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ABSTRACT

Background and Aim: Polychlorinated biphenyls (PCB) industrial pollutants are one of the most
important environmental pollutants whose removal is very important. PCBs are degraded biologically
by several enzymes and in a multi-step process. One of these enzymes is called DHBD (2,3-dihydroxy
biphenyl 1,2-dioxygenase) and is encoded by the BphC gene. Enhancing the function of the enzyme
and reducing the binding affinity of the enzyme to the inhibitor (tert-butanol) will improve the
function of the enzyme and increase its efficiency. This research has been carried out in bioinformatics
to strengthen the enzyme and weaken the inhibitory effect through mutation in the amino acids of the
active site.

Materials and Methods: The amino acid sequence of the enzyme was obtained from the UniPprot
database and to check similar sequences with PSI-BLAST method, similar sequences were searched
from close to distant protein species. By performing multiple alignments of PSI-BLAST sequences,
250 sequences were matched. The results of sequencing the amino acids of the active site showed that
some sites have variable amino acids and were used as candidates for mutagenesis. The position of the
T-Butanol inhibitor was simulated using DISCOVERY software.

Results: By molecular docking with PYRX software between the wild enzyme and the substrate, the
binding energy -6.2 Kcalmol-land for the candidates of mutations resulting from the alignment,
Phenylalanine 201 to Threonine (6. 9 Kcalmol-1) and Threonine 280 to serine (6. 8 Kcalmol-1)

Calculated.

Conclusion: The more negative binding energy indicates the greater stability of this interaction in the
mutant enzyme. As a result, these mutations will be able to improve the strength of the enzyme
function. The simulation of the position of the inhibitor and the starting material in the enzyme
showed that the distance of the inhibitor from the active site and the starting material is likely to be
favorable if the interaction of the inhibitor on the amino acids of the active site is reduced and as a
result, the binding stability of the biphenyl starting material with the enzyme is increased. Decreasing
the inhibitory power will increase the catalytic power of the enzyme in the destruction of PCBs.
Keywords: Mutagenicity, Inhibitors, Informatics, PCBs

Received: Aug 7, 2023 Accepted: Feb 6, 2024

How to cite the article: Susan Yazdankhah, Alireza Zakeri, Saeed Khalili, Abolfazl Jahangiri, Zahra Sadat
Hashemi, Alireza Heidari. Engineering of Dihydroxy Biphenyl Dioxygenase Enzyme with The Aim of
Improving Its Performance In Removing PCBs: A Molecular Docking Study. STKU 2024;29(4):25-38.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

PO-WA/NIC LT § 340 / @ g Cuuay 8)9s 7 HlEw)S 3b)y eole olEils (ke alas

Sio 30 (T 0 ;5o 394 S U HU 3T (69 S oS 9 s (5O w2 3T (ki
365 g0 K513 axllao o3 :PCBs F3glT

F G Lo le & ol OISLT 1,85 & (6 1Siles Laadllgal & Ll dures (5513 Lo e olgs 3183 cpges
SVEVASIAVY S 1S 00 15 ¢y gt s S oK1 (g1t Ol pole 5 31 go ckige odSCENS ¢ 5 p sk 05,5 sl ol yIST (6 il )
Cend-ed

2S5 S g A n oy ) 01l O 2l g s oy oK (slaxty e pile 5 3lse cakige adSCHIS () pile 055 skl Y
veer— e YoOVIA-P44 ST UST YT YAV FY ol czakeri@sru.ac.ir

e YSYAY S PYRY SISO O el g s S 7 oI (slany Olon e 5 5l gn onikige 0dSCELS ¢ a5 pske 03 S LAY
ANVPY e ¥ SIS0 05 () bl sy (S5 ke oSl dlan s 5 (55 )5 s 0853, 053,208 (83953, 5 5 o ookl ¥

QAV=PYFBY—r s 2 VX 1S 1 ST Ol Ol ¢ A sl catnn 0dKip 30 ¢y Ol o Solidios 35 j0 ¢ 5 (SO 5> (6315 ammn 5 OLS 4> oLkl O

SMIV=ADY SIS 0l DI by e s o3 ol stz Oln pike 5 3lge cakige adSCE0 ¢ e ) pale 03 S kil (B ST (g gmtils
Vead—veaq

ol

Cotl La T o 48 it Cns s ooes o lrous YT D e (PCB) s |3 5 5 5 b sxo ot VT 180 g diwo)
Lo 5T ol 3 (S8 3,8 o0 g sl jo ki T3 (b 5 st lage 5T o 2ew5 B35 4 PCBS o s sl sl
Jfﬂ\f,ﬁﬂ;;&;gﬁ}s.;}:@@v,BphC 0) Loy 5 42ils b (L3S 3 Y5V B o (85540 62¥ sV DHBD
3T CasB Ol L (G ol al 5 0T (obIST G513 5 05T 2 s 5 5 o s (U565 & 9)eeiS 5len 4 5T L]
sl 0l plo] Sy sl gm (sLdd 53 (b ol (ladewl guaT 53 g 3 b Sl ediS lgs S| L

BLAST-PSI 25, L alie la 15 (o) 550 4 5 3L 53 UNiPProt ests ool 51 o 57 (sl Tl 15 129 § Sgo
BLAST- I Jool> la JI5 68k iy plowil 23 513 s 50 55 033 b 635 slad 8 51 alie o I
a5 03 g ite aaT ol (Shols LaolSolr (o5 5 313 0L lab o lor (sladkenl sl )3 o3 yon ol s 8 ot I You (PSI
s (5 5leans DISCOVERY i sle 5 5l eslizad L T-Butanol oS’ lgs ond e 3 8 oslizal 15 e L dlS Ol se

S LS gl 5 5 J s LS S —-5/Y JL.a;ldjjJI@,\a;u,&jﬁ;TmPYRX,lp\r;l{‘;ﬂf oKeSTls L sl
A dnloes (U5 IS S F/A) o e s YA 55 5 (302 6 IS S =218) 0585 40 Yo N VT L (65 5 on 1 ool a g
S 51 01 i nl s 53 200 Bl g 5T 55 SRS e ol e (oI 5 0L (5 ki JLail (6551 1 S Ao
3l ol 5l el s aluob Ylaas| 457 sl lis ‘ﬁﬂ)g‘g}lnu,gwﬂ,\;ﬁ,‘;y@u@.@u“l}sbwﬂ;ﬂw
osle JLail (551l a3 5 ail 2alS Jlb oSSl (slactul siaT (555 p oS 5lgn S S Ll Slan S50 50 4l eole
s ol PCBs oy 5 3 o 5T (SlblS o8 (il Eoly i jlge ) 2alS bl il 31 o 5T L s o ad)

PCBS S5k, 5l 5 oS lgn ¢ 215 g 1Sols” Dolols”

ALCAVARVANGA-SPR VR L SO FARYV SIS PES WEIRE g VISVAT SRV P RE PW


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

PV )51 Lople

«w! DHBD 5T Lo g 87 Jb o (ol oo 32 b
PN S O e sl T ol S e e
s S by Jb 0 o (#B0n 553+ PCB LS 5
53 0T il 6§ ST Ky 555 pams 0358 o0 03linal
2 255 ol 35 gl okl ST e Cond g
CLa s w4 odd adlas glag SL L
D3 g e 3 eﬁs, Ll ol odalie wlge 95 g
Slp pS g Olse 4 b BENF e
VAl o Lo 55 0T d glie 5 la s ST,

ol Ay Sl 5T L g PCBs I GLS 5 pud U
T E N PR R W I E PPN PYCPR
JS 5 Lol b ks S ol e 2l 4
5P sm  Car el 5T Sl 335 o gt
b 5U5enST 65 i gt Jald 0 U8 (6a05 b ol NT oyl
03 L 363, o3 Jpasis 55 BphA ol U870
63 Yo\ By S ayda VY BphB cui i
8 # 581 oS 5,08Y BphC s 8™ 35 L 5658
BphD s a8 05 L 5¥a,da el Sbgs FoY 1Ka
N Lsl

oS 2 ol slas SL 1SS Rhodococecus
53 .(8)5,15 1, BphC 0} g Jsla= & Ll .« PCBs
63 Y5) s (S 5o V5T o ol sla 5T o
bl a5 BphC aas & 05 b 3655
6> Y5\ Jpo Sate @Y T (Vs
o slaes 5T 51 js 8 wlisnss o 3l 0l I 5658
w251 ol 0N o e K5 slagsSTL Sl e
ol (T-ButanoDJ st s &5 26, odiS )lgs (slyls
o il Sl Jel (Sl Jpeme S
RQA I

3 8as 35 b sl 5T amn g 5T podige 55 s
2 AT sla gy ol iy slags 5T & S
55 0l 3l Ol Jgadn 5 4358 5 sl o 3T i

-

FPNT
L (Polychlorinated Biphenyls ) & |3 o 5 5 L
L JT e ¥T Ol e 4 PCBs (g lams| cudle
=l (POPs, persistent organic pollutants )
At ()l I LS 5 b 5 IS (D5
Oljen S5 Slaadl= 35 p 35750 IS 3l plal o8
LotV a1 5 L35 on iy 23 OT IDlosil 5 o
sy Lomes 351y Sldl glac e JI 55 o dea
Shtle 5 sxio mllas Sluls 55 PCBs (Y)4 52
IR ST RGN g TN SV PPRIINCPINEIR
Cn> GLOSS 53 (grs BB e & pmes
()05 5 5 (S S ladll

33 &S @3l 3l &S Sl esls Ola K g andlla
55 Il s Llaasls 13 PCB oYL chle 5 ,a
Joe dls5 0l s By ,e 5 (B S la oy g
OL,F WPCB 038 55 b 0 g (M) Llocs o150 5
S )l (STl Sl daows S ST 5 S
(s slams G ST O oy Tol, o g
DL 5 sl S 5l oslizal L g 4
4o b oS Gladbig gl RV AL
o 4 chame 55 LT (ol 5 GB0b e (e
ey ol 55 Sl 4B S 5 ey 3yge 038
SO ap slp S Gl Gl 5T
sbdylp Gluae b oeler PCB Galiee LS 5
O)xlos )8 5 lolis S5 s
u:,)p«{u(w:s\f)\,ﬁ:ﬂbjPCBs 99 S 4
21305 5 il Gl St bus Gl w
28 Do Gilpre GleesEl by ol
Jsl o8 sl 03 5l 058 53 Jold (S5lpn 4520
5 S a5kl 4 PCB Cales gla S8 o5 J st
adsl osle bl oo &S5 Aol 4 25 Jsten 33 03 S
b Jed o PCB oS 25 glais STb gl iy Jsame
315 PCB dag SL Clel (Bl Jd o 5,8 550

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e (50)M0 (53 BT (avrigs PA

L;LA;}&) E) oS J.:Sj Lg«;}? chPCB “-"ij";
3 8 sl UniProt esls oL 10T kb

Sly o oxi Suwdw Sbylsle Zf Sl
DHBD
Glwaw Sl 03,57 S 4 gl PDB (gesls eliib_

slosbsle (288 513 eslizal 5,5 DHBD o 5T
O eslial 3550 ST 5 i Slles sl Seaan
mAT Gl e dmes bl bl S
24055 ks Jthe 505 i, DHBD
b e G eSS )08 G508 e 238 el
Slasie Lol S35 5 Fady e 4 gl
JE g s wedls AL ol 5e @sT S S
Sy Sdmde Gkl BB )lle s a3 S
25 sl osle 5 tos 3T o &S s eslizal
ol ap adsl osle 5wl g 3T ST
.. PDB

DHBD/DHB 0 <S5l

S e 3 el b 5T Sltle ST plosl sl
A2 gilwesl] (5K 4) Molegro Virtual Dacker
ISl Sl O 5T 1 8 dad S e ST T
3 Cmiles S ) s 8 Dol KW s
5 T e bS8 el e Gl S
0 Sl oozl L iS5 Jor 2 p sl 5,586 S
V‘«jT 5 sl o3l - Autodock vina 3 PYRX 5
S 5 05T o bl s3luesleT 235 &) g0 i
el MGLtools i1 o5 Ly PDBQT < 4
ot 3 3zl b B8 5 5T o Jlail fome 23 8
38 Sope s S S e by o o
Joe Sz Olge 4 okt plld o> 2 S5
41, Autodock vina s PYRX i 05 4 Jlail
s 5

SR R SRS A ()

W5 50 T3 m s oy s Sl o 5T okign
Sl 3l eslizal b ol a8l s ol b lagy 5T
2 g ed gl da g (Jlazsl feily (SSle 580 5

O35 dal st oS eSS ¢t Ll Ol
N G S Py o
o,135L «(inhibitor)es s ;L «(substrate)ssts i)
sl ((cofactor), S, «(allosteric)es jw JT
2T etige 55 V)l Sl b 5T anio 5 )8
PSS 4 WS Il el Ll andlls ol
Sl S0y o Fmly JsSsm S Wl 5T
Slp 30 Gy & IS KiSTs (10)
oot b o5 4 B Jlail Codge glolis
eShL bl glad o el e

09wl 259 » s (binding pocket) Jlas!
o w3l sl fo Sl 5 5T 3 Sles 585
0T 28 I3l 5 5T 2, 5es 5 5 o gn 0oiS )l
Gl 5 Sl gl gn 51 oslizal o)y el i sl
el 0 W8y Ol 4 55 25 50 5l OT wes ,us
A s BT CogE O b Gl ol 2
22 e ol ol sl )t 5ok Sl oS )lgs
Y3\ Jgd (S 500 (631 5Y 5T (Sl 5 5 (sLd
oS )lgs cpizman 5 BPC o 48 03 b 56387 (53

L gBJJ‘ B g J)SU).: ol LS:‘IB)

by 959 30

b 3y90 S ylslw g DHBD o 5T Jlgi

oKL DHBD 55, ladewl gl s s sl
33 e 38 L5 eslimul 3,46 UniProt esls
2 @bl i 5 S LS ples! sls &
Wbl (Ve iy Sldlls b 3lae 1) PCB s 5
R - ) CIJ&.:MI FASTA w3 b gl goa Sy
g_,él:}udl.hg;}:) u; J‘Js ab‘.&;ﬂ J)}ﬁ Lh‘_;.a')j
I gl s 53 Eomd g cJlab oSl ol abesr 51 5T

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

Pq ()51 Loyle

Ol s ecils S b Sl 2 céjii: Samal el 3
Wy el el a Tl OT 4 o5 g &) 50

ou\.i.zf)l@ogsxfﬂﬁdmgé;gaﬂ.o
S5 g 5 5 T-Butanol oS les S0 4 4 55 L

OF Jlail Jous il oo J 3o adsl sosle Ll (6551 5
Sesle jshte ol gl 55 Laie S5 Cés L L
L 5 4T Cews 4 PubChem (gosls oKL 31 T-Butanol
<9y Autodock vina 4 PYRX SRl Sl eslinad
A3 8 S5 Isdoee adgl osle b os STls NEIIS
3y adsl esle Jlail 55 Calen Bl 4 Jlasl e
el o oKl Sl Olabl g 23S 15
Gl & 5T Hltlo Lol STy st lo oS g
DISCOVERY 1l ¢ 3l slizal b AsL oo oS lgs
)15 awlas 5, 40 Superimposition i3l 3 STUDIO
A Slaamge led (BiSTs b s p b 23S
wor Ly O LSS s Sl 35
3 oS les o Siper S 8 e 2353
Sl 5T 5 36 0 5057 5 035 @l 3 1) sl ool
Ml ateie LiL axils o 5T b ol

BABL g w9 SBoad 3T 33 g dbw!
Molegro Virtual Docker il o5 i estizal L
5T 5 LB s s Ko S50 05 )y (s 3T
Protein Preparation 5l L 5 Cod> |, 5556,
S5 Gl ool 15 LSS ot o Gl Tl
soki oy 5T el gl 0 Kol csls 8
03 PDB (kb ot 3 b s o plonil (3 luiingy
kS lgs BB 2l 5T 5 Shee sy il S
8 Dype st 53 4 g (3T AU ey
Jeb g adslesle Jlasl 55 Jse gladenl 5T (655 2 sl
duail 5o Jse sladlsinl G5 5 g3 5 5T &
S L 0 KNS O 0T LSl
5 (Lol adyl osle-dle Cole sladl  siaT)Jlas!

Sile bt DUl s S 3 6500

Gt RS o 03 e Skl aT 05 ST st s
s BOT o 2 o8 s Gobms> g4t DHBD/DHB
(LigPlot) ool S i3l g 51 Hshie onl sl s S
DHBD- 038 S's I ol ,lstle a5 5 oslizal
o5 3288 15 eslizal 5,50 atdi 0058 |, DHB
¢!y Chain ID s 8 jesis sl PDBeditor !
o 4038 eslizal WS 5 05T 4 by oo
BRIy gCh B g} 05 2l edd 4y Hlle
oslitul (gungs 408 vwy sl S8 5 osT s S
A3 8

wlio S g5 58l (Sl Cundly ploil

“wp b s UniPprot o\ esls jIDHBD 57 Jis
2550 Sl e @lp s 438 Sib,s FASTA
Non- ey b3 51 adly planil 61 1235 513 e3linal
S 5 PSI I «redundant protein seq
o3l gl 455 Lasl 8L gl s S eslial YOO Jig
ol 358 e oslizul BLAST-PSI I ki 5,50 o5,
5338 o wlie sl s B @ el o) S
Sy |y 350 Gt o pls L33 1 5 oS oS e
ool s 1 oyl b
ey 35 Bl 03 o sl 6 s T

.J}m
3 ookl b (g Do SbdamTow! ol

SR 95
5 Seslazal b caslie sl JI g5 YO Oal s @ o

plosl b JIg al o 68 as bsyes MEGAY i35
CLUSTALW 2, QU1 1 (o3 spn plowil (sl 28 8
o Sy odd plnil hisyes mls s S eslind
2 b ol el 5o GlaaTdd Sk 54
W3 B s 2asm g od addie kgl s
35 S blis 015 03 8 Labia ) p ol jl Coda
el o Gy 53 oy b oKl 4l
0353 ok Chlim ouelT s 4 I YO+ 53 b oKl

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e US50)M8 (53 BT (wrigs Wo

P17297 osls o&5l cpl 53 o 5T cpl &0 5T 5™
Biphenyl-2,3-diol 55, opl eweds CRES
L Jwe sl 5 1,2-dioxygenase (DHBD)
AT Op 4 Y2V 5 YV s VPP mise b ladnl sl
g5 N A s Gladl sl s fate 25 k5o
YAY 5 5,4 5, Jsb il e Beta Strand
5 A sen &G 5T ol sl s S sl g
203 p 551 eSS L DHBD o 5T Jis

M9 ¢ (Sowdw sl gl Sl

(W&'T VO 6y oK) OKW T (umpan bl
Ol alllas (ol oS Hlge slyls KNF1 sl
A

s m Pl 9 b g o SIS

b Jebos o ol 0l o 5T 5 hedig o &S5
Lo g ol et o jim 3 AlF o b (6,8 g
S oy Jomn ojim ol 2,8 S5 5 S S
wA T s B om Il 35 el 5T 5 WY
A3 8 ales Jgo s JS S —£Y L 1, DHBD
Joe s Jeblg JLal o oy Ol ) S

A gr o 5T o i (6,813

334 55 b oSl (sla g Al (oS lgamJleb
odd L3l (sl jigm (Jl ans ..\;”:Jf Sy V.:..Ju“ dws
laaiaTonl )3 igr o> aiwd 5 oo bug
CS 5 ST 53 adasda Lam b &S b oKl
S S sgdeee Lo e sl e il
s g (Jg Sl 3 ST (Bome (Ao yen & AL s
S wil e b oSl slacaTnl 51 o )3 g5
Slp s Lo Jots adol osle b age b 2ST0n 5o
sbul 31 da s Obesl s el sal VA 4 i
ob al S w5 S8 o KiSTs da e
L 5 ST Shn 53 5lo 503 5 0l plail ey B
o 2050 Bl T Ll 5 05 8 oy SO
A s T L el s 4 s 23S 18

.A.f»o.:lﬁ‘)\}W_uﬁé)yu\}}:itjjéjj‘@‘}::i}'

sy

P sl g Jg5
DHBD %5, sbadl siel JI5 UniProt oL

31 5 g s b eslizel FASTA cujp L
Wtf)\ AT Cwwds PDB o zws &S 5 DHBD
<! Psuedomonase sp. KKS102 o 5T e’ 5

DHB WiIS) K5y vui dilaio 9 Cavity 5 juw dilain . Lol WIS 9 08> .1 IS

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

W1 5)Shs Laple

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

5 SIae digm b gl el Sl53p 5 cpl Sl eslial
S o 53 S () Jpde) S gsden sl el
_+& TERTBUTANOL-DHBD ; DHBD-DHB

Y JSK8) e el ks

9 2 3T 9 WIS [ 0B ¢ (SAngS 4lB
osle 9 DHBD ﬁf“- u;.f VA BOBL JS‘}.A LgLA.\:.w‘f.;ﬁT
515 glets LigPlot 13l ¢ 5 31 esticel L DHB 4yl
L OT Gl iS e, 5 SuSTs Gl & Il 5 o)

R Mbd3o
T ko

..

e TR
Fe2500 o
1 :
Tyr2s0
hu GO
L

PhelsT

(el y cvows) TERTBUTANOL oS )lgo § (o Soow) DHB WIS 9 (9 2 5T (o (A5 0B 3 (G090 45T o

ol 0318 Jylei PDB o yiwd o8 b (31 5 Gy 5 5Ll S Sl s Sovw 33 . i o 30 30 90 Sl gineT ) J90>

EP Do ¢ 38 5 90 (S wlgiue T DHBD-
™ DHBD-sDHB

9
TERTBUTANOL
Sogse  ASN242,PHE186,ILE172,HIS240, THR280, HIS208, PHE201 1KW6
ESTEEN HIS194,HIS145,GLU260,HIS209 1KWé6
ENpysEw HIS195,HIS241,ASN243,1LE173, PHE187 1KNF
S HIS210,TRY250,HIS146 1KNF

S 25 53 0T s 4y I YO (s yem ol
ot 2T s a_s‘si")r" &b s ...U.A_«»:Jf Gk
Jb ol gladanl T & 513 Ol b ol Joms
LA Ol e 4 A3l e 5 03 it Lol S 5o
L ds ol slaateTowl 3 8 osliul 15 i
Sy A glals adyl oS5 51 gungs 4tk o,
sl 255 5 esliul sy cda KSTs
L His 194 , His209 Tyr249 Hisl45 el

Candly 3 ol sy 1o

b Zald i 8 JIg Y00 Codly (g plnil L
sl g ol s asl amals DHBD V'LjT P
S ey el gs‘uﬁ{"“ 5 Calld Ol slyls
abge b JIg Loy okl Cos 4 (gdxia L;LA:G;
Swe 3 FASTA Cujp w odel s 4 @Lﬁ s
.a;)‘}céb‘bjjﬁﬁﬁ)rﬁﬁl}-ng‘ﬂj&
S1Y Ao

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e (50)M0 (53 BIBT (avrigs WP

23 Sl 55 Lsd e 0d ¥ sl s UniProt Jig
% bl gwT  Multipe sequence alignment
LA Olge a4 odids Cbli>  (sladiul T Llasl

Y Jsds) 65,8 o 15 oslinal 3550 15 0

4 5 b Jaze DHB gl osle o S55508 Ly
LBl e ol GBS i ( Susbis o
DHB sl a3l BIb1 55 55 605855t (gladon! 5ol

5 P 03 3 ge el T b s ie 53 ol her LS Sladwl gl . 215 g WAl Syl .Y J9o

e Rl S el gl

m P 98 dlgl oS> 9 pb

SR MR 930Ul 9 EY
Phe (F) llel172

Thr(T) Phel86

Thr(T) Phe201

Pro(P) His208

- His240

- Asn242

Ser(S) Thr280

oslem okiS Llgs o STy S 5y KNFI Jlws S
s 3Ll 5 g pad g

ot 015 o oS e Lombse o Fmlie STl L
Ol e ol adgl osle I oliSTylge O35 L9525
b dle Sole ladalsial oliSlee 2S00
S s pmad sl esle Jlas! C&,h—,d\ OT a5 o3ls ialS
pow Al o 55 0 3T Clab sy Ok ST 51 5 B e
S o (6,8 Sl 5

S obul (&l byl (5 5luoaleT
(il Gl s sl Ol S8) mls
S sl ﬁ;T 33 Soline b,y (Ll g e oS Hlge
2 B S bl kSl e e
S ey A Ozl adgl sl ﬁﬂ e S e
Jool oS lgn (6,5 15 S g g 035 aseia
2T 5 0ks &Sl Cnd go alie (511 (S5 (o 5|
5V KNFL sl 3 5 50) oS lge b ol on Lol
Chimera ,I3! ¢ j| A3 £ oslizul Chimera N Ple s

oS lgrm s S 5 0215 J1E a5y 2 lp

(DHB 1&J-Y T-Butanol-1) Discovery Nples 53 o kS lge b DHBD-DHB ,.£L.s .DHBD-DHB _yslas™ ¥ <5

ploil SSiSTls OT Cdlaze 5 i sl g VF 1
Bl ..b_.s; = oT gf:“g‘*f’ Sdrgs o g J.szf

w3125 e

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

W (5)Sh baple

dlail 551 odias [l 3l o g Adb o0 (S5
S il s BRI e S Glakisy bl 4 e
Sl i oias OLa ¥ Jgder Sl 0is § 5 sl

i S o (55 R 4 e

Fute e e 7 68 eld ol sl her Ol
slag ! ‘,\_1_54,? V'ifT) ..Uli:} O Jlas! ESFNEE
L e L{("A’: S oL gedasOlis 5 e

ol oS .\i\;‘):;&;fv.af S g3 (sl I gad

o 5T b ol 0318 gz (Smlginol s md 3 (G165 3l duslio .48l g (Sl ginoT iiS™ o 3 (591 .V S

Cad|
Ligand  Binding Affinity
DHBD-DHB -6.2
PHE201T -6.9
THR280S -6.8
HIS208P -6.6
ILE172F -6.2
PHE186T -6.2

Sl Sllons sl o) o e Sl SN
T elige 3 0T 28wl Jlail foo st
3550 05,1350 b esbe g 4 o 5T Uil oo e (915!

Y )] axdlas
e 5 Gl o SIE bty Sl eslinal
b tiss ST b & glan 3T sluws Colg 55 6o 5T
CaiS Bl 4 a5l sl aas s s e talS
ol ) eslial ¢ glles Oy by YU (ghleand
sl lodnlp Il T edige 53 5,
EF Shols Llos S oslizul s gy opl 51 S Slalllas
5855y et Sl eslizal b (Y king g5 B i g
Geobacillus Wt s ol Sy
o J5 &Sl ser oLl stearothermophilus T6
' P A W g PRV P [
Olojon hgr dajier om Sl b (HLb e
e G55 Y VT 5 s 4 AP s
L ol ol 3 Shee 5 Il 53 6405 77 SloILL
Sl Gl sl Olas gl Ll Rl 5l am s B
ATVl o 555508 (Sladi gy U85 a3 By
Sl e U Gl Sy e Oldls
old plonil Lo b g 55 ouiS 4 slae 3T

J'J-]_YL}_ DL PCB aJ..LYT ufsd L;Lhﬁjp" *or \:Mﬂ\

)

B 5 STl 53 by, ames b
3o G Cmio 53 T pwilign ¢ Flslons
»> (Point mutation) (ldet sla g .ol aBl
GOl 5 Sl s Dl el Wl s s
in ) S 53 i @b (W)sss o5,
sl i Sl Sllp slaw Jlow 5 420 L (silico
) i o Sl Jlasl 5 aS o e ) S
S5 @il (SSlsblsn 53 (s e Shll
ol ailie Gble slulid gl s g 05,5 <3 e by
Lol (LS Ly, Kb cwl S S
Pl e OVLL b S b 63,8k
ot ol Oledbl 5 g s S5
MSA, multiple ) Jiy s€xx lipn s
eSS Sk sl 5u syl 5l L (sequence alignment
Col oSS i 53 e bl glalis 53 oS
haaTinl & ol ol 3505 ol omlol 55
:ﬁw)sr.@.ﬂui_i}éfjw Ls\mu';): ol bl
()5l V‘JT Sl g

3l g g ST S 3 b
(5o i 5 5o W Il iy S35 )

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e U50)M0 (53 BT (anigs WIE

335 Cie Siwas WPCB Usd> |, Pseudomonas
)15 e Koo BPhC 05 0Ly L e 531
53 BPhAY Jle Joms s 5 3 0Sn 5 Bl 5w
Pseudomonas pseudoalcaligenes v+v s sUL
55 o 4S8 i 155 8515 pn el = KF
356 STl s =i L AT 4>y, 5 s BphA)Y
wnldul gl sLa ig> Pseudomonas  sp
Sl Tkl el 5 €V s 4 V5 55 5
o S S oo lb s e s S
b A Sl s Sles VT 5 4 Sher b e
FF)Cils b g sl 4 S 1y slos a8 il 53l
s S ka3 Y Ll LOLSa 5 58
51 (as e BphC_meta ol 520 4) 5658763 Yo
Burkholderia ¢ <L 51 BphC 5L« b 2
(identity)co s 4L 447. Xenovorans LB400
ST Sl elwl . disls i3 andllae 55 50 Bl
5 SEI L BLs 1 s e slaataT ol S50 5
YV e OFF pr s Gl T
Jlmb ol L bl 5,0 s 5 Y9 oSal 8 u
YO Cpisss s VEY Cpdiees A0 pdies laaieTdl
MO ol

Jrdia LT ol 5 (5 3lodibe L oSl 5 5K
Comamonas testosteroni ;I (BphA);t:.slss
YO ke s IS L o ST L 0T &Sl 5 B-356
e baae Tl fub oy S ox-FeF 5 b 0505
Jold baaa Tl s Ll Jlsd oyl
AV o Sly YAY o S5 5l YAF i ) caaia Tl
0 Ol oo s Tl ol 51l YFY o ) 5 YR -1
ol Calg 534S 5 S eslanul 15 tem LA Ol e
o DS 5 A 53 s 4 e IS o0 e
()58 s s o9 IS

2T Sl (VU e Jlez 5o & 15 OLES
5 AS A e ey s BB VT ) o o
Amas Sl by ab o 0T oKl
Ko 4 s B ol s e el S
Bl 0 a2 S S5y Sl s Sl
oo LPCB s 555 50 s (ol la
D -5 FY Y R Y (I RT-5| P SC PWH K W g
Ol b 5T pl s s slapml 15 o
L BPCB ants 53 48 oalizl (53,1 5 2 5 aote g5
v S iyl Lsbe odpke LT oSS
oS 5ay () Juls 7wl s plaze Bph 0 0l se
PCBs I SLS; ped bl (YWl o L”rij"T
b el S 5 okd g slapmsT buy
ol o 21 4 e IS (sl 4 D5s0kn 2 Solr
w5 ez 238 o e IS 5 el Lot S 5
A 03 LoV ) (S5dsn am e o
> BPhA ous a8 05 L U587 (65 b o1 Jolis ol
@3¥5YBPhB oul S 05 L 5U5s,de 63 Jpassis
ok UST 0F b SL5aST 6o Yo\ Jes WSssde
dol S g3 B oY 15 Rn 5 7 581 & fouS 5,8 BphC
LPCB .(A)wil o BphD s uS™ 05 L ¥, 4
Cod Olfer Cwajlme 53 VU Il wos e
LS U O5 s L;uﬁ\f)\,& by s
L BOT Coe IS 5liad 20l L U5 J e

A)sls el
OS5 85 e Olse b b 51 ST ol ST
LPCB ) o 55 55 e Lol ST o o0l
(24) Bacillus sp. « La 5Sb o op 5 ogen 31051
(26— Rhodococcus sp. «(25) Ochrobactrum sp.
2 el Ol e (29-32) Pseudomonas sp. 28)
sl 55 g 48T U5 S Ol G 3 OS5 5
s Sphingomonas (Arthrobacter L S,

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

WO 5)Sh Laple

olial o o313 g S0 Al s THA L 5 ol s
551 Ojn 5 45 il &S5 Jae PYRX 530 05 51
(;_med_i}bu_ﬂ)“S.bjr{jT)A:.‘j\c:hu;.frbj
sl o —#/Y Keal mol-10 ol 6550 opl O jas . AaT
L e o oS 9 ohed (63 ad gl o3l (65 LwosleT 31 dns
- = . L. .
Al e T (655 i ¢ 5 S 50 1 0lp 5 5l enli
= = S5 Ol r e 555 SN 5 T YT S
ol 4 ol sls 0lis |, —9/4Kcalmol-1 s
15 m Al g Al el ol 5l eslinul ST T
S 3o 63 ad sl esle 5 o 5T Il (g5l e
SYAY 5555 S0 St e 33,5 S
O s G el T L 0T (o KL
Gl sl Sy s -#/AK calmol-) g5 !
i b (gt S5ayd Ly LS T S
Sadal g i 5 ST Sl fsl L

it ol 5T 0 (65 51 Ol jn Ao oo O3 S 89500

Far S o0 5 (6531 Oljen (61313 e 5a TVl ks 315
5 w2 5T S (VL sl S8 4 s
N5 55 6 e mlzel b S, Sl gl el
3 4l osle Ool bl oS0y b5 ) ol e TV 25k 0

O S R PR

HIS.240 .THR.280 JILE.172 [PHE.186 ASN.242
Ol e g Al 03l> jig "y AL o« HIS.208 s PHE.201
a5 g 0 5T (6551 Ol e L S5 (6551
G551 Ol e dmm o 3ls OLES o] Sy @lzj ...\J_.ajf
o ropes Ll S8 Jlail il 5 e S s
o3be jl shlas alols j3 oS Hlga U b & 5 JT esle
3 adslesle (535 2 1y 86 o ST 55,8 15 ol
J=to 5 4 2 Sl Jeol il o)l (6 g ameS
S5 s0 S0 Sk sy das Ol S LIGPLOT
At o CBlim ¢ oy o 5T 4Bl g slaw S )

sy sl s o ) g 1 OT )3 (6, 5

bl giaT g L G adl o )3 oo ol 50
3348 b o S sya (63 adsl el ol bl 5 §T
a3l o3l Il 58 )l 25 Lacl el 2870
2 n 305 5 $Sovis JLsb Ml sladenl e T L 1
oS ylgs Dol LSb Caands Cel LI8000s 8,15
A V.iij A\:Jj‘abl.ﬁu,i\;frhﬁ

Sldes L il g &S5l 55 o Sl eslinal Ly
2T il 5 KiSTs da g 65l 5pn o b I
(c-\_ﬁfJLG.AQ)J_;ASV.‘:_wﬁJM u_i“&_:ct&_éliﬂ:-
o Olles Uosls als |, v.i)}TLgJ;:}U\fC,&JW
r‘_’u‘ L: (:).) 4.1>/AJ> MLJJ;}APCB a.,\.;_YTj gs:'“‘i)
A3t o Al gy Ll 5 (Hlmans Dl e
545 £ 00 CHIMERA ; DISCOVERY
S 55,8 o 2L, edS e sl ol oS
J=Bs S aoder o adsl sl 65y 1 L S6 o FeS
cuéJfQJH Sla g 45 Codls e g L ..a)\.li.
P IS Cmmse g5 e o ) G bl LU
;,&wﬁ&uglul}:@uﬂ?@sgh}ﬁw
AN s,

55 Uniprot esls oLk 3 eslinal U ful 3 cplplo
s Jlss aLSilq- 6\.&4.:_.»‘}.:.5-‘-5 53; C‘fﬁw‘ b V.LJJT
¢lawa HIS209 5, GLU260 HIS145 HIS194 |l
S 505 0Lz oL 05ls ol pioman s & SLalis
Olie 5 jisn pmed s Son ol & 3L PDB
Jiey S gl T o pomis |8 03,8 5 55 5 ool
s okl (PDB code:1IKW6)

APl S L L iy 5l ea BLAST S50 5l eslizal b
‘L;)'b_?(..a S e T S 4_3; L> ;3 OMEGA
MOLEGRO VIRTUAL DOCKER ;! [~
CA_QJ? Q)H am)\.g.» E) A:J)\ osle E) ("ifT L;)'Lwo:b“—

Ly S 0 03 e S5 oo Slatsl gaT s

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e GUS0)N (53 BT (anigs WYy

O YN VT b 65l 5 en I ol e i slas IS
YA s 5 5 (-7/AKcalmol-1) s s 3 5
S i Jlast g5 50 als ol (-#/AKcalmol-1 )Q.ijw
4l g 3T 0 S ol e ol ST O
5 S & yds Lyl O35 La iga ol dmess 53 05,05
Lo g Jlas! 1y Cpimman . Cudls Ll g 1) as 5T
)\J_S I JJ}.&J‘._:JT-ButanOI aJ_L{)L@.AgL_:a;)A
3Ly DISCOVERY 153l 3 3l eslisal Ly .23 S
aS sl oL ‘("f.J"T BE) 4_:.‘}‘ a:l_ﬂj a-X_LSJLq.A C.,_:.«.;}A
BE) 4.:5)‘ sale 9 JL@ ‘:“.'.L"’ )‘ a.\_ISJLG.A ol Y|
ng)ﬁoufjlﬁaﬁfrnﬁcdw‘g}lbd)y
ol o 53 5wl 2l Jlab oSl (gladn s
S STl B e 5T L s o ad sl esle JLuas!
BL r.f_‘}_:T é:::ﬂ_?lf CJ).-\_; &_\J_e‘ g;_QL au\_;f‘)t.@ae

s dal = PCBs s 5

S108 g LS
053 gas b Wlis (553755 j5 1, L oS S 48 5

S candllae ol OBty 5 51 IS m o 51 Sl e

sl S blis 55 Ll Colw gladul el ( LSS
Sy Ll g5 s0d 0T S5y 0 shgr ol ol AL e
2,5 Sl 1y e ks e Ras ) 52 2,5
B Al 3y ey f e Sl ke ol 45
Gl e ST ol aT o S (e
3 o a0 Oy sl 68T el ST 55 Dol & y8
ot oLl g 3 2l ply 23 8 o 2V Ot
Al oL sl Taul U 5 ST sl
L o5 g J S n I bl Sl i a5 5 il
claaeTaul o Kl cul a 15 OT slad S
s T 5 Shes 3 g0 4t 535 w2 5T (5ol Eely b
oo nl s s dale JLs 4 gV s
Gl Sty 5 Sl (FFYP) gla g5 L Lol an
S ohn @Y o T dige 5 (slabat ol hg
S i g bl ol &1 5658 (63 Y) U
o Sladlae Sl oslial U caalllan ol 0aiiSl pukal

ol ol Laasily 31 (6t 250l Ol o0

S 5 Aoy
3 s 3T o PYRX il b (JoS35e &8T5 L
¢l — s-#/YKcal mol-1Ja51 g5, aJslesls

é.gl}.o

1.Melymuk L, Blumenthal J, Safika O, Shu-Yin A, Singla V, Sebkova K, Pullen Fedinick K, Diamond
ML. Persistent problem: global challenges to managing PCBs. Environmental Science & Technology.
2022 Jun 1;56(12):9029-40.

2.Parsa monfared A, Akbari noghabi K. Phenol biodegradation. Journal-of-Biosafety. 2015;8(1):17—
35.

3.Montano L, Pironti C, Pinto G, Ricciardi M, Buono A, Brogna C, Venier M, Piscopo M, Amoresano
A, Motta O. Polychlorinated biphenyls (PCBs) in the environment: occupational and exposure events,
effects on human health and fertility. Toxics. 2022 Jul 1;10(7):365 .

4.Hassan HA, Alghuthaymi MA. Biotechnology methods for succession of bacterial communities in
polychlorinated biphenyls (PCBs) contaminated soils and isolation novel PCBs-degrading bacteria.
Scientific Reports. 2022 Nov 10;12(1):19223.

5.Zakeri A, Akbarian N, Hedayat K. Measurement of polychlorinated biphenyls (PCBs) in the soil
samples of Taleghan region and investigation of the presence of biological agents capable of removing
PCBs. Environ Sci. 2021;19(3):237-52.

6.Teymouri B, Nabavi SM, Safaeyan S, Khatami SH. Determining level of PCBs in skin and muscle
tissue of Cyprinus carpio and Esox lucius in Anzali Wetland (Abkenar). ISFJ. 2012;21(3):23-30.
7.Furukawa K, Fujihara H. Microbial degradation of polychlorinated biphenyls: biochemical and

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

WY 551 Lople

molecular features. Journal of bioscience and bioengineering. 2008 May 1;105(5):433-49.
8.Elangovan S, Pandian SB, SJ G, Joshi SJ. Polychlorinated biphenyls (PCBs): Environmental fate,
challenges and bioremediation. Microbial metabolism of xenobiotic compounds. 2019:165-88.

9.Arai H, Kosono S, Taguchi K, Maeda M, Song E, Fuji F, Chung SY, Kudo T. Two sets of biphenyl
and PCB degradation genes on a linear plasmid in Rhodococcus erythropolis TA421. Journal of
fermentation and bioengineering. 1998 Jan 1;86(6):595-9.

10.Dai S, Vaillancourt FH, Maaroufi H, Drouin NM, Neau DB, Snieckus V, Bolin JT, Eltis LD.
Identification and analysis of a bottleneck in PCB biodegradation. nature structural biology. 2002 Dec
1;9(12):934-9.

11.Mondello FJ. Cloning and expression in Escherichia coli of Pseudomonas strain LB400 genes
encoding polychlorinated biphenyl degradation. Journal of bacteriology. 1989 Mar;171(3):1725-32.
12.Vaillancourt FH, Han S, Fortin PD, Bolin JT, Eltis LD. Molecular basis for the stabilization and
inhibition of 2, 3-dihydroxybiphenyl 1, 2-dioxygenase by t-butanol. Journal of Biological Chemistry.
1998 Dec 25;273(52):34887-95.

13.Scherer M, Fleishman SJ, Jones PR, Dandekar T, Bencurova E. Computational enzyme engineering
pipelines for optimized production of renewable chemicals. Frontiers in bioengineering and
biotechnology. 2021 Jun 15;9:673005.

14.Lange L, Parmar V, Meyer A. Biocatalysis. In: Encyclopedia of Sustainable Technologies.
Elsevier; 2017. p. 663-73.

15.Pagadala NS, Syed K, Tuszynski J. Software for molecular docking: a review. Biophysical reviews.
2017 Apr;9:91-102.

16.Ebert MC, Pelletier JN. Computational tools for enzyme improvement: why everyone can—and
should—use them. Current opinion in chemical biology. 2017 Apr 1;37:89-96.

17.Baammi S, Daoud R, El Allali A. In silico protein engineering shows that novel mutations affecting
NAD+ binding sites may improve phosphite dehydrogenase stability and activity. Scientific Reports.
2023 Feb 1;13(1):1878.

18.Yoo YJ, Feng Y, Kim YH, Yagonia CFJ. Fundamentals of enzyme engineering. Springer; 2017.
19.Chatzou M, Magis C, Chang JM, Kemena C, Bussotti G, Erb I, Notredame C. Multiple sequence
alignment modeling: methods and applications. Briefings in bioinformatics. 2016 Nov 1;17(6):1009-
23.

20.Planas-Iglesias J, Marques SM, Pinto GP, Musil M, Stourac J, Damborsky J, Bednar D.
Computational design of enzymes for biotechnological applications. Biotechnology Advances. 2021
Mar 1;47:107696.

21.Ferreira P, Fernandes PA, Ramos MJ. Modern computational methods for rational enzyme
engineering. Chem Catalysis. 2022 Oct 20;2(10):2481-98.

22.Dror A, Shemesh E, Dayan N, Fishman A. Protein engineering by random mutagenesis and
structure-guided consensus of Geobacillus stearothermophilus lipase T6 for enhanced stability in
methanol. Applied and environmental microbiology. 2014 Feb 15;80(4):1515-27.

23.Hashmi MZ, Varma A, editors. Electronic Waste Pollution. 2019;57.

24.Suyamud B, Inthorn D, Panyapinyopol B, Thiravetyan P. Biodegradation of bisphenol A by a
newly isolated Bacillus megaterium strain ISO-2 from a polycarbonate industrial wastewater. Water,
Air, & Soil Pollution. 2018 Nov;229:1-2.

25.Horvathova H, Laszlova K, Dercova K. Bioremediation of PCB-contaminated shallow river
sediments: the efficacy of biodegradation using individual bacterial strains and their consortia.
Chemosphere. 2018 Feb 1;193:270-7.

26.Atago Y, Shimodaira J, Araki N, Bin Othman NA, Zakaria Z, Fukuda M, Futami J, Hara H.
Identification of novel extracellular protein for PCB/biphenyl metabolism in Rhodococcus jostii
RHAI. Bioscience, biotechnology, and biochemistry. 2016 May 3;80(5):1012-9.

27.Xu Y, Yu M, Shen A. Complete genome sequence of the polychlorinated biphenyl degrader
Rhodococcus sp. WB1. Genome Announcements. 2016 Oct 27;4(5):10-128.

28.Wang H, Hu J, Xu K, Tang X, Xu X, Shen C. Biodegradation and chemotaxis of polychlorinated
biphenyls, biphenyls, and their metabolites by Rhodococcus spp. Biodegradation. 2018 Feb;29:1-0.

NCel ol § jg0 / @ § Sy 2)9s /7 oliws)s 3b)) eole 2lEkils (ale alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html

[ Downloaded from sku.muk.ac.ir on 2025-12-21 ]

[ DOI: 10.61186/5ku.29.4.25]

e (50)M (53 @IBT (rigs WA

29.Ridl J, Suman J, Fraraccio S, Hradilova M, Strejcek M, Cajthaml T, Zubrova A, Macek T, Strnad
H, Uhlik O. Complete genome sequence of Pseudomonas alcaliphila JAB1 (= DSM 26533), a versatile
degrader of organic pollutants. Standards in genomic sciences. 2018 Dec;13:1-0.

30.Chakraborty J, Das S. Characterization of the metabolic pathway and catabolic gene expression in
biphenyl degrading marine bacterium Pseudomonas aeruginosa JP-11. Chemosphere. 2016 Feb
1;144:1706-14.

31.Suenaga H, Fujihara H, Kimura N, Hirose J, Watanabe T, Futagami T, Goto M, Shimodaira J,
Furukawa K. Insights into the genomic plasticity of Pseudomonas putida KF715, a strain with unique
biphenyl-utilizing activity and genome instability properties. Environmental microbiology reports.
2017 Oct;9(5):589-98.

32.Weiland-Bréuer N, Fischer MA, Schramm KW, Schmitz RA. Polychlorinated biphenyl (PCB)-
degrading potential of microbes present in a cryoconite of Jamtalferner Glacier. Frontiers in
microbiology. 2017 Jun 15;8:266493.

33.Ren H, Su Y, Zhang J, Pan H, Chen B, Wang Y. Recombinant protein, AlnA, combined with
transgenic alfalfa remediates polychlorinated biphenyl-contaminated soils: efficiency and rhizosphere
microbial community response. Biotechnology letters. 2016 Nov;38:1893-901.

34.Suenaga H, Goto M, Furukawa K. Active-site engineering of biphenyl dioxygenase: effect of
substituted amino acids on substrate specificity and regiospecificity. Applied microbiology and
biotechnology. 2006 Jun;71:168-76.

35.Gou M, Qu Y, Xu B, Zhou J, Li X, Zhou H. Isolation, characterization and docking studies of 2, 3-
dihydroxybiphenyl 1, 2-dioxygenase from an activated sludge metagenome. Biotechnology letters.
2012 Jan;34:117-23.

36.Baig MS, Manickam N. Homology modeling and docking studies of Comamonas testosteroni B-
356 biphenyl-2, 3-dioxygenase involved in degradation of polychlorinated biphenyls. International
journal of biological macromolecules. 2010 Jan 1;46(1):47-53.

NCe LY § jg0 / @ § S 8)9s 7 olws)S 3b)y eole slERls (ake alas


http://dx.doi.org/10.61186/sjku.29.4.25
https://sjku.muk.ac.ir/article-1-8032-en.html
http://www.tcpdf.org

