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PG S H AR SR,V AR 5410065 2 ARKBE T2 S S L IX K 5 Y ) 5 T /K 22 A A B B[R] G138 e, g AR
5410065 3AEARIE T K24, ) PUANV RIS Y28 A va B TRERF T A0, 70 BEAR 5410065 435 B HIE 2% B, db T 100084)

BB N RS S JERYIMRB 02 2 8 RO D R, AR s SERA T A AR e 398 40 5t — R RN R 1 €™ PO™ R Zn® Ay b it/ 74k
HEPEST BT 168 rDNA K nrd A ThfEHE D)3 51 43 BT 46 5 FORD i R T T AN IR B 37 4% 1068 TRTBAC RS 52 0 2 R T 4 i 36 7 10 5 0, VA 1 L2 T e 1 K (2 ARk
PEAZB MY E b IC T 8 (dchromobacter sp.), i % 4 WL-37.Cd*" . Pb> Fl Zn?*%F WL-37 FIARAM I EE 43 514 600, 1800 F1 1000mg/L. 3t ikt fk
pH fH. BEFEAE40E, ZBL WL-37 % Cd** Pb™ il Zn™ (R tE 2B R BIIAE] 69%- 95%H 62%.WL-37 B A& 7 ACC [ A ki ik
S RMEAERE 7 T 1 B0 10 A R AR N T4 52 A5 e B ST AR T R (K R IR, b R A TR A A G LB AR BRI T R AR S
XERE: BMRSE: EREEY: KBRER: EWBEE. (LR

FEPES: X173 XHRFRIRAG: A XEHS: 1000-6923(2025)05-2631-12

Isolation, identification, and characterization of a strain resistant to cadmium, lead, and zinc from the rhizosphere of
hyperaccumulator Celosia argentea Linn. WANG An-qi', LIN Hua'??, LIU Jie"?, LIN Yi', YANG Xue-meng', LAI Cai-xing',
DONG Zi-han', YU Guo'#* (1.Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin
University of Technology, Guilin 541006, China; 2.Guangxi Collaborative Innovation Center for Water Pollution Control and Water
Safety in Karst Area, Guilin University of Technology, Guilin 541006, China; 3.Guangxi Engineering Research Center of
Comprehensive Treatment for Agricultural Non-Point Source Pollution, Guilin University of Technology, Guilin 541006, China;
4.School of Environment, Tsinghua University, Beijing 100084, China). China Environmental Science, 2025,45(5): 2631~2642
Abstract: This study investigated the functional characteristics of plant growth-promoting rhizobacteria (PGPR) isolated from the
rhizosphere soil of Celosia argentea Linn., a Cd-hyperaccumulator. A strain with high tolerance to Cd*, Pb?, and Zn®> was isolated.
This strain was identified using physiological and biochemical characteristics analysis and sequence analysis of the 16S rDNA and
nrdA functional genes. The effects of various culture conditions on the strain's growth and heavy metal removal capabilities, as well
as its potential for promoting plant growth were examined. This strain was identified as Achromobacter sp., designated WL-37. The
minimum inhibitory concentrations (MIC) of Cd?, Pb?, and Zn? for strain WL-37 were determined to be 600, 1800, and 1000mg/L,
respectively. Under optimized conditions (e.g., pH values and inoculation amounts), the strain achieved maximum removal rates of
69% for Cd**, 95% for Pb**, and 62% for Zn>*. Moreover, WL-37 exhibited multiple plant-promoting traits, including nitrogen
fixation, ACC deaminase production, and siderophore production. In summary, the high-efficiency strain identified in this study
represents a valuable resource for the remediation of multi-metal contaminated soils and supports the development of plant-microbe
combined remediation technologies.

Key words: strain identification; heavy metal pollution; removal efficiency; bioremediation; growth-promoting capabilities
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T4 AR BE )2 e 18 R IR ),

H T, ORI 2 P e i 52 5 — T 4 1 ik A
Wy A5 n, VG G H DX 35 e B 1 g BR
(Enterococcus sp. Cdqd—2) MK B (Sinorhizobium
sp. C10) B 7> 5 fif % 100mg/L Cd*" F1 125mg/L
Zn> U8 SR IRIE v 1) T 4 SR v YAE A L Ay
O 0L 2 R (] N 52 R 2 B 2 Rl 4 R 1
T A A A R e /b, B O KN R AR A A A% i A
0 K A5 0 2B e A A e g 2 i i P AR o
A A TR RE A B8 v R S AL 1 AR A R L A
48 B T S S G 52 1028 B IR M, e T
KRR 52 526 H 4 8 AR B (e 2F B AR 2 A3 TR 2
AR S = S e AT ] BAIE I FAT L 771 SR (TAA)
AR PR 1= IR B - 1R TR
(ACC) it 2 Iy 55 38 178 {12 10 R 4 2 K 1 v A A0 o) b
FIR B R 52 5E U LA, — s HAT TR R 4
J& Be I AR BRI A ik e B 2 5 AR M 4k,
B0 -39 b T 4 A el g i cd*
%3 1 J& W KK (Penicillium janthinellum Z.Z-2)5" 41
IAA A=K A A %% K% (Cynodon dactylon (L.)
Pers )M A KR f L3k Cd™ IS S E
o UM i BOK 2 AT B (Bacillus
megaterium) )5 , T A AR B - 18 IS PR A _E 5 1)
Cd™" %5 5 25 48 U™, e b vy 0, 78 R -k 2 4 B
HE S AR FR i 48 1R B e AR B ¥ v s TR
B 0 X SO g ok A ) L A AN T A
W) 4 P e AR T R AR A SR AR
IRREE S AL 3 =Suy

ARICNAEK T E B R AT X 1) 7 M AR B 11
Hh 38— BRI Cd”" s PbY A Zn R, 6 33
ATTE A2 R0y 1 AW 2 5 08 E 0 P A FE DA B

FRXF €A PO R Zn® IR 32 RE ) AN 25 B RE g,
TRBAA 2 BRI 45 1 R IRE, W A 77 BT Ak 9 7
(I R P2 BB AR ACC i & B 5 A e i
NALEHEFEETHTFBER. 8. BRI
AW IR, R T A A8 S AR A AR
R TR 771,

1 MR57FE

1.1 IR S R AR

PERR ) S AR KT R AR T BH 9] L Y PP B
W AP P2 (110°33'37"E,24°58'22"N) 8 & SE M 75
AR B 1 438 0% M XK 52 B P el 41 R K (175
e HIEF Cdy P Al Zn M HHE E K55+
A bR (R 1), 3RS 5 R T SR 4l
SR BTS2 Cd* L PH* ORI Zn R RO,

F 1 A HIEE LR

Table 1 Physicochemical properties of tested soil
ZH FALL Kl
pH {8 — 6.26£0.21
AT % 2.46:0.11
BH B 2 4 it cmol/kg 8.71+0.56
M Cd mg/kg 4.87+0.27
A Pb mg/kg 1580.83£17.56
M Zn mg/kg 1175.83£18.56

1.2 FEFRIENHI#%

S T T B IR N LB R 7R H T AR A A
BRI R VA SRR B 508, T R Bk oA i g
TE;SMS B 7R3, T #E 7~ TAA 6 )0 2 ;DF . ADF
] A % IR 5L H T B AR ACC T 2 W B8 I
Ashby AU AR 75 56, FH T e B [ 088 ) Il e . 2
PRBCL T Ik 2 s

*2 EFEMHIE

Table 2 Preparation of culture medium

Rtk X pH ff
LB #5974k JBR R 10g/L, B RHREUY) Se/L, A 10g/L, B AR 7736 53 Izt g 10~20g/L 7.0~7.2
PNRES A= P RHEEY) Sg/L,L-RK I T4 E R 2¢/L,K,HPO, 1g/1,MgS0,-7TH,0 0.5g/L 7.0~7.2
N HERE 10g/L,K,HPO, 2g/L,(NH,)2S04 1g/L,MgS0, 0.5¢/L,FEEERY 0.5¢/L,CaCO;5 0.5¢/L, 5 4L 0.1g/L,L-&
SMS HiFedk g/ 4 2¢/L,(NH4)2S0,4 1g/L, Mg ; - g 7 0.5g, 3 0.5g g 7072
2R 0.5g/L
N KH,PO, 4g/L Na;HPO, 6g/L,MgSO0,47TH,0 0.2g/L,FeSO47TH,0 0.2g/L, i %% 2g/L, i 251 2mL 478 1%
DF [k 7 4 4g 4 6g/L,MgSO, 7H; g 4‘ > g 2] g/ 2] TH 75
2g/L,(NH,),S04 2g/L, 57 HE 10~20g/L
ADF [ {8 953 L 3mmol/L ACC %% DF 553531 ) (NH4)2S 04 Ay I — S5 7.5
Ashby TR K F:3E  KH,PO, 0.2g/L,MgS0,-7H,0 0.2¢/L, A4 0.2¢/1.,CaCO; 5.0g/L, H # ] 10g/L,CaS0, 0.1,55/iF 10~20g/L 6.8~7.0
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1.3 R AESEIERKRI 3

W 3g MBs L3 AR w4, T =AM A
TG B 7K ) e s v M fE 37°C . 180r/min
A NG RFR 30min o, 6 & 825 LSt AT
B EARRE A 0.1mL A 7654 50mg/L Cd™.
Pb> Rl Zn® () LB [ #5575 15 9% 48h J5, M 225
AT A AL BV, DRECEL b 1) B R v AT RO
R 2l b6 S 38 N T 4 @I E R AR UL R #RE H
FEEREF|S 250mg/L Cd* . PbT A Zn* i LB [ 44
BR IR IR, B R 1) A K 7 20 B S A BRI B IR A
YA TE 100mg/L Cd*. PRI Zn® Y [E & LB
g hE BT RIG At AR 2D 3 IR E R R4l
AR, R AT T 4 CUKFI . B RE WL-37 H TR A7
16 )7 R A8 WCE W) IR 0 (GDMCO), 5 il 5
GDMCC No.24175.
1.4 WK%
1.4.1 16S rDNA JEFFHI3 4T O T e 7 s 4l
AL BERR IR JE R 347 T 16S rDNA JE K541 Lt 234
56T H DNA S0 (A6 5 22w B R I
4 7 DNA. B 5, K H 40 w8 H 51 %) 27F/1492R
(27F:5'-AGAGTTTGATCCTGGCTCAG-3'F1(1492R:
5'-GGTTACCTTGTTACGACTT-3") #£ 417 PCR "
1P B3R5 16 PCR P2tk 5, Bt bt & e B
B 28 W) HEAT O 00 R AR AR B O
(NCBD%ds PEREAT LLXT 0T, FH MEGA 7.0 #44,
K AR A AR ORI (1) R 48K & W, T E1T 1000
YCHBLE T2 5T R /R WL-37 (550 C 348
% GenBank (4l [, % 5% '5 4 PP972325.
1.4.2 nrdA DIREEERTFHIHT A TR A
RGRE PR DX LM T HAR ) nrdA T
RESL IR 7471 LA4H B DAN A RSEAS, 15 FH 40 3 514
F/R(F:5'-ACTGGATTCCCGACCTGTTC-3") 1 (R:
5'-TTCGATTTGACGTACAAGTTCTGG-3") # 1T
PCR ¥ HPR 45318 PCR P=aifb J At b &
v DR A R A FEEA T A MEGA7.0 #44,
R AR FALAL SAR DRI R G K B, 31247 1000
UAE RS .
1.5 TERA AL T

kT R G b TR R A TR AR R I R A B A A
P, SR P 2 PG e 00 PR AT Y €0 40 M O R R
PEEAT BIOLOG G3 il fL A Al FiT APT 20NE Al

FH G SE I HRE A T B A6 38 22 50 B R A BR A ) oK
MBI G3 AL ) 96 FLr THIEL G FE 24h.
DLFLAR 16 AT 4 5o R L R 2 R AL AR R 1 B
PRI T B AR T JE ) 1 RT R P s RUE R B
it BIOLOG &% # A (Microlog-M, MicroStation)
HEAT YUY, APT 20NE £ 91 KR 4 API 20NE %
& T MHEAT.
1.6 KA Cd™. Pb*. Zn® TR RE

W b THREA I LD 1% i 4eph = 4
B SAT R ESRE 7 LB KR o cd®
[ 2 25,50,75,100,200,300,400 F1 600mg/L;Pb*"
(IR k50,200,400 F1 600mg/L;Zn” HIME A 50,
200,400 11 600mg/L. LAAN I ¥ 15 5 B A Ay o) Ji 4
ANGLBREAE 3 YRAE 37°C 180r/min (K4 1 5%,
F5pBg 24h HOFEH 3mL (T84 e EE v (E
TR T A A R 2 71)600nm ARSI FL R o 4
(ODyo0), LIS R B A (6 00t FBE (Bl JiE ). A P Pl 25
&1 AR Kk 56 1% (ICP-OES, PerkinElmer Optima
7000D V)52 B 7RI h 1l 4 Cd™' . PO ORI Zn® 'Y
IR R AR 2B A1 D (24~168h) L EE 77 JE
Cd**. Pb™'. Zn® WK EZ AE 1k (24~120h), LUIHLAA A B
AN W Z (MIC) R MR Cd™' s Pb*' L Zn™ 1 B4
AEJ).MIC BEIA b S 56 A3 40 b AR K 1) IR 4
JE IR R R F R L L 7E LB B R R
HEJEE T2 — RIS AE— AR IR 8] P9 AR
PR T A K 0 /N A 5 B Ay 2% T G Jd 0k 4 T 1)
AN ),
1.7  HEKZEBR cd™. PbY. Zn RIS

3 PGS I 50me/L, 7 37°C .
pH {E=7.0. 180r/min, ¥ LA & N 1%,2%,5%,8%
F10%54F T LB 5983 P 347 55 9%, 5 [ 24h
HURE 077 328 HH e AR e M & 5, 76 37°C « 180r/min, W 4H
pHE 4 5.0,6.0,7.0,8.0 F119.0 4511 F 34T 1% 7%, BB
24h BURE. BT BURE i 50 i W L35 Y0, TN 52 TR PR
(1 A KRN 4 e 2 PR i AR AL DL BRI R 3
MEH.
1.8 TRRAE A I Re 1A S I

BRI R RAE 37°C. pH {=7.0. 180r/min
ZAE T T LB KRR ridm A 120 i 0] B Rk 1 AE )
S A B ST A AL SE IO W E 3 MR
1.8.1 Pk hre T K iE A I
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DL 1% MM M T R A RE R A&t
(37°C+ 180r/min), %> HI7E 48, 72 Fl 96h i U
W .25 8000r/min 50 15min, & K LS W 5
CAS B (1:1V/ V) sz A8 o J 3 1200 7 A8 0 Jg [
gh Loh 0 R PR 40 0 3 R B L DL R B A
R 0 35 77 5 B0 B Dl % 1 o) BRI Y I
I 3h J5 Wl i€ ODgso. M 24 2 1 o 5077 Bk B4R s
AR AR
(4 —A4) ,
SU=T><100A) (1)

Sy A R BT PR BT Y054, 28 R TR AL I
ODg30;4 4 IR AL BEZH 1¥) ODeg3o.

1.8.2 FEREREEARAENESHT Amow SZHPYLAE
o 48h B 1mL KW FIE WL AN 1mL 0.5mol/L
ERFRA 1mL 10%5H R B — VA 2 B V. SR v A
BN 1mL 1mol/L SNV A I (0 4k 278
2L HE/DREF 1h AR R R B &
JLAS T 0k g Ak v R Ak Se 36 P 2 55 48h I
0.5mL & ¥ _EiE WL NN 2.5mL Smmol/L (¥ i S R ik
TR, T R (A Ay T 0 B R, WU A R T
WP A R T R R AR A O R 2818 K AR
BRI L v I AR B E AR TR

1.8.3 JCIAAREIEEIE KB 1%
(PR AR T SMS RiFREEH 78 37°C 180r/min
KA N B IR 4d.2 8000r/min B0 15min, B ImL |-
TH5 2mL Salkowski iR A, 8% % Y. 40min Ji5
W5 ODs30P".

1.8.4 = ACC JiLE M Re ) e tENE B Ah i e
MR LR T ADF [ /AR5 9523 N 37 C Ry FR4f
FE 7 3d, LSRR I A= K AR L. PR ADF 357755 11
PATHTE, QRS R 2 R T ADF [E4R R JR 3 JF B LU
AR 2 R I S SR E B R AT LARI T ACC BN
W — U5 ) A KR I IR W R AR =2 ACC IR
B e S,

1.8.5 [ HE Sy tEll e % Ak 1 B R R &
R Ashby TREMARTFREE BN 37 CHFE
PR TR 3~4d, L8 B RR I AR A% 0. 40 R R AR AE
Ashby TC& AR 258 BoRAE K5 ) 2R 1 3
A ) R A0 HR 1 02 K T B 12 1 Ak L % [
NP

1.9 Fdli bz

1§/l Microsoft Excel 2016 18 FI{H FMbrvE
% A F] GraphPad Prism10.1.2 {4, JFil ik SPSS
26.0 HEAT LN 22 )5 25 45 HT(ANOVA) LA VP4l 21 1) 2
S[R3 1 (P<0.05).

2 HRE5SH

2.1 A ELE RN IE

AR 5 T T R AT 1 &5 SR AN HIT 0 32 1 — ok
i T 4 J I BRI RR, iy 46 8 WL-37, % Wi fkoxt ¢d™'s
Pb” il Zn® 42 &5 YR 29 B A 35 250mg/L AR
— BRI A A LB R IR AL 19454k, Cd™ . Pb™
F Zn> SRR WL-37 (#185/MIHIR E (MIC) 73 3
“4:600+ 1800 1 1000mg/L.{EAHF 5T, i bk WL-37
FRE A i (1 O 4 HU vk R e 0 LA 1
H GRS Y5 T .
2.2 WPk WL-37 %5

PR WL-37 BB & T AR 22 QR R AR WL
1.# Pk WL-37 7€ LB P4 (& 100mg/L Cd*.
Pb> A Zn® )T ik B I B TE 7 (B 1(a)), L% B
FR A HE 22 A PEAT 1 (] 1(b)). 385 16S rDNA il /7
I b AL NCBI HEAT [RIE 247,48 FH Mega7.0 K AFH4
B WL-37 ARG G (E 2(a)).45 KR, H
¥k WL-37 IHJ&E T L A & JE (Achromobacter sp.) H.
HOK B A ML B F J& (Achromobacter
xylosoxidans NBRC 15126T) & 4i &k & #H & i ilt,
[ 99.5%. 383 nrd A KPR MY B 1 R 48
B (K 20b) R WL-37 5 Achromobacter
veterisilvae LMG 30378T ) R4 & & 1 2 T, [F) Y5
PEAN 96.7%. 1% Fk WL-37 [ 16S r DNA J741| & A&
% NCBI £ 2, %6 5% 5 04 PP972325.

1 bk WL-37 Bk T 22 G (AT
Fig.1 Colony morphology and Gram staining characteristics
of strain WL-37
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(a) 59| Achromobacter anxifer LMG 26857' (HF586508)
Achromobacter dolens 1LMG 268401 (HF586509)
Achromobacter agilis LMG 34111 (HG324050)
Achromobacter denitrificans DSM300261 (Y14907)
Achromobacter ruhlandii ATCC 157491 (AB010840)
Achromobacter insuavis LMG 26845 T(HF586506)

64L— Achromobacter acgrifaciens LMG 268521 (HF586507)
Achromobacter ruhlandii LMG1 866T((,' ADIJL010000070)
Achromobacter insolinus DSM238071 (CP019325)
Achromobacter animicus LMG 26690T(HE613448)
Achromobacter mucicolens LMG26685 (HE613446)
Achromobacter marplatensis BZT(EU 150134)

57| Achromobacter deleyi LMG 34581 (HG324053)
57| Achromobacter kerstersii LMG 34411 (HG324052)

Achromobacter spanius LMG 59 11T (AY 170848)
Achromobacter pulmonis LMG 266961 (HE798552)
65— 4ch veterisilvae LMG 303781(LT976503)
Achromobacter xylosoxidans NBRC 15126T(CP006958)
WL-37

Candidi itroreducens SC-0891 (NJIHO1000017)

0.005

Achromobacter piechaudii NBRC10246 11 (BCTK01000022)

(®)

WL-37

Achromobacter veterisilvae LMG 30378T(LT976504)
Achromobacter denitrificans DSM 300261 (CP053987)
Achromobacter xylosoxidans NCTC10807 | (LN831029)

Achromobacter insolitus NCTC13520(LR134361)

spanius DSM23806 1 (CP025030)

petrii DSM12804T(AM902716)

—
0.01

K12 JET 16S rDNA Al nrdA 2R PSR IR WL-37 R T
Fig.2 Phylogenetic tree of the stain WL-37 based on 16S rDNA and nrdA gene sequence

2.3 HFk WL-37 [ BIOLOG G3 F1 API 20NE X%
g IR

% 3 HE#¥k WL-37 89 BIOLOG G3 ¥ &4
Table 3 BIOLOG G3 identification results of strain WL-37

JEH 4R &Y 451
1%FLIR + D () Bl +
REEUmR + TR IS I e +

FAREEE SV + R +
UL AUEINS + D-HiH % +
L-N 4R + AT ¥ S +
L-R(IMN&AHMR + LS +
L-AB%R + P e +
L- Z2%% + p-Hydroxy-# 4T +
LK + L-3L +
TR Y 54 + FrAEIR +
a-Keto— % & + B-Hydroxy-D,L—"] & +
DT + W +
LT =1 + TR +
ZRIETRIR + TR +
AR + N +
y-Amino— | Fig + TN +
pH {E=5.0 + 1% NaCl +
pH {E=6.0 + 4% NaCl +
4 BHPE

BIOLOG G3(BIOLOG GEN III MicroPlate) Fil
API 20NE(Analytical Profile Index 20NE)ZE S 4= ) Fil
KOES s g 2 MY BIOLOG G3 - (Rl &5
o N BEPERR AT AR K« 55 FE M CZE K SRR F
PEOCEAK). L 3 s, wikk WL-37 g A L-
W L- R 1A% L- B RS o i 5
F VUMESERT T RN S ) AN UG TE 1% 4%
NaCl ¥ JE T e K 474K APL 20NE (¥l 45 b

73 h =2 R BRI AR . e 4
TN, ERE WL-37 G084k £ B RIS SRS, K i
12 50340 J5Uh AUl I 2R A PSR R 45 3, R g T 4
T LR /R AR WL-37 6 1R 2R BE A ALRFAE.

Fz 4 B WL-37 B9 API20NE £ EZER
Table 4 API 20 NE identification results of strain WL—-37

) S o
B LA 2 +
R R AR .
AR LR T +
Yl FILCERSR) N
o k(e ) N
R FILCER) +
Fikea L R ) N
ko FILCEZ ) +
T+ B

2.4 Htk WL-37 SPARFEWKE Cd. Pb™. Zn*'(
2.4 WK WL-37 fEAHIKIE T Cd” Pb*'\ Zn™"
ARSI kR WL-37 7 Cd*'(25~600mg/L)-.
Pb*"(50~600mg/L)F1 Zn* (50~600mg/L) 1 ) 2E K15
B 3(a)~3(d)FTm. W 3(a)FT7R, 24 Cd™ %k
i 75mg/L I BRI AR K32 BN L 3(b) R, A
168h P4,600mg/L ] Cd*"5e 44l T Bkk i A K i
3(c) T4, WL-37 {EFTBEE R Pb™ He S A 3
FHLH AP A K RE S s ()R, B Zn” ik
B B34, WL-37 A K52 2 W) 2 i 4L fE 48h
,600mg/L (1) Zn® ™ FANH Bk WL-37 (2B KL
gt AR W, R B (V) 4 nT REXT R R WL-37 (1)
AR AR A TR .
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ZnZ R (%)
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-~ 200 mg/L = 300 mg/L

N -~ 25mg/L % 50 mg/L ey 2+
(a)q—l{&?&ngﬂf 75 mg/L -+ 100 mg/L (b)ﬁz”fg(:d -+ 400 mg/L -+ 600 mg/L

2.8
2,65 M 200
Q% 2.4+ Qé 1.5¢
O 22 © 1.0r
2.0F 0.5r
1.8+ I 1 L I 1 I 0.0
24 48 72 96 120 144 16 24 48 72 96 120 144 168
B A] (h) FIE] (h)
ot - 50mg/L = 200mg/L (gyz,2* - 50mg/L = 200 mg/L
(C)P?2 + 400mg/L + 600mgL -+ 400 mg/L + 600 mg/L
3.0 2.5
g28F g
N g 20:
O .5'
O 2.6r
2.4r
2.2 1 1 1 1 1 1 0.0 1 1 1 1 I
T 24 48 72 96 120 144 168 24 48 72 96 120 144 168

1] (h) I (h)

3 WRE WL-37 FEANF G Jm A58 (A

3 Growth biomass of the strain WL-37 under different heavy metal stress

[
<

24 (h)

(=)
=
[~}

CA* L BH (%)
S 38

CA*EBH (%)

0735750 75 100200300400

W (mg/L) W (mg/L)

80 80 (P
96 (h) S 120 (h) 9

L < 6ok =100}
60 a ﬁ 60 ﬁ
40+ & 4ot &

1% 50
20 a, 20 )
3 =N 2

(=]

= 0

50 75 100200300400 75 12003' 400

W (mg/L) WRIE (mg/L)
48 (h) < 72 (h) &
100f : > 100" a  a =100
b i B
c & b &
50r e sor 50
o )
[-9 ey
o~ 0 0
50 200 400 600 50 200 400 600
W (mg/L) ) W (mg/L)
(C)Zn4 0
120 (h) S 24 (h) 9
100 = &
50, H 1
& &
t=1 =
0 : N N
50 200 400 600 50 200 400 600 50 200 400 600
RIE (mg/L) W (mg/L) W (mg/L)
60, —~ 60 -
a 72 (h) S a2 96 (h) & 60r a 120 (h)
s b &
400 3400 M40l b
& & 10 b
20 320 2o c
o =1
0 N N
50 200 400 600 50 200 400 600 50 200 400 600

W (mg/L)

WP (mg/L) WL (mg/L)

K4 BkE WL-37 XA A E 48 BB

Fig.4 Removal rates of the strain WL—-37 under different heavy metals stress
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