Ll 15 Son b5 85 = ol anlild
Y Y0 domio AP Ol als VF oyl cpylgar Sl

VARV /ey ) — WYY/ 8/Y8 10l 55 5

BOT o hos b330 9 bd ouis” 4 1o Cwgdlld —eCod Sl s 35 b 2l 9 Sillus

nabavisani@ut.ac.ir «l ! (Ol g o&tils ¢ o g Son (655 555 3 Ayl b2, 1 L TU g 5
= * -

amoozegar(@ut.ac.ir 0| 5160 & K s s J g3 S L By 1 S jgel (e doxo

dastgheibsmm@ripi.ir ¢l ! & Ca s ot g3 (65 T 5SS 5 skl RS (SO0 N

ol

BE QL.;JJ o=l g el gl .LA_TQ_A Dled 4 G Loes L;LM.,\.;:.YT S 3 b QL.:fJ,J (oo
= . . . - . & .

SLa iy Sl Ul g e & ol gy 5 ) 4205 355 n o geimn S 5y S inis SaLey

JERREUPISS FUWPRN O éhp—»é‘fa‘bi:‘ Sl andllas ol 51 a3 55 0 g0 o lacd -

Led gl 5555 Ll 0 L e by SIS S ol Ood sk

53 Laad sa (g5l 28 5l doms ks planil 285 DS 5 0 03 0T ST 5 SST1 1 (o)l i sas D SH95 9 D90
.v\_.:l:L;)'l_wu.ajl_"-aMT@JQ&)J&CﬂImL{cdeJ\}a;@L@SQ‘}&A{Jﬁéb\b@mqk.}aﬁ’u
Glings J3 5 53 OT Wiy Loyl 8 5 Ol 4 g o 20 ks J S50 ool J5 0l @ o (slaas o

AL

;! Pseudomonas s Janibacter (Halomonas oL :S'L (sla o 4y Gdate 8 ol iSTas joef 4 5 4 1 B3
Janibacter 4 Cals Ao 3 AVAY L YF3 4 g Ols ol 5o s glolid 5 (5luld O e ST (slads gas
4y ol s Glald 5w ew Olpte 4y |3 Glhls Sdae il ooee j3 YL WS, e e 4 Cremeus

el Ao 53 0 ke gy 5 o3 V0 BV LIS e oS o3 pdoen b Lte p S 0SS

A e S e B 5 Cble a5 V0 ATl b U Ll b 55 ) 536 YF3 106 T 4ou § Sy
Oj))-ljﬁblﬁy&‘ﬁﬁw&)}.é’);j:l;sﬂb4?)>Y" Slos 53 4 g cpl iy Cp 5 R Sl
SAUDUFIO b 5w Jb Sl 5 bl a5 51 g2l S e ] (ST S Ll Jand el
o Ul e 5 Sl b Ol 53 ¢ 8 s ST g g ol VU ol 0is 0L 48 3 ) 5 p S e Ve

S eslial G 5 ) es Gaoly I JB OS5 Ol 53 (63,558 Gl g Ol 5o

Janibacter «ussls —eSas ¢ b DLS 5 (s 4 jad o gaie Sl GO (S0 19

3 5ol a5 s S 5 0S80 (85 3w 9 Sen i el b gy 1S oo Le 3T (51K U g e okt 55 *
Ol 0l g8 o313 cp gle



WWAF Ol OF o)l cpler Jlo cla el Son (olidins 5 a3 — ale aalad \

SS9 el ol plowil 5 s § 4 S ae 53 (635
S s A 2 ae) 3 e SLas ST
Slai)158 0585 45" ool Pseudomonas putida
Lyl 5o S opl g 3 4 05l ys (godae
Pl el s o b alea Gl o lises
(V0 =A) Cl ol 4l o gline sla, 58T 50
Lol agjms QU5 681 oml S s o 5t
Cealodes 3158 2t 5s 8 e e i
Sl i ke 516 S5 sl S (1)
Ewingella 5 Alcaligenes Acinetobacter Halomonas
Sy lods i)l E b ) 4520 b abasly >
e a8 Gyl aS GLIB 5 8 saie
gele SISt 51 S 0T ol (S8 Ll 5
S ol ool #1511 (SS did (S 4k (51
Sl 35 e S gl LB ad ol e 5
3o sn ot ST Lol 5 (V1) 308 o odals | eSColS
Wiy lee U oS e ieb Wilg o dbaluy opl s
oy s canllloe (ol a5 5 o 28T 28 (Sl s
osie il 4y a8 ol o 2T Lyl 5 s 5 (s
iy bl b ) s ol (gl
J5 oS 4 ol oSS 6L°p*~.‘.5\fj‘.9)§:"
Olp LaoT SS L L s S 515 LS sws o

S i |y (Ul 58 o glacobley

by 9y 9 3l
S 53l S gl o (gLl it
03537 5 555 LSS5 I (o, 8w sa5 [ oS 4 o
SLacS s (03 550 eSOl g NEERN IV
Oldis O 53ee ST 5SSl 0 i S w03 JT 5 54

o ol Bl 55 e sad s plasit 0155T0l 28

dodio
G35 2 255 oo DAL (ases (slao VT
B I I (YCENS PPN L;l_»r.m:stf)l
0 @SS, T SLS 5 oo duNT opl Ols s dias oo
S S il @V (Salsse s ool e
AT sl amn S OIS o 58 5
b ol 5 oSl ,T OLS 5 cpl 51 LSS ())
05,5 53 S o T 5 Lammn Bl 15T 318
(1) 3,8 o )15 oo NT oy 5 o
(b glal s pu jleds ) 5 slacbay
eSSy G, (glus s ple ol VU
e ST 5 ol wlio 0p 5 pgn Lo iSTe i
o Ol olas = S5d gla sy (F) Az b
Wl S e (ol O palitnST ol
plosil S ol (2S5 4 5 IV b ] el
La gy opl (F %) g sy SWSan Lla Sg, o
o J8 Y eme LOT plasil b 5 Ljls 2 55 (905 4o
S S L slosl s b o fizma K5 e
a Lt 2 VT S5 Ol e a5 o 55 o0 b
o a5l gy JB s f 4 e Ll gd e
s e b au5a 5 S lae b 5,8 L
(S ST (65 5 OT) Gdmaslgma Jb oS
) s (P =0) 3 sh gnosls e 5 g,y e
3 ) sl Jsle 5 gl 45T ol T 5
@3b3 sl Jole )18 o 5T 0T Gy » s b
Ay S L 5 68 s L aS syl e
Lo (Ul 55 ot Aol on ol 15 S
(Les 1 Jols La frale ol sl H108 30 0T o e
5oV (K58 6l (S5 d o s Ll e

Sladllan (V) Cal OT sy s 203 5 8581 O e



YV LT 5 Shes bl s Jb oS 4 525 S galds —eSas slags STb lelis 5 g jluld

S s ol OLS 5l oo slas ST
10 Al T3S /0 O gty Jols (2 0, 5)
63 /¥ Dlys g oo /0 awlis /0§28 s
T A D A R e
g3 azia oSO Sl o Lacll ((VF) Sl Wl XS
S Las )l08 b 8 5,8 sle a3 ¥ (gles
33 b sy aes S i, gl SIS eSS S oyl
Slw @l ad osls oot HETRIA Lo Laoee
Ky 5 JK) (mlidSiu ) SNl el Lol
j\QW\ijUJQ@.M¢bﬁ\(...j@A§
(10) us (l’u‘ b g 039 2l

Sl s (5lejalls Sl das i g p g DG
Ly 5 425 Sl o les @ 4 gm Sl I Ol
c__w@mqgéumgm@u%“@\,\;
S o S35 O il g 57 K pl 4 i
Sl Gdne 4l Loee 4y 5 A 4gs Lagy 5 51050
i o ol 53 d il b ndys 0, 8 e Y
2 3 SaS a5 i e o e
Ll 2 Sl 5 b Ol o ol b 4yl
(19) 23 8 plomit 53 50 40 3o 51 )

e a2 g Ay Bl ol (S 3l
b oo Olje 5 2 g Sl 6l L s L
am s L 5 oo Ol 5 050 2B 5 LIS
Ba S 7 ol YL S

CiS baoes (LIS e CllE gileang ol
L g o e, 8 e Yo Bl L im0l
23 (dayn Yo 510 0 W aw) Jsline glads s
Sladlas ¢l mas g o I Ae Ve glad
MO VI F1 laas denl (6 Sb Ly (65, 4 e

M)@‘ﬂ&jb%i)}ﬁ)).ﬁ@)ﬂ\'/a}*/a

31,8 Slw as 53 ¥ (slas 3 5 Jime o8 tolojT
Lo 45 gos 4ol 3 TDS (55 58 Ol jpo ik (5,13455
L;J_:fejl.\_;\ MettlerToledo = JLe oK Loy
B Gas by Lams (555 5 4 gad (GSle 8 S
plosil (A 029381 0T & (55,51 5 oS e L Ol
Loes andinl 5 do )30 Laes (668 ds s (VW) U
e sl e ol Al BIAD 65, 5 LS
pisel 53 53 08 Dl ol g Jals
oSN S il s 0 8) Dlid 055
UP R FRASIYS- (VA JUIH PR REFIENPE
0 oS e L Olge w J5 s 2dysp 80700
b as g3l 2l 55 e 8 e Yor Ol

3o 60 9 S byl L Skl
Voo ool s cCaliee bl OT 5 S (lad sel
Yoo sl CiS boen i e Yo L 6 2 e
a3 ¥ gles 53 jay 93 D J5 2 5o cjfsl*‘
Y Shd s SO0 tpm s s 551 8 sl
iy sl aoen 51y S Yor (g 5lwds sdins 5,
¥l yoain ¢SK Sde w5 A ite s Lo
VO Ipm S5 55 5l 8 Sl wa >
Loue 55 Laas gas 0303 SLal . ds IS Sl §
S ool (g 55 L plnil 530 b 5 (55l
&l el odaline LagT 5 Ladein g S i
95w bl iS5l Al (glad g (s5lult
As OBl 6 e liS” 4 s

(A lag s (5Ll - ig il A
g bl csS 5N TG Sl glacs,
JSCE L b loslinal b g i Jaze ;8T ROA Lass
SileS aos JETROA s 23 S =15 s

S bl 6l o S ate SUS S g8 b i



WWAF Ol OF o)l cpler Jlo cla el Son (olidins 5 a3 — ale aalad YA

Lo sa 51 ads Sea Yo g oslinal 2o gl Vs o o
(Y')M&)Jso@)@ai&c\ﬁm\
180U 4 35 Sla b gw J9Tg0 o lubid
5SS g oS o sl g (J5SU5e plulis
T A o 5 485 035 o Laay g Sl 1l 5o
Jd (al_>u| Marmur od_i CM-'J| szj) u"'l"“‘J'f DNA
o N o SN 5 (6 e g g pSl Slata, b ok
Sleslinl U 25 ol ol oalital 05 g0y &S S
3 5-AGAGTTTGATCMTGGCTCAG-3" Jiss
O S (GO g 1) 1492 R
G—s b 31 s5-GGTTACCTTGTTACGACTT-3'
ij_;iy..x_.;cl_?._;\,'lj_&:x“;\ej_gu}uz;_ﬂ,
DS s a5, g5 2SI Sl eslizl L16S rRNA
el s S ¥ olg pm 53 5l peck (sl o i
XY ol bl LX PCRY: 5L 2l Sa ¥ oS s
Y e e 00 1y cble LMECL s Koo Y-
c&\_@' —r=> J}—‘er:" JF o Lble bdNTP
Voo cble L a8 5 s sla el 5l S
5 35 S U220+ 51,k Taq m_;T‘,VH;ﬂ
&S‘j (l_?u‘ BL b ealawl wl..ﬂ Q‘j'.:.ﬁ 4 DNA

S gl Lyl 0 L gl 51 Sl ey (6l o
T 5l s SIUDNA L 4 0T 5 45 Lagi sai 5l
e LS Ol 4 03y 0dkd ol bzl 0353
Sy (glo iy (2SS 4l . ol
0 laes yo adyl Cli uly i el o3 asl y b

s T Wc@ab@“g:\ﬁéu@.);

A e S e Ve B0 Gl ble sl o
503 Jole 53 il Jelse osde s ags b
a5 FO S F XD YO D) s
KCI NaNO3) Calises slacSas 50 5 (51 8 sl
I8~ s Aoy b Chle s (NaCl yNa,SO,
i g Py bl TS Ll S e 5L

D Ol (e 2 o5 late 4 S B giodies
O sl g 3|t en S (T om 5 8
03353 ahEs V' Sde w5 A2 Jame Jbs 4 29 S
Sl 290 Jadome OT 51 eyl 55 5l VN0 g
OT 33 45 s J5b) 55 WV 53 o Ol
b (dzed (655 oo &Sy s Sbey, T OLS 5
Sl e Ol s fate 5,18 glay S
plod o okil o ol O sie 4y J3 05y Cu2ST Lo
08 19) dd il 5SS b b b tole 3T

030wl HPLC 35, 5l ¢ J=b Codo Aol ghate 4
Ak S5 ale3T sl 5 Il s shte oyl
VoS 4y 5 A Jaze b 4 (23 S0 O geilon s |
Tl Al Sl m b Sk Sl VN0 g a3 55 dids
OT pommo Lt () I ) (3 OLS 5
I3 L s il Sl 5 00y 331 Olie s IS (5 5 I
sl 53 b OLS 5 (gl Ol s 5 I Osls
(ol o g Ab 5 Sy a5l 3 D ol cdae
Oler oIl 4o Sliudornly AL )3 odile Jb o sm)
Jo om0l gl &S 2T b o I e
V) ul

Olye 4 CI18 " &g 5 s 5 HPLC o (51
Lo )30 gz S b I gl 5 ST 15 08 56
Jue UV detector 2500 4 gaes o . 3Lzl

Jsb 5l b OLS 5 jesis Gl 9 05 Knauer



Y4 Lol 5 Shes bl s 8 oS & 520 Cawgalds —eSas slags L olulis 5 gjluld

oW

OT s 5 A8 oot Ladigod (S350 sla S 52
el 0l 03, 5T ) Jgdo 4o

Sgad )l Jol CiS L sb (g3l 2o dl> e s
P L i DS slaml 4 Oly5Tab O3 ST
sl clos 53 0 S ae g3 Olsie @ 5 ) 5l 4
Hﬁ,;ur_@\f)\,;,aob:om;ou%}s
Lo 1 o5 Bl S HPLC s oS Col Ji6
(O JS8) 5 S a1y s

0 2050 S gad adenl 5 (6555 ) Jg

5590 s L cdpuly Jolsoliya ), S5
23,8 Sl a5 0V gles b Jlasl 551§ sl
Ao VY s mw gailif Q.J._as\_g(auj
Yoplal 5l ey 5 4l Lo Sde ol 8 Sl
@:\J_?dﬁL.»A_?);VY b 26 2w gl p s o
Sy le s G815 16 Jpames 4i35 Y ks
e S8 5y Kb 4 (WS hay b s
5 o 3l sl L ol s s ol 5
BLAST ;! SaS L g o ! 59 Chromas pro
EzTaxon 55 olb 55 olis Ood jame sla JIsi b

05 5 53 Cgplin 5 5 4 g o 505 5 dulin

el Sost Ly
Vo oA e BV, S 4w Sz gks o s o Lwlis 16S rRNA
IV A3 \Y OlysTab e ST Mega6 ;s ClustalX a3l ¢ Sleslizal b Coee
ve e 10 P S o3liiul b 4y g 4 by o STkt S5 )3 e
Al KPP Sl oKV oS . o _
AYF YY) ¢l Neighbour Joining rg)}iit 3l
Phenol
60000 - -
_ Day 1 “
= .
2 40000
E
2z 20000 -
‘@
1~
£ 0 - — . : - . ; . ‘ .
- ) 100 200 300 400 500 600 700 800 900 1000
-20000 -
Time (seconds)
60000 -
Day 6
2 40000 -
<<
E
Z 20000
g v
E 0 T e T T T T T T T 1
¢ 100 200 300 400 500 600 700 800 900 1000
-20000 - )
Time (seconds)

HPLC ¢SS L 01Tl O e T &5 g0 jl okl Gz 4 CiS7 55 b ol b -V S8



WAF Ot N F 05l cpslgrr Il cla el ls o by 5 (g3 = gale aoldad v

Foo o bleys (bl g by o S iy

Wl odalie 60 IS s b e 8
S oS e O s 30 B S
oS oo Vrrr Cble B s, 4 3B YF3 4 s i

Blank

120 B8 Cads 0.3

100 025
280 0.2
] X
4 6 0.15 A
) 9
A

40 0.1

20 0.05

0 0
YF7 YF3 YF6

oS 4 o lad e [ 4 o3 5 i) Ol - Y IS

a5V gles g AMO an bl ¢ J3 Y ppm sl s 8

Ogad b e U5 L a g aw 8 aslsl s
Sons Jl e plomil (gl s o s 22 S
Sl Jos Ul plalp e DBl Ry
,;J),Lom.ucl,g\ﬂa:uo\}”y&w
o3 AV L YF3 ol o i e odalin ¥ S
4y g Ol g (5L 8 55y a5l g J5 4
Aol 5
4 5 S (512 IYF3 g Aly Bl 5 (Siloding:
Bl s |y Jb s s s (a5l P e S
el VYl ey gl plad b (laaingy L) Ll 3
sdalin BBY ISE 53 8 Hsbolen b ol il
Lo )50 CLle YF3 4 g i)y (gl a5 dinge (!
4 30 4 g ol bl el WIS e o — G5
NOESTAR j\;Yp.\ﬁ\JKﬁ.\_ngug;m);u,
Oty Jarome 53 ) (UIS YFD 4 s cizpan 255
RN PRt O

4 g Ay ) i @l F S w5 L

el ol o5 ds edalie (55T ol b s .ol MOYE3
)bu)&u‘j GJlé 6\)‘3 u;w\.’u QL;}JQ.:}:A)) 4.:7‘}»'
ST A0 5 YL U6 Ll s
FasbPY o5 Sl
0.6 - =l ol - 100.00%
0.5 - - 80.00%
\ 0.4 - T L 3
& 1 2 - 60.00% 4
.1 03 - . I
2 2
9 - 40.00%
0.2 4 T
o1 4 1 - 20.00%
0 ; ; ; ; —+ 0.00%
0.00% 2.50% 5.00% 7.50% 10.00% 12.50%

318 Sle a5 (slos S A a el ¢ 5 Yo ppm  pa 53 IS b Sl (g 5luarg: Y IS5



Yy

BOT 5 Shae ol 55l 5 J5 oS oy o5 S 33L8 -8 (slags ST o lulis 5 (55l

S e

Sog odr

0.7

0.6

0.5

0.4

0.3

0.2

0.1

FasbPY )5 Sl

- 120%
_._/J" J-l> °
e + - 100%
T L
1 - 80%
'|' - 60%
l - 40%
= _ - 20%
T T T T T T T T T T 0%
6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5
!

Jl-;&..}sb-u\—&):

318 (Bl a5 ¥ glos 5 dp )30 LIS ks J3 Y ppm g 55wl (jlaaigy -F IS

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

FeSUPY G5 2l
= 5 Sl

T

100.00%

- 80.00%

- 60.00%

- 40.00%

- 20.00%

T 0.00%
200 400 600 800 1000 1200

(Ao p 8 ko) g e

J;é;}.l;-.k_;);

:ljfsﬂ\,.ﬂ a5 ¥ gles s (W/V) s )50 .Lﬂ_,lfr.i.l.uj/\/b q@l,;dﬁwdju%—ag}ﬁz

Sos ol

0.6

0.5

0.4

0.3

0.2

0.1

—=5Y. ‘5))3&;.:\9‘-

- 1 Code r 100.00%
- 80.00%
- 60.00%
- 40.00%
- 20.00%
T T T T T T T T 0.00%
10 15 20 25 30 35 40 45 50
(:l_,f ol a=y3) bes

J Y ppm 5 (W/V) a5 0 ) S e SO a bl 5 Les L;jl.»%—?t}ﬁ

RN S



WWAF Bl VF o5l el Tl clape )l S ol 5 a5 = ol aalibad Y

Sy rodalinV 58 ola Ko odalive b Cpioean
21 g Ol 5 A, Ol o F e s ) S
NaNO; ég_aj)}_.bjzj :l;u’;}u a5 ¥ gles
2yl

4 g 4w 165 TRNA 05 155 cpons 51 Juol> e
el_ilb 93 eds Cof laesls L aoT awslis 5 sy 4
Ol pl 53 .ol odd jasin ¥ Jgd> y3 EzTaxon
Ol e oy 5 o el A3 44/¥ L YF6 4 g
Clyls |y Cals

Dl el oLalid (slag s $Sjskd 5 5o
B [ Sleslewl L gneighbor joining 5,
A s 5 MEGA®6

B o gbYVe o) ol
FasbPY )5 ol

0.5~
I
0.3 1

&

1 0.2 4

3
0A1 _] I
O B T T T - 1

>’ . L >
_p\}é QJ' \}é (:’ Q\J’)QJ' \;\Yf(
Calie L;Laéﬁw

S35 s o3 0 Clile b Calbes slaeSs L5b -y S

YF34.:_,..».¢L:§)J}

3 lknl (glads s b laay 5 1I6S RNA (55 Calld Ol jon oo =Y J 5ol

Cald Oljs o 5 i b 2ol kl 4 5 Cald dwo)s b oleds 4y ol
Janibacter cremeus HR08-44 RS KP027471 YF3
Halomonas aidingensis Ad-1 4/ KP027470 YF6

Pseudomonas pelagia CL-AP6 vy KP027472 YF7

83 | L Halomonas aidingensis Ad-1

72

97

T[YFG
98 Halomonas elongata ATCC 33173

—— Chromohalobacter marismortui NBRC 103155

Hahella chejuensis KCTC 2396

Marinobacter hydrocarbonoclast ATCC 27132T

Pseudomonas aeruginosa BWHO057

—E YF7
96 Pseudomonas pelagia CL-AP6
Marinomonas communis NBRC 1022

Bermanella marisrubri RED65

Brevibacterium linens SB1
Microbacterium lacticum IFO 14

Janibacter limosus DSM 11140

54
99 [ Janibacter cremeus HR08-44
61L YF3

P——
0.05

Halobacterium salinarum JCM 89

neighbour joining %, 4l i Jb odS 4 2 (glaa g S skd sty -V J§.~




\ng LT 5 Shes bl s Jb oS 4 525 S galds —eSas slags STb lelis 5 g jluld

5 Brai 63 LS BT Ao 51 &Sl T
YV =Y9) Ws g 0, 555
23 8 s A e 3 50 53 (63 5 Dlalllae
o b b sy (ol 5 () 58) eS| Ll 2
D 5 Sl T (S g5ds oS 5 S Ol e
e Lyl s s Slalles ol (6ol Cods o
s OLHLSen 5 e gy e alan 53wl 035
O/F Clle 55 I Ay e Sl eds e L ST
K L}_iag,_u'cx,__::.ﬁuj.xﬁufﬂ.x_wup
5 5 e 3 53 (YN s Lls 1y ) 5 o 8 oo
A Gl sy s oS GLa IF 5 LS Ll
ol 3 el O 5L addllas 0T 5 50 K
sl (5 ol Mo S oLl 4 5 g anllla
S Wt el Ve aydad 55 oo slacly
PP a g ol B g 8 S Ol 005
.(Yﬂ)bﬁj:?b:rjfgl:a
23y 5 Jood Sl 5 4 e ol aalllan o
4 o Ay del iy Sl |y o ST L] 2
NEPSYRR Hx_il,lfﬁw&gghmw,wa
AL S Ole 4 YF3 4y s 5 ol )l
A&)Lgbs&ij\[l{.:}&sndibl;iﬁszl:ﬁ—ég&
e SIS 0 Tl 5], 8l a3 0 4 e
3V ey 4 48T Sl S s 5 ¢ |5 4 s
)}}):J}_bgjw\dl_ﬁo-ﬂ;éub,—):'m
S (M) das e S Sl st Sk e s
voj‘;yb.éuJJJYFBQ"-ﬂlu‘)rvaJ@
m AT ml S el bl 4 5ol 8 sl s

ol

S 5 4o § Sy

iy g pRIPl a5 Lo gladle s
)\HL°MJ—AJJ§5}JTL§YLVJ’}@L—¢
d g5 4 5 (Sl (aes S5 OV e
U.L;.A)'ﬂjd\.hgT)Ql{y) AT WSl cuTL;J}ST
Q’.J—;r—é-‘)"griig_s“—”‘}ui":"t—‘: Glaea VT L
el (T0) 355 oo o g ol ) INSCLe
i = Kb gl o) s Vyane o
LQLML.LJ.AJ 6.&.&TJ\§L Ll vb‘,.&w a2l [ Eada
Al Slaisy e g Sl s by ol VU

RS PR
(J—B A e ey IS slag ST
32 2V (Sple SUlg 48 dzun Lo wlipe g0 g
M%w‘)b.bj\s&gbﬁ)Tngdj‘qﬁ
Ry W Y S PN WS g S P W
45> Janibacter y Pseudomonas Halomonas
(i i 93 bw g |6 4y 20 HUlg 3550 5o
ol aadlle s Ll .l sl el ol Sladlas
.3 s Janibacter w5l | ediS 4 5y 4 g
ol gLl oUlg 3550 55 Gyl mteds anllas o
Al b 5 4y o e 50 b ST ST e
Janibacter cremeus « ;5 A L (4 g o
YL glac ble )5 8 4 o0 4 536 5 3,0 Cals
i S b e Sl T S 5
b LS 54 e s LaoT ,Uls L Janibacter
CL"H‘ iy gs.’.ugs"')f: BE "\"}':‘gsﬁ PLEE d{:ﬂ.ﬁ))T
w&éw‘ubff&\_iffbﬂiﬁcw‘odﬁ
e SLS 55l 2 8 400 4o ol Janibacter



WAF Ot N F 05l cpslgrr Il cla el ls o by 5 (g3 = gale aoldad vf

Experimental Biological Sciences 2010;
1(2): 219- 34.

() KimJ. H,, Oh K. K., Lee S. T, Kim S.
W., Hong S. I. Biodegradation of phenol and
chlorophenols with defined mixed culture in
shake-flasks and a packed bed reactor.
Process Biochemistry 2002; 37 (12): 1367-
73.

(6) Nair C. L, Jayachandran K., Shashidhar
S. Biodegradation of phenol. African
Journal of Biotechnology 2008; 7 (25):
4951- 8

(7) Al-Khalid T., EI- Naas M.H. Aerobic
Biodegradation of Phenols: A
Comprehensive Review. Critical Reviews in
Environmental Science and Technology
2012; 42 (16): 1630- 90.

(8) Chung T. P., Tseng H. Y., Juang R. S.
Mass transfer effect and intermediate
detection for phenol degradation in
immobilized Pseudomonas putida systems.
Process Biochemistry 2003; 38 (10): 1497-
507.

(9) Gonzalez G., Herrera G., GarciaM. T.,
Pena M. Biodegradation of phenolic
industrial wastewater in a fluidized bed
bioreactor with immobilized cells of
Pseudomonas putida. Bioresource
technology 2001; 80 (2): 137- 42.

(10) Abuhamed T., Bayraktar E., Mehmetoglu
T., Mehmetoglu U. Kinetics model for
growth of Pseudomonas putida F1 during
benzene, toluene and phenol biodegradation.
Process Biochemistry, 2004; 39 (8): 983- 8.

(11) Al-Zuhair S., El-Naas M. Immobilization
of Pseudomonas putida in PVA gel particles
for the biodegradation of phenol at high
concentrations. Biochemical Engineering
Journal 2011; 56 (1): 46- 50.

(12) Li H, Liu Y. H, Luo N., Zhang X. Y.,
Luvan T. G, Hu J. M and et al
Biodegradation of benzene and its
derivatives by a psychrotolerant and
moderately haloalkaliphilic Planococcus sp.
strain ZD 22. Research in microbiology
2006; 157 (7): 629- 36.

g b ey g 3s 50 (gomly 5 o (S8
a3 gh e i |y gmr e oS

23 8 ) g aie 5 Olalllas I (g5 gume
Wle s oLl Sl g, T oS 5 opl YL glackle
S 3,8 o,lsl il S a0 Ol oo LOT las 1 487
35500 o5 S sl Joms BB ke o 5V
73 2 p S ke Yo+ Candida tropicalis ¢ o
Ll 5 S s ol S5 OLLE (M) i sl
55 o S| Ghle3T

S S b s b ol addlln s
4o faw g 5 BIE 4 o Ol e 5 R e leST
e Sl a5 Loy 2 s p 8 e Vet (YF3
) el Ol e ol 51 a8 Slacobay 53 3 9 50 J3
K ol 4l 55 63,5 AL LIS e 4 g
LS L

References

(1) Cao B., Nagarajan K., Loh K.C.
Biodegradation of aromatic compounds:
current status and opportunities for
biomolecular approaches. Applied
microbiology and biotechnology 2009; 85
(2): 207- 28.

(2) Reda A.B., Ashraf T. Optimization of
bacterial biodegradation of toluene and
phenol under different nutritional and
environmental  conditions. Journal  of
Applied Sciences Research 2010; 6 (8):
1086- 95.

(3) Amer R. Newly Isolated Pandoraea sp.
Capable of Phenol Biodegradation.
Research Journal of Microbiology 2008; 3
(10): 622- 29.

(4) Basha K. M., Rajendran A., Thangavelu
V. Recent advances in the biodegradation of
phenol: a review. Asian Journal of



o LT 5 Shes bl s Jb oS 4 525 S galds —eSas slags STb lelis 5 g jluld

(13) Juang R. S., Tsai S. Y. Growth kinetics
of Pseudomonas putida in the
biodegradation of single and mixed phenol
and sodium salicylate.  Biochemical
Engineering Journal 2006; 31 (2): 133- 40.

(14) Yang C. F., Lee C. M. Enrichment,
isolation, and characterization of phenol-
degrading Pseudomonas resinovorans strain
P-1 and Brevibacillus sp. strain P-6.
International Biodeterioration &
Biodegradation 2007; 59 (3): 206~ 10.

(15) ©Ovreds L., Torsvik V. Microbial
diversity and community structure in two
different agricultural soil communities.
Microbial ecology 1998; 36 (3- 4): 303-15.

(16) Alva V.A., Peyton B.M. Phenol and
catechol biodegradation by the
haloalkaliphile = Halomonas  campisalis:
influence of pH and salinity. Environmental
science & technology 2003; 37 (19): 4397-

402.

(17) Santos V.L., Valter R. Linardi,
Biodegradation of phenol by a filamentous
fungi isolated from industrial effluents
identification and degradation potential,
Process Biochemistry 2003; 39 (2004):
1001- 6.

(18) Ying W., Ye T., Bin H., Zhao H., BI J,,
Cai B. Biodegradation of phenol by free and
immobilized Acinetobacter sp. strain PD12.
Joumdl ot Emironmental Sciences 2006; 19
(2007): 222- 5.

(19) Peyton B.M., Wilson T, Yonge D.R.
Kinetics of phenol biodegradation in high
salt solutions. Water Research 2003; 36
(2002): 4811- 820.

(20) Asad S., Dabirmanesh B., Khajeh K.
Phenol removal from refinery wastewater by
mutant recombinant horseradish peroxidase.
Biotechnology and applied biochemistry
2014; 61 (2): 226- 9.

(21) Wilson K. Preparation of genomic DNA
from bacteria. Current protocols in
molecular biology 1987; 2- 4.

(22) Kumar S., Tamura K., Nei M. Integrated
software  for Molecular Evolutionary
Genetics Analysis and sequence alignment,
Briefings in Bioinformatics, 2004.

(23) Mehrshad M., Amoozegar M. A,
Yakhchali B., Fazeli A. S. Biodiversity of
moderately halophilic and halotolerant
bacteria in the western coastal line of Urmia
lake. Biological Journal of Microorganism
2012; 1 (2): 49- 70.

(24) Thompson G. The Clustal X windows
interface: flexible strategies for multiple
sequence alignment aided by quality
analysis tools. Nucleic Acids Research.
1997; 24: 4876- 882.

(25) Vidali M. Bioremediation. An overview.
Pure and Applied Chemistry 2001; 73 (7):
1163- 72.

(26) Yamazoe A., Yagi O., Oyaizu H.
Degradation of  polycyclic  aromatic
hydrocarbons by a newly isolated
dibenzofuran-utilizing Janibacter sp. strain
YY-1. Applied microbiology and
biotechnology 2004; 65(2): 211- 18.

(27) Zhang G. Y., Ling J. Y., Sun H. B., Luo
J,Fan Y. Y. Cui Z. ], et al., Isolation and
characterization of a newly isolated
polycyclic aromatic hydrocarbons-degrading
Janibacter anophelis strain JY11. Journal of
hazardous materials 2009; 172 (2): 580- 86.

(28) Bastos A. E. R., Moon D. H., Rossi A.,
Trevors J. T., Tsai S. M. Salt-tolerant
phenol-degrading microorganisms isolated
from Amazonian soil samples. Archives of
microbiology 2000; 174 (5): 346- 52.

(29) Kanekar P. P., Sarnaik S. S., Kelkar A. S.
Bioremediation of phenol by alkaliphilic
bacteria isolated from alkaline lake of
Lonar, India. Journal of applied
microbiology 1998; 85 (1): 128- 33.

(30) Al-Khalid T., EI- Naas M.H. Aerobic
Biodegradation of Phenols: A
Comprehensive Review. Critical Reviews in
Environmental Science and Technology
2012; 42(16): 1631- 90.



WAF Ot N F 05l cpslgrr Il cla el ls o by 5 (g3 = gale aoldad

\nd

(31) Yan]J, Yan J., Jianping W., Hongmei L.,
Suliang Y., Zongding H. The biodegradation
of phenol at high initial concentration by the
yeast Candida tropicalis. Biochemical
Engineering Journal 2005; 24 (3): 243- 7.

L Spent caustic

2 Haloalkaliphile

3. 5 mmx4.66250 mm, MetaChem Technologies
“_ Bastos

5. Kanekar



Biological Journal of Microorganism, 4" Year, No. 14, Summer 2015 3

Isolation and identification of haloalkaliphilic phenol degrading bacteria
and evaluating their applicability

Narges Abavisani
M.Sc. of Microbial Biotechnology, University of Tehran, Iran, nabavisani@ut.ac.ir
Mohammad Ali Amoozegar *
Associate Professor of Microbiology, University of Tehran, Iran, amoozegar@ut.ac.ir
Seyed Mohammad Mehdi Dastgheib
Assistant Professor of Biotechnology, Research Institute of Petroleum Industry, Iran, dastgheibsmm@ripi.ir

Abstract

Introduction: Phenolic compounds are toxic environmental pollutants. Removal of phenol from
wastewaters is very important. Phenol biodegradation is generally preferred to common
physico- chemical methods. The aim of this study is to enrich and isolate haloalkaliphilic
phenol-degrading bacteria and evaluate their potential for caustic wastewater treatment in
consortium and pure cultures.

Materials and methods: Soil and water samples were collected from hydrocarbon polluted
areas. Samples were enriched in the mineral medium with phenol as the only carbon and energy
source. Phenol degrading strains were isolated and identified using morphological and
phylogenic techniques. Isolates were screened based on phenol removal ability and key
parameters such as pH, temperature and various salt (NaCl, NaNO;, NH,CI and KCI) and
phenol concentration were evaluated for optimizing biodegradation activity of the selected
strain.

Results: Three phenol-degrading strains were isolated from Yadavaran oilfield sample, which
belong to bacterial genera Halomonas, Janibacter and Pseudomonas. The strain Janibacter
sp.YF3 was selected due to its high phenol-degrading rate. The strain was gram positive coccus
whose optimal growth condition was 30 °C, Nacl 5 % (w/v), pH 8.5 and phenol 400 ppm. The
results showed that this strain could thrive in highly saline conditions and preferred NaNO3
among other salts.

Discussion and conclusion: Isolate entitled Janibacter sp. strain YF3 was a polyextremophile
which could tolerate harsh conditions (NaCl concentration up to 10 % and pH 9.5) and could
utilize phenol at high concentration up to 1000 ppm. These results showed that this strain could
be potentially applicable for phenol removal from haloalkaline industrial wastewaters such as
spent caustic.

Key words: Industrial wastewaters, Biodegradation, Phenolic compounds, Haloalkaliphile,
Janibacter
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