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Strain Casein 10 % NaCI ) Gelatin ( 10 % NaCl $ 

IS40-3 + +  + 

RF2-5 +-F-1- tl- 

5 

4 

3 

3 

3 

3 

4 

PN7-1, PN7-2, PN7-3, PN7-4, 

PN7-5 

PN8-I, Pm-2, PN8-3, PN8-4 

PN9-1, PN9-2, PN9-3 

PNI 0-1, PN 10-2, PN 10-3 

PNlI-I, PN11-2, PN11-3 

PN12-1, PN12-2, PN12-3 

PN13-1, PNl3-2, PN13-3, 

PN13-4 

~fl58?%35't~9?'tl tE1 

279 

1 

1 

1 

1 

1 

I 

1 

fau t10 



ti- 

PN13-3 + ++ 

Strain Casein ( 25 % NaCl ) Gelatin ( 25 % NaCl $ 

DS2-5 +* + 

+++, strong; ++, moderate; +, weak reaction 







- - - 

Growth 
Strain Cell form Gram Endospore Pigmentation Catalase Oxidase Tween 80 Arginine 

at 45 'C in 0 % NaCl 

IS40-3 

10- 1 

PS9-2 

JW1-3B 

CS2 

CS9-1 

CSlO 

W2-5 

RF5-1 

RF5-2 

w12-1s 

CHN2-1 

RBU1-1 

Rods 

Rods 

Rods 

Rods 

Cocci 

Cocci 

Cocci 

Rods 

Rods 

Rods 

Rods 

Rods 

Rods 

White 

White 

White 

White 

Cream-Yellow 

Cream-Yellow 

Cream-Yellow 

White 

White 

White 

White 

White 

White 







Growth 
Strain Cell form Gram Endaspore Pigmentation Catalase Oxidase Tween 80 Arginine 

at 45 "C in 0 % NaCl 

DS2-5 Rods -I+ Red + + - + 
DB 10-5 Rods -/+ Red + + + - 

KS87-2 Rods -I+ Red + + i- - + 

DB10-1 Rods -I+ Red + + + - + 

DS6- 1A Cocci -/+ Red + 4- + 

RF6 Cocci -/+ Red + + - 

IB20-2 Rods -/+ Red 4- -t + 

+, positive; w, weak; -, negative; NG, no growth 



Strain Glucose Galactose Xylose Mannose Fructose Sucrose Maltose Cellobiose TrehaIose 



Strain Glucose Galactose Xylose Mannose Fructose Sucrose Maltose CeIlobiose Trehalose 





Strain Glucose Galactose Xylose Mannose Fructose Sucrose Maltose Cellobiose Trehalose 

+, positive; w, weak ; -, negative 









~knu~znulun~w~s%i NaCl 15%, pH 7 imr 3 7 ' ~  ~o?~!aun~rnsi!  NaCl0-28%, pH 5-9 

utl: l a i q l i F i  1s-5ooc ~"va3lRndl4fi~flLi~fl~~elfi~91~ld~9L1flR91~9dfl1319~ 4.9 

F I n 9 4 6  4.7 DNA-DNA similarity VBJ Lcntibacillus n+P; 3 

Strain f%) Simihrity with labelled strain 

KFI-1 

PB7-3 

PSI 1-2 

DBl-I 

DSl-3B 

DB4-2 

DS4-2 

DBS-IB 

DS6-1 

DS7-5 

DB8-6 

DB9-1 

DS 10-3B 

DS26-3 

CBO-I 

IS40-3 

L. salicampi JCM 1 1462 ' 
ND, not determined. 

pn31d  4.8 DNA-DNA similarity V I 4  LentiboeilIus nduS 4 

- - - 

Strain (%) Similarity with labelled strain 

PN5-2 PN7-6 JCM 1 1 462T PSI 1-2 

PN5-2 100 98 2.3 3.4 

PN7-6 118 100 10.2 12.7 

1640-3 16.2 5.9 18 18.8 

L. salicampi JCM 1 t 462T 16.5 16.4 100 4.5 

PSI 1-2' 8 6 6.2 100 
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!jl1319; 4.9 $ P I B ~ Z ~ ! ~ R ~ I ~ ' U B ~  Lenfibacillus species 

JCM 
Characteristics I S40-3 PSll-2 PN7-6 KCTC 391 lT K C T C ~ ~  1 5T 

1 1 4 6 2 ~  

Spore shape 0 S S S10 S10 S 

Pigmentation Red 

Motility + + + + 

Colony size (mm, 
1.3-3.2 0.2-.06 t .2-3.0 N A 0.2-1.3 NA 

diameter) 

Maximum growth ("c) 45 40 50 50 40 40 

NaCl range (%) 3-30 12-30 3-28 1-20 3-25 5-25 

Oxidase i- -t + + + 
Nitrate rcduction i- + + + + 

Hydrolysis of aesculin + 
Hydrolysis of casein + + 

Hydrolysis of Tween 
f 

80 

Arid From:Celtobiose N A w N A 

D-G lucose + -!- f i- 

Maltose -C w 

Sucrose w w N A N A 

D-Xylose -t + w 

Strains: L,salari~sKCTC3911~;3,L.salicslmpiICM 11462~;  L IacisaI~iRCTC3915~ 

+, positive; - ,negative; w, weak; NA, not available. Spore shape: S, spherical; 0, oval. 



Lentibacillus salanus KCTC 39 1 1' (AY667493 'I 

66 Lentibacillus salicampi JCM 1 F 462T (AY 057394) 

A I ~ e n t i b a c i l l w  lacisalsj KCTC 39 1 S ( ~ ~ 6 6 7 4 9 7 )  

Vieibacillus marismorhri DSM 1 2 ~ 2 5 ~  (NO097931 

Virgibacillus proomii LMG 12370~ (NO 1 2667) 

74d L Virgibacillus carmonensis LMG 2 ~ 9 6 4 ~  (AJ3 16302) 

Vigribodlus ho!d~nitriJicam DSM 10037~ (AY 543 1 69) 

Oceanabacillus ihqyensis JCM l t 3wT (AB0 1 0863) 

Gracilibncilltls halotalerans DSM t ~ 9 5 ~  (AF036922) 

Gracilibacillus dipsosauri NCFB 3027~ (XXZ43 6 )  

Filobacillus mi!osensis DSM 1 3259T (N238042)  

- Bacillus decolorotionis DSM 14890~ (AJ3 I 5075) 

- Bacillus halopkilus DSM 477 l'(~~243920) 

9 
HolobaciIIus halophilus NCIMB 925 1' (X62 I 74) 

- 
93 Hnlobocillur trueperi DSM I 0404"~33 1 01 49) 

70 HolobaciIlus litoralis DSM J 0 4 0 5 ~  fl94558) 

Bacillus cereus DSM 3 1 (D 16266) 

Bacilluxj~nictrlus JCM 11201~(ABQ49195) 

Br~vibacillus brevis JCM 2 5 0 3 ~  (D78457) 

~)Iw; 4.4 Phylogenetic tree of IS40-3, PSI 1-2 and PN7-6, based on 16s rDNA sequence. 

~Weun'u Filobaciflus milosensis JCM 1 2 2 8 8 ~  i i a z ~ ~ 2 - 5  ! DNA-DNA homology 16.9% !do 

Filobacillus milosensis JCM 1 2 2 ~ 8 ~  19u 97.3 % ling 97.0 % rnud~ih ((mwd 4.6) 

(Schlesner IlfiEtilN:, 2001) 



4.5 ~ f l i n ~ 0 1 ~ ~ ~ n 6 i ~ n ~ f l d ~ f ~ 0 9 ~ i f l n $ ~ t r % 1 ~ a  Filobaci!tus mu%%.!{ RF2-5 lln:: RBU1-I 

maw; 4.10 ~nuga~sImndlssa9 FilobacilIus species 

Characteristics RF2-5 RBUI-1 JCM 12288' 

Spore shape Oval to spherical Oval to spherical Spherical 

NaCl range (%, wlv) 2-30 2-30 2-23 

Growth at pH 6.0 + + 

Hydrolysis of arginine 4- 4- 

gelatin + + 

casein + + 



starch + + 
Acid from glucose -I- 

salicin + 

Murein type meso-DAP meso-DAP Ornithine 

+, positive; -, negative. 

liioralis ATCC 700076' (X945 58) 

HalobaciIltrs halophilus ATCC 3 5676T @62 1 74) 

Bacillus haIophiltcs DSM477 1 (AJ243 920) 

Marinococcus aibus ATCC 498 1 1' (X90834) 

Marinococcus halophilu.~ ATCC 27964T (X90835) 

BacilIus agaradhnerens ~ ~ ~ 8 7 2 '  (X76445) 

Bacillus vedderi ATCC 700 1 3oT (248306) 

Gracillibacjllus haiotolerans ~ ~ ~ ~ 7 0 0 8 4 9 ~  (AF036922) 

Grnciilibacillus dipsosatrri ATCC 700347~ (X82436) 

I1 r BaciI/trs haloaIkaliphfltcs DSM 527 I '( A523 804 1) 

7 ;I FiIobailobociIlus milosensis ATCC 700960~ (AJ23842) 

I I - Boeillus holodenitrflcons ATCC 49067~ (AB02 1 1 86) 

SalibacilIus saiexigens ATCC 700290~  (Y I 1 603) 

Solibacillus rnarismorrui ATCC 700626' (AJ009793'3 

Virgibacillus proornii LMG 1 2 3 7 0 ~  (AJO 12667) k Virgibacillrrs panrolhentim ATCC 1 4576T (X60627) 

I BacilIus licheniformis ATCC 145 8oT/~60623) 

Bacillus oleronius D S M ~ ~  56T ( X  82492) 

Bacilitrs sporothermodurans DSM 10599' (U49080) 

rPl~n!onococcus citrmx ATCC 14404~ (X62 1 72) 

Microtetraspora angiospora DSM 43 1 73T (U48 843) 

niws 4.6 Phylogenetic tree of RF2-5 and RBU1-1 based on f 6s rDNA sequence 

nduA 6 i~a-7 hunfffh 7 mu$$ ndud 6 ikii SSKJ-2, S S K ~ - I ,  SSKIO-5, PNZ-3, 

PNZ-10, IIFIZ P N ~ - 1  n+d 7 !&;llfi SSU-2 W U ~ I ~ ~ U R Z B ~ ~ ( U ~  6 ;DNA-DNA similarity innnil 

70 % ~ U ~ O ! G O U ~ ~ Y  Virgibocillus hnlodenitrificons JCM 1 23wT (=DSM 10037~) lla:: SSK3-2 (.I5144 



4.11) imewuji SSK~-2  0na1un8,un~.rusr 16s TDNA L~IU 99.8 % i i o i~uu~u  v. 
d pr 

halode,rirrfions JCM 12304~ (fll~j 4.7) IlrlE SSK2-2 ~ f l t l 1 1 l ~ z . 1 1 ~ ~  98.8% fkl iU picturoe 

DSM 1 4 8 6 7 ~  I I U R G E U ~ & R D ~ ~ ~ I J  meso-DAP ~~uoqid~znouua.rwJ~~waa" ~ 4 i h i . r ~  

iiuni~uih 7 ~ n c l ~ u f u u  lmzntjui 6 $ 1 ~ 3 ~  6 zTlilhi6gu F halodenini/icans 
A d y  & w  

ila:n+i 7 ~ ~ ~ m f l h ~ n a i ~ n f i 4 " ~  K picrurae (Arahal im:nol:: 2000, Heyrrnan LIAERNZ 

2003, Yoon IlSt:F~fl: 2004) 

iiuniidundu8 6 tan.7 i.aa6Sldi~a~fiuinh bhuZ~dunsuuan uuln 0.4-0.5 x 1.5-3 vrn 

mdoui?n' nsYl~ndo;nn~~tuue~~j~soic~a~ $ d a i u ~ ~ ~ i ~ n X  TnTaduumms fu JCM no. 168 ii 
iinvnr~nnuiii?ui?n?u uouduu un2.r n?~aou !.ahmilan oonG~atr nh.rpEulon ;n'mlum 

sn I+~ i f i i Iu  eiorrudq 1iainrisotiaa~t;l~u loa13u lwlsiiw DNA IIW f l u  80 ~dw :a 

o:a~u"u lddu~u?a  ~lazilrus'a nYi~nr~e~no~siu'Tua vl~nlnn mimnlnn ngTnn 1s 
$era ~iaz?vFnn l i a r ~ ~ ~ n s ~ o r n o : G n ~ i S u  ielralafilaa 6ianFmn uaa1cs-a ixra'i7Ton n"arclras~a 

GyaPu imnlmn uoalnn ituuu'slnn iluulun ~uE0lon luZGlnrr imn4i- iuni ;nnph7~6 o'u 

uoinoa i~r8Tun ilrulun 1 3 1 ~ ~  "maPJu 40Giplna ylnm its- n:aiInn 6aiylf;Iu 

eimziii NaCl 3-25 % ~ln-i~j~1timrJ~:~1'u1uo7~1~iij N ~ C I  10% m j O ? l & i  1 0 - 4 5 0 ~  Iia:: p~ 6- 

9 iia:: 5 meso-DAP i ~ u o a ~ r ~ n o ~ u o . r w u ' ~ i ~ a a "  kuolzkmnn'~;rfiu'IIe,dli'q 7 mufivi64 

1mncWIumn4 4.12 

m ~ l d  4. 11 DNA-DNA similarity V I P  VirgibociNus species. 

Strain (%) Similarity with labelled strain 

SSK3-2 JCM 12304~ 

Group VI SSK3-2 

SSK9-l 

SSK10-5 

PN2-3 

PN2-10 

PN5-I 

V. halodenitrflcans JCM 1 230dT 

Croup VI! SSKZ-2 

ND, not determined 



Fll%19; 4.12 ~fWQ!:1!~~1.ndl9~b9 Virgibacihs species. 

Groap VI Y. Aa~odenitrifi~ans Group YFI Y. p h m e  
Characteristics 

JCM 12304' (1) KCTC 382 l 

Spore shape E E EIS EIS 

Gram strain V V + + 
Spore position TIST TlST T T 

Nitrate reduction + + - + 
Hydrolysis or  casein 

Hydrolysis or gelatin 

Growth at 45 O C 

Growth in 0% NaCl V V - w 

Acid from: 

D-Fructose 

Galactose 

Mannose -(+a -+ + w 

Rhamnoae 

Trehalose - + - V 

+, positive; w, week positive; -, negative; Y, variable; PTD, not determined. 

E, eHipsoidal; S, spherical; C, central; ST, subterminal; T, terminal. 



- Vk,qibaciNus rnarismortui 1 23T (AJ009793) 
- 

Virgibacillus proomii B04 13' (AJO 12667) - 
93 Virgihacillus dokdoensis DS W- I oT (AY 822043) 

d i r g i b a c i l l u s  p a n t ~ t h e ~ t i ~ ~ ~  BOO 1 8T (X60627) 

Virgibo~illrrs pirturae DSM 14867~ (AJ3 15060) 

loo FSSK3-2 

Vigribncillus holodenitr~cans DSM 1 0 0 3 7 ~  (AB02 1 186) 
Virgibacillus necropolis DSM 14866' (A33 1 5056) 

IW ' Virgibacillus carmonensis LMG 20964~  ( ~ ~ 3 1 6 3 0 2 )  

Lenribacillus salicampi SF-2oT (AY0573 94) 

Lentibacillus iuriuiscaris IS40-3 IAB 1279801 
Gracilibacilhs halotokraas NNT (AE03 6922) 
Gracilibacillus dipsosauri DSM 1 1 1 2 5 ~  (ABI 01 591) 

Bacillus halophilus DSM 477 1 (A52439201 
Halobacillus litoralis SL-49x9455 8) 

HalobncilIus frueneri DSM 1 0 4 0 4 ~  IAJ3 1 0 1491 
I Bacillus vedderi ATCC 700 1 3oT (Z48306) 

Baciilus cohnii DSM 6307~  (X76437) 
Marinococcus halophilus DSM 20408~ 1x90835) 

AlicycIobacilIus acidoterrestris DSM 3922T (A5 13363 1 )  
0.01 

m d  4.7 Phylogenetie tree of SSKZ-2 and SSK3-2 based on 16s rDNA sequence 



n j u i  8 G ~ ! u ~ % ? u  3 fi7~%f?klfi CS2 CS9-Ills: CSlO ! DNA-DNAsirnilsrity 41.7- 

44.2% 1lldok~uu6u Murinococcus halophilus JCM 02479 ( ~ n 5 1 4 4  4.13) 1ifi:~~il CS2 

n ~ ~ u n i i ~ u n ~ ~ u n ~ d ~ 6 ~ ~ ~ ' ~ 1 ' ~ u ~ a ~  16s ~ D N A  1 3 ~  99.5% ~ u d o ~ ~ u ~ r i ~  Marinococcus holophilus 

JCM 02479 (= DSM 20408~) &liflR41%m~6 4.8 I1A: W U ~ I ;  meso-DAP L ~ U  

odd(~s:nouuo~w~a~and 6ri?u&?huun~i?u$a3 muwir<odlunqalGu3riu l lnrdu 

rkun%a Marinoceccus (Li wm: 2005) 

uunlliclnqui 8 ~ ~ n Z l i i ~ J j w n n ~  8~'0~i i~ i im5uum UUIR 0.4-0.5 x 1.5-3 prn Inthuilti 

Iliaf~anJo; InlnGuuoirnsju JCM no.] 68 %nuol~nnu~~u~an% unu~?clu unca nf1l.r 

IOU l ~ ~ h ~ ~ ~ ~ l a a r  eiau~n5h laird a.atsla%s6~~n$~nt~ IuiZ~at~Iua~ w 1Pja-?1*195.tslwa Iiarxr~so 

tioulnlsGu niu 80 ivluu'a orrnQu laTd~~.aus'rt imrusuZa n?lan~ooina:n0lun rlln 
Inn i ~ n ~ u o n ' l n n  1Jnhans~o1n5y 8u iiuu'lu n iun'u'lon IUR~GTRR ~GJIUPI qiBQu aoiu' 

mon $nrn n?s~Tan~~nr ' l rT~n ~a~cyIbnua~msdii  N ~ C I  5-20 % I L R ~ ~ Q ? ~ ~ ~ & M U I : R U ~  

@7m?#! ~ a ~ l 1 0 K  15-45 '~  ua:: pH 5-9 lm: meso-DAP iih6oan'rlrznouuo-l 

4 %  ~inN(UZlM"~14~UTi39li '9 3 ~ u G u < ~ ~ ~ ~ @ R ~ ! ~ U N I ~ I ~ ~  4.14 

Fll3lTf! 4.13 DNA-DNA similarity YO4 Marlnoeoec~s species 

(%) Similarity with labelled 
Strain 

strain 

JCM 02479 

CS2 42.9 

CS9- 1 44.2 

CSlO 41.7 

M hnlopki?m JCM 02479 1 00 



d 
Fn519Vl 4.1 4 &PIQ~: t s ~ f l d l ~ ~ ~ 9  Marinococcsls species 

JCM 

Characteristics CS2 CS4-1 CSlO 02479' 

Colony pigment YeIlow Yellow Yellow Yellow 

NaCl range (%) 5-20 5-20 5-20 5-20 

PH range 5-9 5-9 6-8 6-10 

Acid from 

L- Arabinose + + + + 

Q-Fructose 

Galactose 

Glucose 

Glycerol 

Lactose t -k + 
Maltose + + -t- + 
Mannitol w + 
Mannose 4- 

Ribose w w w w 

Salicin 

Sucrose 

Sorbitol 

Trehalose 

Xylose w 

Hydrolysis of: Arginine + i- 

Gelatin + + 
Casein i- + + + 
Tween 80 

Starch + + + 
DNA w w w 

+, positive; w, weak positive; -, negative. 



Nes~erenkoniu kalobia DSM 20541T (X80747) 
I 

6 3 7  
Bacillus algicola KMM 3737T(~~ 228462) 

7 Marinococcus halophilus DSM 20408' (X90835) 

CS2 (AB194072) 

74 Marinococcus aibus DSM 20748~ (X90834) 

- 
99 -Halobacillus locisalis (AY 1 90534) 
- 

1 00 rHalobacillus karajiensis DSM 14948~ ( ~ ~ 4 8 6 8 7 4 )  

94r HaIobacillus trueperi DSM 1 0404T (A53 1 0 1 49) 

Staphyiococcus nepalensis cw lT (AJ5 174 3 4) 

Staphy/ococms kloosii ATCC 43959' (AB009940) 

r Salinicoccus aikaliphilus JCM 113 1 lT (AF2757 1 0) 

L Salinicaccus hispunictcs DSM 5352T (AY 02 8927) 

Tetragenococcus koreensis DSM 1650 I T ( ~ y  690334) 

0.0 1 
- Tetragenococcus halophilus DSM 20339' (A530 1 843) 

f l l d  4.8 Pbylogenetic tree of CS2 based on I6S rDNA sequence. 

n+19 G~iuntiGa is muriu$kti PN1-2, PN1-7, PN1-8, PN1-9, PNl-lo, PN2-2, PN2- 

9, PN, 2-14, PN15, PN2-16, PN2-20, BN7-1, PN7-7, PN7-8 1151E PN7-9 W Y ' ~  PN1-2 DNA-DNA 

similarity uinnii 76.6% I U ~ D ~ Q U Y  ~IILIU(I%?U 14 B I U G I J ~  LLEI:: ~ . O - Z ~ . O % L ~ O ~ G U U ~ Y I I  Soiinicocnrs 

roseus JCM 14630~ (=DSM 535 lT ) (m514G 4.15) L ! ~ P ~ I ~ W ~ ~ ? ~ U A ~ I U F ~ ~ ~ V O ~ ~ " I ~ U ~ P I ~ ~ ~ M ~ ~ ~  16s 

rDNA UDtPNI-2 Ld~~:t l~fh S~olinicocclu. roseus JCM 14630~ 181197.3 %(m~d4 .9 )  
d 

Salinicoccus roseus DSM 535 lT 1151: PNI -2 L-lysine I ~ U Q ~ ~ S E ~ O U U Q ~ W ~ ~ L T ~ D  T~.I;UZ~&~ 

Ilun~;doTu'R1nl$4 15 i7flo$u{~uflqa Salinicoccus (Ventosa i m z f i ~ ~ ,  1990) 

rtun;~andud 9 i.aaiGzdi~9nnu b u n ' ~ t i ~ m ~ u u m  VUIR 0.6-0.8 pm l imdoud 11j 
4u pl nhqnlloi h ~ a ~ u u o - t ~ i s f u  JCM 110.168 fii%invol:nrtuu~~u unu$au onqq n~l .reu?rj  



Ton m~mnTmrr n ~ l ~ i u n  GuuoJnon o'y lu ilanIma unn'hn i~uudnon ~ ~ u u l u n  mtu' 
Ion kui%hn ~ u n i n n ~ b n l d  kksvufl ikmlun .a>a'$u aofu'nort $nsn lm: n4 

VI13l4; 4.15 DNA-DNA similarity WO4 Solinicoccus 

DNA-DNA re la tedn~s with 

labeled strain (%I: 

PN 1 -2T JCM 14630' 

97.4 16.8 

89.0 29.0 

95.4 F 0.3 

89.9 3 -0 

76.6 5.6 

98.8 16.1 

92.9 17.2 

93-4 9.9 

82.9 2.0 

96.7 7.3 

91.2 16.8 

96.4 23.0 

85.0 14.0 

92.5 19.0 

100 17.3 

S. roseus JCM 14630~ 21.7 100 



Characteristics 

Cell size (pm) 

Colony pigmentation 

pH range for growth 

Optimum pH for growth 

NaCl range for growth (%) 

Temperature range for growth ('C) 

Optimum temperature for growth eC) 

Methyl red test 

Urease 

Nitrate reduction 

Hydrolysis of: 

Casein 

AescuIin 

Gelatin 

Tween 80 

Starch 

Acid production from : 

Fructose 

Galactose 

D-Glucose 

Maltose 

D-Mannit01 

Sucrose 

1 

0.6-0.8 

Orange 

6-9 

8.5 

1.5-25 

15-45 

37 

- 

* 

- 

- 

+ 

+ 

2 3 4 5 

1-2.5 1-2.5 0.5-0.8 0.6-1.1 

Pink-red Reddish orange Pinkish Light yellow 

5-9 6-9 6,5-11.5 7.0-8.0 

7.5 8.0 9 s  NA 

0.5-25 0.9-25 0.0-25 0.0-20 

15-37 1540 10-49 4-42 

37 37 32 30-35 

-I- N A  

+ 4 

- -+ + 4- 

Strains: 1, PN1-2; 2, Salinicoccus roseus DSM 5351T (data from Ventosa el a!., 1990); 3, S. 

hispanicus DSM 53 ~2~ Ventosa et a!., 1 9923; 4, S. nlkaIiphiltcs JCM 1 I3  1 1 " (Zhang et a[., 2002); 

5, Jmtgalicoccus halotolerons JCM 1 1 1 9gT (Yoon er a!., 2003). 

+, positive; -, negative; NA, no data available. 



Sa/inicuccus roseus DSM 535 1 (X94559) 

5 F P N l - I  (AB258358) 4 _I ~ a l i i c  h i i  DSM ,5352' (AY028927) - solinicoccus nlkaliphi1u.s JCM 1 13 1 1 (AF2757 10) 

I 7 Tehagenococnrs rnurirticus JCM 1 0 ~ 6 ~  (~88824)  

99 

100 r M halotoleruns DSM 1 6375T (AY8 1 74 

I 'Ad haluphilus QSM 2040gT (X90835) 

Jeotgalicoccuspsychrophilus ICM 1 1  1 99T (AY028926) 

Jeoigalicocclls halotolerans JCM 1 1 1 9 8 ~  (AY028925) 

aphylococm~ carnostrs DSM 2050 1 ( N O 4  1 356) 

7 7 Mcirinoceccus albus DSM 20748~ 1x90834) 

- 
57 

HaIobacfllus litoral is S L - ~ ~  (X94558) 

Halo bacillus halophilus N C M  925 lT (X62 174) 

StaplrjIococclrs equorum DSM 20674~ (AF04 1363) 

Macrococcus bovicus ATCCC 5 1 825' (Y 1 57 14) 

6 n ~ ;  4.9 Phylegenetic tree of PNl-2 based on 16s rDNA sequence 

100 Macrococcrrs carouselicus ATCCC 5 1 828T (Y 1 57 13) 

o i u i  lo i;trunCilia 4 ~rruliVifIQillri ~ ~ 2 6 - 2 ,  KSI I - I ,  ~ ~ 8 7 - 5  lm: ~ ~ 1 2  i DNA-DNA 

similarity innnil 97.4 %iu"akbiuuh i% Chromohalobacrer salexigens KCTC 12941 im:: 

DS26-2 DNA-DNA similarity rnnni7 85.6% ldoid?J~h KSI 1-1, KS87-5 lm:: PB12 ( m I s l P 4  

4.1 7) I ~ E O I ~  w ~ F I ~ W F I & ~ U ~ ~ * ~ ' U D ~  16s rDNA uos DS26-2 L ~ O ~ ~ U U < W  Chromohalobacter 

salexigens KCTC 1294 1 igu 99.3 % cmwd 4.10 ) lin: i! meso-DAP duo.s~ds:nouuns 

wGwnd g~iuiq~wun~i l iut '  4 n1~1*{~dlun~adu~iiUu iin:~gu Chromohalobocter 

salexigens (Arahal Itn:flWZ,2001) 
9 8 ~rnnflliunrjud lo  ~arrG~di1.rt8uinid L u A R P ~ ~ I ~ ~ ~ ~ u  VUIR 0.4-0.5 x 1.5-3 prn 

indouAl6 iriniitndai hhduuo~mr$u JcM 110.168 iirinvru-niruiiftu~an?~ vsuBuv 

ungrr a ~ ~ ~ ~ o u l s i m p l ~ i a n  oanllmn atla yiiulon iR'?nlumrn ilnrmlnsndouulla li 
mu13 otiouamlu leaiGiu Iw%~$u DNA ~ ~ U G S ~ D Z ~ I ~ U  l a%dk tquzn i~a~l~cllu~a l id ia5u 

T R ~  ni1snr~ainoznu"Tun vlznlnn nilmnlma n ~ l n n  i r l u ~ r  ua~'l.aTan 'Iins'14ns~ 



oinoz2nmfiu i.aalau"iea na~aorsa SySu Wuuoinoa ~ i n n l ~ n  uanbnn ~iuuu'naa 

wuTun aua'u'bon aua'$lnn 111?lTun iisuh~rr .a?a'?u .aofu'nsa alnsn im: n i n l a n  
loio?~~uoimzdii NaCl 3-25 % I ~ ~ ~ ~ D ~ ~ ? ~ M U I E L I U I U B I W I ~ ~ ~ ~  NaCl 10% L O ? ~ ? A ~  10-45 OC 

!la:: p~ 6-9 iinz meso-DAP 1duo;lidsrnouuosw~4kc11aa" finvcu:iinnn'ia{uvo~dq 4 

r n u ~ u { ~ ~ i . r l l ~ n ~ ' l ~ u m ~ ~ ~ ~ d  4. I 8 

"7514i 4.1 7 DNA-DNA similarity VB4 Chromoholobaefer spp. 

Strain % Homology with labeled strains 

KTCC 1294 1 ' DS26-2 

DS26-2 97.4 100.0 

KSl I -1  106.1 102.9 

KS87-5 102.3 101.1 

PB 12 105.6 100.6 

C. salexigens KCTC 1 294 1 1 00.0 85.6 

m-ila; 4.1 8 ~fi~nll~d~b6flfld~~i%~1.1 Chromohnlobncter spp. 

KTCC 

Characteristics DS26-2 KS87-5 KS11-1. PB12 12941T 

CeII shape Rods Rods Rods Rods Rods 

Temperature range (" C) 10-45 1 0-45 10-45 10-45 1 0-45 

NaCl range {%I 3-25 3-25 3-25 3-25 0.9-25 

pH range 6-9 6-9 6-9 6-9 5-10 

Acid production from 

Glucose + 4- -I= + -t- 

Glycerol - 
Inulin 



myo-lnositol 

Lactose 

Maltose - 

Mannitol - 
Mannose * w 

Meli biose - - 
Melizitose - 
Rafinose 

Rhmose  - - 

Ribose + + + -I- + 
Salicin 

Sucrose 

Sorbitol 

Trehalose 

Xylose 

Urease 

Hydrolysis of 

Tyrosine 

Gel atin 

Casein 

Stnrch 

DNA 

Indole 

Cell wall composition DAP 

+, positive; w, weak positive; -, negative; DAP, meso-diaminopimelic acid; NT, not tested. 



Chromohalobacfer canadensis ATCC 43981tT(~~295 143) 

Pseudomonas beijerinckii ATCC 1 9372T (AB02 1386) 

Chromahalobacrer sarecenensis L V ~ ~  (AY373448) - Chmohalobacter morismortui ATCC 1 7 0 5 6 ~  (X872 191 

Chromohalobacter israelmis ATCC 43985" (A5295 144) 

Chromohalobacter salexigens DSM 3043' (AJ295 146) 

DS262 (kB193815) 

Halomonas murafis LMG 20969" ( A  J320530) 

Halomonos desiderata FB~' (X924 1 7) 

HaIomonas bolivienris LC 1 (AY 245449) 

Halomonas eurihalina ATCC 49336T (X872 I 81 

Halomonas saIina F8-1 I' (A52951451 

Deleya marina ATCC 25374T (M933 54) 

Zymobacterpalmae T-1 0 9 ~  @ I  4555) 

Pseudomonas aeruginosa ATCC 2 7 ~ 5 3 ~  (AY 268 1 751 

100 Pseudomonas oleovorans IAM 1 50sT (D840 1 8) 

b n W d  4.10 Phylogenetie tree of DS262 based on 16s rDNA sequence 

~ d i i t n n u  n i ~  B (1 t7lul%$ ?hill; RF6 w ~ j l l l ~ d t ? u n i ~  A ~ N A - D N A  similarity ulnni170 

% I ~ B ~ ~ U U ~ U  R solinnmm ICM 8 9 7 ~ ~  t ~ a ~ n i j ~  B !DNA-DNA similarity 79.9 % ~ O L W  U U h  H 

so~choroly~cus JCM 8 ~ 7 8 ~  ( ~ 7 5 7 . 1 i  4.19) L L ~ E O I ~ ~ H ~ ~ ~ ~ I U R ~ ~ U ~ ~ ~ ~ ~ B ~  16s rDNA DS2-5 ld~3 

I % J U ~  H . salinanrrn JCM 8978T 1611 99.9% LIB:: W 6  I Q O I ~ U Y  i i ~  H soccharolyricus JCM 

anT idu 99.3% (mwi 4.11) 10 rnuriut (niu A) oiIurrqal;s?riu 

ilnedu H solinnmm (Kamekura Lln:: Dyall-Smith, 1995) d 3 ~  W 6  I ~ U  H sacchorolyrieus 



611514? 4.19 DNA-DNA similarity "1l~4l!¶lfl;;~ Group A 160: B 

Strain % Similarity with 
labelled strains 

Group A JCM 8978' JCM 8876' 

IS50-2(1) 97.3 16.7 

H salinarurn JCM 897tIT 100 8.8 

Group B RF6 JCM 8878' 

H mcharolyricus JCM 8878' 88.5 100 



Characteristics Group A JCM 897gT Group B JCM ~ 8 7 8 ~  

NaCl range (%) 15-30 15-30 15-30 15-30 
Hydrolysis of 

Arginioe 
Casein 
Gelatin 
Tween 80 

Acid from 
Arabionose 
Cellobiose 
Glucose 
Lactose 
Mannitol 
Melibiose 
Raffinose 
Sucrose 
Tre halose 

Utilization of 
Arabionose 
Glucose 
Fructose 
Galactose 
Raffinose 
Xylose 
Arginine 
Glutamic acid - - - - 
Serine - - - - 

+, positive; -, negative. 



1 Halofermr denitr#cans isolate s 1 (D 14 12 8) 

salifodinne ~l~~ (AB004877) 

RF6 (AB284265) 

Halococcus saccharol~icus JMC ~ 8 7 8 ~  (AB004 876) 

Halococcus rnorrhuae NRC 1 6008' /D 1 1 106 

HaIococcw dombrowskii DSM 1 4522T (A J420376) "L:) DB5-2 (AB220647) 

DS2-5 (AB284264) 

Halobacteriurn solinarum DSM 3754T (~5496 1 85) 

Halob$orma haloterrestris isolate 1 3sT ( ~ ~ 3 3 3 7 6 0 )  

Natronococms occul!ur JCM 88 59T (228378) 

I ~ a f r o n o b o c t e r i u m  phoraonis JCM 8 ~ 5 8 ~  (D8797 1) 

ftln; 4.1 1 PhyIogenetic tree of RF6,151&2, DB5-2, and DS2-5 based on 165 rDNA sequences 



n~uuuni0u2lli1anfiu i 1 s rnuGu{ (&oup C) wwjillunii~unz$f: {DNA-DNA 

similariv ~ l n n i l  78.9%1U681; uu {¶J DBS-2 ~DNA-DNA similarity 2 1.6-49.9% fiy H. 

morrhuoe JCM ~ 8 7 6 ~  LLII:: K dornbrowskii JCM 12289~ ( ~ 3 1 4 4  4.21) L I R ~ O I ~ W ~ ~ ? ~ U ~ ~ I U R ~ " ~ V Q S  

16s rDNA V O ~  niu DB5-2 is lo-2 11160~cl¶,li% H dombrowskii JCM 12289~ ~ 9 ~ 9 9 . 1 %  tin:: 

H. morrhuae JCM ~ 8 7 6 ~  L ~ I U  98.6-98.7% ( m ~ #  4.1 1 ) ~ Y & G ~ O Y P I ~ I U ~ G U ~ ~  i 5 muriU$$u 

tQa Halococcus L ~ ~ ~ Z L ~ U I I U ~ ~ ~ ~ ~ U T U P R ~ M J  (Kocur Lm:: Hodgkiss, 1973; Stan-Loner llrt:n(Uz, 2002) 

~lunt i~uni l r8lani~~d+79nnu buR~ii im~unu u u i ~  0.8-1.2 prn I ~ ; I R # O U ~  I n l a c  

~uo3msfu JCM no.168 ~ 5 n i n v o r ~ n z l ~ i i B 1 1 ~ ~ ~ ~ ~ 1 ~ t r ~  unqc (mwd 4.12) nf~diou?rdm 

mlan onn9mn i4d2nbn iint.n~pnu'nuo%i Wmu~~dR"3nluasn cioumiiu loa~n'u o i i  
4 4 ouu ilng n"? 80 nf19nr~aino~s1u'Tun i~alnu'lno n q T n ~  t lnnT~n ituuu'noa iua'u'lon 

ltGITun ~ T n m  its:: nimlan irjrnulsnl+~:s~u'Tun mlmn'inn i~sFlTun 7rlan mi 
-4 

ouu im:i.ao;u iaityliTIurnms6ii N ~ C I  20-30 % ii M ~ C I ,  0.5-5% L O ~ ~ I ~ ~  15-45 oc m:: 

pH 6-10 ~tTkl0 l~1i~f ld1.16~~01 mtl%{kla:: H. dombrowskii JCM 1 ~ 2 8 9 ~  !la:: H. rnorrhuae JCM 

8876T 63lltf~~!?rUm~;li 4.22 

mwd 4.12  tin^ 6 ~ ~ T n T ~ i i ~ ~ n : ~ ~ a n " u o ~ ~ ~ p ~ n ~ ~ t l  Holococcw. sp. D B ~ - 2  



~ 1 3 1 4 4  4.21 DNA-DNA similarity V I ~ I I U P ~ ~ ~ U W O U I ~ P J I ~ ~  Grmup C 

Strain JCh4 8876' JCM 12289' DB5-2' 

DB5-2 36.1 41 .O 100.0 

IS 10-2 30 21.6 91.3 

~ s 4 -  E 42.3 42.3 98.4 

KS35-3 49.4 45.6 78.9 

DB8-2 38.6 36.7 81.1 

DS7-4 43.5 47.9 97. I 

DS 10-5 43.5 46.6 97.5 

DB I 0-5 45.7 41.3 86.6 

DS6- 1 A 41.5 40.3 84.5 

DS6-2 39.8 24.3 83.8 

KS333-2 43 .O 35.6 85.9 

DB 1 -4 49.0 31.6 90.2 

DS6-6 44.6 34.1 88.7 

DB8-5 46.3 44.4 84.2 

KS87-3 49.9 32.7 91 -5 

H morrhuae JCM 8 8 ~ 6 ~  100.0 34.1 25.7 

H dornbrowskii JCM 1 2289T ND 100.0 42.3 



rnmd 4.22 5 n ~ w l m n d 1 - 1 ~ ~ 4  Hoiocoecus species 

Characteristics DB5-2 H. morrhuae H. dombrowskii 
and 14 strains JCM 8 ~ 7 6 ~  JCM 12289~ 

NaCl range (%) 20-30 20-30 20-30 
pH range 6-1 0 6-10 6-10 
MgCI2 range (%) 0.5-5 0.5-5 0-5 
Nitrate reduction * - -I- 

Catalase 
Oxidase 
Hydrolysis of: 

Arginine 
Casein 
Gelatin 
Tween 80 

Acid from 
Arabinose 
Cellobiose 
Glucose 
Lactose 
Mannitol 
Melibiose 
Raffinose 
Sucrose 
Trehalose 

Utilization of: 
Arabinose 
Fructose 
Glucose 
Galactose 
Rafinose 
X y lose 
Glutamic acid 
Arginine 
Serine 

.- - 

+, positive; w, weak positive; -, negative; ND, no data. 



~~ms$nlnms~a'n!ou'6~JJ"~d5~1~fll6% casein LlB:: fish powder i81.I substrate ~~1lml~117a 

noYllr~'~u1$30" C lm: 37 "C W U < ~ ~ I U ~ ~ / ~ ~ ? U T D Y L ~ ~  (exbemly halophile) tT-kflfi{ DS2-5, 

KS87-2 kin:: DB 10- l l#$l specific activity 0.2230-2.6524 Ui  mg protein lln:: unit activity 0.652-4.76 

U/ rnl of  enzyme ?I37 'C lLnZ specific activity 1.6452-5.4643 U/ rng protein LLRZ 0.9 13-4.044 U/ rnl of 

enzyme d 30' c TnulaY casein ISU substrate (mnd  4.23) ~tn:li?il specific activity 0.7808-1 -9927 

UJ rng protein lln:: unit activity 2.283-6.000 U i  rnl of enzyme $37 'C 1LFt:: specific activity 0.3525- 

6.7468 U/ rng protein LLRZ unit activity 0.261-5.283 U/ rnl of enzyme 4 30' C 1 ~ 1 ~ 1 4  fish powder L ~ U  

substrate (~)lnd% 4.24) 

d~u~~unGGua~u~~unl7unai~ (moderate halophile) ~ I I G U ~  RF2-5~m: RBUI-I flf1.1 

~ B U I T ~ ~ U I ~ ~ R ? ~ U ! U * % ~ . U * U ~ ~ B ~ I ~ ~ " ~  5% 0 d d 7  A F ~ U ~ U & {  RF~-5, SSKIO-5, PNZ-19, RBUI- 

I ,  SSKZ-2 ika:: SSK3-2 ~ ~ I U I Z ~ ~ ~ ~ L O U  ~ ~ ~ J " % ~ I J I ~ ~ ~ ~ I % I I ~ x I ~ M u o ~ I ~ ~ "  10% Jd16d1 specific 

activity g3 1 1. r 140-29.7991 UJ mg protein llBZ unit activity 15.13 1-27.783 UI rnl of enzyme fi 37" C 

kla:lI?6"t specitic activity 24 23.8335-32.8760 U/ rng protein LAFIZ unit activity 9.848-17.805 U/ rnl of 

enzyme ?I 30" c TRuIB casein substrate (m~iad 4.23) t l a - w u i i m ~ l ~  fish powder ~?Iu 
substrate 011{61 specific activity 12.72 19-29.799 1 U/ rng protein 6111: unit activity 15.13 1-27.783 UI 

rnl of enzyme 37" C LLBZ specific activity 13.9652-49.5517 U/ rng protein lm: unit activity 6.326- 
A 

17.740 U/ rnl of enzyme $ 30' c ~jpnnd 4.24 l~040lfl~l/J11~fl~~~6fl51~M"d3~fl1'~1fl~ld~3~ 16s 

~ D N A  ~ ~ ~ ~ ~ I U ~ ~ ~ ~ ~ ~ ~ ~ ~ U I L P I ~ ~ ~ ~ T O ~ I ~ U ~ ~ L ~ U ~ L Y ~ ~ ~ U ' I I D ' L I ~ ~ % J ~ ~ ~ ~ O ~ ~ I ~ ~ ~ ~ " D ~ W ~ I ~ I O ? ~  

wnnii 15% 1ia:~~un~iiunroui~p1fiiuna~a ; a d n i ~ m t ~ ~ u  4.3 0in~n$ndi3~iifv:0rl~u<i 
Y Y  

~ ~ u n ~ d u a o u ~ ~ u r l ~ ~ i ~ ~ ~ n ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ n ~ ~ t l o 1 1 ~ ~ d ~ u n a ~ ~ w ' ~ ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~  
a A B ~ ~ ~ ~ ~ u o . r ~ n a o n ~ d ~ ~ ~ d ~ u o 1 t l ~ r . a ~ o 1 a i j ~ ~ i ~ f i 7 ~ ~ ~ ~ ~ 7 ~ w ' n ~ ~ a ~ 1 d i ~ ~ ~ ~ o J " ~ a d  unnainiu"~~i; 

nr ?oflnui?TIfl55~%~4 inhacellular Lm:: extracellular protease VDJU~. IO~UWYU<~RU~$ Casein 

(Hammasten) LIB:: fish powder I f i ~ ~ ~ f l l R 3 W ! & H n d c ~ ~ 1 6 9 R l S 7 9 $  4.25 O~I~~SARIU~AIYI 

Fl £u:, 1997; Ryu Lli3EnfiJZ, 1994; Gimenez tlfi:flWE, 2000; Duong t I D E f l f l ~ Z ,  198 1 ; Sanchez-Porro LtaE 

4 Y  cta nu:, 2003) dtktiinulonno~unn~i%i 



m i a 7 d  4.23 Protease activities of iso1ate-s on casein as substrate 

Isolate no. Protein Protease activities 

OD Conc Protein OD (755 IN) Conc.Tymin OD (f50nm) Conc. Tyroisinc Net Tvosine Specific achvity U n ~ r  activity 

%NaCI (7SOnm) rngtml Blank (nmole ) Sample (nmole ) ( nmoie ) Ulmg protein UI m1 ofenzyme) 

37C 30C 37 C 30C 37C 30C 37C 30C 3 7C 30 C 37C 3DC 37C 3OC 

DS2-5 25 0747 
3'01' 0'745 O 859 2539 229 2985 326 0 759 0 895 2594,013 3126 198 54.784 140.875 0.3032 3.1515 0.913 2348  



lsolate no. 00 Conc Protein 00 (750 nM) Conc.Tyrosin OC (750nm) Cone. Tymlslna Net Tyrosine Spedfic activ~ty Unl t activity 

% NaCl (750nm) mg/ml Blank ( nmole 1 Sample ( nmols ) ( nmole ) Ulmg protein U l  ml of enzyme) 



Isolate no. OD Conc Protein 00 (750 nM) Conc.Tymsine Or (750nm) Conc. Tymisirw Net Tyrosine Speafic activity Unit activity 

% NeCl 1750nm) mml Blank ( nmde ) Sample( n d e  ) ( nmde ) Ulmg protein UI ml of e n m e )  

Pmtease unit = I n mde of t y d n s /  minutel irnl of mryme 



a7m.lrd 4.24 Proteolytic activitiers of isolates on f i b  powder no substrate 

Isolale no. Pmtan h n t ~ s e  actbt~as 

OD Cone OD 7 9 n M  Conc.Tyosina 00 750nm Conc. Tyros~ne Net tym?.ina Spec~lic act~vity Un~t activrv 

%NaCl (750nrn) Pmte~n Blank (nmde) Sarnpls( nmde 1 (nrnde) UimQ Ulml of enzyme 



6LP'EZ P9BE'W 

ZGE*BL WZ'LZ 

ERL'SL SOlZ*EZ 

PLl'Gl SLFBt 

288'91 980L66 

6L6'SL tSeP'LE 

t9rt. El661 

LEL'SI mEL 

9ZPL'OZ 

LWZ'P1 

GIZL'ZL 

LLES1 

LSLE'O1 

SPLL'9 1 

ILLS'S 

OPtL'Ll 



!solate no. Protein Protease acllvltres 

00 Conc 00 750nM Conc.Tymslna OD 750nrn Conc. Tyrosrne Net tyros~ne S m i l ~ c  actlvlly Unit aclivlzy 

%Mac[ (750nrn) Pmteln Blank (nmole) Sample( nmole 1 (nmole) Ulmg Ulml of enryme 

rnplml 57 C 25 C 37 C 30C 37C 30C 37 C 30C 37C 30 C 37C 30C 37c 30C 

Protease unit= 7 n mole of tyrasinel minute1 I m l  of enzyme 



4 4  4 w  4 
~1374; 4.25 Intrarellulae II1: Extrscellular protesse activity VD91lYPIAWl3B~FlF1181tl 

Substrate Entrarellular enzyme Extracellular enzyme 

Casein (Aammastrn) Total activity Specific activity Total activity Specific activity 

lu) (UJ mg protein) (U) (UJ mg protein) 

SSK 2-2 

SSK 3-2 

DS 2-5 

PB 7-3 

PS 11-1 

RF 2-5 

Casein (Hammasten) 

18.07 k2.15 3.48 k 0.45 

11.15 f 0.48 2.08 2 0.02 

4-12 & 0.48 1.14 k0.05 

Fish protein powder (FPP) 

RBU 1-1 0.00 f 0.00 0.00 f 0.m 15.02 k 2.90 0.28 + 0.06 
SSK 2-2 50.17 k0.72 6.25 f: 0.14 3.07k 1.45 0.04 k 0.02 

SSK 3-2 68.58 f 4.78 8.51 f 0.44 122.85 k 5.79 1.51 5 0.04 

DS 2-5 0 0 1 2 . 8 2 4  1.21 0.40 1 0.06 
PB 7-3 0 0 8.53 k 0.97 0.15 k 0.02 

FPP (Fish protein powder) 1~tf~lJdim~i~1 



I lo niacii-1 Ik~uniGuaoulnduli~iuapd 279 loTwtam oin wams~~indonuu~~du~0'~16~~1$ 

r n ~ i r o w a ' n m u l ~ ~ l n 3 ~ w " 1 ~ ~ ~ ~ ~ ~ ~ ~ 1 1 ~ ~ ~ d ~ ~ ~ ~ t ~ % ~ d 1 ~ n a ~ ~  38 loT.amn i~n:imniisuaou 
d A t  i8ugc 7 lalainm i m ~ o i n r n s d n l n m c ~ y n ~ u ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ d u ~ a  82 m s h q  nuinulo 

Y 

similarity 53~~3f l l5?L~f  I : Y % I ~ I U ~ Y ~ U ~ ~ P  16s ~DNA ~i~~~nwPqa&oniinvduo~11un~du~e,'~1 

u d d 
saiicampi 3 tf1 UWUB, Len fibacillus sp. nov. 5 ,  LentibaciIZus sp. nov. I5 ~ ~ I u G u ~ ,  Lerttibacillvs sp. 

d d d 
Virgibacillus sp. nov. I R I U ~ W ~ ~ ,  Mnrinococcus sp. 3 I I I U ~ ~  3, Salinicoccus sp. nov. 15 f l l l l i ~  1 

niu d p w ' t j  a&an &NN?#~~u Holoboeteriurn soZininomm 10 m~lh;, ~alococcus saccharolyticus 1 
Y Y  

muviup' HaKococc~ sp. nov. 15 mufh< m ~ ~ ~ u n ~ d ~ ~ ~ i ~ ~ ~ ~ f l ~ ~ ~ u ~ ~ ~ ~ ~ ~ d i ~ d ~ ~ ~ d  

Inlj 6 ~ Y I ~ ~ L ~ ~ : L I U R ~ ~ ~ ~ U T B I J  t&~qsIn$ I nXri  
wnmr ~nlnmr w a ' a ~ ~ ~ ~ ~ ~ l d ~ ~ ~ ~ a ' l ~ u ~ ~ a ~ ~ ~ ' ~ ~ d ~ ~ ~ ~ d  30" c ilaz 37 "c wui? 

1iun~6?uaou~8uqtrnuih{ DSZ-5, KS87-2 tills:: DBlO-I ~ I % I  unit activity 0.652-4.76 U/ rnl of 

enzyme 637  'C lit3'. 0.913-4.044 Ul rnl of enzyme 4 30' C 1 ~ ~ 1 4  casein L ~ U  substrate i l t~~~ii( i l  

unit activity 2.283-6.000 U/ rnl of enzyme d37 'C LIP:: 0.261 -5.283 U/ ml of enzyme A 30' c 1 ~ 1 ~ 1 4  
fish powder i&~ substrate ~?UI IY  f l % ~ % ~ ¶ I d 3 ~ f l ~ 1 9 f l 1 ~ w " ~ {  RF2-5, SSKI O-5, PN2-19, RBUI- 

1, S s u - 2  lm- S S U - 2  o1lnronh~~ou'lau~8~1in~na~u1~%~~uvo~Ifia" 10% dc~iin'i unit 

activity 9.848-1 7.805 U/ ml of enzyme 6 30' C hJ1$ casein subshate l l ~ ~ ~ ¶ J ~ l f l l 5 1 4  fish 

I ~ U  substrate ~%b?dl unit activity 15.13 1-27.783 U/ rnl of enzyme d 37' c LLE)'. unit activity 

6.326-1 7.740 U/ ml of enzyme $30' c ~inWadni i~~ulZ~: l f fu i i~ lun~~urf leua~xI~~~la iFn 
Y Y  

9 PI u 4 
n k q d ~ u n l i X u ~ o ~ n i 1 ~ ~ ~  W ~ S O ~ O P I ~ I U ~ ~ I S M " ~ ~ O I O I ~ ~ ~ U ~ O ~ ~ ~ ~ ~ X ~ I ~ X T V M ~ O ~ L ~ R ~ ~ I ~ ~ ~ ~ ~  

.4 uono~nC:~~wui~~rnn~ktl~oudiu 
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3. Halobacterium medium 3CM No. 168 

yeast extract 

Casamino acid 

Sodium glutamate 

Tri-sodium citrate 

MgSOW7H,O 

KC1 

NaCl 

FeC1,.4H,O 

MnC1,.4H20 

Agar 

Distilled water 

Adjust pH 7.2 with NaOH 

2. Hslobacterlum medium JCM No. 169 

yeast extract 

Casamf no acid 

Ti-sod ium citra te 

MgS0,.7H,O 

KC1 

NaCl 

FeS0,.4H,O 

MnS0,.4H,O 



Distilled water 

Adjust pH 7.2 with NaOH 

3. Halobacterium medium JCM No. 377 

yeast extract 5 g 

Casamino acid 5 g 

Sodium glutamate 1 g 

Tri-sodium citrate 3 g 

MgS0,.7H20 20 8 

KC1 2 g 

NaCl 100 g 

FeC1,.4H20 0.362 g 

MnC1,.4H20 0.0362 g 

Agar 20 g 

Distilled water 1000 ml 

Adjust pH 7.2 with NaOH 

4, Marine oxidation-fermentation medium (MOl?) 

Casi tone(Difco) 1 g 

Yeast extract 0.1 l2 

Ammonium sulfate 0.5 g 

Tris buffer 0.5 g 

NaCl 6.5 W?Q 16.5 g 

Phenol red 0.001%(1.0 118.9184 Q,l%aqueous 100 m l 9 1 8 9 ~ 1 ~ l b )  

Artificial sea water 1000 ml 

Adjusted pH to 7.5 

5. L-arginine agar medium 

Peptone 

NaCl 

'%HPO, 

Phenol red, 1.0% aq.solution 

L(+)arginine hydrochloride 

Agar 



Distilled water 1000 rnl 

Dissolve the solids in the water, adjust to pH 7.2 , distribute into tubes or 

screw-capped ( d m )  bottles to a depth of about 16 mm(3.5mI). 

6. Aescnlin broth 

Aesculin 1 g 

Ferric citrate 0.5 g 

NaCl I00 w?a 200 g 

Peptone water 1000 ml 

Adjust pH 7.4 

Dissolve the aesculin and iron salt in the peptone water and sterilized at 1 15 C 

for 10 min. 

7. Casein sgar 

JCM NO. 168 M ~ Q  377 agar medium (!il%J casamino acids) 

Skim milk (4lkt1 10 UI; ~?IU{U 10 ool~qa 1 10 OC) 1% (wiv) 

8. Gelatin agar 

ICM NO. 168 W'% 377 agar medium ( IGl6h casamino acid ) 

Gelatin 10% (w/v) 

Dissolve and adjust pH 7.2. 

8. Starch sgar 

JCM NO. 168 W?Q 377 agar medium 

Starch 

DissoIve and adjust pH 7,2. 

9. Tyrosine agar 

JCM NO. 168 W B B  377 agar medium (1ks~r casamino acids) 

Tyrosine 50 g 

Dissolve and adjust pH 7.2. 

10. Deoxyri bonuclease (DNese) media 

DNase test agar (Difco) 42 i3 

Distilled water 1000 ml 

Adjust pH 7.3 * 0.2 and heat to boiling to dissolve comp1eteIy. 



11. Nitrate broth 

Beef extract 

Peptone 

NaCl 

Distilled water 

Dissolve and adjusted pH to 7.2. 

12. Indole test 

Bactopeptone 

NaCl 

Distilled water 

Dissolve and adjusted pH to 7.2. 

13. Tween 80 agar medium 

JCM N0.168 M?D 377 agar medium 

Tween 80 2 m1 

Dissolve and adjust pH 7.2. 

14. Urea agar medium 

JCM N0.168 W?D 377 agar medium ( ?di%J casarnino acids) 
2 Y 

Urea (%jik~t(e)~a~m~n~89) 2% (wlv) 

Dissolve and adjust pH 7.2. 



Standard curve of tyrosine, Bovine serum aIbumin@SA) and AMC 

1. Standard curve of tyrosine 

Standard curve of Bovine serum albumin (BSA) 



3, Standard curve of AMC 

Nucleotide sequences of the PCR amplified 16s rDNA 

Strain IS40-3 (AB127980) 

1 aggacgaacg ctggcggcgt gcctaataca tgcaagtcga gcgcgggaag caggtaatcg 

61 cccttcgggg cgtgcgcctg tggaacgagc ggcggacggg tgagtaacac gtgggcaacc 

E 2 1 tgcctgtaag actgggataa ctccgggaaa ccggggctaa taccggatga tgtcmcct 

1 8 1 cgcntgaggg aaggctgaaa gacggccttt gtgctgtcac ihcagatgg gcccgcggcg 

241 cattagttag ttggtgaggt aagagctcac caaggcgacg atgcgtagcc gacctgagag 

301 ggtgatcggc cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtagg 

3 6 1 gaatcttccg caatggacga aagtctgacg gagcaacgcc gcgtgagtga tgaaggtctt 

42 1 cggatcgtaa aactctflg tcagggaaga acaagcgtgg ttcgaacagg gccatgccn 

481 gacggtacct gaccagaaag ccccggctaa ctacgtgcca gcagccgcgg taatacgtag 

54 1 ggggcaagcg ttgtccggaa ttattgggcg taaagcgcgc gcaggcggtt tcttaagtc t 

601 gatgtgaaat ctcgcggctt aaccgcgagc ggtcaltgga aactgggagg cttgagtaca 

66 1 gaagaggaga gtggaattcc acgtgtagcg gtgaaatgcg tagagatgtg gaggaacacc 



72 1 agtggcgaag gcgactctct ggtctgtaac tgacgctgag gcgcgaaagc gtgggtagcg 

78 1 aacaggatta gataccctgg taglccacgc cgtaaacgtt gagtgctagg tgttaggggg 

841 tttccgcccc tttgtgctga agttaacgca ttaagcactc cgcctgggga gtacggccgc 

901 aaggctgaaa ctcaaaagaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa 

961 tkcgaagcaa cgcgaagaac cttaccaggt cttgacatcc tctgacagcg gcagagatgc 

102 1 cgtgttccct tcggggacag agtgscaggt ggtgcatggt tgtcgtcagc tcgtgtcgtg 

f 081 agadgttggg ttaagtcccg taacgagcgc aacccttgat cttagttgcc agcattcagt 

1 14 1 tgggcactct aaggtgactg ccggtgacaa accggaggaa ggcggggatg acgtcaaatc 

1201 atcatgcccc tta tgacctg ggctacacac gtgctacaat ggatggaaca artgggaagcg 

1261 aagccgtgag gtgtagcaaa tcccataaaa ccattctcag ttcggattgc aggctgcaac 

132 1 tcgcctgtat gaagccggaa tcgctagtaa tcgcggatca gcatgccgcg gtgaatacgt 

138 P tcccgggcct tgtacacacc gcccgtcaca ccacgagagt tggcaacstcc cgaagtcggt 

144 1 gaggtaacct tttggagcca gccgccgaag gtggggccaa tgattggggt gaagtcgtaa 

1501 caaggtagcc gtatcggaag gtgc 

Strain PSI 1-2 (AB191345) 

1 cggacgggg agtaacacgt gggcaacctg cccgaaagac cgggataact tgcggaaacg 

6 1 tgagctaata ccggataatg ccmccccg catgggggag ggctgaaaga cggcctttgt 

I21 gctgtcactt acggatgggc ccgcggcgca ttagttagtt ggtgaggtaa gagctcacca 

18 1 aggcgacgat gcgtagccga cctgagaggg tgatcggcca cactgggact gagacacggc 

24 1 ccagactcct acgggaggca gcagtaggga atcttccgca atggacgaaa gtctgacgga 

30 I gcaacgccgc gtgagtgatg aaagtcff cg gatcgtaaaa ctctgttgtc agggaagaac 

361 aggcgtggtt cgaacagggc catggtttga cggtacctga ccttaaagcc ccggcaaact 

42 1 acgtgccagc agccgcggta atacgtaggg ggcgagcgtt gtccggaatt attgggcgta 

481 aagggcgcgc aggcggtctE ttaagtctga tgtgacatct cgcggctcaa ccgcgagcgg 

541 tcattggaaa ctgggagact tgagtacaga agaggagagt ggaattccac gtgtagcggt 

601 gaaatgcgta gagatgtgga ggaacaccag tggcgaaggc gactctctgg tctgttactg 

66 1 acgctgaggc gcgaaagcgt gggtagcgaa caggattaga taccctggta gtccacgccg 

721 taaacgttga gtgctaggtg ttagggggtt tccgcccctt dgtgctgaag ttaacgcatt 

781 aagcactccg cctggggagt acggccgcaa ggctgaaact caaaagaatt gacgggggcc 

84 1 cgcacaagcg gtggagcatg tggtttaatt cgaagcaacg cgaagaacct taccaggtct 



901 tgacatcctc tgacagcggc agagatgccg tgttcccttc ggggacagag tgacagglgg 

961 tgcatggttg tcgtcagctc gtgtcgtgag atgttgggtt aagtcccgta acgagcgcaa 

102 1 cccttaatct tagttgccag cattaagtg ggcactctaa ggtgactgcc ggtgacaaac 

108 1 cggaggaagg cggggatgac gtcaaatcat catgcccctt atgacctggg ctacacacgt 

1 14 1 gctacaatgg atggaacaaa gggacgcgaa gcggcgacgt gatagccaat cccacaaaac 

120 1 cattcccagt tcggatkgca ggctgcaact cgcctgtatg aagccggaat cgctagtaat 

126 1 cgcggatcag aatgccgcgg tgaatacgtt cccgggcctt gacacaccg cccgtcacac 

132 I cacgagagtt ggcaacaccc gaagtcggtg aggcaaccat tttggagcca gccgccgaag 

13 8 1 gtggggccaa tgattggggt gaagtcgtaa 

Strain PN7-6 (AB231905). 

I aatacatgca agttcagcgc gtgaagcagg catttgccct tcggggcaat tgcttgtgga 

61 acgagcggcg gacgggtgag taacacgtgg gcaacctgcc tgtaagcctg ggataactcc 

12 1 gggaaaccgg ggctaa tacc ggatgacatg ccgtatcgca tgatgcggga ttgaaagacg 

1 8 f gcttttggct gtcacttaca gatgggcccg cggcgcatta gttagttggt gaggaagag 

241 ctcaccaagg cgacgatgcg tagccgacct gagagggtga tcggccacac tgggactgag 

301 acacggccca gactcctacg ggaggcagca gtagggaatc atccgcaatg gacgaaagtc 

361 tgacggtgca acgccgcgg agtgatgaag gttttcggat cgtaaaactc tgttgtcagg 

42 1 gaagaacacg tgctgctcga agagggcagc gccttgacgg tacctgacca gaaagccccg 

48 1 gctaactacg tgccagcagc cgcggtaata cgtagggggc gagcgttgtc cggaattatt 

541 gggcgtaaag cgcgcgcagg cggtctma agtctgatgt gaaatcccgc ggctcaaccg 

601 cgggcggtca ttggaaactg gaggacttga gtgcagaaga ggagagtgga attccacgtg 

661 tagcggtgaa atgcgtagag atgtggagga acaccagtgg cgaaggcgac tctctggtct 

721 gtaactgacg ctgaggtgcg aaagcatggg tagcgaacag gattagatac cctggtagtc 

78 1 catgccgtaa acgttgagtg ctaggtgtta gggggmcc accccmgt gctgaagtta 

841 acgcattaag cactccgcct ggggagtacg gccgcaaggc tgaaactcaa aagaattgac 

901 gggggcccgc acaagcggtg gagcatgtgg tttaattcga agcaacgcga agaaccttac 

961 caggtcttga catcctctga tgacggtaga gataccgtgt tcccttcggg gacagagtga 

1021 caggtggtgc atggttgtcg tcagctcgtg tcgtgagatg ttgggttaag tcccgtaacg 

108 1 agcgcaaccc ttgaccttag ttgccagcat tcagttgggc actctaaggt gactgccggt 

I 141 gacaaaccgg aggaaggcgg ggatgacgtc aaatcatcat gccccttatg acctgggcra 



1201 cacacgtgct acaatggatg gaacaaaggg cagcgaagcc gtgaggtgaa gcaaatccca 

1261 caaaaccatt cccagttcgg attgcaggct gcaactcgcc tgtatgaagc cggaatcgct 

3 32 1 agtaatcgcg gatcagaatg ccgcggtgaa tacgttcccg ggccttgtac acaccgcccg 

I3 8 1 tcacaccacg agagttggca acacccgaag tcggtgaggt aaccgtaagg agccagccgc 

144 1 cgaaggggg gccaatgatt ggggtgaagt cgtaacaagg tagccgtatc ggaaggtgcg 

150 1 gctggatcac tcccta 

Strain RF2-5 (AB191344) 

I aagcagactg aatccttcgg gaggacgtct gtggaacgag cggcggacgg gtgagtaaca 

61 cgtgggcaac ctgcctgtaa gactgggata actccgggaa accggggcta ataccggata 

121 actcatcgga tcgcatgatc cgatgttgaa agatggcttc tagctatcac ttacagatgg 

18 1 gcccgcggcg cattagttag ttggtgaggt aacggctcac caaggccacg atgcgfgragcc 

24 1 gacctgagag ggtgatcggc cacac tggga ctgagacacg gcccagactc ctacgggagg 

301 cagcagtagg gaatcatccg caatggacga aagtctgacg gtgcaacgcc gcgtgagtga 

36 1 ggaaggcctt cgggtcgtaa aactctgttg ttagggaaga acaagttccg ttcgaatagg 

42 1 gcggagcctt gacggtacct aaccagaaag ccacggc taa ctacgtgcca gcagccgcgg 

48 1 taatacgtag gggcaagcg ttgtccggaa ttattgggcg taaagcgcgc gcaggcggtt 

54 1 ccttaagtct gatgtgaaat cttgcggctc aaccgcaagc ggtcattgga aactggggaa 

601 cttgaagaca gaagaggaga gcggaattcc acgtgtagcg gtgaaatgcg tagagatgtg 

66 1 gaggaacacc agtggcgaag gcggctctct ggtctggct tgacgctgag gcgcgaaagc 

721 gtggggagcg aacaggatta gataccctgg tagtccacgc cgtaaacgat gagtgctagg 

781 tgttaggggt ttccaccctt agtgctgcag ttaacgcaat aagcactccg cctggggagt 

84 1 acgggcgcaa gggtgaaact caaaggaatt gacgggggcc cgcacaagcg gtggagcatg 

90 1 tggmaatt cgaagcaacg cgaagaacct taccaggtct tgacattctc ggaccaccct 

96 1 agagataggg tcttcccttc ggggaccgag tgacaggtgg tgcatggttg tcgtcagctc 

1 Q21 gtgtcgtgag atgttgggtt aagtcccgca acgagcgcaa cccrtgatct tagttgccag 

108 1 cattcagttg ggcactctaa ggtgactgcc ggtgacaaac cggaggaagg tggggatgac 

1 141 gtcaaatcat catgcccctt atgacctggg caacacacgt gctacaatgg atggtacaat 

120 1 gggctgcgaa accgcgaggt gaagcaaatc ccaaaaagcc attctcagtt cggattgtag 

1261 gctgcaactc gcctgcatga agccggaatc gctagtaatc gtggatcagc atgccacggt 

132 1 gaatacgttc ccgggccttg tacacaccgc ccgtcacacc acgagagttg gtaacacccg 



138 1 aagtcggtgg ggtaaccttt tggagctagc cgccgaaggt gggaccaatg attggggtga 

144 1 agtcgtaaca aggtagccgt atcggaaggt gcggctggat caacccttna t 

Strain REWI-1 (AB194046) 

1 gctatnatgc aagtcgagcg cgggaagcaa actgaatcct tcgggaggaa cgtctgtgga 

61 acgagcggcg gacgggtgag taacacgtgg gcaacctgcc tgtaagactg ggataactcc 

121 gggaaaccgg ggctaatacc ggataactca tcggatcgca tgatccgatg ttgaaagatg 

I81 gcttcttgct atcacttaca gatgggcccg cggcgcatta gctagttggt gaggtaacag 

24 1 ctcaccaagg ccacgatgcg tagccgacc t gagagggtga tcggccacac tgggac tgag 

301 acacggccca gactcctacg ggaggcagca gtagggaatc atccgcaatg gacgaaantc 

36 1 tgacggtgca cgccgcgtga mtgaaggaaa gccttccggt cgtaaactct gttgttaggg 

421 aagaacagtt ccgttcgata gggcggagcc ttgacgghc ctaaccagaa agccacggct 

481 aactacgtgc cagcagccgc ggtaatacgt aggtggcaag cgttgtccgg aattattggg 

541 cgtaaagcgc gcgcaggcgg ttccttaagt ctgatgtgaa atcttgcggc tcaaccgcaa 

601 gcggtcattg gaaactgggg aacttgaaga cagaagagga gngcggaatt ccacgtgtag 

661 cggtgaaatg cgtagagatg tggaggaaca ccagtggcga aggcggctct ctggtctgtg 

721 cttgacgctg aggcgcgaaa gcgtggggag cgaacaggat tagatztccct ggtagtccac 

78 1 gccgtaaacg atgagtgcta ggtgttaggg ggttccaccc ttagtgctgc agttaacgca 

841 ataagcactc cgcctgggga gtacggccgc aaggctgaaa ctcaaaggaa ttgacggggg 

901 cccgcacaag cggtggagca tgggtttaa ttcgaagcaa cgcgaagaac cttaccaggt 

961 cttgacatcc tcggaccacc ctagagatag ggtcttccct tcggggaccg agtgacaggt 

I02 1 ggtgcatggt tgtcgtcagc tcgtgtcgtg agatgttggg Etaagtcccg caacgagcgc 

1081 aacccttaac cttagttgcc agcattcagt tgggcactct aaggtgactg ccggtgacaa 

1 141 ccggaggaag gtggggatga cgtcaatcat catgcccctt atgacctggg cacacacgtg 

120 1 ctacaatgga tggtacaatg ggccgcgaag ccgcgaggtg aagcaaatcc caaaaagcca 

126 1 ttctcagttc ggattgtagg ctgcaactcg cctgcatgaa gccggaatcg ctagtaatcg 

132 1 tggatcagca tgccacggtg aatacgttcc cgggcc ttgt acacaccgcc cgtcacacca 

138 1 cgagagttgg taacacccga agtcggtggg gtaacctttt ggagctagcc gccgaaggtg 

144 1 ggaccaatga ttggggtgaa gtcgtaacaa ggtagccgta tcggaaggtg cntggaaaaa 

I501 nccccctcct taaa 



StraEn SSK3-2 

GCGCCGGAAG CAAGCTGATC CTCTTCGGAG GTGACGCTTG TGGAACGAGC 

GGCGGACGGG TGAGTAACAC GTGGGCMCC TGCCTGTAAG ACTGGGATAA 

CCCCGGGAAA CCGGGGCTAA TACCGGATAA TACITITCAT CACCTGATGG 

AAAGTTGAAA GGTGGCTTCT TGCTACCACT TACAGATGGG CCCGCGGCGC 

ATAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCG 

ACCTGAGAGGGTGATCGGCCACACXGGGACTGAGACACGGCCCAGACTCC 

TACGGGAGGC AGCAGTAGGG AATCITCCGC AATGGACGAA AGTCTGACGG 

AGCAACGCCG CGGGAGTGAT GAAGGITTTC GGATCGTAAA GCTCTGTTGT 

TAGGGAAGAACAAGTGCCGTTCGAATAGGGCGGCACCTTGACGGTACCTA 

ACCAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG 

GGGCAAGCGT TGTCCGGAAT TATTGGGCGT AAAGCGCGCG CAGCCGGTCC 

TTTAAGTCTG ATGTGAAAGC CCACGGCTTA ACCGTGGAGG GTCATTGGAA 

ACTGGAGGAC TGAGTACAG AAGAGGAGAG TGGAA'ITCCA CGTGTAGCGG 

TGAAATGCGT AGAGATGTGG AGGAACACCA GTGGCGAAGG CGACTCTCTG 

GTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCGkACAGGAlTAG 

ATACCCTGGT AGTCCACGCC GTAAACGATG AGTGCTAGGT GTTAGGGGGT 

TTCCGCCCCT TAGTGCTGAA GTTAACGCAT TAAGCACTCC GCCTGGGGAG 

TACGGCCGCAAGGCTGAAACTCAMAGAATTGACGGGGGGCCGCACAAGC 

GGTGGAGCAT GTGGTTTAAT TCGACGCAAC GCGAAGAACC TTACCAGGTC 

lTGACATCCT CTGCAATCGG TAGAGATACC G A G T T C C m  CGGGGACAGA 

GTGACAGGTG GTGCATGGTT GTCGTCAGCT CGTGTCGTGA GATGTTGGGT 

TAAGTCCCGC AACGAGCGCA ACCCTTGATC TTAGTTGCCA GCATITAGTT 

GGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGA 

CGTCAAATCATCATGCCCCrTATGACcrGG~ACACACGTGCTACAATG 

GATGGAACAA AGGGAAGCAA AACCGCGAGG KAAGCAAAT CCCATAAAAC 

CATITTCAGT TCGGATTGCA GGCTGCAACT CGCCTGCATG AAGCCGGAAT 

CGGTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTT 

GTACACACCG CCCGTCACAC CACGAGAGTT GGTAACACCC GAAGTCGGTG 

AGGTAACCTT TTGGAGCCAG CCGCCGAAGG TGGGACCAAT GATTGGGGTG 

AAGTCGTAAC AAGGTAGCCG TATCGGAAGG TGCGGCTGGA NTNNCCTNNA 

Strain SSK2-2 

CATCCCmCGGGGGTGACGmATGGAATGAGCGGCGGACGGGTGAGTAACA 

C G T G G G C A A C C T G C C T G T A A G A C T G G G A C T G G G A A A A T A  



CCGGATAACACTTTCGTTGGATGACGAGAAGTTGAAAGGCGG~CGGCTGCC 

ACTTACAGATGGGCCCGCGGCGCA~AGCTAG~GGTMGGTAACGGCTTACCA 

A G G C G A C G A T G C G T A G C C G A C C T G A G A G G G C C A G G A C T G A G  

ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCITCCGCAATGGAC 

GAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTCITCGGATCGTAAA 

AGTCTGTTGTTAGGGAAG A A C A A G T C G G G T A A e T G  ACGGT 

A C C T A A C C A G A A A G C C C C G G C T A A C T A C G T G C C A G C A G C C  

GGGGGCAAGCG'ITGTCCGGAAmAmGGGCGTAAAGCGflCGCAGGCGGTCCn 

TAAGTCTGATGTGMATCTCGCGGCTCAACCGCGA A C G  A 

GGACTTGAGTACAG A A G A G G A G A G T G T A C G  

TAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGA 

CGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATAGATACCCTGGTAGTCC 

ACGCCGTAAACGATGAGTGCTAGGTGTTAGGGGGmCCGCCCCTTAGTGCTGA 

AGTMCGCATTAAGCA~GCGCCTGGGGAGTACGGCCGCAAGG~GAAACTC 

AAAAGAAmGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA'ITCGAA 

CICAACGCGAAGAACC~TACCAGGTC~TGACATCCTCTG€TA~TCCTAGAGATAG 

GAAGTTCCC31TCGGGGACAGAGTGACA~TGGTGCATGGTTGTCGTCAGCTCGT 

GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCrrAGTTG 

CCAGCATITAGTTGGGCACTCTAAGGTGACTGCCGGTGCAAACCGGAGGAAG 

GTGGGGATG A C G T C A A A T C A T C A T G C C C ~ A T G A C C T G G G  

ACAATGGGATGGAACAAAGGGAAGCMAACCGCGAGGTCAAGCAAATCCGAT 

A A A A C C A T r C T C A G T T C G G A T r G C A G G C T G C A A C T C G G A  

ATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCmG 

TACACACCGCCCGTCACACCACGAGAGTI'GGTAACACCCGMGTCGGTGAGG 

TAACmGGAGCCAGCCGCCG AAGGTGGG ACCAATGATTGGGGTG AAGTC 

GTA A C M G G T A G C C G T k T C G G k A G G T G C G G n G G A T C A A A A  

Strain CS2 (AB194072) 

1 ttagtttgat ccttggntca ggacgaacgc tggcggcgtg cctaatacat gcaagtcgag 

6 1 cgcgggaagc cggcggactc cttcgggagg aaaccggtgg aacgagcggc ggacgggtga 

121 gtaacacgtg ggcaacctgc cggactgatg ggaataaccc cgggaaaccg gggctaatgc 

18 1 ccaatacgcc ctgacctcgc ctgaggtcag cggtaaagca gggatcttcg gattccttgc 

241 acagttccga tgggcccgcg gcgcaitagc tagtggagag gtaagggctc cccaaggcga 

301 acgatgcgta gccgacctga gagggtgatc ggccacactg ggactgagac acggcccaga 



3 6 1 ctcntacggg aggcagcagt agggaatcat ccgcaatggg cgaaagcctg acggtgcaac 

42 1 gccgcgtgag tgatgaaggt mcggatcg taaagctctg ttgacaggga agaacccacg 

48 1 ccagcgaac aggctggcgt gctgacggta cctgtccaga aagccccggc taactacgtg 

541 ccagcagccg cggtaatacg tagggggcaa gcgttgtccg gaattattgg gcgtaaaggg 

601 cacgcaggcg gtttcgtcag tccgatgtga caggccacgg ctcaaccgtg gaaggccatt 

66 1 ggaaactgcg aaacttgagg acagaagagg agagtggaat ttccacgtgt agcggtgaaa 

72 1 tgcgtagata tgtggaggaa caccagtggc gaaggcgact tmggtctg tacctgacgc 

781 tgaggtgcga aagcatgggg agcaaacagg attagatacc ctggtagtcc atgccgtaaa 

841 cgctgagtgc taggtgttag gggtttcgat acccgtagtg ccgaagctaa cgcattaagc 

901 actccgcctg gggagtacga ccgcaaggtt gaaactcaaa ggaattgacg ggggcccgca 

961 caagcggtgg agcatgtggt Ztaattcgac gcaacgcgaa gaaccttacc agatcttgac 

102 1 atmccgct acgcctcgag agaggcggtt ccccttcggg ggancggaat gancaggtgg 

108 1 tgccatggtt ntcntcagct cgtgtcgtga gatgttgggt taagtcccgc aacgagcgca 

1 14 1 acccctaatc ttagttgcca gcattcagtt gggcactcta aggtgactgc cggtgacaaa 

120 1 ccggaggaag gtggggatga cgtcaaatca tcatgcccct tatgatctgg gctacacacg 

126 1 tgctacaatg gatggtacaa cgggatgcga acccgcgagg gggagccaat ccagaaaagc 

132 I cattc tcagt tcggattgca ggctgcaact cgcctgcatg aagccggaat cgctagtaat 

138 1 cgcggatcag catgccgcgg tgaatacgtt tcccgggcct tgtacacacc gcccgtcaca 

1441 ccacgagagt tgcaacaccc gaagttcggt gagggaacct tttggaccca gccgccgaag 

1501 tggcaaa 

Strain PNX-2 (AB258358) 

1 tgcaagttca acgcgcagcc ccggagcttg ctctgggg-lc tgcgagtggc ggacgggtga 

6 1 gtaacacgta ggcaacctac ccatcagact gggataaccg cgggaaaccg tggctaatac 

12 1 cggataaccc tgatccccgc agggggatga gtgaaaggc ggtctttgac tgccactgat 

1 8 1 ggatgggcct gcggcgcatt agctagttgg tggggtaagg gcccaccaag gcgacgatgc 

241 gtagccgacc tgagagggtg atcggccaca ctgggactga gacacggccc agactcctac 

301 gggaggcagc agtagggaat cttccgcaat ggacgcaagt ctgacggagc aacgccgcgt 

361 gagtgaagaa gggtttcggc tcgtaaaact ctgttgtcag ggaagaacgc cggtgggagt 

421 aactgtccat cgggtgacgg tacctgacca gaaagccacg gctaactacg tgccagcagc 

48 1 cgcggtaata cgtaggtggc aagcgttatc cggaattatt gggcgtaaag cgcgcgtagg 



54 1 cggttcgtta agtctgatgt gaaagccccc ggctcaaccg gggagggtca ttggaaactg 

601 gcgaacttga gtgcagaaga ggagagtgga attccatgtg tagcggtgaa atgcgcagag 

661 atatggagga acaccagtgg cgaaggcggc rctctggtct gcaactgacg ctgatgtgcg 

721 aaagcgtggg gatcaaacag gattagatac cctggtagtc cacgccgtaa acgatgagtg 

781 ctaagtgtta gggggtttcc gccccttagt gctgcagcaa acgcattaag cactccgcct 

84 1 ggggagtacg gccgcaaggc tgaaac tcaa aggaattgac ggggacccgc acaagcggtg 

90 1 gagcatgtgg tttaattcga agcaacgcga agaacct tac caaatett ga catcctc tga 

961 ccgccatgga gacatggctt cccttttggg cagagtgaca ggtggtgcat ggttgtcgtc 

102 1 agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt atcattagtt 

108 1 gccagcattc agttgggcac tctaatgaga ctgccggtga caaaccggag gaaggtgggg 

1 141 atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac aatggacagg 

120 1 Ytacaaaggg cagctacgcc gcgaggccaa gcgaatccca taaaactgtt ctcagttcgg 

126 1 attggagtct gcaactcgac tccatgaagc tggaatcgct agtaatcgtg gatcagaatg 

1321 ccacggtgaa tacgttcccg ggtcttgtac acaccgcccg tcacaccacg gaagtcggta 

138 1 acacctgaag ccggtgggcc aacctttatg gaggcagccg tcgaaggtgg gaccgatgac 

144 1 tggggtgaag tcgtaacaag gtagccgtat cggaaggtgc ggctggatca ctccttaagg 

1501 ggg 

Strain DS26-2 (AB193815) 

1 ggggctncca tgcagtcgag cggtacaggt ccagcHgct ggatgctgac gagcggcgga 

61 cgggtgagta tgcataggaa tctacccagt cgtgggggat aacctgggga aacccaggct 

12 1 aataccgcat acgcctacg ggaagaaagc gggggctc tt cggacctcgc gcgattggat 

1 8 I gagcctatgt cggattagc t ggttggtggg gtaacggctc accaaggcga cgatccgtag 

24 1 ctggtc tgag aggatgatca gccacactgg gactgagaca cggcccagac tcctacggga 

301 ggcagcagtg gggaatattg gacaatgggc gaaagcctga tccagccatg ccgcgtgtgt 

3 6 I gaagaaggct ttcgggttgt aaagcacttt cagtggggaa agaaggctt g tcggccaata 

421 cccggcaaga gcgacatcac ccacagaaga agcaccggct aactccgtgc cagcagccgc 

48 1 ggtaatacgg agggtgcaag cgttaatcgg aattactggg cgtaaagcgc gcgtaggcgg 

54 1 cttgtcacgc cgggtgigaa agccccgggc tcaacctggg aacggcatcc ggaacgggca 

60 1 ggctagagtg caggagagga aggtagaatt cccggtgtag cggtgaaatg cgtagagatc 

661 gggaggaata ccagtggcga aggcggcctt ctggactgac actgacgctg agglgcgaaa 



721 gcgtgggtag caaacaggat tagataccct ggtagtccac gccgtaaacg atgtcnacta 

78 1 gccgttgggt ccttgnagga nltagtggcg cagttacgcg atagtcgacc gcctggggag 

841 tacggccgca aggttaaaac tcaaatgaat tgacgggggc ccgcacaagc ggtggagcat 

901 gtggtttaat tcgatgcaac gcgaagaacc ttacctaccc ttgacatcct gcgaacccgg 

961 aagagattcc ggggtgcctt cgggagcgca gagacaggtg ctgcatggct gtcgtcagct 

102 1 cgtgttgtga aalgttgggt taagtcccgt aacgagcgca acccttgtcc ctatttgcca 

108 1 gcgattcggt cgggaactct agggnaantg ccggtganaa accggaggnt tgtggggacg 

1 14 1 acgtcagtca tcatggccct tacgggtagg gctacacacg tgc tacaatg gccggtacaa 

1201 agggttgcga agccgcgagg tgaagccaat cccagaaagc cggcctcagt ccggattgga 

1261 gtctgcaact cgactccatg aagtcggaat cgctagtaat cgtgcatcag aatggcacgg 

1 32 1 tgaatacgtt cccgggcc tt gtacacaccg cccgtcacac catgggagtg gactgcacca 

138 1 gaagtggtta gcctaacttc ggagggcgat caccacggtg tggttcatga ctggggtgaa 

144 1 gtcgtaacaa ggtaacca 

Strain DSZ-5 (AB284264) =HDS2-5 

1 tccgatttag ccatgctagt tgtgcgggtt tagacccgca gcggaaagct cagtaacacg 

61 tggccaagct accctgtgga cgggaatact ctegggaaac tgaggctaat ccccgataac 

121 gcmgctcc tggaaggggc aaagccggaa acgctccggc gccacaggat gcggctgcgg 

18 1 tcgattaggt agacggtggg gtaacggccc accgtgccca taatcggtac gggttgtgag 

241 agcaagagcc cggagacgga atctgagaca agattccggg ccctacgggg cgcagcaggc 

30 1 gcgaaacctt tacac tgtac gaaagtgcga taaggggact ccgagtgtga aggcatagag 

36 1 ccttcac ttt tgtacaccgt aaggtggtgc acgaataaga ctgggcaaga ccgtgccagc 

42 1 cgccgcggta ataccggcag tccgagtgat ggccgatctt atgggcctaa gcgtccgtaa 

48 1 actggctgaa caagtccgtt gggaaatctg tccgcttaac gggcaggcgt ccagcggaaa 

541 ctgttcagct tgggaccgga agacctgagg ggtacgtctg gggtaggagt gaaatcctgt 

601 aatcctggac ggaccgccgg tggcgaaagc gcctcaggag aacggatccg acagtgaggg 

661 acgaaagcta gggtctcgaa ccggattaga tacccgggta gtcctagctg taaacgatgt 

721 ccgctaggtg tggcgcaggc tacgagcctg cgctgtgccg tagggaagcc gagaagcgga 

78 1 ccgcctggga agtacgtctg caaggatgaa acttaaagga attggcgggg gagcactaca 

84 1 accggaggag cctgcggttt aattggactc aaacgccgga catcttcacc agccccgaca 

901 gtagtaatga cggttcaggt tgatgacctt acccgaggct actgagagga ggtgcatggc 



961 cgccgtcagc tctgtaccgt gaggcgtcct gttaagtcag gcaacgagcg agacccgcac 

102 1 tcctaattgc cagcagtacc ctttgggtag ctgggzacat taggtggact gccgctg~ca 

108 1 aagcggagga aggaacgggc aacggtaggt cagtatgccc cgaatgggct gggcaacacg 

1 141 cgggctacaa tggtcgagac aatgggaagc cactccgaga ggaggcgcta atctcctaaa 

1201 ctcgatcgta gttcggattg agggctgaaa ctcgccctca tgaagctgga ttcggtagta 

1261 atcgcgtgtc agcagcgcgc ggtgaatacg tccctgctcc ttgcacacac cgcccgtcaa 

1321 atcacccgag tggggttcgg atgaggccgg catgcactgg tcaaactggg ctccgcaagg 

1381 gg 

Strain RF6 (AB284265) = HRF6 

I ctgccggagg ctattgctat cgggarccga ttcagtcatg ~tagtcgcac gggctcagac 

6 1 ccgtggcgaa tagctccgta acacgtggtc aaactaccct ctggaccggg acaccctcgg 

12 I gaaactgagg ctaatcctag atactgcttt catgttggaa tacagaaagc cggaaatggt 

18 1 ccgccgccgg aggacgtgac tgcggccgat taggtagacg gtggggtaac ggcccaccgt 

24 1 gccgataatc ggtacgggtt gtgagagcaa gaacccggag acggactctg agacaagagt 

301 ccgggcccta cggggcgcag cagacgcgaa acctttacac tgcacgacag tgcgataagg 

36 1 ggatcccgag tgcgagggca tacagtcctc gcmtcgtg accgtaaggt ggtctcagaa 

421 taagggctgg ctaagaccgg tgccagccgc cgcggtaata ccggcagcca gagtgatagc 

48 1 cactcttatt ggctaaagcg tccgtagctg gccgaacggg tccgtcggga aatccacacg 

541 ctcaacgggt gggcgtccgg cggaaaccag tcggcttggg accggaggac ctgcggggta 

601 cgtccggggt aggagtgaaa tcctgtaatc ccggacggac cgccggtggc gaaagcgccg 

66 I caggaggacg ga tccgacag tgagggacga aagcttgggt ctcgaaccgg attagatacc 

72 1 cgggtagtcc aagccgtaaa cgatgctcgc taggtgtggc gcaggctacg agcctgcgct 

781 gtgccgtagg gaagccgaga agcgagccgc ctgggaagta cgtccgcaag gatgaaactt 

841 aaaggaattg gcgggggagc actacaaccg gaggagcctg cggtttaatt ggactcmcg 

901 ccggacatct caceggcacc gacaatgtgc agtgacggtc agtgtgatga gctacctgag 

96 1 cca tgagagg aggtgcatgg ccgccgtcag ctcgtaccgt gaggcgtcct gttaagtcag 

1021 gcaacgagcg agacccgcat ccctaattgc cagcaacacc catgtggtgg ttgggtacat 

108 1 tagggagact gccgctgcca aagcggagga aggaacgggc aacggtaggt cagtatgccc 

1141 cgaatgtgcc gggctacacg cgggctacaa tggccgagac agtgggacgc taccccgaga 

120 E ggggacgcta atctcctaac ctcggtcgta gttcggattg cgggttgaaa cccacccgca 



126 1 tgaagctgga ttcggtagta atcgcatttc agaagagtgc ggtgaatacg tccctgcttc 

132 1 cttgcacaca ccgcccgtca aagcacccga gtgaggtccg gatgaggtcg acgcaa 

Strain DB5-2 (AB220647) 

1 attccggttg atcctgccgg aggcgattgc tatcgaagtc cgattcaccc atgctagttg 

61 tacgggttta gacccgtagc aaatagctcc gtaacacgtg gtcaaactac cctctggacc 

121 gggataccct cgggaaactg aggccaatcc cagatactgc tttcatgttg gaatacagaa 

181 agtcggaaac ggtccgccgc cggaggacgt gactgcggcc gattaggtag acggtggggt 

241 aacggcccac cgtgccgata atcggtacgg gttgtgagag caagaacccg gagacggtat 

30 1 ttgagacaag ataccgggcc ctacggggcg cngcaggcgc gaaacc ttta cactgcacgc 

56 t cagtgcgata aggggacccc gagtgcgagg gcatacagtc ctcgcmtc gtgaccgtaa 

42 1 gaaggtc tca gaataagagc tgggcaagac cggtgccagc cgccgcggta ataccggcag 

48 1 ctcgagtgat agccac tatt a ttgggcc ta aagcgtccgt agccggccga acgggtccgt 

541 cgggaaatcc acccgctcaa caggtggacg tccggcggaa accagtcggc ttggggccgg 

601 gagaccagaa aggtacgtcc ggggtaggag tgaaatcccg taatcctgga cggaccgccg 

661 gtagcgaaag cgctctgga gaacggaccc gacggtgagg gacgaaagct tgggtctcga 

721 accggattag atacccgggt agtccaagct gtaaacgatg ctcgctaggt gtggcgttgg 

78 1 ctacgagcca gcgctgtgcc gtngggaagc cgagaagcga gccgcctggg aagtacgtcc 

841 gcaaggatga aacttaaagg aattggcggg ggagcactac aaccggagga gcctgcggtt 

90 1 taattggact caacgccgga ca tc tcaccg gcaccgacag tgtgcagga cagtcagtct 

961 gatgggctta cttgagccac tgagaggagg tgcatggccg ccgtcaactc gfaccgtgag 

1021 gcgtcctgtt aagtcaggca acgagcgaga cccgcgtcct taattgccag cagcagcctt 

1 08 1 gtgctggc tg ggtaca ttaa ggagactgcc gtcgctaaga cggaggaagg aacgggcaac 

1 14 1 ggtaggtcag tatgccccga atgtgccggg cgacacgcgg gctacaatgg ccgagacagt 

1201 gggacgctac cccgagaggg ggcgctaatc zcctaacctc ggtcgtagtt cggattgcgg 

I261 gtgaaaccc acccgcatga agctggattc ggtagtaatc gcatttcaga agagtgcggt 

132 1 gaatacgtcc c tgctccttg cacacaccgc ccgtcaaatc acccgagtga ggtccggatg 

1381 aggc 


	ปกภาษาไทย
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 การสำรวจแนวความคิดและการวิจัยที่เกี่ยวข้อง
	บทที่ 3 วิธีการวิจัย
	บทที่ 4 ผลการวิจัยและการอภิปรายผล
	บทที่ 5 ข้อสรุปและข้อเสนอแนะ
	เอกสารอ้างอิง
	ภาคผนวก

