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Today, the environmental pollution by cyclic aromatic substances has led to
serious problems due to the use of these substances in different sectors.
Phenanthrene and pyrene are belonging to this group of substances that cause
abnormal effects on the environment and the health of organisms. The high cost
and technical problems of the usual methods to remove these cyclic toxins have
led to the use of biological methods by engineered bacteria as an economical
and environmentally friendly option. In order to perform this test, 36 bioreactors
were built with plastic media bed with inoculation broth lactose culture medium
solution, 18 bioreactors had genetically engineered bacteria and 18 bioreactors
had non-genetically engineered bacteria. Then pyrene and phenanthrene
aromatic substances were added with different concentrations. (10, 50, and 100
ppm) were added to the bioreactors. During the addition of the above solutions,
the pH of each bioreactor was adjusted to normal with the help of sodium
hydroxide and 0.1 hydrochloric acid, so that the bioreactors had 3 different pH
3, 7, and 9. Finally, the residual concentrations of pyrene and phenanthrene
aromatic substances were measured by liquid chromatography (HPLC). The
results of this research show that there is a significant difference between the
efficiency of removing aromatic substances by two groups of engineered and
non-engineered Pseudomonas putida bacteria, and the biodegradation of
phenanthrene and pyrene by the bioreactor containing the genetically engineered
Pseudomonas putida bacteria is much higher than the non-engineered
Pseudomonas putida bacteria. Therefore, this bacterium can be used in the
biological degradation of different concentrations of the above pollutants and
cleaning the environment.
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EXTENDED ABSTRACT

Introduction

Purification and purification of water contaminated with hydrocarbon substances such as phenanthrene
and pyrene is very important due to its dependence on the food cycle. So far, various methods have
been used to remove these types of pollutants, each of which has several strengths and weaknesses. The
presence of such aromatic compounds in drinking water should be considered in terms of pathogenicity,
taste, smell and effect on the appearance of water. Phenanthrene and pyrene are cyclic organic
compounds that cause negative and adverse effects on the ecosystem in such a way that even in low
concentrations they can be harmful to human health and most of these compounds are toxic, genotoxic
and carcinogenic. Therefore, these compounds should be removed from water. Removing organic
pollutants from water is an important issue in the industrial field. Considering the importance and high
efficiency of bioreactors for the removal of cyclic organic compounds in this research, we have
investigated the removal of cyclic organic compounds by constructing an innovative bioreactor,
genetically engineered Pseudomonas putida biofilm media from polluted water.

Materials and methods

In this research, to investigate the biofilm performance of two genetically engineered Pseudomonas
putida producing deoxygenase enzyme and non-genetically engineered Pseudomonas putida in
removing aromatic substances phenanthrene and pyrene, first 36 bioreactors were constructed with
plastic media substrate inoculated with lactose broth culture medium solution. 18 bioreactors had
genetically engineered bacteria and 18 bioreactors had non-genetically engineered bacteria. Then
pyrene and phenanthrene aromatic substances were made with different concentrations (10, 50, and 100
ppm) and added to the bioreactors. In other words, a total of 72 samples were tested. During the addition
of the above solutions, the pH of each bioreactor was adjusted to 0.1 normal with the help of sodium
hydroxide and hydrochloric acid, so that the bioreactors had 3 different pH values of 3, 7, and 9. Then,
the residual concentrations of pyrene and phenanthrene aromatic substances were measured by liquid
chromatography (HPLC). Finally, the obtained results were analyzed by statistical studies and the mean
and standard deviation values were obtained. Also, independent t-tests, analysis of covariance, one-way
and two-way analysis of variance, analysis of repeated measures were used in version 25 of SPSS
software.

Discussion

After the cloning of the NahH gene in the PUC18 vector, which was confirmed by the BamHI and
EcoRl restriction enzymes, the recombinant plasmids extracted from E. Coli were examined using the
PCR method with the help of the Hindlll enzyme. The transfer was well to P. putida and then the
presence of NahH gene of 924 bp in P. putida was confirmed by PCR. It was observed that the bioreactor
containing genetically engineered bacteria, after 8 weeks, produced phenanthrene and pyrene in three
concentrations of 50, 10 and 100 mg/liter, on average, in the amount of 94.417, 65.99, and 72/417
respectively. 33 and 45.93, 62.93, 33.54 percent were destroyed. This is while these values were 93.41,
57.72, 17.44 and 92.992, 57.89, 17.75% for the non-engineered bacterial biofilm of Pseudomonas
putida, respectively (Tables 8 and 9). In Table 10 and 11, the data related to the comparison of pyrene
removal efficiency in engineered and non-engineered bacteria by different concentrations, comparison
of removal efficiency between two bacteria by different concentration and pH are given. the percentage
of phenanthrene and pyrene removal efficiency is shown in concentrations. The removal efficiency at
the concentration of 10, 50 and 100 is different between two bacteria and a significant difference is
observed between the removal efficiency of the groups. Therefore, investigating the transformed forms
of the recombinant vector (PUC18-nahH), P. Putida with genetic engineering produced through the
biosynthesis of catechol 2,3-dioxygenase enzyme for the biological degradation of phenanthrene and
pyrene aromatic substances inoculated in the aqueous environment with different acidic, basic and
alkaline pH and with three different concentrations of these pollutants in comparison with the non-
engineered strain of this bacterium,

Conclusion

Investigating the amount of degradation and removal of phenanthrene and pyrene pollutants by the
modified forms of the recombinant vector (PUC18-nahH), P. Putida with genetic engineering show that
a significant difference is observed between the efficiency of removing aromatic substances by two
groups of engineered and non-engineered Pseudomonas putida bacteria. Therefore, with proper
planning in various industries containing these pollutants, the studied engineered forms can be used in
the destruction and removal of various concentrations of the mentioned pollutants in order to have a
healthier environment.
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gaagccgatgagcecaggtatggattttatgggtttcaaggtggtcgacgaagatagtctaaatcgectcacggatgacctgetcaactttgge
tgtctgatagaaaacgtcgccgcaggagaactcaaagggtgtggtegecgegtgegettccaggeccectetgggeatcacttcgagttgtat
gctgacaaggaatacactggaaaatggggtgtgagtgaggtcaatcccgaggettggecgegegatctgaaaggtatggeggeggtgegtt
ttgatcattgcctgctatatggtgacgaactacaagccacttatgagttgtttaccgaggtgcteggcettttacctggecgageaagtggtegat
gcecgacggtatacgectggeccagtttctaagettgtcgaccaaggeccacgatgtggcttttatccatcatgeggagaagggeaagttccat
catgcctcattcttcctcgatacctgggaggatgtgttgegegetgecgacctgatcagecatgaccgacacctcgatcgatatcggeccgacc
aggcacggcctgactcagggcaagaccatttatttcttcgacccgtccggcaaccgetgegaggtgttctgeggegggaattacaactatecg
gatcataagccggtgacttggttggccaaggatgtgggcaaggegatcttctatcacgaccgggtgctcaacgaacgattcatgaccgttatg
acctaaggatcctgtg

F-EcoRI-NAH7: CGCAGAATTCATGAACAAAGGTGTAAT

R-BamHI-NAH7: CACAGGATCCTTAGGTCATAACGGTCA
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S g 19859 giloodll @
colw gl PUCLE seody JIg ol suis 4 (olol) ThermoFisher Scientific L.y PUC18 45,
A ooty DNASTAR® Lasergene 10 ,jle s lawgs oaiiS sga5e au il clacols ¢ 20l cavd 4y Addgene

S g 9555 JUBI
E. Coli TOP10F s 4 Ins TAclone PCR Cloning Kit cus jl oslaww | L NAhH- PUC18 S g5 5935
&)l obySL sldshe 1 (oW1 GeNeJET Plasmid Miniprep (FErmentas cus b g dwowM s 15 Jitio
VO (gl bagme ,5 a8 a i Jime P. PUtida 5t & PCR g HMI 57 L oS gy55 s JSi pois dpli 51 Ly s

3o Aoy 9 (o digo P PULIAA (clog 15U ) duons My (g5l (a5 51 o b 03l e S s (ool 2 o 3 p,5 o
s olil Lo S 53 oS i J8U 90 b 4l PCR

iy wligegdgm (ySL culs o

slod 53 LSl oo 2 )3 Y kS aome (5l syl e V00 plo )] )3 s iyt g o 2ie P.PULIDA (sl 51,
Job ) yiegidg S | ol8iw > baw o (b iSh locuicS (6)55 0515 (g b 00 cuiS Celw VY e & 0 Kl 450 YV
Sk 410 1.2x109 CFU/MI V- AxA Jsho o815 L asgs (wligogdgu (slasyiSL o)1 51 oo odd (635051001 yi0g3l £+ 290
LSk g ) o gdn Al pe )3 N ek il Veoe )50 )3 dB83 Ve Gde & gyl e B0 la i) bas Sl A el
g ab 8Lol By yn 4y b S eMel il ee O g a8 U NACT 724 8 (gl Sigignl (S5 Jglone (sgbuna o >
sl 005 0303 JLi ¥ Jgas 53 anlllae gyl iyl

V-AVY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 4, Winter (2026)

b 9 08U Slog,l dlge 3555 (6l (el sk ¥ Jgaa

Number Characteristics
1 Ps.GEMS pH: 3 C: 10 ppm phenantren
2 Ps.GEMS pH: 7 C: 10 ppm phenantren
3 Ps.GEMS pH: 10 C: 10 ppm phenantren
4 Ps.GEMS pH: 3 C: 50 ppm phenantre
5 Ps.GEMS pH : 7 C: 50 ppm phenantren
6 Ps.GEMS pH: 10 C: 50 ppm phenantren
7 Ps.GEMS pH: 3 C: 100 ppm phenantren
8 Ps.GEMS pH: 7 C: 100 ppm phenantren
9 Ps.GEMS pH: 10 C: 100 ppm phenantren
10 Ps.wild pH: 3 C: 10 ppm phenantren
11 Ps.wild pH: 7 C: 10 ppm phenantren
12 Ps.wild pH: 10 C: 10 ppm phenantren
13 Ps.wild pH: 3 C: 50 ppm phenantren
14 Ps.wild pH:7 C: 50 ppm phenantren
15 Ps.wild pH: 10 C: 50 ppm phenantren
16 Ps.wild pH: 3 C: 100 ppm phenantren
17 Ps.wild pH: 7 C: 100 ppm phenantren
18 Ps.wild pH: 10 C: 100 ppm phenantren
19 Ps.GEMS pH: 3 C: 10 ppm Payren
20 Ps.GEMS pH: 7 C: 10 ppm Payren
21 Ps.GEMS pH: 10 C: 10 ppm Payren
22 Ps.GEMS pH :3 C :50 ppm Payren
23 Ps.GEMS pH: 7 C: 50 ppm Payren
24 Ps.GEMS pH: 10 C: 50 ppm Payren
25 Ps.GEMS pH: 3 C: 100 ppm Payren
26 Ps.GEMS pH: 7 C : 100 ppm Payren
27 Ps.wild pH: 10 C: 100 ppm Payren
28 Ps.wild pH: 3 C: 10 ppm Payren
29 Ps.wild pH: 7 C: 10 ppm Payren
30 Ps.wild pH: 10 C :10 ppm Payren
31 Ps.wild pH: 3 C : 50 ppm Payren
32 Ps.wild pH:7 C:50 ppm Payren
33 Ps.wild pH:10 C: 50 ppm Payren
34 Ps.wild pH: 3 C: 100 ppm Payren
35 Ps.wild pH: 7 C: 100 ppm Payren
36 Ps.wild pH: 10 C :100 ppm Payren
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805 | 645 | 791 | 4658 | 44.15 | 4596 | 9594 | 93.87 | 94.98 | 8.96 | 7.95 | 854 | 47.01 | 4621 | 46.97 | 9612 | 9501 | 95.72 |
3 S
801 | 643 | 7.85 | 4655 | 44.04 | 4597 | 9596 | 93.82 | 9493 | 891 | 7.89 | 8.47 | 46.98 | 46.35 | 46.85 | 95.97 | 94.88 | 95.67 §

:HPLC ;JUi o
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0pald gl HPLC U (g 805101 53 3lailis! (s Jglone (sl Jlgio (g5l 38, scdale O Joua

Signal 1: VWDl A, Wavelength=254 nm

RetTime Lvl Amount Area Amt/Area Ref Grp Name
[min] Sig (ng/ul)

——————— el el el el Bt el el e
1.556 1 6.25000 1010.12292 6.18737e-3 Phenanthren

1 6

2 12.50000 2032.17578 6.15104e-3
3 25.00000 3195.81641 7.82273e-3
5 50.00000 7002.06396 7.14075e-3
5 100.00000 1.33505e4 7.49036e-3

Area Phenanthren at exp. RT: 1.556
12»0; 5 VWDl A, Wavelength=254 nm

1 Correlation: 0.99920
1ano? Residual Std. Dev.: 223.03575
8000 4 Formula: y = mx + b
6000 - m: 132.80478

3 3 b 143.29208

i1 2 x: Amount [ng/ul)
20003 1 y: Area

o f—————T————
0 50 100
Amounting/ull

Pyren sl HPLC b (580511 )3 5 luitiw] (slaJslone sl Jsie (55w, sbedile 5 Jous

Signal 1: VWDl A, Wavelength=254 nm

RetTime Lvl  Amount Area Amt/Area Ref Grp Name
[min] Sig [ng/ul]

——————— | ==|==]=====mmmmm | = | mmmmm e = | = | e e
1.814 1 6.25000 241.21000 2.59110e-2 Byren

1

2 12.50000 508.93000 2.45613e-2
3 25.00000 1047.10000 2.38755e-2
4  50.00000 2080.20000 2.40362e-2
5 100.00000 4053.92847 2.46674e-2
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00t HPLC (yomwl sl i Y JSUS

Calibration Curves

Area 3 Pyren at exp. RT: 1.814
4000 . o ) . e

E 5 VWDl A, Wavelength=254 nm
“::? Correlation: 0.99987
ﬂMO? Residual Std. Dex 27.3782
2&m3 4 Formula: y = mx + b
2000" m: 40.67674
1500 3 b: 8.37508
1000 3 2 Amount [ng/ul
500—; 1 Area

0 ——
0 50 100
Amountlng/ull
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WD A (Sile b CAIE SIS (gwidige b 9 0D (owdieed (5551 53 LS Bl o]y dmlile Jgaa 1 A g

consentration

10 7

10

50 7

10

100 7

10

Ph

Eliminated

Eliminated

Eliminated

Eliminated

Eliminated

Eliminated

Eliminated

Eliminated

Eliminated

type

GEMs
Wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs

Wild

VAV

N

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

Mean

93.641

93.622

95.771

93.932

93.839

92.648

56.254

56.180

80.788

59.031

60.941

58.014

22,516

13.928

54.541

20.771

24.101

17.628

Std. Deviation

.8634

1.5816

2.8331

1.3084

1.8369

1.6811

3.5376

3.7356

16.8521

7.6851

7.2999

5.0451

19.1457

9.8590

35.0109

16.7304

22.6683

13.5613

value

0.97

0.03

0.07

0.95

<0.001

0.20

0.12

0.002

0.34
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nsentration

10

50

100

(PhY (xRl ) aidd g CAlE SISy (555 95 o 45 Bl lon]) dnslio 1A Jga

Week

1 Eliminated

2 Eliminated

3 Eliminated

4 Eliminated

5 Eliminated

6 Eliminated

7 Eliminated

8 Eliminated

1 Eliminated

2 Eliminated

3 Eliminated

4 Eliminated

5 Eliminated

6 Eliminated

7 Eliminated

8 Eliminated

1 Eliminated

2 Eliminated

3 Eliminated

4 Eliminated

5 Eliminated

6 Eliminated

7 Eliminated

8 Eliminated

type
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs
wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
Wild
GEMs
wild
GEMs
Wild
GEMs
wild

VAYA

Mean

91.808
91.307
92.365
91.828
93.282
92.462
93.957
92.832
94.740
93.860
95.710
94.320
96.420
94.923
97.053
95.672
52.008
51.488
54.460
52.117
61.217
53.515
66.583
55.290
69.337
57.938
73.278
61.010
74.170
64.113
76.902
66.463
3.197
2.755
6.543
3.067
13.280
6.920
21.815
11.307
39.818
16.855
52.570
27.968
63.115
32.885
69.417
37.782

Std.
Deviation
.6730
.5800
4151
.6507
.3824
9811
.7852
.6537
1.3139
.9054
1.8841
1.0070
2.0711
1972
2.0094
.2379
4237
4031
2.4947
.2565
10.3347
.9728
14.8491
1.1496
15.9704
1617
16.4537
2.4097
16.9527
3.8901
16.3072
4.3473
1.3775
.8530
5.3668
.8714
11.0279
1.3767
20.9850
1.0694
23.5824
2.6509
23.3775
6.7657
23.9559
7.6367
20.5315
6.4511

P-value

0.20

0.12

0.09

0.02

0.20

0.14

0.11

0.15

0.05

0.07

0.13

0.12

0.14

0.13

0.19

0.18

0.52

0.18

0.22

0.28

0.06

0.04

0.03

0.01
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ot 9> B Loty duans o Wb i (lgilale (KU ooy § Dk it (£ SL 3 o prly B Loy dungliie —V o Jgua
(482 A (1ile 4 b e Jolodi ) ph g clile SISy (555 9

consentration Ph type N Mean De\?;[gfion P-value

10 3 Eliminated | GEMs 16 92.733 1.0838 0.09
Wild 16 93.420 1.1158

7 Eliminated | GEMs 16 94.711 2.7172 0.02
Wild 16 92.887 1.2745

10 | Eliminated | GEMs 16 92.909 1.2654 0.66
Wild 16 92.699 1.3711

50 3 Eliminated | GEMs 16 54.946 2.5208 0.37
Wild 16 55.893 3.3132

7 Eliminated | GEMs 16 75.128 16.9545 0.003
wild 16 60.181 6.5864

10 | Eliminated | GEMs 16 58.713 4.7059 0.50
wild 16 57.593 4.6612

100 3 Eliminated | GEMs 16 21.421 18.8138 0.20
Wild 16 14.394 10.4212

7 Eliminated | GEMs 16 53.276 35.3640 0.003
wild 16 21.593 16.7652

10 | Eliminated | GEMs 16 25.921 20.3122 0.15
wild 16 17.256 12.0919
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(ph\"4.3b,.g,oJ.:.w)m,mwdﬁgsa&,ad»‘;bxl,w&—“ Jgas

consentration week type N Mean Std. P-value
Deviation

10 1 Eliminated | GEMs 6 91.098 1433 0.38
Wwild 6 91.262 .3990

2 Eliminated | GEMs 6 91.780 .0930 0.44
Wwild 6 91.628 4410

3 Eliminated | GEMs 6 92.308 4331 0.71
Wild 6 92.222 .3494

4 Eliminated | GEMs 6 93.098 .6787 0.44
Wwild 6 92.788 .6643

5 Eliminated | GEMs 6 93.623 9419 0.48
Wwild 6 93.297 .5063

6 Eliminated | GEMs 6 94.257 1.6406 0.37
Wild 6 93.577 4505

7 Eliminated | GEMs 6 95.265 1.9959 0.31
Wwild 6 94.337 .2688

8 Eliminated | GEMs 6 96.178 2.1224 0.20
Wwild 6 94.907 1332

50 1 Eliminated | GEMs 6 51.605 .5001 0.17
Wild 6 52.070 .5857

2 Eliminated | GEMs 6 52.902 .8671 0.99
Wwild 6 52.895 7941

3 Eliminated | GEMs 6 57.873 5.7110 0.16
Wwild 6 54.032 .6309

4 Eliminated | GEMs 6 61.258 7.5723 0.14
Wild 6 55.890 7780

5 Eliminated | GEMs 6 65.655 12.0397 0.19
wild 6 58.088 1.3943

6 Eliminated | GEMs 6 69.988 16.7397 0.27
wild 6 61.362 3.1434

7 Eliminated | GEMs 6 71.567 17.1284 0.33
Wild 6 63.848 41122

8 Eliminated | GEMs 6 72.582 17.2280 0.33
wild 6 64.927 4.1959

100 1 Eliminated | GEMs 6 2.865 7199 0.87
wild 6 2.915 1381

2 Eliminated | GEMs 6 5.943 3.9466 0.23
wild 6 3.753 .4888

3 Eliminated | GEMs 6 12.527 9.4920 0.17
Wild 6 6.365 .5436

4 Eliminated | GEMs 6 27.112 17.6477 0.09
Wild 6 11.975 2.1900

5 Eliminated | GEMs 6 38.180 23.7565 0.11
Wild 6 19.002 2.5688

6 Eliminated | GEMs 6 51.797 23.3136 0.06
Wwild 6 28.218 7.3403

7 Eliminated | GEMs 6 63.248 22.8854 0.02
Wild 6 33.882 6.7420

8 Eliminated | GEMs 6 66.643 21.9547 0.02
Wwild 6 35.872 6.7791
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