Characterization and Optimization of Azo Dyes Degrading Microbes Isolated from Textile Effluent
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[bookmark: _Hlk161314355]Table S1: Properties of the model dyes
	Properties
	Methyl Red
	Direct Yellow -12
	Acid Black 210

	No. of Azo bonds
	1
	2
	3

	CAS number
	493-52-7
	2870-32-8
	99576-15-5

	EC number
	207-776-1
	220-698-2
	421-880-6

	CI
	13020
	24895
	300285

	Synonyms
	Acid Red 3
	Chrysophenine G
	Jet Black

	Light Fastness
	1-2
	5
	6
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Fig. S1: Effect of Incubation time on decolorization of model dyes.
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Fig. S2: Effect of pH on decolorization of model dyes
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Fig. S3: Effect of initial Concentration on decolorization of model dyes.
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Fig. S4: Effect of Temperature on decolorization of model dyes.

Table S2: Experimental and predicted responses of model dyes
	MR
	DY 12
	AB 210

	Response
	Predicted
	Response
	Predicted
	Response
	Predicted

	77.18
	84.61
	70.12
	76.80
	53.99
	56.80

	32.20
	33.37
	35.31
	36.11
	12.08
	16.11

	15.791
	11.61
	14.65
	16.86
	8.042
	11.86

	31.25
	29.44
	28.03
	27.99
	18.78
	21.99

	10.11
	13.74
	18.95
	17.31
	11.50
	15.31

	19.74
	25.16
	16.94
	18.89
	7.39
	12.89

	78.29
	79.61
	70.69
	73.80
	54.25
	58.80

	36.70
	38.16
	31.89
	34.98
	26.41
	24.68

	17.18
	22.89
	14.95
	19.56
	12.81
	10.56

	79.16
	81.61
	71.52
	74.80
	56.80
	54.80

	14.36
	11.33
	15.18
	19.26
	28.35
	30.26

	54.36
	51.33
	48.25
	41.13
	34.12
	31.13

	53.95
	57.12
	45.41
	37.07
	33.22
	33.07

	78.91
	84.61
	69.96
	74.80
	53.24
	54.80

	82.82
	85.52
	79.37
	79.69
	59.74
	61.69

	14.53
	17.15
	32.15
	31.88
	36.63
	34.88

	78.263
	72.61
	71.25
	74.80
	53.39
	56.26

	53.05
	53.12
	28.17
	31.01
	22.85
	19.01

	78.07
	79.61
	70.93
	72.80
	53.60
	54.80

	32.822
	35.52
	25.25
	24.31
	19.59
	14.31



[bookmark: _Hlk172642420]Table S3: Statistical Coefficients and their significant values of Methyl Red

	[bookmark: _Hlk191634495]
	Estimate
	Std. Error
	t value
	Pr(>|t|)
	

	Intercept
	-287.1566606
	42.30949213
	-6.78705052
	4.81681E-05
	***

	ph_actual 
	48.51233381
	6.461607748
	7.507780679
	2.04445E-05
	***

	temp_actual
	8.806907667
	1.291024494
	6.821642583
	4.6162E-05
	***

	conc_actual 
	0.68398723
	0.155251513
	4.405671901
	0.001323317
	**

	ph_actual:temp_actual
	-0.226077154
	0.095686049
	-2.36269714
	0.03976981
	*

	ph_actual:conc_actual
	-0.014024716
	0.01275814
	-1.09927593
	0.029740758
	*

	temp_actual:conc_actual 
	0.006333333
	0.002551628
	2.482075523
	0.032427357
	*

	ph_actual^2 
	-2.996140169
	0.358670816
	-8.35345401
	8.04717E-06
	***

	temp_actual^2  
	-0.115945887
	0.014268373
	-8.1260763
	1.02651E-05
	***

	conc_actual^2 
	-0.002388111
	0.000252274
	-9.46633796
	2.62157E-06
	***









Table S4: Statistical Coefficients and their significant values DY-12
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)
	

	Intercept
	-141.191
	24.21233
	-5.83136
	0.000166
	***

	ph_actual 
	27.79738
	3.697765
	7.517347
	2.02E-05
	***

	temp_actual
	4.908006
	0.738811
	6.643117
	5.76E-05
	***

	conc_actual 
	0.260902
	0.088845
	2.936592
	0.014872
	*

	ph_actual:temp_actual
	0.19226
	0.054758
	3.511078
	0.005622
	**

	ph_actual:conc_actual
	0.019122
	0.007301
	2.619013
	0.025641
	*

	temp_actual:conc_actual 
	0.004309
	0.00146
	2.950678
	0.014518
	*

	ph_actual^2 
	-2.68646
	0.205255
	-13.0884
	1.29E-07
	***

	temp_actual^2  
	-0.0996
	0.008165
	-12.1985
	2.5E-07
	***

	conc_actual^2 
	-0.00156
	0.000144
	-10.8071
	7.77E-07
	***



Table S5: Statistical Coefficients and their significant values AB-210
	
	Estimate
	Std. Error
	t value
	Pr(>|t|)
	

	Intercept
	-115.541
	8.056022
	-14.3422
	5.38E-08
	***

	ph_actual 
	19.16861
	1.230335
	15.57999
	2.43E-08
	***

	temp_actual
	3.87227
	0.24582
	15.75246
	2.18E-08
	***

	conc_actual 
	0.43288
	0.029561
	14.64364
	4.4E-08
	***

	ph_actual:temp_actual
	0.028808
	0.018219
	1.58116
	0.0144923
	*

	ph_actual:conc_actual
	0.012158
	0.002429
	5.004715
	0.000534
	***

	temp_actual:conc_actual 
	0.001249
	0.000486
	2.571104
	0.027838
	*

	ph_actual^2 
	-1.59097
	0.068293
	-23.2961
	4.81E-10
	***

	temp_actual^2  
	-0.06071
	0.002717
	-22.345
	7.24E-10
	***

	conc_actual^2 
	-0.00168
	4.8E-05
	-34.9354
	8.75E-12
	***



The p-value determines the significance of the model values; ‘***’ denotes p-value < 0.001, ‘**’ denotes p-value < 0.01, ‘*’ denotes p-value <0.05, ‘.’ denotes p-value < 0.1. 


Table S6: Conserved and variable regions
	
	Sequence
	Total positions
	Conserved regions
	Variable regions

	1
	AKSKSLAB01
	1162
	1084
	113

	2
	AKSKSLAB02
	1411
	1297
	95

	3
	AKSKSLAB03
	1407
	1270
	111

	4
	AKSKSLAB04
	1425
	1239
	181
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[bookmark: _Hlk156918780][bookmark: _Hlk156918768]Fig. S5: Phylogenetic analysis of Sphingomonas mali strain AKSKSLAB01 against other species of Sphingomonas
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Fig. S6: Phylogenetic analysis of Shewanella Putrefaciens AKSKSLAB02 against other species of Shewanella
[image: ]
Fig. S7: Phylogenetic analysis of Pseudomonas luteola AKSKSLAB03 against other species of Pseudomonas

[bookmark: _Hlk161315114]Table S7: Thermodynamics of the novel strains
	[bookmark: _Hlk161315133]Strain
	Structural Element
	δG
	Information

	
Sphingomonas mali strain AKSKSLAB01 16S
δG = -450.30 kcal/mol


	External loop
	-2.80
	11 ss bases & 3 closing helices

	
	[bookmark: Structure_1_2_1077]Stack
	-2.10
	External closing pair is U 1141-A 1162

	
	Multi-loop
	0.60
	[bookmark: Structure_1_89_1133]External closing pair is C 89-G 1133
5 ss bases & 3 closing helices.

	
	Helix
	-12.10
	7 base pairs.

	
	[bookmark: Structure_1_1369_1381][bookmark: Structure_1_46_1064]Hairpin loop
	5.10
	Closing pair is U 1069-G 1075

	
	[bookmark: Structure_1_52_1056]Interior loop
	0.80
	External closing pair is C 942-G 1110

	
	Bulge loop
	1.40
	External closing pair is U 386-A 798

	[bookmark: _Hlk168910618]Shewanella putrefaciens strain AKSKSLAB02
δG = -550.80 kcal/mol


	External loop
	-1.90

	2 ss bases & 2 closing helices.

	
	Stack
	-3.30
	External closing pair is G 13-C 1403

	
	Multi-loop
	0.70
	[bookmark: Structure_1_58_1353]External closing pair is G 17-C 1398
24 ss bases & 3 closing helices.

	
	Helix
	-2.40
	2 base pairs.

	
	Hairpin loop
	5.10

	Closing pair is G 1312 - C 1322

	
	Interior loop
	-1.10
	External closing pair is C 953-G 1108

	
	Bulge loop
	0.50
	External closing pair is G 8-C 1410

	Pseudomonas luteola strain AKSKSLAB03
[bookmark: _Hlk168910606]
δG =-538.90 kcal/mol




	External loop
	-1.90

	9 ss bases & 1 closing helices.

	
	Stack
	-2.20
	External closing pair is G 42-C 1421

	
	Multi-loop
	-0.5.
	External closing pair is C 14-G 1394
4 ss bases & 3 closing helices.

	
	Helix
	-9.40
	2 base pairs.

	
	Hairpin loop
	6.10

	Closing pair is A 1296-U 1306

	
	Interior loop-
	0.40
	external closing pair is A 189-U 1376

	
	Bulge loop
	1.70
	External closing pair is A 12-U 1397
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Fig. S8: Hill plot: energy and entropy distribution of 16S rRNA for Sphingomonas Mali AKSKSLAB01
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Fig. S9: 16S rRNA secondary structure of Sphingomonas Mali AKSKSLAB01
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Fig.S10: Hill plot: energy and entropy distribution of 16S rRNA for Shewanella Putrefaciens AKSKSLAB02
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Fig. S11: 16S rRNA secondary structure of Shewanella Putrefaciens AKSKSLAB02
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Fig.S12: Hill plot: energy and entropy distribution of 16S rRNA for Pseudomonas lueteola AKSKSLAB03
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Fig. S13: 16S rRNA secondary structure of Pseudomonas Leuteola AKSKSLAB03
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NR 113762.1:86-1245 Sphingomonas mali strain NBRC 15500 165 ribosomal RNA partial sequence
NR 026374.1:86-1245 Sphingomonas malisirain IFO 15500 165 ribosomal RNA partial sequence

NR 113760.1:86-1245 Sphingomonas pruni sirain NBRC 15498 16S ribosomal RNA partal sequence

NR 026373.1:86-1245 Sphingomonas pruni srain IFO 15498 165 ribosomal RNA partial sequence

NR 028327.1:86-1245 Sphingomonas asaccharolytica siain Y-345 168 ribosomal RNA partial sequence
NR 178890.1:86-1245 Sphingomonas panacisol strain HKS19 168 ribosomal RNA partil sequence

NR 024685.1:86-1244 Sphingomonas oligophenolica strain $213 16 ribosomal RNA partal sequence
NR 113868.1:86-1245 Sphingomonas koreensis strain NBRC 16723 168 ribosomal RNA partial sequence
NR 025324.1:86-1245 Sphingomonas leidyi strain ATCC 15260 168 ribosomal RNA partial sequence

NR 112027.1:68-1227 Sphingomonas leidyi strain ATCC 15260 16 ribosomal RNA partial sequence

NR 042183.1:79-1238 Sphingomonas panni siain C52 16 ribosomal RNA partal sequence

NR 116570.1:86-1245 Sphingomonas hankookensis strain ODN7 168 ribosomal RNA partial sequence
NR 109167.1:85-1244 Sphingomonas cynarae strain SPC-1 165 ribosomal RNA partial sequence

NR 044187.1:88-1248 Sphingomonas insulae strain DS-28 16 ribosomal RNA partal sequence

NR 113867.1:86-1245 Sphingomonas aquatiis sirain NBRC 16722 168 ribosomal RNA partal sequence
NR 028626.1:86-1245 Sphingomonas melonis sirain DAPP-PG 224 165 ribosomal RNA partial sequence.
NR 043264.1:85-1245 Sphingomonas yunnanensis sirain YIM 003 16 ribosomal RNA partal sequence

- Sphingomonas mali strain AKSKSLABO1 16S ribosomal RNA gene partial sequence

NR 133866.1:124-1283 Sphingomonas yantingensis strain 1007 16 ribosomal RNA partal sequence

NR 157651.1:105-1264 Sphingomonas spermidinifaciens strain SNM-10 16S ribosomal RNA parial sequence




image6.png
'NR 044863.1:28-1417 Shewanella putrefaciens sirain Hammer 95 16 ribosomal RNA partial sequence
NR 11141.1:25-1416 Shewanella putrefaciens sirain ATCC 8071 16 ribosomal RNA partial sequence

NR 113582.1:26-1415 Shewanella putrefaciens strain NERC 3908 165 ribosomal RNA partial sequence

NR 104770.1:41-1430 Shewanella profunda strin LT13a 16 ribosomal RNA partial sequence

'NR 041296.1:3-1392 Shewanella hafniensis strain PO10 165 ribosomal RNA partal sequence

NR 153722.1:46-1435 Shewanella inventionis strin KX27 16 ribosomal RNA partal sequence

'NR 044418.1:1-1390 Shewanella basalts sirain J83 165 ribosomal RNA partal sequence

NR 116732.1:46-1435 Shewanella xiamenensis siain $4 16 ribosomal RNA partial sequence

'NR 074798.1:44.1433 Shewanella oneidensis strain MR-1 165 ribosomal RNA partia sequence

'NR 113967.1:26-1415 Shewanella hafniensis sirain NBRC 100975 16S ribosomal RNA partal sequence

NR 178284.1:20-1412 Shewanella arctica Qoura et al 2014 strain - 40-3 168 ribosomal RNA partal sequence
'NR 025267.1:44-1435 Shewanelia baltica strain 63 165 ribosomal RNA partial sequence

NR 114022.1:26-1415 Shewanella glacialipiscicola sirain NBRC 102030 16 ribosomal RNA partial sequence.
'NR 041298.1:3-1392 Shewanella glacialipiscicola srain T147 16 ribosomal RNA partial sequence

'NR 041299.1:7-1396 Shewanella morhuae sirain 1417 16 ribosomal RNA partial sequence

'NR 113968.1:26-1415 Shewanella morhuae strain NBRC 100978 165 ribosomal RNA partal sequence

'NR 108852.1:26-1415 Shewanella seohacnsis sirain S7-3 16 ribosomal RNA partal sequence
'NR 025610.1:12-1401 Shewanella decolorationis sirain $12 16 ribosomal RNA partal sequence

'NR 114233.1:26-1415 Shewanella decolorationis sirain NBRC 103170 16S ribosomal RNA partal sequence
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NR 114224.1:32-1412 Pseudomonas monteili strain NBRC 103158 16 ribosomal RNA partial sequence

NR 024910.1:43-1423 Pseudomonas monteili strain CIP 104883 16 ribosomal RNA partial sequence

NR 181196.1:55-1435 Pseudomonas ceruminis strain BML-PP028 165 ribosomal RNA partal sequence

NR 114226.1:32-1412 Pseudomonas plecoglossicida strain NBRC 103162 16 ribosomal RNA partial sequence

NR 024662.1:52-1432 Pseudomonas plecoglossicida strain FPC951 165 ribosomal RNA partial sequence

NR 178898.1:42-1422 Pseudomonas laurentiana strain GSL-010 16 ribosomal RNA partial sequence

NR 178595.1:19-1398 Pseudomonas aloputida strain Kn7 16 ribosomal RNA partial sequence
NR 181197.1:52-1432 Pseudomonas urethrals strain BML-PP042 16 ribosomal RNA partial sequence
NR 178339.1:52-1432 Pseudomonas faucium strain BML-PPO48 16 ribosomal RNA partial sequence

NR 178547.1:12-1393 Pseudomonas hunanensis strain LV 1S ribosomal RNA partial sequence

NR 178314.1:32-1412 Pseudomonas piscis strain MC042 16 ribosomal RNA partial sequence

NR 168429.1:53-1433 Pseudomonas piscis strain CMAA1215 165 ribosomal RNA partial sequence

NR 113651.1:32-1412 Pseudomonas putida strain NBRC 14164 165 ribosomal RNA partal sequence

NR 178985.1:52-1432 Pseudomonas crudiiacts sirain UCMA 179883 165 ribosomal RNA partal sequence

NR 116904.1:44-1424 Pseudomonas benzenivorans sirain DSM 8628 16S ribosomal RNA partial sequence

NR 136445.1:53-1432 Pseudomonas asuensis sirain CP155-2 16 ribosomal RNA partial sequence

NR 044390.1:11-1391 Pseudomonas durifava sirain HR2 165 ribosomal RNA partal sequence
NR 108470.1:32-1412 Pseudomonas zeshuii strain BY-1 165 ribosomal RNA partal sequence

NR 037134.1:50-1430 Pseudomonas luteota sirain 4239 165 ribosomal RNA partal sequence
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