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Recent Advances in Microbial Decolorization of
Triphenylmethane Dyes
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Abstract: Triphenylmethane dyes are widely used in textile dyeing, medicine, biological staining, paper,
leather, food and cosmetic industries. Their special stable chemical structures make them difficult to be de-
gradated and decolorized. The biodecolorization research of triphenylmethane dyes will provide the funda-
mental knowledge for the treatment of dye-containing wastewater and bioremediation of dye-contaminated
environment. In this paper, the recent research progress in biodegradation and decolorization of triphenyl-
methane dyes by microorganisms, such as bacteria, actinomycetes, fungi and alga, as well as the functioning
enzymes and their coding genes, were reviewed. The decolorization mechanisms and degradation pathways
of triphenylmethane dyes were discussed based on the decolorizing intermediate products of different mi-
crobes. The development and application of triphenylmethane dyes biodecolorization and biodegradation
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were also prospected.
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Table 1 Bacteria for Triphenylmethane Dyes Decolorization
(%)
Bacteria Dyes Concentration of dyes Decolorizing time Decolorizing efficiency (%)
B. subtilis IFO
[6]
L <7 pmol/L 24h 100
Kurthia sp.”! 92
10 pmol/L 30 min 96
100
Citrobacter sp. >90
KCTC18061P™
100 pmol/L 1h >80
66
Bacillus Alcaligenes
Aeromonas!”! 17 o =l
Pseudomonas
<
aeruginosa[]o] <50 mg/L 28 h 98
Aeromonas hydrophila
DN322[1 50 mg/L 10 h >90
Kurthia B1 93.30
Pseudomonas B2
Arthobacter B5!' 50 mg/L 24h 99.19
91.30
Bacillus cereus 55 pmol/L 3h 9644
DC11!"!
25 pmol/L 24 h 90+6
20 pmol/L 24 h 90+8
20 pmol/L 24 h 65+4
Shewanella sp.
NTOUl“‘gp 1500 mg/L 298 mg/(L-h)( )
Stenotrophomnas
maltophili F7!'" $0 meiD §h 937
1991 , Yatome (1e]
) 22 ¥
Nocardia corallina N. globerula )
Jones  Falkinham!'” >
5 (Mycobacterium avium M. in-
tracellulare M. scrofulaceum M. marinum M.
18 19
chelonae) (18] 80 ,Glenn U
, Phanerochaete chry-
, sosporium ,
Bumpus?” Yesilada*'! Knapp'®*' Vasdev!®!  Ivana
1 Eichleroval**! (P.
IFO 13719 chrysosporium Coriolus versicolor Funalia trogii
100%, DN322 50 mg/L Laetiporus sulphureus Cyathus bulleri Cyathus
90% , stercoreus Cyathus striatus  Dichomitus squalens)
NTOU1 1500 mg/L
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[25]

(Pleurotus ostreatu) BP
3d
96.05% 91.20%  92.56%
[26]
7J-6, 70%
271 X5
, X5
, 96.1%,
X5 4 ,
, 90%
1985 , Kwasniewska [**
Rhodotorula sp. R. rubra
[29,30]
Pseudozyma rugulosa 48,
, B
B 93%

(Candida krusei)
23

Daneshvar [

, Daneshva
(Taguchi method) 4
Chlorella Chlamydomonas

>

10 ,

Cosmarium sp.

[32]

(Cosmarium
Euglena)
, pH

» PH
Chlorella sp.

435 h

[32]

3 Z=RFEH LR RYORHB G R HLE BT 5

3.1 =FERRERMOAE ML E R~
o

80 , Yatome (51
(TLC) Pseudomonas pseudomallei
13NA
90 , Yatome [6.16]
(TLC) (GC-MS) B.
subtilis IF0 13719 N. corallina

(4,4°-bis dimethylamino
benzophenone, Michler’s Ketone)
(a-dimethylaminophenol),

[33]
Aeromonas hydrophila DN322
TpmD
, Chih-Hung

Chen M4 Shewanella sp. NTOU 1

>

32 Z=FRERREZRBBERMEMR=ISN

Bumpus

Brock”! P. chrysosporium

3
s NaN?N"N’yN"' s
N,N,N',N"- N,N',N"-
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[38]

) Coriolus ver-
Chal*¥ HPLC  HPLC-MS sicolor f. antarcticus®” 6 mg/L
Cunninghamella elegans ATCC36112 88% (401 Pleurotus

eryngi
72.3% 50% ,

[41]

4 ZFRFEF LEIRYOBHBL R B A B P

R
P450 ’
,3
TMR
TpmD [42,43]
4.1 A o
AR A 4.2 ‘A3 PAS0 BINE RS
P450
1982 s
Harrelson Mason 44
P450
(Lip) (Mnp)  NADPH NADH
s HZOZ
s H202 )
, P450 Cha B4
) ) Cunninghamella elegans ATCC36112
, Cc-C P450
[35:36] M. chelonae M. avium
,Jone  Falkinham"”
(37] Poria cocos ,
P450
H,0,, P450
(Laccase) , o O
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43 =FEHREEXEMTREE TMR ,

> B9 TpmD
2004 Moon-Sun , P450
[45]
Jang Tn5 ; Cco 450 nm
Citrobacter sp. KCTC 18061P P450 )
> P450
TMR,
[46.47) 2 31 kD
’ M s memzmexmnm
. H A BT R
. 60°C pH 9.0 = 7
TMR .. [51] ’
Andreas Schliiter
’ 60 kb , IncP-13
’ , pGNB1 tmr
TMR
99.7% ,
NADH
““GXXGXXG*> 3 , — ’
) > Denise
Guerra-Lopez (521
Myung Hee Kim [ TMR/NADP"  (Mycobacterium sp.)
2.0 A , , M. smegmatis mc*155 ,
/ (Short-chain dehydrogenase/ re- fbiC
ductase, SDR) MSMEG 2392 ;
HPLC
TMR MSMEG 2392 Fu20
TMR Fazo
4.4 ZFERREZBSAE TpmD ;
(9] DN322
TpmD,
’ 5
(M) 29.4 kD, (p) 5.6, RE
40°C~60°C, pH 5.5~9.0,
NADH/NADPH R ,
TMR TpmD , ,
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