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i E: [Rw] FalA SR EeFR2 5 ahemk. [Fx] AR EREIM X,
M EBAN T T KA BB e WIT R o B RAT T —REA RIFALE AL 69 RB5-ML,
(4R 2 EFIK. AEA N HER AR 16S IRNA KRB 77 54T, ZILZE#
L =% /K A, Je & (Aeromonas hydrophila)#y F] /14 £ 2] 99.86%. [4# 1 ##k RB5-M1 &
35°C. pH 8.0 89+ T, RAFMHIZI(AA 85%. =HAMK 6%) 24 h, ML F XM E
F T4 94.1%, B EF S 99.8%.
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Isolation, identification and biological decoloring conditions
of Aeromonas hydrophila strain RB5-M1

YU Wen-Juan XIE Xue-Hui" HONG Wu-Lin FAN Feng-Xia LIU Jian-She”

(College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China)

Abstract: [Objective] The purpose was to develop some bacterial strains that could decolorize
reactive black 5 effectively. [Methods] We isolated a bacterial strain which has strong decol-
orization ability, by the method of domestication with gradient concentrations, from activated
sludge of Songjiang sewage treatment plant in Shanghai. [Results] According to its morpho-
logical, physiological characteristics and the analysis of 16S rRNA gene analyses for strain
identification, >99.86 % of gene sequences in isolated strain RB5-M1 were similar to Aero-
monas hydrophila compared to available gene sequences in the NCBI BLAST gene bank.
[Conclusion] When the strain was cultivated in anaerobic cultural incubator (nitrogen 85%,
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carbon dioxide 6%), 35 °C, pH 8.0; it showed a decolorization rate performance of 94.1% for

average value, 99.8% for maximum value.

Keywords: Biological decoloring, Reactive Black 5, Aeromonas hydrophila, Isolation, Identifica-

tion, 16S rRNA
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TERMTEKE RB5-M1, il IEAMeR . ERA
BTG AT 16S rRNA BLPA P31 2 M xd Hoah AT 1 %
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Fig. 1 Chemical structure of reactive black 5 (RB5)
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1.1.2 EFE: YMkEsRE@QL): FRE 5, &
His 10, S 1L84 5, 4wkl 0.05-0.20; HERF
F(g/L): 4E 5, HIFNE 10, A Abdh 5; Juklik
FrEE(g/L): A 5, R 10, LAY 5, Jukt
0.05. e il f () I Ak 1 37 o RN el 15 37 L 231 (0 24
RURRBAAIRIA, B AR5 R B WA

TR FRHEIAE 1x10° Pa R KB 20 min Jod 14
FH o 4SRRI A B 75 R e SR A B 77 S i S 1
BN 20 g/L ByihR, T& R AT AR (o ATl

1.1.3 {8 Z: Eppendorf = i# &0, Eppen-
dorf SUATES EA WA R, HIRST A4S, -
R A R F], Thermo CO, IRENEFRA, il
H A EPR S A RA R, HITACHI U-2910 #U%E
Shal Lot T, RE(HE)RH A AT R A
Fl; EAHE PHS-3C B pH i, LI Emi AT PR
F); OLYMPUS CX31 W H A= W2 i, b
T R AE NS R A R AT,

12 H%

121 BREBEHKNSBETFE: WATLIEK) B
fief 14) 35 5 e P G TR B B R A T IO B Dl R
B 10 mL A S & 90 mL & A 3R 5L 250 mL
HOENM, 35 °C FHIEREFE 12 h, 7E BB T W
FEREFRMP A A KR DL, U IR W & 4R
B IR A 1, A o0 B D R SR
ODeoo 1H o AHFYE BBl N A= 75 S A2, ODegoo
fE 1.0 ZiA7R, DRI SR AR IR A 77
FA (R 85% . 4A ALk 6%) A TR0 e Y I
fe3555, TR H 35 °C, pH 8.0, B I F i
WA R B 0 A e B 0 (S AN I TR AR G
BB A ), MIIEIEFREEH . B 10 mL
PN AN 90 mL & 4R FRILN) 250 mL 4
JEHH, 35 °C TR FE 24 h, SRIGHOX RS
i RS T A B A R ol 7R 2 |, 35 °CE IR
7%, HEK TS . R IR H B YRS R
FE AT A A ] LA B £ P 1) B R
BT P AR B AR R S R R 24 h,
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D M, AR T 10%, WA E LN
BB ML ERE T . IR I e B R S 1.3 Hflr
A BRHAT
122 FEASREBEMEHE BOTREMYE
Wi, 7RG WA T AR, Jf s 2= IR gy
o, AR RS TR S WS . kA
PRI A AR RRIE S0 0 7 T ik K wl A iy S e L
WANE R E T ) B K ( Bergey’s Manual of
Systematic Bacteriology (Second Edition) ) !,
1.2.3 16S rRNA EFEMFF: FEIARFER AR5
Brae a0y, B 1 mL B LA TN
A 2H 457 & (TIANamp Bacteria DNA Kit)
$EHC DNAM, FARGE A S %t (E 514 27F
5-AGAGTTYGATCCTGGCTCAG-3"; S [i] 5| ¥
1492R  5'-AAGGAGGTGATCCAGCCGCA-3'™)
P HETR R 16S rRNA BEK  PCR WA %224 50 pL,
B U2 FF 4: 94 °C 3 min; 94 °C 30 s, 56 °C
1 min, 72 °C 2 min, 3£ 30 /MiE¥R; 72 °C 7 min,
PCR "4 r=4 iy i Ak Fnil iy el i A= T A= 8
RABRAFSERR, WFLEEH BLAST #44T
GenBank 1Y 16S rRNA 3 K £ 41 304 T [R] P [t
8, H ClustalX #4725 BT
124 BRERNE: ¥KEK RB5-M1 7E4ukHE
FRHRER, BOEARRRIREE, pH. B =, fR—e
] S R0 TP U 10 mL FEVE, 45 10 000 r/min
FELL 10 min, BRI, ARG SRR
RIS, W IR R R R W Ak
UM ERE(E, R ODsos, JFARSE F 2T g
R, DUk IR BRI B hE

it £, 5K =(A0—A1)/Agx100%.

A i€ 5 A SL7E 598 nm i OD A ; Ag: it {7
HiRE AL LE 598 nm (1) OD fH..
1.25 EBFAAMEEIFM: B 10 mL HBm
A 90 mL gL pliEFR b, R 35 °C, pH 8.0,
EPERRFE G TR . BRIRIGR . DRAASEFR 3 Tl X4
A e = Hrh, #E SR AN
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IREE 35 °C, pH 8.0, MHIEKGFHAH T ERE R,
PR35 46 F iR 35 °C .pH 8.0 . #%3# 150 r/min.,
IR IR G AR, IRERE SR A 0IREE 35 °C.
pH 8.0, IRAEIEFAH (A 80%, S fbik 6%)H:
IREERGH

2 HRH5®

21 BREEKMFESBEREE

211 BBEKRFES S Sifiks =53 6
PRXHE M YR B Ve R bk, 258 3R 1,
TR € P BE e i 1Y RB5-M1 B REVE M IS 1T
JUh €5 25 AR ST R T R o TRTER RB5-M1 FEZIRE A
R A A 94.1%, fem A%
4 99.8%.,

* L FRIEHRRRER

Table 1 Decolorization rate of different strains

4% A %

No. Name Decolorization rate on average (%)
1 RB5-M1 94.1
2 RB5-M2 87.4
3 RB5-M3 72.5
4 RB5-M4 69.3
5 RB5-M5 83.4
6 RB5-M6 62.0

212 WEESEFUEREEEENRE: Wik
RB5-M1 S > [RFE TR, 44 i s o,
ZECREATR, E 2 R, fEREMRRE SR L,
35 °C £ 24-48 h L MU E A2 3 mm—4 mm K
/NETTE T, WE 3 R, Wbk RB5-M1 AU 744
TEAANEN ot F . REDGHEEMR . 0%
ROk . BORH . PR, Rk RB5-M1 FEA:
ORI AR, SR A RN A SR
FHE, MR LA A AR I 845 (3R 2120 %
ol /K S B M 1 (Aeromonas hydrophila) .,

2.1.3 16S rRNA F[H 5505007 7 345 #
¥k RB5-M1 f¥) 16S rRNA JLNF51(1 442 bp),

2 ¥k RB5-M1 B BERK
Fig. 2 SEM image of strain RB5-M1

3 E# RBS-M1EEBHE
Fig. 3 Colony image of strain RB5-M1

GenBank JPFI % 558 IN019024, 16S rRNA
Bl ¥ %1 5 GenBank H EL A 1Y g 7K S HL B TR
Aeromonas hydrophila strain B FRAHBIT: 4 99.86%
LI E. Hitk RB5-M1 1Y 16S rRNA JEH 75111 5
GRBR LA 3,

AWK RB5-M1 19 EZIEASFRE . A3
HEARERAE LK 16S rRNA LR A0 Hr4h H, %
FE LR RN K IR MITE, 5444 Aeromonas
hydrophila strain RB5-M1,

22 EFFHEK RB5-M1 B2 R E2 0

221 MEHE RB5-M1 RUEKHZ&Fin & ihzk:
B 10 mL BEWHIA 90 mL & £ RE 35k, 1R
35 °C. pH 8.0, PREASM(FEA 85% . — A fbhix
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% 2 THEtk RB5-M1 B4 T4 (L 45F4E

Table 2 Physiological and biochemical characteristics of strain RB5-M1
M 5 RINGER
Items Results
H 22 KL R 5 Gram stain test _
i AL SRS Catalase test "
B B Ak 56 Gelatin liquefaction test -
JRZ WS Urease test "
HiZ W 42 2525 Glucose fermentation test
V.P {5 VP test _
T -BE -3 ) BRI SIM test
KSR AR B % Arginine dihydrolase test
K E AU @R B8 Arginine dihydrolase controlled test
AEH-E M3 Bile esculin agar test
A fb RS Oxidase test
MBI IR 56 Nitrate reduction test
T 4A D Aerobic test
TE: + P =Btk
Note: +: Positivity; —: Negativity.

+

+ + + + o+ o+

FPEIRE

Escherichia coli (GU968184)

Aeromonas punctata strain pW19 (FJ940829)
Aeromonas caviae strain T93 (HQ407268)
Aeromonas aquariorum strain MDC47 (EU085557)
Aeromonas hydrophila (AB472955)

_|: Aeromonas hydrophila strain GDzs0826 (GQ403072)
Aeromonas hydrophila strain BJ (EU696781)
Aeromonas hydrophila strain GDzs0824 (GQ403071)

RB5-MI1 (JN019024)

—

4 RB5-M1 E#kH] 16S rRNA EEFIN R G A B
Fig. 4 Phylogenic tree derived from 16S rRNA gene sequence of RB5-ML1 strain
W RS BN BRIAR Y GenBank BSR4
Note: The number in the bracket denotes the GenBank accession number.

69%) 15 5% o AN [T [B] R PRV, ASAS N PR V1) 42
Rige3ohzs A, M HAE 600 nm T IR EE(E,
R ODpgoo o MR At AN [T 1] ODagoo 14748 fb 223 il A= < i
£k, Wk 5 FiR,

HU 10 mL BBMA 90 mL ByZeRl i FR%E,
TN 35 °C. pH 8.0, KRELKM(A 85%. —
ALk 6%)355% . ORISR BRI, LAARINEE
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W GRS SRR 25 1, B0 i B I R 0 et
7 598 nm T (I IEEE(E, R ODsogo ARHEA [}
] ODsgg HYARfLZE A K 2R, W&l 6 Fi7R. 7]
DIEH, BEFEmtalikg] 24 h B, #kk RB5-M1 &
IREPECIA TR, SRR 94.1%, T
WEPE RB5-M1 ZyEK, Wi, 7ESEhrEKik
B BB PR it B ()
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Fig.5 Growth curve of strain RB5-M1
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Fig. 6 Decolorization curve of strain RB5-M1
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222 MEBmEEEMNHE: FEAREET, I
o R B ] AR FR AN 7 TR, SR EAIRT 40 °C
I, WEEARP R, HiiREESy 35 °C Bl
R, 24 h ME R EZAF] 94.1%; THEE K
40 °C Bif, JIi A REAR, 48 h 2 i (2R Ay 30.7%.
PR LY PR O € 17%) Fe 3 3R 84 35 °C

223 BBHIE pH BMHE: FEARRET, B
KB pH Bk in & 8 Fros, fEMRIEET,
pH 5.0-9.0 B i (1% 12145 5, pH 4.0 5 pH 10.0 ¥,
24 h 72 A M8 8530 R 4.7%F1 5.6% . 1% TR R
J G Pk R Fe A0 pH A 8.0, 24 pH 8.0, HE N
35 °C 1}, 24 h ME MM %0 94.1%, 1535 72 h
Ja, MR FR R pH, AnZR 3 IR, Wllh pH A
4.0-10.0, % pH Hy 5.0-8.5. A I, FE{ARRA]
T PR RRTUEE, pH 9.0 A1 pH 10.0 FY YLkl 55 5L
RS pH ZRAbACHA W, PRI FZ B bR Ak
PR YR KR, AT KRR, AT RRA AT
T8 SRR K B

224 BAEM_SUHEMBEERIEI: AFM

100 m 3 20°C
—o0—25°C
—A—30°C

co
(<=4

i
74

Decolorization rate (%)

[\
[}

o

N, 5 CO, 1y FL XS itk RB5-M1 2 %) 52 il 4
K9 Fi7R, 24 N, 5 CO, ¥ Lkl 5.0: 85.0 i), K%
F¢ 24h JEINAS RN AR ol 83%. 24 N 5
CO, LM 6.0: 85.0 B, 1535 24h JE A5k
I £ 38 e A 94.1% 4 AUk AR i 1 >6.0%
BF, T2 TR (A B S AR

S Rau J 55T, bR & =T,
W A S BRI, 2 FECAE i %
1Ko MR HIKET-320 mV, B ARG 1 1k
NAD(P)H fEAHLF3Z2 44, il (582 i 2 |
Fho AHad s r A AR & AT R SR A A K
TSR pH FEAS, AR AT SO et pH A9

%* 3 Etk RB5-M1 1£5A1/E pH Tk

Table 3 pH changes after decolorization
RS
No.

Wi pH

Initial pH
Mt )5 pH

pH after decol-
orization

1 2 3 4 5 6 7

40 50 60 70 80 9.0 10.0

50 57 61 63 68 75 85

W

0 6 12 18

24 30 36 42 48
t (h)

AV F Oy A ES: A

Fig. 7 Effect of temperature on decolorization rate
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Fig. 9 Effect of gas ratio on decolorization rate
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BRI AT AL, Wt SR AE R PR (pH>T7.0) T 2 &
TR (pH<7.0), PR BLAE A IR I 1 15 35 5%k
T, AR S =S T 6%, A TR PR
RB5-M1 ffii

225 EFHXMBEEFME: ME 10 7] I, 7£
BRI 0-24 h P, DRSS FR IR I T

P, FE R AR, BRIREE TR A
MRS, HEARFRP I 24-72 h, JREAREFE
J5 3B RGN R IHE, Th  R 7R =
RPN, 72 h 5§k E SR SR ARG R
ORCRILFHRE, 200 90%, 8RR IR A0 (0 R
1L H 25%.

100
—— Static culture
90 thking culture //%
80 L —Z/— Anaerobic culture ﬁ//
9 70
R
2
S 60
g
R
g JU
N
8
-—8 40
3 _
2 30 =

100

t(h)

10 BEFARMNRERMEMN

Fig. 10 Effect of cultivation mode on decolorization rate

3 i

(1) MIEHETG TR i o 25 8] T — R EA
R ae 0 i /R RB5-M1., 2 5% 58 1 Bk
RB5-M1 Ny WK HLHfLEH, v 440 Aeromonas
hydrophila strain RB5-M1,

(2) Witk RB5-M1 JIi 5 i ifit B 35 °C, fix
£E pH M 8.0, 24 h i %N 99.8%,

(3) AMREFE =LAk RB5-M1 [ (o
AW, ARETRA TSR, A, AT
T N A, SR R B R R 2Ok ek K
AT AL IR, A b TR A S R A AT AR 2
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