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bacterial strain
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Abstract: A new dyes-decolorizig bacterial strain N-4 was isolated from soil sample. It was indentified
as Leucobacter sp. by 16S rDNA gene sequence analysis. The optimal conditions for the decolorization
of the reactive dark blue K-R determined by response surface methodology (RSM) were as follows: 10
g/L of strains N-4, 222 mg/L of initial dye concentration, 1.5 g/L of (NH3),SO,and 3.5 g/L of fructose.
It was shown that about 100% of 222 mg/L dye could be decolorized within 10 h under these condi-
tions. Besides, strain N-4 could decolorize 9 kinds of dyes effectively. And K*, Ca**, Mg*", Ba**, Mn*"

could improve the decolorizaion, while Ni*", Cu®" and Hg*" inhibite the decolorization obviously.
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S BEA A YRR Tz BT i & 8 RER
YRS, HUCRME, AR B R, XELEY
HARS AW EEMA Y & £, T AW,
KA B TR EE U2, R % 208 K B A B AR
Ry R A SR ) — ROMERE A% S8 B W) BRANAL 2% 5 ok
T YRk b B A AR — LE Bk AT BRI . 2
G R YA L AR YA REFE/D, AR, Ik
TG YLl AN FR R K BB e kP TR
K-R BEZENSBEGIR, SR, CTIEERE
K-R AW i@ R RFFERIE /D, 2010 4EARDFE % 1
YR ECR - B R B e i e i K-RPY, H A, % F
Leucobacter sp. T J& T AR I €2 9% b} 9 0 57 it 18 1R
D, KR A N T AR T A g 2
M) S0 325 A — 5 ok 1) i R AL T vk, BN
PRSI BT, R th A F i sgm, i 5 g
REIEAG A F Z B A B AE Y . AR k%
%2 Leucobacter sp. N-4 {0 4 @245 & Yo Bhig MR 22
K-R PERE, FFH 2% i B i A oy i et #4522
[E] A AR, 0 S 451k, BRERE T
X ML RECR B SE B E A K B R Tl Ak 4
PEH AR SCHE

1 MRS b

1.1 ##

1.1.1  EZELEE: JASCO V-560 HIEHh-1] T4
i (H A, PB-20 B pH it (F [® %€ & F] Hr),
ZHWY-2102C #4460 i 45 PR (b0 3 3853 A A% ),
920-11 Bl TAE & (4L ), Avanti™ J-30 1Y
o ARV R 25O LGS [ DL s & 24 )

112 iRXF: AR T B YRR PELL . BT
21, FRYERZL GR. FRTEAE G. IGPELL X-3B. R
PELT B, B4R . 75 PR 50 RS PRI K-R)Y
ok B K& TR 2= GRS i S 50 = W (41 v 4, H:
ARSI 54 R T A A

1.1.3  BERRSRIRE: BRR N-4 Jea o e 5 i B i e vk
NG o2 T B N P 1 i D

1.1.4 355FE: (1) LB 00 E, 3550, g/L):
E AN 10, EERERY 5, NaCl 10, 3835 pH 3] 7.0 (i 1
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[ A B SR FE I S5 A 2% B9 Bl )

(2) PRATHLE IR (PR A U, g/L):
NaHCO; 1, K,HPO, 0.2, MgSO,47H,0 0.2,
1.2 A&
1.2.1 E#kHAY 16S rDNA S 7E: PRHULB 575 T4k
FAERBY AR R T 10 pL KEFEKH, 99 °C 25
BUDE I WAE R PCR P48 S AR AR .
TaKaRa 16S rDNA Bacterial Identification PCR Kit,
LA Forward primer/Reverse primer 1 5|4, ¥ 14 H

B R BE . PCR WK 2R BAKRFL A 50 pL: PCR premix
25 pL, Forward primer 0.5 pL, Reverse primer 2
0.5 uL, ffl DNA 5 uL, #4i7K 19 uL., PCR i 5%
4 4: 94 °C 5 min; 94 °C 1 min, 55 °C 1 min, 72 °C
1.5 min, 30 ME#; 72 °C 5 min, B S5 uL PCR =¥k
7 1%BUEHEEE R B vk, EB Yt )m Lo, i
TaKaRa Agarose Gel DNA Purification Kit Ver. 2.0
(K#EEEY /N TaKaRa) VIR PCR 724,
16S rDNA 17 TAE B K& A A /e, %
A3 750 H] BLAST 85 E 81 16S rDNA J
R 41 it 47 [R] U He %2, RDP 1T 8048 )22 19 Classifier
FEFIA2E, 3 Clustal X1.8 81T RS L B W
MR EE
1.2.2 EREVHI&: B RS SR EEIRC D
B, FEHE T 25 mL LB 5372 5510 50 mL 4E 2
1, F 30 °C. 150 r/min #3545 5% 12 ho SRJ5 MAHTHL
2 mL B, $54ET3A 100 mL LB #5350
250 mL #EFE T, T 30 °C. 150 r/min 3§ 3% 55 5%
12 h, &.L>(10 000 r/min, 5 min), £ 0.1 mmol/L )
WERRZE AW (pH 7.0)0E % 2 IR, Fk BIE, WUl
BT AR b, 4 °C UKo
1.23 BRERIEEREERNE: RIELHRTRFR
B—ERBNEET 16 mL RELHLEHTE ISP,
A—EWRER YR, IRl —E s iex . &I, T
30 °C fHiRAH Y, FEIRESESR, —aniEE, B
—ERMIEZEY) 10 000 r/min .0 5 min, BT,
FH A0 43 5606 B2 I R 7 S R Wi T ok
JEAE, I 5 AN B0 R A ) GRS W R A7 X L A
3,

Jii 5,5 =(4—B)/Ax 100%,

A: ANFERN TR ) B KOG BE
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B BT € DI 1 22 EHRE 16S rDNA FF5I5 47

ABFFCLA B bR N-4 19T 99 °C 7 10 min
2 HR53 JAH & DNA SRR, AT 168 rDNA i il 5| 9yt
1 EhESE PCR "4, FEIKEL 1 500 bp i) PCR 4, 44

S5 Ay B A A RNV BE R R R e 1S B — bk 4,  PCR AT YIRS RIS BRI, MR TSR
%l N-4,00E 1A FiR, Btk N-4 ZEERRE S 1 465 bp. FFEi K N-4 ) 16S tDNA ¥4 4 RDP 11
LHEE ARG, 41 mm-3 mm, FJE, RO BAEER Classifier FEF#EATIH2E, 45 R RV HE K
1BV, hZ%5%, Shki, N-4 °& Actinobacteria | ], Leucobacter g . 3 Ff NCBI
Bl i) BLAST SEATARMUE 0T, 1A T/ PR N-4
[y 16S rDNA J¥ %15 GenBank ¥ /4 B 1 51 o
] Leucobacter chromiireducens subsp. solipictus nov
FEHMIIE 53k 99%, Bk Hiey 448 Leucobacter sp.
N-4, A9 R GERE A anIEl 2 P
2.3 FEER. RiRX IR EMEZM

ik Y5 R RU R SR 5 TR R A R R RS, 7
. N’_4 S Yook It e b i v T 422 i 5 e o okt i JBE 6 R0CR
Fig. 1 The colonial Ilnor/pll‘;:)logy o—f stra;rllui\l-4 (A) and the ﬁﬁzlgg;gﬁEF‘%%U&EYTIL%#FHE@%/}E@/E%’ &
electron microscopic micrograph (B) Z2 7 X YR AR A R

100 Leucobacter sp. TAN 31504" (DQ845457.1)
67 Leucobacter sp. N-4 (HM641755.1)

O
[e75)

— Leucobacter chromiireducens sp. Chromiireducens (AJ781046.1)

3 r Leucobacter sp. LR-2006b (EF138947.1)
99" Leucobacter sp. D1-50 (AM403164.1)

Leucobacter luti (AM072819.1)

Leucobacter sp. RBB-08 (GQ344412.1)
50 Leucobacter sp. Sj10 (FN597581.1)

100 —l— Leucobacter sp. BBDP56 (DQ337516.1)

951 Leucobacter sp. M1-8 (GQ352403.1)
Leucobacter sp. Chl (EF362778.1)

67

Leucobacter aridicollis (AJ781047.1)

42 —‘—
93 Le,

Leucobacter sp. KCH4 (DQ838043.1)

Bl 2 E#k N-4 8 16S rDNA EEFIIRFE X B R
Fig. 2 Phylogenetic tree derived from 16S rDNA gene sequence of strain N-4
e RE0.01 fREAF LTI 225 $55 TS GenBank 7 BB S5, B0 o TR bR 0 AH {BLPE.
Note: The tree was constructed and bootstrapped (1 000 samples) from a sequence alignment of 16S rDNA genes using the neighbor-joining

(NJ) method. Bar 0.01 represents sequence divergence. The GenBank accession number are showed in parentheses after each strain name,
numeral represents comparability.
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MEL 3 AT LA R 5 %o o e ) s o G, G
ORCRIITE 85%LA I, Horb i (4 8O e 1) S R m,
H R Z R AR 95%L [ o 1 AR B € 1) 52 ) B
AR, AR R AR B S A e i R AT, B
6 3550 T i e 1) s G TR B R TR RE A, L i R Y
KRBT 95%LL Lo T LATE LLJG B9 5256 b JRAT TR 2
HCTRLWE R R B 43 A A G sk I €0 3k R v i T
AR
ES?K SRR B SE AR AL B BR N-4 X348 K-R B9 &
W

I 2% 18 ) 17 925 P10 AR TR PR N-4 X 2kl K-R A
gk, LATARE N-4 B9HERN i (5-10 g/L) . Yekhifk
(200-400 mg/L). BilRE R (1.5-3.5 g/L)yFI bk
FE(1.5-3.5 g/L) fE R+, RAT LA G,
FI AR AF Design-Expert 007 #4752 5035 3 A S B d
S HTER 1.

JI6 e 25 AT AR 1 SIS S RSM ¥ T 1 4n % 2
Jii7~, H Design-expert ) Analysis B3 X} 25 R EAT
FERE ML, PG A T R

i (5 %(%)=87.95+16.574—13.30B+3.51C—3.30D+

9.74B-2.554C+4.904D+0.98BC—6.38BD—1.45CD—
8.284°7.61B°+0.036C*+0.85D°,

A EXIRATAT LR X 4 PR GO (L)
WA R (A B AMEC R, TRA7 7 EAR I,
IR ] AR B R R O

FIFH ANOVA J7 22X 85 Bk A7 1 o br, High
W% 2 FroR, F AN 13.44, P<0.000 1 iF B iZ 0% H
A EVED (F (G, P<0.05 IEBI 81 1A
TFHAG R ), BRI R A5 R 5L R7=0.926 2,
VA BB ROR BT, I R 2 7.38% 748
bR Rl b A D Ok i B U2, A IE A OC R AL Adj
R*=0.857 3 {3 HHASE Y ft T 00 5 52 6 {400 45 O A
A, miF 20, NF 4. B, AB. AT B* ) P
{EAR/INT 0.05, 156 I Gk o Fi5 A2 o ik 2 52 Mg sl
RN SR eSS

FIH Design-Expert 007 #X {4445 H 4 Ff K 7 [B] 4
HAEHE 3D K& 4). &l 4A F1 4B 0 EW ) 2R
o Rk v R R R T (O R B R,
HLFE YRR BE 3G I, AR N-4 XHEMIRE K-R
A RO (3 B I B, O (% G RhR BE Sl 200 mg/L
B 75%, FRES] TR 400 mg/L B 31% (&
AA) o TSR R TR e 1) U T £ % 58 €83 1) 5% i AN P A
(4C, 4D), 3 2 Al FIH ZE C D 1Y P-value 435
90.094 7F10.113 9, U HIX PRI A EE Bk
2, MM A] 40 2 B A i 46 5 B — 2k . 24
TOUINAS ) B RE N-4 B RE MR IE K-R SR 4%
2 WEN10 g/L, GBI 222 mg/L, iRk
1.5 g/L, 4 3.5 g/L BRI EBCR BT, 76 10 h I,
222 mg/L By YL RHREDE 78 4 B £
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Fig. 3 Effects of different carbon source (A) and nitrogen source (B) on decolorization of dye
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%1 FEMMMER I EE N-4 it 228 K-R XML E L

Table 1 The design with experimental and predicted values of the decolorization strain N-4 to K-R

A B C D
5 F:ct?or A F:cir B F:ct?or C F[?ct?zr D e ﬁ‘iﬁ' If
No. W R W W B O TR Observed  Predicred
values (%) values (%)
Inoculums (g/L) Dye (mg/L) (NH3)SO4 (g/L) Fructose (g/L)
1 7.5 500 2.5 2.5 17.39 30.88
2 10.0 200 1.5 3.5 90.56 102.53
3 10.0 400 3.5 1.5 91.03 94.12
4 7.5 300 2.5 4.5 88.31 84.75
5 7.5 300 2.5 2.5 88.66 87.95
6 7.5 100 2.5 2.5 89.73 84.10
7 10.0 200 3.5 3.5 93.04 99.57
8 5.0 400 1.5 3.5 16.15 13.16
9 12.5 300 2.5 2.5 91.62 87.95
10 7.5 300 0.5 2.5 79.71 81.08
11 5.0 200 1.5 3.5 77.21 73.98
12 5.0 200 3.5 3.5 87.30 81.22
13 7.5 300 2.5 2.5 88.00 87.95
14 7.5 300 4.5 2.5 88.61 95.10
15 10.0 200 3.5 1.5 91.23 86.51
16 10.0 400 3.5 3.5 89.37 81.65
17 5.0 200 3.5 1.5 84.34 87.76
18 10.0 200 1.5 1.5 88.14 83.66
19 5.0 200 1.5 1.5 74.71 74.71
20 7.5 300 2.5 2.5 89.22 87.95
21 7.5 300 2.5 2.5 88.04 87.95
22 7.5 300 2.5 2.5 84.97 87.95
23 2.5 300 2.5 2.5 10.17 21.69
24 5.0 400 3.5 1.5 76.09 56.40
25 5.0 400 1.5 1.5 46.09 39.42
26 10.0 400 1.5 3.5 84.22 80.66
27 7.5 300 2.5 2.5 88.79 87.95
28 7.5 300 2.5 0.5 86.53 97.95
29 5.0 400 3.5 3.5 19.99 24.33
30 10.0 400 1.5 1.5 88.95 87.32

*=2 ME#EEA ANOVA 24

Table 2 ANOVA analysis for the decolorization of dye

WE  CFaA Fgm PR P 1 WX OPFAE AR R P
Source SS Mean square  F-value  P-value (Prob>F) E Source SS Mean square ~ F-value = P-value (Prob>F)
Model 1246.42 1 246.42 13.44 <0.000 1 ;e 15.52 15.52 0.17 0.688 2

A 658589 6 585.89 71.02 <0.000 1 I BD 651.85 651.85 7.03 0.018 1
B 424843 4 24843 45.82 <0.000 1 CD 33.76 33.76 0.36 0.5553
C 295.09 295.09 3.18 0.094 7 i A 1 880.77 1 880.77 20.28 0.000 4
D 261.32 261.32 2.82 0.113 9 N : & 1 590.39 1 590.39 17.15 0.000 9

AB 1517.99 1 517.99 16.37 0.001 1 c 0.04 0.04 0.000 4 0.984 7

AC 103.84 103.84 1.12 0.306 7 . D’ 19.81 19.81 0.21 0.650 5

AD 384.30 384.30 4.14 0.059 8
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Fig. 4 Response surface plot of decolorization: optimization of medium conditions was strain N-4 inoculums (A), dye con-
centration (B), (NH3),SO,4 concentraion and fructose concentration
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2.5 Btk N-4 3FRBER GBI TS BLE, WA o AU AR R g Ykt ff
KT LR N-4 XPYLR B ry 715, S0 R E R 100 mg/L, 30 °C JRAM 0, #ikk N-4 X}

TAGPEGRE . PHE Ut . MRPEYeRb R B R R [EGER B R B an g 3 FR .

JURRE B GLRHEAT T 5 58 TEMR R EE N 5 g/L gESLRIA, AR N-4 SRR YRl A B iY

FT 3 EH N4 FAREHNHRERNE

Table 3 Decolorization of different dyes by strain N-4

Y24 B g I RO Decoloration (%) Jufl s #l
Dye Structural formula Amax (nm) 10 h 20h Types
Reactive red OH NHCOCH, 543 59.2 90.0 Reactive dye

e\
(HC),0P NaO;S SO;Na
Cationic red N-N CH. 1+ 531 98.1 98.2  Cationic dye
- ]
T o

ZnCl;~ |
CH,

Acid scarlet GR ©N=NON=N O 510 98.1 984  Aciddye
wos—{ )

SO;Na

Methanil yellow G QNHO =NQ 442 575 926 Acid dye

Reactive red X-3B Cl 538 70.6 87.1 Reactive dye

Acid red B SO,Na 515 90.1  90.4  Aciddye
N=N SO,Na

OH
Direct fast blue OH 582 802  96.0  Direct dye
O \ ( NaO;, NH,
SO;Na
Reactive brilliant blue 0 594 925 959 Reactive dye
SO,(CH),0S0;Na
LT s
O NH
Reactive dark blue K-R . /Cl 562 72.1 90.6 Reactive dye
Cu e
Na0,S RN NH—C C\\N
| Ty S
G Naozs/ SO,Na
SO;Na

© PEMFRMEDHRAATIRSHBET http://journals. im. ac.cn
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JBE AR, 20 h 5 IR KT 87%, A g M
41 X-3B MM RANAT 87%; 1M %ot BH B T-£L M ik
KL GR WA iA %] 98%, ULHIRIE N-4 BA
JR € ) i
26 ERBFHGFEENREINEIE

e Y b K — R o K Y 4 e Y,
P, ARSI % 58 T AR 42 )8 2 T 0 i i 5
Wi, VAR 4R T RYAHEE 9 1 mmol/L i, H
6 € 5 SR A3 s A /N B 4 JE R G
AR IR R, Hoh o Ba¥>K>Fe'™>
Ca2+>Mg2+>Mn2+>Zn2+o i Co?t R Ni2* R Hg2+ﬂl Cu?t
it e € ELAT AR, e Cu® BT RCR W
MR 5 /LI, 100 mg/L Y GLRE 10 h A (R
AE] 20%.

100
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60
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20 r ﬂ
0 = ’—I_‘

5 ERBETFMRENFIT
Fig. 5 [Effects of different metal ions on decolorization of
dye

3 G

AR SC Ao Ve B AR B O 45 vk A b B A v O
PG — R B A3 gkl % A B8 0 0 TR AR, 8 i
16S rtDNA 505087, #1260 E g T Leucobacter H
J&, TEREAEE SR FRETE R4 R0, 291 mm—3 mm,
[, e, g%, P, FlHFEmE
M o7 v ) € Rl 32 e AT Ak, S5 SRR, Hefh ol
10 g/L, YRl EE N 222 mg/L, BRBREE 1.5 g/L, Fob
3.5 g/L B2 T iR B, 7€ 10 h N, 222 mg/L

Decoloration (%)
B
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