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BT, Hh AR B R e 4 SRR ARFERIL
B, ERCNARMB I T kR IR ST Z —

H I8 32 2R AT I (Bacillus methylotrophicus),
PR 22 FRBHPE T . AHOCWT ST SR B A
I 25 MUFT 0 B 4 Jes AT I i sl IR BT AR T
Mala S50 D 35 e 386t — BT 2 R 5
FMATTE, 2R T R B IR A I
R E00 6 Ml I U EE s8R B /Y 3 0% .
WAt s S U2 R 1 B e 0 e DX 75 e 138 v 43
SR T 1 ARH B TR AN TY-04, %4 A X
CA* HA AP MRCR . Bk, HIERE
JRURF T 7E 3 4 Jm A T i B P R BF ST A
R 2 B TR TR MR A 1 B AR 7 0 14 B 5 i A T
FAFOAR T, DUR AR BRSO 5T

TSRS, AL 1 BRIt 56 e 5 ks
FR A MUFF I NTGB29 HWFFEXT R, il WS ANF]
W SEVE I NaCl, PRI . B8 7450 T bR
ARG DL, B H AR KRR BT R RE g o ) T mie)
DL TRRA T ST T T R A0 50 1 - IR B 2 1, O
HIE T E PR NTGB29 AL Al G B TH B RAE R 15 e
S R N RCR , S LG R TS A E
PRSP TA MHERI P FTIR

1 AR
L1 AR

111 k. HIEEIREMFT I NTGB29, R
FAM R 355 A WAL A S = A B T
FREEIEIE, 2R 2016 4F H R V0B BRI SR 42 1 i e
BRI ARAR PR 3 ik . S50 1 R
B LA PO AR, 00 uF L HLAT T4 22
TR RE T

1.1.2 EFREE: FhrRERIE. WRRRR OB R A
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WiREFR AL (YPD), AMERGFRHE: LB 3Rkt
113 FEUSEE: Wittt
WYS2200 (‘LA IR A FRA R k=
4K R4E Basic-Q15 (M UAFABRAF]); A
SfF-r B HL KC-60X (1R 1 58 /R SR AN A5 B
ocwl); WK R RIR Y #F DHZ-D (J3H i &5
PSR A BR A FD
1.2 HHRERIE

P A - K0 A i Y RS 3R 2R AT T
AT R FPFE G BA A5 PF T HRER 1 BRFEFR T B K B Fl
FHFRAE T, THIREE K 30 °C. 160 r/min Z&4F
TR 12-16 h

WK R W37 . A F L8 35 2R AT R P 19
BEFh T JC R AR S it e B SR I PR G B SR . )
U KR AN - BE 3R IR 30 °C, #I%h pH 7.0, NaCl
W 0.5%, PIMRMWIE 10 mg/L (Hh & fb5E
CdCl,-2.5H,0 FLiil ), M=) 2%, %W
i 50 mL/250 mL =i, B5FRETE] 2448 h,
1.3 RGP
1.3.1 TEhEES: o nllCHl NaCl #EEN 0.5%.
5%. 10%. 15%. 20%M) LB Wik K Bk,
M35 FR 0 1 G SR A 1.2, A RS 3 4
HE, AN A) BT B 25 A T AR AR KIS L
1.3.2 TiiER#&AES1: JH 1 mol/L NaOH & 1 mol/L
HCI 7351375 LB A B pH 4 5.0 6.0, 7.0 8.0,
9.0, 10.0, 11.0, HAhss3: )51 Kb F5 41 1.2,
B HEE 3 NER, DU pH 7.0 BYFERERFE I
Xt HR PGB [ RBHRE 251 N TR AR A A KA B
1.33 TELRE Cd™ 88 FAWEN 20 mg/mL
M CA* BRRVR I LB KBER IR, R RER: 3R
Ferp Cd® 4TI 00 10, 20, 30 1 50 mg/L.
FLA 537051 G AR 551 ) 1.2, RS Ab s 3 4
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AL, UL CAP VL 0 mg/L 1 BEAH s 77 X B,
FLEOAR ] Ca” Wk BE 451 T B AR P ZE KA DL o

14 BARREK

L4.1  FEFRWHILG pH: 4355 R kG 7R 5L W)
I pH £ 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, fEWIHH%
PFRREFR, AR S R TR R I R e
WG, SR €8 L300 5 TR B IR Y ODigoo 1H 5
v Bt B e W B O, UE VR cd
i, R cdP R,

142 FEFIBECC): WHERNE IR 555 &
F 30, 32, 35, 37. 40 °C fEIERH 4+, H
oy klE 1.4.1,

1.4.3 NaCl ¥ (%): 535 KB FR3E NaCl
WETHTN 0%, 2%, 5%. 7%. 10%, HEHik
Al 1.4.1,

1.4.4 FEREO/WV): 250 mL = Ao 5% AR
F#F 30, 50, 70, 90 mL. HAh kR 1.4.1,
1.4.5 ¥EFEEFEI(h): 76 LR R R LR RS T
FAPN B2 X S R R SRS BB R 8. 16,
24, 32, 40, 48, 52 h 5, MEHLEGE, HAhrik
] 1.4.1,

1.5 WALk
RN Z I ., FIH Design-expert 7.0
i, kA Box-Behnken BEifJERE, O H At
e YL IR RS AU PN R N S
RIwItG pH. KEFRIE . NaCl ¥R, @ vMmeET
M B 5 DR R Z ] B R, 0k A R
PEAT AR HT, A3 e N T, i A AR S
T S IR UE T
L6 WMETEENEXTETE
EICE I E T GB/T 5009.15-2003 ¢ £ 5
FRIIIE ) b K T IR o G E N E o

Pk NTGB29 H5 3% b es 7R MR pit ik, =
HEE /NS RS VRIS B KR TR 2% 11
FERPRHERIE 50 mL/250 mL 7% Cd*" LB R EEkE 5
e, 30°C, 160 r/min FEIHRE IR, KEESSHT,
BURE , 5000 r/min (B0 77 : 3666.7xg), B 0> 10 min,
BOSE R IR, 1 0.22 pm K R UM, FE IR
SIESEEETHINE FIER CAPWREE (AR 1),
KB HAE Cd™ I F=(Cd” Wik E-Ccd™
R BE )/ Cd™ vk JBE < 100% A1)
17 EHRMELRE Ccd Bt E ca”RHRR
K
1.7.1  Cd {53 RIFE AT ik T IR
ARV EKFH, AESBEFEL R E, 2R
). (2.26£0.07) mg/kg; 4% pH 6.51, ¥ 135
HAANT, KBV RSy, TeiE, i 80 H
i e M
1.7.2  Cd 53 RISEE I HARSIE )y ik
K (1) KRR, W R BITERI IR 251
PSR T e T R , WA R (2) THEWR
145, B & BERAE 5000 r/min (850> 7 : 3666.7xg),
20 10 min, X FIFR, WEIERS LS
KIEVE. B, B 3 W, BEEREERSH], FRECS g
MRS T 50 mL & /K PSR E B 3) +
HERE, A BIFREL S0 g #Ts U+ F 200 mL T
HRERR R, WG SR RER(CIX) L b 261 T
W(YIX) 50 mL Fi5gtm, DIgshn 50 mL A&+
YERXFTRRZA(CK), AFEFEHIFEE R THE 7 d,
SRR B B R I S bk, B SRR S I 2ot i
& (4) BRI, SRS kg
B0 HERRPREL 5 g X ARZL S AR +3EF 25 mL —
FAIR, A 25 mL DTPA $2£55], 25 °C. 180 r/min
PRI ALFE 2 h, 5000 r/min (B5.00F1: 3666.7xg), &
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0 10 min, BUEF FIHW, 1T 0.22 pm /K RUEME,
FA WA 53 6 6 B T 7 45 Ak R T e P
A AR (PT R P WM 1) 5 - A5 4 ) 7 it (mg/kg) o
TR (A 2), Segh It 3 MR, fEab
PRE 3 AT .

AT R 8 O o 36 = (0t B 4 A 200 2 - Ah B4
AR D B A R B < 100% A (Q2)

2 ERFAM

2.1 WEHRPLEHEESR

2.1.1 TR EET : B AR AR F] NaCl ¥R
TG OLILER 1. TRHRTE 0.5% (AR 4=
KB NaCl i B9 2%, A= BAF, 6 i B0
ZERZ, B WL (I ASWTRG N, 15 B A = TR
FEE T 12%0), HEECE ED, R s Eh
OUN, BMRAERSZIR, (A RARAETE o
212 BRBATSZMESHT: haR 2 ATEL, WHKRAE
a4 T AR R4, 78 pH 4.0-10.0 Y5 1E N H
TEBCRNIIRE] 1085, 78 pH 3.0 Sz pH 11.0 i,
PR VR BRI, AR, BARORE, 1ZTE
(4 pH 38 N7 3 FE AR

*1. BEEFFREAERRERRERE NaCIHEFE

PR
Table 1. The growth of Bacillus methylotrophicus
strain at different concentrations of NaCl
c(NaCl)/% Colony forming units/(CFU/mL)
0.5 (8.6£0.10)x10% a
2.0 (8.5£0.10)x10% ae
5.0 (1.6+0.11)x10% b
10.0 (2.6+0.20)x10" ¢
12.0 (5.0+£0.50)x10* d
15.0 (1.5£0.11)x10* b
20.0 (9.5£1.15)x10% e

Data with different lowercase letters indicated significant
difference at the 0.05 level.

actamicro@im.ac.cn

2. BEEFFIRTEEREREE BT Z 1t
Table 2.
strain to pH

The tolerance of Bacillus methylotrophicus

pH Colony forming units/(CFU/mL)
3.0 (1.4£0.29)x10% g

4.0 (1.5£0.65)x10% e

5.0 (5.5£1.12)x10% b

6.0 (11.3£0.25)x10% a

7.0 (8.6+0.10)x10% ¢

8.0 (7.3£0.06)x10% d

9.0 (5.4+0.06)x10% ¢

10.0 (3.4+0.06)x10% f

11.0 (1.4£0.10)x10% g

Data with different lowercase letters indicated significant
difference at the 0.05 level.

2.1.3  PEREX Ca¥ T BT . kX Ca
W Z M LR 3. WIS Cd™ TR
T T &3 0, 78 10 mg/L B, A% T 0 mg/L,
R A A2 TG %M 20.93%, 20-50 mg/L H #k4E K
Z R, A AR A E AT XA
PRXT Cd> Wy IR i i A2 VR R 50 mg/L. B, &
A ol Kk R R IL M IR CATREE R BN
10 mg/L,

22 BERARER

22.1 4196 pH MHEMREKKRE TR R
M. REFREEWIAG pH X BRAR AR K R B T I 1 e
fsgmaan & 1 pos. fERFREYIIE pH /N T 6.5

%3 PEERDFMTHERY Ca¥ IR E
Table 3. The tolerance of Bacillus methylotrophicus
strain to Cd*"

¢(Cd*")/(mg/L) Colony forming units/(CFU/mL)
0 (8.6+0.11)x10% a

10 (1.8+0.03)x10% b

20 (7.4+0.12)x10° ¢

30 (3.4+0.48)x10* d

50 (1.5+0.06)x10* bd

Data with different lowercase letters indicated significant
difference at the 0.05 level.
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Figure 1. Effects of initial pH on growth and cadmium

ions adsorption rate of Bacillus methylotrophicus strain.
P<0.05.
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Figure 2. Effects of culture temperature on growth

and cadmium ions adsorption rate of Bacillus

methylotrophicus strain. P<0.05.
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), Bk Cd™ W B SR i, FEVREE R 5%HT,
W 5 2%k B R 68.51%; TPk ODgoo [H IS
NaCl ¥ B /Y Fh 5 1f 1% 7 B A, H 24 9k 3
0.5%5.0%If, AT s B 5.0%0% NaCl ik i
A S 00 A TR R B A K ek Cdr B B RICR . (R
ARSI PO R B E . NaCLVR N 5.0%.

224 EWENEHRERKRERBPETFERMENZ
W : AR 4 Bi7R, BERRA P ODgoo BEZRE IR k1 i
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Figure 3. Effects of concentration of NaCl on growth
and cadmium ions adsorption rate of Bacillus
methylotrophicus strain.
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Figure 4. Effects of liquid volume on growth and

cadmium ions adsorption rate of  Bacillus

methylotrophicus strain.

http://journals.im.ac.cn/actamicrocn



1258

Dongxue Zhang et al. | Acta Microbiologica Sinica, 2019, 59(7)

W b s BRI OGT 40 5 —  R Bf 3 52 e T 5 e
¥, RN 50 mL/250 mL ik F e kA, %
WA M (50-90) mL/250 mL I, ODgoo [HAHZE AKX,
HeEFE 50 mL/250 mL A fi il B W .

2.2.5  H5 R IRDG TR AR A K B 1 T W R 1 B
Wi NP S B, ERX Cd* BRI ODgo
{EAE 0-16 h BB 25 1 Fb, A6 MU B v 1A BB Ak
TXEOW, WbkA P ngc e, AT 20
CA™ fRM BV 5 5 7E 24 h IHI IR R0 AR B ODgoo
KRB, 7394 68.23%. 1.999; kiR FEmt
[ RE , BRAAXT Cd> i R R A ) e i
R, LBl CA™ I TN S . ASLgrh, TAkE
FEREFR R 24 h AT B F X B SR e 1, s
PR VR ELA B AR S B RE T, X CdP T
HE, WHREE. FL, o 5E B
i) 24 he

2.3 MM ERITHAREE R

2.3.1 Box-Behnken RIGHIF: ik s HFEAK
S5RRB], WA pH. FiFRIRE K NaCl ¥ Xt
BB TR URT T 00 5 15 - MR BT 3 S o 2
PRt it = R R it — 25437, B R ] Box-Behnken

)
S
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e
(9]
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Figure 5. Effects of culture time on growth and
cadmium ions adsorption rate of Bacillus methylotrophicus

strain.
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WIS, LRI RS TR g i A, SRHR
SR KRR, DAL R & S8 R E
1B A R BRI 4R B 140 Design-
Expert.V8.0.6 X S 4o ¥ 45 R i 41 — ik Z A 40
BN EST, SR 5.

HY b3 [T 0L R 36 43 B 745 31 22 56 [ )H
(AR 3).

Y=79.07-0.75A—0.64B—4.76C—0.43AB+0.1 5AC+
0.087BC-5.47A’-10.00B*-9.07C> ~3(3)

Nz 5, P(Pr>F)<0.0001, =HARRIRL N Y 2
., WAE R Ay psi Rl dh— k5
EIf pH (A). HiFRIEEB)F NaCl kB2 (C) 43 Hilis
FRE. P REEAKY; ZHI AB. AC,
BC A2 ; FHI A’ B>, C* k5 B EK
-5 BEAL R*=99.77% , 1ot BH IZAS Y Al fiff 24 K 4y
SEREE . IEAh, RBII F AR T4 R ER
B3, GEFEZEABEARESH, rT s
FRTIIAS [7) 2 o 1 % 250 T 00 R L8 53 2 IO 7
XoF R R A B 25
232 W EEEPA: A, B, C ZHEZHK
A8 AR I YRR A8 5% 2 B T 0 WA A 23 5 114 =
A 1o 1 1 % A6 v kL DL IR 68 A3 il R R iR
pH. ¥EFRIREE . NaCl Wk EE A LA IR, F34h 2 4
ST VIR = 0l TS R Y v 3 B N QS
PRI 256 i g (/NS IR B G R o 45 2k TR AR AT
DU Bess R s BAE s 55, IR RIE R
INAEHAE PO B2, M 1R U 7R 28 BAE W 25

% 4. Box-Benhnken EZ K Fi&it
Table 4. Factors and levels design in BBD

Coded levels A: Initial pH B: Culture C: Concentration
temperature/°C of NaCl/%

-1 5.5 34 2
6.5 37 5
7.5 40 8
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x5 HESHE

Table 5. Analysis of variance for quadric regression model
Source Degree of freedom  Sum of square Mean of square F-Value Pr>P
Model 9 1177.19 130.80 331.32 <0.0001**
A 1 4.52 4.52 11.44 0.0117*
B 1 3.26 3.26 8.27 0.0238*
C 1 178.61 178.61 452.41 <0.0001**
AB 1 0.72 0.72 1.83 0.2182
AC 1 0.093 0.093 0.24 0.6422
BC 1 0.031 0.031 0.078 0.7887
A? 1 125.84 125.84 318.77 <0.0001**
B? 1 420.80 420.80 1065.90 <0.0001**
c? 1 346.34 346.34 877.29 <0.0001%**
Residual 7 2.76 0.39
Lack of fit 3 0.84 0.28 0.58 0.6577
Pure error 4 1.92 0.48
Cor total 16 1179.95
R 99.77%
AdjR? 99.46%
PredR’ 98.61%
Coefticient of 50.514
variation/%

* P<0.05, significant; ** P<0.01, very significant.

Cadmium ions adsorption rate/%

Cadmium ions adsorption rate/%

40

B: Culture temperature/°C

5.5 6.0 6.5 7.0 7.5
A: Initial pH

E 6. #% pH SERBENREEAMPEEFRFRTERE TRMEZIMARLEEEMNESLE
Figure 6. Response surface diagram and contour plot of correlative effects of initial pH and culture temperature
on the cadmium ions adsorption rate of Bacillus methylotrophicus strain.
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Cadmium ions adsorption rate/%

Cadmium ions adsorption rate/%

C: NaCl concentration/%
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Bl 7. #1%& pH 5 NaCliRE R BAER X B EE R 5 MAT & 4R 5 1 W B 28 32 0 A4 0l R 1 (B 7R %5 15 2

Figure 7.

Response surface diagram and contour plot of correlative effects of initial pH and NaCl concentration

on the cadmium ions adsorption rate of Bacillus methylotrophicus strain.
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C: NaCl concentration/%
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B: Culture temperature/°C

El 8. 1EFEES NaCliRE RIS BAER X R EE 57 oF AT 555 55 1 WR B 3R 2% A 4 A 17 1 (1 A0 35 5 £ B

Figure 8.

Response surface diagram and contour plot of correlative effects of culture temperature and NaCl

concentration on the cadmium ions adsorption rate of Bacillus methylotrophicus strain.

H1E] 6-8 R, 22 BRI 28 1 =4k b7 1A P 477
e i, RIS R s 2 Y SR R T TR
BT R AR AL, ER, F B IR AT R
TG AT 79.73%, HRHEA- PR 25 0] I A1 LA
FAET AT IS E T, 3 AR AR -
Wt pH 6.4, REFRIESE 37 °C, NaCl ¥KJE 4.2%.
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233 RBIKHE: MEAIAIERIL pH 6.4, 55
JELFE 37 °C. NaCl WeJE 4.2%IF, TN R 57
2 BT TR R ST 23 e s R 7 (A 79.73% 0 A
SAREAVTISE R, o3 BIHER IR S5 A Sz A 25
FETN, TR M RS S, KBt 3 A
TTSE5G, WA S5 T 15 8] 040 25 1 W B35 51y
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59.78%. 63.26%. 61.43%, HIEH M (61.49£1.74)%;
AL RS H25100 79.55% . 79.69% ., 79.86%,
SEHE A (79.70+£0.16)%, 5 FUMME AR 245501, il
A Y ] AR b S WO IR 25 1 . AH L TR 6 5%
1, DAL = T 29.61%;

DA A5 21 FH A5 55 25 AT T S M O 3 i O o
MR RS pH 6.4, FEFRIRIE 37 °C. NaCl ¥kJE
4.2% B 50 mL/250 mL = B5FEE] 24 he
2.4 BERTE Cd 55 4 IR FRCR

DLV N2 B FoK 145 e 398 R0t BR4(CK),
LLo3 SIS IR 46 25 A RAR(CIX) . b AP R
WYIX)Ti5gbrp, HiatE 7 dJE, WEARF
AOFE S AR i, LA R NTGB29 1
AT A D AR TR ALE B s e P AR ASOR . &l 9
fiizn, CK. CIX. YIX [ 3EE 8RS a il h
(0.317+0.015) mg/kg. (0.246+0.005) mg/kg.
(0.223+0.007) mg/kg. 3 Hp I N BA B Ak B 5 %

S
~

[m Available cadmium ions content

I

CIX YIX
Treatments

9. HEEFFMTE NTGB29 #EiRi5E L PR
MR

Figure 9. Absorption effects of Bacillus methylotrophicus
strain NTGB29 in the cadmium contaminated soil CK,
control check; CJX, bacterial suspension under initial
YIX,
optimizational condition (P<0.05).
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HRALAH L, HRERRAR P U & it QX
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PR RAE R BRI C™ I BfF R (79.70%),  TET5 Y2
A B RICR A TR . A R TR B S B

WK A KA E R e 2, 7RI E SR
YIRS, HETSE I T BRI AR, R
H 5 7 d IS REREARXT BT TS Y A A

RS

3 wWifdn

2 AT TR A A N AMOF ST N BRI .
RIHEE)E . HEHESFECD, Cr )R IERUE
PR R IR 2 —P0 Li PSR B, TEm R
B P R, A R B ZEMUFT I H3
BFIFRBEME FEAIK 79%—96% H/K LR, FHREH Nk
FE7F= . Manikandan 25 E B & SRR K&
SRR B E T 4 AANAETE, 20 o (R i R
J& . HURER . MR AR KRR . 0l
H T RSB, 458 W2 it
HRERRCR RIF, MURA BEREIRRRES),
[F) s LA 50 v % 30 D T P o ] AL 28 PR T 4
WIEE SRR MEBE RAEEEN ., 2
ISP RS BRI AR TL-4, 2% N
MR , IZFE R BESTE 18-38 °C.pH 4-10.1%—5%
NaCl 2/ F A K o ARSCW 1 R HAT 5 B 7 W B 2
FE A0 63 % 25 IO 181 9 2R R R B P P kA 7 T
5T, 45 R R IR T FE NaCLVRFE 0.5%—12.0%
pH 4.0-11.0, Cd* ¥ 10-50 mg/L 54 FAEK,
PUs R, AT B A b 2 — T
ARG BB E .
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BRI AR X TR R I A K B AT AR
AT 52 M TR T B 4 S8 8 I B VU pHL F2 %2
3 25 I Bl A ) 2 TR R T i 2 T 4 R S
TR P AR SR T ML R, HRZ
BE Pt H A S W R AR AR A R I, R
P LR T3R80 AL B S POIR iFE
WAk Bacillus sp. H3 X872+ MW R 322 DL ob
W R R 2, ol AR pH 7E 6-7 YRR N o ARSI
f pH HE R AR, fE9IiG pH 6.5 BT,
PPk NTGB29 A= Je Xt Cd™ Al Wi B R 1k Bl fe K
B, WARTERBRYE S IS Cd I EA RAFAI %
BSCR , X4 TS gy e S B — & N AN
TS I 5 7 T B3 R T R R LT
I AH SR AR I G R, T AR
S RE A R . PR SRAT, R
S R B R P IR A R R, B
K, BWEEB/N, RZ, FWaEd/he, BTE
Fr A RS TR AR A, 1 T 52 ) B A 2R K
Fet Ca B RE . PMVER RS T A
BRI ) A 2 AT R 3 4 Cd™ " RBUR 5,
SELRA, A Cd® IR R 25 I 2 T 1 o i
ik, fieid AR (40-50) mL/100 mL = 1) ;
VEWHH CA¥ Wk TE 6-24 h Y0 Bl IN B HRIEAR, B
24 hJi, WWHPERER CAE RN, BT R
BGR AR IS BN 50 mL/250 mL =i,
BRI 24 h, it 24 h R, B4R K
Cd> W B 2835 2 R AR, 02 i 4 B X 4R
A I BRFAR R B A 200 2 T e o, bl L
AN E R, R A, BIEAERK)E
B, FIREIHABERLE, W Cd™ BB H
P B SRR NaCl kB = B 0 s AR A9 A=
i, Na JE 4R A Y040 B 3 -1 117 6 i 2
T, E Sl A Y E A A T RE
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MBS, RSB 4 K B AXT Cd iy
W B0 o AR SRR AT I PO i e IR 2 AT P
BESE IR R B TR, R RS B R R R, Rl
WLy 40 °C, AL AE LL , MR A 22 50K
XPB 7 SR, i ) NaCl R BE N 0.5%.
AR SCH L B NaCl v B BRI 3R S 2 W, TR bR
Cd* R B 38 5 B AR 1) A 0 o S A 6, E—
SEJEEIN, WY RS, AT MR SR
R IR S A A0 NS I O
YR FR AR A A R L

T 1) A A ARG AR A BRI TR R 35 DT AH
K, E—AmEEAELN . EEWNE =R+
WHURETZ, KB HEAR S W REEP,
Tarangini 250°CR FH 0 1 167 2 (RSM)BIFSE T AN [A] 4%
AP X6 ] I P L T R 2 LA TR 5 B R )
RSB [Cr(VD I SZIA , SR PR LY. 172 % 1 (BBD)
XA N T2 T TR, IRV T AR Bk
JE . pH fH. IR R T2 SE0T LB
Cr(VD) 1 5% ma F1 A B fF H o A BF 58 R A
Box-Behnken ¢ 31 M 0w 7 T 0 ik 3k 45 1T LS
I 28 MOAT TR 59 29 - IR B R i TS R, JRA5- 3] T
TR AR I R 57 28 1 I s 251 . WIdh pH 6.4, K
FRIRE 37 °C \NaCl k¥ 4.2% B 50 mL/250 mL
I BEFREE] 24 ho ZRFRE, EYIER Cd
W R 10 mg/L 55T, TEkk NTGB29 (5% 2+
WERM K 79.70%, 5 TRMIEL(79.73%)E H 42T,
FRWIBARLG I AT5E, A EL T 0006 45 10 B0 W ff %
(61.49%)42E % T 29.61%.

48 15 g T SRR U 5 TR AN IR A R
PETEA I 38 37 7 TR AR AE - 398 Hp i) W 0 AR
f3ERS b o Kim 2551 % B HER ZF AT B (Bacillus
catenulatus) JB-022 TE5RE - WRE 150 mg/L W} (1925
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B R 66%. Kumar 555250 B eI K A= kT
BEWI IR CA¥ W E 25 mg/L iF, WEFf%RH 69%.
DL E BRI A 5 B 38 R R A ¥ % - v 4 iy
TR o ARSI TR S92 30 W98 2, ZEWD 4R Cd*
WEEN 10 mg/L, PLfbs&F T IE KR NTGB29 1Y
BRI IR A 79.70%, [RS8 75 e 4 B9 A S
MR AR 29.65% . HI TAEARRIMIEFRAAMTT, A
[l B AR Cd™ AW BRSO AR TR, X 4 e T
IEREYME B BACKYE, WATTIRMN T R B A E
BN, AL FE R NTGB29 HAT R IT 3
Bh e W iRt Re, fEE AR MEE
HATWGRANE, Az S 8 3 T nl 1 A ) T

2 % B
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Optimization of cadmium adsorption conditions and anti-stress
characteristics of a cadmium-tolerant Bacillus methylotrophicus
strain
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Abstract: [Objective] To assess the anti-stress characteristics and to optimize the conditions affecting its cadmium
ions adsorption efficiency of a cadmium-tolerant Bacillus methylotrophicus strain NTGB29. [Methods] The
anti-stress characteristics were studied by plate colony-counting method. In addition, we used single factor
experiment and response surface methodology to optimize the fermentation conditions of cadmium ions adsorption
of the strain. Moreover, the available cadmium ions contents were used to verify the cadmium ions adsorption
ability of the strain in the cadmium contaminated soils. [Results] The maximum tolerance of NTGB29 to NaCl, pH
and concentration of Cd*" was 10%, 11.0 and 50 mg/L, respectively. The optimum cadmium adsorption conditions
were as follows: initial pH 6.4, culture temperature 37 °C, NaCl concentration 4.2%, liquid volume 50 mL in the
250 mL flask, and culture time 24 h. Under the conditions, the cadmium ions adsorption percentage reached to
79.70%. In addition, the available cadmium ions of the cadmium contaminated soils was decreased significantly by
adding strain NTGB29, and the adsorption percentage was 29.65%. [Conclusion] Strain NTGB29 has good
environmental resistance and Cd*" adsorption capacity, and it could be a kind of valuable strain source to develop
the heavy metal contaminated soil conditioners and microbial functional agents.

Keywords: Bacillus methylotrophicus, anti-stress characteristics, cadmium ions adsorption percentage
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