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Abstract

Violacein is a natural purple pigment produced by certain Gram-negative
bacteria. This pigment has a potential as antibacterial, antitrypanocidal, antiulcerogenic and
anticancer drugs. In this study, the isolate VB.1 was derived from the wastewater treatment pond
of Songklanakarind hospital and possessed the purple pigmented-colony on nutrient agar. It was
classified as Chromobacterium violaceum VB.1 by 16S rDNA analysis with 99.7% similarity.
The obtained violacein (0.131 g/L) was produced in nutrient broth with 0.025% of tryptophan at
30°C 200 rpm for 24 h. The central composite designs with three factors (sucrose, peptone and
tryptophan) at 5 levels were applied to optimize the violacein production by C. violaceum VB.1.
The optimized medium was composed of 10.40 g/L sucrose, 14.76 g/L peptone and 1.14 g/L
tryptophan. In this medium it produced 0.51 g/L violacein and 9.12 g/L dry cell mass at 30°C 200
rpm for 36 h. The violacein produced by C. violaceum VB.1 inhibited the growth of Bacillus sp.,
Staphylococcus aureus, Listeria monocytogenes and Pseudomonas sp. with the minimum
inhibitory concentration (MIC) of 4.07, 8.13, 8.13 and 8.13 pg/ml, respectively. The antifungal
activity of the violacein was tested with 6 strains of fungi. It was most effective against
Aspergillus niger and Fusarium sp. with MIC of 65 pg/ml. When tested antioxidative properties
of the violacein against reactive oxygen species — induced with superoxide radical and Fe'
chelating, the IC,, of it was 20 and 3.01 pg/ml, respectively. The violacein had cytotoxicity
against human MCF-12A cell lines and human breast cancer cell MDA-MB-468 cell lines at IC,

0.291 and 0.156pg/ml, respectively.
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Table 1. Microbial sources of carotenoids.

Microorganism Carotenoids
Carotene sources
Fungi :Blakeslea trispora Lycopene, B—carotene
Phycomyces blakesleecanus B—carotene
Non-photosynthetic bacteria
:Streptomyces chrestomyceticus, subsp. rubescens Lycopene

Xanthophylls sources

Green algae :Spongiococcum excentricum Letein
Chlorella pyrenoidosa Letein
Fungi :Dacrymyces deliquescens Letein

Non-photosynthetic bacteria :
Flavobacterium sp.
Streptomyces chrestomyceticus var. aurantioideus  Unidentified xanthophylls
Mycobacterium phlei Unidentified xanthophylls
Monocyclic ketocarotenoids sources

Non-photosynthetic bacteria :

Deinococcus radiophilus Derivatives of 4-keto-Y-
Carotene

Mycobacterium smegmatis Derivatives of 4-keto-Y-
Carotene

W : Nelis 1182 De Leenheer (1989)



Table 1. (Cont.)

Microorganism
Bicyclic ketocarotenoids sources
Cyanobacteria : Anabaena variabilis
Aphanizomenon flos-aquae
Nostoc commune
Green algae (N-deficiency)
Dictococcus cinnabarinus
Haematococcus pluvialis
Fungi/yeast  :Phaffia rhodozyma
Non-photosynthetic bacteria :

Brevibacterium KY-4313

Rhodococcus maris/Mycobacterium blavicale 32-

MCT
Mycobacterium lacticola

Brevibacterium 103

Fungi/yeast :Rhodotorula sp., Rhodospordium sp.

Non-photosynthetic bacteria :

Methylotrophs

Photosynthetic bacteria : Rhodobacter capsulatus

Carotenoids

Cantaxanthin
Cantaxanthin

Cantaxanthin

Cantaxanthin
Astaxanthin

Astaxanthin

Cantaxanthin

Cantaxanthin

Astaxanthin
Astaxanthin

Torulene, torularhodin

Miscellaneous
Spheroidene,

Spheroidenone

W : Nelis 1182 De Leenheer (1989)
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Figure 1. Structure of violacein.
Sources : Rettori i8¢ Duran (1998)
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mMsduasienas Mlea1duaritoulal vioD — hydroxylase vioC —
. . . . . =
monooxygenase vioB — oligoketide synthase vioA — tryptophan 2-monooxygenase (VioA-E) ¢4
P < I 9 ] . A 9
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) ' =) I _ . ~ v A v & oA < @ a
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) v & . . o ¥ 2~ @ a A .
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o w o A A o .
hydroxylase 1182 vioC - monooxygenase AWa1AU I Iaes 1 Toa@uNauysal (Figure 2)



ViaC

violacein O

Figure 2. Violacein biosynthesis. (CPA -chromopyrrolic acid; IPA — 2-imino-3-indolepropionic
acid; vioA = vioA — tryptophan 2-monooxygenase; vioB = vioB — oligoketide synthase; vioC =
vioC — monooxygenase vioD = vioD — hydroxylase)

Sources: Duran tagaale (2010)
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AHL 1wulu C violaceum 58U 2 §f0 Cvil ag CviR ¥ CviR dzMantou Lo N-hexanoyl
homoserine lactone (HHL) synthase (Table 1) Fanarunervealuns AIUAY bioluminescence
X oA v v A . a 1 .
lwde Vibrio fischeri Ne1uN30a3519 AHL 18 1810 C. violaceum 193011924 stationary phase
1 3 <3 A 3 ] o
ANVHUIUY VOILUANFTIUNTUAITT NI ANVl AHL Muvuuag AHL 32UNINEV
Y] v o o v s 9 ) Y a A A 9
AT U luaadudl llnszquidinamsuaasoonvestunednisldanisaiugy
yoamsa3eas leandu i1 a11508A9Y transcriptional regulator site U84 violacein
. . o Yy a Y 2 2 . ] ] nmyas
biosynthesis operon 1/]11‘Hllﬂﬁwaﬁﬂﬂ’JG]QL‘WZJ&JWGUH (Figure 2) 0819 13nay HAL 13t
% d' a = dy 1 3’; 1 o 49! % 1
Jatefinruaunmswan lTearduluie C. violaceum IMUULATITUNY ANUHUMUUVO
4 1Y a [} { 4 o
Uszansvousaa aAnuiuTuvesszaunglnd uazeondnuluszaunge naziieninig
a LG dy . 1 v AN A =) 1 ~
WUATIZHIUVONTO C. violaceum WU GINTUDUNDNUINYY TrpA-F 1182 pabA-B (Table 2) 1
v A 9 . ad a2 A =~ .
@190 encode nugulumsasg anthranilate 1u’mmm‘wiiJTqummmimﬂaﬂu chrismate

I
1) anthranilate

Table 2. Main ORFs of C. violaceum involved in violacein expression and metabolism.

ORFs no. Name Product EC no.
CV2173 tryD anthranilate phosphoribosyltransferase 2.4.2.18
CVv2179 tryE anthranilate synthase component I 4.1.3.27
Cv2712 tryC indole-3-glycerol-phosphate synthase -
CV2761 tryA tryptophan synthase, Ol-subunit 4.2.1.20
CV2762 tryB tryptophan synthase,B -subunit 42.1.20
CV2763 tryF phosphoribosylanthranilate isomerase 5.3.1.24
CV3271 vioD vioD — hydroxylase -
CV3272 vioC vioC — monooxygenase -
CV3273 vioB vioB — oligoketide synthase -
CV3274 vioA vioA — tryptophan 2-monooxygenase -
CV4090 cViR transcriptional activator, LuxR family of regulators -
CV4091 cvil N-acylhomoserine synthase -

Sources: Duran tiazaue (2010)
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Y
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Frohner et al., 2003)
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' o ) ] @ I a
wutuvod T Toarmu 10 luTasTuars Taoaa lasuaiiuiu 72 52 Tu4 dnvazanuiluiy
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Table 3. In vitro testing results of violacein in several cell lines.
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Cell line IC,, or IG,, (ng/ml)
V79 1.7-4.1
Hum. Lymph >3.4
HL60 0.27
MOLT-4 0.01
NCI-H460 0.01
KM12 0.02
OCM-1 1.27
HT29 >3.4
Caco-2 0.68
SW480 0.68
DLDI1 0.51
HCT116 0.51
RENCA 0.2
EAT 1.7
FRhK-4 1.08
VERO 1.02
MA104 1.22
Hep2 1.18
EOMA 0.17

Sources: Duran Hazame (2007)
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a A o 1 I { A @ ] '
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4.6 1n3939§1019
= dy . A dy ~ Y A
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[ J 1 o g’/ a ¥
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£ 9 a a . . . X o o
uazligns lumsdueyyaddszvonsam udn (linoleic acid) Twdon Feansniir iy

o . A o A ~ o
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=] 1 a o o A ) a a
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SIGMA ALDRICH (accessed in June 17, 2010).
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http://www.scopus.com/authid/detail.url?authorId=23072832700
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Table 4. Violacein production from various microorganisms.
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Strain Comments

Yields

Psychotropic bacterium RT102 Close to J. lividum
J. lividum strain DSM 1522
J. lividum S9601

Marine sediment bacterium

Pseudoalteromonas

Psychrotrophic bacterium, XT1 Close to J. lividum
C. violaceum Bacillus violaceum
Al luteoviolacea Marine bacteria

C. violaceum CCT 3496

C. violaceum B78 From Amazon River,

Manaus, Brazil

C. violaceum B78 From Amazon River,

Manaus, Brazil

C. violaceum ATCC 553

C. violaceum CCT 3496

Ps. luteoviolacea From sponge A.
cavernosa
Duganella sp B2 From China

20°C; 30 h; pH 6.0 3.5g/L
25°C 0.016 g/L

No data were found
25°C; 96 h

0.52 g/L

15°CpH 8 0.8 g/L
27°C, 144 h pH 6.2
0.025 g/L

22°C; 7210 0.002 g/L
30°C; 24 h

Semisolid fermentation
2.0 g/L

32°C; 36 h; pH 6.8;
Semisolid fermentation
2.6 g/L

28°C; 24 h; pH 7.2
Liquid fermentation
34 ¢/L

30°C; 72 h; pH 7.2
0.002 g/L

30°C;36 h; pH 7.2

0.43 g/L

20°C; 240 h

0.013 g/L

25°C; 40 h; pH 8.4

1.62 g/L

Soures: Duran tlazame (2012)
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[y :’ Z a Sol 1 Sol a 3 1
fI9E11NINUHAIHITIINTIA 119INUHANNTTINNIAVL YA VINLK AN
901 [ dy A o [] 1) [ < %’ A o a ] a Jd a
e lunuivessunomalvg laun e1unuihing ¥ InededsvaIuasung Ing1ue

1 [ < %’ a o [l 1 < So’ < A Aaa
WTﬂiﬁﬂJu @NLﬂ”U‘L!'IlJWTJ“VIfﬂﬁfJWWﬂGlWQJJ ag f]NLﬂ‘]J“Iﬂﬂ‘%Q’JLﬂVI Iﬂﬂlﬂ‘ﬂ‘gﬂﬁ% 10 yaaang
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1ﬁﬂ”|ﬂﬂ!$°JJ55i]‘@I’Jf’)ﬂTQL!ﬁ?HTNWIS’J%’JLﬂiTgﬁﬂﬁ‘Ll1’15EJVI?H?JTSﬂﬁ%}”lxiﬁ”li"l’ﬂ@fﬂT%uL!fﬂZ total

viable count

9 Y Y
o

v 9 9 '
ﬂ]@d]ﬂu“a’ﬂ u’ll?’fﬂﬁ%@u’lﬂQﬂ?ﬂﬂi&’ﬂﬂuﬂ’liﬂ?ﬂﬂu’ll%ﬂ UIUTIUUD
v o ' o ¥ 13 Jd o w
ANAIZNDU UBUIUA L!ﬁg’]J’E]Wﬂu’lﬂl@ﬁiiﬂﬁ’lu@’lﬁ’lilﬁﬂ!mﬁ LA IV\IiﬁL"Bu’I{‘\!ﬂﬁ AMNALLAS
a o Jd o w 1 1 Y A a @ a 4
UIHN LUULD Twiﬁlcﬁu’dﬂﬁ 1NN 1/]’E]i')llﬂa'ﬁ)ﬂu’llﬁﬂiiﬂWﬂ’lUTaNTﬂ'}ﬂEl'laﬂﬁ\‘lslla'luﬂiuﬂi
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ﬂﬂﬁ@ﬂu’llﬁﬂﬁa’lﬂﬂaﬂﬁﬁﬂu uag ﬂﬂaaﬂuuﬁa@amnum Iﬂﬂlﬂ'ﬂﬂqﬂag 10 naaa@ﬂﬁ
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i‘l'lG]ﬂqu°Ui‘ii]lGI'J’E]EH\‘]L!ﬁ}'ﬁu'lﬂ'lﬁiﬂi]'llﬂi'wqﬂﬂﬁ‘L!‘VI EJdfff'lll'liﬂﬁ%}10ﬁ15131@ﬁ1%1‘ll!ﬁ$ total

viable count

&' a A d' I dy AN Yo Y a oa 4 Y Aa oA
2.  wauuANLIENNAaOY HJ‘L!L"]YE')‘VIUl@T]JﬂWﬂ‘I’T’E'N‘]JaUﬁﬂ1ilﬂuklcﬁlllla$ﬁﬂﬂﬂaﬂﬁfﬂiﬂqa
A A a [ a 14 < j‘ k) =)
TIINYT AUSYATINNTTININYAT UH1INIQIAIVAIUATUNG Tﬂmﬂm%a"lﬂummigumm
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2.1 B. cereus DMST5540


http://www.jobth.com/detailcom.php?gid=0000107592MZIFD
http://www.jobth.com/detailcom.php?gid=0000107592MZIFD
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2.2 B. subtilis

2.3 C. violaceam ATCC 12472 5u1danwoyns 12 7. A5 gAeNs  237dinmT0
MAINAFIING AaLInnmans umInedoasvaruasunimeaia lva)

2.4 E. coli DMST4212

2.5 Listeria monocytogenes DMST17303

2.6 Proteus mobilis

2.7 Pseudomonas sp.

2.8 Salmonella Typhimurium DMST16809

2.10 S. aureus DMST8840

tg Y Y I dy Ay Yo Y a oA a2 A
3. !‘15951m‘15ﬂﬂﬁﬁ'1.l L“JJ‘LlU’]f’E]iTV]hlﬂi'i.lﬁﬂﬂ‘l’iﬁ]\iﬂ@]ﬂ@ﬂ?ﬁ!ﬁ%’)’)‘ﬂfﬂ AUTYATIHNITUINYAT
a ] a s dy Y A
UURNINYIAYFAIVATIUATUNT Lﬂ‘]JL(’]f’E]hlﬂuﬁ)ﬂ/ﬂi'guL’E]EN PDA
3.1 A. niger ATCC6875
3.2 Fusarium sp.
3.3 Mucor sp.
3.4 Pennicilium sp.
3.5 Rhizopus sp.

3.6 Tricoderma reesei QM9414

2 A
4. 2IM131A891H D
2.1 Nutrient broth (NB) 11a¢ Nutrient broth (NA) A1ANUIN N
A X X . o &
2.3 91138 UYDWUTIU (basal medium) (eau1)aan1n Mendes, 2001) Faluo1m1g 1
Y 9 '
dnsazilszneudiiaaglase 5 niu n3dTawlu 0.3 ndu wlilTau 5 nSuuaz Winau 1000

anans

fg)]

2.4 Mueller Hinton broth H1ANUIN N

2.5 PDA agar MANUIN N

5. M31AN

A 9 I a a 4 . A = 1
mimuﬂﬂumimamgﬂuﬁvu@ﬂmmmmﬂw (analytlcal grade) nINIUIN
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A Viinfinan

Butylated hydroxytoluene (BHT) Sigma
Crystal violet Sigma
Chloroform Fluka
Diethyl ether Fluka
Dimethyl sulfoxide (DMSO) Sigma
1,1-Diphenyl-2-picryl-hydrazyl (DPPH) Merck
Ethanol J.T. Baker
Ethylene diamine tetraacetic acid disodium salt (EDTA) Fluka
Ferric chloride Sigma
D-glucose Fluka
Hexamine (C;H,Na.2H,0) Sigma
Methanol Fluka
L-methionine Sigma
Nitro blue tetrazolium dihydrochloride (NBT) Sigma
Potassium chloride Fluka
Riboflavin Sigma
Tetramethyl murexide (TMM) Sigma
Triton X-100 Sigma
Trolox (6-Hydroxy-2,5,7,8-tetramethyl chroman-2- Aldrich

carboxylic acid)

6. g1lnsal

6.1 13099 2 AWWUS §U HF-1200 U5HN A&D
6.2 19309%3 4 fIW1Q JU BP210s U3 HN Satorius

j‘ 1 a o
6.3 ﬁ'ﬂaam%a (Laminar air flow) JU 5221044 U389 Hotpack

1 ¥ Aa 1 Aa o
6.4 DNUINIUANQUN U (water bath) U W350 LTHN Memmert

¥ 1 g 5 1 a o
6.5 niioilsainonnuau lo (Autoclave) 1 SS-325 134N Tomy Seiko

4 @ I 1 1 a o
6.6 1A794IAANUITUNTA-AN4 (pH meter) 3U 420A U3¥N Orion Research
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6.7 NADIANTIAY U YS100 L3N Nikon

6.8 Lﬂ%ﬁﬂﬁmﬂﬂﬁ ULLE (Spectrophotometer) U U-200 138N Hitachi

6.9 Tammm%n (Desiccator)

6.10 m‘%mmum’%mmmuqmmﬁ (Centrifuge) U 5203 U3HN Hitachi

6.1 113 0INYUINTION (Centrifuge) AIVANYWUNYN U Universal 32R 13HN eppendroff
6.12 é)’il‘]J (Hot air oven) ‘é U MOV 212 156N Sanyo Eletric

6.13 1ATOUVEN J1 3005 UTHN Lab-Line

6.14 m’%mﬁﬂﬁ'smaﬁmn (sonicator)

6.15 Lﬂ%ﬂﬁizmﬂqmﬂlﬂmﬁ (rotary evaporator)
ad a d
IBMIUAIICH

a d (Y] =
1. Mauanzviasana leaduvieny
o a J [ Y= | %’ =Y [ 1 A d'
MMsBnERasTanadii-1iuney Tngdaansganaunaan 575 uily
@ a, o %:l ¥ J a aa Yy 4
NATUOIATANANINITUDY Wang tazame (2009) lagtiindeusan 1 daaansdutenyan
~ < ' P ~ , Y Y ¥ & Yy & A
AA214157 10000 sousUINTUMaT 5 W marulang deaznaualetinnauudlfun
1 =1 I =1 1 Qy a Aa aa Y o Y 4
10000 50U UIN 1Huna1 5 w1 maltulang muenivea 1 Haaans udri lvsasuan
. . : I Pl o v ]
Tasng sonication Iaslda1ud 200 w Hual 10 1A uenyadeenana1sana lagifun
[ = A o 1 o 0 A ~ A
10000 souUAUIN uar 5w thaaulaliamnmsganaunasiinnuenaau 575 urlu
Y
was lagldgasmunannududuvesars hlea1du ahwinTuana 343.33)

€..=2.97 x10” ml/ug per cm

575

= 2y a A o Ad A = v o o '
‘ﬁ)’\‘]ﬁllﬂ”lﬁ‘l!f’)”l\‘if’)\ﬁ]']ﬂﬂ@]ﬂl@\‘lL‘Ufﬁ!kﬁ$!,Lﬁlll‘ﬂﬁ@Iﬂllﬁﬂﬁﬂﬁﬂ??uﬁﬂwu‘ﬁigﬁﬁ'lﬂ
Y
A

ANUEAINYO LA INYNAANAUN LAV NTUVBITTA0E 1A
log [/1=A=Elc

o v A ) 4 A . . . .
fviualy I, A9 ANUUVNLTUNDLIUANNTENUAT (intensity of incident light)
179 ANUANLEIHAINIUEITAINAN (intensity of transmitted light)
A 1D ANIGANAULLEN (absorbance)

' 4 ' < - -
€ An Manmganau Iua1s (molar absorptivity) Hritaeilu dm’ em” g

@ =) ] I
lﬁ’t] AITUUUIVDIAINAN Uiy 1 cm

A Yy 9 = ' < -1 3 A -1 A
¢ 19 ANNAUNUUUDITITASAY uwmmﬂu g dm 1ID mol L %3® molar
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2. ﬂ1§ﬁ1ﬁ1ﬁﬁﬂ!‘ﬁﬁé!!ﬁﬁ

%’ Y] o I
mmwuﬂuﬁ}q( AOAC, 1999) Tﬂme‘Viaaﬂ‘vmammmmaﬂ(microcemrifuge
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[ 1 o s T 3 v 1A 9 o
Muwamininveusaaniviaunsunoans Iﬂﬂi%g@]ﬁﬂWH’Jm
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WINHNYaoaNAaoINUaanado LN — iintinviasanaaosal x 1000

3. MIIAMI3 Yo uTe
[ a dy [ 1 A Y A
A3293AM 319390910 Tagianimaganauudalemnsosan las InlTa-

a

) oA A < @ ' a aa o f =~ A
UINDINANVYIINAU 660 uﬂumm Iﬂﬂlﬂ'ﬂ@n@ﬂ?ﬁ 1 Yaaansg uﬂﬂﬂum’mm’qmvmu 4

U

= <3 1 A g = 1 o J
NN ALY AITNLTITOU 10,000 F9UADUIN Lﬂunm 10 4N Wl’d’J‘L!Gl’d‘I/N aNeeNDULYAR

a

) a 7 Yy v o ! A A

2 AsvAreasazate lmeunas lsannududu 0.85% 1 lliuwlsaguugl 4 o
~ < 1 Y ~ [ qy a

aIF e ANI5I50U 10,000 s9UARUINIUNA1 10 WA maulane uduanaisazaie
= 4 =Y A Aaa 1 o o 1
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qanauues Tagldmsazate ImAsunas lsannududu 0.85% Hunvaed

d
4. mavanzrivashlea@ulaaly HPLC
1 { ) a £ o
hied1e Idenmshusgnsanmsana lag soxhlet lunsazatooniuea
[ J Aa A A Aa {
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5. MInszHimas lea1@ulael¥ Fourier Transform Infrared Spectrometer
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eNaas UMIAINIAIAIUAIUATUNS

a d
7. MINTIVWINIIOAT INVBUBAa ( MTT assay )
) [ o gl.l a < o a 4 a
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4 a [ a d a 1
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. . . I A o J . a Li' 9
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4 1 [ @ a Qd {
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& o w 4 o J 4 =Y
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a
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3 7 I aa sy Y Y o s 1y o
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~ A " w = = Y 9 & Vo 7 =
LUIUABYINAINNYIINAU 660 UWIULNﬂﬁlfﬂ']ﬂcU 1 BIISUANW VUV UVDAUFDININD 10 Iﬂiau
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a

v Y
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a a A vy
2.3 msesuRsarenuaiiannauanlanle 16S rDNA

a d a dy A A A [ =3 v A

MINATILMF TuanaveuFouuANGeNHIUIAAGN lagn1Tanagy
Y 1
168 DNA Tasldgaana DNA vidsamiuihmunulSuiadiomaiin  polymerase chain
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b e 2 .

AGAGTTTGATCCTGGCTCAG 3”) Naa1n1iuiei3 83 agarose gel AMTNIY 1% UA1131

{ o Y [} <3 { [
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1 ] 1 [ (Y 1 <3
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9 s 3 A A o ! '
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. . 9y 9 [ 1 A Aaa I a9 3 g A v
ethidium bromide AT 0.5 TulasnSuasiiaaans (Wunal s w1 21911 2 AF9 1WA
ethidium bromide @IUNAUBDNIN agarose gel 110991015 ethidium bromide @150
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Table 5. The coded levels and real values of the independent variables in the response surface

methodology.
Variable Parameter Level coding
@/L) a 1 0 1 0l
X, Sucrose 7.40 8.40 10.40 12.40 13.76
X, Peptone 8.04 9.40 11.40 13.40 14.76
X, Tryptophan 0.80 0.94 1.14 1.34 1.48

Table 6. The central composition design of the significant variables (in coded level).

Run X1 X2 X3
1 -1 -1 -1
2 1 -1 -1
3 -1 1 -1
4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
13 -0 0 0

14 a 0 0
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Table 7. Total viable count and purple colony count from samples.

38

Sample No. Area Total cout  Purple colony

types (CFU/g or (CFU/g or
mL) mL)
Soil 1 Mangrove forest 2.4x10° ND
2 Mangrove forest (under Mangrove root) 5.5 x10° ND
3 Sediment tank (SS Frozen Food) 6.8 X10° ND
4 Treatment tank (SS Frozen Food) 7.7 X10° ND
5  Cesspool (SS Frozen Food) 8.9 x10° ND
6  Sediment tank  (Man A Frozen Food) 8.2 x10’ ND
7  Treatment pond (Man A Frozen Food ) 8.8 x10' ND
8  Cesspool (Man A Frozen Food ) 4.4 x10° ND
9 Sri-Trang pond 57 x10° ND
10  Hat-Yai University pond 8.2 x10° ND
Water 11 Sri-Trang pond 6.4 x10° ND
12 Hat-Yai University pond 42 x10° ND
13 Sri-Po pond 54 x10° ND
Waste 14  Sediment tank (SS Frozen Food) 9.5 x10° ND
water 15 Treatment tank (SS Frozen Food) 9.8 x10° ND
16  Cesspool (SS Frozen Food) 8.7 x10° ND
17 Sediment tank  (Man A Frozen Food) 9.4 x10° ND
18  Treatment pond (Man A Frozen Food ) 6.5 x10° ND
19  Cesspool (Man A Frozen Food ) 57 x10° ND

20  Prince of Songkla hospital 4.1 x10° 3.4x10°

21  Klong-Lrand market 2.2 x10° ND
22 Thong-Sao market 4.6 x10° ND

Note: ND, Not detect


http://dict.longdo.com/search/mangrove%20forest
http://dict.longdo.com/search/mangrove%20forest
http://dict.longdo.com/search/cesspool
http://dict.longdo.com/search/cesspool
http://dict.longdo.com/search/cesspool
http://dict.longdo.com/search/cesspool
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Table 8. Biochemical properties of selected bacteria comparison with reference strains.

Test Isolate VB.1 C. lividum' C. fluviatile'  C. violaceum
Shape Rod Rod Rod Rod

Growth at 4°C - + + -
Growth at 37°C + - - +
Egg yolk reaction + - - +
Acid from trehalose + - 40 n
Acid from arabinose - + + -
Acid from xylose - + - -
Casein hydrolysis + -or (+) - +
Asculin hydrolysis - + - 3
Glucose fermented (O/F test) F 0 F F
Arginine decarboxylase + - - T

a= Sources: Moss tazaue (1978)

b= weak reaction
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i380 (Duran et al, 2001)
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99.7 I—Isolate VB.1
. violaceum strain CV09

100 C. violaceum ATCC 12472
100 C. pseudoviolaceum strain LMG 3953

Massilia sp. BS-1
100 LDuganella sp. B2
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B. subtilis strain JM4 (out group)
0.02

Figure 3. Phylogenetic tree of the isolate VB.1.
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Table 9. Effect of temperatures on growth and violacein production by C.violaceum VB.1.

Temperatures (C°) Cell dry weight (g/L) Violacein concentration (g/L)
25 5.94 +0.02° 0.17 +0.02°
30 7.28 +0.13° 0.21+0.01°
37 5.14 +0.02° 0.15+0.01°
45 0.22 +0.02" 0'

Mean =+ standard deviations from triplicate samples

Difference superscripts in the same column indicate significant difference (P< 0.05)
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Table 10. Effect of agitation on growth and violacein production by C.violaceum VB.1.

Agitation (rpm) Cell dry weight (g/L) Violacein concentration (g/L)
100 5.01+0.02° 0.12+0.02"
150 5.68+0.01° 0.15+0.01"
200 7.28 +0.13° 0.21 +0.01°
250 6.14 +0.02" 0.19 +0.04°

Mean + standard deviations from triplicate samples

Difference superscripts in the same column indicate significant difference (P < 0.05)
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Table 11. The Central Composition Design of the significant variables (in code level), along with

the responses (CDW and violacein yield) by culture of C.violaceum VB.1.

Run X, X, X, CDW(g/L) Violacein yield (g/L)

Actual Predicted Actual Predicted

1 -1 -1 -1 5.18 5.24 0.37 0.36
2 1 -1 -1 5.94 5.97 0.37 0.36
3 -1 1 -1 7.18 7.54 0.41 0.42
4 1 1 -1 8.24 8.28 0.43 0.43
5 -1 -1 1 6.92 6.02 0.38 0.38
6 1 -1 1 6.58 6.75 0.34 0.33
7 -1 1 1 8.19 8.33 0.42 0.44
8 1 1 1 8.94 9.06 0.42 0.43
9 0 0 0 7.7 7.15 0.39 0.39
10 0 0 0 6.94 7.15 0.40 0.39
11 0 0 0 7.46 7.15 0.38 0.39
12 0 0 0 6.94 7.15 0.40 0.39
13 -Q 0 0 5.02 5.81 0.39 0.38
14 o 0 0 6.67 7.05 0.35 0.36
15 0 -0 0 4.48 4.49 0.31 0.32
16 0 a 0 9.12 8.37 0.46 0.45
17 0 0 -0 627 5.77 0.37 0.37
18 0 0 o 7.02 7.09 0.39 0.39

X,= sucrose, X,= peptone, X,= tryptophan
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Table 12. Analysis of variance (ANOVA) for response surface linear, quadratic and cubic models

of CDW and violacein yield by culture of C. violaceum VB.1.

Response Model | Linear Quadratic Cubic
Value
ss* 48.74 60.97 63.52
CDW Df’ 3 9 13
MS* 16.26 4.01 4.88
F-value 12.94 11.42 9.16
P-value 0.0003 0.0020 0.01
R’ 0.88 0.95 0.99
ss* 0.020 0.021 0.020
Df’ 3 9 13
Violacein yield MS* 6.54 2.370 1.701
F-value 30.75 15.70 18.55
P-value 0.0001 0.0007 0.017
R’ 0.87 0.95 0.98

’SS, Sum of square
bDf, Degree of freedom
‘MS, Mean square
CDW,Dry Cell Weight
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Table 13. Analysis of variance (ANOVA) of response surface linear model for cell dry weight by

culture of C. violaceum VB.1.

Factor Coefficient Standard Sum of Mean F p-value
Estimate Error Squares df Square Value Prob>F
Model 0.38 0.12 22.06 3 7.35 34.17 <0.0001
X,-Sucrose 0.37 0.13 1.83 1 1.83 8.52 0.0119
X,-Peptone 1.15 0.13 18.83 1 18.13 84.24 <0.0001
X, Tryptophan 0.39 0.13 2.10 1 2.10 9.75 0.0081
Residual 2.80 13 0.22
R,= 0.88

Df, degree of freedom.

Table 14. Analysis of variance (ANOVA) for response surface linear model for violacein

production by cell culture of C. violaceum VB.1.

Factor Coefficient Standard  Sum of Mean F p-value
Estimate Error Squares df Square Value Prob>F
Model 0.39 3.646 0.020 3 65.40 30.75 0.0020
X,-Sucrose 8.587 3.946 1.007 1 1.007 4.74 0.0486
X,-Peptone 0.037 3.946 0.018 1 0.018 86.86  <0.0001
X, Tryptophan 3.195 3.946 1.394 1 1.394 0.66 0.4327
Residual 2.765 13 2.127
R= 0.87

Df, degree of freedom.



48

9.2

w
-] t
==} J e

4.4

(1/3) wB1om A1p [12D

1240

10.40

13.40

Sucrose (g/L)

9.40

Ty

12.40

10.40

9.40 840

Peptone (g/L)

0.46

124

0.3

0.385
0.3475

(7/8) urdorOIA SpPNID

=
=+
o3
o

Sucrose (g/L)

10.40

940 84

Peptone (g/L)

Figure 4. Effects of sucrose and peptone on growth and violacein production by C. violaceum

VB.1. [(a) CDW and (b) crude violacein].
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Figure 5. Time courses of cell growth and substrate consumption (a) and violacein production (b)
using C. violaceum VB.1 and C. violaceum ATCC 12472 cultivated in optimized medium.
(Sucrose 10.40 g/L peptone, 14.76 g/L and tryptophan 1.14 g/L) at 30°C with shaking speed of
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Table 15. Purification step and productivity of violacein produced by C. violaceum VB.1.

Purification step Weight Productivity
(g/L) (%)

Extract with ethanol 0.481 100

Soxhlet purification

Extract with di ethyl ether 0.018 7.05

(deoxy violacein)

Extract with ethanol 0.131 51.37

(violacein)
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Figure 7. The UV/vis spectrum of violacein, deoxyviolacein and crude extract of purple pigment
produced by C. violaceum VB.1. and C. violaceum ATCC 12472.
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Figure 11. Ferrous (Fe2+) chelating activity of different of violaceins from C. violaceum VB.1.
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Table 17. Antimicrobial activities of violacein from C. violaceum VB.1.

Bacteria Gram/shape MIC pg/mL

Crude Violacein Violacein

B. cereus Positive/rod 4.07 8.13

B. subtilis Positive/rod 4.07 8.13

L. monocytogenes Positive/rod 8.13 16.25
S. aureus Positive/cocci 8.13 16.25
E. coli. Negative/rod >130 >130
Pro. mobilis Negative/rod >130 >130
Pseudomonas sp. Negative/rod 8.13 16.25
Salmonella Typhimurium Negative/rod >130 >130

All values are expressed as means derived from triplicate experiments
MIC = Minimal Inhibition Concentration
MBC= Minimal Bactericidal Concentration
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Table 18. Antifungal activities of violacein from C. violaceum VB.1.

Fungi MIC (ug/mL)
Aspergillus niger ATCC6875 65
Fusarium sp. 65
Pennicilium sp. 260
Tricoderma reesei QM9414 260
Mucor sp. >260
Rhizopus sp. >260
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Figure 12. Growth inhibitory effects (a) and IC,, of crude violacein and pure violacein (b) on
MDA-MB-468 cell lines. Symbol: @, crude violacein; B, violacein (Cells were treated with

different concentration of bolt solution for 24 h. Cell viability was determined by MTT assay.)
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Figure 13. Growth inhibitory effects (a) and IC,, of crude violacein and pure violacein (b) on
MCF-12A cell lines. Symbol: @, crude violacein; B, violacein (Cells were treated with different

concentration of bolt solution for 24 h. Cell viability was determined by MTT assay.)
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Figure 14. Effect of crude violacein on superoxide radical.
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Figure 15. Effect of violacein on superoxide radical.
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Figure 20. Standard curve of BHT

n5131A5g 1 Trolox

1.2

Y =0.0118X
0.8

R? = 0.9917
06

0.4

0.2

0 20 40 60 80 100 120

Trolox concentration pg/ml

Figure 21. Standard curve of torlox



84

NANHIN A

L.MsfmIum IC,,
fmmsgﬂ‘ﬁ 14 U919 crude violacein 7D y=0.7194x + 24.759
y = % scavenging

X = ANUTUTUVDIA1TA0E1

naaumsazlén 50 = 0.7194x +24.759
50-24.759 — 0.7194x
25.241 —  0.7194x
X — 35.08

(% o a d
2. fﬂ3‘?11E]ﬂ31ﬂ1§!i]%€gi]"l!‘w1$ﬂli’]ﬁi]ﬁuﬂ%ﬂ

A Jdo o

A 2 a o I A a [ J =)
mmwwmﬂmaumﬂiummi ﬁgﬂglﬁﬂlﬂuigﬂgﬂﬂauﬂﬁﬂ 1 \TJJTU jlcﬁaﬁﬁlgﬂﬁhl i\

A J [ a

A 2 o y a A X o w
NITILNNITUIU Gﬂﬂizﬂz‘ﬁﬂ lag phase wmmﬂuui}aum EJi]Sﬁ?J ATINTTRIYLNNVUATNAIAY

A I v a

v Y . A =2 g A a '~ A
i]uﬂizmlﬂnq exponential Y139 log phase Gﬁﬂlﬂuigﬂgﬂﬂauﬂ JUDATIINITIR iUuQ'ijﬂllagﬂQT]

[

a a = = < Y 2
mimmﬂm@aumﬂuﬁzﬂz log phase Lﬂlﬂulﬂuﬁhﬂﬁ‘lﬂ N
dodt = LLx (1)

L4 [ I J1 A Aaa
Fyauwas Yol uwaanelaaans

e
)
>

Il

= ' I O
13181 Nﬁu')ﬂlﬂuﬂfﬁiﬂﬁ

-+
Il

o Aa o . ' I v d
8 = DRTINITIYINUNE (specific growth rate) Urieunet Tug
3. myiafSananimansvina 1ae3s Phenol-sulfuric
sol gJJ 9 Qddﬁ [ =Y ?:’ FY 1

myfFmnanimanauede3s iawnsaasivialsuanihmalalusie 1 - 100

[ I A, 1 <3 1 A 4 =) 4 { 1o
luTasnsung Ind uazitluasmsnaaGnegldinsizdmlTnuas Tolaasan lisune

13 7 ' 2 Aa o A 3 ad 1
1299 ez lianhaatuazedlugiiaiaiaig wiothaalusssumnannueglugl

<3 a 4 g
mono-, di-, tri-, oligo- 1% polysaccharide NANNTAAATIZHHITINAUAWITH 1A



85

3.1 ;SN

3273
1)
2)
3)

y 1 =)
msazaeiluea 5 % hminaedsuag) wisn'ldlasazarenanvosiluea 5.0
y Y = an
asuluinau 100 Uadans

v a Aa Y 9
nAFANITAUNIU

= a 4
SRR IGER A L
[ [ ] Aa aa g ]
laasaree191f511as 1 Tadaas aslunasanaaod (191inawilu blank)
a = A Aaa % 1 Y Y o
wuasazaneiuea 1 Yaaans asluasalesnauazwan lviiny
a v A A Yy 9 Aa Aaa 9 g’/ Qy 9 I} 9 []
wunsaFan Ayt 5 Haaaas adlumsnanlude 2 @anald 10 w1 udnven
¥ Y

1539 warn I udIenSoanaNaIsazale (vortex mixer) (5¢3INTANTNINDL

Y Y
Fowdon) aanalidszana 20 i

4) hensaegnlunaazvasa lidasinmsganauudsianuennaau 490 w1 Tuwas

0O.D. 490 nm

= Yy I o 2
LVIEJ’]Jﬂ’J'IiJHJiJaUuﬂ’]Jﬂ'i'lWﬁﬁ’d86181!1@']61!']@]55@11! (standard curve)

0.9 -

0.8 -

0.5 y = 0.0078x

R*=0.9989
0.4
0.3
0.2
0.1
0 T T T T 1
0 20 40 60 80 100 120

Glucose concentration pg/mL

Figure 22. Standard curve of Glucose



86

MARNUIN .

1. MIIANEHBN MUV WMUANZEMEWUE Chromobacterium violaceum VB.1 1500 giua
GGGAAAAAGGGGGCTGCTTTACCATGCAGTCGACGGTAACAGGGTGCTTGCACCGCTGACGAGTG
GCGAACGGGTGAGTAATGCGTCGGAATGTACCGTGTAATGGGGGATAGCTCGGCGAAAGCCGGA
TTAATACCGCATACGCCCTGAGGGGGAAAGCGGGGGATCGAAAGACCTCGCGTTATACGAGCAGC
CGACGTCTGATTAGCTAGTTGGTGAGGTAAGAGCTCACCAAGGCGACGATCAGTAGCGGGTCTGA
GAGGATGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATTTTGGACAATGGGGGCAACCCTGATCCAAGCCATGCCGCGTGTCTGAAGAAGGCCTTTCGGG
TTGTAAAGGACTTTTGTCAGGGAGGAAATCCCGCTGGTTAATACCCGGCGGGGATGACAGTACCT
GAAGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAAT
CGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTTGTGCAAGTCTGATGTGAAAGCCCCGGGCTT
AACCTGGGAACGGCATTGGAGACTGCACAGCTAGAGTGCGTCAGAGGGGGGTAGAATTCCACGT
GTAGCAGTGAAATGCGTAGAGATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATGAC
ACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCT
AAACGATGTCAACTAGCTGTTGGGGGTTTGAATCCTTGGTAGCGTAGCTAACGCGTGAAGTTGAC
CGCCTGGGGGAGTACGGCCGCAAGGGTTAAAACTCAAAAGGAATTGACGGGGACCCGCACAAGC
GGTGGGATGATGTGGATTAATTCGATGCAACGCGAAAAAACCTTACCTGCTCTTTGACATGTACG
GGAACTTGCCAGAAGATGGGCTTGGTTGCCCGAAAAGGGAAGCCGTAACCACAAGGTGCTGCATG
GGCTGTCGTCCAGCTCCGTGTCCTTGAGAATGTTTGGGTTAAAGTCCCCGCAACGAAGCGCCAACC
CTTTGGCCATTAAGTTGCCATCATTAAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAG
GAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGAGCAGGGCTTCACACGTCATACAATGG
TCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCTCAGAAAACCGATCGTAGTCCGGAT
CGCACTCTGCAACTCGAGTGCGTGAAGTCGGAATCGCTAGTAATCGCAGATCAGCATGCTGCGGT
GAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGTGAGTTTCACCAGAAGTG
GGTAGGCTAACCGCAAGGAGGCCGCTACCACGGGGTCAGGGGGGGG

Primer ’s 1492R and 8F



Program

Sequence producing significant alignments:

BLASTN 2.2.20 + Description

All GenBank + EMBL + DDBJ + PDB sequence (bue no EST, STS,

87

environmental samples or phase 0, 1 or 2 HTGS sequences) Query Length 1412

Accession

JF734316.1

FJ753568.1

FJ753567.1

AB680302.1

AB594767.1

AFE016825.1

AY117554.1

AJ871128.2

Description

Chromobacterium sp. HL-VL 16S
ribosomal RNA gene, partial
sequence

lodobacter fluviatilis strain CV20
16S ribosomal RNA gene, partial
sequence

Chromobacterium violaceum strain
CV09 16S ribosomal RNA gene,
partial sequence

Chromobacterium violaceum gene
for 16S rRNA, partial sequence,
strain: NBRC 12614
Chromobacterium violaceum gene
for 16S rRNA, partial sequence,
strain: JCM 1249
Chromobacterium violaceum
3953T 3953T ATCC 12472,
complete genome
Chromobacterium violaceum strain
52 168 ribosomal RNA ribosomal
RNA gene, complete sequence
Chromobacterium
pseudoviolaceum partial 16S rRNA

gene, type strain LMG

Max Total Query E Max
score score  coverage value ident
2455 2455 98% 0.0 98%
2455 2455 98% 0.0 98%
2455 2455 98% 0.0 98%
2449 2449 98% 0.0 97%
2449 2449 98% 0.0 97%
2449 1.960e 98% 0.0 97%
+04
2447 2447 98% 0.0 98%
2433 2433 97% 0.0 97%



http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=1&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=1&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=2&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=2&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=4&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=4&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
http://www.ncbi.nlm.nih.gov/nucleotide/333733214?report=genbank&log$=nucltop&blast_rank=1&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#333733214
http://www.ncbi.nlm.nih.gov/nucleotide/224814365?report=genbank&log$=nucltop&blast_rank=2&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#224814365
http://www.ncbi.nlm.nih.gov/nucleotide/224814364?report=genbank&log$=nucltop&blast_rank=3&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#224814364
http://www.ncbi.nlm.nih.gov/nucleotide/359802943?report=genbank&log$=nucltop&blast_rank=4&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#359802943
http://www.ncbi.nlm.nih.gov/nucleotide/309710773?report=genbank&log$=nucltop&blast_rank=5&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#309710773
http://www.ncbi.nlm.nih.gov/nucleotide/34105712?report=genbank&log$=nucltop&blast_rank=6&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#34105712
http://www.ncbi.nlm.nih.gov/nucleotide/21898799?report=genbank&log$=nucltop&blast_rank=7&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#21898799
http://www.ncbi.nlm.nih.gov/nucleotide/210973176?report=genbank&log$=nucltop&blast_rank=8&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#210973176
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Accession

AY117557.1

AM398481.1

Description

Chromobacterium violaceum strain
07 16S ribosomal RNA ribosomal
RNA gene, complete sequence
Chromobacterium
pseudoviolaceum partial 16S rRNA

gene, strain JS1

Max Total uer E Max
score score coverage value ident
2431 2431 98% 0.0 97%
2423 2423 97% 0.0 97%



http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=1&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=1&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=2&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=2&HSP_SORT=1#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=4&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=4&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=10&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=10&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=EZ2FYC0T016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
http://www.ncbi.nlm.nih.gov/nucleotide/21898802?report=genbank&log$=nucltop&blast_rank=9&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#21898802
http://www.ncbi.nlm.nih.gov/nucleotide/119224654?report=genbank&log$=nucltop&blast_rank=10&RID=EZ2FYC0T016
http://blast.ncbi.nlm.nih.gov/Blast.cgi#119224654
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