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Abstract: Indigo is utilized in various industries including
textile dyeing, cosmetics, printing and medicinal products and
its reduced form, leuco-indigo, is mainly used in these pro-
cess. Chemical reducing agent (sodium dithionite, sodium
sulfide, etc.) is preferred to use for the formation of leuco-
indigo in industry. In traditional indigo fermentation process,
microorganisms can participate in the reduction of indigo and
thus it has been known to reduce environmental pollution and
noxious byproducts. However, in fermentation method using
microorganisms it is difficult to standardize large scale pro-
duction process due to low yield and reproducibility. In this
study, we attempted to develop the indigo reduction process
using microbial flora which was isolated from naturally fer-
mented indigo vat or deduced by metagenomic approach.
From the results of library analyses of PCR-amplified 16S
rRNA genes from the traditional indigo fermentation vat sam-
ple (metagenome), it was confirmed that Alkalibacteriums
(71%) was distinctly dominant in population. Some strains
were identified after confirming that they become pure cul-
ture in nutrient media modified slightly. Four strains were
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separated in this process and each strain showed obvious
reducing ability toward indigo in dyeing test. It is expected
that the analyzed results will provide important data for stan-
dardizing the natural fermentation of indigo and investigating
the mechanism of indigo reduction.
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Fig. 1. Redox reation mechanism of indigo.
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A} gttt o] & 9138l metagenomics®] A5 2 Q HIHO 2
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indigo $H91%-2 FeIFFo. K4 HEH Q)

245 2y
21. N2 € ¥R

Aebd e Ua=9f & A A M Alol & (Polygonum tincto-
rium)®] AEHEE Sl W= HA T Aol F == 2008
d,20109 AN AA o] 2 %] oh= 2009 H o5 -70°C
of Hyte e = Al &= ARg-skAT. G dHlAl (1% Trypton,
0.5% Yeast extract, 0.3 g Beef Extract, 5% NaCl and pH 10)+=
2N NaOHE o|&3}o] pHE 2435}, YPA Hi A (0.8%
peptone, 0.3% yeast extract, 1% agar and pH 10) 2} YPD ]| Z]
(1% yeast extract, 2% peptone, 2% dextrose, 1% agar, pH 10)
+ 100 mM NaHCOS®} 100 mM Na,COE ©]8-35}o] pHE =4
shic. WE WAL 121°Co) A 1583F B 5 Agah et

22. AZ &¢h QN9 metagenomic DNA &

Bl AE 9fsf Aehd= ol A A Aelol Polygonum
tinctoriums HAEZ 0] W o & Wk g Al A FMo] iAo
2 o 2oi7l Az FoAG WETHL A o GAo] =
OFe wFE o) S 717} o $-atgirh WE HhE oS 70°Co] 1T
B e 2 A S et 27ke] WS 13,000 pm
of| A 1027 YAl &2l ko] &530.1~0.2 g9 pellets DDW
5mLo]| AEGAZ Tt =% sample | mLE X € Wizard®
Genomic DNA Purification Kit (Promega, USA)E A}-8-3}¢
genomic DNAE FZ3}91t}. o|uf co-precipitationo] 23
DNA ¢4 733l protein precipitation solution | 2]
SHA] ¢kQtth. %3 DNAE 16S rRNA G422 S5E35}7]
9|3t % DNAZ AR5}

2.3.16S rRNA §-AA groj B & 9 7149 &4
) 34} 91 universal primer¢l 27F (5’-AGAGTTTGATCMTG
GCTCAG-3")2} 1492R (5°-GGTTACCTTGTTACGACTT-3")
S Apgalo] 7t urE ol o 2 R E| 8153 genomic DNAS 7
% 0 & PCRE ©]-&3 16S rRNA & HA}E = Z35}9th. PCR
HE-2-2 Taq polymerase (1 U)E ©]-8-3}¢] 54 DNA 0.3 ng&
A 718}t 10x Taq polymerase buffer 1 pL, 10 mM dNTP 1 pL,
8] ZVZ+9] primerE 5 pmol A7Fsle] AA| 9Fo] 25 uL
EA 435} th PCR 2712 95°Col| 4] 105 denaturation,
95°Col| 4] 15 denaturation, 58°CoJ| 4] 157} annealing, 72°Co]|
A 1.55-7F extension/25 cycle® 3}t S5 16S rRNA
A= PCR Clean-Up Kit2 3|43 &, pGEM®-T vector
(Promega)$} T-Blunt vector system (Solgent, Korea)ol| 221

o} ofuj |4t 452 XL1-blueS o] §515ict. B2
SHAl= 2% X-gal agar HjZ|of] =sto] Sl 22U E A
3, AN AR §7 0L T o AEe ot

22} A clones LB A v <] of] v ko] DNA purifi-
cation system (Promega, USA)S AF-8-3}9] plasmidS A A5}
Aot BAE plasmid= A 4% 2H712] 16S rRNA A4S
PCRE A Z5Z817] §18 2902 o goisit. 2 44
A= Sau3d T A EAE A2t 5, gel Aol A AH | =27]
A7 O A 25 A 974D B0l o] g8
Arh Ad BEAoj= pGEM®-T¢ T-Blunt vector®] M13
primer (F5’-GTAAAACGACGGCCA GI-3’, R5’-GCGGATA
ACAATTTCACACAGG-3")E o|-&3} 3 t}. o o] 7 sequence
+ BlastN (NCBD) o] &3l & ot 53} H|aLsto] 5749
ol g5t3ict.

24 AFLE QYo AASI= % 7t 2T £ L F
3
W glole B4l 2% 7hed Belvl Absw 258 )
oFel7] 914, 165 RNA 42 o] &3 37 57 222 u}
g0 7 JoFul A (1% Trypton, 0.5% Yeast extract, 0.3 g Beef
Extract, 5% NaCl and pH 10)E H g 3f o] &3} ek daHS
3|4 v gof whef G Aol =staL, 30°Co| A 447k vl
opstoict. 3tk o1t QR AFE Al indican WA
(indoxyl-glucose) 5 §ta O &2 ALg-slo] B4 7ha3t 5
£ A7) 9l M9 2 G Ful Al ol A 2 2o = ujek
stoich wjebel 2 Qv EARA Aojof et H%
B U4 2 A,
g dof o 2 RE ujeFE 4F9] F55+= colony PCRE &
5 165 IRNA 9025 S E5}o] 4 BA F, 540
gick. E3t B2 £ 99l A2 - Askeba S4
BAS Q3 517] AelS 2845} o). Gram-staining?} KOH
testS Fo) 0] EAR AL Wstelch. T 7o)
52 A8l 93] nutrient HFH[R] (0.3% yeast extract,
0.8% peptone, 1% agar)©f skim milkE 0.5%7} == H7}
stol & wersisict. wol Ao FAE Fua Bl
10% HgCl,/20% HCI -§- & 7}stof 71| ¢lofl th gt o5
so1akglch. 715 181352 8H137] 913 nutrient 3 7 7
o)) 0.15% soluble starchS 7 715} 0] 8] AE vj 2| & A 25} 9]
o A o] & 9T ke T iodine £
22y #u0] Yojme) =uiet slo] YHHLAS Fa)
Aok ZF oo Aetelof ek 8l 52 vk 2ol glskal
o} A E]A] (12% A 2HE, 2% peptone, 1% yeast extract,
2% dextrose)S 15 mL test tubeo]| 3 o}, WF-2 0]-8-5}o] A
ehel v 7heu] & 43 Mok 20-23°C)st k.
g% wet A AP = e s S Aotd 2els
< 15T Catalase testi= 3% TFATSt= A5 FH] QFH <]
1097} =2 Egete] 7o) A4 o g Bl
30°Col| A] wf ¥t Bl x| Z2Y ol TSt AN (3%,
Sul)ye H7bel 7122 478 of B2 22183t Cytochrome
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oxidase®] Hd f-5-= nutrient %l 2] of] F3F o1& 30°C
of| A | 9F3t &, a-naphtol/95% ethanol : 1% dimethyl-p-phe-
nylenediamine oxalate solution &2 1:12 d7}sf| M stz
2453,

API ZYM kit (BioMerieux, France)= t|AJ&E9] G4 SA
(197F )y AARSH] 18l 2 AHgE & E724 A &
£ 570 Foll 48 2 otk 29 4% 220 w2} et
U= 84849 ztolE g4lat7] 98l Rich 2] 2] (1%
tryptone, 0.5% NaCl, 0.5% yeast extract, 0.3% beef extract,
1% agar, pH10)2} YPD 3 T %] (1% yeast extract, 2% pep-
tone, 2% dextrose, 1% agar, pH 10)o) A v} 9¥3t 2 HH=
4 22 0.85% NaCl &9 of] F-J-A|F T} (ODssp =1~1.5).
Kito] 7} 5f-Zof| 150 mLO] 35 5 F5}aL 30°C v 7] of| A
4X 7t FoF v ekt qleh. v F =, kit of] 2Z3HE ZYM AL} B
2918 717} W19 S S AIN F ATE BT,
HhS- 7 2pofl whet 1, 3, 12A417F &<t A0l A HE-g-A] 7] A
o] 55 gl sk gl
25. 408 #52 #49Y 33
Adgto] dojup= M A E Yol A opraet F22
A H S 8Holsl 7] st w2 TTC reduction assay -2
Zg-gstqlet. o] & s v A2 indicans E 3R M9 2|4
Hj 2] ol A 4373t = 4F-S ODgo=2.540.29] SF=E Y
o 7}A] i ¥t -, oA A E (0.1~0.2 g)E Il o] &
50 mM potassium phosphate (pH 7.0, 9 mL)o|| F-§-A]7| 3L
1 mL9] 15 mM 2,3,5-triphenyltetrazolium chloride & # 2|5}
T} 25°Cofl A WEZ-A[7]H AlZEe] whet Al ZE 3] (13,000
rpm, 10 min)d}1 A A= formazan 95% ethanol®] 51 th
[20,21]. UV-Visible Spectrophotometer (UV-1700, SHIMADZU,
Japan)E ©]-§-5}o] FF = (485 nm) gL S5 S &
AL, 2o i+ XL1-Bluet 343} 2HIA|<
sodium dithionite (Na,S,0,)E ©]-&35} %t}

o 3™ =4 9] ot 2 Y S 2 indigo-carmine 7| A 2
o] &3ttt A 714 ¢ indigo-carmine2- &ofl &-3f = H Ko}
ST YS Uetl e, S b o 7 Wk 54
= o838 g AEsket AFEET o] & f18 YPA
media (100 mM NaHCO,/Na,CO, 0.8% peptone, 0.3% yeast
extract, 1% agar and pH 10)°]| 4.3 mM indigo-carmine©| 3§t
A& AAreklet [22]. ZF 9t 30°C @)= 0 A 3
7k ujeFatm w2 o] M4k HtE Fof Y o & Eelst

ot
26,29 @Yo ol FHAY L 9 5

o] 2lH #FES 0|83 leuco-indigos AYAHSH
A5G GGt W o & A A8 7HsA o 2 &9ls)
t}. o1 5 913) 0.2% Na,CO, (pH 11.32)8-% 35 mLof| g4 <]
o1 0.25 g& H7hetar vjofe & H7hete] 32°Co) A whg-
A Zct. on AREEE 9HY Y al= AlEE<l A% (Indigo,
Vat Blue 1, Aldrich, Germany)2 91 5}o] AF&5F4 Tt 2F o

i

>
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< YPD (pH 10) A 8f 2] o] ¥ &3} ODgop=2.040.1 =23k
Al o A FAEE (10,000 rpm, 4°C 10 min)2 3]~} % th.
RE o] A%, B4 vl 7122 30, 60, 9, 150
mL (dry weight 20, 40, 60, 100 mg)= L}+o] T o] 25
QUSRI 2t Hhgole ah5o] ghul Y inverting S %

S =S B9, WA T 00 hof o
Eolgict. QA AT o] w01 g oA B ool
Hofl 202 Fet HA F, 37| FollA Absh HA, 524
0.1% OPHEAF 2§00 2 102 Z3} 5 7125} Th. A3t
Z &2 M2LA (Color-Eye 3100, Macbeth, USA)E ©]-&3}9
A} Soapel A9 KIS 20 2 TR S Bk

ox Mo 1

o o >~ o ok

3
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3. ¢80 2HE FE3F 16S rRNA gene library 5
oA E o A4S el HE A e &5 A
A Faoe GA o Aduffof Aakglo]l B e =4
(pH 9.11~9.6)2] E4< AY L 1ol = ek Fnld
A& (FEY 405 ml)E AHEY e o, HeF0.1~02 ¢ 7

= o dglen, A= 9
YoM Maet Wier s Festdle ul 1.25~15
ng/uL (total volume 100 uL) genomic DNAE &35} 4th o
Abol Ee| g ol A Bla o] FU o2 A4 H protein
precipitation solution-g %] 2|3} x| ¢F9)7] wfj Fof] =% HAk
o= T A-S Z3e EwEo] X o oot whEkA &
H HARS 75 0 2 16S rRNA gened £E317] Y3, Al &
£ 34 (1/10~1/100)3f PCRZ- =3 3F¢ith. 242 (A o] &
A3 18R 9re )] HElo] A UL 168 IRNA 4
A5 F2 0] £0]38t commercialized TA cloning vectorE
AR50 library® F25Hch. 4123 87 pool X-gal
S o] &3} oF 290071 9] positive clone 1212 0. & &5 3}
%L, insert®] A|FtA 2 (Sau3Al) A 2 o] wE HH o] A7)}
s el ol weh % 407} 2] subfamily 2 S 53] FE24 0] o] &
sheiet.

32. 08 S8 MY B4 o LE 43 4

A7) Ao A 2E AEH 407 S22 Algtaa A A
A gjelo] 72 7+7+9] subfamilyS th T 4= Q=R 99
2 A48 subfamily 5HLFS] SR A 0 2 Blat 7, Ao B
A& Aestgih doj 7l d7] 4 8- BLAST N (NCBI) Z=
7138 0] 83 database (GenBank) A2 & #+FE3} con-
sensus sequenceS H| w5h= Y 02 FAof o] &35t B
A7 A W0 5 Q0] /15T W o A= Akl
bacterium©] 813 9Tk WAH e FEo] ¥ & B4
5} 71% Alkalibacteriums; 14% uncultured bacterium clone
ambient alkaline (clone NN2-1), 128|321 YHZ| 52 35
%025 Bacillus7h AE 590 L} o] 9]ol % chopat ey
Folut 0|3t F50] SHIE A (Fig. 2). QAo E14] et
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Fig. 2. Phylogenetic tree analyses of representative clones from the
sample of fermentation liquor based on 16S rRNA gene sequence
analysis. The clones from the first fermentation liquor (successfully
dyeing sample) are analyzed in this figure using Clustal W program.
The most dominant genus is underlined.

G FHA T B A= uncultured bacterium clone ambient
alkaline®] T =2F 50%, Bacillus A B o] 30%S 2}A| 3} uj-$
A5t & HEFHA o] TahE] 9t} (data not shown). LA <

oju} FFol= FA I of A v A ST (A A] Gk A ul
Aof| WFE oS =it A} RQIE A okokth). A4 A 4E
< GenBanko]| 555 ¥ oF5-9] 16S rRNA 4] 23} oJn ‘il
£ A (> 90%)& B9, subfamily U] 5 7ol

I 99.0~99.9%9] =2 *P% S 3 OJOM R *lﬂ** =
QE@ P o]oh;}_ EB‘]' oJ o 7:1 (oal—%hﬂ H)oﬂ ;ﬂzsl—
8wt Eel S £ASHE AL AT EH 25 EAY

ﬂIlO o m{

WEbA) s 4 A3 AR R o He R B 24
itk ol F F7-2 Zeslo] BIH 25 7Hed] 2l v
o] 7t BT AWal] 9o, Wel wiolo] Balahea
o) ST e 24 A4S v o 2 opH A S W

AA sl bg B3 5 AEabg o] o] §5heich. 79
aef, EUl WA o] HEAE ST 5O dTizhe
2| o] b2 B7kst sk 2 E W kool W ol g 5]

fjg-of whel =Eakar 30°Coll A 4U 7t ket o, FAF
202 Mol XY Aol A 5719 #5 (TPL1Y, Tibet-
[Ba2, AC84, W5044, 110-8)2 A& 2= 91 it} %@%%LH of
A o] m|AE AF 3 Arg- ol aA) v x| o] A4 0 =2 Qla| A gt

H wtRte] AMESE = Qe Ve S e, de

B NS A uf x| of 3] Al sto] thA] AA| v x| of] A F5kaL oF
A o) o] el wH A28 v A of] R3] A 8f FH7t ok
w9 gl FEEHEAE s, Fol e
M 2E = AR otk mhebA & Atol A AlekE
Aeuf x| of| A= & L7t FRto] st FE = A& 215k
o}, ol uff v 2fote] thek A e o) Z71E Sl M u| Y=
of 442 Algsh AR ] A= Hasie). A4l
| S HRAIAE 1) FF74 SoEIso 2
Ao AT et 4 A5 AW Skt (data not
shown).

Aedt = Fado) 2o nES AE f A4
AYTE AL Z HEAZ| A QI AL 2o Tho{d 7}
Aol ok AR A9 Vb Ee AE R A E = glu-
cose & ©]-&af Al o] 7Hadt Ao = A Q). o] 7
3} AL slol st Al v A ¢l indicanS $ EFAYo R
7K M9 2| 4Gl Al o] v et w, 470 9] +F = (TPL
19, AC84, W5044, 110-8)7} AAo] Gl 7}-E38) At
£9] indigod] AJA SR 215 FA 9] colony’} 2= AT
(Fig. 3). 21} 0 = 7+ 7FHE3 T 4= Sl B-glucosi-
daseE AUl Qo] FlElon, #5 110-89 F9-+=
X-gal& 714838 & 4 9l glycosyl hydrolase & AJAFSHo]
ol ] Qlek. HA| vl FE Al E (ODg=2.740.2) 5 HH-3-H (50
mM Tris-Cl, pH 7~10, 1% Triton X-100, 28] 1 mM indi-
can)ol| 7}l 3Y7F RHGAIZ & o, 4%-9] o 5=0]l A] indican
(1 mM) ©. 25 ¥ indigo= ] i‘%%i?_} A3 (1.6~33.8%)0] A
g}ol ] ¢t} (data not shown).

4. 229 439 53
Indicanof| th 3} Z/do] &= 7= AEE 47HA] 5o of
o TR A3 S S R S
A3} %t} (Table 1). 941, Gram-staining 23} 25 FA o
o] o] &0l =] it} 3}A 9t Gram-staining2] 7 A 120k
Ao gere o m ANE = Ao} olth B3| ¥4 +
o) Al o] Aol RIEAstm 7-9-of whe} wljeF 7] 7ko] ofsfA]
% &40 BT Ao} olo] Aslet FHEo] o2t u}
ghA] o] gt . FE Helsl7| )3 KOH testE =35} c}.
o2 9l Y] 7HA] < 3% KOH &A1} E3tsto] HAJo| L
Efuhe AlZF F =5 Sl skl KOH testof A 15 W 9
of 73 WAl bt ATHE R4 ORE BEL
A=, Aol o] &H FES BT FA o] UERA] 8kt
ol ERTIALC mae mol obat Ale B EAL
spelgto i meh 4o ABS TG 4= k. Hehy
pH O o] 4te] ezelo] Aok E4L vieo.z 7} o] §
% Aofo] Whgah=z) of 22 sholg 4 9l APl ZYM kit
£ o]&sto] AeedS A5Gt APT ZYM kit A,
110-8, W5044, AC84= H|=3t EAS Holx|uh TPL19=
Aﬂ 7 RS S SR 2 (bl 2). TPLISA S
3t B-glucosidase EAS R R, Y| #5F E5F a-galac-
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Table 1. Phenotypic characters of enriched microorganisms from natural indigo-fermentation vats

Character strain 1* 2 3 4

Colony figment Coral red White Light red Yellow
Gram stain + + + +

pH range for growth 7.0-12 8.0-12 8.0-12 8.0-12

Temperature range for growth (°C) 20-37 20-32 20-32 20-32

NaCl range for growth (%) 0-5.0 0-5.0 0-5.0 0-5.0
KOH - - - -
Hydrolysis of casein - - - -
Hydrolysis of starch - - - -
Hydrolysis of gelatin - - - -
Nitrate reductase + + + +
Catalase + + + +
Oxidase - + + +

Stain 1, Dietzia sp. KDB1 (TPL19); 2, Nesterenkonia sp. KDB2 (AC84); 3, Nesterenkonia sp. KDB3 (W5044); 4, Nesterenkonia sp. KDB4 (110-

8): +, positive ; —, negative.

Table 2. Assay results of enriched microorganisms using ZYM kit

Character strain 1* 2 3
Alkaline phosphatase + + +
Esterase (C4) + +
Esterase Lipase (C8) +
Lipase (C14)
Leucinearylamidase +
Valinearylamidase +
Crystinearylamidase +
Trypsin - - +
+
+
+

+ o+ o+ o+
+ +

+

o-chymotrypsin
Acid phospatase
Naphtol-AS-BI-phosphohydrolase
o-galactosidase - - -
B-galactosidase
B-glucuronidase
o~glucosidase +
B-glucosidase + - - -
N-acetyl-B-glucosaminidase - - - -
o-mannosidase - - - +
o-fucosidase - - - -
Stain 1, Dietzia sp. KDB1 (TPL19); 2, Nesterenkonia sp. KDB2
(AC84); 3, Nesterenkonia sp. KDB3 (W5044); 4, Nesterenkonia sp.
KDB4 (110-8). Culture was performed on rich agar media and YPD
agar media (pH10): +, positive; —, negative.
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ol 53 B4 (45 mM NaS,0)9 FRER TS
o, 471 9] o5 SR A Eoll A Al 108 =2 S = o]
UEbES 84l RO R o] &H A S T2 X
Z o4 Bl aLs} , ZYZFO) 9329 15~43% A =0 2+l

tlo ¥
o

£

F

ot

B} 908t W 0 2 indigo?} GAFSE L2 E 7HA| ), 3
Hol & g4l 1= A A 2FQl indigo-carmine-& ©]-§-5}
o] 471 #59 FPES Hlsttt 4.3 mM) indigo-car-
mine®] Z3HE YPA medias vt A}, 4719 w571 A
ool whet 29 O] v A]of) gk o gho] A = )it 7}
=] o] wet 8o 27|= tEAR 47 +F BF
indigo-carmineo]] T3t =S XYL Q)& sttt
(data not shown).

o

r
-
%

rr

)
)
Iy
x,
)
s
o o L3 Ob

o

3.6. A9 39 indigo FAF] AT AH

ddgo] FEelH Z2] wtFE ol UAI= indigo T}
A1} of| 2-8-517] $13) laboratory scale®] ol A RE A
=Stk AL L) B = A W gl o=
o) AA A Q] ghelo] o] FojHnt. o] = M I aL A2}
B lA H7He 24 Sy Bt H A @2 AE e 9



ot S shHf ¥ 301

Fig. 3. Grown cells of enriched strains from natural indigo-fermen-
tation on modified M9 media supplemented with 1 mM indican as
a sole carbon source. Four strains have ability that produces indigo
from indican (indoxyl-p-D-glucoside). (a) Grown cells on modified
M9 media supplemented with yeast extracts 0.05 g, beef extracts
0.02 g and 1mM glucose as a control. (b) Grown cells on the modi-
fied M9 media containing yeast extracts 0.05 g, beef extracts 0.02 g
and 1mM indican. The two typical strains, Agrobacterium tumefa-
ciens and Sinorhizobium meliloti, were used as positive controls. C1,
Agrobacterium tumefaciens; C2, Sinorhizobium meliloti; 1, Dietzia
sp. KDB1; 2, Nesterenkonia sp. Tibet-1Ba2; 3, Nesterenkonia sp.
KDB4; 4, Nesterenkonia sp. KDB3; 5, Nesterenkonia sp. KDB2.

—@— KDB 1

K/S value

0¢/ T T T T T
0 20 40 60 80 100 120

Dry weight of strain (mg)

Fig. 4. Indigo-reducing ability of enriched cells for dyeing on ramie
(K/S value). The experimental conditions and analyzing procedure
were described in the method sections.
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