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Abstract

Aim: Isolating and screening of the cadmium-resistant bacteria (Cd-r-BA) that were benefited to
rice cultivation. Methods: The Cd-r-BA was isolated from rice rhizospheric soil. The adsorption
and removal rate of cadmium when the Cd-r-BA grows in cadmium-containing broth was detected
by the flame atomic absorption spectrometric method. The effects of Cd-r-BA to cadmium-stressed
rice seedlings were detected by using water culture method. The identification of the object bacte-
rium was depended on its 165 rRNA gene sequence. Results: The results showed that four Cd-r-BA
strains of Cdr-1~Cdr-4 were screened out. Especially, when the strain Cdr-2 grows in broth con-
taining 400 mg/L of cadmium, the adsorption and removal rate of 61.27% cadmium was detected.
The growth of the rice seedlings was prompted by the strain Cdr-2 under cadmium-free rice cul-
ture nutrients in water culture box, while the toxic effects of the cadmium to the rice seedlings was
enhanced by the strain Cdr-2 under 10 mg/L of cadmium condition. The strain Cdr-2 was identi-
fied as species Klebsiella aerogenes by 16S rRNA gene sequencing. Conclusion: The conclusion was
drawn that a Klebsiella aerogenes strain Cdr-2 that characterized by cadmium-resistance and
growth-promoting was isolated and screened from rice rhizosphericsoil. Significance: The results
could provide reference data for the application of strain Cdr-2 to the rice cultivation.
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1. 51§

i (Cadmium, Cd)/2 n & AR FE W IB k. MR EWERIELFIoE, T ahyase—
BMEARR SR E SR, WEPMEENY IARC FINBUERY T . Cd T HAER S h BARBR T i
PR RO AR B BE S S A 51 (I KB G @5 Rer & Ba “ =7 MR EAOGER 5 KESE
JEIE gt R 2 —[1] [2]. #E 2014 4 E LIS YRGS AREAE ST P ERZ E SRS P AR 2
2000 J5 hm?, (SEEHBTERR G 15 AT, DARREETS YN, MRS Y AU AR RIL 7.0%, A KL
Pz 53] EeEE. WEEAN LIRS YT, SKIPEFHBIA LIEA S AR, ISR
SYPIN “HEAFE” o TIER AR, SHEMR ARG E R RSN, @i [ By
B R ST NG FAMASIL AR IR E I NEIR R, B ARSI 28 1E A M 135 4 i
12[4] [5] [6] [7], /e ZMEMBInT &5y, @l aeifeis, faH N NMEMRE.

JKFE(Oryza sativa L.)s&tH 5t B B, HAERKIREEY 2 —, XH 21 FREE N DT
WG AW IN[8] [9]. /KRR IRE S — AR EAEY), PRI fRIE I OR PRI S EA A EEE L.
TERRTG P T, KPR RN PR SR B 7 f5, R 50 & T A B S R e EEAR R
W, WD SR I B B30, KB R 4 1 BE T b F A 4~5 AN TR LU R T A gk sk
SPRIATZ BRI AEAIE 2R AR R [10] [11] [12]. AKFEFFAELASS, ZErF g A7 (130 2 4 s
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THAEA, A M. Zn S5 TRITER R R AR K R EE[12] . SRAE TRV AR A 4R R B IA KR
FLHR, AR FOS TR I D A S AT e BRSO R  f E PR  8. BRRE 3 th 2 SR R )
AU PRSI IS A RCR BRI 2R A S BOH 2R R AR [13], AT IE KRS &1 F

IKFEMFEI Y Cd FFERARTH R, AMIERME Cd KR, #AHIEIE AN, 2 H 3
WXt BRI, BRIEEEEIR, HET T SEEMET . K Cd SR SOFR RAEAR N =L
B, fEEANEERE. Cd AN E TR, HhBIEMTERRRE LSRN Cd B EINY 60%. K]
() Cd Bt 5 S BUME AR DO RESZ 451, ™ H (L 25 A0 32 [14] [15] [16]

T EAE 2 RIM F ol 2B R A 8 o 135 B e B O LB B E R I 2 . R E e R wT M
TR E R RGRMEE . DIRMEYRNE S HRE GRS Y AR R R 45 [ A SN R
GO — AT TR — 5T, BRI R RIRRUE YRR AR, BRI IR E Y T
TR G VA HCR, B O SR A IR I A R [17] 0 — s R RE R e U A RE AR B S A v
SR AN FH [18] o 53— T THT, S A M i )R] AAT S0 Ak 33 R R, A7 R IR SRS /KA A e
2 F AT R M B BRI T L (R B RIS, T ORI (R 8R E TUTTE R SR A R BR, IRb KRR B S T AL
FERER 4 5 B 2 N RR[19]. MRS St a8 BRI I — PR B IR UK K4 (Delftia acidovorans) B9, il
AR R B A AR AN BO I AR BRI AR B, LU AL F RN 23.14% [20]. X 4L
FCA MRS BT 58 T A ] e A 00 R N T AE K R A R I, SE s T REFRIOK R A R & &, IR
7 B[R]t RE PR UEARS 45 1) o

AT FUAE Sy 1 T AL U (M) B 240 1 B UL AR, MOKAREAR B -3 73 B A0 A3 31— BRofeAT PUiR M A fie 2E
AR S T H B Cdr-2. BFFESE ROVKFEREE AR 7 L B 7 BRI 2 25 M S ot

2. M5 5%
2.1 MRIENE

KFEL 4 RBME T A A& EE I T KRR PR LIRS KRR Y PR 1928 (Kb
FIFOARA R 4RWE, EAK, S8, B, Cd(NOs)y4H,0 (AR, REEMIFFERKAL S5
HIRAF), HESFHrAEAT (1000 pg/mL, EZRA &8 & HEFAE BTl A 0): Yoshida K FEE I
(800xBEK) -

A HEEATKE SR CER), BAVERSX A, SLAERRG &, #F TIES, NLARER
F(EdE—1E), SR EEOHLTR), RIS OEE T (AA-7000, ), HEAIKEEEG L, B
1L,

22. SEWAE

22.1. MRAENYBAL

FEMIEE TR 4 By R BT ARG P BELR B 4 4 /KRB AR bR 4 . 72 Cd** 100 mg/L (4= A
B R AR E AR SR P, & E 1 g HRE BN 50 mL K B AR B R K d B AR, FEHL 0.2 mL
RV AT S B T 28 C LR FRAE R 37 48 hro B L AEBREL 2 AN B v F T RIZR 7 B 4k A5 B A e 7
R RIRNE IR, 28°CRiFR 48 hr J5, T 4CUKARIRIR & -
2.2.2. EHRINEEE TR EBREEIEN

il & Cd* e 4 0, 200 mg/L. 400 mg/L H1 600 mg/L (25 P 28 (A R 320, 40255 A% 20 mL/fh .
THE BRI Cdr-1. Cdr-2. Cdr-3 5t Cdr-4 FF3 200 uL, 7 AR T K=+, 28°CHEE
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BRI 48 hr, WUEERE IR . BHL 1.5 ml & Cd** >y 200 mg/L, 400 mg/L, 600 mg/L ff] 48 hr &%
FEW, FEE 10,000 r/min B0 10 min AR SR EIE . 2R B TR LIEE Lt CA® RN 1 mg/L
LT o K4 B8 T ARl 3T (1000 mg/L) FH 25 38 T /K Bk, Fic il Co®" ¥k 43 %14 0.1 mg/L 0.2 mg/L. 0.4 mg/L
0.6 mg/L. 0.8 mg/L #1 1.0 mg/L MIFRREI, FTHIAE KA R IR o Y BEVE I ARk FE (b i 26 .
P KM TR TR 43 6 6 B VRN & 2% LIS TR G {E (Abs 228.8 nm), RIE R B2 & AR H LIEWR R
BRI B B DL R B R B e BR A

2.3. EHMKIEFF AR

FREUKAEF T 100 g NS R EE S, Je R KR IE LBRERSERE, H 0.2%m fIRA VA iz
JEFIFIHEE 0.5 hr, TCHI/KIEEEEH 28 CREKIRIEF T, B TEREFM T 28CIREZM P A,
R A BT R A FRENL A 5 4, BRich CK (ZAXTHR) . 1#. 2#. 3#F1 4#4, M4 TFATEE 3 /b
Mo 3R CK (FAXR): AT R AL 12 ~a82H B KPP 20 Tl FBON FH G B AR B
Eh/KHikE 100 fi514 Cdr-1. Cdr-2. Cdr-3 5% Cdr-4 Ak 48 hr 3535, MFhTF35 AN . &N BE
HLBREL 50 Fuit b B A 1B BB 2 A (T AR b, TN 28 CIRIREEFRAE R IG7%, WA AR X 7K
FEF T 5 ZF A SR I Do

2.4, BRI RAMBKFELI R E K AR

Fo Ut B 5 FH G 1 25 B8 1 /KM B /K R 8 TR B B AR . X 6 MEIKEE &, 2 A ek 1 b
FRI KGR IR 1000 mL. AN 2.3 B ALIZE HL S Ab BE R AR A FE AR — S MK RE 2 1, FH e AL 4 [ e 7E
YK G E L, Hd 5 FL& T 2 MokREFm, B 1T ILH Tl E K, BAANTA
R FEA P 9% . BEFRAA1ESE 28°C L T 95%. 60%¢lB 149 12 hry 28°C. JRJ¥ 95%. EMEHIIE 12 hr,
ERREFRIL 15 R, WMEILFKRENE KSR 5B KB AR, ke, R, 1t
FE. TES, R M BRI KR Zh i A K R

Table 1. The treatment types of rice nutrient solution in the plant hydroponics boxes
= 1 EMKEE PRk EEFIRLIESR

RS M4 Yoshida EFRM/mI  BEAARFI(BEIE)  AEERHR REA(3000 mg/L)/ml
1# 1B X HEZH 1000 0 0
24 10 mg/L % JHrie 20 998.3 0 1.7
3 Cd-2 B RAL A 990 10 ml (Cd-2) 0
44 10 mg/L fRAMMNE + Cd-2 W AR AR FEZH 988.3 10 ml (Cd-2) 1.7
5 Cd-3 BRAL# A 990 10 ml (Cd-3) 0
6# 10 mg/L fRMiE + Cd-3 BpkAbEAH 988.3 10 ml (Cd-3) 1.7

2.5. HIFkEY 16S rRNA EEFFIS 4T

4B B AR B IR 97 Cdr-2 BRI AR 48 hr J5, B 1.5 mL % B 15 7%K 10,000 r/min &5.C> 10 min, Y&
SRR, 24T iR AR ARG IR A B (aRD0) EAT B FEY 16S rRNA BRI, Wl 51 0 9 40 B 16S
rRNA JE[H (138 F 514 27F/11492R . BTl 77 5113258 31 GenBank %4 2 11T BLAST LExH =ML F, %
SE PP AR Cdr-2 @25

TEMIEEF R Cdr-2 55 i (0 IR R SR BRI RS0 BT, 1 567E LPSN £ s 2 e 5 11 1K
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i & (Klebsiella) T 71 tH B A 44, R BHB 70 S AL TRIAK IR 16S rRNA Z A F# F1I7E Genbank H R85 ik
12 A ClustalW1.8.3 F2 /7K FT ik S ) B ik S5 e U B ik Cdr-2 (1) 16S rRNA ZE[K 79T 2 P HI Xt B fa
B PGB T MEGAT.0.26 # % N-J REKEW . KGR B M ISR B 28E % e
491000 K, PAKIHTF R (E. coli) Y AR A «

3. GRS 5Hh
31 MEARENST RS

MOKFEARL R L8R it b 23 B R B 4 BRPUBRANTS, Cdr-1#~Cdr-4#. HIE7E RETY, SGHEERIE, %
. AGECTE,

3.2. EHkEEERE NAMEB ARG

R U5 25 TR AR A 2790 0 TR A A RVt RE E BT, T PR Cdr-1 76 Cd™* ¥k 400 mg/L A1 600 mg/L
IR A K, HE AR AREIT 52 Cd® <% 600 mg/L.

S I AS AR TR B AR AE B 223004 A 2R Abs = 0.61510 Conc + 0.028249 (R = 0.9987). &4 i bk i 45
BT 2 BRRE S AT A R WAL 20 SERRILESLIN KM T, SHERAESREFRETEKERE, W5
TR 22 bR 2AE 50% /e 45 o FEWTAAHR 400 mg/L 352 AEET, Bk Cdr-4 TR B 25 B2 i i, 4 65.30%,
HEHbE Cdr-2, 4 61.27%.

Table 2. Detection results of biosorption and removal of cadmium ion capability of the cadmium-resistant bacteria
= 2. BB RS TR MIABREE 1M 2 4 R

R O L B - Y M DR
Cdr-1 200 200 0.3195 0.4735 94.70 52.65
Cdr-1 400 400 0.2897 0.4215 168.60 57.85
Cdr-1 600 600 0.3279 0.4872 292.32 51.28
Cdr-2 200 200 0.3320 0.4938 98.76 50.62
Cdr-2 400 400 0.2665 0.3873 154.92 61.27
Cdr-2 600 600 0.3581 0.5363 321.78 46.37
Cdr-3 200 200 0.3322 0.4941 98.82 50.59
Cdr-3 400 400 0.3322 0.4941 197.64 50.59
Cdr-3 600 600 0.3340 0.4971 298.26 50.29
Cdr-4 200 200 0.3239 0.4907 98.14 50.93
Cdr-4 400 400 0.2417 0.3470 138.80 65.30
Cdr-4 600 600 0.3286 0.4883 292.98 51.17

3.3. EHRXKIER TR AR

FFEZE 48 hr J5, ATE/KFEMT OB D8R A, ABREIER B &k, UiHHKFERTIIVE 1 IEH « 5537 48 hr
JaWEE, 284, MK BHEHUNKA ST AN RER—5, 1#HEBMHE, 4HKRE. EREH Cdr-2
BERRAT Cdr-3 B it KR 28 11 0 5 IR &

3.4. BRI ERAMBKFEL R E KR
Hi9% 15 K, SR ETKRE I KAHUILE 1. BMER 1H0 2#K B0, 345 IR LIk
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EIGINAET I 44, 54, 6HIIAIHIAE AR, MAEELR. 45K W, 10 mg/L MR E T X/KES)
B A KA E AR Cdr-2 B HR o ME /KRB 4 1 I AR K B (e E ;. Cdr-2
PE5 10 mg/L f%E BT AL FEZH (44#) . Cdr-3 B FRALEEZL(S5#). Cdr-3 B FES 10 mo/L [0 = 1A BE 4 (6#)
IK B 1A A= KT A2 Bl 3 F 1

Figure 1. Photo of the growth status of rice-seedlings on water culture box
(From left to right: code of treatments 1#~6#)

1. BKBEHTKBHENKBBERARR (> ALIERS 14-64)

IKFELITH AR BRAR BRI & S FL A s LR 3. HE R, 10 mg/L fRMEH (45 2#) AR LLIEH
STRRZH (G5 1#) B35 BRAIG, R B T RE 08 5 i e R4 1 A KRk B B R FAE A - Ak Cdr-2 Ab3E4H (%
53Rk EE . TEEARK, BYEE Cdr-2 XK A KA B EMEEEN . Btk Cdr-3 A FE4]
(%5 5#). & 10 mg/L 58 TACEA (G5 2#. 44, etk K. T EAFEARME AR R IE 5 0 R (e 5
K, RYIES 10 mo/L (W48 B 7K S F, Wtk Cdr-2 SEINE [ XKREA M ElEH, £
SCE 10 mo/L IR T KB R, Cdr-3 BRI K FE LN B AR K.

Table 3. Detection and analysis results of the physiological indexes of rice-seedlings
3. KIBYEEREIFNES HIER

FRE/em HRE/em
ETRs 4 R A ER — — TEHMHEg
YA PR 2E YA Pz
1# IEH R 4 16.1 2.132 17.4 3.017 0.7163
ot 10 mg/L @t 41 4 155 3.697 9.3 2.139 0.5324
34 Cd-2 HiBkAb 4L 4 28.7 4138 12.3 1.231 0.9203
10 mg/L #aMiE +
44 Cio B b 3 105 4137 6.5 2.082 0.3176
5# Cd-3 itk b #4] 3 77 1.824 6.5 1.743 0.3019
6t 10 mg/L fhi + 3 6.5 2.227 5.3 1.419 0.2003

Cd-3 kAL A
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3.5. Hitk Cdr-2 89 16S rRNA EE 5447

13 Cdr-2 B Pk 165 rRNA B:[FJF47E GenBank H1iff17 BLAST & LU 404, SorBrill 351
Klebsiella aerogenes [¥]— 28 E& 4% 1) 16S rRNA JE KB A 99% LA b1 [l 1 — 35tk . 25 SRR BB Fk Cdr-2 1)
SR FhE Klebsiella aerogenes (7= 5e 5 H IR ) o WPk Cdr-2 5 5w B 1 IR @ I — LE SR B ARA L 1K) R
REW I 2, #BIHEH Cdr-2 5 Klebsiella aerogenes G3_AM (&35 MT373520) K7 — Mk, P
ISEZ R R .

K. oxytoca AB681870
K. michiganensis JQ070300
K. pasteurii MN09136
K. spallanzanii MN091365
K. grimontii AJ871861

90 K. planticola AB680712
57 { K. trevisanii AF129444

68 K. omithinolytica AJ251467

98

88 K. electrica AB762091
K. terrigena
76 A Cdr-2
{ K. aerogenes MT373520
8 & K. mobilis AJ251468

K. huaxiensis MH179329
K. ozaenae Y17654
K. granulomatis AF009171

K. quasipneumoniae HG933296
K. variicola AJ783916
92— K. singaporensis AF250285

K. rhinoscleromatis Y17657

K. pneumoniae X87276
K. alba EF154517
K. indica MK942857

Escherichi coli AB681728

Figure 2. Neighbor-joining phylogenetic consensus tree based on the 16S rRNA gene partial
sequences of strain Cdr-2 and type strains of genus Klebsiella

2. £F 16S rRNA EF#EE# Cdr-2 SR BHERERBHAFEKN N-) REL B

4, g5ig

MOKFEH PR 1358 b 7 B 24 A3 31 4 BREUSRANTA, TPk Cdr-1~Cdr-4. 7ESREGIGMF N, & BERAE & iR S
T A KIS, B TN 2 B R AE 50% /5 A7 . FLRESAR 400 mo/L B3R, Bbk Cdr-4 4% S
TR 2 A 65.30%, Hkk Cdr-2 4 61.27%. /KIG4E BEY], 10 mo/L (%5 B 7% K FE4h i 22 F T4 K
(I E AR AN 2, (EXTR A KR & A B TEEEA Cdr-2 B JC R KRG 4 i i IR A KA
AIEHEM: 7E5 10 mo/L B4R T/KEIAEE T, Bk Cdr-2 SENE T XUKFEL e Ef: S5
W& 10 mo/L AR B FOKIE I, Cdr-3 BRREHIHIK RSN A K. 4 16S rRNA JEHEIF, %
SE Cdr-2 BM NS 50 A K (Klebsiella aerogenes). A8 &I T PS5 A0 KT Cdr-2 Bk SRR
PECLBARKFE i AV RE, R BRI — 2D R R 35 5E T A
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