Archive of SID.ir

. LA
s} allio WZ WOV-1PY aivo AF) Coligu ] 3 (3003958 VY 0 5lois

g Ol 9 bt S ) SO
Bacillus thuringiensis ——g 4=l

Tk Al gy 9 BT JT (g e IS ynons o g LS e (oM 09 50
Ol eliile )57 g5l olRiils «(55,9LaS 0uSiils « S cwaige g pole 05,5 )
Olpl olaile S es3l olSasls i g (3 00Ssls ((gond (cwdigs 09,5 ¥
Olpleeliile S e s3l, oils «55,5laS ouSiisls « K330l 09,5 -V

VE VYIS Gy g Ve IDIY e sl s
[XWE

A ul_uS).s L}dl )LM‘ ] )_HAJLJ)J; LS)_Q‘ 6)9T)J 9 WYL ‘kg)lo)_go).eﬁ 6L®.\>|5 B «_»_LC-‘ HJ‘}A A L;‘)?ﬂ
oolai_wl b J_ﬁla u_sl).vL».l 9 Os_uL;o OJ_;)' u‘bj_‘>9.n ).v‘_w 9 Ql_...u‘ CeoMs = ;_Js_Ua.nLﬁ u‘ﬁ‘ 90 \_A—LC‘ ;A_»...q)la.».’u:

Sg—>9 4 6)1“ 3 ‘5<“ 3 Ui < “35540 S ol odj_ﬂ LngJam )‘ ‘r:.n.a Lgu‘-;o?.l'l Bi> 3o u—hﬁh—l)kw l_.\
Lo ySt alulid 5 il vyl 5Ho)ls (s g gl (059,008 SLuS 5 Bio a0 il Slapnsl g S

sty ol 5 el aanl 5l Lmoan¥T YL [ Jam dy atailss 5 Laome Layl, 5 Ly IS5l o0 iy j g

Paenarthrobacter ¢ Arthrobacter citreus «Staphylococcus gallinarum <Bacillus thuringiensis) b SU agw Lg>
Bi> gl o coi gilwlas pdcw adhie o s oloS 5 a4 0351 slasSs =3 e &S (nitroguajacolicus
5 ol Bdo> Sl ayg Loz il (led am S STaS ols flid mols wad a8 5 S0 8ol Re ¢ o Jbas o
90,2 Bd> oy 0, Slee oy o B. thuringiensis 49— Lal 05 )ls s S 00 iiS u_mb o gl plame a1y 5015 K
Ool5 Ko 5l ZYAIAR 5 (V- mg L adgl clale) o Jliis 51204 YY) el 59, V Sae (b 4S5 b olo oy Lis oS 5
ool 0o les BA> YYV/FY mg geell ! day! 4 49/Y0 mg geell! day! o509 e o L s g |, (Ve o e mg Lt aJql clale)
s 095 slm s s loss 8 (Wl ooty WSS 5y 00 iS55 (5,55 ] A5 S s (e el

)0 gl g (ot i lan S e

(g SLBE S (ol g (i slan )T g ) (S led (bS] (w4 o0 1 galS SLalS
U gige Jo-SIIS oy 51

clite g pls coii Uy SLs Sogll ol ouis Aol
sloaSodl eyl ompstihs alexil ol Loy uS 5l e claclad oe5dlss, o,
Sl Sopes 93,5 (o0 woe el L S8 ge ) aecey; ol cole,
OloeS 5 (ol og )5 90 y0 pls Cii 0 05240 s jlae Sogll aie) 10 (go> OMS s 9,
il oS 5 5 (Sladl slogn S5 yuem) (o A5 Jygnt

R« [ 3 T . a.habibi@razi.ac.ir S9SN ol
A S o0 )3 (Slag,l slninSg,u00) (DOI:10.22078/PR.2022.4569.3064) - Jlomss e

Archive of SID.ir



Archive of SID.ir

.? FA &
VOV 1PV amio AFe) Cdugrus sl 5 03293858 AYY 0 lad &M/
7

Po3l398 porkemss (s ool ] Jte (mlog B
5 Yg,5505, o als’ oo (b jesre g fnsloghons 5
= Sliie (S AV Jelgs Gloear LSy

PP G SO N O 4

) o il slp gl A ST oy Ly
485 Oy (i Lo s 0 Sy 5
Slop, e um a i 0 a S bl sl Ll ol
s oliie (Splio Gla o 4 (S g g9l
oUls S ol g S 8l el L
Sl sl s 1) om)Ssy0ue g5 90 0 4y
AP SR LY ECSIN [ PSRN ORIV
slodssse ple—ea (015 5 (b 5l 2l
Sl 5 Py 428 Jeeilly 8L 50 Jos
g )tz by (Tt g godl> ()55 0
a0l slaS o g5lahe (o 6 S
Obl bt adlaie )3 (5 Slain S e

o eolizul olzile S

g, g Slge

(st ot Sg0

Jolls imghy ol o coliwl 050 (olioni Slg—s
Ty Jo—sp L o015 Jloy (oS 5
e Jo—p L Il s9il> S 5 5 C H,
izl als s oS Jloy Plo izen ) Hy
S &8 2 5l Vb el az o jliesS oo

B onl5 15 Sn g e Lo

Arthrobacter L x:SL aseS ez 5l o ol 4o
citreus (MT786388)«(MT786386) Staphylococcus

5 gallinarum «(MT786387) Bacillus thuringiensis
45 MT786389) Paenarthrobacter nitroguajacolicus)
slosS ) sl (Sl 0 g ool 5l i
aibie ok Gloin)Soen 4y ooyl 5 bl
i CaBga) oltile S bl b

293 dlio

L ploeds (Lol (i gldl (s sl Sg 0
SlaS 5 0,8 Sl 5 Jols 4 s e LS_is
5(C17-C28) bawgio (C-C,)) oyl (Hs5Us0 (359 L
Slacn g0 s aws [V o) | el (€9 YU
45 Awd (o dwgmeads gloadil> L ol
Jmaie o ao lactos L jloangly (s &je0
SLaS 5 g als (glite 55l (ol g wlead
52l 0 ol Dl 5 s JLas L cngo oz
ol oo ay g o YU gl g s> bl
S o (=Y slnl 5 ceglie Y g5 S
FSw ha glain S 0 an Cuud g 0
Sl Syyoen go—ome 3o V] Wy 50 4w
e Sy sl Sl ol 5l (S
olalS g9, Do Yeb o yte Ol SlaS wi s

L0 5 ¥ a5 38 o sl 1 ol g Slslges

g0 5Lrb.:_’>bc u_....u) 9 LsoL.a.J‘ ul-.a?)Lo 0}5)_01
olals bwg LasanVl sy dasims a4 >y
anld ol oot SLs slap—uslS,lg e g
SLoinSg0en 5l pailS)lg Se (S 42
03,5 oolaiwl (65, g )5 i Glgicdy
03I 3 blie 1o .0 30,5 o ydas o Ly, a3 S
el Ko (8 Glap Seyne 4
30 9o e bl o L el e 10 04> 40
5 b SlS 5 oh g (i Lo S s
Sl lg 5o [V 5 ] alos S la s ) (ol
LaSl> 5 Loz B oSl 0,5 5l —cqiin
u_»))od.o.c ud)sl.) D20 LgL_bua)‘; ua‘_.w‘)J
Sl Fogll (s G2V 50 1550 (g ySee 09,5
4 S ool slas 5Sb oje el AL s s
S lgaST o Slgey ST e e S
3 P S bokite 5 gl (uligagdg cpg 2S LS

Archive of SID.ir



Archive of SID.ir

Ol en g (oME 039 b

9SS 69, e °C sles )0 laSadle o
6,10 S5 aian S e VAL 1pm yian j90 L
JLSe Y h e i ol (b e )] was
(S 0095 cbale (6 S oslail gz (6 S diges
oolail 0,55 0 OS5 cusle 8L jlade s pH

88 el onds

s sy,

i S 3l (S joogs clale o s
Feemm ;o 90 S e Jmod sl Hge—nil S
> 3 e jog Clale 4y (OD600)

solaul gl

e el gy B

5 s5llaz (3,5 FOIFAYF  Jla s FFARS-°
Gl sie jotate 4 ad ool wl csas olwlis
LS eaiSa s slag St
Sl wlos Jitigy ciS haoe 5l (a5 g9l
V gz o e ol sl ol ol solai il (BHB)

Ll 03 03 54]

BHB loxe ol sl Jous

L mla el lonl S ol 6l ] o
Ve min Soed £ e rpm o L Jeloes ol o
SRR YU g KU ST I SUCR W PO PR3] B
0l piidl ) slmodg et il
S A0 °C slws Ly oyl S ;0 YF h oy
St 5 i Ly

PR I > R T )

S et S S gl oo o (S o095
adaly sleslaiwl L () 6,=SL ol 05y Sty
O, 3L 50 soel s 4 sla ools bl g )

JARY NI P A IR
utday )=l (* /i M
30 S jodys clale (o gy X 5 X, Yo alal, o
Oleoy Sant gy ol )W 53 slgail g (slaul

LIV S Z3 L ¥ N W -

sale b oIl 5 S3lKa Jloa i s S0yl
plasl (GO) 315 (81,5 g5leg S b, 5l ool wl Ly
OBl 5 dlids ool g lare (ol (6l 0
b gl ) gy S e o el S
al> oau o Jobow 5l ole Jotoo 5l A mL o[V Y]
s S by e SLlS” o5 %o L4 mL L
o=l 3l s S ol ldee gos gjlwlas T 508
Sl g o Sad /) g sl ool Ly T LS
Dllgs mraw gilmlaz jslate aydiu ploslany

(gL Jlais ool
<Y MgSO, 7H,0
N CaCl,
\ KH,PO,
\ K, HPO,
\ NH, NO,
AN FeCl,.6H,0

Lo s 5 brusgiliogy 559 e (gt j4 525 (g 52
i 0 Lol (o lly Sl jptile 4
e by sl i slacn Sy
mg V- mgL! e lale Lo ol S ¢ o Jlis
oolaiwl SloS 5 ol eales lgeay Ve oo LY
Spgm dm S 990 2 gl Slilel as S
=beodl e oSy aalejl Ll b o Ll 5oxe
sloipn Sey0m 5l 8 jlade o sl YO mL
J— Gl Y mL o laol aSBlas jg by &
L ol (S S g
e ios bl /Y pm e wgie 4, ojla]
loo L oM gl olSews S5 jo S o sl
yo—laredy .o 0,8 il Ve min o eas VY °C
0953 Loz 5l alaS o ( b St adl anle 4
5 W oold ceinS (NB) &l ety Fg8 S laxe
6,10a 5 Y °oC slos o ,55LsSTl g, FA B ooeas
g 31 i) (ol Sy 5
BHB) Lo ;| V++ mL o, _asa Vx\+* CFU mL"!

.3._355 W)

ez L s

Wi adlal YO mL ,leJ)l oo 4y (Y= pH
ages om0, S )i S Lhas o sed L wgie Joie
ool wl vl i olesl olgsedr dag xS a8l

Archive of SID.ir



Archive of SID.ir

.? FA &
VOV 1PV amio AFe) Cdugrus sl 5 03293858 AYY 0 lad ;‘,‘j‘_/,“’/
7

V31 oSS oLyl el ooy i S 5
b9y 4= U5eST GO ¥ oV Jo SIS g jL5—Sliso
Vo m slagse Job p0 w5 6 yegtds Sl
S5S 90—yt ¢y A (G 53 03l03] VA 1 g
SURIRUDY RV RS NEVIN WL S VIRV FURVE S G VI
boss 5o JoSSU il aiil &Y game (lye
,o Dol was 5 JUT 0 min Gase 5l ju g Ve °C
Sl 53l 55 Jy SIS Jy Lo 51 L ialosl ¢l
Ole—e au Ve mM cbale L, (V=pH 4 0+ mM)
o351 99 ool Clad e o ool ol |5 sges
oa—b 0 Jy Jo—amme Jo—ag,See ot &j9—o 4y
oo 3l prS e 2 il e (IU) aiids ;o o
G99y 4 ol s S ile ol )5S o ]
S5 Geesllp s Jslome jloslii l Ly 55,5855
00 M zg—o Jo—bo o -V mgL' clale o5l yo
DALt (o, Foslul (6 ytogidy il o9, 4y
Lo pH o body oliSd s (6lwlas gl
PN Sl ol Jodone SeaS e Jolw 5l s)le
2> =l ¥ o098l L G g 0B ol ¥ s
°C glod ;o CiliSE ) gmmge s 5 Slos ¢ Joslio
Sonis il Ly Sy, o sl YE h aoas ¥
Golwlas Voo e rpm Cae s Lo g Ve min Do eds
P P COS) EEFN. JCSN. S B N R R4 IV
YV C lwo oYY h Gaway 00,5 Stz Sldae
8,5 O ygo S el S e

Con g o WS
e sl o (sl ol m ol
Staphylococcus gallinarums 03— g 3jlwloaz ¢ ,=SU
Paenarthrobacter nitroguajacolicus <Arthrobacter
o 03,91\ S o Bacillus thuringiensis g citreus

]

1. Cis,Cis-muconic acid
2. 2-Hydroxymuconic semialdehyde

sy Lo

Feerorpm jo Ve min Soedy 0 Lo by Ixe
S (BT sileg S oliws asgs 9 0 oudy il
ol (JT5Le 51V pl e85 1,8 5 JBT s )50 (GC)
TRACSIL) ygimw 45 2o GC oK 4 conis (6,5
G (HID) od oS 05359y 5L |1 g (TRB-5
sles ;0 ¥ min Soe glm ofiws (gl slos o
Ve 2O min o Ly Los g 0 pglais 18+ °C
Yo min Lyl o codl Siosl3bl YEO °C ol 4y
5 005 3,5 gloed o Al oSS Los 50l o
=0 29— YA+ °C 5 Y+ °C i ja ;L Sl
\ mL min" 8 0 S e 53 ly e a o
Sleolaiwl L GC olKiws (55ws lasbiw! o solaul
s 58 ol 5 IS5 S L5 i 5 Lo
Ye-VeemgL' gVeeVeeemgl! hale o5l o
0dilo Bl ()5 95008 Glie (sl Gy o plox]
R) Lyl Bis 059 Cae o 35 9 (V) Bis> o0l
VoV bl b oiyagaiblar oy o

DYl ass 5 el

S =S

"S" ' M

Y (%) =100x

1§ -
R 7‘d = L (Y‘)
(mgg day ") X
9 4_..15‘ o lale u_a“.a)i‘d.t Sf 9 SO L(Yl) 9 (Y) Ja__gb) 3o

ol Gy 525 e Sl ey o lale
S 5 ST 50 3b5Slgig0 FAD o 31 o Jlad
Lo (gt Sl (o9 )4 (318 Jlo 5 (o
3o ol en 15 g lee & s NADH (5, 5ol
S gbate sl 0B s Ve oC sl
Ve mM ol (Y=pH 40+ mM) Slawd , 30 Jodxe
NADH ;I ¥ mM d piigus lee an 801380 Jlo s
380 Jodore oyl 51y mL .ol a3 FAD I Y uM
o 009381 su zl Sl v 5l o Lac 510 pL 4
ol od> ¥ min Goe 5l s Y 0C slos o g
Sacae [NF] s o, Sojlwil ¥Fe im zg o Jo b o
oo &0y SU5nSlgige FAD oy 5l Ut
(IU) 4235 , a ;5 0% B3, a0 NADH Jg—0g,50
s )55 e e 5 S e 2 il

Archive of SID.ir



Archive of SID.ir

Ol en g (oME 039 b

3o vif
by S. gallinarum
? - 3 o0a)
39 ¥Fee M- L vy
B v ColisS g - ry pH
3, Yoom . = pH /.' Ly
1‘ .I-._“-‘\‘. I
1 B Fm e [ A
; : EI 2l
3 ‘_i.-‘ »
T MRS, Bt Cow ¥
EiTRE = =i s P
- YEOFA VY 32 Y. IFF 15A
) oloy
o —T V¥
3 A. citreus o ) 005
A N dew
s v LS ypwsn L VIV
) = pH pH
,; Yoot P 3 L v
% e e %
""’ *-;_‘ -----
[N PO . * “‘_I - s
3 g o
3 ii
: F'd L 5/5
3= ¥,
RETE T A T
EX L e el )
= YE OFA VY A5 Y. 1FF 15A

(h) oo

2 B - — vIf
2 P.nitroguajacolicus
o) o (oo

LR 20 P Lviy
19 v CSliSd g __,.}""i pH
i Yoo = pH ¥ v/

i e L S . F Ve
g‘ Yoo LsiA
3 L sis
"'15 YRR A S e A -
ol YE FA VY A5 Y. VFF VPA

®) oo
D Do \2A 4

2 B.thuringiensis o s 005
| a pllas
x Foor v Siss g [ YIY

= pH pH

3\ Yoog o S S 3 v
EN e
-\j‘ Yoogers . 7 bl RPN
H i o
3 I ¥
d Ve E -l
3 s s can W
‘3 ~ A T
315'4 S b e 3 Y
R Y FA VY A% Y. IFF 1PA

M) oo

ol sy 4y Jsb 4o PH e 5 ot oulst Coliss gussms ol o o joogs il oy ol i ) JS

s o g Pl (i oSy
= slobze )3 3ly— ol e sl (S
ol 5, o=l 5l 5 Sl 9,9, Cmdgazme Lo
s S Osdsal Slge g Ly oo S a5
Ol ol 8 e jo g Plosl iliBl s
Ol Gty s S aie (g
Sy 25l 59y b 5l ey Il B3>
S. gallinarum 43¢5 (g, JAVEY o a sy
Ladisl plw gl m B> e o b onal i
B. thuringiensis ¢l,— 13+ IV 5o 4y o3 Sy
TAFIDS 4 A 7A79)

&l — citreus gl ,—
cale poals ol als eanlivw Paitroguajacolicus
J—d 9 ) 55w as e o |y lamo 5l o Jlias
Slg—s a 00g IT SLS 5la S Lag,sSb ol VL
Sladllas 1o ols cod wiloa s gilwlos s
A2 oo lid i 2S00 liione hawgy cad sl
‘o\bj_” 6l_®.fa.\_>m )0 090 (9 LS‘LQLS)"SL' as
G (=5 sl )5 000 a4 o0 0 (YL (lles
5o U_JLQ.) u_é.l_>5 s, le_:z:)byu')o G)L;é) s_:jl_o.’

S bz gbaysw gl ) IS sl loges

bale ol aul asin gl pl 5l as jobyles
O e i dn il Bie o (s (Ul
Gl S g e (59, wilaiiles g asls
S jo0g Wi (i O it ool 0
P.nitroguajacolicus gl,— YA-£\Y mg L' ;s
Y12 mg L' o 4 ol o eS g
3

3 )_ob 38 el i 90— Pnitroguajacolicus

S eowl

‘o B. thuringiensis g,

2 oSl ey ol Gy A L] Ll
8 =2l S Leasss plw gl a s J>
Loaalas olad jo 0 sdal i o K oi)
FIN sga> a Y+ aJgl JJofe 5l pH Lials o,
ab osaltie (- JlE (S 4 i ailE b o
PRV PTPCIN SN Y B PR IS IR
S5 Job o VL SSgrha el
Sly—o o Jos iyl ioman VAL cil o Jliis
Lo 5l i i Ly ol iS5 g
o osal e LB IS5 o ool o,
am by e o 2olSS g ods (e (i
999 PNV mg L' s s 4y B. thuringiensis a_sS
S oo gi Sl g (e Lndiss Ll
=Sl cale Jdoa s o Sl Y mg L

Archive of SID.ir



Archive of SID.ir

.? FA &
VOV 1PV amio AFe) Cdugrus sl 5 03293858 AYY 0 lad &M/
7

(S j00¢5 B. thuringiensis 4555 o &S Jb> o
A 350 Sy Aol 40 9 00,5 oo gl (6 eS

g Gl Job o2 aaly Sl 4 (S
A o s |

Sileg,l slrinySgpae 5l g9 o oslw (Jlids
Jome JsSge S (lsmie 4 a8 el Glailais
So—il> SLoS 5 Gy Bi> (Dllg oy 2 o
ot 5l eolaul ecle [TV ] wgn 0 a8 5 1S
glaile s slacn So)ue plow 4 o
Sl (=l lolazmo )0 o ;e co (Sileg
P JUES) ST Smagaze L 358 o0 g 45
OBl Ol slail s SLS 5 plw g S
Silog) om0 00iS an iz sl 3l 25
az o IV ogas sy 1) (g Sn sLadisS yo
54528 Al il SCsleg, | (slaadl> slass
ety A Ol 5 035 S S ]
Sy S (Jlie plss 4 00,5 o0 5 Y5k
S 5 S ls—e A J—8 (59, — Lo S
Ay sy el YL e 4 glaal> S
JeemgL! e blé o Rhodococcus 5l glassS o5
3 oml IVY ccioas 3158 N e e 4
s o Lo 5 ol Ligiadl) 4ol (gl a8 el >
Femg Lt e ble jo o Jiss 59, 0B 05—
SS9 plo—e am A 59 jemam )0 (e e

Iyl caloas 3,155 +/- O ! sga> 4o

oS e Gt jelaie dny Sl (3 dod o
slam il e b (Sileg)l B8 5 e S
Slhor—bsn o) i uSlgs Yo ) Je SOl
) (L5160 ¥ gV JoSSU g (5555 LSS
| g 5l osliil L (Lote caSld olon—g
ail> 4o bwlgas ool pleie 4 Jo S
SreSo il [YF] ed )8 1,8 ) 590 (b
4329 g9y 5l e A7 h jo Lol (ol el

1. Dissimilation
2. Assimilation

FENTIUER

Ol () 4n 525 9 9Dy S ST Sl ]
e J=loS gl e Gl LmaisS (ol o
Sy 05y Sy (et (Seite—w Loyl
S8 50 R) (s Bl 059 Sy g (W) Loy g
03,5 T S jo oyl ol as o a e ot )&

ol 00

(Aep ™3 3w) y

Ol (S s 4355 g (1) 0 o9 e o dnnlia ¥ SIS
Lala> o R)

oimg Sy Slie (i @l ol bl
A by e o/ FYEe/e oY day! Jloge Lo o,
Ol a0 JoBe b %S g Pnitroguajacolicus
Se— B. thuringiensis gl,— <+/+\\x+/-+\ day’
LSLQJ u . ~/§ Q‘s_)‘sc . _ ‘)-!‘Q-]‘ 4_3
456590 Lo aunlan ,o B. thuringiensi ¢ S.gallinarum
6 i) ol § M (GO, S (o Jols 550
e o 1y s (2 LuST 5l eais ol5T ATP
WS B 0l g Jolw plasls glial el
B> 05 g L&y GLQOO‘O “..A_Lb.o u_:‘ d_»..:L 5o
29/Y0+0/) mg geell! day™” )l 4 Jlafo oy i
Al sdwlie B. thuringiensis o—isy &3S (5,=Sb gl =
i s Pmitroguajacolicus (g ;=S ¢y (=) 30
5 6l oglas Yasl ol ol cle o ils |,
iy o lS| | —ol> (65 I Pnitroguajacolicus

cbs_,.’:)ksa ool ‘59—”) M}oé&? UM_JU.S‘ Comw 4o

Archive of SID.ir



Archive of SID.ir

Ol en g (oME 039 b

J=doas Yol as el Sg2g A 03 L

Jley b S 5 ole—bsn b 1Sy

poxidation 4 pgsge o] B b aslsl j5 gea i
a bSlgge la p,_l)'ﬂ Sdled o g pathway
el ol 8 il a il S0l S Jle 5 g
39 P e slgo o Jg i (5 S0l
adgi e s a S ol lis bl sdss
B. thuringiensis 4a_e5 au by o CiliSd g olg—
Slsdlas wlwly 0e0 YYFEVO mg L 5o 4y
039 Lo b S5 SloS 5 Sl o g
s Sl iel S 5 a1y gt 350

PN IR

Jle s Sy 4328 9 05y 9B Sy alie
ol 00 08,9l TS 0 lady g oy 0 501K
Sla s 45 iy e i gl ol Amslia L
Jly (G A S 4y S gallinarum
(s]+Fe£e/+ -V day") YL ojmg ce 3l 50150
ey B. thuringiensi SLS Lol calosgy s e

Sl &l 1y (o VA /e o Y day!) sl wal o,

e el gy B

by o lagw o jo 4 S) I
Sleslaiwl Lo (cils J1, 3 o )& o) )l
bsi sl il g oaS 5l (5 aiged
03,51 ¥ sz 5o o gl 5 <8 5 el iy il
S. gallinarum assS 45 5¢s oo atax>do .l 00
(o 4 |y JoSS5 ortho  glean—dgm s
aS Jb 0 aes o i luST o ul SisS gom
oSt Meta  gleon—gm s 5| 550 as5 4
1y sl o SdsS g0 (S5 poY gy J5 SO

sl oo plosl as

Jbey adale  gsjonss ol Olposs Sley asy,
A8 o uLwa C_»L..t u_al ] 00 00)51 Y Ji_w o
O 9ed oS 5 Bds (g g ez o 48
g Wl ol la o 1) ol R sy o>
okl sy )5 aie lgie Ay QT 3 il _uslgs
(e 50385 e i A les 0 g S
O yeS g A. citreus gl FY-£YY mg L7 o fe asy
oualiwe B.thuringiensis sl,— f0+-+Y0 mg L' lo_ae
O OO Re oy Bds i jo glas als
Fomg—wme dlia 4o Lo duglie o Laalas
Oy B. thuringiensis s ,—=Sb 45 5,9bds gy
Sate LS. gallinarum s ,=SL 4 by o o, Slos
OB o8 s dn i by 09 TOVIVE Bi>
ety 4378y Azl it pH ialS a5

| o3 0 5SS I8 5 o 43 008 (5,50l (omn] Elleh ¥ g

(U Mg, ™) 55T 65 ¥ 57 5SS (slagn 351 cudlad

(U Mg, ™ 5i5eeSlos Y5V sl slap 31 clad

o1
ﬁ:m m D:: mpﬁ. s Skl
. - LT yr— * - gremmes
e
A a3, CJEYYE./-F S gallinarum
JOMNE-/-Y RVARUNE P nitroguajacolicus
SAATA==S3EIN RVARUE A. citreus
SIAYOE-/ A Al Cod, B thuringiensis

Archive of SID.ir



Archive of SID.ir

.? FA &
VOV 1PV amio AFe) Cdugrus sl 5 03293858 AYY 0 lad &M/
7

S YIf
2 8. gallinarum o (g 0093

- Yoor Ao A 4 ,-_‘h‘.;l:,,{n

¢ T v ol gunga
N » = pH iy
3 "1~

5 " pH
FE o
3 I------I..,_.“‘ ----- . ""1- -._‘.\ 8
3 . p O

3 e Rl ¥
“1 Yoo !

“,‘, - ST yormraeperres ¥
ERRR S B —
T 0 Y FA VY A% Y. IFF IFA

() oloj

S vI¥
2 | A. citreus o (i) 0087
Syt T - A plsolis

: “i v Colis gugn

¥ Aos = pH VY
% ' pH
1 See

ks v/
4 .

3 L 5A
\& \S

57 -

‘-f’.) ) e $15

e YF FA VY A% Y. IFF WFA

() yloj

B9 Alic PR

X - — vI¥
2 Yoo Ao P.nitroguajacolicus o i) 008
By “E PERXTRICN

' i, v S yguga
:1 A ...‘L = pH viy
: pH
i . . vI

et T Fy/e
S R
3 pH 3 .
: Ls/a
] F
Y =
Rl e R
D 'y LT e e v-
yv 3 B A N 14
2% YEOFA VY 45 3Y. IFF VSA
(OS]

g vi¥
2 \ B.thuringiensis o (g 00gF
o T PTATCN

. £, v CaliSdypugn
! A I = pH LviY
b4 ey pH
FNNERE
o> A - FY/e
3 ..
3 F5IA
\‘2‘ Yoo
2T ,-':.‘-'-f'f.“
b =¥ Ly

= YEOFA VY 45 AY. IFF 1PA

) yboj

OB Jloy s 4525 Jsb o PH jladie g ool agh oSy gugu (501380 Jlo i o sm joogs cdale Sley ol pois ¥ Sl

[+A
E8 u
R
o5
~
in
=
3 N
4
3.

% Yo
Yo By
g
AT
I
LY. &
-3
£
L &~

Lalaz 0 R) 015 Jloy S 555 5 (L) A 035 Sk paw dumnlite F JSC&

oy & pdice pw moll ol dan ase L aes o
S, Jolew ;0 VYT/Y£/4 mg geell! day™! 5l o Sol3 S
Jsbe ;o YYV/ T2V E/Y mg geell! day! L gallinarum
Ole—i oo il plo 0S5 oo ki B.thuringiensis
B. thuringiensis 4555 4-S dg—oi (GI—= gz ‘yni>>
el a ks 5ol K Sl i o, 3k
P. nitroguajacolicus a5 B.thuringiensis ;| s

VAY/IA£N¥/7 mg geell”! day! Bd > o% i s Lo
ol el Ke BAs oy o, Slae o

b ln Sy yo ey Job il Lo
Glosls (s s (55 Sl ols 1l
ol ()8 e Ol dlge (b S
@-Cpp) O Jloo b i 5o ol 5l iy b oo
&y Pseudomonas chloritidismutans AW-1 la_.g3
Sgs 00l yo,l3 8 [T/ Y day! i a0l

Ivol

Jlo sy () 4 3285 05908 o pizmon IS
S 2l SO plsea Laaslaz sl 1) (58155

Ol s o a1 os 1 3 elCudlge jo

Archive of SID.ir



Archive of SID.ir

Ol en g (oME 039 b

J—doa s ol S5 L alie o0 Sl

GBS 0 1l DS oo D yg—o (6 y—iaS C& o Lo
3o o=l ccdale a 538 Sladlas wlwlp sl
Veor mgL! cdale o oS0 52 Y-

WSS 5 ol eSS lhendism

mg L' o e
2 OleS 5 ol (S L s S 8 ) 0)5
lacdale 5l aslil Loy ails 38 31 iy a0
cdled o Sl Sl cmge S 5 ol YL
STV W ¢ IR RPN P Y Ee
A5 ams oo ltd mols ool [VF] o aals Lyl
Ul 00l g5l (6,51 ez ol 4z ;5]
Ol Lol wilai_iils 1) Has 5 (goil> oS 5 Bis>
Lz glaawo I oS 5 Bas o Lyl  Ulys
=S mlas ST Ko ojle an crl aglais
Luls o Ll 5l e Lol casngs Sslog,l g (o
SoliSE gz WS (o 2 S s (S i
B. thuringiensis 4595 4S5 sls L5 Lo ,uSb lawgs
ol a8l o li8l 5o S e S A S
L B.thuringiensis asloz o, Slas 3l auslas o Jgo= o

ol 03 03 53] uiis sLa S

e el gy B

1A% h o b wSTleige p 3l o Jlad 5, Soslall
20 059 Sy Ay, (SO S ;A 2 g
dd)}bcb o)_f \)—AJ‘L’ |) ) Q)H GLQ 4.:5_..4

u_..:).tcb sp_i)JT u_t‘ Ls‘)—’ 00— )‘)_l‘ M_JL:S U‘)_“"’

-1
‘protein

B. thuringiensis <IU mg- |, Y/¥=+/Y IU mg

IUmg ' <P, nitrogua- 4355 gl,— VIA£+/Y .

‘protein protein

U l_:.,LQ_» g A. citreus 4345 gl ,— \/¥£+/Y jacolicus

-1
‘protein

35S Tgige o 31 syl argmms Lz 2 a8 ol (L
ooy Soladl (i Sg 000 Sl 5 GialaST sl

=S o=l 09n S gallinarum g\, \/Y£+/Y mg

aS oo ol F oV sl ISt mols awslie
S S ilye an Ul S 5 (59, 0ty e
OBl Ka sy BA> (gl ool Cews an ,olhe
ol 5l i el ol e el
dliie o lacil>aiz SCsleg,l eols S e 4o
e Az 2 Sl GOl Se aS cS 5 L
OtalaST (iiSTy ea s ol5T (65,31 5l (g 5eS g
Sl Se 2S5 g 9y (6l Sl oe g
e =S Dl 50,50 )8 eoliiul s ys s
bulgax ols o g Lap 3l aJgi (sl (o8 pae 55,
Oty Slalllae gl ol oo Al (o e

OluS i San) 4 jod ey 4 S das 0 LS

OB oKe g s OloS 5 san) 45 5o iden Sladsw b Bithuringiensis alaz o Slas anlio ¥ Jeue

! & 1 &3 . &

gke |yt OB Y obeyl bl SS9 S el 15 S0

[vy] VIYYY Voo Do sl pHEY 0 a;ni LEA: g 0938l 0. mgL! b Ralstonia eutropha

[vv] <[+20 RYA) 10+ 1pm (3508 Sty PHEY 5 YV °C (sloo Ve mgL! b Bacillus cereus

Y day Sow sl y
. Of Do e -1, e . .4 .
[YA] ZINY Voo ¥ oCslod b mg Lt 556l (10958 YemgL! o Jis Micrococcus sp
fAh 51, Y- rpm 3508 Ce o g pH=Y
LT sl X Rhodococcus
[Yq] o/YA/\ ?q VY h ).) \H~ °C Lgl.m) mg \ Ou‘lfo)im opacus
[v.] JVED VEIYY Ve rpm 0508 sy gpH =Y XY °C sloo| mgL! 5sl%a Enterobacter sp
\F day &5‘)‘.’ Yoo

. YA« 1pm 0 5e Cae &+ oC sleo ¢pH=Y ) .. | Bacillus thuring-
Lol s [y | Ay U’”’Vd;;;ﬁ Yoo mgL! ol iensis

. YA 1pm S e Cao Y. °C sleo ¢pH=Y mg L' sl Bacillus thuring-
yol> 5| /N4 YAIAQ © NV d;;i‘;-.' \ff . e iensis

Archive of SID.ir




Archive of SID.ir

.? FA &
VOV 1PV amio AFe) Cdugrus sl 5 03293858 AYY 0 lad ;‘,‘j‘_/,“’/
7

Sldeiod ol o (Vb ohng S o S
a5 04 oo odaliva [YA 5 VY] el oot 31,8
i oY Uy e B.thuringiensis 4o
OBl S Bd > o el a_ilyy e S5
Lot ailen ld (S5 S e 4 5
— 50 [+ | Enterobacter P [Yal| Rhodococcus opacus

(5 5 A
YL (=Uls leas gilvlas a9 Ly> 2a > 5
RUEAPVR AP LR U v PRI LV S-SR P VST

g3, alie

Bacillus cereus) (go—s 4555 S yaiin Slaaxs o
adgl clale Uy o Jlids 09y 0 5550 (MH681588.1
Lyl & 0788/ e as 59, V5l ey 1, Ve mg L
e LTV sl Bis f ol I8 alie e
[+ A0 day! asS ol 0l 05y Sk pas Ceanl 53
R [ T NPUPE ISR
Lyv] Sg— yol> 3z )0 Bthuringiensis o, oSS
mg ¢ Jlie ploie 4 (o Jbiss VL glackile Bi>
lodiss 5l oolawl o a0 mgL! 4V L
5,)\5=5" [¥¥] Ralsionia eutropha o [\l Rhodococcus

l.bw...w.ulf)‘jji.ﬁ U“"‘ M.&ﬁyo d..l.oJ‘ ] °J*—?.‘>)f

S e s 3 ks L slat il s
A g pladgal jloslin il 5 GS3l5) Lo
ol giod o a S Jb o cl ooy S 4
(Bl j-boay) (Bl g (s Lo )9 puen
2ledgal 99381 ga 5 ()5 e L (s 4
=2Lal S ae leslaiwl o plodl lae 4y

B. thuringiensis g ,=Sb 4 by po &, Slos 4 g Lol
o0 S a5 il g S S Hlg—e A4S 09
Gl (S5 e SlnS 5 Cdlyy LSS5
P—aty g (=l (S anlel Sia ) (bt
Lalio ol oty Ceyw 392 LY BAs S

P LR S Gy iz ol gl |, (8
l_g as ‘)_> »))515_@ p._bljs °‘>9—ﬂ G_LM.’G 6L_m‘ja.~>m
00 g5 (oS 0095 3 o 4 (g0l IS 592
odiS ol iz e ekl slady g g0 anly>
Y edale s YL csb) i L p )5 slalaie

DS oz |y S

pl® ol o) sl |y s i 65, g o
W o)Ll ol 5l e a5 e biyles 15 0 4]
6ol ATP (g5l e pdlias c Sl (09— 00z
0diS -y 5o Jolw (YL iSO L5 0sS sed adgs
.35_?5 l_s dj QHL;O 4-[4?)1.‘0 ‘5)()-3‘ )‘ ..))5] w_@‘)ﬁ ‘)
B yan dy U 00 S A o sla Jolw e
ool 00 S el e lgie d g g 7S olS

&l
[1]. Farhadian M, Vachelard C, Duchez D, Larroche C (2008) In situ bioremediation of monoaromatic pollutants
in groundwater: a review, Bioresource Technology., 99, 13: 5296-5308.
[2]. Costa A S, Romao L, Aratijo B, Lucas S, Macie S, Wisniewski J A, Alexandre M d R (2012) Environmental
strategies to remove volatile aromatic fractions (BTEX) from petroleum industry wastewater using biomass,
Bioresource Technology, 105: 31-39.
[3]. Skupinska K, Misiewicz I, Kasprzycka-Guttman T (2004) Polycyclic aromatic hydrocarbons: physicochem-
ical properties, environmental appearance and impact on living organisms, Acta Poloniae Pharmaceutica., 61, 3:
233-240.
[4]. Das N, Chandran P (2011) Microbial degradation of petroleum hydrocarbon contaminants: an overview,
Biotechnology Research International, Article ID 941810.
[5]. Gojgic-Cvijovic G D, Milic J S, Solevic T M, Beskoski V P, Ilic M V, Djokic L S, Vrvic M. M (2012)
Biodegradation of petroleum sludge and petroleum polluted soil by a bacterial consortium: a laboratory study,
Biodegradation, 23, 1: 1-14.
[6]. Ron E Z, Rosenberg E (2014) Enhanced bioremediation of oil spills in the sea, Current Opinion in Biotech-
nology, 27: 191-194.
[7]. Varjani S J (2017) Microbial degradation of petroleum hydrocarbons, Bioresource Technology, 223: 277-286.

Archive of SID.ir



Archive of SID.ir

Ol So® 9 (oodE 039 e ol Sy B

[8]. HabibiA, Babaie F (2018) Fast biodegradation of diesel hydrocarbons at high concentration by the sophorolipid-
producing yeast Candida catenulata KP324968, Journal of Molecular Microbiology and Biotechnology, 28, 5:
240-254.

[9]. Mrassi A G, Bensalah F, Gury J, Duran R (2015) Isolation bacterial strains for bioremediation of n-alkanes
and polycyclic aromatic hydrocarbons, Environmental Science and pollution Research, 22, 20: 15332-15346.
[10]. Abarian M, Hassanshahian M, Badoei-Dalfard A (2018) Isolation, screening, and characterization of
naphthalene-degrading bacteria from Zarand Mine, Iran, Polycyclic Aromatic Compounds, 38, 5: 410-419.
[11]. Habibi A, Vahabzadeh F (2013) Degradation of formaldehyde at high concentrations by phenol-adapted
Ralstonia eutropha closely related to pink-pigmented facultative methylotrophs, Journal of Environmental
Science and Health, Part A., 48, 3: 279-292.

[12]. Hassanshahian M, Boroujeni N A (2016) Enrichment and identification of naphthalene-degrading bacteria
from the Persian Gulf, Marine Pollution Bulletin, 107, 1: 59-65.

[13]. Rahman K S M, Thahira-Rahman J, Lakshmanaperumalsamy P, Banat I M (2002) Towards efficient crude
oil degradation by a mixed bacterial consortium, Bioresource Technology, 85, 3: 257-261.

[14]. Elumalai P, Parthipan P, Karthikeyan O P, Rajasekar A (2017) Enzyme-mediated biodegradation of long-
chain n-alkanes (C32 and C40) by thermophilic bacteria, 3 Biotechology, 7, Article 116.

[15] Marchlewicz A, Guzik U, Smulek W, Wojcieszynska D (2017) Exploring the degradation of Ibuprofen by
Bacillus thuringiensis B1(2015b): The new pathway and factors affecting degradation, Molecules, 22: 1676.
[16]. Wojcieszynska D, Guzik U, Gren I, Perkosz M, Hupert-Kocurek K (2011) Induction of aromatic ring-
cleavage dioxygenases in Stenotrophomonas maltophilia strain KB2 in cometabolic systems, World Journal of
Microbiology and Biotechnology, 27: 805-811.

[17]. Tbrahim M L, Ijah U J J, Manga S B, Bilbis L S, Umar S (2013) Production and partial characterization of
biosurfactant produced by crude oil degrading bacteria, International Biodeterioration and Biodegradation, 81:
28-34.

[18]. Lin C, Gan L, Chen Z L (2010)Biodegradation of naphthalene by strain Bacillus fusiformis (BFN), Journal
of Hazardous Materials, 182, 1-3: 771-777.

[19]. Nair D, Fernandez-Acero F J, Garcia-Luque E, Riba I, Del Valls T A (2008) Isolation and characterization
of naphthalene-degrading bacteria from sediments of Cadiz area (SW Spain), Environmental Toxicology, 23, 5:
576-582.

[20]. Daane L L, Harjono L L, Zylstra I, G J, Higgblom M M (2001) Isolation and characterization of polycyclic
aromatic hydrocarbon-degrading bacteria associated with the rhizosphere of salt marsh plants, Applied and
Environmental Microbiology, 67, 6: 2683-2691.

[21]. Rabani M S, Sharma R, Singh R, Gupta M K (2020) Characterization and identification of naphthalene
degrading bacteria isolated from petroleum contaminated Sites and their possible use in bioremediation,
Polycyclic Aromatic Compounds, 1-12.

[22]. Wen Y, Li C, Song X, Yang Y (2020) Biodegradation of phenol by Rhodococcus sp. strain SKC:
Characterization and kinetics study, Molecules, 25: 3665.

[23]. Jalilnejad E, Vahabzadeh F (2013) Models for the biodegradation kinetics of naphthalene by Ralstonia
eutropha, Polycyclic Aromatic Compounds, 33, 5: 451-466.

[24]. Ghosal D, Ghosh S, Dutta T K, Ahn Y (2016) Current state of knowledge in microbial degradation of
polycyclic aromatic hydrocarbons (PAHs): a review, Frontiers in Microbiology, 7: 1369.

[25]. Olivera N L, Esteves J, Commendatore M G (1997) Alkane biodegradation by a microbial community from
contaminated sediments in Patagonia, Argentina, International Biodeterioration and Biodegradation, 40, 1: 75-
79.

[26]. Partovinia A, Naeimpoor F, Hejazi P (2010) Carbon content reduction in a model reluctant clayey soil:
Slurry phase n-hexadecane bioremediation, Journal of Hazardous Materials, 181, 1-3: 133-139.

[27]. Sonwani R K, Giri B S, Singh R S, Rai B N (2019) Studies on optimization of naphthalene biodegradation
using surface response methodology: kinetic study and performance evaluation of a pilot scale integrated aerobic
treatment plant, Process Safety and Environmental Protection, 132: 240-248.

[28]. Jegan J, Vijayaraghavan K, Senthilkumar R, Velan M (2010) Naphthalene degradation kinetics of
Micrococcus sp., isolated from activated sludge, CLEAN-Soil, Air, Water, 38, 9: 837-842.

[29]. Zampolli J, Collina E, Lasagni M Di Gennaro P (2014) Biodegradation of variable-chain-length n-alkanes
in Rhodococcus opacus R7 and the involvement of an alkane hydroxylase system in the metabolism, AMB
Express, 4, 1: 1-9.

[30]. Zhang C, Xu L H, Zhou H, Tan Z, Xie Q, Xu'Y (2018) Biodegradation of n-hexadecane by enteric bacterial
isolated from an oil-field wastewater treatment plant, Fresenius Environmental Bulletin, 27, 7: 4942-4951.

Archive of SID.ir



Archive of SID.ir

Petroleum Research

Petroleum Research, 2022(April-May), Vol. 32, No. 122, 32-35
DOI:10.22078/PR.2022.4569.3064

Biodegradation of Naphthalene and
Hexadecane by Indigenous Isolated Bacillus
Thuringiensis

Firoozeh Gholami', Alireza Habibi’,* Samira Pakdel', Ali Beheshti Ale Agha' and Rouhallah Sharifi

1 Department of Soil Science, Faculty of Agricultural Engineering, Razi University, Kermanshah, Iran

2 Chemical Engineering Department, Faculty of Engineering, Razi University, Kermanshah, Iran.

3 Department of Plant Protection, Faculty of Agricultural Engineering, Razi University, Kermanshah, Iran

a.habibi@razi.ac.ir
DOI:10.22078/PR.2022.4569.3064

Received: August/21/2021

Introduction

The hydrocarbons in petroleum include two main
groups: linear compounds (aliphatic hydrocarbons)
and cyclic compounds (aromatic hydrocarbons).
Linear saturated hydrocarbons are the major
components of petroleum that including volatile
compounds, low molecular weight compounds (C,-
C,,), medium (C,_-C,,), and high (>C,) [1,2]. Another
group is cyclic hydrocarbons with fused benzene rings
in linear, angular, or cluster arrangements. They are
hydrophobic compounds with low vapor pressure, low
water solubility, and high boiling and melting points.
Due to high hydrophobicity, they can persist in the
soil, and they are recalcitrant to degradation than other
hydrocarbons [3]. Generally, petroleum hydrocarbons
are the most persistent environmental pollutant that
has long-term destructive effects on plants, animals,
and humans [4,5].

Nowadays, economic and environmental
considerations have led to the bioremediation by
plants and soil microorganisms. In the biodegradation
process, microorganisms use petroleum hydrocarbons
as a source of carbon and energy and change their
structure to the less dangerous or safe component.
In the oil-contaminated area, microorganisms have
been adapted to conditions, and they are capable of
degradation and use of petroleum hydrocarbons [6,7].
Nowadays, many bacteria, which can utilize kinds of
linear and cyclic hydrocarbons, have been isolated
and identified [4,8]. Because degradation of aromatic

Accepted: February/05/2022

and aliphatic hydrocarbons needs different metabolic
pathways, it is important to find microorganisms
that have the potential to degrade both types of
hydrocarbons [9]. In the present study, bioremediation
of naphthalene and hexadecane as modal molecules
in order to find biodegradation potential of cyclic and
linear compounds in petroleum was evaluated by four
indigenous isolated bacteria from oil-contaminated
soil in the Naft-Shahr area of Kermanshah province.

Materials and Methods

In this study, four bacterial strains including
Arthrobacter citreus (MT786388), Staphylococcus
gallinarum  (MT786386), Bacillus thuringiensis
(MT786387), Paenarthrobacter nitroguajacolicus
(MT786389), which previously isolated and identified,
were used [10]. In order to the enrichment of bacteria,
Bushnell-Haas Broth (BHB) wasused (Table 1). Inorder
to assay the capacity of bacteria in biodegradation of
cyclic and linear petroleum hydrocarbons, naphthalene
and hexadecane with a concentration of 200 mg L' and
1000 mg L' were respectively used. For preparation
inoculation, each of the isolates was cultured on
nutrient broth and incubated at 30 °C for 48 hours.
One ml of suspension with a population of 1x10° CFU
was added to 250 mL autoclaved Erlenmeyer flasks
containing 100 mL of BHB medium. The experiments
were performed in triplicate for each bacteria and a
control test (without inoculums of bacteria) was also
prepared. The flasks were incubated at 30 °C with a
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shaking speed of 180 rpm for a week [11]. After each
experiment, the suspended cell was centrifuged at
6000xg for 10 min. The supernatants were collected
for quantitative analysis, and cell sediment was dried.
Afterwards, biomass concentration was determined
by dividing biomass dry weight by initial centrifuged
culture volume. Specific growth rate (x) was valued.
Residual hexadecane and naphthalene were calculated
by gas chromatography analysis [12] and afterward,
the percent of removal (Y) and specific degradation
rate (R) were determined [13].

Table 1 Compotision of Bushnell-Haas Broth (BHB).

Component Content (g L)
MgS04.7H, O 0.2
CaCl, 0.02
KH, PO, 1.0
K, HPO, 1.0
NH,NO, 1.0
FeCl,.6H, O 0.05
Results and Discussion
Figure 1 shows the results obtained during

biodegradation of naphthalene by four isolated bacteria
(Arthrobacter citreus< Staphylococcus gallinarum,
Bacillus  thuringiensis, and  Paenarthrobacter
nitroguajacolicus). This data shows that all strains are
capable of using naphthalene as a carbon source and
they grow on the aromatic hydrocarbon. It is mainly
due to the high compatibility and tolerance of these
bacteria isolated from an oil-contaminated soil [ 14,15].
The highest biomass concentration about 380+18 mg
L' was observed by P. nitroguajacolicus. The growth
of this strain did not shown a noticeable lag phase in
Figure 1, while the other bacteria showed a lag at the

S. gallinarum

Petroleum Research, 2022(April-May), Vol. 32, No. 122

begging on their growth. As seen in Figure 1, A. citreus
and P nitroguajacolicus strains had respectively
maximum growth rate about 0.044 day' and 0.029
day! during logarithmic growth on naphthalene. The
S. gallinarum and B. thuringiensis were slow-growing
cells on the substrate.Figure 1 also shows S. gallinarum
strain can degrade naphthalene at a greater than other
strains and removed 91.42% of naphthalene during 7
days. The specific biodegradation rate of naphthalene
varies from 65 mg geell”! day™! for P. nitroguajacolicus
to 99.25 mg geell! day"! for B. thuringiensis during
logarithmic  growth. Enzymatic activities, and
consequently material transport processes, affect the
pH of culture [16, 17]. The pH changes as a result
of biodegradation of naphthalene had been shown in
Figure 1. Results show that pH value had declined from
an initial pH=7 to 6.8 in all cultures. Increased acidity
is most likely associated with the production of acidic
metabolites, such as benzoic acid and phthalate during
the biodegradation of naphthalene [ 18, 19]. Similar to
the present study, an Indian strain of Bacillus cereus
(MH681588.1) had been succeeded to degrade 96.1%
of naphthalene with an initial concentration of 10 mg
L1 after 7 days [20]. It is noticeable that the specific
growth rate of this strain had been reported 0.095 day!
which was much more than a slow-growing strain of B.
thuringiensis in this study [20]. The removal of higher
concentrations of naphthalene, for instance, 20 mg L'
and 50 mg L' has been reported by Rhodococcus sp.
[21] and Ralstonia eutropha [22]. However, using
of supplementary carbon source (glucose) and
surfactant tween 80 has caused the success of these
microorganisms at high concentrations of naphthalene
[21,22]. To conclude, B. thuringiensis strain as a slow-
growing bacteria had the most effect on naphthalene
degradation.
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Fig. 1 Temporal changes of biomass, naphthalene, and biosurfactant and pH during biodegradation of naphthalene.
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Temporal variations of biomass, hexadecane, and
biosurfactant and pH during biodegradation of
hexadecane are presented at Figure 2. The highest
and lowest biomass concentrations were 670423
mg L' and 450+25 mg L' for A. citreus and B.
thuringiensis, respectively. The results at Figure 2,
notices S. gallinarum strain had a high growth rate
(0.060 day') but B.thuringiensis had a slow growth
rate. The removal yield was varied from 57.25% by
S. gallinarum to 78.89% by B. thuringiensis. The
measurement of surface active agent showed the
highest biosurfactant was produced by B. thuringiensis
at 234+15 mg L. The production of amphipathic
substances could facilitate the accessibility to
hexadecane as a hydrophobic substrate [&]. The highest
rate of hexadecane degradation was observed by B.
thuringiensis about 231.43 mg gcell' day’'. After B.
thuringiensis, P. nitroguajacolicus strain with a specific

S. gallinarum

1000+

~~~~~~~~

800- e m pH 7.2

..........
s oy

biodegradation rate about 184.82 mg gcell! day' had
the best efficiency in biodegradation of hexadecane. As
seen, B. thuringiensis isolate was capable of removing
naphthalene and also could be useful for degradation
of hexadecane as a linear compound like Rhodococcus
opacus|23]and Enterobacter strains [24]. Acomparison
of results at Figures 1 and 2 indicating the growth
rate on naphthalene is less than hexadecane. This is
due to a severe breaking pathway of naphthalene as a
polycyclic aromatic substance versus to hexadecane.
The results of previous studies showed that the
biodegradation rate of aromatic compounds is slower
that linear hydrocarbons because of their complexity
of biochemical pathways [9]. In the present study,
based on previous studies, the concentrations of 200
mg L'and 1000 mg L' of naphthalene and hexadecane
were respectively investigated, so that their inhibitory
does not affect the biodegradation.
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Fig. 2 Temporal changes of biomass, hexadecane, and biosurfactant and pH during biodegradation of hexadecane.

Conclusions

All isolated strains were able to biodegradation
naphthalene and hexadecane, but the best performance
was related to B. thuringiensis, a surfactine-producing
microorganism, that could degrade cyclic and
linear hydrocarbons. The characters of the isolate,
especially high biodegradation rate at low growth
gains technical advantages for biodegradation process
of hydrocarbons from contaminated environments.
Because, it is efficient and produces less biomass in the
environment thus implies lower ecological impacts.
Bacillus strains are also endospore-former and could
tolerate adverse environments such as tropical regions
with high humidity stress and high salt concentration.
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