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ABSTRACT

Crystal violet, a typical triphenylmethane dye(N, N, N’, N’, N, N-hexa methylpararosaniline),
extensively used in textile dye, industry and research, has been suggested to cause tumor growth
in bottom-feeding fishes. For the isolation of crystal violet degrading bacteria, wastewaters were
sampled from plants” wastewater treatment facility, textile wastewater treatment plant and etc..
The most efficient strain in crystal violet degrading bacteria was identified as Klebsiella oxytoca.
Added sole carbon source in PAS minimal media was 10mg /] crystal violet, which incubated at
307, the degrading efficiency was maximum 12.3%. When fructose, glucose, sucrose and

yeast-extract were added 0.01 % in PAS media respectively, the degrading efficiency were all 96
% within 24 hours.
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Triphenylmethane Alg F&¢) crystal violet(N, N, N, N, N’ N"hexamethyl-pararos-
aniline)& ™2 G417, %‘l%‘ﬂ, E}z}7] 2] &, biological stain, pH indicator, ]38} @ 5=¢]
8 RE¥ 2E dgz ALg¥o] gtth(Kingsland et al, 1976: Shanin e al, 1978).
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Triphenylmethane A9 988 233 AE3lE dar a8t 34, AlA 2 #dl5 vp 371
A2 g Eo o] &7 &4 & Fdo] Mo Qo] MEEA THE ol &
3?‘*1 & off Mz Z8&0l = , 9 z+E glehEgyd H ol A ¢t
o] 24 EFo] thak dfHo] WESA vt ﬂﬁ% TEH A Eabe A2 vk wEbA,
l 23t d ol = Bl aety ﬂrﬂﬂ ol &= =], o] B &5k kFol oz &3, AAAMA B
& oo} He At dAste FAH0E s AHX]«I 44*1431’\ e v go] B ¥ ot B
X—iéﬁi P A B R etFE 9_03*]7]% Aats WAAF7]% Stek(Roy et al, 1978).
RnAA3 gete 7)1 B Hel 2 A& B Futgo A LA s
% 3} (Nelson ef al., 1980) o]E = Y X triphenylmethaneAld g8+ dgdez 283
(U. S. Environmental Protection Agency Genetox Program, 1986), &3] crystal violet2 7+
A A QA o)Ak of 7] B (clastogen) 2 283k A2 Il A AT Au et al., 1979).
Crystal violet Ba&loll thgk Z=7] <130l o8l triphenylmethane AE F&E7} v| &2
71E A Aol 2§ Bafol] WAool = Ao e Qo vk v Ed §5 &
Az 22317 W&o crystal violet-g #&l8lx] £& Folgts Bk UtH(Yatome e al.,
1991). Michaels e al. (1985, 1986)2 o2} 7ol A s 713k Al g oll A crystal violet2] &4 5ol
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AefA e HH S Ara]= Yol (Judkins ef al., 1978)0] = 98 F crystal violetS F3l 8=
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gt} gBAao2 AL4H crystal violet-& Hartman-LeddonAlel A &S ZH/0 = 1,000
mg/leg By, x5, A %S Sigma AE-S, yeast-extracty Difcorle) AEE
TR =] 18%(W/V)& wEo] F&Edste] AM&EATh 19l Aekd ¥ ACS
grade & 0]%3}%{E}, Crystal violet #af 73 2] %2 2 B2 PASH]=(Bedard et al., 1986)
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Crystal violet 28 #F2| #2| % SH

H4 A2 1mlE 9429902 crystal violet @ ¥5%9 HE 7} 212t 10mg /1, 0.001%
7t S22 F7E3 PASHA] S0mloll HE 8 15:Y ~4 FY A S E crystal violeto} £ =%
ol B2 g Y F3 WUt HaluFE Bt EaadFol o 582 1 g4
7 B3 PnjA-L T3 FehF EA 2 API Kit(Apparelis et Procédés d’Identification,
France) 20EE ©]-83 A4 3letd EA Alg A5 API 20E9] 7 4o upet Flstarh

227e Ma A Rellse &3

Be| 739 crystal violet #38] HH =g & 57] Yl PAS AAuj=lel =7 0.01%,
crystal violet& 10mg /17} S| =& &7 , 27 AF M EFE85%x10%cell /ml =& 3}
o], 20, 25, 30 2 37 ColA 24417t wikdl & crystal violetd] REFES EHEHY. AFEL
ol HR v 52U 2o FEFE0, 0.01, 2 0.05%7F H =8 H7iste 30 ¢oll A 150
rpmo. 2 g gt AP Azt HHom wigdd S Hie 680nmolA FHEZE FA
(Shimadzu, UV-150-02)3ta] <elm gk, 3 Fai&2 12,000 X g2 283 A&

:
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(Vetter GMBH, 424-C)3} A= & crystal violete] o) &3 5421 590nme} 7HA1 34 4
21l 400~700nm(scan speed 750nm /min)olA &F=E 4 (Beckman, DU-40)st &%
59 ZHAE Bn 2A3Y) a2l n B A 89 P4 Yatome ef o, (1991) 8] WHE & wsit)

=4S MY ol Fef &l

HE Z AEE A HE AE5 Ao A crystal violet-S ¥ F 39 n-butanol& F& 313 A
A2kl Na,SO,2 25417! butanol &2 E3 55 200~400nm(scan speed 750 nm /min)
A HAFsH e, A FHude] o]Foz BaitEe 448 HJstArH Yatome ef al.,
1981).

TLCol| 2|8t Faf4tE2] 2l

TLC plater SigmaAbe] AZF(T-6270, Fuy, 20X 20cm)S AME3loH, N Sul2=
propanol : H;0 : glacial acetic acidE 90:9:1(V /V /V) & &&slad 44])7F FoF At
(Bumpus et al., 1988).

A ol cht §4

Streptomycin, ampicillin, kanamycin, tetracycline, chloramphenicol, carbenicilling LB
A uf Aol 2zt mlF 1, 5, 10, 20, 40, 50, 80, 100, 200, 400 % 800ugo. 2 7}t FHE
z} iAo B aFE HEFS3, 30 ColA] 24~72212F vl e & 680nmoA M FAEE ZF
(Shimadzu, UV-150-02) 3t 7<) A3 o35 B3 2b Al o o g A S ZAEA T
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El4@lo 2 migt Xle yveast-extract XI7IA| B 8ol vis}

gi9oz g il Ay, 2, yeast-extactE 2+z} 0.01 %, 0.05%9] =% 2, crystal
violet-& 10mg /1¢} =2 Hryistm ehujdsted dF A3 1A wigdE #Hate 680
nmol A &F % E =3 (Shimadzu, UV-150-02) sl A28 3 F crystal violetd]
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o 299 590nmel M FHEE 27 (Beckman, DU40) 3k} §35e] gAs ol Fus
=g,

Zdzn 9 n@

Crystal violet 23l 52| 22| ¥ 53

Crystal violetol] W3t Eaj & 713 @& 22 3t7] st gLdoz 3}-g 0.001~1.8
%22, crystal violet& 10~40mg /194 FE g FHr7bsle] £ FAgE A 3 PAS H3 )
Aol 84, ma3te] A3 755 F @3 (Halo zone)o] Foid oz 2 & el wat
678 Hesldon o5& 5d 27| PAS HAujAo] HEs 4AF DAL R 7o AR
2 crystal violete] a5 23 sto, AR 2 Bl 5o &3 #F g3t HYCV 062
2 #@stg o (Fig. 1),

235 HYCV 060l th3t 43 grlAstel du)d B4 13 44 2 A8 54 A9
o] Al Table 13 231, o]& A3Z API 20E profile listoll 28 2203t A3t Kiebsiella
oxyioca® FAH AT

=
T=E

28 EFo MEqd U 2

PAS ofxujRlo] TG 0050/, crystal violet-& 10mg/1I7F 95 & #H7lsle 2=
crystal violet 9] 3l %42 #ash A7 Fig. 29 2ol A% 12 A% 20, 25, 30 2 37 ¢l
A BalE A 9 golli= crystal violete] kol zbz} 93.4, 56.73, 25.36 % 31.57 %1 24
A 7¢ Fojl = 747} 48,18, 18.81, 2.70 2 1.88 %0]ict. 2211 6, 12A] Pl M= Bl g gl 37 ¢C
o ul&] 30ColA 6% ol BXoU 18, 24X 7k M= 37 ¢l A 0.8%01F Lz, FoF XE
wolz] okttt # o] ATZ crystal violet ol Ba g st HA 2= FIHE N TE HA3

Fig. 1. Degradation of crystal violet on the PAS agar plate by the K. oxyloca as indicated by the clear
zone surrounding the colonies. The initial concentration of crystal violet and glucose were 10
mg /1 and 0.05%, respectively.
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Table 1. Morphological and biochemical characteristics of the isolate, K. oxvioca.

Test items Characteristics Test items Characteristics
Cell arrangement Single Indole production +
Shape Rod Voges-Proskaur test -
Colony form Circular Gelatin hydrosis -
Cell pigment Creamy B-galactosidase +
Motility - Carbohydrate utilization
Gram stain - Glucose +
Indole formation + Mannitol +
Glucose acidification + Inositol +
Arginine dihydrolase - Sorbitol +
Lysine decarboxylase - Rhamnose +
Ornithine decarboxylase — Sucrose +
Citrate utilization + Melibiose +
H,S production - Amygdalin +
Urease test + Arabinose +
Tryptophan deaminase — Oxidase -
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Fig. 2. Degradation of crystal violet by K. oxytoca according to different temperatures,

Ror o)F 9 A3 30 colM FasATH

ghfos Znwo] HFFE0, 0.01, ¥ 0.05%7F HEZ Hr13 PAS A )=o) crys-
tal violet®] HFFx7}t 10mg/17} X8 Hrlstm B a5s 455 7o) S 273
As o ExFe] FE7t F7MESE Ago] S VeSS & 5 YQtHFig. 3). 18
wh A=Al A iR e YA FEF 58 UA o] 8351 crystal violetS LhEol o] &
&t diauxie ¥4 JEREA 99hE ul, o= crystal violeto] 2 Bl 7ol ghaglo s o] &
HAE ¥t AYS AAeE Folw, Ed LB A E crystal violet 40mg /1 o] A4
TEAME Ageta) Rale Aoz #FEH Qe (data not shown), ©]= crystal violet 9 ¥
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Fig. 3. Time courses of cell growth in liquid broth PAS medium of K. oxyioca after incubation 0 to 32
hours, Initial concentration of crystal violet was 10mg /1. Glucose was added to the medium 0

to 0.05%.
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Fig. 4. Spectra of crystal violet in extracellular Fig. 5. Spectra of crystal violet in extracellular

fluid obtained from a liquid broth PAS
medium of K. oxyloca after 0 to 32 hours
incubation, Initial concentration of crys-
tal violet and glucose were 10mg /1 and
0.01 %, respectively.

g4 duele VS Fafol el 9l
AA st} AdH F= oM MHE

fluid obtained from a liquid broth PAS
medium of K. oxvtoca after 0 to 24 hours
incubation. Initial concentration of crys-
tal violet and glucose were 10mg /1 and
0.05%, respectively.

= %87 (azo, nitro, sulfo group 5)7} &4 9 &4
139 njx) 7] WE o2 AEHPagga et
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al., 1986: Zimmerman et al., 1982).

B A 22 E K oxytocadl ©)3F crystal violete] #3 & crystal violeto] Hul &
#34el 590nmol A vehE peak o] AR S5ty on(Fig. 4, 5), £=8S H7HsHA
oro Hjx|o A= & crystal violete] %ol oF 7% A= wroll #afstA Rt 21} (data not
shown), EE%0] 0.05% A7}E vl xlo] A& ¢F 244 2t who)) crystal violet-S 98% ol £3s
= Aow vehyta, T3 ¥rwe] FErt Z718 2 crystal violeto] ¥EET} SRS
oF 2= )¢t} o]= o Z7e Kwasniewska(1985) 2] A &N X Rhodotorula rubra®t R. sp. &
o] &5ta] 10mg /19 crystal violetE ¢ Fajstedl oF 4 o) Azte] 22 HUEF Hlastd

a0 paol yHo R $aglon, &5 A4 Aol A g b4 S AAben,

242 MY ool FHol

uj oke & crystal violet ¥ n-butanol® %% 3}%-2 w, Yatome et al. (1981) 2] B iLo] 2]8}
o crystal violet?] &% peak® 307nm¢} 252nmoll A Wb 8 7h I EFE 252nme)
peaks 743 FAlo] 307nm2] peaki= 265nm=E ©]F 3= hypochromic shift & Aol Ao
e, olu] 265nmolA 2] &% peakd F7HE FF tAMIERA] 4,4-bis(dimethylamino)
benzophenone(Michler’s ketone)o] 445 Ao g © sl th(Yatome, 1991). £ gl A
= 307nme}t 252nm 2ol % 210nme] peak 7} #AHE Q1L crystal violet2] &7t AP H 7=
o]5 peak?} BF 7A st %S eEhRO](Fig. 6) Yatome et al. ©] R S oAM=
& ulhsl 828 peak 2 9] hypochromic shift &4 2 4= 1w 7heel] TLCO 21 &
2o] ol A|=alg ). Crystal violet-2 hexa-, penta-, tetra- ¥ trimethyl- pararosanil-
ined] EEZ A0l Y=y, ¥ TLC A% v 30, 6, 12, 18, 24, 30 2 32 At A
7o A pzHol A o]E= ZA 5= Righel 2+zt 0.298, 0.374, 0.450, 0.557%1 vl 7§ 2] band 7} 4
Ebton, ujokA|zto] Z7}8 58 band7t Frjd) W o2 o]F S| Far e ALR ek
oW B2 2AEHE §9% & bande &2 & A Fig. 7).

Crystal violete] E-al7Z=o] #s AT7E Yatome et al (1981, 1991)¢] B of<jo]
Phanerochacte chrysosporium ©]-83 ¥-8) 7ol lignin peroxidase®} glucose oxidase7}
N-demethylationell #ed gt} (Bumpus, 1989: Bumpus e al., 1988) A= 2] %4F <l 477t
e B AA = B AR B3 FAS AR gl AN, 2 AAE PR fNT
2= glov BaFFE K. oxylocadl 918 crystal violete] Rl @AH R dofiki= Zo] of
el aae) 2319 ool o) Baf g MAES AR 43 HE LuLdER AD
He o2 F4 o

2| Z32| ol cst Ly
2] #3<9] ampicillin, tetracycline, streptomycin, chloramphenicol, kanamycin, carbe-
nicillin 572 £&2] sraA0) s WA AALE 3§t 23 carbenicillin, ampicillinel] # &4 o]

[o)]
AA

Mt HI

z

o

Aoz et o tetracycline, streptomycin, chloramphenicol, kanamycinel] &l 2
A

© 2 vEbgtH(Table 2), o]# & A7t 35 crystal violeto] #3548 § #3 A+
a2 9] genetic marker® o] £9 5 & Ao AEHT

fe e
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Fig. 7. Thin layer chromatogram ¢{ extra-
cellular fluid in liquid broth PAS me-

Fig. 6. UV spectra of crystal violet in n-butanol
extract obtained from a liquid broth
PAS medium of K. oxyfoca after 0 to 24
hours incubation. Initial concentration of
crystal violet and glucose were 10mg /1
and 0.05 %, respectively.

dium of K. oxytoca after 0 to 32 hours in-
cubation(C-I). A and B were standard
solution of crystal violet and methyl vi—}
olet 2B, respectively. The solvent sys-
tem was propanol-H;O-glacial acetic
acid(90:9:1)

Table 2. Antibiotic resistance of the isolate, K. oxyvioca.

Response to antibiotics MIC of antibiotics{ug /mi)
Ap Tc Sm Cm Km Cb Ap Tc Sm Cm Km CCb

Strains

Klebstella oxytoca

HYCV 06 R S S S S R 8o0< 1 20 5 50  800<

2% AR R nje X, veast-extract HIIA| Bl B &2 Wl

HAY0R 0.01% Y-S ek vl F(Fig. 8)ol M e 204 2k o] F o] Eitol A uj o) &
St crystal violeto] 6% uwIvte2 714 Wo] Bal=UD, 0.05% +-H(Fig. 9)el &= 18 A2t
ol ol = 1Eo||A] crystal violet®] ZE&uFo) 10% viutol ),

¢

o{:

ofate] Aol A Bl #+F K oxviocat crystal violeto] &l & 98l 23 gt °44 ANE 8
FatF o} A GAad = A8 ZAY 58 (polyvinyl aleohol, starch %) o) thFsl 93
ol EAGng ¥ A9 Belg s sl 9B e EF “H"*o o X-gAlz]

T #EUAE A st GMH 2] Gl o] 8T = UE AR AgETh
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Fig. 8. Degradation of crystal violet in extracellular fluid obtained from a liquid broth PAS medium of
oxytoca after 0 to 32 hours incubation. Initial concentration of crystal violet and secondary

K.
carbon sources were 10mg /1 and 0.01 %, respectively.
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Fig. 9. Degradation of crystal violet in extracellular fluid obtained from a liquid broth PAS medium of
K. oxytoca after 0 to 32 hours incubation. Initial concentration of crystal violet and secondary
carbon sources were 10mg /1 and 0.05 %, respectively.

)

g AHES 1 )+ triphenylmethane A1E da= %48

Ao 2 YA g}, o] Ald 98 F crystal violet
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(C.I. Basic violet 3)& Hallsli A7-S E28l7] 9ot e a4 Turaja) G g #2=
A2l SolA AEs AHAD. Fas Eiar =

= b
by
2
iy
e

Klebsiella oxytoca® FH A} PAS H A2 el = 0
9 Frg HEste ks s W H 12.3%°] B e vyon, g Ewoh 2
veast extract® 717} 0.01% 552 H7F oFaldS of 25 96% o] 9] ¥8) 58-S vlehy
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