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98.1 AB125366 Pseudomonas pachastrellae KMM 330(T) GAA,L
97 - Martelella mediterranea MACL11(T) GAA,7
99.5 AF462458 Vibrio ruber VR1(T) GAA,6
99.6 EF076757 Rheinheimera aquimaris SW-353(T) GAA9
99.6 AJ493659 Planococcus rifietoensis M8(T) GAA3
95.7 - Saccharospirillum impatiens EL-105(T) GAA5
99.2 AY?245449 Halomonas boliviensis LC1(T) GAA6
99.3 AY724690 Bacillus circulans ATCC 4513(T) GAS,6
97 - Bacillus cohnii DSM 6307(T) GAS,9
99.7 AF052741 Idiomarina zobellii KMM 231(T) GAS,17
99.8 AF052741 Idiomarina zobellii KMM 231(T) GAS,19
96.4 - Marinobacter santoriniensis NKSG1(T) GAS,20
97.8 - Paenibacillus chungangensis CAU 9038(T) GAS,25
94.6 - Cyclobacterium lianum HY9(T) GAS,41
97.2 - Bacillus neizhouensis JSM 071004(T) GAS,1
97 - Bacillus cohnii DSM 6307(T) GAS,9
98.1 - Altererythrobacter ishigakiensis JJCCMB0017(T) GAW,1
99.8 AF052741 Idiomarina zobellii KMM 231(T) GAW,3
97.6 AB019148 Marinobacter hydrocarbonoclasticus MBIC1303(T) GAW,5
99.5 EF622233 Halomonas andesensis LC6(T) GAW,6
99 D88525 Stappia stellulata IAM 12621(T) GBF,3
99.6 X76437 Bacillus cohnii DSM 6307(T) GBF,1
97 - Cyclobacterium lianum HY9(T) GBP,2
99.6 X74718 Vibrio ordalii ATCC 33509(T) GBP,3
97.7 AF212204 Halomonas sulfidaeris ATCC BAA-803(T) GBP,9
95.4 - Pseudomonas sabulinigri J64(T) GBP,5
93.8 - Idiomarina fontislapidosi F23(T) GBP,7
99.7 FJ042789 Aeromicrobium halocynthiae KME 001(T) GBP,11
99 AJ493659 Planococcus rifietoensis M8(T) GBP,13
99.6 AJ626896 Jonesia quinghaiensis DSM 15701(T) GBP,15
99.3 X76443 Bacillus horikoshii DSM 8719(T) GBP,16
99.6 AF052741 Idiomarina zobellii KMM 231(T) GBS,1
98.7 EU164778 Marinobacter szutsaonensis NTU-104(T) GBS,2
94.6 - Idiomarina fontislapidosi F23(T) GBS,1
100 AF513441 Nesiotobacter exalbescens LA33B(T) GBW,7
99.9 AB019148 Marinobacter hydrocarbonoclasticus MBIC1303(T) GBW,8
99.4 AF541966 Bacillus hwajinpoensis SW-72(T) GBW,15
96.7 - Achromobacter marplatensis B2(T) GBW,29
98.9 X76443 Bacillus horikoshii DSM 8719(T) GBwW,1
98.4 AB019148 Marinobacter hydrocarbonoclasticus MBIC1303(T) GBW,4
99.5 EF622233 Halomonas andesensis LC6(T) GBW,6
99.4 FN995238 Caenispirillum salinarum AK4(T) GCF,1
99.6 AF052741 Idiomarina zobellii KMM 231(T) GCF,3
99.4 AY186195 Thalassospira profundimaris WP0211(T) GCF,8
99.7 AJ310149 Halobacillus trueperi DSM 10404(T) GCF,14
97.8 - Idiomarina seosinensis CL-SP19(T) GCF,16
100 AY268080 Halomonas ventosae Al12(T) GCF,20
96.5 AY147906 Marinobacter lipolyticus SM19(T) GCF,1
99.3 EF622233 Halomonas andesensis LC6(T) GCF,5
97.8 AB099708 Bacillus vietnamensis 15-1(T) GCS,7
99.3 AM295006 Halobacillus alkaliphilus FP5(T) GCS, 17
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91.1 - Saccharospirillum impatiens EL-105(T) GCw,1

Wl 0l 03l O U ,ls &l 3 Bacteroidetes
FRUS TS G N W T S P PO
Sla s Ly odd b 3315 e 8 (gla oSS
olas 1, Firmicute os, 55 LT 4 ¢SS5 ol &
WS olad s S5 ghd st 3 A Jg..i)_s RTINS
«w-Proteobacteria o, 4w 4 3late laas & L
4,ls &l 3 f-Proteobacteria s y-Proteobacteria
231y Slelp i b g pl ol ol 051> OLAS
ol planil LT (sl (oL Cosl 5 o8 glas it o

Llosls upr:}'l > g Ay Sl

Sl g—w o i5ghd CB )0 p—)
Lt g (5l 103 OGS oSt 9 w9 Kod
L Lalesl 5 05,5 l:_w\)r_a o ol pLiCosl 5
L ook st ys a5 laas § ool
Maximum (Maximum Parsimony ‘_;uv;u}_iﬂ
dgle 53 S oy Neighbor-Joining  likelihood
,u‘&uﬁ;dﬁf,\;&_,mauﬁ,éu@sﬁ
Zals lgten Sl s am s laesls
e G 4SS ol s S 5ks 05
Olas o JSKa s iyls 5 Actinobacteria «sLs 4
S UV IR ) (-SRI PR - S N
b Gwe glsas S L aS olan s

964‘,Straln GBPy15

100 Lsonesia quinghaiensis DSM 15701(T) (AJ626896)

100

Jonesia denitrificans DSM 20603(T) (CP001706)

L Cellulomonas aerilata 5420S-23(T) (EU560979)

— Georgenia muralis 1A-C(T) (X94155)

Georgenia ruanii YIM 004(T) (DQ203185)
97

100 LGeorgenia thermotolerans TT02-04(T) (AB436534)
___Aeromicrobium erythreum NRRL B-3381(T) (AF005021)

Strain GBPy11

61 Aeromicrobium panaciterrae Gsoil 161(T) (AB245387)

08 UAeromicrobium ginsengisoli Gsoil 098(T) (AB245394)

74 LAeromicrobium marinum DSM 15272(T) ( ACLF01000927)

0.05

100
100 |aeromicrobium halocynthiae KME 001(T) ( FI042789)

Chloroflexus aurantiacus J-10-fI(T) (CP000909)

odd S5 sldel . Lsls OLis .yl 3 Actinobacteria as-Ls 53 3 s 50 (sla iz 4 45 0l Lol 5 (sl STL 16S TRNA ("J?”'m -0 S

L o313 | 3 0ULGroup Ol sz 4 Chloroflexus aurantiacus 4 s .ol 4 55 Y+ + 5IDOOLSHaP (5 84 yos Ao ys Kbt Solaiil Joee s


http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=AM295006
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=FJ654473
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=AB019148

WAY Sl o)l oolad (o I S bt 50 5 (05556

ay

Strain GBPx2

100
100 Cyclobacterium lianum HY9' (DQ534063)

Strain GASx41

100
Cyclobacterium marinum DSM745" (CP002955)

Cyclobacterium gasimii M12-11BT (FN377719)
100 [ Cyclobacterium amurskyense KMM6143" (AY960985)

Rhodonellum psychrophilum GCM71' (DQ112660)

100

Algoriphagus hitonicola 7-UAH" (EF488486)

83

100 ’7Algoriphagus marincola SW-2" (AY5333663)

GL Algoriphagus faecimaris LYX05' (GU072591)
Belliella baltica BA134" (AJ564643)

Belliella pelovolcani CC-SAL-25 (EU685336)

s
0.02

Kordia algicida OT-1"(AY195836)

odd S5 sluel . isls Olas Sl 3 Bacteroidetes 4L 55 5 g ga (sla i 4 45 ok oL osl 5 slacs S 16S rRNA r‘;})x; —9J§.Z

A esls | 3outgroup ol sie « Kordia algicida OT-1" 4 su .ol 4 503 Y+ o+ 5IDOOLSIAD (5,8 4 05 Ao y3 SIS oladl Joua 5

95

92

79

Strain GCSx21
Halobacillus alkaliphilus FP5(T) (AM295006)
Strain GCSx17

Halobacillus halophilus NCIMB 2269(T) (X62174)
Strain GCFx14

100 'Halobacillus trueperi DSM 10404(T)( AJ310149)

Strain GASy1

Bacillus agaradhaerens DSM 8721(T) (X76445)
Strain GCSy1

80 “Bacillus neizhouensis JSM 071004(T) (EU925618)
Bacillus subtilis NCIB 3610(T)( ABQL01000001)

Bacillus aquimaris TF-12(T)( AF483625)
t Strain GCSx7

64 —Bacillus vietnamensis 15-1(T)( AB099708)

{Bacillus hwajinpoensis SW-72(T) (AF541966)
100 L Strain GBWx15

76 — Strain GASx6
ﬂ[‘;Bacillus nealsonii DSM 15077(T) (EU656111)
Bacillus circulans ATCC 4513(T) (AY724690)

Planococcus citreus NCIMB 1493(T)( X62172)

o rPlanococcus rifietoensis M8(T)( AJ493659)

Strain GAAy3

Strain GBPy13

Planococcus plakortidis AS/ASP6(11)(T)( JF775504)

Planococcus maritimus TF-9(T)( AF500007)

78 —Planococcus maitriensis S1(T)( AJ544622)

100

Paenibacillus polymyxa

Paenibacillus thailandensis S3-4A(T)( AB265205)
ﬁEain GASx25
66 Paenibacillus chungangensis CAU 9038(T)( GU187432)

0.02

Halobacteroides halobius, X89074

;R}agp(ajf&uu»;;)aql}shﬂ}w%b_6hﬂq4fa.,\.§@_lig):lj6héfflel68 I’RNA(alJf”.,\J:—VJQ&

4 g Sl 45 ga3 Voo 51D0OMSHTAD (6 S 45 i Ao s [SOLES Slali Joee ysods S5 slael sl Olas ol Firmicute asLs s

A& e3ls 4l Foutgroup ol s 4 Halobacteroides halobius, X89074



ay

Ol b ya 5 o UWB CVL S oS Jan 5 S 5368005 e 33UB b gos 2SI b (slacs ST o lulis 5 (gilalur

76

Straln GBWx8

Marinobacter hydrocarbonociasticus
Marinobacter ipoiticus
Marinobacter santoriniensis
-Marinobacter szutsaonensis
Straln GBSx2

Straln GAWy5

Straln GBWy4

Straln GCFy1

Straln GASx20

Strain GCFx20
Strain GBPx9

Halormonas ventosae
Halomonas boliviensis

Straln GAAY6
Halormonas andesensis
Straln GBWy6

Straln GAWy6

Straln GCFy5

Straln GCWy1

74 l: accharospiritium impati
81 Straln GAAy5

Straln GBPy5
Pseudomonas sabulinigri

93 Strain GAAxS
3 ’_[—[Rnemhe/mera aquimaris
100 pacifica

‘—Rnemhelnvera baitica

93 Straln GAAX6
100 [Vr'b(/o ruber
Vibrio rhizosphaerae

Vibrio anguitiarum
100 ivmo ordalii
Straln GBPx3
Straln GBPy7

idiomarina seosinensis

{diomarina fontisiapidosi
Straln GCFx16
Straln GCFx3

Idiomarina zobeilii

94
Straln GASx19

40 | Istrain GBS %1
47 |strain GASx17

'Straln GAWX3
,—A chrormobacter marplatensis

L strain GBwx29
28 Thalassospira profundimaris
Straln GCFx8

100

100

81

100

Thalassospira iucentensis

—TstralnGCFm
100 Caenispiriiium saiinarum

74 Altererythrobacter ishigakiensis

20 %Straln GAWx1
100 Straln GCSx25

Erythrobacter marinus
100 | Nesiotobacter exalbescens
Istrain GBWx7

Straln GAAX7

100

77

Martetetia mediterranea
Straln GASx9
Straln GBFx3

86

Stappia steliuiata

77 Stappia indica

obium caiena (DG

y-Proteobacteria

p-Proteobacteria

a-Proteobacteria

s y-Proteobacteria «-Proteobacteria o3 aw 53 3 52 g0 (b iz 4 45 ods Lol 5 slas 5L 16S TRNA (alJf,)vu; -A JL

51bo0tStrap (s -8 & yos Ao ys ,SLS Ol Joee 55 0l S5 sluel . Lsls olis o 3 Proteobacteria (=l 4 Ls f-Proteobacteria

A esls Ll 3outgroup ol sie 4 Salinimicrobium catena (DQ640642) 4 s .l & g0 Y0



WAY Sl o)l oolad (o I S bt 50 5 (05556

af

L Laze &7 Vibrio ruber  Stappia stellulata
b Lo OV 1 oSt s 40 disls O i yls
S i ol ol 5 VU 0 351
Ot oS ol e g 1B o (e JHB
A i i oL slas S 4 o peie slaay i
Aol oy 55 15 53 ailis pl 5 A8 (6 jlular
9340 S 5 huo b Ul g omd e L1
St sl p ey ol 31 655 ages K3 adlate
s 551 1593 O ol 3l sl 55

Sleslizal OliaeS OV U il 4 4 5 L
A 6ot ol il L CiS e Lo
S a3 8 olaa ye 5lalder e 5ty oo
Jed e 5 sl e £ 4 ool 5 ol 3
Bacillus s Halobacillus alkaliphilus FP5(T)
4S LT 3 .40sls olas horikoshii DSM 8719(T)
Ay s ‘_g\azjz_...f bl Bacillus > sla 45}?
A5 5 g ol 251 ils (5N g5 sla e 5T
AL sl L 5o Ll r (oS Sl 5T A 5
AL Cenl

3 Jee La sl o i a5 515 LS Oladlas
i (53 08) ozep 8 (la fouly 4 flaze 28
Mdg_wtj\;)ﬂ\cﬁ;ﬁ(,;&u‘},pak,
SISO sl e Ll 5 b el L
Ceslie Sl L 6 5STLs opl ) ol Dl 53 5 e
0340 yls 1y S Cl 5 Cdva Loyl b 4 S
Jds bl femai |y Csllaals g Cow ol Lo Wil g o
5 2Bl i gla e S oslinud Wil o 0T Ko
St Gl e 5L (5L ST Lyl 2
DLl allan 55 o ods Coton S (sl ol

C 33885 glae SL olalis 5 (g5lulas (VYAS)

&

—x
5 S il o S8 o8 s ke o

M&‘R\@Lﬂuﬁjkq¢w;‘y
wlresls 4 S &S (Ll dl o o 5 Sladde dnelo-
5 pledd Sialys 5 S Obe gl 3 Shas 5550 53
3,303 0T JeaSS (g o o sl i 5 e
SNl aan Gb ot ST sl S 5 28
gl slmosls Sl an i Ll (ol (6555
532 0Lt Sha 4 Lnos /oo 55T alios LU |
Cal Sl s Oada ¢S ol el L0
el s (Lopez-Garcia and Moreira, 2008)
Le sl 0T (LB 4l (iomnn 0Le8 VG
O ) 33 ol oy 2555 (SLa e ST 505 511,
Y 6)55 b JS e 5 01T axlys cams )l el s b
slaze Olalw (5 50 58 4l s 5 (8wt
Gl 4 liws OLSGl pl s S (e
ot (o) 2 SLp s ST L Sl ogline g5 S
el 5 il Sagis ol ja o418 55>
o S oS ool 5 o e 33605 (la g g
53 0315 0LineS oLse 58 LB OVU oS
B OV N I NV S SIS U B I | WS-
GAA,7 GAA9 GAAS , LiMA L .

GAW,3 GAW,1 GAS41 GAS,19 GAS,9
GCS,25 ,GBS,1 GBP,9 GBP,2 GBFx3
Aeromicrobium  laa 58 L sl ol 3
Altererythrobacter ishigakiensis halocynthiae
«Cyclobacterium lianum (Bacillus neizhouensis
Halomonas (Erythrobacter nanhaisediminis
Martelella  ddiomarina zobellii sulfidaeris

(Rheinheimera aquimaris mediterranea


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DL%25C3%25B3pez-Garc%25C3%25ADa,%2520Purificaci%25C3%25B3n%26authorID%3D7003921637%26md5%3D17b6c06809c45ed848dca89f5bfca27f&_acct=C000052577&_version=1&_userid=1400009&md5=c34335c82cbabe5ca8cac416e619a743

a0 Ol b ya 5 o UWB CVL S oS Jan 5 S 5368005 e 33UB b gos 2SI b (slacs ST o lulis 5 (gilalur

IS 5 OLT (S arl s O 3 0Liad OB
s B Sl a5 3 5 S
e Giep £ Saalir sy 5 Tl Lo
sdalive (a3l ¢ sl bty ol szt G o e
Sl o5 Sglite (sla S5 4 Ol o | ok
Cﬂdtﬁyﬁ‘W})‘:M;ﬁ—l&ﬂ
OT 3,3 o ammie sLa (S 55 51 o) o (i)
Aol e ;8 69y Rs5m 5 3 5h e s
‘_;uw}_f;.;;.x_ih;,b\p};upu;:@\
Aisls S5 1y oty g Ao 5V g Sutep 8

Ouﬁfgyujsdj\:ﬂuﬁuﬂzxmjn):
o= .>ﬁ%w¢~w3>¢§_~iduql.\a-o\jf
ol i (6555 Olje 4 42 5 L C adlate 55 Ll
(B 5 A) -5 w505 0L 53 4y S 5V
Lo s Sl oslital 805 (4 13 g et
iy gl e a1y b Yzt sl
ol 0315 3 g S 338K (slags ST

Sl (pis S o) oL dl & 4 55 L
3 5 HLESI BB LB oS Jam 5 S g0 L8 (glaey 5
s s CowgdLlS o dld ) Sa 4 s Lp 55 YA
5l L aminl H3 155 Ub ag S (b
o) e n YW Sl 1y Y s awdwl s Ay SUly
IS 9ol 530S gl |y Ly g
C}J}JJ:‘):}}%MJL&A{}M@‘@&:.LJ‘J
LeT oLy (o0 5 0005 083 olach S 5 (525 Ll 5
S 8 55 b e muS) Sl STL s
Slat s i b o (I o i Sos O b
LT d s YA S 50 LB ou S | aos

auubg\_{u)b\'r’}bbﬁg;_})‘,b}jm-\'ﬁb
&ﬁw}j)).&)ﬁ&)jﬁ)&'\v&ow&o&

5 el F e 5 0T &K b s ot (o
gl Ol ) (o555 glaal s WLl
(e o 336805 4 g AY (g 55 o (g5l
s Etnp ;S Jool LT e FF oS s L
s Gla g 3 T e (VWA OLI5LL)
3t (Sl b L a5 0T sl s
S 3) Sl adeT s 4 C"’i‘f; sla ol
serlie asllls 55 (VYA (g 3L VWA (oo 4ot
Mp—f SLa ol 5o am gyl Hsd o ab s 535 p
Iy Lot Lo y3 08/ 5 L3 g Slal 3 o i (51l
o=l aS (IR L o) dosls olanstl s g 4
ol s s el s o s Sl
Slrazrlps (S § 55 (s 2 0 Tl F S35
O 5 Ventosa baw g  Jstls Oled sre 55 5
S U i 536885 (S L VPY (Yo 8)
«Halobacillus (Bacillus gla x> 4 OT 4 5w )+ ¥
JVirgibacillus Gracilibacillus (Oceanobacillus
Lol .ils =5 Thalassobacillus s Filobacillus
(Y++9) 0L, Kes 5 Ghozlan Low 5 4lie Slallas s
ALV il 4 s ) 5d gladesws o
S 3388 (5 SN 5 itap S i S 538K
{Ghozlan et al., 2006) 4 e Cotep S o
Aoy YP L iinp S (sla ol o dl o s
pAn s S sk Jals o oz JS1 5 Iyl
oPlal s a ) bl do 5oV F o o)l s
wL;)Aﬁ:LA}SJ_{L:QLLAw)J{):.VUJ\J
$35 7 e 7 40 (YA (6 3L 5 (WWAN) 3l
o 3388 a5 5 S oS e (Laa i
5 p s JEs (S 5 0LT S b azlys

S e ol do 5 bl 0l 315 e e



WAY Sl o)l oolad (o I S bt 50 5 (05556

hY4

Vs 5T 5 o 5l V0 S
ju,ﬂéuqﬁcw.mqu@uouwu
S 338805 sl ST 5T G g oS ) e
Cdlad i LIS oS Jaos K5 oS Jas
Sl s e L sl 1 e S e 3 UL
S 3368 Glaas i Sl s wV aS Coul s g
Sl o Sl 5T A ge odaT s 4 LS
Rl @l S 3 Al g o e 5T ol cities
4 g bz 93 5 T o 5T b il el
3307 osde ds odaliin Cowgslds o gy ¢S
aMJ&J}@;)W&aMM&th
3 55 3 L glalis o 55T ) 55 LS
PRI RUNIE JURNPEIN - JUMPEIC ORI ERHRE
S35 o plasil s b edalin SUIS 50
b Y (Glulder 4 pois Okl (6 b o
le_:eﬁJﬁle ey b ST s eSS
N g Y- PPN P N U P FRPS DTN e
s odalive ¢Sl 5y ds Slad U8B o 55 ¢S
GeaT A 55 40 50 180 ol aalllas Gla 5T o
W go s 50 YA 9 DNASE 4 5w #0 (555 5 0 0 VWV
o gl ol mli L lie 55 Ly 5L
2 Sl e S ST M e Sl gy g
Sl S wd)ls () ) 5 Glpa i
23> b 3l A g el i 3 S
sy olamst s an |y lgl s o i maS Ollalw
23 § S g 3 (Rohban et al., 2009)
L;uw;T oS A 5 e 9568 L;LAV.M‘:}L?‘)‘ng:ﬂ
L g acagslazlys 5o Jobw ol Sady e
Cm 33655 a1 WM ((VFAF) 01, Kan 5 5 5 40T

GVsotr gla o 5T 5 b 51 a7 s (g 5lulier

S oS Jramd 5 w9388 (Sla (6, STL (e
1 48T o g3LlS s 53 S 4 g 93 cn gl 4Ly
Alkalibacterium putridalgicola < ssWs 4_:;
osb 4 (0¥ GLs ge) e s 4 cdiils ol 3
Sl G eSS o S0 (S
o) e ol ol e Catlites b (sloolKans
5 oot LIS Lo 55 YOO wials 3 il o Ly s
sDodia adss js a2 A5,V A an il
0 16S IRNA 5 Slawer bl (Y41 9) 01, Ken
PR P R TR INE PN L 5 PP
s alw s Sk M5 Slaen doysde Sl i L
slaazl s el (glulier Ogline oo 5oL
e 93 Gkt 5 (SLaolons 5 plo 5 U8
»> (Dodia et al., 2006) suis alb Slso, S
S35 = (Vo A) 0L s FOtT Lo 5 s gy
Slas S 510 s gy oL slaasl
5 93U 53 6K Ol e 4 Bl 4 0l o
ol i G ar LB oS ey C g3
e s LS oL Glaasl o ) o Olles
A oLl 05 IS iS5 i S
S 93U (Gl 53 s @ 0T s 4 (Sla 4y o
(Foti etal., 2008) W 5 atwsls ol (oo 6
and b 5d Cwgalll g oS gl o STL
osb st yos g SLLb e g s, pe e ddE
Wl ol () LT S hd 55 (s
Slao g 5 gos 31 Jailty (535 (63540 DD
(Singh et cul L iws s ungL?)\ ol o 5T
55 ki 3l ods anlllae 4 4 OV i al., 2006)
Al 10 Gl ol VY S5y dn glags 35T

A 5 DNase asluar ¥ 5 5L 5 sl VDT



Qv Ol b ya 5 o UWB CVL S oS Jan 5 S 5368005 e 33UB b gos 2SI b (slacs ST o lulis 5 (gilalur

odal i. Thalassospira 4 Stappia [Nesiotobacter
-lxs Betaproteobacteria os )y a4 &5 o> g5 LS
a5 .54 Achromobacter .. c__ils
amy Gtae o zap - 8 Jul 55 Actinobacteria
& jlu>=Jonesia s Aeromicrobium sla ..
Bacteroidetes =L i ol ldo s Lgs S
sdast fwl g3 45 5, Cyclobacterium .-
oldsbl ud&ﬁ):.:lafba:ﬁ-lsjﬁ-q\)&tf
C 33885 gbae SSL olalis 5 (g5lula ((VYAS)
ol 2Uls s S 5 0LT e anrlys o (oo
Vst gl ST a5 5o ugv—wé\f)‘bg:‘
SLaalos ulul ol o gy (S 75l
ol o codd (gluldr g aldo Ol 5> (o 58
GLa i 40 a8 i i | o S 93805 0 AT
(Thalassobacillus Bacillus s & 53¢
(Halomonas Halobacillus Salinicoccus
Idiomarina Marinococcus Staphylococcus

ag bgs e Sl s o i canils ool 3 Salicola
43 5 i)l 8 Halobacillus 5 Salicola sls
9 50T L g alie Slalllas ((VWAF (OLILL)
S 5 0T S arl s 635 2 (VM) 0
SLas SL (s 55 e 5 sb a5 Al il
NS SR PR . g WO SR FUINPTIC WX
oS Jrand Glag ST (655 45 () 2 03 S
03, 0 Laa e LBt 5 0y o il s S
4 5o ¥V 0§ gnzs 53 5 5 5y G—aze Firmicutes
YO Jols aS 5 5 1503, opl 55 6K oS Jass
S ool oy Stap S SS9 5 tep 5 Joul
Aneurinibacillus ls s Jols Cep S

Marinilactibacillus (Brevibacillus (Bacillus

=S5 e 5T A g 4 53l i VP il L
FA 5 5T sl OV 5 5L s lus $F LS 5 40
S ol g OO s ke S 4l
ST e Lo s s b s o (S5l 3 o p2eS
S35 ot el () 5 3 (el LS 5
M go Loy g an gyl arl 55 Con g3 Sl slawy
Wals oluamstl s an |y Glsl3 o s o 5T !
TS

YY 53165 IRNA LU JIss b Cosetto 4 5 00
LS b os, id 0 o i 8l 3 ol i
(Firmicutes «Bacteroidetes (Actinoacteria
5 y-Proteobacteria «-Proteobacteria
03y 4 b4y g A&l 5 Lils Gl f-Proteobacteria
(§ gaes )3 5 oy Haze Gammaproteobacteria
03 ol 33 e 0 diS Jored 5w 538Ka5 s o YV
e s itap ;8 Jonl ) Jolb S 05 51,5
e s A s Jal g 5 edas JSC
Halomonas (sLs s 53 ep 8 gla ol .35
s Pseudomonas (Marinobacter (diomarina
5 mobe glad w5 us § 41 sRheinheimera
ddiomarina .o gz e p 3 s us
&= Vibrio s Saccharospirillum (Marinobacter
4S 340 Gaze FIrmMicutes s 4o 4 5 VO . ils
iy Etop S S S 5 e S el WY ol
Bacillus gLa o 55 oep S Lo foul
943 5 I, sPaenibacillus 5 Halobacillus
<ol 3 PIanococeus o 4 Catap S (sla S S
J—-L A Alphaproteobacteria ¢s ;s .45sls OL&S
Altererythrobacter (sla s o aze itap S

(Martelella Erythrobacter Caenispirillum



WAY Sl o)l oolad (o I S bt 50 5 (05556

A

(Pontibacter (Kocuria Alkalibacterium
«Oceanobacillus (Micrococcus Sanguibacter
s Thalassobacillus (Microbacterium
Sla i 53 kr&.up_f sbalas 4 Piscibacillus
(Marinobacter (Paracoccus (Halomonas
Salicola [Pontibacter (Lysobacter (Providencia
(V¥4 sla ) L2 e Brevundimonas

el g Db A3 Al Sl OO
oy (sl B Ol e o ey e ;8 (S ol o
o=l s edld (giluld slaw s isls ol s
wd8 Dlalllan a4 S (6 VL S5 5k8 6 58 o)
Sl 0l oSy b ST esy i 53 655 nl 5050
Slp i s g5y ol Sl Sy s 53
Aeromicrobium Achromobacter
«Caenispirillum Altererythrobacter
Jonesia Erythrobacter Cyclobacterium
[Planococcus (Nesiotobacte Martelella
Stappia Saccharospirillum (Rheinheimera
g3 5 s .45 edal s Vibrio 5 Thalassospira
g5 s 31 (615 s god Cadiben (SLa fud Lok s
b p g el b e 8 LS a sl
GIPS N Oladin 5 S j oo 3 la Vwé\f)‘bg:‘
C}_}):dm‘_g:)lj_»wj'lv_{us@rm
(Alain cals dal s Sledci (o 5lulde glags ST
L > 5250 g 55 213 Jez-I and Querellou, 2009)
BT s Oy O3 (615 s gd 5l o ol 581
55 2 0Ll (65 s sad 3l 53 JlS 55 s
53 ol 6ur_-_;€,|b§f S5 5 p 5 ol s
(Hughes et al., s dalss 108 56 tags, a
2001)

«Ornithinibacillus (Oceanobacillus
sla S S .55 Virgibacillus 5 Paenibacillus
o Sl > Firmicutes o5, otap &
s Jeotgalicoccus Aerococcus Staphylococcus
o5, slael b alus ,lg> .8 S ) 3 Salinicoccus
4 Gae 4 li 95 4S5 Cuils &l 3 Actinobacteria
Sla iz 53 4zl 95 g Arthrobacter ..
83y 43 . Ldb i, ;-5 Microbcterium s Kocuria
S ub 5,18 giap S Joul 4w y-Proteobacteria
sHalomonas (Pseudomonas sla > slasll
S S ¢SS sl olis ol 3 Acinetobacter
Jols &S5 5 Paracoccus i o ghate e p S
23, 5> Brevundimonas o 4y Gae itep S
mast (5 d03) Bus 51§ 54 a-Proteobacteria
Sla s SL sy » slandlles ¢ pimman (VYA (Gllas
Gl o S 5 0T axlys (o S 33 68
Sla i 52 &S sk i 518 Ctap B slaay s
Gracilibacillus Bacillus Aquisalibacillus
«Oceanobacillus (Halobacillus
(Paraliobacillus Ornithinibacillus
Salirhabdus Salinicoccus (Piscibacillus
s § )l 3 Virgibacillus , Thalassobacillus
Salicola gLa i 3l itep S (slaa g s i
Halomonas Chromohalobacter Marinobacter
(s AL L gluls 5 g jlwlias Idiomarina
Cn 33885 sl (6 b w5 55 o (YA
do gl s 8 Jol s K 0l Jan 5
SLa i 53 Totep ;S slay e (55luld 4
«GracilibacillusPlanococcus Halobacillus

«Ornithinibacillus Staphylococcus Basillus



44 Ol b ya 5 o UWB CVL S oS Jan 5 S 5368005 e 33UB b gos 2SI b (slacs ST o lulis 5 (gilalur

&b
S5 0T S 5o St psbos gla o 5T oS A5 oo 3685 (gla (ST (5 755 (IYAS) . O sLL

Ol ¢ (8 ol oDl 515 ol (bl wlid )8 aabObLL

MUQLg_l.g:.J.?v\.:g_gQ\)ngjéjbwg}fﬁjL;j‘ﬁg}jj}ﬁkw@jb&L;LAL;JSQK}'J w;ﬂ(“‘/\/\).rcéﬁ‘.{

Ol O 0l g5 o8l )| iy IS

jQ\)Ts\_g-l.i):):w&@gjﬁjpdj\}_n&_gomwéuéﬁl{t};}w}j(\\"/\/\).(ag&hﬁwkbdi:
Ol g (0l g ol i)l _pwlid I8 asbOLL .

O s Gas s 45 Ll g Ole b .0l 1 (S YE (VYAR) . sl yss 4

BE) Lﬁj-"l_w CJL‘» d{..::.‘j).k_:.h LSLA(".’.J"T oS .X:.‘j}‘ \;wj}g“_ia.; Lgbw\?)\jjg:ﬂ 6:“'1) C}J By, (“‘/\9) U’Z ‘&‘JA)

Ol O, 015 olasls )l ol yIST asbOLL an g )l 4zl

A_AUQLiL:A_:AjJ‘4.3-\1);w}k\ﬁ&@@ﬁ&@j@})&&&&ﬁ@ﬂjtﬂw)ﬁ(“‘ﬂ').cwu#

Ol O, g oty )l ity IS”

Alain, K. and Querellou, J. (2009) Cultivating the uncultured: limits, advances and future challenges.
Extremophiles. 4: 583-594.

Amoozegar, M. A., Malekzadeh, F. and Malik, K. A. (2003) Production of amylase by newly isolated
moderate halophile Halobacillus sp. Strain MA-2. Microbiology Methods 52: 353-359.

Amoozegar, M. A., Schumann, P., Hajighasemi, M. and Fatemi, A. Z. (2008) Salinivibrio proteolyticus
sp. nov. a moderately halophilic and proteolytic species from a hypersaline lake in Iran. International
Journal of Systematic Evolutionary Microbiology 58: 1159-1163.

Atlas, R. M. and Bartha, R. (1998) Microbial ecology: fundamentals and applications. 4™ edition.
Addison-Wesley. California.

Caton, T. (2004) Halotolerant aerobic heterotrophic bacteria from the Great Salt Plains of Oklahoma.
Microbial Ecology 4: 449-462.

Dodia, M. S., Patel, R. K., Rupal, H., Joshi, R. H., Patel, B. K. C. and Singh, S. P. (2006) Diversity
and molecular phylogeny of the haloalkaliphilic bacteria isolated from Western coast of India. The
sixth International Congress on Extremophiles. Brest, France.

Foti, M. J., Sorokin, D. Y., Zacharova, E. E., Pimenov, N. V., Kuenen, J. G. and Muyzer, G. (2008)
Bacterial diversity and activity along a salinity gradient in soda lakes of the Kulunda Steppe (Altai,
Russia). Extremophiles 12: 133-145.

Gerhardt, P. and Murray, R. G. E. (1994) Methods for general and molecular bacteriology. American
Society for Microbiology. Washington.

Ghozlan, H., Deif, H., Kandil, R. A. and Sabry S. (2006) Biodiversity of moderately halophilic
bacteria in hypersaline habitats in Egypt. The Journal of General and Applied Microbiology 52: 63-
72.

Grant, W. D. (1992) Hypersaline environments. Proceedings of the Sixth International Symposium on
Microbial Ecology. Barcelona, Spain.

Hughes, J. Hellmann, J. Ricketts, T. H. and Bohannan B. J. M. (2001) Counting the uncountable:


http://www.google.com/url?sa=t&rct=j&q=j.%20gen.%20appl.%20microbiol.&source=web&cd=1&ved=0CFQQFjAA&url=http%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fjgam%2F_vols&ei=5YDyT-LSB62N4gSCsO2rAw&usg=AFQjCNHGGc0HFy92RX5Kxxtlo7g7st0ouQ&cad=rja

WAY Sl o)l oolad (o I S bt 50 5 (05556 Yoo

statistical approaches to estimating microbial diversity. Applied Environmental Microbiology 10:
4399-4406.

Kamekura, M. (1998) Diversity of extremely halophilic bacteria. Extremophiles 2: 289-295.
Kushner, D. J. and Kamekura, M. (1988) Physiology of halophilic eubacteria. CRC Press, Boca Raton.

Lopez-Garcia, P. and Moreira D. (2008) Tracking microbial biodiversity through molecular and
genomic ecology. Research in Microbiology 1: 67-73.

Makhdoumi Kakhki, A., Amoozegar, M. A., Kazemi, B., Pasi, L. and Ventosa, A. (2012) Prokaryotic
diversity in Aran-Bidgol salt lake, the largest hypersaline playa in Iran. Microbes and Environments
1: 87-93.

Martin, S., Marquez, M., Sanchez-Porro, C., Mellado, E., Arahal, D. R. and Ventosa, A. (2003)
Marinobacter lipolytic sp. nov. a novel moderate halophile with lipolytic activity. International
Journal of Systematic Evolutionary Microbiology 53: 1383-1387.

Oren, A. (1994) The ecology of the halophilic archaea. Federation of European Materials Societies
Microbiology 13: 415-440.

Oren, A. (2002a) Halophilic microorganisms and their environments. Kluwer Scientific Historical
Survey, Dordrecht.

Oren, A. (2002b) Molecular ecology of extremely halophilic archaea and bacteria. Federation of
European Materials Societies Microbiology 1: 1-7.

Rodriguez-Valera, F. (1993) Introduction to saline environments. The biology of halophilic bacteria.
CRC Press Incorporation. Boca Raton.

Rohban, R., Amoozegar, M. A. and Ventosa, A. (2009) Screening and isolation of halophilic bacteria
producing extracellular hydrolyses from Howz Soltan Lake, Iran. Journal of Industrial Microbiology
and Biotechnology Official Journal of the Society for Industrial Microbiology 36: 333-340.

Ronald, M. (2005) Media for environmental microbiology. 2™ edition, Taylor and Francis Group,
Boca Raton.

Simbert, R. M. and Krieg, N. R. (1994) Phenotypic characterization. In: Methodes for general and
molecular bacteriology (eds. Gerhard, P., Murray, R. G. E., Wood, W. A. and Krieg, N. R.) 607-
655. American Society for Microbiology, Washington.

Singh, S. P., Dodia, M. S. and Joshi, R. H. (2006) Diversity among haloalkaliphilic bacteria isolated
from Western India with respect to the occurrence and properties of extracellular alkaline
proteases. The Sixth International Congress on Extremophiles. Brest, France.

Spencer, J. F. T. and Ragout de Spencer, A. L. (2004) Environmental microbiology: methods and
protocols. Humana Press Incorporation, New Jersey.

Stackebrandt, E. and Woese, C. R. (1984) The phylogeny of prokaryotes. Microbiological sciences 5:
117-122.

Tamura, K. and Dudley, J. (2007) MEGA4: molecular evolutionary genetics analysis (MEGA) software
version 4.0. Molecular Biology and Evolution 8: 1596-1599.

Ulukanli, Z. (2002) Alkaliphilic micro-organisms and habitats. Turkish Journal of Biology 26: 181-
191.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WH9-49S75S5-4&_user=1901209&_coverDate=08%2F31%2F2004&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1418267485&_rerunOrigin=scholar.google&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=84ce3feaaf934306eeea1529ea4762db#bbib14
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMoreira,%2520David%26authorID%3D7005854171%26md5%3D3c352b10b6e990b859cc917eba881cd3&_acct=C000052577&_version=1&_userid=1400009&md5=1967144b8489170476921e55c415b539
http://www.sciencedirect.com/science/journal/09232508
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0923250807X01670&_cid=272130&_pubType=JL&view=c&_auth=y&_acct=C000052577&_version=1&_urlVersion=0&_userid=1400009&md5=bcf4ef59169f5a815f8ad1de2dddcafe
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WH9-49S75S5-4&_user=1901209&_coverDate=08%2F31%2F2004&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1418267485&_rerunOrigin=scholar.google&_acct=C000055263&_version=1&_urlVersion=0&_userid=1901209&md5=84ce3feaaf934306eeea1529ea4762db#bbib24

8 Taxonomy and Biosystematics, 5" Year, No. 14, Spring 2013

Isolation and identification of poly-extremophilic alkalophilic,
halophilic and halotolerant bacteria from alkaline thalassohaline
Gomishan wetland

Azadeh Shahinpei ?, Mohammad Ali Amoozegar **" and Abbas Akhavan-Sepahi *

! Department of Microbiology, Faculty of Basic Science, Science and Research Branch, Islamic Azad
University, Tehran, Iran
2 Department of Microbiology, Faculty of Biology and Center of Excellence in Phylogeny of Living Organisms,
College of Sciences, University of Tehran, Tehran, Iran
* Microorganisms Bank, Iranian Biological Resource Centre, Karaj, Iran
* Department of Microbiology, Faculty of Biological Sciences, Islamic Azad University, North Tehran Branch,
Tehran, Iran

Abstract

Gomishan wetland is a natural ecosystem located in 35 km north west of Gorgan, in the west
vicinity of Khajeh Nafas city and Gomishan. Twice sampling from 3 different geographic
positions in dry and rainy seasons, led to the isolation of 224 isolates. For 57 isolates, halophilic
and halotolerant behaviors and also optimum and growth range in different pH and
temperatures were determined. Most of the moderately halophilic and halotolerant strains were
capable of growing optimally in media with pH 8.5-9 and optimum growth temperatures
ranging from <4 to 40 °C. The isolates were examined for hydrolytic enzymes production. Most
of the isolates showed lipase activites and a total of 15, 7 and 3 strains produced amylases,
proteases and DNases, respectively. The enzymes could be useful in some industrial processes.
16S rDNA phylogenetic analysis were done for 55 strains. According to this analysis, strains
were placed in 22 different genera: Achromobacter, Aeromicrobium, Altererythrobacter,
Bacillus, Caenispirillum, Cyclobacterium, Erythrobacter, Halobacillus, Halomonas,
Idiomarina, Jonesia, Marinobacter, Martelella, Nesiotobacter, Paenibacillus, Planococcus,
Pseudomonas, Rheinheimera, Saccharospirillum, Stappia, Thalassospira and Vibrio. 23% of
these strains were haloalkalophilic bacteria and belonged to the Bacillus, Halobacillus,
Halomonas, Idiomarina and Marinobacter. This was the first study on the culturable bacteria at
Gomishan wetland, an area of considerable alkaline thalassohaline ecosystem.
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