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Abstract

The optimal condition for degradation of crystal violet and other triphenylmethane
dyes by Citrobacter sp. SK-3 isolated from the activated sludge of dye manufacturing



factory was investipated. The optimal culture medium for the degradation of tri-
phenylmethane dye was composed of minimum inorganic salt medium supplemented
with 0.5% galactose, 0.1% beef extract with the initial pH of 80 to 9.0 Under this
condition, Citrebacter ap. SK-3 degraded 200ppm of crystal violet completely within
24hours. Citrobacter sp. SK-3 also degraded efficiently malachite green. pararosaniline,
brilliant green, methyl violet, basic fuchsin and methyl red. Analysis of the degradation
products of crystal violet through thin layer chromatography and high performance
liquid chromatography indicated that the methyl groups bound to crystal violet ba-
ckbone were gradually demethylated to pentamethyl-, tetramethyl- and trimethy
|pararosaniline,
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& gl ¥Hol U AdA Y4 AR G5 oW o%F FHHE Aok
et Aols e BwPalgl el W42 o2& 41 E (biodegradative
activity) & S7HN717] $19 277 L AT Rk F, HS P44 F
e M 23 847 LEEAL A4Y 42 sz gla, aFAHE AF U
AEa e du dxFgeaie g e g4aiSE £ 8% L9922 49
slch, oF 10,00050F o495 29 4271 W3 7X10°E o)) H A A=
A4 gen @ Mz 4473 AFFTAM 10~15%8 F27F AQAE &
agp gt o]aj4k M yenchiotic recalcitrant®] WFo £atel M, o, A
Baiof o 5 < st Aot o4 FTRAME AAT A geg ™ 44 5
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A A A5eE Aele] B2 BAE op7lsin Yo" 7 4232 210w, Brown™ 2
A7 JEGH A2] }AF A FHH JAHERE FA4 FREHAY 1 5
Hdo2 A9 eMAAY W E Ao &9 #2943 Yy x 47 Fo AP
= g 9 oog] M, P fad v g5 Hely GHE AR gloh
ZEed od SHE Hgste] Sl HEby, 450E MYE 45 =%
Ay Ed4 wolna spen) ofHs] 42 dee 87 299 SAAE Yo}
glct, AnlikerE'™ 8] 5S4 HEo] whe Ase] BFof ojsld g o= oE
Yoz #4353 ey benzidine dye®t triphenylmethane type 52 S5 S4t
F4er 234 A% B triphenylmethane AF2] 4£F crystal violetis 4
AA1 g g, 9% FEge], FATALM o] H5], brilliant greens
+3, fAEFs UFEZE JE 4 gram(+ )T dAAZE 3715="™, malachite
green® FHYA fungicide® AHE-E . o)g] s = triphenylmethane®] B2 4
2 24 39 2 NYFUAME 4B FH GFE= 5 2 EY, 5
kel 3 Eo FAFe A& Heol g, w5 ¥ (US Envircnmental Protection Agency
Genetox program. 1986), potent clastogen™™ 2.2 248l g8 84 E ¥8 4 ok
440 Rald FE AFE AE FERE A& FHA9 2l £ dFA4AH4
vigelel 29 Ay w4 F8 44 4A4] @ A7 AGsa Yot 2§
FEY UAAM azodl H4 FHELY B4 mMy Al LEL] EAT B
Hod, T & 48 d20 B4 e 4 o7 22™ 2 6 gl
S8 Eel oleh dio] $HE Phanerochaete chrysosporinm,” ™ Tinciporia sp.”
Schizophyllum commune,” Mycelia sterilia™ 52 o)l e 72 Rhodocor
cus™, Bacillus cerens™ |, Aeromonas hydrophilia™ | Psendomenas™ 5 A&, B3] ¢
A7t A8 EMe s, erystal violet?] A5EF ¥sfd BE 7S Prendomonas
spp,” oxidative red veast™, Phaenerochaete chrysosporium™ = M| T, L2, F5a)ol4
Zizt RS 9 Uk

# A7dHe 94T AeNegs RN E Ee¥ Citrobacler sp. SK-
3T 48 543 triphenylmethane# & 714 @88 I AMEYI 27} 8 crystal
vinlet (NNN* N N* N*-hexamethylpararosaniline) & ®]8£% R7}#  trphenyime-
thaned] a-of @ LS FEI}E
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1. AR5 g w2

B s AleH Foae @94 F£8e fa MEdss 2E|® Cibobacter sp.
SK 3728 Alg#gon Fo Y85 W A4 A3y 24EF A HL A
EHE Table 17 3o

Table 1. Composiion of basal inorganic salts medium

K:HPO, 21g NaCl 02 g
KH: PO, 16 g CaCL-2H:0 01g
{KH, )50, 05 g FeCl 6H.0 0.05 g
KC! 02 g D.W 100mé
MgSO, - TH.O 02¢g nH 8.0
Dye 10ppm

2. Citrobacter sp. SK-32] 45% 4 triphenylmethane®] 942 &
A& F4

HEFe MET 3HE UV-VIS spetrophotometer{ Varian Cary 13)8 ©]-8%=]
660 nmelA SWslgen F Mis] EaEge 94 AN BH2E fFgE
dichloromethane 22 2™ 8 ¥ 2 die HF4 BPels FRzo] Fid
(R)zs S48y g™

B Aage Algd 7 4= CAS(Chemical Abstract Service)e] 3218 oz
Hajah g ag Algshich



3. Citrobacter sp. SK-3¢l 21% triphenylmethanes] 442 2% ¥
=7 FAE

Citrobacter sp. SK-301 #18}e] &4 £ =% wriphenylmethaned 12 F crystal
violet(8]8} C.V.2 =F§), brilliant green(cl#F B.G.& 2F%), pararcsanilinef | & P.
AT okl 72 e F|EE e o B 22U FEHYY. BF #¥E T 44
2 e 2o MacFarland B57 05 B2 T dshA# 63%x10° CFU/SG0UY S
sméel el Ao LAsA HAFHAT

1) Sh@e Wi

CV. BG, P.A 22 10ppm® #71E %28 & o9 W5t 43 giga
05% B74E 2719 WA el Cifrobacter sp. SK-3% H3#tel & 447 FU%
grfozas) olf 7l o5 U #F G40 P oA GUE ABER
HESH

2) Ao wn

A5G A2 {4 72 W 2] CV, B.G, PAE 7 10ppm* 4719 &
#E 27 5 §7] 24AEE 01%Y Aviele LMy FHe of 2 ElEE A
Tee g,

3) cV. SE8 ¥%

A7)e] A5 HHo gin Asqc] Wil WA CV, BG, PAS FEE
10ppm-300ppm e 2 T s EHl&-& AIE= HE&H}

4) 2= Wi

Citrobacter sp. SK-3%] ®19F 250 WE dLE85E TES7 He 2050

_}ﬁ.-



TAA WFLEE SEse 44 RHYE PEHAD

5) pHe| H&

di X2 N3 pHE HH 7] §is i) 2% pHE 30-10074 2F & 4
e 44 S HEHYD

4. CV. 3 Ao igt 2dls =4

Citrobacter sp. SK-3¢| 7|2 24 o] §71 5§ 49 THE Uolnr| sizid A7
i 2o} ztE M4 E Wppm¥ Y7PE oL 0TAM 484170 ¥l B eie] 2 42 0] Hoj
5 el Me] EREs DA (R)2M EolleE SANC E A e AEE
48] pH, Eh, AtdFol M H 4G FAS A

pHe| =3 & HCL NaOHE, 4+81 4 2 £ 30% hydrogen peroxide®, § 84 24 3=
10% ascorbic acid® o8& HTA 22 vixe] Yol ojy3l wik}dsiey Sgcks)
4 a8 Hd F oM FEze) dslE U A4E d44E triphe-
nylmethane®| =4 = crystal violet, basic fuchgin, pararosaniline, malachite green,
brilliant green, ethyl violet, methyl violet, bromphenol blue, fast green FCF, bro-
mthymol blue, erythrosineF o125, Azodl 442 4= methyl redFol %t 2
A9 Ao F4+ DFaAE 44 PlHsE AN AE plankE o] Feig

5 w8 g9 FA

1) Thin Layer Chromatography(T.LC.)0f 2|8 Sal MEe HH

dAE AT dUdd 100dF 532 dichloromethane2 2 $H5# & o 05
mEE =2 5 &3] Merck's GF 254 alumimium sheetod 10pl 3 2 3iict, #A
+ul dichloromethane | methanol(97 © 3, wiv)& AFE&9on ok 347 BE

—37=
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27 High performance liquid chromatography(HP.LC)of 2|8 2sf&Ee 43

wjeba] 2he 2 10mée) vital g Aiate] A E A A G FE AT lomé-& & 4
dfichloromethane 2.2 238l o5t =2 YUY Hale Fh2 8 AHEHAT C
Vi oled Eidojnz @it 94 HPLCAAME AP =724 g3 upE
Anz f7A#HAE Wit ol AEE A} getm whaa] g B
2% o] M e PIC-A reagent(pH 7.5, 0.005M tetrabutylammoniumphosphate) 3+ PIC-By
reagent(pH 3.5, 0.05M hexasulionic acid) & @o) Apg-dtel 2 Faldd viTFHHEL
HPLCH ¥4 =71& Table 29 AT

Table 2. Conditions of H.P.LC. for degraded products

Pump
Detector
Integrator
Mobile phase

Column

Column temperature
Injecton volume
Flow rate
Attenuation

Chart speed

Auls

Waters 510(isocratic}

Waters 484(UV 254nm)

Waters 746 data module

(A) AcN/H, O(80/20)with PIC A reagent
(B} AcN/H:0(80/20)with PIC Bs reagent
p-Bondapak Ci

room temperature

10ul

1.5m¢/min

128

0.5

(.1




m 2z g 2%

1. Citrobacter sp. SK-32] 485 9 R &3

Citrobacier sp. SK-3& 10ppm2! CV, B.G, PA.& 2t #73t &L o 2] (pH 8.0) <
HAEFY F gbolM vl 4y AN Hoz Fo| 445 ¢ Bafs] AN
%9 FE Fig 1448} Po] d¢F47] 2290 o) % 1647 Tl CV, BGE=
fd =R PATE T8 L97dME B8t Assle] a2430A ssns
FAEE Jehgich

2. Citrobacter sp. SK-3¢ll 213+ CV, B.G, PA.S8] 23 £l =27 H=E

1) ERRis] ¢

C.V. 10ppm, B.G. 10ppm, P.A. 10ppm&] 2}z}h H7rg H4 F7] vl =] gHigloz
maltose, galactose, saccharose, salicin, glucose, lactose, manitol, xylose® 2} 0.5%
7o Wl A T 2 2SS AR CV.2] AS Fig 200 9 o] 6%
16413F ol Fof salicined A2 ¢ s o9& 3 o f3gon g2 gy
H7heta) g AFH= CV. AAE GLU0E o|§% + 313 BG.Y A+ Fig
3ol M5t Zo] S0 2 palactosed PoHNE 743 A EolElsiod, BGE #
YE daflez @8 A= 2443 o) R € BGE #2138 2485 PAY
44 Fig 4°| M & o] Ataje g Fefdo) A=8Hon galactose 2P 2 ¢
257 PAS 713 % Bees

CV., BG, PA 25 & ¥24F #7182 9el= Civobacter sp. SK-37T 5
gl 2 AANE Sagoz g S e des ey Hay ghagos gaA
galactose®] FE'E ## &8 A4 £ 27 Table 39148 3o] galactoses] FEH] &
¥l i 498 vAA EHud.



2) ftie 2

CV.BG,PAZ 27 10ppm 718 &4 529 o 2ol AL PO T yeast extract,
bacto peptone, beef extract, (NH, ), S0, (NH,); HPO,, NH.CI, KNO; & =7 0.1%
V71 et iAo wE EHES =AY, CV.Y Y Fig 56148 o
Citrobacter sp. SK-3 @5 beef extract, yeast extract, peptone® 2] F71 =85
Hrrsgwl vl 164 7tgke] CV.E £33 Eeistgl

B.G.2l #% Fig 6olHel Feo| CV.& wl¥r}=E FA2L90F HA1E FAd
BG= o 3 LA L™ beel extracte= H7lH-So wf 1243 FE BG=
g5 439t FrlEide F# KNG, E 7 e BGE 7 3 &4
sk PAY FFE G4 FrIRLYET {4 HE A0E F44 PAFE A
4 Eusiged ELES HAatA Bl AT B85 Ae =A @sid(Fig 7).
Table 4= ¥ 2928 W beef extracts] F52H #4852 249 3o
0.1-05%=04 713 S

Table 3. Effect of various concentration of galactoss on the degradation of thiphenyl-
methans dyes by Citrebacter sp. 5K-3

degradation {%)
galactose conc. 16 hour 24 hour

(%)

cCYy. B.G. PA C¥ B.G. PA
) 432 BEZ. al 95.8 100 153
0.1 085 942 381 100 100 733
05 8.4 98.1 46.1 100 100 75.1
1 974 983 126 100 100 612
3 97.3 96.2 102 100 100 323
B 96.3 958 105 100 100 235




Table 4. Effect of variows concenfration of Beef exiract on the degradation of tripheny-
Imethane dyes by Citrobacler sp. SK-3

degradation (%)
beef ext.conc. 16 hour 24 hour

(%)

V. B.G. PA, cv B.G. PA
0 67.5 3zl 3.1 804 33.1 62
01 100 100 762 100 100 203
0.5 100 100 723 100 100 88.3
1 753 63.4 439 98.4 953 786
i 73.6 0.1 8.6 08.7 §1.8 69.7
B 726 55.9 30.1 50.2 728 62.6

3) Cv, BG, PAS| SZ0 4= 2ils 3=

CY., BG, PAS =& 22 20ppmelAM 30ppme 2 =4 3o 4843 u F#
A1 Fig. 84 M 8 29| Citrobacier sp. SK-3T T CN. ¥ E 40ppm7H A ¥l 9 24432
oije] ghd?] Rafsides FA FEE £TA o F) 4§ gl 2
HEs P28t olE CVEEY T4 B HEEAE of|gle] Y&F
A Aoz AuEgch BGE CV.5 ohatvlAl 2 BGFE 40ppmTH= & Wl gk
244 o]l of 3 E EMEFHoY YA FEE ¥ DA o Fe] R R0
pEEE FLaqc ooy Hiae g B DR ES A E CV.M o 3
28ty 2R vetdtFig 9). PAS 3% Fig 109149 #2¢] 20ppme| PAS
38 EHed BAdY FEHLAY 100ppmTtA e ol HE E#jsigoy
2 o4 FREAMe CVAME rldztzE e E571 geiya] g



4) H{Y=Tel HE

sjte=7t CV, BG, PAS 28] ulx]e gukg Pol 1] f8lsd Tzt
M4E 10ppm¥ A7 F 69} L= § 20T~5007A AR 2 18430
of < Z 5 Fig 110048 #0] CV,BG.FA BEF 8 33 2= 4L 5222
CV. BG.2 A5 95% o|4e R#&E viehdzien 45T ol4ddiMe &afdc]
28 Fisic

5) pHe| 2%

pHE 30-10022 ©Ad= =¥ CV., BG, PAY 23 vl 9854
HE# "= Fig 129 4 g} Zo| pH 80-0.0%8214 229 L4&& Jdehisied
pH 4 ol #olsE CV., BG. PAE A8 Hé8lx Bétsichol= g o7 4534
pH7F 8.0%1 A& Zais] € 4E5A82 ¢ FH4Z AE=HRC

3. CV. fds 2 gigt Lels =4

Citrobacter sp. SK-37 5o 1§ CV. B8 440 L858 FES ) Hell £ ¥
ALE-g 44-9] pH W, Ens, g g F3Ee dRE A £ dd,
ARFage swelsa & dae A A gM FTATA P 2
&2 Table 58 Rtch, FA1T & p-aminotriphenylmethane 4= 74 #6
2495 2o} benzene®ol amino radical(-NH:) @4 Br, I 2 %2 halogenl 47}
A E bromthymol blue, bromphencl blue, erythrosine®t sulfon radical(-S0Jo] =)
% fast blue FCFE 281812 R34k Foldhal Azo™ 449 methyl redei ¥
o S&d& YeRdlzic.

— 4=



Tahle 5, Decolorization of varlous dyes by Citrobacter sp. SK-3

Absorption Decolorization (%) after

Dye max {nm} 24h 48h
Basic fuchin M8 S8.0 100
Briliant green 620 977 100
Malachite green Gl4 94.7 100
Pararosaniline 541 98.0 100
Methyl violet 583 95.5 100
Ethyl violet s77 97.0 100
Bromphenal blue 590 2.0 a0
Bromthymo! blue 616 2.0 32
Fast blue FCF 628 15 27
Erythrosine o526 3.0 &0
Methyl red 514 94 100

4. Crystal violet ¥-8l #4e 44 A=

CV.7F B71E FAM A dfgale] TS AAE g TAF w5 ¢
9 QAR dte] Je AENE CV.E EAIT] e ke de] A5 Cv.el £t
Hal Yol ggton) T ofdo]s 447 F 100%] EiEHE LE
Jgich o244 cvel BHld @ode fie Xl EAEE & = A%
g CV.E o] ek A s e oo CV.E e A A=A
wickst Fae] Fadem Cvy EFEE AES F CV.E Urhshs] Wi FE
A e fd ooyt Eagde velde] g ALTE CV.AYNE 48 #
=g§ ¢ & g



5 CV. 2] dapsE2] 14

CV.2 50ppm A7FE HZ F7g dfAdM wF A0 w3 4 AHL=
ENEE 2a%d 2 A, cVeE 0lnmelA 2d F3=F R, 254om, 33
InmAME D49 B¢ peak® Bk W9 12hrel ¥ 55 59lnmojAs F5F
Foe A9 o] 254nm, 3BInme] peak® S d= izl ¥E 250nme] ¥
Bl E 0D S71E FEE 5 gk #F A2 UV-VIS overlay scanning
spectrum - Fig 139 ok, Cv.8l 443} apatde) 448 TLCS HPLCHH L2
&elo] 7HsdA L

1) TLCO| 2lEt 28 &8s %ol

A7) A% ko] 8] ol of Al 7HE 2 spotting ¥ 2 ¥ (Fig 14) ] 3413 o £ 5-H
CV.24%2 band 240 =B TLC profile® EhAZich Bumpus 5 of 2j8td
methylviolet & #-& ZFo|4 TLC AMs 443= band I (blue : Ri=0.26),
band 11 (bluish purple ; Ri=0.35), band Ul {purple : RfI=043), band N {pink : Rf=
06102 ZHzl band® NNN'N/N*N*-hexamethylpararosanilin, N.NN*N'.N*-penta-
methylpararosani lin, N,NN'N'-tetramethylpararosanilin, NN .N'-trimethylpararo
sanilinel2F 2astgcl ¥ 4 E44S methyl violet® standard B2 E4 TLCE
#ehe] 7}zte] bandE dichloromethanef 2 F&8he] ALg-sigich, £ CV.9
amino?| o1 M-demethylationd A3 2 o # wWF 134T kel hexamethylpararo-
sanlines 3% 2 % 9% ¥b, penta-, tetra-, trimethylpararosanilin®] =Mt =
o] MM gd AEE #HUE ¢ AU

2) HPLCO| =8 24 M= HE

obe] AE Wl o As] Wk AFPED oHE o154 #7] AdAEE 2
2lgle] HPLCE ¥4 % 23, PIC-A reagent=] A 5-(Fig. 15) crystal violet= RT
5.20% (hexamethylpararosanilin), RT 4954 (pentamethyl-}, RT 4 533 {tetramethyl-),



RT 3308 (trimethyl-) 2 {2 =2 PIC-B, @ A4+(Fig. 16) & #45c] 4828,
4224, 3T1E, 3108, 24 di= vz Fel=gld, 2 peaks TLCY = bandol M
Poid S2EE 48 A FUG i Y=gk

v, 2 F

D423 AsMelde] &7 =25H 22§ Citrobacler sp. SK-3T 58 44 §
& HEID, triphenylmethane® U4 F @74 dE22 4%} & crystal
violetE M| E® pararosaniline, brilliant green So ¥ el g ZAegon
erystal violet2] #8488 HPLCE $3 391 th Citrobacter sp. SK-3739) triphe-
nylmethaned S48 2487 §¢ 33 A= =42 22 R79vAd g4
LE2XE galactose 05%, WL E L 2 HME beel extract 0.1%, 2'¢ pHE 80-9.0%
o5, o] W2 E4olM crystal vialet 200ppm-& % 7Vehe] 40T Sl M WY E
o 244131 o1l 1009 EMES JeEhddch

Citrobacter sp. SK-370 5 £ triphenylmethane® 4% crystal violet 29 oful g}
malachite green, pavarosaniline, brilliant green, methyl violet, basic fuchsin £},
azo?| #4% methyl red® B2l Cirobacter sp. SK-3TF7F Al 4bste 4
go LFe AFH EARROH, 44 Uslel A FEeelAn =Y 2
EFE 77198 A dA erystal violet, brilliant greend f YT g4 AL gen
o #8te] A& Fhga-H ok Citrobacter sp. SK-3Z 54 2§ crystal violet 28] 48§
TLC 3 HPLCEM 2494 AN crystal violet®] 712 EHo @ H methyl?] 7t I3
demethylation¥ ] pentamethyl-, tetramethyl-, trimethylpararosaniline®2| 352
EHs4 2 & 498 5 UMD
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