbial community diversity is important since different
variables such as pH, COD and BOD ratios are drivers of variation in stable wastewater treatment
plants. For this study, individual members of the synthetic microbial community, which were drawn
from distinct stages of the Rustumihia treatment plant, responded differently to changes in temperature
and carbon source concentration. As a result, it was essential to establish if the observed structural
changes of the consortia were linked to compositional shifts.

All the 15 isolates that generated unique DGGE bands and had high efficiencies to degrade o-xylene
were identified via comparing their 16S rRNA consensus sequence data to information in the National
Centre for Biotechnology Information (NCBI) GenBank databases with the aid of n-BLAST. The
sequences with a score of more than 99% were considered to be of the same bacterial species as those
identified in the GenBank. Thus, DNA sequencing results identified the microbial species that have
the ability to tolerate 0.5 mM o-xylene as evident in Table 1.

Overall, the 15-member synthetic consortium consisted of six Gram-negative bacteria: Serratia sp.,
Echerichia coli, Klebsiella sp., Pseudomonas sp., Bacillius sp. and Stenotrophomonas sp. and one
Gram-positive Streptomyces sp. The 16S rRNA consensus sequence data revealed Stenotrophomonas
sp., Serratia sp, and Bacillus sp to be the most common bacterial classes across all four stages of the
Rustumihia treatment plant. All of the consortia species had the ability to tolerate o-xylene at a
concentration of 0.5 mM.

Table 1: 16S rRNA consensus sequence data compared with the information in the NCBI GenBank
data bases via n-BLAST.

Sample | Bacterial species Total score Query cover Identity Accession
type Number
S1/1 Serratia ficaria strain 21697 100% 99% LT906479.1

NCTC12148. Genome
assembly; chromosome 1

S1/2 Echerichia coli strain 29823 99% 99% CP007390.1
ST540. Complete genome.

S1/3 Stenotrophomonas sp. 4798 100% 99% CP017483.1
LMO091. Complete
genome.

S1/4 Echerichia coli strain C8. | 24733 100% 99% CP010125.1
Complete genome.

S1/8 Bacillus subtilis strain 19804 100% 99% CP018173.1
MJO01. Complete genome.

S2/13 Klebsiella variicola strain | 24995 100% 99% CP012252.1
HKUOPIA

S2/17 Serratia ficaria strain 21025 99% 99% LT906479.1

NCTC12148. Genome
assembly; chromosome 1.
S3/18 Pseudomonas sp. 17525 100% 99% AP014637.1
STFLB209 DNA
Complete genome.

S3/19 Bacillius subtilis starin 14427 97% 100% CP020367.1
GQJK2. Complete
genome.

S3/22 Serratia marcescens SM39 | 20192 100% 99% AP013063.1
DNA. Complete genome.

S3/24 Streptomyces sp. Strain 3117 100% 100% KY362392.1

RKND-187 16S ribosomal
RNA gene. Partial
sequence.

S3/25 Stenotrophomonas 9324 100% 99% CP007597.1
rhizophila strain
DSM14405 genome.

S3/28 Stenotrophomonas sp 9374 100% 99% CP017483.1

LMO091. Complete
genome.

S4/38 Bac