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WhEIE ey E . e, YIMBH Cd Rk, @i 16S rRNA LR FA 0 L ik . 6 R aE R 45
ARG VR TR S R, R AL R SE I AL TR 1 B 3R 25 1, 308 3 1F 52 S 2 TR A W R Vi e
(444, [RIEFIF SEM-EDS J FTIR 4MHHET R HE Ca™ mobLae, [ 4558 ] & . Wik g5
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PR H6 fEA K fi i, REFRT pH EJCRIT FRESR G ANBT L T, BRI Cd™ i IE s Ak 2R - T
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FHEATR , SEPK IR K Cd HREE S
5980 mg/L"', LA SRS FTR E KK Cd 15
PIBHEATIRM AL Cd Beia 5500 T, NERIITIE
B, RS ez ERERET, My, A
T Cd K BIE T A A DUTE Bk | B 1 a5 fie
WL MENETS VRS L AR IR ST )
A R R SR ) PR B A A LA S R 5, 22
ik — FR N A WAk 2 A PR B P B 75 G o
FHEC AL G BRAL 71, T W Bk B A R 5
J7oOAR . A FRACRET . B TS RE.
TRTGREEDL A, AR AR A BRI AL,
A Cd V5 G P 5T 3 s P2,

W R TS AT . B AR
A i 5 e 2 R ) FE R e B 4 S
Loukidou Z5UF| ] Aeromonas caviae VE AW
WG o 500 2 B v 9 R Y Cd P, AR R R B AT A
155 mg/g; Ziagova ZE 5 H FHE Rl Pseudomonas sp.
M Staphylococcus xylosus XF CA* VAR A T4 ¥
R, e R it 4331 AT ik 278 mg/g A1 250 mg/g.
ERWEIERB AR P R R A A O 25 BR
W Cd®r, (EEFORE, HXE Cd*T Rk
RE IR . A4k, Flouty ZEUS1ay 5wy T 32k
(Chlamydomonas reinhardtii) /%) 1% 20 JE FN AL 20 fg XF
PO>HI Cu™ MWL RE ST, Z5RRW], T4 FIZE
ZHHXT P>l Cu® B EERA A 8%, 40%F
28% . 55%, FEAH ML BLH BT i W B R RE
Kadukova Z5EURG o8 45 58 % B8 25 (Chlorella
kessleri)if 20 B4R (A 25 6 58 01 B AR 2R 40 .
XUEE T A P A T A N T A A E )R
YIA — & W T RE s . fESLPRTEOLT , HEJE
B AR AR 23 0 T 40 A 7 AR B AR DA T 52 i 1
MR M LLE TS M, SEAMMER DT
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AP BN, BN RS, AREERY
i H A D) 35N SRR R 2, MR RE RS2
HIAPAEPERIR T A S5 H B e Bk, R B
ZNECERER, oW R R AL 2 A AL A,
g B RE 192 B R e,

A= Wy 0% B R R P A i T ) — 28 BT
i AR BFEMI (NG | Rk | RIS 5
GIRE TR, RS R 32 R p LS
TEYIBE RN . B aCH A L R SRS
JiI L ARSAUTIESERY ., 340, AR R 75 B
ATEE B B8R 5 B 25 pH L TEE L 1%
BE AT S DA SG . Forp, pH R REM A IR B A
RE—DEEANR, pH BB 3R
IR ZA R o, a2 A WO R 5] 35 T Ay 5 H
BYJEAE 5 L AL — YO 1] A X OB B 7 A 52 i A X
BNy i B AR R S — A E R PR R SR
I A s ], 0 RS IR 1) 5 AT B 5 SO B AN 52
G, W RRFARE I 3 4 mT R 2 fok 0 R B 1 < e T
AT, EME RS S EEE SR E TR
e, DR TR B oo e P o 5 25 R B IS ]

BT ERFIE, A SCHGE TG ETS 8 50 8
T2 1 BRI Cd AR Rk, il e 5= )2 K oL
IR 1 5B R 4 X R AT T )P
YE, T T IRRIAR I B AR R AR I AE AR i
MW A W B AL 25 A RIBLER A AT, LAY
RE A Jim 2 0 T 4 15 Qe K IR B U e S 4R T
PRETIRFNR AR S

1 AR i

1.1 #8
111 BERRRIR . 20 A KV IHEBI5 KA BT
KAEMTE TG Ve . RT5/KAELF 2012 45 8 H 4
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A ABAT, WSS E Cd. B P LA Cr &
0 0.9, 70.8. 54.0 mg/kg.

112 FFEE: () FRFEONGERE: FRE
5g, EHAM 10g, NaCl5g, £BF/K 1000 mL,
pH 7.0-7.2; (2) FlAR IR, £ R T HEEA
PREGFRIE A 18 g Bilg .

1.2 it Cd BRI % E

1.2 4ifhsrEs. 78 Cd™ & EN 50 mg/L 194
HEARR RS, n—Em@iEtimie, TR
BEok 28 °C. B3N 150 r/min [ {E IR FE IR P& S:
3% 3 dJi, Bl mL 5 RERAESIEST 10 586
JERREE 107, WBRRBRMHEECHY 1075 107 Ff bk
WZHL 0.1 mL AR 5] CA™ ¥k 50 mg/L () FEMARS
FrAk b, 28 oC [HIRIEFRAEEHFE 2 do PRIGE
Fedk EAN A R SR B TR, T PR R
Figr, WEIEM N —TRv, WASEARE: AT R
LT, HEWKEIESH—,

1.2.2 M Cd WHRIYIML: Wil Rk . o)
B A IS B R Rk, TR AR IR B T
CA™WIEN 150 mg/L B4 PIFT 2R 1 R 6 (A i 77 3
BRIZL, 28 °C THEIERSR 2 d, WESERERSR
B ERGERKMERBE ., HAEK, WRGEL
PEE CA RN 250, 300, 350, 400 mg/L, HE
e KA B B R A K Cd™ it 32 B
1.2.3 Wi Cd EHRIERE: (1) S FEYF=YE
16S rRNA JE[H PCR 484l 5, R 40 e i 5|
¥y 27F (5'-AGAGTTTGATCCTGGCTCAG-3") fll
1492R (5'-GGTTACCTTGTTACGACTT-3"), %
FK B (KU)W EARA PR vl 58 U R H6 1953
THYFEET 5T FRRT S 45 5 AE NCBI H
#EFT BLAST 4387, #R15 5% R 1Y 16S rRNA 741
[ 5 Fre s I S R1F 810, FF AN GenBank iz FE

5 LR R AR 2 v 1140 R S TR R 118 5 DA e 47 Ay 2
BRBER .

(2) VIR K53 B TR R Aol 22 JER I I K
MR (TBBS) -t I, 30 °C fE IR E: #2456 B 77
(24+2) h, WMEEB AR IMINGE .

(3) HEARF R MR BZ(30£1) °C K
F7(24+2) h FFEEHCE 3-4 d WEFRBUREEF
Y VTR b, TIMAR R KIS 3 U
ZARTIR, WCKEER, I EYER 30 s 5
2%, Pl JOE TR, 205 TR R L 0.5%
BEPES AL, WOKIE FIMREOLZER, 0GR
W yResE 1-2 min, B ME, YL A O
TG 30 s, 1902 QIS o FORKBNIRTE T |
Mgt T 5 B A o WEAT TN B 296 (TR AT ) Fh e i
LLEMZETE . IE TR s AR IR 0 8 1 45 i A
LU= RO W N S SRR 8 7
i 2-3 d S5 HEF TR AT o BR324 2R FLAF B AR A 2
FEFF A 7= A B 1 4 dn i
1.3 Bk He W& Mk

W T L Al Ak A BRTAR Ho A R B (IR 77
FEREgR, FEEENIG pH (H . B5FERTR] . B
JE R R O A KR R
1.3.1 BEABMEIE: BRI b KR %
PR N2 B B 1 R R TR 3k kI 2 s L 4lidk
USRS, Rt R R FR AL, 180 r/min
28 °C £1FTFH:3% 18 h, 6000 r/min £ FE.L>
10 min, 7#2% BVEW, JCRUKUEREA, B0,
WFE B, I EE VR 3 R, BUERIE,
AT ICHE 0.85% NaCl (W/V)¥E W, L
B, EWE N 7x10% cells/mL, 4 °C VKA A7
M.

1.3.2 BHFEWE pH MO BEHEK H6 KK
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M. 7€ 6 20 100 mL =, Z7IMA 40 mL
A R B R IR AR B 55 3, 25 R0 i pHL (5353 I8
T4 4.00, 425, 450, 4.75. 5.00, 6.00, 7.00.
8.00. 9.00, ARJ5#E 5% (V/V, FR)RYHEMEER,
T 28 °C. 120 r/min 5/ T 8557, WE A RIAfE] T
HBE A ODgooo SLHBE 3 ML, % pH AT
BN B35 TR AR X B TRD)
1.3.3 LSRR RIFEFRIRERXT B He KM
M. £E 3 41100 mL =i, A 40 mL
S RE RIS, S99t pH (EXIE 1Y
N 7.0, FEARFEHE N 120 v/min, % 5%3ERHERERD,
43T 20, 28, 37 °C 4 FHEFR. 43BN E AR
TRLEE N[ ESE) R 0625 BE(E ODgoo 3557 pH {H.
1.3.4 BEMESHEBEN He AKAEW.: IS5 4
100 mL H#EFEH, 2N 40 mL 4= A8 26 1R
IRREFRIL, KAWL pH ¥RATHN 7.0, KigRiRE
928 °C, 43H1TF 90, 120, 150, 180, 210 r/min
TSR 60 h, WISE L EE ODgooo
FRTER, R R AN [E R
MR, fE [R5 M, it AR
MR (1%, 2%. 3%. 4%. 5%), 538 60 h,
E G FEAH ODsooo
1.4 AyEIRAMR H6 BEBXT Ca* R 4 1R H9 E 2 AL
1.4.1 BT He Bl A& 4 1.3.1 Bl
WAERIFEAR, T 80 °C FHLT 24 h i, 1EWFH
HOls e, R T 121 °C T i EZER K AR h K
20 min, 80 °C MHET, & T T &
1.4.2 BBk H6 HMWRMHARFEBITY: RAIESC S S
TRACIR B 25, DABRE Sr B bR Ho Bk Cd*'
(R d5c R BAE 25 1 o TR R T S (/L) 2 R i
f(h), AR pH FEE 4 MHEE, BIMHEELE
3 AR HEATIE S S2 5 Lo(3%), HAR B I3 1.
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F1. EXREERRKFR

Table 1. Scope of the factors
Level Biosorbent dose/(g/L) t/h pH T/°C
1 0.125 1 4.0 20
2 0.250 2 5.0 30
3 0.375 3 6.0 40

SCHOET, R 1 IS S A A T R B
B B IS BT 5000 t/min F &S0 10 min, |
WL UE, R D W3 5 B 0 5 U8 R
o CA* VR SEER B 3 AN EA, H ISR Cd™*
ST (B POy

W B i () ¥ BB A (DR

g=(Co-Ce)xVim  A3(1)

Lf: Co. Ce il CAWIMAUREE | -y
CAd™ W E(mg/L); g NWBHZ S (mg/g); V AWK
VSWART(L) s m AW B0 5 (g) o
1.5  Etk He X Cd* MR FHHLER T

B H6 H#3(0.5 g/L), A CA¥HREEH 0.
50 mg/L B/KIERH, F 28 °C, 150 r/min 54T
W B 2 h, W% B 7T 5000 r/min T 5.0 10 min,
AR KT 80 °C TUHET 24 h, FARFH T /A EEFE
i, FRERESL EFT SEM-EDS 23 #Hr 1 FTIR 34T

2 ERAAMN

2.1 Tt Cd WL S5 E

AT X P 8 HP A A A T Cd
R3] 1 BRI Cd R, 4 H6, ZEkE
K Cd* i 52 e R 350 mg/L. Rk H6 7 [k
BRARE PR RE S E NI a6, ERIE, R
e, AL, WBAREST, Bo0EME 1), &8
TKWER , S BT RE H6 () PCR Y3 ™= B A5 bt
FEHL UK TS AN 2 B e pibk H6 Iy 45 2R AE
NCBI %44 E(NCBI %5¢5°4 MG386505)H 5
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1. SBEH H6 EFAERAKERERE LIS

Figure 1. Morphology of strain H6 on the solid culture medium of beef extract.

HIZER 75 1T BLAST FHAME UXT, S5 %B, Ho Ho M
BRI 16S rRNA JEH 781 55 2R A0 A1 1Y
16S rRNA JEFHFAIA 99%LA F IR , 7T 2
WE NZFMEE, SCMEMILE Y, S5
FE ZE AT 18 (Bacillus cereus) . ¥ = 4 2 AT I
(Bacillus thuringiensis)*) 16S rRNA FF54 99%LA
A RT3 B TR R AR I A TR R, T AR L N o
PR H6 W RS ERE, anlE 3. amplification of strain H6.

< 2900 bp
1100 bp

3 Bacillus toyonensis (KJ812449)
43| ' Bacillus toyonensis (CP006863)

Bacillus toyonensis (KJ1812450)
Bacillus thuringiensis (KJ812420)
Bacillus thuringiensis (ACNF01000156)
Bacillus thuringiensis (CP013274)
Bacillus cereus (AE016877)
Bacillus cereus (KJ812440)
Bacillus cereus (KJ812430)
86| Bacillus cereus (KJ1812415)

H6

87

100

Bacillus tianshenii (KF811034)
Bacillus acidicola (AF547209)

0.005
Bl 3. S EE H6 REH L LB R
Figure 3. Phylogenetic tree of strain H6. Numbers in parentheses represent the sequences’ accession number in
GenBank. The number at each branch points is the percentage supported by bootstrap (1000 re-samplings). Bar:
0.5% sequence divergence.

http://journals.im.ac.cn/actamicrocn
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i — 25 1 E R AR He 2 WA ZF A IS
(Bacillus  cereus) & J& 75 =~ 4 # 1 #F & (B.
thuringiensis), 47T T ¥ LA A 1 B 8E R 45 i
5. & 4 KW, MR He 78 TBBS HigR ik
TR 7 Jo] B S PR ) 8 VS L R, A Bk A IR
MR 5 KW, sy witk Ho A=A A
ER Y NS EN R EE R Y R SARENEE S5 A A S EAT
B, AR . 3G Bk A F e
R R MR . AR R IR R, ]
B BRI Cd T Rk ) 25 42 58 O S A 25 AT 1

(Bacillus cereus),

4. S EHEIk H6 7€ TBBS 1EFE FHAMMK
Figure 4. The hemolysis of strain H6 on TBBS

medium.

El5. SEEH H6 MERRSRERZBIR(1000X)

Figure 5.
strain H6(1000x) . Vc: Vegetative cell s; Es: Spores.

actamicro@im.ac.cn

Protein crystallization dying experiment of

2.2 Btk Ho Mk IR FIALE R

2.2 HEFENMG pH MERAEKKZM . ME
YA aris sl . YRS pH AEBVILR, A
[Fl I 4h pH X P kE He B K Hsgm s R 6. 4
Wtk pH fy 4.00, 425, 4.50. 4.75 B, Hikk H6
AR R AZ B, FARAER; HP4G pH A
5.0 iF, TRk H6 7ERT 18 h ZE K Z&H8, 18h =, H
HEAXTBAERK W 49046 pH 4 6.0, 7.0, 8.0 i,
BEPE H6 £E 0-6 h A K ARV, 76 6 h FiEA
XPECERWT; Muitn pH 4 9.0 BF, Witk He 7E
10 h JF#EAXTBUAE K. fERI4G pH 2 5.0, 6.0,
7.0, 8.0, 9.0 i}, TEFk H6 MK HAE K435
470187, 0.134, 0.128, 0.132, 0.171 h''s £ LAl
M, Wk He 7ERIER pH iy 5.0-9.0 I K REH AT LE
£, B pH Z0F T Hok 330 £ A KW A
Al G, 2rESEkk He B tEA: K th pH 1E N
6.0-8.0.

2.2.2  FEFRET R ANEE IR IR B TR AR A K R0

T R E A AR, RN RN &
T, Wtk Ho ALkl 7 s, iR
20 °C B, TEMRXT PR W B AT ALK, A KSR

55 [ —x—pH 4.00 —e—pH 4.25 —a—pH 4.50
[ —y—pH 4.75 ——pH 5.00 —<— pH 6.00
L —>—pH 7.00 —=—pH 8.00 —o—pH 9.00 g

20} I =

e
W
T

o
=]
—

t/h

B 6. IEFEVIE pH WEHK H6 F KA
Figure 6. Effect of initial pH on growth of strain H6.

Error bars in figure represent standard deviation.
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—a— 20 °C
25 [~ —A 28 OC
—a— 37°C
2.0+
s 1.5F
S

1.0F

05}

00®

80 100 120 140 160
t/h

7. BBEFHETHEK Ho RYEKZ

Figure 7. The growth curve of strain H6 at different

temperatures. Error bars in figure represent standard
deviation.

18, 11 h JFA IR AGTBUE K], (HiE AXTEL
R HARA N BUAL s Y IEFRIREE D 28 °C I, T4
B H6 7€ 0-3 h WAL FIRZZH, BLH BN FRE He
SFRREEE R SRR, 3 hE, Bk H6 JFHRUEART
BRI, Ki3RE 60 h Aoy, Wbk H6 A KiEA
FasE W MG R 37 °C W), TERRAE S i i) ok
ASBUERY, B 23 h 5, HAEKSERMET
20 °C M1 28 °C WA Keit, UEHNRJEMX LS, &
IR AR SEHE . B LR RT AL, IR
FXHIL B S Rk He AR 1K 5 2, TR AT
WK, TRk He TEREFRWIIIXS PR Y 1 N BE ) 45
. Htt, FESCIRBE IR AN, B ik
H6 By frci A KRy 28 °C.

M 8 FIAL, EAFRESMT, Wik He
TEF SR D, B AY pH B, 52
BRACRI T BRI AN b TR 3, (R TR]
F pH A B AR PR BB R[R] , 30T B2 RS [R)IR E
T, BRE He Fr A AR = A R s, £
AENREESATT , WHRAERE VI, B597 W pH A
R, SRS TR AT RRAL TIE R AT, 2R

—=—20°C

8.4+

8.1+

7.8

7.5+

pH

7.2+

6.9+

0 20 40 60 80
t/h

8. FZRELKMHTH H6 BIIEFE pH ETL
Figure 8.

100 120 140 160

The trend of pH change during the growth
of strain H6 at different temperatures. Error bars in
figure represent standard deviation.

e, ARKERD; YEHREER, wk
PEANTECA KA, B AR, B R
Ko S A= it i, B3R pH AW B
Th, VLR ARAE S SR R v = A T A =4
X AT BB AR T A P 6) K % 35 v 1 w1 ) B 2 R R
FRERE SR, RS,
PSP IT R R 2R AT B 2R 1 R Y
Sy R R IR pH ETHRY B , SAHESE
S5 —3

223 BEMESEKERNERERKEZW: 2
T B R AU PR HO A= KBS 9. 18
FEIREE N 90 r/min Z&4FF , ANREF 2T H6 1/
PRI A A S W] A T A e 3R, 7B
WG, 1% RN I ODeoo I K, 3%
A RESE R R MU, MR 1%, Ttk
ARKRE, MRS E—E, Efagen, Ky
WA, RIAF TR ES ., H2Y
WAREIBI—E B FEREHS 120-210 r/min)
B, BEEA R RGN, BARA K RN 5
X AJ RS B SRR 5 IR Lo PR T

http://journals.im.ac.cn/actamicrocn
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—=—90 r/min; —e— 120 r/min; —&—150 r/min;
2.7 ~—¢—180 r/min;—<4— 210 r/min;

ey

B

2.4+ :>—<A>‘<.?_a
S \'\'/-/—4
1.8+
15 1 1 1 1 1
1 2 3 4 5
Inoculation/%
E9. ERFERREMEIENK H6 £KAIF I

Figure 9. Effect of speed and inoculation on growth of
strain H6. Error bars in figure represent standard
deviation.

23 SESHEMR He TN Cd™ IR & IE3E 5L
Lody a2 s

IEAC LI EE R Koy T 3 2. P2 2 AT A, &%
EV NIl S AR <k 5 Sl e | e || DN
ODeg>Mp>1s. De>Me>1c, D> 1>y, FHH
P25 PR 2 PN S S LN , H6 TR W o5 ¥k
CA* WAl ABLCoD,, B AEMZ I 4544 h
BRI 0.125 g/L, WeRftitiE] S 2 h, pH 4 5.0,
HEE R 30 °C,

HIAR 2253 BT AT AL, 4 A5 00 TRDR W BV
CA MR ZE M EWIBUT R A>B>C>D, B #9 FH
XA CA™ W B A S d R, R R ) ) 5
MK 2, RS2 IR /N

F2. EXREWRITRER
Table 2. Orthogonal experimental design and results

Experiment number Biosorbent dose/(g/L) (A) t/h (B) pH (C) 7/°C (D) Biosorption capacity/(mg/g)
1 0.125 1 4.0 20 64
2 0.125 2 5.0 30 205
3 0.125 3 6.0 40 135
4 0.250 1 5.0 40 35
5 0.250 2 6.0 20 85
6 0.250 3 4.0 30 27
7 0.375 1 6.0 30 16
8 0.375 2 4.0 40 40
9 0.375 3 5.0 20 69
I 404 115 131 218
IT; 147 330 309 248
[ 125 231 236 210
kj 3 3 3 3
I/Kj 135 38 44 73
1j/Kj 490 110 103 83
Mi/Kj 42 77 79 70
Range 93 72 59 13

actamicro@im.ac.cn
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2.4 SFESHEE He BT Cd* WRFHHLEE R4

2.4.1 ZrESHER He BRI Cd* iy SEM Wi%%.
Sy ESTAR He BRI Cd™ RifJE B9 SEM BE A Un &l
10 fr7s, DAIEIHR AT DI R TRDR W BN I 2R T8 45 Rl
W, WA Cd¥m 2 m H PERA SR A B T
TR He Bk Al A RO Bt Cd™'

242 SEBEM He BRK Cd*' 8 EDS 247

XF4r SRR He RB A TRETE EDS 43Hr4s A LKl
11, FERBIRIT Cd* 2 /i, FEAFEC, O, P, S
I Callg, WM 50 mg/L Cd*')5, HBLT Cd Ay
WECUEE , Ca WIS %, 6B RS 6187 Ca® ' for
SR CATRrBUR, B Cd* Al Ca* A T B T ag
[IEE, P AR s, BBl Cd* AT RE S I
RIS P B ST ESY .

& 10.
Figure 10.

Energy/keV

& 11.

E#k Ho EHIRM Ca* B /5 A F34# R 558 5 (50000x)
SEM images of bacteria powder loaded with and without Cd(II) (50000%). A: 0 mg/L Ccd*"; B: 50 mg/L cd*.

Energy/keV

H6 EH R M CA* I/ HY EDS R E

Figure 11. EDX spectra of bacteria powder before and after Cd(II) loading. A: 0 mg/L Cd*"; B: 50 mg/L Cd*".

2.43 ZEEM H6 BERRM Cd* B FTIR 2047
IYEFERE He WML Cd* RIS AL A% I
120 ARPERISESCER Y, XFHE A He WEBf Cd*
AU LTSN AT, Wt Cd™ f, 43 F 3302.13 cm !
Ak 1) -OH (i 45 B 51 ) ) doe K W Wi i g AU A 7 A7

BIEMZE 330020 cm'; £E 1728.21 cm'(-COOH
WSO )AL, WAL B B 184 M0 5 7 1649.13 em ' Ak,
SRR P BT A, SRR C=0 {45
#esh, 1537.26 o™ Ab 2R FITEBERE 117, 32 252-NH
25 RN AI-CN (RSN S , W= g e i s

http://journals.im.ac.cn/actamicrocn
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100
N 20.78
80 |
979.83
©
B
£ oo
g 8 1079.83
S 10 516.92
s 40f 698.23
£ 1728.21 \
300.20 1228.65
201 1728.21 1539.19
30013 1651.06 153726
' L 164913 070

12.

0 " 1 " 1 " 1
4000 3500 3000 2500
M(em™)

s 1
2000 1500 1000 500

H6 B IR Cd* BT 5 BY LIS i B

Figure 12. FTIR spectrum of bacteria powder before and after biosorption of Cd*". A: 0 mg/L Cd*"; B: 50 mg/L Cd*".

R HAy T 2 1651.06 cm ' F1 1539.19 cm™;
£ 1228.65 e Ab, RIS B0 40 i i 2 22 o 2
Wi C-O-C hardiRshm IRy, MBI E
B2 1230.58 cm ' 4b; 979.83 em ' AbHY C-O-P fii
AP 205 | 1 W AT e 5 I AT DR S55 5 Lk Ah, TEIK
M5 698.23 em™ Ab K C-H H2 il IR 3l W Wi s JL-F-
H& AT 516.92 em™ kbW I4 S T C-N-S (1)
B ks, WHEER 2 520.78 cm ™' Ab
L0 5 FE VRS

DL R0, bk He HIM OB RE A 23k |
REL . BIL . BRI AL LR S S T R
CA*" My B, W BRI HLARRAIE e 5 J3E A0 o7 8 1 % A
TR EE AR AL

3 it

AR, A7 R YD Ab 3 4 S 15 G PR K Y
WMHRARZ, HREMAR, HARKEARR . flm,
PREARSEPN Cd 15 Y -1 4r B BRI Cd BRbE
YN-8(Cupriavidus)F1 YN-19(Leifsonia), Hidid+
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pH 4314 4.0 1 6.0; FKEPENZFROM Cd V54 + ¢
e R Cd Wbk Z1r F Z13, Bk
Pseudomonas aeruginosa, mim A K pH S|
5.0-7.0 F17.0-9.0, 2 #REAE 20 °C F125 °C Ty
AR R, EERSIHEAERK . QP N
IR DR AR N # UL TS e A s . alifb s 81—tk
Xt Cd*" HA —E i 52 56 1 1 R £h 14 )51 7 DSRBa
(Desulfovibrio sp.), Hfpid A KR AEGE A K
pH 4394 30-35 °C., 7.0 AHFFE 3G P58 A 4
B 1 BRI RE ZE AT I (Bacillus cereus)EFE H6,
HAE LB B 5 rp 55550, AIERI4A pH 4 5.0-9.0
P4 R, T 404G pH<5.0 B, HAKH]
ZFANH] . U8B TR ARE BLAE IR R P N
PSR A K, RIERE H6 XF pH A8 1k 43 1 g
B, T I T A SR A AL B Y R
TRV R Cd” W B 1F 38 SE B A1 fh 4 SR
R, FERAEWMAAETT, WAt 205 mg/g,
Huang ZEP8IFSE T AL 25 00T 1 26 40 B X8
CA MW B RE 77, L I 2R TR R 2R 0L 7
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A5 EFE AN B K 5o 32 mg/g, ARSEER 7 B
PRARTE S AR B 25 F N B Cd™ Wi o i v ik —
BOE, Horp 2 ARG RN SN pHLL IR EE
P F2 o (] R AR — 3K, AR S0 T ke 14 R B 6 5 L
FEZEFRSE AT RER: (1) BRI ZES . A
IR BEE A 0.125 g/L, 1 Huang B9 SZ56 4% &
H 1 g/Lo Bt 50 R e R B SR, Y
PN AE— 2 Y I, B 500 S5 1 n R B s
S, RSB 22, IR R R I R R S
111 AT REZSIAIR 5 (2) ASIR] BRI PR 4 S8 4 2 o i 07 A<
SRS DRI, AN [ T R A8 240 ) WO A o S
FATE], —J5 WAl e S AWM RE A E, F—
5 T 5 W B SR A B DA O

T RUSEBF ST B T B. cereus RC-1 FEAHJif
Wt Cd** B S AN SR T 2 B far
AW RO 5T 56 . TR Bk ot R T s 25 Cd
TBO1 1T B A = 2 58 40 i R A A ™= 4 L &
PESREFIXT CA™ WA TR, P 7k 25 B Oh 1ok o i ot
CA R MR UEA TLL MR, S5 R T, Wk
W B 2 R R P Al i R T A B AR AL O-H 8t 20
MBS Cd™ g6 . DL WFoe R pE 4 2
bR 4R BT RS AR W E BE 2 B A
Ko ASLIGE SN H6 WA CdHTIE A
SEM-EDS FI FTIR 434, W] He Fiky 2 it
RIMWERERIRIL . R AL | BRI A ik
MG cd RS, WA, BERERRI Ca
PLSHE CAHUR, &4 TEFRMAIER, X5
KFTTAR I CA T3t | WhESE . RILTNER
FEEHIE A K Ca® Fll Cd> kLR B T S BV E Y
ZESApIS 2

ARSLIG S B AR R TRIAR HO 1 I [ S 00 25 AR
T, WA CA™ AT HAT R BRACR S5 W b

WA 205 mg/g, AIONRSLE & JEMAYB LA
5 5 4R AR AT, BAE PR AT g id
S VF 2 WMEFIPRAR , W3z T SEbr g 7k Ak
HLA T E— IR AR R S50F9%

4 %@

(1) ARG EG IR 38 1 BRI Cd 28
PR R AR, X R AGERK Cd™ T 32 ¢ 350 mg/L,
28 16S rRNA JE[A 741 43 Fr Lo v i il | 2 1 B
ReahiA s, HENZEHRE TR, $E
W IERE ZE AR I (Bacillus cereus), B fin44 N Hé6.

(2) I HLPR R I B RE H6 15 55 4% ik
friide, 1320 LAE A4 B 8 R IR 2 b A A
Fe A W ME pH 6.0-8.0, IWJE 28 °C, ki
120-210 r/min, #EME 1%5%. ik H6 1EE; 37
R, BE IR pH ERBUCR L T RESR S BT
RN

(3) 43 B PR H6 HR XA Cd> IR B4 1E
THACSAE R - FR R 0.125 /L, WERFFASTR] 2 h,
pH 5.0, #EE 30 °C, BLAM T WM R 205 mg/g.

(4) WLERFIE R, BERR He Bk Cd™ ik
B F R Ca®t g Cd¥ kA T ASHAER, &
PR R E BB R AL . RBL . Bk MR EE AL
FAERM Y ™ R A% A1EA.
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Isolation, identification and characterization of a Cd resistant
bacterium

Qian Li, Ping Zhang", Bohan Liao, Peiqin Peng, Jinxing Mei, Jimin Xu

College of Environmental Science and Engineering, Central South University of Forestry and Technology; Hunan Engineering
Laboratory for Control of Rice Quality and Safety, Central South University of Forestry and Technology, Changsha 410004,
Hunan Province, China

Abstract: [Objective] We isolated and identified a cadmium resistant bacterium from activated sludge.
Furthermore, we studied its growth characteristics and optimal biosorption conditions of Cd*". This study was
expected to provide strain resources and applied reference for microbial remediation of cadmium contaminated
water. [Methods] The bacterium was isolated by streak plate and identified based on its 16S rRNA analysis,
hemolysis testing and protein crystallization dying experiment. The growth conditions of the strain were determined
by single factor test. The optimal biosorption conditions of bacterial powder were investigated by designed
orthogonal experiment. Besides, the biosorption mechanisms were discussed by Scanning electron microscope
(SEM), Energy Dispersive X-ray Scanning (EDS) and Fourier transform-infrared spectroscopy (FTIR) analysis.
[Results] The strain was identified as Bacillus cereus and named as H6. The maximum cadmium tolerance
concentration of strain H6 was 350 mg/L. Its culture conditions were: initial pH 6.0 to 8.0 at 28 °C, shaking speed
of 120 to 210 r/min, inoculation 1% to 5%. During the growth of strain H6, the pH of culture medium first
decreased slightly and then increased gradually. The optimal biosorption conditions of bacterial powder were:
dosage of 0.125 g/L, contact time of 2 h, pH 5.0 and 30 °C, the biosorption capacity reached 205 mg/g. SEM-EDS
and FTIR results revealed that ion exchange between Ca’" and Cd*" occurred and the functional group of
hydroxyl, carboxyl, carbonyl, amido and alkyl played a principal role during the biosorption process. [Conclusion]
Strain H6, isolated from the activated sludge, was identified as Bacillus cereus with good adsorption property for
cd™.

Keywords: cadmium, Bacillus cereus, isolation and identification, growth condition, biosorption
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