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Abstract

Microbial colotants produced from Zooshikella sp. were developed as a reddish dye for fabrics. The
reddish colorants were extracted from cell mass of Zooshikella sp. using 100% ethanol and were identified
as prodiginine by 1H-NMR and FT-IR analysis. Microbial prodiginine had a maximum spectrophotomatric
absorbance at 530nm and were chemically stable and 30 to 60°C. The microbial prodiginine could dye
natural fibers such as cotton, silk, and wool as well as synthetic fibers such as nylon. The maximum K/S
values of the dyed fiber were shown at 540 nm with a color appearance of RP (reddish purple). Silk and
nylon had an excellent dyeability among the experimental fibers. The optimum pH for the dyeing of
experimental fibers was at pH 3.0 and dyeability was improved as the temperature increased. The cover
change of dyed multifiber fabrics with the microbial prodiginine were measured after washing with
detergents and a dry cleaning solvent for the selection of a proper fabric against microbial prodiginine.
Among the experimental fibers, silk and nylon did not show significant color change after washing.
Therefore, under the criteria of dyeability, silk and nylon were excellent fabrics for being dyed by

microbial prodiginine.
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Fig. 1. Chemical structure of prodigiosin (a) and cycloprodigiosin (b).
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Table 1. Fabric contents of multifiber fabrics #43 testfabrics

Fabric Nu

Materials

. Fibers Fabric Number Fibers
1 Spun diacetate 8 Spun polyamide (Nylon 6.6}
2 SEF (Modacrylic) 9 Orlon 75 (Polyacrylic)
3 Filament triacetate 10 Spun silk
4 Bleached cotton 11 Polypropylene (Polyolefin)
5 Creslan 61 (Acrylic) 12 Viscose (Rayon)
6 Dacron 51 (Polyester) 13 Wool
7 Dacron 64 (Polyester)

433 -



50 Bt=0lF8l5| K| Vol. 35 No. 4, 2011
Z2He BFZ A oA R E9 ErdAte] FAMAS Tabie 2. Effect of different solvents on extraction of
N f Z i
2 23l obehe] Kubelka-Munkdo] 213 A2 ::)d colorants from cell mass of Zooshikella

ek o) dfre) AAEEE ZYshe A Fu o
o s} &} [ O 13l & 2 o i
BE 2 AR KiSUE T F A9 s e = wr——
= ylALe & 7 L. I A5
e Bg AR o) ARFL BASA ot 100% %
Y 100% 756 90% 47
K/S=(1-R)y2R
80% 796
60% 185
K: gHE F2AS o -
S: @ E ) AT
R: QAL FIUIALS 20% 19 Acetone
S CETE Ethanol 100% 185
T gaE 4o TR ERIAAS o8 A B G o e
- - 80% 789 60% 114
sted L*, 2%, b*, K/SEho = 24320, ALY, Aa®, 60% 1 40% 90
Ab*ZEE FAF ARl 3 FUsH R Hgo o “6 o -
e AR FeAt. o|of o] 3R gtE o8-8} 20; % o - ”
o] A% (Chroma, C*=((@*)+(b*)) *& A 2+atgic. ’ cxane
5y NEl) ot MxfE 7t ol HEARS 3 A M 2L NAFESES Y
Aol g ARt GHE RIS 2 Rk od Aste Alel 243 GFH)S
7t G AA Y Edtol 2 M% Helshod M7t Mo 22402 AHE 4+ doke BoM AA
AU A28 S48k HE ARSE e AR 2AE H48 & AL BT o, Mg FEF

R

22 AiiE oz vwsidtt. & 4E A XE
E 25mlol EAAA 25miLGRAEAT, Bz 2 B
25mlol| =gpolge]d 84 (perchloroethylene) 25mlE
Eget Ajgrelel] Wu 30°Ce) wigrlelAl 1417 B9t
120pmO 2 HeAIZ] &, g2 Eo] vh& wj7hx] 24
St ARAIA A AFe] AAtolE vl st

o
x

.

Im. Z3 -1

1. D| M & Zooshikella sp. M 22| &

A8 Zooshikella sp.2YE 59 4y 59
Mol ZAE 4T A3, Bold AN M40 E
o] AL <Table 2>9F 7o) §ujo] FHef wet
zbzt 2A Ytk 23 AikE $uE 3t F
E3 & Ao NaY 5 AT} ol v Yet
FoEM F4o| T Eolut H][FA] B& it
Ae vAE AEZREH MAE FE3U0T o8
= A& ¢ 7 AUk vBE Zooshikella sp.2HE
Aol 7 & He S 100% AE-LE, 80%

g, 80% obAlEol e,

1_.

o] FlA 100% ol &t

—434 -

Fol A} BHoE $018 AS MY 5 gone
AAHR HEAE 32N + Urkn skl 2

ApoM = AR HERTEH AALE F5 A 100%
&S A8t Shirata et al.(2000)¢] ©AE
Janthinobacterium lividum®|4 B2l 9] violacein 4
A2 FF Adde 50% eSS AMSSIL, T E
Chromobacterum violaceumd) X M AZE FE3 A7
A 80% oM BN MAaFEEo] AUF R EA
e b (@S5, 14445, 2009) £ A9 d3ele o
2 2ol 7t YAt o) 9} 1 A= Janthinobacterium
lividumd, Chromobacterum violaceum, Zooshikella sp.
o] Z}7} thE v EE ¥ glety 2ol thE
7] WEolela F3E 4 Uk

2. M8 Zooshikella sp. 42| BE2|SI& N S4

I) Spectrophotometer® A7 8t 2}

U A& Zooshikella sp. oM &3 Mie] AFE 9
3 o FREE 2] A SRS HAE 5
&, spectrophotometer® 7H334 W 9i¢l 300~700nm
2 2709 E A3 <Fig 2> 2ol AU 4%



012 Prodiginine A14-0| 2p|5I81M E4

=1}
E-

Hrasy 51

<
v

oD

AW

R EERES SN S 2 51

NgRPEAPEELY Hemwon NeEg
PRSP S ES PR R IR S I I SERER R R
RRAGRIARARREGIITITIINGLS & FeEERRT

g »
£AREEzNGELER
B ET RSP ER S S 10 § 5 R R S0 2 1L ¥ 3

g
£

Wavenumber (nm)

[©23)

y=0:0337xF0:024
R?*=0.9998

12 /
1

S3onm

'
13 20 30 40 50 60

Prodigiosin (ag/ml)
(b}
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Fig. 3. "H-NMR spectrum of microbial prodiginine from Zooshikelia sp. in DMSO-d; solution at 300 MHz.
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Fig. 6. Visible scanning spectra for microbial prodiginine at low temperature {left line) and high temperature (right
line) from Zooshikella sp. iow temperature: 4°C, high temperature: 30°C.
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Table 3. Hunter and Munsell values of multifiber fabrics dyed with microbial prodiginine from Zooshikella sp. for
1 hours at 30°C.

a* b*
Spun Diacetate 64.69 51.06 2.64 8,69RP 6.30/11.33 3.70
SEF (Modacrylic) 62.12 42.72 732 5.01RP 6.04/9.59 2.15
Filament Triacetate 68.53 38.71 1.09 8.64RP 6.69/8.49 1.61
Bleached Cotton 64.77 4493 9.66 4.38RP 6.31/10.22 218
Creslan 61 67.04 42.02 -8.50 4.55RP 6.54/9.45 1.74
Dacron 54 {Disperse) 67.56 3933 -7.74 4.79RP 6.63/8.41 1.36
Dacron 64 (Cationic) 65.28 40.65 845 4.53RP 6.36/9.15 1.77
Nylon 66 62.17 50.23 3.49 6.75RP 6.05/11.26 3.75
Orlon 75 (Acrylic) 66.58 4326 -8.04 4.79RP 6.49/9.76 1.63
Spun Silk 60.51 55.68 -8.83 5.11RP 5.88/12.59 4.91
Polypropylene 68.81 34.13 -5.28 5.48RP 6.72/7.40 1.19
Viscose 66.30 38.91 -8.75 4.34RP 6.46/ 8.72 1.51
Wool 58.07 49.50 -3.34 6.74RP 5.64/10.98 3.58
Wk £§ v/cite] 2 E AuEd, Ve 2= <Fig. 8>2 92 pHE 3,5, 7,9, UE 2z
5.64~6.722 JER1A CIEY] L*33 vibixlg &2 FALEE 30°ColA G AT DFFH(K/Ssiomm)
E AR SHE o HrE Yoy, cge A & vepd Zolth, g} Ai7F 2441 pH 39
froll et xfolg Be Ez2dd dhe A ZZ0)A GaFeFe] 718 B2 pH S, pH 7, pH 98] 2
£ Bl whE Adfe ZAEE HET AolMe GAZFY Apol7t A WA G AHE B
o0 24 vAE prodiginine ) iE AT F4
2) pHeE 220l| HE ARy oA dHe] He Ag & 4 AU pH 119]
HAe] pHS & }E HHRAX AF ke o gy 2ANME B AR gF g gAs)
A3-g iy o2 vwslr] §)5hed nlA)E prodiginine E AHE RAFoEN da4e] 4] && R
A2 02% owf, AH] 1:50, BAA 7 308-9) 271004 vrebgt. oo} e Ashe e ZAd )
G 24T AFe <Fig 8>—<Fig 9>} 2ot A, 3ehe, 200601 FEA Afol tHE Lac 5
3.5
3
25 = pH3.0
¢ 2 - B30
: 2B ilo
v L5
1
0.5
0 : . ) N
%&d’& N & \%@@@ Co\\é‘ @&0@ @-“&? 4@(\@‘ @\bb\cef\% & é\g& ﬁ}ﬁ“” &
AV RS &< Qﬁ‘ & & o o\é’éo
Fabrics ¢

Fig. 8. K/Sss0nm values of multifiber fabrics dyed with microbial prodiginine from Zooshikella sp. according to
different pH condition.
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Fig. 9. KiSsionm values of multifiber fabrics dyed with microbial prodiginine from Zooshikella sp. according to

different temperature condition.
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Table 5. Color changes for multifiber fabrics dyed with microbial prodiginine: Commercial detergents

a*

\fier | AL* | Before | Afier | Ag* .
Diacetate 65.39 65.67 -0.28 44.95 41.41 3.54 -4.58 -3.56 -1.02 | 6.13RP | 6.49 RP
SEF 62.77 64.83 -2.07 40.96 35.41 5.55 -9.67 | -10.66 099 |4.19RP | 345RP
Triacetate 66.01 70.23 -4.23 37.78 | 30.66 7.12 -3.99 -4.35 037 | 625RP | 594 RP
Cotton 64.25 66.74 -2.48 41.83 3338 844 | -1246 | -11.60 -0.86 | 3.38 RP | 2.89 RP
Creslan 61 64.97 68.52 -3.55 39.98 34.35 5.63 -9.83 | -11.83 2.00 | 4.06 RP | 2.87 RP
Dacron 54 64.44 68.94 -4.50 37.31 31.96 5.36 -10.02 | -10.74 0.72 | 3.82RP | 3.06 RP
Dacron 64 64.12 67.08 -2.96 36.94 33.20 3.75 -8.89 | -10.68 1.79 | 419RP | 323 RP
Nylon 66 61.42 62.97 -1.54 47.55 45.15 2.39 -5.83 -8.55 272 |574RP | 470 RP
Orlon 75 63.61 63.85 -0.24 40.87 37.99 2.89 -8.60 | -12.78 4.19 | 450RP | 294 RP
Silk 57.19 60.27 -3.08 55.48 53.50 198 | -12.14 | -11.87 -0.27 | 434RP | 427RP
Polypropylene | 67.79 70.04 -2.25 3292 2843 4.48 -6.44 -6.00 044 |4.84RP | 4.84 RP
Viscose 65.60 68.37 -2.77 37.60 29.31 829 | -10.18 | -11.40 1.22 | 378 RP | 0.00 RP
Wool 54.35 58.00 -3.65 47.60 44.90 2.70 -5.78 -5.18 -0.60 | 588 RP | 5.97 RP

Table 6. Color changes for multifiber fabrics dyed with microbial prodiginine: Perchloroethylene

L* a¥

‘ After AL* Before After DNa* Before | ;
Diacetate 65.17 69.55 -4.38 5136 40.16 11.20 0.44 -2.37 2.80 7.96 RP | 6.99 RP
SEF 65.49 76.88 -11.39 41.57 17.93 23.64 -8.47 -4.77 -3.70 | 4.55RP | 534 RP
Triacetate 70.57 77.49 -6.91 34.84 24.76 10.08 0.64 1.70 -1.07 | 8.64RP | 0.81 RP
Cotton 66.55 71.76 -5.21 42.58 2545 17.14 -9.81 -6.79 -3.03 | 419RP | 429 RP
Creslan 61 70.31 78.57 -8.26 39.15 18.71 2043 -8.39 -3.88 -451 | 442 RP | 6,48 RP
Dacron 54 70.19 8227 | -12.08 37.60 15.28 2232 -8.79 -2.00 -6.78 | 421 RP | 9.78 RP
Dacron 64 67.98 77.01 -9.03 38.76 21.28 17.48 -9.44 -6.89 -2.55 | 408 RP | 3.86 RP
Nylon 66 65.32 68.90 -3.57 47.34 39.00 8.34 -4.68 -6.09 1.41 6.13 RP | 522 RP
Orlon 75 68.96 75.14 -6.19 41.19 2341 17.78 -8.81 -5.95 -2.87 | 439RP | 4.63RP
Silk 63.34 65.93 -2.60 53.56 45.47 8.09 -8.64 -7.83 -0.81 | 494 RP | 487 RP
Polypropylene | 69.18 79.08 9.90 34,29 15.15 19.14 -5.35 -4.29 -1.07 {543 RP | 6.10RP
Viscose 65.39 71.87 -6.49 40.76 21.83 18.93 -9.24 -6.70 -2.54 | 428 RP | 4.02 RP
Wool 56.91 67.75 | -10.84 49.94 34.48 15.46 -2.90 -4.42 1.51 | 691 RP | 597 RP
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