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Characteristics of Cr(VI) removal by an endophytic bacteria
isolated from Leersia hexandra Swartz
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Abstract: Leersia hexandra Swartz is the chromium hyper-accumulative plant which was found firstly in China. The
endophytic bacteria of L. hexandra Swartz and their removal capacity for Cr(VI) were studied in this paper. A
Cr(VI)-resistant endophytic bacterium G04 was isolated from the roots of L. hexandra Swartz by the solid plate
culture method using the media of beef extract peptone containing Cr(VI). Biological identification results showed
the strain belonged to Enterobacter cloacae. Effects of culture conditions, such as initial pH, temperature, Cr(VI)
concentration, liquid volume, inoculation amount, shaking speed and culture time, on the removal rate of Cr(VI),
removal rate of total Cr and the growth of the strain were studied in detail using the method of shaking flask culture.
The results showed that the optimal conditions for the removal of Cr(VI) by E. cloacae G04 were as followed: initial
pH of 5.0, culture temperature of 37 °C, substrate concentration of 100 mg-L-!, liquid volume of 80 mL in 250 mL
conical flask, inoculum size of 15%, shaking speed of 100 r'min’' and culture time of 48 h.Under these conditions,
the removal rate of Cr(VI) and total chromium were about 84% and 8%, respectively. The results of this study show
that the endophytic bacteria Enterobacter cloacae G04 has better application potential for removing chromium. It
may be used directly for remediation of soil and water environment contaminated of chromium, and also may be used
as alternative strain for promoting plant remediation of chromium pollution. Furthermore,
the result has an important reference value to illuminate the mechanism of chromium hyper-accumulation of L.
hexandra Swartz.
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BEAE AR AR R, BRIy, BEE 2o hAE2 7 Z2RNH. H51k
[E I, IR (RS A FLA & W IR G e 0t R ™ H . KSR 8 SR B S B W
ERG . RIERG JFIEFVE IE =2 5 255 KPR R GuEiE (Costa, 1997) o & FESTE
A, REDUSRRIRAN E RS TRAE AR N Cr(VD# A2 BV B iR 1 (Shanker et al, 2005;
AR, 20100 o FEFR EXRTGREKAE . DEERRERHEDEE S, BMEBMAE
VI YR RIS R B ARSER XBR#E 4B E T (Chibuike & Obiora, 2014; Malik et
al, 2010). MESHEEJBISREKIAE 5B H H O #E (Leucobacter sp.) (Ge etal, 2013).
Bk J& (pseudomonad) (Zhang et al, 2016). #E 5 1 J& (Streptomyces griseus.) (Chen et al,
2014; Poopal & Laxman, 2008). *F#IFFE&JE (Bacillus sp.) (Alsalamah, 2011; Dhal et al,
2010) FIHGINGE JB (Thermusscotoductus) (Opperman & Van, 2007) #EA B UF ) Cr(VI) 2 FR
VAR

HEEEMBAEE R, X ES WM ELSEMEY 10~500 5. AIEESEGHL
b A K RIS CHESE, 2015), TS RIE R A IR H )72 (Brooks et al, 1998).
Lt EIR, 8w R N A P T AR S B FUE P EAL, 10 As B E IR B (FE
HRL 20120, Zn BEGAEYIRE FOR CRH5E5E, 2013). Cd B ZBUEY 9% (ETEESE, 2009).
Mn @ R 53R, 2015) ZEBE M RRE. 22K (Leersia hexandra Swartz) &
skE RS (2007) T PUEEAR R DL RS SRR, O B — £ v [R5 P 8 0 ) 4 R AR
S, FEARIERS CrIDAT Cr(VD#A BRI & 4R AE ) G, 2008; FR1RSE, 20085 77
BRI, 2013) o HHATH I IROR A AR A0 B0 B B8 Cr(VDBEATIE B BT FE oA WARE . A%
SO AR AR IR T B N AR E TR R AT 40 5 L e . M50 MR Cr(VDRHPEFAT R TE, NZE
PRI PN AR B B 1 e 52 ) I FH B kAl

1. HR5 75

1.1 8
1.1.1 J&R

Bl EEEYERR, RAERE T RS R %S TR E.
1.1.2 Rk

AR HE: FWNE 3 gL, EAMK10g L, S8 S gL, Bl 20 gL, HRNEM
K, pH A 7.0,

Wik IR AAE 3 gL, EAM 10g LY, Skdhs5 gL, HANEEK, pH N 7.0,

T Co(VD)IEFR3E: 1E4- E B R B AR A R R R I 2R b, 0 N AH B &2 1Y) B 4% TR A
i
1.2 Cr(VDHIEN A E K2 5. Tk

Hf R 1 45 IRORARAR BT AH 2R, KB T45 5, ORI 614 N H 70% 1 RIRIE 40 s, 25
F 2.5% K EEREHIR 6 2 min, o FHCBEZKMBE 6 Ik, ZBRICEEAM BRI . TR &
R I Ja — B e 1 JC W K A T ARl 7758, B9 R e B K, RUIRMEHE
I TE W 24 N BUE B4 R 1 2 AR ERZLZL, N 1 mL 0.9% ) &AL BhiA 78 43 F 8%, B 1 mL
WS MR FR T 100 mL 4- B B E RIBR S 7 5 (500 mL =D, 37°C, 120 rmin’! 564
TR 2d, BEFRIEE 102, 103, 104, 105, 100 3E47HBE, 4> BIBL 20 pL FH-FHOR A
PEEAES Cr(VI)IR 43 524 100~1 000 mg L {25 VB B (A ISP AR B 97 3% |, 37 °CIE IR £
7 24~48 h Ja, MIEEEEKBN, POEKABEL . MR m%E, BATE-FR,
KRN HAT 2 IR B aith, 343 Co(VDBE N AE R AERE 7Y, HW kA T R
Btk b, 37°CHEERIFR 24 h J5, 4 °CUKFAIRAT
1.3 Cr(VDHitE g 4 &

KNG AR 2 DNA 2 BOAFI&E (A TAM TR (R ARARD X Cr(vFitt N 4
TR GO4 FE R ZH AT HEEL

PCR #" 18 ;e MK 2 N: 2xTaq DNA 4 2 ul, B 25ul, iR 2 ul, 54 1492R F1 27F
% 2 uL, ddH019 pL, JB5)JE BT PCR ¥4 . HFE/F: 94 °CTIAEE 3 min, 94 °CA 1% 30,
55°CiE-k 30's, 72 °CZEf# 1 min, 72 °CJ5%EMH 5 min, 30 PMEIL.



F 1%0 B g HE RS . 0.5xTBE A HIKZE M. 80 V HLEREAT PCR =41 3 iR b4 I B
Ko F GO4 ik DNA (1) PCR P2 &I FEHEBERR vk 5, AR TAY TR (i) f
PR~ B HEAT AT I o G A &5 SR 8 5% 35 [E] ) NCBI ¥ (http://blast.ncbi.nlm.nih.gov/) 47 DNA H]
Blast LbX}, #fi€ EH R IH)E .

1.4 HAZHH G04 = Cr(VDEL:

WE RN ORAZ PR G4 24 E & AR RS 7- 3PS AL, T 37 °CIE IR 746 85
724 h J5, PREL 2 HREFNTE 100 mL 2 RE & A IR ES 7R3 1 250 mL =M, 37 °C.
120 r'min” #3585 7% 24 h JGAE NP DA E & O IR R R R REAL B, 1R
Ja SEBR Cr(VIIRIE H B Fis 77 (1) 25 [ 6 R

WP IA% 10% %P B4R T& Cr(VDIKREE )y 100 mg-L's pH A 7 (H 2 M B
FEFR VAR MARE E AR R CGEE 100 mL/250 mL =D +, EY
s, BT 37 CHAEEAK IR F 120 rmin R 9% . B9 4t e G, &0 T E
FEERREFR, 10000 r-min™ B0 10 min, 25 BB ARANILAR SR 44 0T o YTTE FH 2808 /K I TR 21,
5E OD600 FWRGREME, EiEWH T-I5E Cr(VDIIREEALE Cr IR EE . EiRB IR, DIAEE
FhERAE P 2F B B A R R B R AR P IR RV, BN xR .

1.5 Cr(VDF& Cr [l 2

Cr(VDbrvE HZE 2] 20 BIEL 5 mg L Cr(VD)ARUEZETR 0. 0.2, 0.4, 0.8, 1.2, 1.6+ 2.0
mL T 10 mL ZIFE ke b, HAMKEZIESE, 25N A+ MR AR % 0.1 mL 5,
HAN 0.4 mL 2Rk —HE W, #E5). fF R Y 5~10 min J5, WEFE S TE 540 nm P AL
ARG EEAE o LA Cr(VI)IK EE RS A8 AR, F R 540 nm AL FIWROG BEAE AR KR, 22 Cr(VI)hRTE
k.

Cr(VDIIE . B 1.0 mL A0l Cr(VDIAAE DKM BE 2 10 mLo HX 1 mL &8RRI, i
ANE] 10 mL thtafEdr, HZEMKBEZRZIE, A (+D fifR 0.1 mL A1 (1+1) @ 0.1 mL,
PE5T. NN 0.4 mL —ZRBRIEE AT, #25. 5~10min J5, T 540 nm P KA ENE. 7
PR 2k B A Cr(VDIREE, RE\FAREZX (D 1 Cr(VD) LR,

e oo CrVDRISE IR - Cr(VD R U . 1
Cr(VIYEBEZHE (%) DR x100% (1)
A Cr E : B 1.0 mL AF I3 Cr(VDFE, /KA BE 2 10 mL. HU 1 mL S8 M R, AN
(1+1) BEZ 0.1 mL, &5, N 4% Eh B AR VAT , WIER A ayiHiB, WU 4k S in = B B A
BB L0, INAE T BRI AR 4 mL. A5, M 0.2 mL 20%10 R ZIER, #25.
FAE N 2% W R BRI, BIn— R nEsl, 2RaaRiFE k. FMIERZ, FRTNS
BRI, %R 10mL e, MBERERL, % Co(VDRIIE FiEteaille . %8 () iH5&

M ERR,
X PRI SR T - PR AR MR T =
MEERERE (%)= s x 100% (2)
’ TR R T ’
Cr(VD) RSB L B R i & 5 R bR as T R, DAHERR RS 7738 520 % I S 1 52
1.6 &ito#r
%P Micrsoft Office Excel 2007 #AEXtseig 45 Lk i7 £ 7 B FH S0t iR, BiE
7K 0.05),

2. R 5540

2.1 WHREEER

2 1.2 T AR IROR Cr(VDBUIE N AR H B EAT 73 B ik, 45 R 2 IRARIR RS — R B A
B Cr(VD I W AR GO4, 1% 1.3 JTVEXNZ MR HEAT DNA 41500, HARGREMmE 1
s . 5 RRHZEROR Co(VDPLHE N AN G04 5 B4 B #F B Enterobacter cloacae strain
R2-5A(HQ154552.1) Enterobacter cloacae strain R6-354(JQ659813.1)%% i #k 1) ¥ 5] [H] Y& P 15
99%, HJ& T Enterobacter cloacae, ¥ H iy % N Enterobacter cloacae G04 . 174 I ¥t
Enterobacter cloacae 5&— N ZWHEY), BEAEEYIREEEH RYFEE, 2000
BAEH (W3ESE, 2001). FEARLEH (Ramasamy etal, 2017) FIRZ5 (MRHiFESE, 2008).
W B/ e Cd?t (Xuetal, 2017) EAER . VAT Enterobacter cloacae i Cr(VI//EH . C
fifiki& (Rahmanetal, 2016; K&, 2011; Wangetal, 1989),
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Enterobacter cloacae strain R2-5SA(HQ154552.1)
66| Enterobuacter cloacae strain R6-354(JQ659813.1)
100 Enterobacter cloacae strain R6-355(JQ6595814.1)
Enterobacter cloacae strain R6-366(JQ659521.1)
84 G4
—i ————— Enterobacter ormaechei subsp. steigerwaltii strain GNO2457(NZ LEDV(2000101.1)
Enterobacter lndwigiistrain GN02450(NZ LEDX(2000010.1)

Enterobacter mori LMG 25706 (JX424562.1)

T
B 1 2R Cr(VDPLE N AT G04 KRG R B W

Fig. 1 Phylogenetic tree of the Cr(VI) resistance strain G04 isolated from Leersia hexandra Swartz

2.2 Enterobacter cloacae G04 3 Cr(VI)FI5FE
2.2.1 ¥tk pH BB

% 1.4 7%, [ HARSKAEAAR, BORAARE IR pH, 5% pH XT GO4 B FRER Cr(VI)
g, S5 2 s .
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Fig.2 Effect of pH on removal rate of chromium and strain growth
e B REROR AR R 2 R B E T, ARTRERREREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

K2 455K, E. cloacae G04 EAG 5% i) pH KA Cr(VD)IEJFYEE, 7E pH S % pH 8
B A KREAT Cr(VDIR R . IR A KIS F &, 75 pH A 4 1, AR5 T
SR 2 pH KT 8.0, A KINGE. Gt otrds BB, pH XF Cr(VI) ZBRFF Bk AE
Kifm 2 (P<0.05), MiXbEss kbR ARE. MpH NS, Cr(VD)EBRFERE, AN
84%. #ikPE pH 5 N E. cloacae GO4 F: 5 Cr(VI)fd S i 24
2.2.2 BEKEM

Y 1.4 J50%, [ HAh 2R AR, B8R XY GO4 B PRER Cr(VD IR, 25 Rk 3 Fios.
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Fig.3 Effect of temperature on removal rate of chromium and strain growth
E: B REROR A RGP ) 22 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

E. cloacae G04 1 25 °CZ 40 °C F ¥JRER A i AE K ANHEAT Cr(VD)IL 5. it oM 45 SRR,
BEEXT Cr(VD R A E bR KM% (P<0.05), MixhatsEmE AR E, DREET
40 °CJii, Cr(VI)Z: PR a8 FRAR, FRAR A 5 DR M R A2 4 AR N 110 30 S5 e I o 5 i 5 PR T T v
T3 52 BN T 235 « 7E 37 °Ci, E. cloacae GO4 EKARBL R, H Cr(VD)E R i,
WA 5 S I B I E R 37 °Cs
2.2.3 Cr(VDHIREIR E 5

% 1.4 735, 18 8 FAb A AR, SU% Cr(VD) RV EE, 25 8K EE 0T GO4 H#kER Cr(VI)
ffrsmd, 258Kl 3 Fio.
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Fig.4 Effect of initial Cr (VI) concentration on removal rate of chromium and strain growth
E: B REROR AR ) 2 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

HHE 4 0I5, BEAE Cr(VD)WILRWR LRI, X Cr(VI) I 2 R 2B S kb, 1 H vk A=
YIEMA SN T &S, X TR B TREE Cr(VI)IRE 3 0% kA K =4 7 8 EFEH
s T HAK. M, 7E Co(VIIKE N 100 mg L 5, SEREERRA L@, HE K
E. cloacae G04 X Cr(V)W M EF i n. Gttt R, Cr(VDWIGBIREEXT Cr(VI) R
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B, M RBRBEMER KM I EE (P<0.05. MERR Cr(VDIIWKERE, RIKE

Cr(VI)~ 100 mg L' BF ERIRE R K. ZREHE, EHFIEY Cr(VDINPILEAE N 100 mg- L.
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Fig.5 Effect of liquid volume on removal rate of chromium and strain growth
E: B REROR AN FACE ) 22 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

Kl 5 G5 EREH, BEE SRR AGZWININ, Cr(VD)ERRRIZA (&%, B FAEE, HH
PRAK 255, X TR RE MW N, RN A A A L AR AR iE B, S
B Z R IN6] . Sk BREM, HHEX Cr(VD) LR, B8 LBRFMERERKD
AL E (P>0.05). MEEHEN 80 mL (=MAMAR 250 mL) B, WHEIAKF Cr(VI)
BRI AL, W e B E N 80 mL.

2.2.5 BEMERIR

Y 1.4 773k, [ HAL KA, FREEMEX Go4 HkER Cr(VDIsZm, Z55RuE 6
s SRR, UM ENT 15%0, BERFAERKEME Cr(V) 2 IEAHXM, Cr(VDF) %
W 2 It A PP 3G 3 Ok, RIAR KRBT BB VR A S 1 Cr(V) £ FRBETT . it ot R
KW, BFEX Cr(VD) BB AE KR EE (P<0.05), MXTAEBRENEE. 4
BN 15%8), Cr(VD) LR, MUEF: Enterobacter cloacae GO4 BFh & A 15%.

—A— Cr(VI)Z&PRER Removal rate of Cr(VI)

—v— E&Crf[‘%$ Total Cr removal rate
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Fig.6 Effect of inoculation amount on removal rate of chromium and strain growth
E: B REROR AN FACE ) 22 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

2.2.6 BIRFEKIH M
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FiR o
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Fig.7 Effect of shaking speed on removal rate of chromium and strain growth
E: B RN AR ) 22 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

YRR IR TEAE 80~120 rmin! B, BEE RN, Cr(VDIEBRFEMBE AR AEKY 2 L
FHHER, XA REE RN E. cloacae GO4 & Fe i E AV MAEY, BEEFLEIIE N, AW
BRI, St otras R, KRN Cr(VDZEBREREE (P<<0.05), Xk E
PRAEFERMERKANEE . 2558, EERERELERN 120 rmin',

2.2.7 LR [R) R IR

1% 1.4 777%, [ ALK, B8R N GO4 B HRFR Cr(VDIIEEm, 25 RaniEl 8

Fos o
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Fig.8 Effect of reaction time on removal rate of chromium and strain growth
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E: B REROR AN FACE ) 22 R R E 1, ARTFRERRZEREE (P<0.05) .
Note: letters in the picture indicated the significant differences between different levels, different
letters indicated differences were significant (P<<0.05)

M E. cloacae GO4 %F Cr(VD)[ R R T 5%, FEER RN K, Cr(VD)ZEBRFZR
WY, & 48 h Ja AL P . MBEHRAEKIROUE, & 48 h BP A A KR O A, B UG
HENFET W, Giit o bras R, R ER Cr(VD)ERRFER R (P<0.05), 1A Es%
RAERIAERARE . S5FE, e VA 48 h.

3. iR 54

AT AR B A2 IRORAR TR 4 B3R — Kk Cr(VDBLME N AEH T E. cloacae
G04, RARF R IR pH. B RIKE. S0E. M. BRIKREFE DU MR
() 55 R 3R 0012 T A 25 B Cr(VDVERE RS2 IR o 752 PRVES B R AR RS 7R 38 v, B0 e B 46 A 9
pH A 5.0, RN 37 C. Cr(VDERMHKE N 100 mg-L-'. B E A 80 mL/250 mL. &
K 15% FRRFEE A 120 r-min'. M EE 48 he 4R, Ekk E. cloacae G04 %} Cr(VI)
MEBRBELN 84%, SHEEERRFEN 8%. ZEMIT Cr(VDEFRFILm T & Cr ZR%E, &
A% R Pk Bl I 2 Cr(VIYI A I 0SB & Bk Cr(VDIER o T BIvA AT 1.
cloacae 1% Cr(VI){EH], Rahman (Rahman etal, 2016) A5k (58], 2011; Wang et al,
1989) 2 N FIHIF 7228 W AR FHALH] = BUNIE R Cr(VI). AR S RS FidRiE —5, #E
M2 R WA E. cloacae GO4 X Cr(VI) £ BrbLi o] Gt & LUR i~ 32, (2 BARSE HALI
AR IRN BT . 5 C A MER Cr(VDRAEIAE LLE, Wi BR iR 5N Desulfovibrio SRB7

(B/NEEE, 2009). WIEZFAFE (RLE4E, 2007) 25, ZERANAEYNE E. cloacae G04
FEM Cr(VDIKEE . B& Cr(VI)RCE J7 1 B — & B .

AR R, NIRRT B Cr(VDILHENAEE E. cloacae GO4 Hikk E A 1K
SRIGBR(VDIERE, 76138, KBRS RS b BA RGN 7, A o] sefE el
YME TS R AL IR, AN AT IR L2 ORI RAE LISt — 2 &% .
A & W TR AN FOZ B AR BR(VPE LS BR(VDBh /1% SEBRRN 6045, DMEES G
1) 82 FH HR R e KA

SR
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