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Appendix 3 (a)

Table 3 (A). Biodegradation of p-cresol by various microorganisms

Microorganism Max. Conc. Operating Removal time Author
(mg L") of PC  condition
Stenotrophomonas sp. 500 mg L™ 27°C,pH7 100% in48h  Beraetal,
(MF004205) (2019)
Serratia marcescens 85mgL* Not available  85% in 18 h Singh et al.,
ABHI001 (2017)
Pseudomonas putida 200 mg L* 35°C,pH8, 85%in4h Surkatti et al.,
Immobilized (2014)
on PVA
Pseudomonas spp. 100 mg L* 30°C,pH 8 100% in 36.9  Hamitouche
h etal., (2014)
Bacillus sp. PHN 1 4326 mg L* 30°C,pH7 96% in 120 h  Tallur et al.,
(2009)
Pseudomonas 1200 mg L* Not available  100% in 40 h  Panigrahy et
citronellolis NS1 al., (2020)
Advenella sp. 750 mg L™* 30°C,pH7 100% in less Xenofontos et
than 100 h al., (2016)
Bacillus sp. strain 200 mg L™* room temp., 100% removal Tallur et al.,
PHN 1 pH 7.5, in 168 h (2006)
150 rpm
Stenotrophomonas 540 mg L™ 100% removal Wojcieszynska
maltophilia strain 30 °C, in24 h et al., (2011)
KB2 pH 7.1,
130 rpm
Arthrobacter sp. W1 500 mg L™ 30 °C, pH 100% removal Wang et al.,
7.0,150rpm  in88h (2009)
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Appendix 3 (b)

MW879529.1:57-1454 Serratia marcescens strain TP1 16S ribosomal RNA gene partial sequence
MW689241.1:43-1440 Serratia ureilytica strain PHC 044 168 ribosomal RNA gene partial sequence
MZ477005.1:57-1454 Serratia marcescens strain P3 168 ribosomal RNA gene partial sequence
MG545631.1:44-1441 Bacterium strain VC-42 165 ribosomal RNA gene partial sequence

MF433049.1:9-1406 Serratia marcescens strain RRNII2 168 ribosomal RNA gene partial sequence
MN636438.1:57-1454 Serratia marcescens strain VMG14 168 ribosomal RNA gene partial sequence
MN960115.1:57-1454 Serratia marcescens strain WES1 168 ribosomal RNA gene partial sequence

MT263018.1:57-1454 Serratia marcescens strain Gol3 16S ribosomal RNA gene partial sequence

MT941422.1:26-1423 Serratia marcescens strain GWN2 168 ribosomal RNA gene partial sequence

EU371058.1:33-1431 Serratia marcescens strain HL1 168 ribosomal RNA gene partial sequence

0.000050

Fig. (A-3.1) Phylogenetic tree of potential bacterial species Serratia marcescens strain
HL 1 after the characterization the 16S rRNA technique

Appendix 3 (c)

Predicted vs. Actual
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Fig. (A-3.2) Relationship between actual and predicted value
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Appendix 3 (d)
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Fig. (A-3.3) FTIR spectra of p-cresol biodegradation

Appendix 3 (e)

Seed Germination

Control Treated Untreated

Fig. (A-3.4) Seed germination
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Seed Growth

Control - Treated Untreated
Fig. (A-3.5) Seed growth

Appendix 4 (a)
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bp
Fig. (A-4.1) Aligned Sequence (Data of Sample PCR amplification images)

PCR amplified 16s 'RNA

GCCCTCCCGAAGGTTAAGCTACCTACTTCTTTTGCAACCCACTCCCATGGTGTGACGGGCGGTG
TGTACAAGGCCCGGGAACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCCGACT
TCATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGTACTTTATGAGGTCCGCTTGCTCT
CGCGAGGTCGCTTCTCTTTGTATACGCCATTGTAGCACGTGTGTAGCCCTACTCGTAAGGGCCA
TGATGACTTGACGTCATCCCCACCTTCCTCCAGTTTATCACTGGCAGTCTCCTTTGAGTTCCCG
GCCGAACCGCTGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATTTCAC
AACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGAGTTCCCGAAGGCACCAATCCATCTC
TGGAAAGTTCTCTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACAT
GCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCC
AGGCGGTCGATTTAACGCGTTAGCTCCGGAAGCCACGCCTCAAGGGCACAACCTCCAAATCGAC
ATCGTTTACAGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTGA
GCGTCAGTCTTCGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTACGCATTTC
ACCGCTACACCTGGAATTCTACCCCCCTCTACGAGACTCTAGCTTGCCAGTTTCAAATGCAGTT
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CCCAGGGTTGAGCCCGGGGATTTCACATCTGACTTAACAAACCCCCTGCGTGCGCTTTACGCCC
AGTAATTCCGATTAACGCTTGCACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGT
GCTTCTTCTGCGAGTAACGTCAATTGATGAGCGTATTAAGTTCACCACCTTCCTCCTCGCTGAA
AGTGCTTTACAACCCGAAGGCCTTCTTCACACACGCGGCATGGCTGCATCAGGCTTGCGCCCAT
TGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGC
TGGTCATCCTCTCAGACCAGCTAGGGATCGTCGCCTAGGTGAGCCATTACCCCACCTACTAGCT
AATCCCATCTGGGCACATCTGATGGCAAGAGGCCCGAAGGTCCCCCTCTTTGGTCTTGCGACGT
TATGCGGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTCCATCAGGCAGTTTCCCAGACATTA
CTCACCCGTCCGCCGCTCGTCACCCAGGGAGCAAGCTCCCCTGTGCTACCGCTC

Fig. (A-4.2) Sequence of isolated bacterial species (Serratia marcescens strain HL1)

H

0.000050

MW879529.1:57-1454 Serratia marcescens strain TP1 165 ribosomal RNA gene partial sequence
MW689241.1:43-1440 Serratia ureilytica strain PHC 044 16 S ribosomal RNA gene partial sequence
MZ477005.1:57-1454 Serratia marcescens strain P3 168 ribosomal RNA gene partial sequence
MG545631.1:44-1441 Bacterium strain VC-42 165 ribosomal RNA gene partial sequence
MF433049.1:9-1406 Serratia marcescens strain RRNII2 165 ribosomal RNA gene partial sequence
MN636438.1:57-1454 Serratia marcescens strain VMG14 165 ribosomal RNA gene partial sequence
MN960115.1:57-1454 Serratia marcescens strain WES1 168 ribosomal RNA gene partial sequence
MT263018.1:57-1454 Serratia marcescens strain Gol3 165 ribosomal RNA gene partial sequence
MT941422.1:26-1423 Serratia marcescens strain GWN2 165 ribosomal RNA gene partial sequence

L EU371058.1:33-1431 Serratia marcescens strain HL1 165 ribosomal RNA gene partial sequence

Fig. (A-4.3) Phylogenetic tree of potential bacterial species Serratia marcescens strain HL 1

after the characterization the 16S rRNA technique

Lane Description
L- Ladder(S00bp)
1- Ochrobactrum
intermedium VrB9

2.5kb —

soobp —*

Genomic DINA gel

Electrophoresisimage
PCR amplified 16s rRINA

500 bp ladder comntains 10 DINA
fragments of size 300 bp,1000 bp,
1500 bp, 2000 bp, 2500 bp, 3000
bp.3500 bp. 4000 bp. 4500 bp and
S000 bp

Fig. (A-4.4) Aligned Sequence (Data of Sample PCR amplification images)
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CCTGCCTCCTTGCGGTTAGCACAGCGCCTTCGGGTAAAACCAACTCCCATGGTGTGACGGGCGG
TGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAA
CTTCATGCACTCGAGTTGCAGAGTGCAATCCGAACTGAGATGGCTTTTGGAGATTAGCTCACAC
TCGCGTGCTCGCTGCCCACTGTCACCACCATTGTAGCACGTGTGTAGCCCAGCCCGTAAGGGCC
ATGAGGACTTGACGTCATCCCCACCTTCCTCTCGGCTTATCACCGGCAGTCCCCTTAGAGTGCC
CAACTGAATGCTGGCAACTAAGGGCGAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCA
CGACACGAGCTGACGACAGCCATGCAGCACCTGTCTCCGATCCAGCCGAACTGAAGGATAGTGT
CTCCACTAACCGCGATCGGGATGTCAAGGGCTGGTAAGGTTCTGCGCGTTGCTTCGAATTAAAC
CACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTTAATCTTGCGACCGTAC
TCCCCAGGCGGAATGTTTAATGCGTTAGCTGCGCCACCGAAGAGTAAACTCCCCAACGGCTAAC
ATTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCAC
CTCAGCGTCAGTAATGGTCCAGTGAGCCGCCTTCGCCACTGGTGTTCCTCCGAATATCTACGAA
TTTCACCTCTACACTCGGAATTCCACTCACCTCTACCATACTCAAGACTAACAGTATCAAAGGC
AGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTATTAGCCCGCCTACGTGCGCTTTACG
CCCAGTAAATCCGAACAACGCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCC
GGGGCTTCTTCTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGCTTTACAACCCTAGGGCC
TTCATCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAATATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCT
ATGGATCGTCGCCTTGGTAGGCCTTTACCCCACCAACTAGCTAATCCAACGCGGGCCGATCATT
TGCCGATAAATCTTTCCCCCCCATAAAATGCCAGGGCATTTTATGATTCCTGAAATTTTAAAGG
GGGGCACATACGGTATTAGCACAAGTTTCCCTGAGTTATTCCGTAGCAAATGGTACGTTCCCAC
GCGTTACTCACCCGTCTGCCGCTCCCCTTGCGGGGCGCTCGA

Fig. (A-4.5) Sequence of isolated bacterial species (Ochrobactrum intermedium VrB9)
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KT366923.1:24-1390 Ochrobactrum sp. CPD-03 165 ribosomal RNA gene partial sequence

KT818724.1:51-1417 Bacterium B23 168 ribosomal RNA gene partial sequence

MH256534.1:27-1393 Brucella ciceri strain SC148 168 rihosomal RNA gene partial sequence

MH256535.1:27-1393 Brucella ciceri strain SC149 168 ribosomal RNA gene partial sequence

MT542334.1:48-1414 Ochrobactrum sp. strain HBUM206459 16S ribosomal RNA gene partial sequence

0P986574.1:55-1440 Brucella intermedia strain AF$092029 168 ribosomal RNA gene partial sequence

KC493414.1:29-1412 Ochrobactrum sp. P2 168 ribosomal RNA gene partial sequence

L T986194.1:1-1371 Ochrobactrum intermedium partial 165 rRNA gene isolate VrB9

‘ MT383661.1:17-1402 Brucella intermedia strain NPFL1 16S ribosomal RNA gene partial sequence

‘ AM490631.1:20-1405 Ochrobactrum intermedium partial 168 rRNA gene strain CCM 7036

 —
0.00020

Fig. (A-4.6) Phylogenetic tree of potential bacterial species Ochrobactrum intermedium
VrB9 after the characterization the 16S rRNA technique

Appendix 4 (b)
Table 4 (A)
Bacterial strain % removal
S1 56+1.23
S2 45+2 .32
S1+S2 72+2.85

S1: Serratia marcescens strain HL 1
S2: Ochrobactrum intermedium \VrB9

S1+S2: Serratia marcescens strain HL 1 + Ochrobactrum intermedium \/rB9
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Appendix 4 (c)

Fig. (A-4.7) SEM analysis of carrier before (0" day) and after formation (15" day) of
biofilm

Appendix 4 (d)

% Transmitance

L] L] L L L L
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Fig. (A-4.8) FTIR spectra of biodegraded p-cresol
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Fig. (A-4.9) Proposed metabolic path for the bacterial consortia to biodegraded p-

cresol
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Appendix 4 (g) Appendix 4 (h)
(a) Acute effects s+ Control
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Fig. (A-4.10) Acute bioluminescence Fig. (A-4.11) bioluminescence intensity of
intensity of p-cresol (|n|tl|al p-cresol (initial concentration 500 mgL™)
concentration 500 mgL™) control control (distilled water), CS, BS and WD
(distilled water), CS, BS and WD p- p-cresol
Appendix 4 (i)
100
] [ Acute effects CS: Continuous mode operation
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Fig. (A-4.12) Acute and chronic % bioluminescence inhibition of p-cresol (initial
concentration 500 mgL™) CS, BS and WD p-cresol
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Appendix 5 (a)

MWB879529.1:57-1454 Serratia marcescens strain TP1 16S ribosomal RNA gene partial sequence
MW689241.1:43-1440 Serratia ureilytica strain PHC 044 168 ribosomal RNA gene partial sequence
MZ477005.1:57-1454 Serratia marcescens strain P3 165 ribosomal RNA gene partial sequence
MG545631.1:44-1441 Bacterium strain VC-42 16S ribosomal RNA gene partial sequence

MF433049.1:9-1406 Serratia marcescens strain RRNII2 165 ribosomal RNA gene partial sequence

MNG636438.1:57-1454 Serratia marcescens strain VMG14 168 ribosomal RNA gene partial sequence
MN960115.1:57-1454 Serratia marcescens strain WES1 165 ribosomal RNA gene partial sequence

MT263018.1:57-1454 Serratia marcescens strain Gol3 16S ribosomal RNA gene partial sequence

MT941422.1:26-1423 Serratia marcescens strain GWN2 16S ribosomal RNA gene partial sequence

EU371058.1:33-1431 Serratia marcescens strain HL1 165 ribosomal RNA gene partial sequence

0.000050

Fig. (A-5.1) Phylogenetic tree of potential bacterial species Serratia marcescens strain
HL 1 after the characterization of the 16S rRNA technique

Appendix 5 (b)

KT366923.1:24-1390 Ochrobactrum sp. CPD-03 165 ribosomal RNA gene partial sequence
KT818724.1:51-1417 Bacterium B23 16S ribosomal RNA gene partial sequence
MH256534.1:27-1393 Brucella ciceri strain SC148 16S ribosomal RNA gene partial sequence
MH256535.1:27-1393 Brucella ciceri strain SC149 168 ribosomal RNA gene partial sequence

MT542334.1:48-1414 Ochrobactrum sp. strain HBUM206459 16S ribosomal RNA gene partial sequence

OP986574.1:56-1440 Brucella intermedia strain AFS092029 16S ribosemal RNA gene partial sequence

KC493414.1:29-1412 Ochrobactrum sp. P2 16S ribosomal RNA gene partial sequence

LT986194.1:1-1371 Ochrobactrum intermedium partial 16S rRNA gene isolate VrB9

| MT383651.1:17-1402 Brucella intermedia strain NPFL1 165 ribosomal RNA gene partial sequence

|AM49I]EJ1.1:2I]-14I]5 Ochrobactrum intermedium partial 16S rRNA gene strain CCM 7036

—
0.00020

Fig. (A-5.2) Phylogenetic tree of potential bacterial species Ochrobactrum intermedium
VrB9 after the characterization the 16S rRNA technique
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Appendix 5 (c)
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Fig. (A-5.3) Comparative study of inhibitory action of TiO2 nanoparticles

corresponding to gram positive (S. aureus) and gram-negative bacteria (E. coli)

Appendix 5 (d) Appendix 5 (e)
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Fig. (A-5.4) Effect of pH on photocatalytic ~ Fig. (A-5.5) Effect of dose of
degradation of p-cresol (concentration: 100 photocatalytic degradation of p-cresol
mg L?; Catalyst dose: 0.5g L, (concentration: 100 mg L; pH: 7,
irradiation time 300 min irradiation time 300 min)

Appendix 5 (f)
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——Photocatalytic + Biodegradation
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Fig. (A-5.6) FTIR spectra of p-cresol solution

Appendix 5 (g)
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Fig. (A-5.7) Comparative study of experimental value with different Growth inhibition
kinetic model
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Appendix 6 (a)

1% removal of MBD[_]% removal of p-cresol
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Fig. (A-6.1) Effect of Sodium acetate on simultaneous % removal of p-cresol and
methylene blue dye
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