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Production of Violacein by a Novel Bacterium, Massilia sp. EP15224 Strain
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Violacein has received much attention due to its various important biological activities, including broad-spectrum antibacterial
and antifungal activity, anti-malarial, anti-tumoral, anti-oxidant, and anti-diarrheal activities. EP15224 strain isolated from forest
soils in Korea was found to be a new species belonged to the genus Massilia based on its 16S ribosomal DNA sequences. The
16S ribosomal DNA of strain EP15224 displayed 97% homology with Massilia sp. BS-1, the nearest violacein-producing bacte-
rium. Strain EP15224 produced bluish-purple pigment well in a synthetic MM2 medium containing glucose, (NH4),SO4,
Na;HPO4-7H,0, KH,PO4, MgSO4-7H,0, and 1 mM L-tryptophan. The chemical analysis of the pigment by LC/MS/MS showed
that it is violacein with molecular weight of 343.34. This is the second report on the production of violacein by a Massilia spe-
cies. In this study, the optimal culture conditions for violacein production were established under which 280 mg/l crude violacein
was produced : glucose 2 g/l, (NH4)2SO4 1 g/l, Na;HPO,4-7H,0 2 g/l, KH,PO4 1 g/l, MgSO4-7H,0 0.1 g/l, L-tryptophan 0.24 g/,
25 ml medium in a 250 ml flask, with an inoculumn size of 10% (v/v), 72 h of cultivation with 250 rpm at 25°C.
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H| &A1& otutE ZHo A 2l E Chromobacterium
violaceum® 93] QA== Hak A4 EZAZ 188179 8
Aol A& K=t o] & Shewanella Pseudoaltermonas,
Janthinobacterium, Duganella, Collimonas 53} o] t}
&t nE FAA L o] B0l BAtETH= Zo] A
A% B1ET 9k, 10, 11, 14, 16, 18, 22].

H]Z2hA| Q2 Hetd M40l £ 9ok ohefet e
AL 7M7) 2ol AdA §-8Ad0] mi- B flste] 2
of B2 S W Qitt dE S0 2" AT F7F0
of thet P+t 24, YUY = (anti-protozoan), FEete of,
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itk B o] FREFE Serad wjpAelAl v SetAal
o HAHE FolFE WAL A2 BeaT Y Y
24¢ 2AsHgT

B 3o AHgH EP15224 ¢33 (F2 540 Y EAE 7]
g3 KACC91872P)= A EoFol| A Eajgt A o oFu]A)
EXYo]A AdtE B LS PASHE FFo|th

HHX| S HHF

EP15224 #5-9] Ao} GubA w2 R2A (DifcoAl) Hi
A& AR B &EHA Q& AArstE &3 24E 37
siA MM2 gHdui Al 24 (MM2-B: 2 H 3 glucose 2 g,
(NH4)2SO4 1g, NagHPO,-7TH:O 4g, KHoPO4 2g, MgSOy-
7H,0 0.1 g, 1 mM tryptophane; pH 6.8)2 ©]-&3}4ct &
Shaz ARHFE F AES 10% (), HFLE 25°C, A
& 45 250 pmel A 37 AN A AW 24E
27) 1% MM2 /e A& 24 #= Table 13} Zth. o]&
WA g 2] o A 5L i FAA F7)H o2 A H T vjFH
W oBlEetAQ1Y e S5t 7HE AAIA A At
H 248 2ASAC. vl getAele] Fe ool 1 m]
of WeE 3 mlS F7bste] 3087 XFA|7| L YAl gt
452 s8mmolA] FHEES SH3HL ODssonn=0.122 T
2.1 pg/ml 2 FHAksto] eFat o8]

HIZ2MRl =&, 22l

EP15224 #5E€ 200 ml9] MM2-B H A8 x| (1] €
ET2F)f| 25°C, 250 rpm = 3UZE AT HjFRt H A4
#2314 (8,000 rpm, 102) A5H& il 2 Hab
Aol 200 ml A&E& H7sted FAA Hapdo] & 2
7R 253A P E 102 o AT dgs FEY
< THA] 42218191 (8,000 rpm, 10) ¢AE AlASHL 2
THY 50t gL 20 ml=2 FHF 33 F, o€ A3

b7k

™=
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Table 1. Compositions of four MM2 synthetic media

Media components MM2-B  MM2-1 MM2-II MM2-IiI
Glucose 2 2 2 2
(NH4)2.S0,4 1 1 1 1
Na,HPO,4-7H,0 4 2 1 0.5
KH,PO4 2 1 0.5 0.25
MgSQ,4-7H,0 0.1 0.1 0.1 0.1
Tryptophan 0.2 0.2 0.2 0.2
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748 Z¥(F 7 25 mm x 20| 500 mm)o] 2Y3} vEt
2 HeAE fYstgon oA A3 553§ 5 ml

% 83)3}0] 0|2 LC/MS/MSS] B4 22
A&t

LC/MS/MS 24

Bab A 222 SA7H (Mightysil RP-18 GP, 250 mm X
4.6 mm, Kanto Chemical, Tokyo, 4&)& o]-&3 HPLC-
PDA (Shimadzu, Japan; SPD-M20A)2 £2]5}%.2 % 580 nm
oA B2E AEsHAH £2E 3= WaterAbd] 1
34 QTOF-ESI/MS [ACQUITY (UPLC, Waters Corp.,
USA) SYNAPT G2-S (Waters Corp., USA)| S A&3}4
MS/MS 242 33ttt

16S rRNA E7|ME 2 2 2 M

A EP152249 #AHYESHA 5HS a8l 27F(5-
AGAGTTTGATCCTGGCTCAG-3") ¥ 1492R(5-GGCTAC
CTTGTTACGACTT-3) primer2 PCR& 433} 16S rRNA
FAAE SEFATHO4°CAl A 523 HAAIZ] F 94°Co
A 18, 30°Col|lA] 187 30%, 72°ColA 287t 34 Alo]E). &
2= DNAE PCR 2.1 Topo TA Vector system (InvitrogenA})
o] Z243}3 o]Z ABI 3700 (Perkin Elmer, Co.) 7]7]|2
H7IH Q&S sttt 4542 GenBank DB Blast
Z2IaHE o]gsto] Blustgen, §7]4 92 DNA Plus
Version 3.0 Sequence Alignment X 2 713 (Scientific and
Educational Software)2 ©]&3to WHE=Z A3
EP15224 459 A5 A T (phylogenetic tree) 2442 16S
rRNA §22F G714 F 404 HZ2A| 1S BAtst= A
o2 Rug o Aoy ol& sl 2 Alet 9
16S rRNA 47 @7]4497 "z #4334 MEGA
version 5.0 [21]9] 2@ AgH[20]C.2 ZAISHA L.
Za g ax
HISEPAIO! AUA 20| Mt

gt Abg Eokoll A 23t 8000] F2o] A G| E
Ao 25 E R2A AR (Difcor)) AoflA Habd Hehs
F/dste EP15224 #55 S¢o 2 94 14 A 228t
ek Ak Fo] oaf AtEo] FE5H Hep MRS
HPLCo] 93} 5 1] A (retention time 4.528)¢} 22 103
(retention time 5.248)2 B &t Z+Z+o] I3 & MS/
MSZ EA3 A1, F 13+ molecular mass (m/z)7}
344.1029 (positive), 22 T I = 328.1089 (positive) o2
AAEJTh(Fig. 1). ©]+= violacein®} deoxyviolacein®] o] &
Ay BA}gFo] Zh7)k 343.3359)F 327.335 B E U 1A S
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Fig. 1. HPLC chromatogram and MS/MS spectra of the purple-coloured pigment isolated from Massilia sp. EP15224 cultivated

in MM2 synthetic liquid media.

o o] &7 Aakste F 9 Bk HAE 0] violacein
gelg = Aol 123 HPLC
g B A3 EP15224 #5371 A4St Betda F
90% o]0l violaceino|2t= A& AASHATH

1} deoxyviolaceind-&

ZO| ME| MEfSIY St 2R x|
EP15224 235 £54E /ML 1% 34 79 3714

Zholth. R2A 1A v x| oflA] 28°CE wjFstH 2 Foll=
B Feto 2 Matrh R2A WA ok Al o= 25-28°Co
A = Z A Bepd 4 o] YA E wA| 32°C o4
e & AL ot Betdart & FAEA g

API32GNe] &3t A3shitg& 2% difofA] o] #5+=
471 9] F(D-glucose, maltose, glycogen, D-mannitol) T} 47}
9] & 7] Al(acetate, citrate, lactate, propionate)e F Et4
Ut Yoz o]&3FH o}t L-rhamnose, D-ribose,
sucrose, D-melibiose, L-fucose, L-arabinose, D-mannose—
o] &-3tA] Zatgitt. o]AL 2011 Massilia Fol|l Al B}
Aol Ao & Az W% Massilia sp. BS-1 d27F 871
F(D-glucose, D-mannose, D-galactose, D-xylose, D-
fructose, maltose, cellobiose, dextrin)i} 37§19 7|4k
(acetate, citrate, malate)S EtAYI A Yo 2 o] &3

e 2iete o 54 BoEn1]. 223 Massilia®]
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Table 2.

Investigation of major carbon source utilization of EP15224 by API 32GN kit

KACC12178
(Massilia plicata)

Reactions of APl 32GN

KACC12152

(Massilia dura) EP15224

L-Rhamnose (RHA)
N-Acetylglucosamine (NAG)
D-Ribose (RIB)

Inositol (INO)

D-Saccharose (SAC), Sucrose
D-Maltose (MAL)

Itaconic acid (ITA)

Suberic acid (SUB)

Sodium malonate (MNT)
Sodium acetate (ACE)

Lactic acid (LAT)

L-Alanine (ALA)

Potassium 5-Ketogluconate (5KG)
Glycogen (GLYG)
3-Hydroxybenzoic acid (mOBE)
L-Serine (SER)

D-Mannitol (MAN)

D-Glucose (GLU)

Salicin (SAL)

D-Melibiose (MEL)

L-Fucose (FUC)

D-Sorbitol (SOR)

L-Arabinose (ARA)

Propionic acid (PROP)

Capric acid (CAP)

Valeric acid (VALT)

Trisodium Citrate (CIT)
L-Histidine (HIS)

Potassium 2-Ketogluconate (2KG)
3-Hydroxybutyric acid (30BU)
4-Hydroxybenzoic acid (pOBE)
L-Proline (PRO)

[
+ +

+
|

+
+

[ [
+ + + 1

BEAFE AE3 KACC 121529 121789] A5tsta] E4
T golstict.

ESE o] 72 16S rRNA §AX}F G7] 4 QoA Massilia
dura KACC12152¢9} 7} &2 97.5% 5 UeErdch 234
o] FF e HETAQIS AASHA] a2 EE, @4
o 29 o] 8L RAFSH API 32GN2] HH2 o A= EP15224
730t e Ho| gth(Table 2). 181 Massilia Z| A
202 v AANS B3 Massilia sp. BS-1 o
Fohe 97%9) A4S BV o] EP15224 FFE
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Massilia 4 We] tt2 $4-& 9v|stch. E3 v &etA <l
& AastE o2 9 AF3 Massilia 82335 749
16S rRNA §314 |7 A Gell A 4| ATEA=
(phylogenetic tree)oll A ¥ 1= v}&} o] o] Massilia sp.
EP15224= ThE 53 F3lo] TEE ] Ath(Fig. 2).

HIS2EMI! BI% MM X7
EP15224 257} S2hA3 W 42004 AAHoR B
shule] AABA W &AL AAE 4 9l HH 9 v
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Massilia plicata 76T (AY966000)
Massilia lurida D3T (HQB839786)
Massilia sp. EP15224 €<—

silia sp. EP15214

Janthinobacterium Lividum DSM 15227 (Y08846)

Duganella sacchari Sac-22T (EU672806)

Duganella radicis Sac-41T (EU672807)

Massilia dura 16T (AY965998)

Pseudoduganella violaceinigra YIM 313277 (AY376163)

Pseudoduganella sp. EP45600

Massilia flava Y9T (HM777013)

Massilia lutea 1017 (AY966001)

Massilia albidiflava 45T (AY965999)

Massilia sp. BS-1 (AB623119)

80 Massilia suwonensis 54148-25T (FT969487)
?EL Massilia niabensis 54208-26T (EU808006)

Chromobacterium violaceum ATCC 124727 (AE016825)

Fig. 2. Neighbor-joining (NJ) phylogenetic tree based on 16S rRNA gene sequence showing phylogenetic relationships of strain
EP15224 between its relatives and violacein-producing bacteria (bold letter). Filled circles at nodes indicate generic branches that
were also recovered by using both maximum-parsimony and maximum likelihood algorithm. Bootstrap percentages (based on 1000 rep-
lications) >70% are shown at branching points. Bar, 0.01 substitutions per nucleotide position. The numbers in parentheses are accession
numbers in the GenBank database. Also, EP45600 and EP15214 strains are obtained in this study.
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Fig. 3. Violacein production of Massilia sp. EP15224 accord-
ing to the cultivation period in four MM2 synthetic liquid
media with different component compositions. Massilia sp.
EP15224 was cultivated using a 1-L A flasks with agitation
(250 rpm) at 25°C.
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4> lo o mu
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& HYou iy 3Y 7120 RE E uf 25°C7F 423t A
ZEA|Ql A 2=t B2 oo HF T v s
o, 1% Hoh= 10%2 FFsHd W gF7|te] A 5=
A= AA 3] wobglth T3 MM2-B 7|28 A o A &
A290F 0.2% glucose, ALY Z 0.1% NH,)2SO04, 1 mM
tryptophane, 0.1% MgSO, -7TH,02 173} NayHPO, - 7TH,0
9} KH,P0,42 5=5 2a|dt Table 12| w24 o) uka} b
Z oAl BAES 65U 2AMSE Z3t= Fig. 3% Zr}.
MM2-B Hj A & A |3t 3% MM2u}A| 257 v 3U7HA]
< Aoz Aol F7HR oy I o]l AAbgko] F7t
A gkgteh 22y MM2-B B A= 5U7HA] S7HHAIRE A
A2 394 MM2-1 sjA|of w| 2] 2] 3tk MM2-1 HjA]of
A EiF 39S 7IEL & HE eI FEHE Ao 280 mg
7HA] AR 0™ o= Massilia sp. BS-19] 9J&] X%
H]-&2hA| Q] Z o A 40 mg/l Hoh w2 Aol 53
Massilia sp. BS-19] 79 tryptophane®} histidine®| & A o]l
BAHRE 0 vEeAe AT Yo B RE
tryptophane F7}HtO. 2= AJAto] Z271Edct a8 B
ZFL goFHo] ZH3} Luria-Bertani A v A Y nutrient
AA R o A G- Z E 29 Hap s AYibsS dA 5
AstE Sk, 2 i A] W G A& Fgel Wl 22 A
FA A R2A HA i At MM2 3Hd A A uf 2] of A H 2t
A2 0] Aato] LAl AL 71E9 HIZEAIQ B4

December 2014 | Vol. 42 | No. 4



322 Yoon et al.
9 H1ol= gE Ho|n o= AL3} dA oA Aidrt
E 22 5 e F¥ol 2 4
2 o

slgebiele $7, B aeh Fuetelol, FUA B
N3 e TRt AR BAL A Hebis BAR o

Atk & AFoA= ] AR ESA EelEglen B
2 W2 PAEH= EP15224 73S Aol 16S rRNA
AR @71 4GS BAs AT 1 23 Massilia sp. BS-
13 97% 9] M S AEAH S HH T E3F 16S rRNA &
Aol LA AT EFTHE EA oA EP15224+= 7|& &
1E v&gAel A AAETE H2 FEEE Massilia
o) N2 e 2L Felatolrt. o] #H7E AL Ry
2E84E Feste] LOMSMSE 243 A7}, B0
3109150 S22 A i 9 ¥l 2219 4
Alges 2] & o] vl 2] Al & [glucose 2 g/l, NH4)9SO0,
1g/, NagHPO4 7H20 2 g/l, KHyPO,4 1 g/1, MgSO,4-7H,0
0.1 g/l, L-tryptophan 0.24 g/l].L} uljoF 2 A [25°Col| A 724 7E
Hi<, 250 rpm, 10% FEF]E ZASIHH o] ZHoA A
At stgle o FE T 280 mgo] H]Z2hAQlo] At
At
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