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Isolation and characterization of a cadmium-tolerant and
plant growth-promoting bacterium, Brevundimonas diminuta
Y01Z
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XIE Shangqianz, YU Xuejingl*

1 State Key Laboratory of Biocatalysis and Enzyme Engineering, Hubei Collaborative Innovation Center for
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2 Key Laboratory of Ministry of Education for Genetics and Germplasm Innovation of Tropical Special Trees and
Ornamental Plants, College of Forestry, Hainan University, Haikou 570228, Hainan, China

Abstract: [Objective] This study aims to isolate and characterize the bacteria with tolerance to
cadmium ions and the abilities to remove cadmium and promote plant growth from the rice
rhizosphere soil in Hubei province, China. [Methods] Using the dilution-plate spreading and
gradient domestication methods with cadmium concentration gradients, we isolated a bacterial
strain named YO01Z, which demonstrated stable growth and could tolerate 700 mg/L CdCl,. The
strain was then identified based on morphological, physiological, biochemical, and molecular
biological characteristics. [Results] YO1Z was identified as Brevundimonas diminuta, with the
optimal growth conditions of pH 7.0, 30 °C, and 0.5% NaCl. Scanning electron microscopy
(SEM) and transmission electron microscopy (TEM) revealed that YO1Z elongated its cells
under high cadmium concentrations to ensure survival and reproduction. Moreover, it
accumulated cadmium ions and transported them intracellularly. Fourier transform infrared
spectroscopy indicated that Cd*" bound to carboxyl, hydroxyl, carbonyl, and amide functional
groups on the cell surface. After 104 hours of cultivation, B. diminuta YO1Z removed 75% of
the total added cadmium, reducing the cadmium concentration from 300 mg/L to 74.73 mg/L.
Additionally, the exhibited plant growth-promoting properties, including
solubilization of phosphorus, production of amino nitrogen and indole-3-acetic acid, and
possession of iron-chelating agents. [Conclusion] The findings suggest that B. diminuta Y01Z
has significant potential for rhizobacteria-mediated remediation of cadmium-contaminated soils
and the promotion of sustainable agriculture practices.

Keywords: cadmium-tolerant bacterium; Brevundimonas diminuta; plant growth-promoting
property; remediation of cadmium contamination; rhizobacteria
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HAT, f77E 3 Pl oK REmis e 2
W WL ARERAYE R YEs R R
FEWRVETL | B R 3, SRk AT ARG
SO R R . A 52 AT B AR R
Xof R 1 - AT T RIS o AR B S RS Bh 3
W A SR A VR A AR Rl - S
(R B K L Ao R R NI ST, o,
AEYME S LR AU . B AT dReE . o
QRS 2 TR - W UL 3

ARk, Y A M PR 40 B (plant growth-
promoting rhizobacteria, PGPR)H; At hli m 16 &
RS Y T S R e A b B
PGPR ] LA 5o A= il i &b 22 8 A0 2k 2 A S W%
FEER, JFl s W G YK | g
B RISy SRR Y 2 1 & R d k. B
4h, PGPR WREMSMEUEEMI ALK . Flun, B
D85 #UV% EB 7K A S| IS 12 7L & NN 1 = N Y 9 & ]
il ACC Wi Bs /> gk FE = A IFHs e . A
g, EEPEAGRAEN, B, #FEAR
N B 58 T Z R R AR 02 A 1 - 0 FE
WA R RS-51T, pYAETA S28U, 1)
B AT HNR-4'T SR, S TP HGE A 4
T YDA AR TR S TR Ry B — | I Sk — 2 i
T} 5 8 ) F1 2 BR R I RE T -

Bk ¥4 %51 13k 24 ) T (Brevundimonas  diminuta)
S WA PR A ), BRI OC R
PedE R B TR TR (Caul obacter aceae)
FE ) 22 [RBAPE AR R A, B T2 4 EAR
KBV, 2% 1 FVEPR AR AIAE P i B 1 1
UERS A P A EE T, IR R R AR
Fi A AN 25000 A4 S 5T R L
HAWMNES S & FrRe)), JFETs B E
7T ELAG I 3. Singh 280K REAR R Hh 43
5 R B R DR B P NBRIO12 F 3 i 37 iy vk
JEE FG R A4 5 Mirhendi 5200 BF5E 201, %

RETEAN R TAIE L ZnO 94K ok DL E 4 Ali
SGPUNT X -3 h A X Cd il Zn BAR S
T 2 P4 %) 65 B S B B TR, 7R pHL Ly 7 AR EE
30 °C W43 5 AT ATTHE H &35 99.2%F1 99.7%
WV Cd Fl Zn, SR, HATZ ARG RMERE
D5 T BT HRAE AR/ o PR, XA IR 2R AR
I 241 A S0 o e 10 P 0 T 1) 3 8 N R o LA
B HE A SE PR B S o 25 A AT LA 4
T RS RGP IER, I AR A
AR TNIATE A5 52 5 S0k 11 1oy P B2 (4L B8 m) 5 1y
FIS AR

AT 7 35 B b 3 X 8 75 Y e FH A 4 1)
Tt % D2 2 AR AR B 20 TR A S F S0 42, R DB A
2 R AE Y AR S 2RO IR TR A
PRIY . BRI D, A S A A B R
FUE MR, R T SRS
PR V2 s M R 9w W R 04 N %
T 7 T T 6 240 AT X ) T B SCRL , JR RIS T
PEVEFE D A K R LIPS HAE R AOK RS R
BT TN TS 7 o A ST B 85 AL RE I
KR E ARG B R R B AT R BRI A R, i
FTRAIRFEAE A M PR 20 TR0 K R AR K L 3743 Wi
TR R B2 A4 Wi B (AL RS A 40 A S B S

1 HE5xZ

1.1 EMKIE

ABEFTERHAALE SR TR TS YeRd i, Bk
B A 322 MR BR 0-20 ecm (pH 5.9), i fdi
A S WA O VR (R E SR 5 GB/T
1714 D)HATIE , Z R & oh 0.8 mg/kg.
X —$0 A O 28 b AR N RS [ AR 1
BRI IO A FH 3 e R AR E (U1 T)
GB15618—2018 ", 113 £14% 0.4 mg/kg (5.5<pH
H<6.5)MMRME, RUZIIEAERIGY, T
KBS TR BB
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1.2 BHRERRF
121 EHHE

RV B K% 5% 3 (nutrient broth, NB): 7 1 L /K
HINA 5 g NaCl, 3 g 4 RE, 10 g &M,
4 pHAE R 7.2-7.4, 4 100 mL B9 NB K 3E5Er
A 1.5 g S ED R P R E ARG 7R L (NA)
1.2.2 R

(1) T /R BE K 3 3k (Salkowski) He (4« 7E
450 mL 35%= AR A 1 mL 0.5 mol/L FeCls
W

(2) ZREARF . FREC11.5 g Hgl, 8 gKI, I#
T 50 mL KH, NI 20% NaOH K,
EZAZE 100 mL,

(3) API 20NE 20050 &7 & .
1.3 THEE Y01Z B R difk

N T G 2 ) L R AR K AR AR B A
it PR /KK - S it A o e i
FhE] & A 300 mg/L CACL 1 NB Higdkd, 1E
28 °C i1 220 r/min MY T HATERFR L 18 MR B
Jo, PR R A A TR R IR A TR B, IRk
MRS R HAACRMEMERRTE , F HLE )
A AR R BE (400, 500, 600, 700 A1 800 mg/L)
CdCl, iy NB ik, 54 700 mg/L CdCl,
) NB #5520k, SEEREMS K HAE 48 h NZE
K RN TR 2k aife . 2l JLAIEIRE,
I 05 3| —BRRE B AE 5 = Wk B e s SR B rh R e
AR AL PR YO1Z. #ali b i ik 5 K i H
WZRER 30%)IR G, IFAHFAFE-80 °C By VKA
s
14 WREKNS FEMFEE

AR GOE ik PO R R bR YO1Z 1Y
HH2H DNAPY, PliZ DNA Wik, %8
514 27f (5'-AGAGTTTGATCATGGCTCAG-3")
1 1492r (5'-ACGGTTACCTTGTTACGACTT-3")
XFH: 16S rDNA #E4T PCR §M34, § 147 ik &
R4 T g A B A BR A B A 700 . By

<l actamicro@im.ac.cn, & 010-64807516

H112:5:8 BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) AR LLXT, SR J5 1 MEGAT1 #4448
HEHEWERGE K FW . R, RKE
Zf ¥T 1 (Caulobacter daechungensis) H-E3-2 1
16S rRNA FERWERINETRE P4 . T RE AT
[# (Caulobacter daechungensis) H-E3-2 L5 4 i
PR YO1Z [F)Jm TR A R, Pt £ A H: 16S rRNA
FEPRIAE R NI B e 2100 DA i PCR 9744 A9 4% 5+
PEFHURAE
1.5 Y01Z EHkSEN R

FWFFEAT YO1Z IR G5 TR TR, 53
SIS FH A4 PR B8 R85 S F A X HLE A U] LA
A2 TR [ 2 AL A SN it i B 2D R AN . B ke,
¥ Y01Z L) 1:100 B HE A5 3EFPE 5 H 0 mg/L
H1 600 mg/L CdCl, f) 100 mL ) NB £ 555+,
7E 37 °C., 220 r/min 2/ F 5535 24 h, $:85, W
T R T B O AR, eBR B, FREA
(phosphate buffered saline, PBS)##ii2 2% ik (pH
{8 7.2-7.4) VR 3 . SRS, THBEE BN
A 2.5% % ESEAT IR E AL HE,  [EE R 1-3 he
BTk, BRES AT BIFE 30%. 50%. 70%. 80%
F90% e BE A6 i IR W K, BB K
15 min, KJR, 76 100%ZEEFBK 2 U, ik
15 min, 7O LR RIS RE,
FESRE T 11 (R EO M S BEFRU T BER)IR &
WK 15 min, B0 B &, MHSE
AT BB P 2 U, AR 15 min, BHESBOA
B UR TR e T T HRAb 2
1.5.1 F3#EHE $E(scanning electron microscope,
SEM) X

HUb 785 TR AR SRy R W s Tl
IKBRE T TR A B, B S R
1 T S 03 o ¢ S D S 1y D e Uy S
WA G o fa, BT TR AR, JFAE
FAH L 7 B N (EOL ISM 5310) R4, T
TERLE R 15KV,



TRIBESE | UEY 2R, 2023, 63(12)

4773

1.5.2 ESTHE $H(transmission electron microscope,
TEM)

T PEHUE I 100% 07K P i FALHE 77 (A 42U
BRI AR(1:1, L), I HES 2 5 A 4b
H RS LA T, R, AN, FEL
W SRIGHEFE S AESE AL iR 2 h, I
AR AR L TR A, A
PRGBSO HEGE, 7F 35 °C Tl B 7E AR
L 16 he BEfE, fEHARRAGE, HEIEITE
YR LT R YR S
W3 E R S AR A Sl R, N B AR SRR
b R, ISR R, R
3% MBS ER UL (K, (S L SCHE MR B A A
WOk FE A . BES, FHUE AR BE 2 A YL I
FEZE I TR ST, SRS TE S B i R U
(G20S-TWIN) R TE T, TAERLE R 200 kV
1.6 (FEEMTHRLIINEIE(Fourier transform
infrared spectroscopy, FTIR) 73 4T

¥ Y01Z AV ESA 0. 300 Fil 600 mg/L
CdCl, 1Yy NB R FR i h A7 R % o BGE =t RS
OWCERTER, RT3 . R, FA
TRILZS Ve UR T AR R, TS I 5 IR Ak
DL 1:100 By LB Aofilee . fefm, Ml L0810
% Nicolet Is10 #£17 FTIR 43#7 -
1.7 THEEH Y01Z EREEKRE THE
1< Hh 2% 0 ZE

R TG YO1Z WRRTEA R AR BT i A
KAEHL, AR YO1Z LA 1:100 B A543 54
A 0,100,300 F1 600 mg/L CdCL, 14 100 mL
i) NB B5#23kH, 7E 37 °C, 220 r/min 254 ik
Tr¥Est. ErTHURE, I R BER L (PowerWave,
BioTek) % H: ODgoo 8. FHMAIKTEL 3 K,
PG ELE R, 22 YO1Z 7E CACL N 0.
100, 300 A1 600 mg/L F 4= K Hh£k .

1.8 THRERK YO1Z MmETRBRENE

KT HEGE YOLZ TR AT o v i 1) R LA

71, A YO1Z FERES BIEFP ] 100 mL &
# 300 mg/L CdCl, A NB 3% 77 2 FIA S Cd ) NB
Br R 3L i), fE 37 °C, 220 r/min Z50F R ik
FFREFE 5 do B mL B3R, B0
W€, JEHT0.22 pm R g AR uE . A A SR
W IOETEIY WY G2200 (Wayeal )il & 45 37 5 (1)
B . ZIRREDEE 3 K. AREIE SR,
A YO1Z S T 2 BREE 1. BRI
AR EBRF(%)=(Co—C1)/Cyx100
K. Co MEMARMUEE (mg/L); C, REiFE
Ferp AR E e (mg/L).
1.9 WHREA YO1Z ERisETIETRANA
J T WIS TR Y012 TERRTS e+
MR, RECT fTs e+ AR R AL PE . & 250 g
T 100 mL # ¥ (7.8x10'* CFU/mL), [a]&n
NS NB Br 3R 5L0E ) IR A A B AT 3 1k
Wb HRS B ERE R S d i, B ARRT
WFEEFEad 0 o 355, 43 BIEL S g 4%, A 25 mL
— 4 H =g fiL & T2 (diethylenetriaminepenta
acetic acid, DTPA)IZ#&5F], #£ 25 °C. 180 r/min
PRI 2 ho FFERIBGK 100 °C fin#4 30 min, &
Ok S, R A AR R IR Y
WYG2200 (Wayeal)I e, FF e AN AL A=
FEI A iE GB/T 23739—2009 ) A SRR E
1.10 THRERE YO1Z B4R 4 A8 il E
N TR RE YO1Z B IR0k S AL
77 WE AR BB T A ZR 5| Wk £, T2 (indole-3-acetic
acid, IAAEET), 275 T ARSI Z A 1%
Dk BT
(1) FERBESAI . XFEREEIEE nifD
nifH #£47 PCR 9714, JF6F YO1Z 43 5% F0 5] 8
AUR B BT 251 D1 (Ashby) 1% 35 K2 Il INFb & A
(nitrogen free)iiFE A H M HE R ALK, DKk
5 95 5L 268 78 A SR AG T2 B R 114 1 4RURE T
(2) VEBEREJIRTIN . SR FAHBA BT L Ik
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R0 20 BT A A i RE Y BLAOR UL, K AN R
TR, SR IR, T 2,4- TR EE AR
FERFN AT LI E | AR B PR M 2 1l 1A
HEM TR R - & i

(3) FREEAARE IR R ZE R Lt
T RN AN T S R AR Y Bk,
N TE B 1 TR K 5 % B v 355 3 1) A TR A R TR O
e, A9 E BT WS 28 RaGRNR A SO i e
ODyyo, 8 2R W I Ze 25 A bR v th Ze i
By ER S

4) PR KIS TAA RYRESTAG I . 3l o
7 240 TR A T M ) ODgoo {1, LA Salkowski L
o R A R AR P 20 R AR VR VRUT A U Y
IAA %,

(5) FERERREARRR IR . SR i E Rk A3
M JRE T S A ) 240 R 7 R Ak A Ak 1 i T O
AR, AR ECE, 53] R,
5 @RI WR 5 ODaos, AR AR £
BRIEhRE M ST R B A 1 7 6
111 St

AR5 K FH GraphPad il Origin 2 {4F 758
T2 E i@k Multiple t test 43 M7 A [A] 4b PR
N2 A 255, 18 A AL B 2 ] (AR S 3 1 22

200 nm
H

5 (P<0.001),

2 BER54

2.1 EHKYOIZ UL TE

A5 NI b DX A 75 e e Y g R
LT KFERRPR £ o 38 L A B A A A v
BEEEIIA I 7 vk, B 0 R — bk A AT T A2
700 mg/L CdCl, HFEAE KM EMK, W5 N
Y01Z. YO01Z #£ NB [{&K;FREE I 30 °C Big%
48 h )5, W RFDERL A M, REEHE, PhEDy
B, RS GEE, W 1A Fis . i
HHBE TS, YO1Z 2FPIRGIERIE, 4R/
24°4(0.4-0.5) um=(0.6-1.2) um, JCEEAE(El 1B).

YO1Z AR AE AR 3R I, IR 2 —
H22 [RAPER, JC9Et, ML EARERI
FERE . ACBERTRARE . A e T ER A . N-Z e
ZIWERG . D-ZZZFENE . AAGEERREY . AR . 2
fi . MEEREN IR L8R . AL, EARERANERER
TR A R R R U L AN AR I e | N AR &
A . AR R KRR TS . AR IR
KRBT AT R R . O RS . T B-
UM H B S A S AL EERE T, RERIHN
TRRER  XFPUEREE | CHW A PR R AR

]
Signal A=InLens
Mag=20.00 KX

EHT=2.00 kV
WD=3.3 mm

Date: 18 Nov 2022 [
Time: 23:02:29

1 Y01Z YRS ZSHFE
Figure 1
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Morphological characterization of the YO1Z strain. A: Colony image. B: SEM image.
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S XS A AR AV RS SR IR R G A A - T
W Hh3E H 8 Brevundimonas diminuta At A 34k fk
PR —3 .

K 168 rRNA §$87:%5 YO1Z k#4743
FAEYE R TS IR 7 41 5 e et U5 B i AT
(Brevundimonas diminuta) (9 #H ol & & &
(>99.8%). RGKL B M HIEE R 2)iE—KH,
ik Y01Z 5 Brevundimonas diminuta 582 4 /] —
A, MRUER 100%. L, 56 HHRES,
A BRAEARHFAE AN 16S tDNA FEFI O3 Hr, ek
HiE YO1Z Jj&—BRERFE R I 5L B (Brevundimonas
diminuta), #4 16S rDNA J¥5I75 2 [F F 5 4= W18
A A5 B H 0> (National Center for Biotechnology
Information, NCBI) ¥ 3l b 47 iEM, Bx5H
0Q788288,

2.2 YO01Z E#xIE N sRAMB R LS AL
| F 494 B8 5% (scanning electron microscope,

100| Y01Z

—
0.005

E 2 MREik YO1Z R44% B #

SEM)WEE YO1Z RIFRAE R CACL AR B F 935
A B3 &l 3 FiiR , 7E% A 600 mg/L CdCl,
) NB 35 IR Ak B 3= A BT bR YO1Z, A R
(K1 3D\ 3E, I8 4B T IOt B X REZH (] 3A |
3B), VR FH0.2-0.3) pmx(1.2-2.5) um. 45
RFW] YO1Z AT R i P A RO LA IR AE 5
AR N RAEAF A ETE . 35h, 18 3C Al 3F i
INBER L X RIS HT (energy dispersive
X-ray spectroscopy, EDX)%HFUESE T 405 3 i1
TEFTCR . HIGIEY] T YO1Z RER R e 1.

T AT TR YO1Z B AR R i W B
&, Al i B B %% (transmission  electron
microscope, TEM)WL% 41 fifd % 1 S N 4R L &R
(425 (8] 43 A1 o B L4 0] DL 765 600 mg/L
CACL Ry IR EL P BE 3R 10 YO1Z BE A ROR 58 DL
FRAEAN AR N o DA b e 45 2R R W12 T 5 T ik
RE 8 W R4 2 1 I8 I 1% 2 400 i A

Brevundimonas humi strain CA-15 (NR 159912.1)
Brevundimonas staleyi strain FWC43 (NR 114710.1)
100 Brevundimonas bullata strain IAM 13153 (NR 025831.1)
_i Brevundimonas bullata strain NBRC 13290 (NR 113611.1)
Brevundimonas lenta strain DS-18 (NR 044186.1)
Brevundimonas poindexterae strain FWC40 (NR 114709.1)
Brevundimonas huaxiensis strain 090558 (NR 181184.1)
Brevundimonas intermedia strain ATCC 15262 (NR 041966.1)
SLEB"QW"dimo’WS naejangsanensis strain BIO-TAS2-2 (NR 116722.1)
Brevundimonas olei strain MJ15 (NR 117268.1)
37 Brevundimonas diminuta ATCC 11568 (NR 117188.1)

Brevundimonas diminuta strain NBRC 12697 (NR 113602.1)
Brevundimonas diminuta strain JCM 2788 (NR 113238.1)
Caulobacter daechungensis strain H-E3-2 (NR 118485.1)

Figure 2 Phylogenetic tree of cadmium-resistant strain YO1Z. Bootstrap values based on 1 000 replications
are listed as percentages at the branching points. The accession number for each strain is given in parentheses.
The scale bar represents 0.005 substitutions per nucleotide position.
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Date: 18 Nov 2022 s 200nm  EHT-2.00kV  Signal A=InLens

|20€)m"‘ EHT=2.00kV  Signal A=InLens Date: 18 Nov 2022 .

WD=33mm  Mag=20.00 KX Time: 23:02:29 — WD=33mm  Mag=20.00 KX Time: 23:02:29

3 l s
= b
: e
5o T M
: et
- %
‘- o e
) e =
: .
B

200nm  EHT=2.00kV  Signal A=InLens  Date: 18 Nov 2022 200 nm [l[f 200kV  Signal A= |r.|e., Date: 15 Nov 2022 [
b WD=33mm  Mag=20.00 KX Time: 23:02:29 H WD=33mm  Mag=20.00 K Time: 23:02:29

3 TRERREMETEK YO1Z #) SEM Bl & EDX TE A #
Figure 3 SEM analysis of strain Y01Z in the absence of CdCl; (A, B), in the presence of 600 mg/L CdCl, (C,
D, E), and EDX analysis of strain Y01Z exposure to 600 mg/L CdCl, (F).

4 600 mg/L 2B TEH YO1Z §9 TEM Bl
Figure 4 TEM analysis of strain YO1Z exposure to 600 mg/L CdCl,. Red arrows represent Cd deposition.

2.3 Brewundimonas diminuta YO01Z 54848  Y01Z TEW MR id #2 vh iy B S S/ IR B RE
B EREH Pl W S TR, bk YO1Z WeBR R I 2L 4t

A B AR5 21 5P 1 (Fourier transform 53 [&] fitg i 8 e A AR5 — 53, W5 B I Y A5 37 F 3
infrared spectroscopy, FTIR)/7MHT 485 B. diminuta a5 s B, 25 BH 0% BR 3o o 4 o o T R 40 e i

P4 actamicro@im.ac.cn, & 010-64807516
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IR o DA MR R T I R A e 1 3 A A m] e 71,
PR YO1Z W B4 2 2 1) FH 40 i 3= 17 09 35 3
(—OH, WZISIATE 3 394.20-3 306.77 cm ' 4b), T
J (~CH) A1 JE (—CH)H M A-CH - (W IR 7E
2 92642-2 926.70 cm ' Ab), [BE e 3
(-RCONH,, WLIRIAETE 1 654.84-1 657.67 cm™ Fil
1 535.81-1544.60 cm' 4b), P=0 (W% W I 7
1 237.89-1 241.55 cm ' 4b)FIfg il C-O0-C (W
WIATE 1 067.50—1 082.78 cm ' Ab), 4% 45 R%
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0.5 L 1 | 1 1 ] 0.0
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%, FFHmTFRWEELn T M ER S
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Figure 5 FTIR analysis of strain YO1Z exposure to
0, 300 and 600 mg/L CdCl,.

L 1 1 1 1 | T

|
20 25 30 35 40 45 3
7°C

| | | | 1 ]
5 6 7 8 9 10
pH NaCl (%)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

6 AREIERE. pHF NaCliREXE# YO1Z £ KA M
Figure 6 Effect of various temperatures (A), pH (B), and NaCl concentrations (C) on the growth of strain
YO01Z. The values presented are the mean of three independent experiments. Error bars represent the standard

deviations of the mean.
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Figure 7 Effect of different cadmium concentrations on the growth of Y01Z. A: The minimum inhibitory
concentration (MIC) of YO1Z strain against cadmium. B: Growth curves of YO1Z strain under exposure to

varying concentrations

experiments+standard deviations.
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CdCl, i NB it K o plE A K AT,
FER AR S BRI 8A). 7E 104 h 5, 15
FEELP AR S R 293.23 me/L 4 Z 2 74.73 mg/L,
XERW Y01Z HAfIReae B8R Mk 75%m) S s

of cadmium. The values

presented are

the mean of three independent

L, W 25 58 35 (P<0.000 1) (] 8B).
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v FH

¥ B. diminuta YO1Z R INAW] U6 A 5050 ik
JEZ)0 0.8 mg/kg WG LY, 5 diE, +
e RO I I B R AIK, A RO R A
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Figure 8 Cadmium concentration in Brevundimonas diminuta Y01Z cultivation compared with control. A: NB
medium with 293.23 mg/L cadmium supplementation. Error bars represent the standard deviations of the mean
(n=3). B: NB medium with 225 mg/L cadmium supplementation. Error bars represent the standard deviations of

independent experiments (N=5). ****: P<0.000 1.
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2.8 YO01Z E#R1E sE IHITAE

YO1Z J&— Kk S - 38 v 435 5 AR Bk 4
W IR B R A AL A AL . AR
AR BWOR., 1-Z LR LE-1-R R
(1-aminocyclopropane-1-carboxylate, ACC) Jlii 24
it A S R iR AR S RE 1, E— VA T R R
HREMEVE D A K o 25 G245 T BN IZE AR RN
Al A, e A AA PLBERRE )T, I H AL
774 63.61 mg/L FYEEAS AN 5.97 mg/L M| Wk L PR
SEREYAE ARSI ™ W . 6k, R BLZ bR
A 5.70 mg/L FEER AR, T ReA B TR ALY
JIFas ERITR (£ 1),
3 ik

ARk, FIRMAEYEE RS E
5T B 5 BT SUIAIF AT 2 BR, 40 1 308 e 3 1 . Aoy
A Wy AR 7 AN P pH 25 7 2UEs & i A4
BT, (R 3E  A3 A G RIAR E TNZENE BRI 25
T, B SR TS Yt T Rl R

AT S LA s DT b e X4 7 e 7 B A 7K
TR I - 48 rh 2 2 R 4 0 — Ak SR e 8 B
i# (Brevundimonas diminuta) Y01Z, %4 & GE%
TEfRIR 700 mg/L 58 B TR N AEAF . (EAHE
RS WP KB YO1Z w] R i 4 40 i ] <)
KA PR AE = B B AR AR B AR O R e
Fz1 THRE Y01Z FRE &8

Table 1 Growth-promoting  ability  of
cadmium-resistant strain YO1Z

Test item Y01Z

Nitrogen fixation -
Phosphate-phosphorus (mg/L) 0.48+0.06a

TAA (mg/L) 5.97+0.45b
Ammonium nitrogen (mg/L) 63.61+1.40c
Siderophore (mg/L) 5.70+0.72b

Values shown are meanststandard error (n=3). Different
lowercase letters indicate that the same index is significantly
different (P<0.05). — The corresponding performance is not
detected.

HH B 2% a4 AR A0 A e DA 77 s 2 ol 200 i 1) IR
oF, HEAREE T — SRS E AR, LT
FAEREE 2 T A B A el 20 B 40 i 1 2 14
KREPS hn, 440 g R & A AR fh ek
BL DNA #1730, 20 B 23 A 1] i 2B T AS 28 73 40
M52, Wi SEh K g B ik, X
PR bRyl A8 o] i 5 AR A i AE s 1R
K, HEMIH T REAETEAMBE R . WAL . 4
WA DT VE SR 25 1 . T A LA D % 5 S5 L
il DAHS B HAE v R A s v A A

WAk, ABFFE AL, YOLZ BERRGER] FH 41
RIMAREL . BE . MRS cd™ 5
FE54, KR B A DU . X EEHL ] S5
VLR AT O, Dol e I8t B T R A Tk
FFREE | B L RN e A ] DL 5 4 5 TR R
PC AV B, AT R JH W B R A0 B R T . 4
B. diminuta MY S6 B A% 1T DL 13 41 it 28 i PR IR
WG I I e S B Cu 57, ATk T 3R %5%
HR AR TS YN RN, A A R B A 32 T RE P
K EZME A TG SEEN S, F et — 2t
FELAR A T 5Bl

AWFFRFE, YO1Z TRIPRTE & e B 1 i o 05
H1(300 mg/L), AE W& W/ FR AP AR A
AT AEZ=BR R IA 218.5 mg/L Y RINGR . AHE
ZHI AP B. diminuta X489 R AE N
39.86 mg/LP!, YO1Z Bk B i 55 (14 it 4 A
FIFIER L BRAE ) o AN R ZEARAT I TR RRAT A
I ZE AT PR O OVRI R AR P T OV A A 35
RAB IR BE(10-40 mg/L) 1) 5 A5 9 Wz B T R 9% fi
FAH L, B IS T AR AL, HAER
PR EE AT gy, HAA AN AT

AR B 5T ] IR AIRSGE YOLZ TEAR I 5%
W B AL, DA R R HoAh T 4 Jg (U Cu®' L NPT
Zn®Hl PO*) AT 2R R L BREE ST . IRl ST X
PRI R LA R A O TR PR IR 65 o Y, DA S B R A
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MG R AR E ORI, d G 20 A
PR AR 7 A T T A T, 2, AT
FE R T RN A= 0 e 790 1 P < s 9 e P A3
TERNZE

4 Hip

A ST BN L) H AT b b X 4 75 Gy ™ = A UK
TR s 498 rh 2 B 0 6 o — R e o 8 B
i (Brevundimonas diminuta) Y01Z, Mg kK
AR pH H 7.0 & 30 °C., NaCl #J¥ 0.5%.
T2 DA VR R 1 41 M R A R I | RS L BRI TN
WA 256 SR BB 1, TP H % 2 40 i
WHEAT UL, YO1Z FMERERS KBRS B 75%
(218.5 mg/L)AY SN Insf. Mook, Zwtkic B
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