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a) 
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Figure S1. CYP and 3PBA concentration change in the first enrichment culture measured in triplicates. (a) 2g soil sample taken after one and a half week later of CYP application (b) 5g soil sample taken after one and a half week later of CYP application (c) 5 g soil sample taken one and a month later of CYP application. The red arrow shows the commercial CYP addition day.
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Figure S2. Growth of colonies on MSM supplemented with commercial-grade CYP plate by spread method. The colonies shown with red circle was used for further studies. 
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Figure S3. Isolation results of enrichment studies. (a) Control plate containing only MSM medium (b) Control plate containing MSM with CYP media (c) Growth of colonies on LA medium by spread method (d) Growth of colonies on MSM without CYP plate


Table S1. Soil Samples Physicochemical properties
	Sample
	pH
	Moisture Content (%)
	External Temperature
	Porosity (%)

	(1)
	8.28
	5.2
	28 C°
	39

	(2)
	8.08
	7.0
	35 C°
	42.9









Table S2. Previously found CYP degrader strains with degradation percentage and isolated strains from this study

	
Bacteria 

	CYP Concentration (mg. L-1)
	% Degradation
	Accession Number
	
Reference

	Enterobacter hormaechei ZK101 
	5.69
	67.7
	ON329342
	

	Stenotrophomonas maltophilia ZK102 
	6.62
	81.9
	ON329343
	

	Brevibacillus parabrevis strain FCm9 
	100
	99
	KJ009250
	Akbar et al.,2015a

	Acinetobacter calcoaceucus MCm5 
	100
	84.7
	KJ009251
	Akbar et al.,2015a

	Sphingomonas sp. RCm6 
	100
	91.8
	KJ009252
	Akbar et al.,2015a

	Serratia spp. JC1

	100
	92
	FJ009445
	Zhang et al., 2010

	Serratia spp. JCN13

	100
	89
	FJ009447
	Zhang et al., 2010

	Azoarcus indigens HZ5
	50
	71.6
	GU592532
	Ma et al., 2013

	Rhodopseudomonas palustris GJ22
	50
	83.5
	FJ824030
	Yin et al., 2012

	
Bacillus subtilis 1D

	
100
	
95
	
MG948470
	
Gangola et al., 2018

	Bacillus subtilis BSF01
	50
	89.4
	JF06263
	Xiao et al.,2015

	Bacillus thuringiensis SG4

	50
	80
	KT186610
	Bhatt et al., 2020

	Bacillus cereus BCC01

	100
	99.6
	MH588686
	Hu et al., 2019

	Bacillus parabrevis BCP09

	30
	75.87
	JX556220
	Tang et al., 2018

	Flavobacterium haoranii LQY-7

	---
	---
	GQ988780
	Zhang et al., 2010

	Pseudomonas aeruginosa GF31

	---
	---
	KT735188
	Tang et al., 2017


Table S3. First order kinetic parameters of CYP degradation by control, in CYP induced ZK101 strain and in CYP induced ZK102 strain
	Control
	Equation
	k (d-1)
	t1/2 (d)
	R2

	1ppm
	

	0.125
	6
	0.8379

	2ppm
	[image: ]
	0.050
	14
	0.9841

	4ppm
	[image: ]
	0.036
	19
	0.6768

	E. hormaechei ZK101
	Regression Equation
	k (d-1)
	t1/2 (d)
	R2

	1ppm
	[image: ]
	0.0480
	14.4
	0.9384

	2ppm
	[image: ]
	0.0175
	3.96
	0.9748

	4ppm
	[image: ]
	0.468
	1.5
	0.9636

	S. maltophilia ZK102
	Regression Equation
	k (d-1)
	t1/2 (d)
	R2

	1ppm
	[image: ]
	0.0740
	9.4
	0.9973

	2ppm
	[image: ]
	0.0173
	4
	0.9978

	4ppm
	[image: ]
	0.257
	2.7
	0.7887




Table S4. First order kinetic parameters of 3PBA degradation in 3PBA induced ZK101 strain and in 3PBA induced ZK102
	E. hormaechei
	Equation
	k (d-1)
	t1/2 (d)
	R2

	1ppm
	[image: ]
	0.427
	1.6
	0.9931

	2ppm
	[image: ]
	0.134
	5.2
	0.6334

	4ppm
	[image: ]
	0.406
	1.7
	0.8541

	5ppm
	[image: ]
	1.386
	0.5
	0.9924

	S. maltophilia
	Equation
	k (d-1)
	t1/2 (d)
	R2

	1ppm
	[image: ]
	0.228
	3
	0.9576

	2ppm
	[image: ]
	0.307
	2.3
	0.7027

	4ppm
	[image: ]
	0.278
	2.5
	0.8471

	5ppm
	[image: ]
	0.372
	1.9
	0.7719


a. 
b. 
c. 
Figure S4. Kinetic study results for CYP (a) control groups containing CYP but no culture (b) CYP induced ZK101 strain (c)CYP induced ZK102 strain 


a. 
b. 
Figure S5. 3PBA kinetic study results (a) 3PBA induced ZK101 strain (b) 3PBA induced ZK102 strain



a) 
b) 
Figure S6. Lineweaver plots (a) ZK101 and (b) ZK102










Table S5. Results of the optimization study of different initial concentrations, temperature, and pH
	RUN
	X1
(ppm)
	X2
(°C)
	X3
	Biodegradation by Enterobacter hormaechei (%)
	Biodegradation by Stenotrophomonas maltophilia (%)

	1
	4
	40
	6
	65.2
	64.4

	2
	4
	30
	6
	46.6
	36.2

	3
	2
	35
	6
	74.0
	78.9

	4
	2
	35
	6
	49.3
	60.1

	5
	4
	40
	8
	75.8
	75.7

	6
	4
	30
	8
	71.0
	56.6

	7
	6
	35
	8
	87.0
	85.5

	8
	2
	35
	8
	56.0
	53.2

	9
	2
	40
	7
	30.6
	28.5

	10
	6
	30
	7
	69.8
	39.0

	11
	6
	40
	7
	44.7
	83.5

	12
	2
	30
	7
	24.5
	10.6

	13
	4
	35
	7
	64.1
	58.6

	14
	4
	35
	7
	64.0
	64.7

	15
	4
	35
	7
	60.0
	76.6







Table S6. Crude cell extract (including 100 mg/L of protein) activity (mg of 3PBA/ mg protein/min) with different concentrations of copper (in ppm) including  initial concentration of 10 mg/L 3PBA
	Copper 
	0
	20
	30
	40
	50
	60

	ZK101
	21  3
	18  4
	8  5
	ND
	ND
	ND

	ZK102
	15  1
	13  2
	5  3
	ND
	ND
	ND


ND: not detectable
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Figure S7.  Pareto charts from Minitab Software for significant effects on biodegradation with ZK101 and ZK102 (a) ZK101 and (b) ZK102.
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Figure S8. Surface plots from Minitab Software for ZK101 for biodegradation under different temperature and pH conditions
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Figure S9. Surface plots from Minitab Software for ZK102 for biodegradation under different CYP concentration and temperature conditions 



1. 

1. 

Figure S10.  CYP degradation and 3PBA production with crude cell extracts’ enzymes. (a) ZK101, (b) ZK102
(   ; CYP,   ; 3PBA, protein contents are 0.062 and 4.956 μg. ml-1 for ZK101 and ZK102, respectively)
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Figure S11. Previously found CYP degradation pathways by monooxygenase, aminopeptidase and esterase enzyme

Stoichiometric Calculations for Oxygen Uptake

          Eq. (S1)
            Eq. (S2)
                             Eq. (S3)









1ppm	1.2785877791755551E-3	0.1	1.1177331876018215E-2	9.8987440968426599E-3	8.8717493967952893E-2	1.2785877791755551E-3	0.1	1.1177331876018215E-2	9.8987440968426599E-3	8.8717493967952893E-2	0	24	48	72	96	0.8170877069971747	0.62496958198428565	0.5219401538429812	1.0602256088758737	0.48242766698975059	2ppm	2.9533315460600951E-2	0.1	1.9426285290053968E-2	0.1	2.0539894000948633E-2	2.9533315460600951E-2	0.1	1.9426285290053968E-2	0.1	2.0539894000948633E-2	0	24	48	72	96	0.90118784929162099	0.87920232620486272	1.5142480047843929	1.153686251056897	0.74107360128683664	4ppm	0.1	6.1867150605267041E-3	0.1	0.1	3.5511744447423221E-2	0.1	6.1867150605267041E-3	0.1	0.1	3.5511744447423221E-2	0	24	48	72	96	2.0529459074879872	1.6337340949866985	2.0199500938318451	1.9708688210183332	1.7429914829555999	Incubation Time (h)


CYP Concentration (ppm)




101-1	9.0871609164587808E-3	6.4447835680847998E-2	1.4840692087191465E-2	2.1621950465034789E-2	9.0871609164587808E-3	6.4447835680847998E-2	1.4840692087191465E-2	2.1621950465034789E-2	0	24	72	96	1.0436471609164588	1.2245018663257099	0.92225155183436103	0.607091419026211	101-2	4.911727949516409E-2	0.63960631869831486	0.1081017095955942	1.0755191685054899E-2	4.911727949516409E-2	0.63960631869831486	0.1081017095955942	1.0755191685054899E-2	0	24	48	96	1.5628827205048359	3.9107514796560183	0.94290033202037482	0.53027840217772371	101-4	0.32768441566476225	1.8945577529851043E-2	2.558371656596059E-2	0	0.32768441566476225	1.8945577529851043E-2	2.558371656596059E-2	0	0	24	72	96	5.3376844156647625	1.8228844527850527	1.6948489410406054	0.47873708523231112	Incubation Time (h)


CYP Concentration (ppm)




102-1	9.6360499886577022E-2	0.18233342269699454	2.7271864882143004E-2	0.14015796745787937	9.6360499886577022E-2	0.18233342269699454	2.7271864882143004E-2	0.14015796745787937	0	24	72	96	1.4876395001134231	1.1132682353426409	0.88783980532469942	0.97091872718648808	102-2	1.1013142645027063E-2	4.4578581592460198E-2	0.11952073580664514	1.8135736528428037E-2	1.1013142645027063E-2	4.4578581592460198E-2	0.11952073580664514	1.8135736528428037E-2	0	24	48	96	1.8685398249159637	1.3652438596853025	1.1025691365408015	1.1775360376152275	102-4	0.32768441566476225	1.8945577529851043E-2	2.558371656596059E-2	0	0.32768441566476225	1.8945577529851043E-2	2.558371656596059E-2	0	0	24	72	96	4.1345868573549733	2.1177179270380071	1.0947565527623682	1.2786286114949166	Incubation Time (h)


CYP Concentration (ppm)




1ppm	0	24	48	72	5.372404411407472	8.6866572738020054	2.1043450096357836	1.5215177573725891	2ppm	0	24	72	96	4.6323179322742067	9.8721404395212868	2.3099774895139999	3.0497206432492834	4ppm	0	24	72	96	9.6500121459456825	10.436988453254303	3.1425836855657585	3.6305948274465987	Incubation Time (h)


3PBA Concentration
 (ppm)




1ppm	0	48	72	96	13.626384232943044	7.3151338483214303	1.880655557175015	5.4748676091920512	2ppm	0	48	72	96	7.6948614552462384	5.3969586552008941	1.9131840191743996	2.8712983206205771	4ppm	0	48	72	96	9.3496801567636716	3.5437788466209978	3.3575474906476215	3.1359309462501415	Incubation Time (h)


3PBA Concentration
 (ppm)




y = 117,24x + 14,017
R² = 0,5724

0.1300779566781477	0.30507218313637274	0.37946046237971992	33.619796734811494	35.194146514825384	68.743643315097628	1/S (μM-1)   


1/V (s)



y = 54759x + 2,7968
R² = 0,9964

0.42782428451535237	0.82739311044147745	1.0389641498033426	26.627379567141542	46.938622371181374	60.451109165268313	1/S (nM-1)


1/V(s)



3PBA	15	45	60	32.867224607103395	44.847474689346789	90.477524304935798	CYP	0	15	45	60	12.010569300984866	7.6876976356132598	3.2779127540218314	2.6353206701132312	Incubation Time (min)


CYP Concnetration            (ppm)


3PBA Concentration (ppm)



3PBA	0	15	45	60	2.3797934318798961	25.550461266299124	25.081466663677222	60.017444470379083	CYP	0	15	30	45	60	4.1056852225830136	2.3374082215384742	1.2335672780840936	1.2086153333648422	0.96249711810487604	Incubation Time (min)


CYP Concentration (ppm)


3PBA Concentration (ppm)



CYP	2	4	6	7	8	9	10	11	12	13	14	15	16	17	18	19	758.88199999999995	37.945	0	137.846	0	109.04300000000001	67.585999999999999	184.85300000000001	78.251999999999995	19.956	24.542000000000002	41.37	46.265000000000001	11.848000000000001	63.881999999999998	99.32	3PBA	2	4	6	7	8	9	10	11	12	13	14	15	16	17	18	19	0.11212126020065474	1.1605255595926263	0.26564329573040124	1.6233280974820314	1.5067114093959733	1.0730348369217424	1.071712652249565	1.1618856468920726	1.0878433052501308	1.1071472014639228	1.4792099682146806	1.0690682829052098	1.108204949201665	1.1814539800403001	0.99158826111560661	Incubation Time (d)


CYP Concentration (mg. L-1)


3PBA Concentration (mg. L-1)



CYP	2	4	6	7	8	9	10	11	12	13	14	15	16	17	19	64.930000000000007	14.108000000000001	0	84.31	0	93.65	152.54	151.41	7.15	8.1300000000000008	34.119999999999997	22.83	399.27	41.74	156.18	97.384	3PBA	2	4	6	7	8	9	10	11	12	13	14	15	16	17	19	0.1098471025645094	1.1981637499272799	0.32969996985418948	1.4528165177886727	1.5440472601689226	1.2008081192716351	1.5168102559220651	1.7389372808478907	1.5855638588752967	1.6804967183376438	1.2568687493719624	1.1468629846467917	1.0463769495612991	1.1690756871393742	18.070826788519206	1.3235068568497099	Incubation Time (d)


CYP Concentration (ppm)


3PBA Concentration (ppm)



cyp	2	4	6	7	8	9	10	11	12	13	14	15	16	17	18	19	19.033999999999999	0	0	97.340999999999994	48.253	91.278999999999996	48.826000000000001	94.117999999999995	153.76	7.36	23.963000000000001	24.782	10.659000000000001	0	190.51300000000001	3pba	2	4	6	7	8	9	10	11	12	13	14	15	16	17	18	19	0.145176	0.1007	0.21197299999999999	1.490631	1.264273	1.158763	1.1801820000000001	1.273264	1.480847	1.274586	3.853904	1.2970630000000001	2.8582990000000001	3.277431	6.0191140000000001	3.4091209999999998	Incubation Time (d)


CYP Concentration (ppm)


3PBA Cıncentration (ppm)
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