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Ho/ml - (RIS AR A B 0 B RITECRRRE A R REB B ER & TESA R ORE
ZREHERS - HEGR PR - ARBXERENRER/ - RIEA RV EREZEMA - 1]
DR 2 ny R BN E - TR ORE R EE RN S O N R S B Wk B A
22 o

BRSRST : iR S AR

Evaluation of the Benefit of Different Devices for the

Production of Violacein

RONG-JEN SHIAU" and YU-YU HUNG
Department of Beauty Science, Chienkuo Technology University
No. 1, Chieh Shou N. Rd., Changhua City 50094, Taiwan, R.O.C.

*rjshiau@ctu.edu.tw

ABSTRACT
Some natural pigments of various colors have pharmacological properties. Violacein is a
hydrophobic pigment produced by Chromobacterium violaceum that has been reported to have
antioxidant, antibacterial, and antitumor properties. This study compared the effects of conical flasks,

triple-baffled flasks, and custom-made cylindrical airlift tubes on the production of violacein from C.
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violaceum. For culturing the bacteria, conical flasks and triple-baffled flasks were placed on an orbital
shaker, and the cylindrical airlift tubes were connected to a small air pump. The bacteria culture was
added to a conical flask, triple-baffled flask, and cylindrical airlift tube containing 150 mL LB liquid
medium. At different time points during culturing, violacein in the bacterial culture was extracted
using ethyl acetate, which was later removed using an evaporator. The violacein powder was collected
and dissolved in ethanol. The violacein concentration was determined using UV-visible spectroscopy.
After incubation for 24 h, the concentration of violacein in the conical flask, triple-baffled flask, and
cylindrical airlift tube was 86.3 + 1, 66.6 + 2.3, and 115.3 + 2.1 pg/mL, respectively; after incubation
for 72 h, the concentration of violacein was 132.1 + 1.8, 146.0 = 2.2, and 188.4 + 11.6 pg/mL,
respectively. Therefore, regardless of whether the bacteria was in the logarithmic growth phase or
stable growth phase, the concentration of violacein obtained using the cylindrical airlift tube was the
highest among the three methods. Compared with the conical flask, the bottom area of the cylindrical
airlift tube is small. Therefore, in the limited laboratory space, more cylindrical airlift tubes can be
deployed to test the production conditions of violacein or search for mutant strains.

Key Words: violacein, flask, airlift cylindrical tube
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FAERTERD TR AMAHRACR KSR 2
B ARV E A - BERNOCERSKEEY) - (B2 HR
TR RZIRPORE - HIR - EFEEH T ERdER
RERNERK  BERMEA—EEEL - £ THE
] ALERORNEEHERETK  OREENEHZIER
BT HIIRE] > ATDUE LR AR B ZE - MBI RARE
2 AR REARERE - OUERS - SOV EREE
CEESHFES  aRERNTSRL RN R - RAE
ZARZW = AR [6, 26] - 281 > BEEARELEH &K
B2 FFLEERRNEIR - AR R SR E R BRI A
I B TR HE SRR EROKEEYIE T Rt 25
HRFF LG EREALEEN GRS T KAELE
YIAJEEE [23] - BN FUEEYIN S - e aF azo BAE
BENameR  GEHIBEE [12] - aF =5 Ak
(triarylmethane ) fy¢& i (1 22 Al & 45 Hy Rz i 4 AIE » %941
GIEREENE (4] o B TIEXRERERAS - RACEFIE
& THEEAERE -
FIERHNFHRAERACE - HAEZMMVEEE
BE o HERVEFMETR - (/RN » (EthEDR R - # AT
DA ERAH B HIREDT - 15 Lol R RSB DL BTV AHY) - B
BABCHAREYE REREN - BRlEaRRTEA
Bt At A EREIRE - BIHTEILRE ST ~ R~ A B
DRI A4 R 55 - H T SRR R A EHEEE
Z (carotenoids ) ~ &2 (melanin) ~ 3% (phenazine)

B 4L (prodigiosin ) ~ &kHRE % ( pyocyanin ) ~ i
(quinone) ~ i (tryptamine ) ~ glaukothalin ~ {5 % 2
(scytonemin ) - tambjamines DL & affEZ (violacein)

[an-

SRR 2R VYR 7y 1 (tetraterpen ) » A (0~ FEE -
ALEFEAE - BATRBOCERITEE ST I LAE RPERI A (ReE
BV Rzl e - B s E (Flavobacterium
multivorum) ~ §§fEE ( Fusarium sporotrichioide ) ~ BRI 4T

( Rhodobacter & = O & A B
( Staphylococcus aureus ) FHEANFE ] A EEIHEE Z > A

sh R G R R T E A B B EA A Y DU R R

GBS R [22] - BEOREHE RRBYEE RIS

UEEx&4%7 (indolic polymer) » ##ifEE ( Streptomyces) ~ E &L

sphaeroides ) -~

ONEE (Vibrio cholerae) ~ Marinomonas mediterranea B 5 &

EREORATRES)  BORATIRICEING » (&R 2R
SNRIEE - MEEAEASEBREHERELEESY

[25]
Pelagibacter ~ DU K Vibrio ZE4HE 7] DIE £ W3R - TRAECA
By 2R 8 6,000 FELTAEY) » HEE - 4%~ R~ B - 4L
REEE - IR EADE - EE - PUEREbE S
[15] - BEALERE BAAEE  REERFEREES
(Bacillus prodigiosus ) 73ISR » {& A% SHET UHL Rt
VA (Serratia marcescens) © FRESEIVDE R ESD > &
%% B OH M 4 5 4 Actinomadura -

Pseudoalteromonas - Streptomyces - Vibrio = 7 & &

> Streptomyces - Pseudomonas -~ Actinomycetes -

Pseudomonas -~
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prodigiosin - BEEIALZE ] LLIE BAmEE] - W EARZHYA
Y& BFEDTE > PLEE > PUER » PrAEZR - il
DRSS - 2 R RS B R AL R RIS A B R R4
EHMZR [5] - sHIRE R Bk EFEMRE (Pseudomonas
aeruginosa) FE4AMNECER > HEEZRCHAEIETDT
EHEAEYEA [11] - BEE —-HEASRREENAGL
&Y RENEO T REORLE  ROTEVMERDURE
DURNE: » DUE - i@ AHUREIENE - o FIE ORI FIER -
Streptomyces sp. B6921 - Streptomyces sp. - Alteromonas
BEEERITAEY
[27] - el R —MEEHEOR » RARZIHIEEN: -
Ry R E T R FIAE 4L AV 4 & & 9 > Cytophaga /
Flexibacteria J& 1Y &% o] DL 4 % - Glaukothalin /2 FH
Rheinheimera Bz 2L HYREE (U 2R - HATHEBLE( CAIATES
@B A AL > Glaukothalin 4 97 55 14 {75 £ BF 52t «
Scytonemin EHE:44 (cyanobacteria) FEAEYEEAEEE -
BAEPURIMNE ~ Jus RMTAAEGENYE M - Tambjamines
B—ffs @2 > Pseudoalteromonas tunicata £ FH E 4=
- A B Y)ShER R - R4
FYFIEE - Tambjamines th B4R - 7T TR SERE
FE4IAER [20, 29, 30] -
AMENENOCERZLEOREER  SORE
( Chromobacterium violaceum) E P W3 B4 FES M
SEEAENAHE - BARKEZMEFA Collimonas sp. »

Duganella sp. ~

nigrifaciens [ 5z Shewanella violacea

tambjamines ¥Fi4ME

lodobacter fluviatile ~ Janthinobacterium
lividum ~ Microbulbifer sp. Kz Pseudoalteromonas sp. t7#53%
BT DA R R AR R 2R iE Sl o R K Tk~ BUR
TIEERE S [1, 13, 16, 24, 31, 32] - fEAERGA - EER
ORFERTE O (tryptophan) ~ &R ~ DR EIRER
BEER [9] - B RO EMRLE IR ik - B EE T
(quorum sensing molecule) FE4MAEH ERI4ERE R » BB —
TERIER - GAERORHRGHERTE  EMEERE
SRERGH [2] - REREREAREZVAEYIENE - BIAR
R RO ER B ARG Rl R R R R A A
o BIAIFE 5.7 £ 15 mg / L HRIE T - R EOARERAES
HLEFERNSROFERENER [21] - RERER
HruwEaflagatt BAE&EE T2F
Acanthamoeba castellanii ZEN&H REAEZAR » &iE
FRHAS AR A TIMSE T [18] - B e ARSI E RIS RERRA

B R

Him

478 (Caenorhabditis elegans) 1F &z b o] DUIE (@
B BN R A R AR Z AV R Janthinobacterium sp.
HHO1 J C. violaceum HIEHEREIET [14] S EOFFRHY
DU B F AL S sk R M0 F v] DU IR AR AR BRI
HIEFFESS -

LORFHEEANSENE - B8 A BRI (8
-cyclodextrin ) (5] {i I o] fra R BT 4R DA R B R 2 1
BEALIEE [10] - EEHTEACEVENETRER K AN &R R
B AL R Y N7 - H7 VR TERSEE I RIiL4s
BETHRES [2] - RS EEIE (A =310 nm) » REAREER
AR 5 R N RO R R AR Sy o 145
> FIF S AR E 2R o] IR CRI MR » A IIE R
WEE 78 o > T IR HRE 7 A B RE (%8 (sunscreen protection
factors, SPF) » Suryawanshi £ A (2015) [28]#r&ffEZ
ININEEE AR E TR YRR o I DARE 585
FRHVRIMEREE )T - S OIF R 2R A L 4748 SRRy AR A
et o fEWK (thiourea) MIMEAT - REMEE R B4R
FRERE [7] - REREZRT AT AEEEHNEK £
EEREERTE (8] -

RERRRIHREZ - A RORERER
s - By TR R ERERENERERSE - =04
FESEE - AEAWTE T > ML TR = - MR =
FASETM - AR B bRy RER BB A A R AR B AT
X BREBENRBEAEREREE AN EELORE
%

=~ AR A

(—) HEE®

RHAREETE-80 CEIRIREE PRV R EARE I - (EFME

BV S ER - PR Luria Bertani (LB ) [ERERFEA |
FHREERCER 28 CRIBAET TS - ERORHEEE
BREERNE—EEN AR RERKEEEER2H 3
ml LB R Ras g s e o KsVE B 28 CHy B 5%
& 18 /NIF o BFESERIE - DUt AR E A4
P (ODeoo VE(E ) BB EAVES R 1A &A 150 ml LB
T HE R R 500 mi AR = SR (0 105%180H/mm)~500
ml [Uf = Fey 8 75(0 105x180H/mm)~ bR 450 mi 2=t
T8 (0 40x440H/mm) - TR AR 2 A E SR -

(2) ReREREE
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SR BRIV = AR M = A s E R
PUBHRR | DT 82 200 EAVIHGETIE RIS E - HAK
TR R B E DACE BT R B e - R R
B BEMREITELT R 0.3 ml o (ERFEFAMAIRIVR ENT
IR (B« 24 ~ 48 ~ 72 /NI ) - EUHIEEHYER » TR
EAREREAL -

(2) RERERZEW

B RE AS7E 100 mL ZBE ZBsIEE - - ROl
AT _E - AR R TR - iR
B R R AR TR R ZE IR Z i LB - ZERUR AT Ry
18 /N - ZEHUSERR © RSB RO ST R EDREE
W 2B IEt% o FIB R avGHRE - 5 T BIEIRUR
H RASFLEEEREN LB ISR - B ZMk ZBE
BB OE T BB BB O R R RIEE LIRS
FEA R T VHERERE = o R LR ZBE S IR AT LB
PR OB A RN - DU RUERR LR LM 2l - 77
LB ZPE5E R RO E TN R G R AL B ST
TEEEE b 10 ml ZEEhIABEOE B R ERE RN K -
{5 UV-vis SEREEIIE S EARE R AE 575 nm HYEOERE - F
PUFY 61485 (extinction coefficient) & = 56.01 mL mg-1 cm-1 »
SIRROARRERIRE [19] -

() EXrERMEBH (High performance liquid
chromatography: HPLC)

{5 HPLC %4% (Hitachi, Tokyo) Ei Inertsil ODS-3 &
(£ 150 mm - A& 5 mm » GL Science, Tokyo ) #E{7%:
AR ZR B < BN A B 196 FHERAHEL - JRENH B
FH 100926 ZRg4HR - FER Ry B 0.2 ml o SFEERERPAIT -
LOREREEABER /£ 0 2 4 778 [/ 90%iE)
FH A 811096 EH B RS » 1£ 4.1 2 30 738 - LRI
SRENTH B HYREEH 10965 88% 4% B 1£ 30.1 % 31 7§ -
REREIE B AR 88%HE 12 100% » £ 31.1 % 35 77
2 - [ 100957 B - 1F 35.1 % 40 73 $EKERENHH B AR
[E HT 100%&3 4 1% 22 0% » 7 40.1 % 45 53§ - {#H] 100%
SRENH A TERRETE < ESSE IR - FERTRIRR I E AT -

(—) $ERHEEGER e R
SOITEE LB ERSEE MPREREE - LR
1 BRI - (EREE(G 48~72 /1N - ANBRC

PRS- SR EOARE L ER R O R RN B EAGUKTE
RORHREFERDHR®R > GRS EERRE A g
AR HtEEARAERIROREERTEEN R G
RE R GIRAEIEAN - £ LB RS EEN © BRE
WSO PSSR EREASZEEE L - JURERR > K] 3R
FELERSNFHEEHEC  METERAERED 1R
BERATE R R T - AR B N B A R G SR
—ER O B ESET AR ERRANERT
REE AR ERA BT R (& 1) -
(Z) BE=AM - NI =ASTH - DIRERYEIIR
BAREEZBR

TEARRTEH TR FEER T A EEE R R 6
RHREENPE - WMBEE=fEHEYEEsE =
AT - M= - DUREBAERE (E 2)-
e = AP AR ETE (B 2A) - M = A mAvE
HA = (ENE ([ 2B - FFEHFTR ) & MIE = AT
BRI EFERE NV EIR G SR R A AR R R
B > HEMR NS BB A 22 SR -

REBAEE B HHEERY 72 E AT R A R
ZEHHEERE (B 2C > si#ATR) - fTRE R R AR H
B R R ) R - el

REENELEE

B 2 ERE=mAP - Mm% - DU REERE
EREE S

ul



A - FE  FERERRENRORER L BRI

19

DIRRAE IR SRR RS HEAL - PRUILHE =~ R REBEIEE - AT
HEHRBEAERERNRE R 430 mm BRNIYERLR 35
mme & A (B E T 28 THERA — @22 040
HATERIIAE - EAZEFRAVER T - ol F R0
AURFAIEZE(E » dE R 22 R PRV A R AEE T
AT DEFT B R A B A R b e SR R T A (AL
0.45 pm) > MEIEEFRZZ AT AVGLEY) - A5 ERHE A ZE R
BABEEETREREER  TUERSEEE 51T
REHA AR 2 (E R BB RSB EAE
HIR RSN [FING - EiE B )72 - R FR R A R
& EAEENREESHEENERE - B 3 fTEHNER
BB ERAHEERE - SEEEE T H%EA 150 ~ 200 - 300
LUK, 400 ml 858K » FIAGEITRORERE - SRR
45F 400 ml B ERAVERET - fER5E& 72 /NIRRT AR R
EOREE -
(2) TENEEREHRORRRERATTE

WIlE 4A P - FEBIARRTER S 6 /NI - S 2 (EARdE
=AU - MR = A - R REBEAEEERN - &R
AR B A FR R E (R = A - MR =
T~ DURCGREBREINEE) » 0 BAE S 8 (A B E L
RHAB)HIIFEES - BT ROARERIZEIELE R 7 < 74
FREFERIES - BE5E 8 /N fERBEAEE AN
R A ORGSR 2 22 (ODsts = 0.5) » [MAEERAE=F]
SR SR MRS = A RA - AAE IS S ER R & -
TERIIRREEIR S 10 /NRF - fiEsm S AEREE = Ao - [MIfE
=P - SR RBAEREN  BTHERERER
ERBAEHRENEORRRER RS EXEEME=
A > AR = Al A B i (K - (ERRIBRT B R
% 24 /N ERBAERE AN EERERE RN
=iy (ODs7s = 6.46) » AR = AT AT & (ODsrs =
4.83) EIMEMIE =S E R (ODsis = 3.73) » 5Lt
SERMBETRBEAERERERORE TR ESRE
fE%E - HHERBMERSH - #3%  RITEEREERME
HRgE =R EENRORERERNTE - WE
4B For  FERIMGETEIES 48 /N ROIF R R E B iR =Y
TR AE AR EEE R AR M = s E Bt
A=AV ER - BPEEE 72 /N - fERBEAE
HENNWEERERERLER RS HIOEMIE =P
W) i/ VIRAEREE =PI - DURE(A% (extinction

Absorbance (a.u.)

Absorbance (a.u.)

430 mm

35 mm

—

'
~ ‘s
1+ 3

2 a8

- - :
2
' l 5
- ™ )

3. FEBEE S RI4EA 400 ~ 300 ~ 200 ARz 150 ml
BRR(HEER)

]

—— FEAERE
—0— U=k
- S

T T
15 20

80

0 25
Hour
8 |
—— SRAENE
—O— iE= T
T BTN
0 ZIO 4I0 GIO
Hour

4. RERERETANERRNENER
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SRR EREEAR
¥ o G REREREXNERHENNECEEZIRER
188.4+11.6 pg/ml > 7 [MIfl = AT R N AR RS By 146.012.2
ug/ml > FEAEEE = FESE AR fs 132.141.8 pg/ml - £
IFEEE > (FREER 48 /N\RHIVER OIRFE R IRE R
72 NIRRT R RAYREAENT - IR AT
DIREBEA B E TR ORI E - [EREEIRE 48 /N
HEITREATE R > oS ERRAYEAERGS -

BAPTE BRI AR = A S T B [ = ST R
R RN ERIHAEA K A AEE = AR E 2 &

coefficient) & =56.01 mL mg-lcm-1 -

ZEEME=AMTNERES - ROEEELER OISR E
FRIFFREER - LI = P Ay SR A B (oxygen
mass transfer coefficient)LbAZt: = M RN S » FFEE 4
EEHROIFEER AT RS FAIRALL - RIS R
BrEf B R OREELEZOREENANE -
Yang % A (2007)ff FH L% & Pseudoalteromonas
luteoviolacea Zf & SR (ORI - S5 IREHEISE (agitation
intensities) S IS &R SR AR RAVAE R > MIIAVEER
R AE 0 F1 50 rev min—1 FEE e 4F 150 B4 200 rev min—1
FEERIE T - ROREREHKES T MEEEHRE

A 2.0 ]
1.5 E
. EE= AR
1.0 1
0.5 | 2
1.0 _ - A
R R R N R R N N N N N R R R R R R R RN RN R RN RN
0 5 10 5 20 25 30 35 40 45
Retention Time (min)
1.5—:- _ o 1
- LS =EERm
1.0 E
0.5 1 2
1.0 __ L I
B L L e B T L R T B L e B L O B T L e e L L I L T e R R I N N N R NN
0 5 10 15 30 35 45
Retention Time (min)
c 2% 1
1.6 —: 1
- gEAERE
1.0 1
0.5 ] 2
1.0 - L A
R R N N N N N e R N N N N R N N RN R R A AN R RN NN
0 5 10 18 20 25 30 35 40 45

Retention Time (min)

5. DL HPLC 3SR R R
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RERRK  RORERGREERERRE  (FE RN
MELENETRER AMENECERRNEER ME
[32] - MR ERER TIRIEER > BEatRA T GZE
MEEERMEIIRORERER  FRE DTS
HH -
() BAHPLC TR eiRHREHER

RHERRARE = A - [WRE =i - DURGR R =UE]
HENEENZORER TN AT ERET  #ETRH
J@tfr - WGE 5 Fror > SREIRE R BV 37.5 St
B T DA EEE R - AR = A ~ VIR =i
i~ DU R AR A B R R R R A EILEL R 1:1.58
244 HIGERERBABRERLERESRENEORE
=

FEE 4 1> DLy et E BN ER B LU HEETHE
HI S EAREZRREAVHEEER B HPLC (IS5 & GHIR
TCEFTEEHVR O E R RELLE N HE BRIk D
YRR B R E A AR AR TR AR R RO
B FEZMETENBY SRR MAEE R A5
ZEIAFEIE R TICCE M A HPLC T B HUR fHY
RORERVER > GLURBRERURTHIME - Wit
HPLC s &R EER SO R R HH#E
HZERUR TR CARERBOLEFEE 2R - #EREM
HPLC syl {bAY R AR R RIS BV BER R Rt - HLLy
YO B HEENEERURE R A NI ERF SRR O E
ZHHBEFTE S (RABE RO E R ENERUR T HYR
EEERIOUE - MARORERRERERE [9] -

AT NAVERZEHEHY > 4F HPLC 537t > B T LR af
WE - HEHS—EVBNEY) | FEEOFER (8]
FEFAT AT B o A SR TR — oy N U AR 41.0 Sy
B o BRE= AP - IR = A - DUR B ERE
H#y HPLC [ElzEH KR OFEH R ER RSB EE
EhEARS  HEREOREOREER 10.37% -

REROREEREROREREVGHAVEIEY) - H

R ORE RN ERBEELINR P ERA —EE R T
[9] - FEEORHRERORHRAAMVERAT ET
DUEAIPTEERAE - AIAHTEEDT AL SR ORER
& EBCRE AV PIEA - HE R A i EE A
[31] -

K% B EHEERORER IR ORERAEY
EER (ODsrs K& ZR IR ZR/ ODsrs REMRFH R ) FEIRAE=
A ~ M =M - IRARREREN S HHE
[ B ERiERRE T g ELf RORERER

CIREERAHEHEER -

I~ 55w
RV ERATREUR » DL 150 ml AVRSEIRAR A T5
EREERE REAEEEL TS E T F AL =AY
ECEMIE =AM EE SR ORER  REBEAEE
EEEEN > TEERENEERENREAENEE &
R EEBRERNRORE R SIE AR
CIEERITEY)
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