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Cd ME THEZFAFE B12 FREEHEZEENEYHIE
2R AN Cd P& B2 00

KIS G BETH
HE SRR AR A AR AC I SFSEMUE T A% V3R %0 210095

i EAFFIREFRATATAIHEEN T ABRENPIE, MAENBRAEEZRELE T BA
FEEZAER. [ B 89) R A FE F 504 B (Bacillus subtilis) B12 % % Cd (CdSO )M sgpuhl. [
*1 R Cd priast B12 AWBIEY meGFen, BRI R, RA8 & B0RA €A i R 3R A7
(LC-MS)*t A & Cd Mria &t FE R B12 bt IS IRAL St T4 IR, dhitbfe T 2wy sE, JHR
K% EF R AE R F 384T & (Bacillus subtilis) B12. 8 75 ¥ 24898 & (Sinorhizobium meliloti) Mr40.
f# 20y F 04T B (B. amyloliquefaciens) P29 A WAL, AR M Cd 49 &rm. (4R £4 CdRES
0-1.0 mg/L #) Msgg 372 A& ¥, B. subtilis B12 £ WHIET £ R 3, Cd Attt R B12 4k fig
PRt edh, H &k & E M E (Surfactin)2E3 A0, £4 Cd RAEH 0.5 mg/L 49 Msgg &7+ Rn
Surfactin /&, E#4k B12. Mrd40. P29 A M4 F & b K AAn it B %38 n 84.1%—-126.9%, #F % tm o4k
FRF T 46.9%-553%, 3 B Cd ZMFE R FIE M 23.0%-36.1%, F#mILEM Cd bt 2
ETHe, AMBIEBRW Cd bl R8T 46.8%68.1%. [444) Cd Mrid T H Ak BI12 @it b &
% ¢ Surfactin RA4x B & AR EALEH AR A WAL T R RBR W £ % 69 Cd, AMmZER Cd b,

Surfactin production by Bacillus subtilis B12 under Cd stress and
its effect on biofilm formation and Cd removal
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Abstract: [Background] Bacillus subtilis can form biofilm by clustering, and biofilm plays an important
role in the removal of heavy metals. [Objective] The purpose of this study was to examine the interactions
of Bacillus subtilis B12 biofilm and lipopeptide compounds and cadmium removal, investigating the
mechanism of B. subtilis B12 in alleviating Cd (CdSO,) stress. [Methods] Firstly, the effect of Cd stress
on the formation of strain B12 biofilm was investigated. The lipopeptide compounds secreted by B12
strain under Cd stress were extracted, purified and identified by acid precipitation, reversed-phase high
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performance liquid chromatography (RP-HPLC) and liquid mass spectrometry (LC-MS). The effects of
this major component on the biofilm formation and Cd adsorption of B. subtilis B12, Sinorhizobium
meliloti Mr40 and B. amyloliquefaciens P29 were investigated. [Results] When 0—1.0 mg/L CdSO, was
applied in Msgg media, the dry weight of B. subtilis B12 biofilms increased significantly. Cd stress
promoted the secretion of lipid peptide compounds by strain B12, and the content of surfactin was
increased. In the Msgg media with 0.5 mg/L Cd concentration, biofilms dry weight of strains B12, Mr40,
P29 were increased by 84.1% to 126.9% significantly when the strains were exposed to surfactin compared
to control medium, whereas the planktonic cells counts were reduced significantly from 46.9% to 55.3%.
Meanwhile, Cd removal rate of three strains were significantly increased by 23.0%-36.1%, biosorption
capacities of Cd onto the strains biofilms significantly increased by 46.8% to 68.1%. [Conclusion] These
findings suggest that B. subtilis B12 under exposure to Cd could trigger the effect of stronger surfactin and
biofilm formation, and subsequent increased Cd absorption of the biofilms, thereby protecting them from
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Cd stress.
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b Tk fbgERR i, R 2T ud ke,
WEETGGs | A SRS ) H 45 ™R, ™ HL 50 A
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1 RSk
1.1 #FRl

PR TR bR . Al B 2T IS (Bacillus  subtilis)
B12 . B 1& " & 2 J& & (Sinorhizobium meliloti)
Mrd0 ., fFTER 2E AT (Bacillus amyloliquefaciens)
P29 Sy ARSI 2 7y B R

LB #5573 (g/L): EHEAM 10.0, BEEEK 5.0,
k4R 10.0, BUEHR 20.0 (BARREFREEFIMA),
pH 7.0,

Msgg FiFRHe . Bl — S0 2% vy (5 mmol/L,
pH 7.0), SALEEE I (2 mmol/L), Wi fi% 25 I
(2 mmol/L), FEAFGHW (700 mmol/L), MOPs i#
(100 mmol/L, pH 7.0), FAAL%R K (50mmol/L),
FALBRIE (50 mmol/L), ZALEFAR(1 mmol/L),
RN RVE IR (50 mg/mL), {62 BRIA K (50 mg/mL),
BRBRVEW(0.5%), HiH(0.5%).

Landy }55F3%E(g/L): #%4ME 20.0, L-BAAMR
5.0, MgS0O47H,0O 0.5, KCI 0.5, KH,PO4 1.0,
FeSO46H,0 5.0, MnSO,4 10.0, CuSO45H,0 0.2,
fEtlky 1.0, RN 2.0, pH 7.0,

FEFI LR . RMTEPEER, Wako Pure
Chemicals 2 F)o il 25 BOBEARAN . 8 B R RAR R -5
TR AS . EAORAH AT, Agilent Technologies
o5l R IR OHL, Beckman 23 H] 5 JR TR
Y4, Perkin Elmer® ) o
1.2 CdBMBT BRRAMHIETE. ZHEIE.
ERRENNE

YR U 22 R AR AP 2
U, RS - BRBCEAR BT T LB
WARREFREEH, 30 °C. 200 r/min 7% 16-18 h &
MEAERIE, BTSRRI, 1% 2%
PR 2] 2 mL Msgg HiFR4EH, Cd(CdSO)
MR 0. 0.1, 0.5, 1.0, 2.0 mg/L, HAbEE
B 3ANEL; 30 °C, #HERE 72 h, Ak
BRPRICRA IR 2 AT 10 mL 208,
EETIKIFUE 3 U, @R T 2 48 15 R Y 1k

BT 8 4 TRAEMRE R A B.OE T, 08
AR 5 mL 2K, 2 mL [ 2 mol/L
NaOH. 0.25 mL 4 0.85% NaCl, 4 °C. 150 r/min
Y% 3h )5 4°C. 6000 r/min &[> 20 min; IR
1f 0.45 pm UM, HUEWCE TENTAE T, 4 °C &M
24 h, K S G IR E T 10 mL #0584 °C
TRAFA o 2o I e R 2R R Y, 2%
T B SR % Dl i i
1.3 E#k B12 FREBK L S ATHREY

H I, B2 O R 2E AT B R AL 5 0 0 1 SR ik
4 LB il Landy iX 2 i, HiH Landy ff A% 5,
JIFAASCR AT Landy 3535 5A4E 5L IR IRIL &4
& B, MR RKAL A PR S 2 1 3 U PO
LRI R AE o ST T i N 2 | vy (|l S LR T e S
1) B12 WK LA 5% EERN 4R E] 1 L Landy 557
W, hn CA(CASO4) B UL N 0.5 mg/L, g
YN Cd; 27 °C. 160 r/min $53% 3 d, KRR
F 4 °C. 8 000 r/min Z5F &40 15 min, FET
¥, H HCUET EH® pH £ 2.0, T 4°C Uil
&5 8 000 r/min B.0> 10 min WAEDTE, TUEXT
JEIMAGE S P e 2 4 B A A TR, 4 °C i
FE29 5 h B ERIS VRS pH % 7.0, 8 000 r/min
B0 20 min, A LIEWCE @R, R TR
AR BINRARAL B 4RI s KRB T 5 mL
EEFKF, H pH £ 7.0, BHRTEHENKR,
SRR 3 YO B 5.0 mg/mL (R, SR 5 G
PR 0.22 pm JEMER E S TC B B0, BIRT453)
B12 JGw A IKIE A LY . TG Cd 454 F HEEL
G I &8 448 LP, Cd ¥ N 0.5 mg/L
ST SEEUR AR LA W i 24 R LPe.
1.4 FREHIERLEYIX B12 £YHIEIF T

PEPE B12 (36107 3R] 1.2 B0 Ak B k3% 2%
(Rl R B Msgg KiFR3EH . LP 5 LPc W
W N0, 0125, 0.5, 2.0 mg/L, [RINF 5B L& E
k2.0 mg/L [k iE-80 FIH VAR X HE, B4~ Ab B
WHE 3AEE, 30 °C fHEMKEIE 72 h; Y
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TH . 2SR SRS ENNE ER 1.2,
1.5 HRERELEMHS B

K M B C18 43 5 4l b #1 () RP-HPLC
(9.4 mmx150 mm)ZF47 I8 IKFL A W10 B 4lifk s 1%
SEI R IRAL S T B, 0.22 pm JE#R 1t
UG T 4 °C UKAR TP ORI T o Jres el 60 s A
3K 210 nm, i 0.84 mL/min, WA A 2
&, Wshil B A 0.1%Z R, YEliZ(4R 0-9 min,
WM A (60%-93%)+ii sl B (40%—7%) ;
9-20 min, 93%ifEhH A+7%iAshAH B; VA a]
N 20 min®' Ky B Al Ak A5 2 A 4 o0 BT XU
h, EHEER TS, PSS AT R T,
WA, 4 °C FAE4H.
1.6 Zh{beH 5 3 A I BR Y 22 0

FHTCHA 2 B8 /K fR v R T B 25 A4 53, Tid
BN 5.0 mg/mL (LG, FIJCE 0.22 pm JE
Fr il IR R o #e 2% Rl TS AL R T R B12 $2F
54 0.5 mg/L K501 Msgg 5537384, AN

RIRAL AP Ab B Xt B, BRSPS 3 AN

2, 30°CHIRRESR 72h, AW TE ., ZHS
i RO R E AR 1.2,
1.7 BHESBIBFIE ST

KH LC-MS A8 43 T 550,
W34 ) TARERREE Jy 4.5 KV, BAEIERIE M 300 °C.,
WA A NG, WS B S 0.1%0KEERR, A il
B WL 70:30, Wi 0.3 mL/min, B[]S
35 min. SRR LSS B8 T IE B R,
1.8 Surfactin X4 E ElE Cd HIRIFR

TSR Msgg 55 5L PR RLZEAIFT I B12 &
7577 Surfactin, HFEFE B12 $08 2% 3R b
#| Msgg Bi3:5Em, 30 °C 553% 72 h J5 12 000 r/min
B0 15 min B RV, A 0.22 um AYERS IS UE [
. F HPLC X} BV 0. ST .
K25 SN, HFAFE 20 uL, FEI 35 °C,
R 210 nm, P 0.84 mL/min, Kl (A]
25 min, %5 WA A RHAiK+0.1% =LA,

T B A ZIE+01% =T LR . #4614
0-9 min, A: 40%—7%, B: 60%—93%; 9—20 min,
A: 7%—7%, B: 93%-93%. HEitk B12. P29, Mr40
FITE AL A 1.2 4% 2% R b R Bk B12., P29,
Mr40 B E] 5 0.5 mg/L Cd 1) Msgg J5 555k,
N Surfactin ZAWE K 0.5 mg/L, PIAM
Surfactin FJALFE KX AR, AL PRIRE 3 DNEHA,
30 °C fEEKGT SR 72 ho AR T 25 1400 5 5 1% ]
1.2, J7 I 40 M i S AR U A SF- Ak,
FURBAEGNT R B0 A Pl B 6 A 5 52 WU A
TR R A T AT SR &) 5 21 TR0 BE A BT Uk
fiF LB BRI |, 30 °C 1HIEH IR 18 h 5 ik
TTHRVE T AEp i Cd &= mille %555
P 252 1) B e T A OV O ke ik, B AR
T FRHC0.1 g THRAWBEFIH AR, IFmA
2 mL {HER AT ECR 4:1 B9 HNOs Al HCIO4)
8 mL K& TFK, HEG MR EBE FKER
F| 25 mL, £ 0.45 pm BUERSLL RS R T IRlob
J%{¢ (Atomic Absorption Spectroscopy, AAS)H1T
Cd FEIE; & HAYBIIRT) Msgg BEFREE4
4°C, 12 000 r/min Z5.0> 15 min, B E#H®K T 10 mL
BLLAE T, A HNO; (% R RS RN 3%,
FH AAS MIRE Cd & i, %o s Ml P #l4 ed &
ir. Cd RBRZ . AP Cd . 17
MW B Cd He AR A = T -

Cd %% (Removal Rate of Cd)=(JFiA K Cd
TR RS Cd FE)/EEBR T Cd Fix
100%;

A= Wk I BfE Cd o EE 5] (Biofilm Fixed Cd
Ratio)=(AE ¥l Cd SR /40 LB Cd Ea)x
100%;

TFIE AR B Cd He 45 (The Floating Cells Fix
Cd Ratio)=100%—E P8 B B Cd HA51(%) o

2 HR5H

2.1 CdrB{Ri#EE B12 £ IERI K
1Al Al, —E WYL ER Cd Mrif nl g 2%
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F£1 CdiiBXE#k B12 £ 4% 8 2 BB 20

Table 1 Effects of Cd stress on strain B12 biofilm
formation

Cd ¥R T EH S = EZ i

Cd concentration Dry weight Protein content Polysaccharide
(mg/L) (mg) (ng) content (ug)
0.0 6.63+0.76¢c 51.17+3.15¢  3.64+0.56¢
0.1 11.27+0.76a 60.06+2.79b  4.16+0.17¢c
0.5 11.20+£0.36a 76.17+3.00a  7.38+0.79b
1.0 9.6£0.61b  76.30+4.32a  8.72+0.88a
2.0 6.80£0.70c  57.16+4.00bc  3.29+0.31c

s FFVEER S A FENG FRER R AR R A S A B 2 R
(P<0.05), KA

Note: Different lowercase letters after data in the same column
indicate significant differences between different treatments
(P<0.05). The same below

HINEAR B12 AR TE . AR, EN
Trim. 50 Cd XA, 4 4> Cd WREERRE T A
Pk B12 B AE YW B 3 53 hn 1 70.0% .68.9%
21.8%.15.5%; BRI 40 HIIE N T 17.4% .48.6% .
49.1%. 11.7%; Cd ¥KEEFE 0.5-1.0 mg/L B}, 5 CK
2o R B ERIn, 2 0.1 mg/L 5 2.0 mg/L
() Cd WEEXT B12 A=Wwi b 2 0% & 50 i 50
M, PO T O, 3% Uk Cd JiaE T DAME UE 205 5
SRR TS R, N2 e A= e BT Bl ; 1
M Cd MR AREC L Sy, bR B12 AR Wi T
EAHER., ZHTES CK 2R EES, il
W1 Cd 38 A5 B X A M R TR A B 5
2.2 MARMBERLESYIRHARENK B12 £4HIE
A9 BX

T 5T R R AL G 6T A= 0k 5 Ay 2 i) 2 A
FAAFRESE, BEHCHAT e 135 14 28 1 BT A i 7 -80
DL HA RS PE BT HmAE A0 B, B3R 2 W,
WP Ky 2.0 mg/L (Rt iR -80 FH IS CK A EL, X
WMk BI2 WAV TE ., ZRMEAS R
R, UL BH IR IR AL A P A ek B A2 R E R A
TEd? 1k

3ANRPBERSEERY LP 5 LPc Al g Z {2k B12 4
YRR T8, Z2MEa. ERsaEngn. 0.125,
0.5.2.0 mg/L % LP 43 5ilfifi 2 Wk i o0 fd 253 fn
T 29.5%. 50.5%. 54.4%, J& 2 AU XT A Mg

THEAEMIEREZET, BREST 0125 mg/L
) LP; 0.125. 0.5, 2.0 mg/L f4 LPc 435I 2k Mok
JETFE R EHMT 32.1%. 116.5%. 106.6%, J&
2 AU EEXT A I T AR R C 22,
FHT 0.125 mg/L i LPc., HIILAT UL, 2 FpfIgIKIL
EER AT AR SRR B12 ARk IR, T H
A Cd HIG Cd Z&44 N HEHU AR IKAE & % A= vk
JE P T A5 B A

A= IR R 32 R R AL AR, O T iR
I NG KL A P05 A= P AL 43 1 2 i), % A=)
P 2 S R E A SR T T, hk 2
A1, LP Ml LPc 4b¥I4H 5 CK AL, ¥nl{e it
Pk B12 AWpk b 20 EME O S RN
3AMREERETS, LPe 5 LP OB AL, HEAE
HOMHRET 5.9%. 13.0%. 22.0%; ZHiSEs)
BT 24.62%. 23.08%. 21.03%; i H LPc ¢
FEM 0.50 mg/L 4514, Witk B12 AW s i b 20
T AR T R o IR B R, LPe ] REAF
FEREAZ ), XA LPe 15 Rtk B12 £
PR 2R AR S R D S T LP A HRA

#*2 RSN EN B12 £ YHIEFHIE R0

Table 2 Effects of lipid peptide compounds on the
properties of B12 biofilm

S Rk TE EHRGE SR
Additives and ~ Dry weight Protein Polysaccharide

concentration (mg) content (ug)  content (ug)

(mg/L)

CK 7.47£0.93d 45.93+6.62¢  5.85%0.50e
Tween-80 2.0 6.63+0.85d 42.47+2.57¢  5.36+0.40¢
Glycerol 2.0 7.77£0.91d  48.52+2.04e  5.56+0.40¢
LP 0.125 9.67£0.99¢c  66.30+9.45d  8.37+0.45d
LP 0.5 11.20+1.08b 91.73+5.86b  11.41+0.60b
LP2.0 11.3£1.21b  89.94+4.24b  10.23+£0.51c
LPc 0.125 9.8740.95¢c  69.01+8.90c  9.81+0.59¢
LPc 0.5 16.17£0.32a 97.72+7.42a  12.76+0.35a
LPc 2.0 15.43+0.67a 100.06+9.2a  11.46+0.52b

T CK: ZEAXM; LP: T Cd &0 T RBUWIR KL G4
LPc: Cd &N 0.5 mg/L 54 T B KL &4

Note: CK: Blank control; LP: A lipid peptide compound extracted
without Cd. LPc: Lipopeptide compounds extracted with Cd
concentration of 0.5 mg/L
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23 RS BEEK

Kl 1A B Cd 45000 T $EHU AR R A6 & i A
K, faiick LP Id; & 1B 4 0.5 mg/L Yy Cd HefE
SAF T SR BR RRAL S AR 1A, fRiIC A LPe K,
LP 5 LPc A7 5 IR, BERH Cd AT,
WPk B12 M EE R &R X RRAE IR 3
HHT 3 ARV, BB Cd MR 0.5 mg/L 1Y
Joip 3B XTI 3 AR kAL A P G 25 52 5 LPe 1Y
J& 2 AR LP s, Uil Cd iE AT DU s bk
B12 rib 25 2 R G Ht & B Cd
i3 E N TR AR B12 AM WY RS Rl kAL
E W AR AL
2.4 SESITEK B12 EYHIRAE I

MK 2A FJLIEH, 5 CK A, 4143 3. 4.
5 R B12 AP pk B RS AR . &l 2B
2C AIH1, 4y 3. 4 AWML B12 A Y08
[ 2 W R R S AMRE NGl 3 )5, R
PR ) Z B R B S AN T 64.3%
93.8%; AMEUSINLL S 4 J5 YR Z M E S
ORI T 87.0%M 127.3%. H1T4A Cd il
JC Cd A T4 3 iSO E 25, Hor 45
oy 3 WEYIRE RS2 S R, BT AR Oy 4

100 | 3

) S o ®©
(=] (==} (==} (==}
~

AHXT = BE
Relative abundance (%)

(=]

0 10 20 30 40 50 60 70 80
¢ (min)
1 LP (A)F1 LPc (B)HI&EE

Figure 1 The liquid phase diagram of LP (A) and LPc (B)
TE: 1.2, 3. 4. 54 LP Y LPc B 5 Al i

HEFTYI T SEE .
25 BHEIWERE

K 3A N 4 AR, & 3B A IRt
4 19.88 min B XN IR BTiEE . BT, IRIKIEE
YIFEA 4 REW, 5030 Surfactin Z01% . Tturin
F . Fengycin Z % . Bacilysin K%, Surfactin
1 43+ XN Cs3HosN;Oy3, Tturin B9 43 + X K
CesH103N 17016, Fengycin 4338 C7oH 1oN1204,
Bacilysin 73138 CoHisN2Os. it A£543 3K
JE A R e (miz), G5B Cs3HosN,Oy3 1) m/z
FIMEH 1 036.69, HiA 1 036.69 J5 3L T Wikl 3A
Fi s AR, 1 I T R4 53 4 5 A Surfacting
A E H 19.88 min AIEAIT el , BTLL
Moy 4 FEEYF N 19.88 min AEHIPIT, X
19.88 min bW T SIS S AT & Bz AL oL )
m/z } 1 036.69. HILATLLRIKZH 5 4 EEY) 5 R
JrFi ) Cs3HosN7Oy3 11 Surfactin AH & SCHRHRE ,
HPLC H IR} A 7E 17.4-19.9 min Z 7] , 531 & (m/z)
41 036.69 HIARRKZETI A C15 Surfactin A 3¢ C16
Surfactin B 8¢ C15 Surfactin C™¥, #k— L BiF T 452
IIEESE; Ak, 2R IR 2 A/ NG
JEARHTH TR, AP A R —2 50T

100
80
60
40t

201

FEX
Relative abundance (%)

30 40 50 60 70 80
¢ (min)

Note: 1,2, 3, 4 and 5 are the five same peaks in LP graph and LPc graph
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A
4 5
B 50 C s
o
3
o g 2
S 100t 2 10r )
5 S b
£ 2 b
15) g b b
QE) 50 L § 5 L
2 s
a =
]
[=9)
0 0
CcK 1 2 3 4 5 CK 1 2 3 4 5

B2 5MESMEK B2 EMHWELHRAUREEZEB)NEZESEC)HRM

Figure 2 Effects of the five components on the morphology (A), the protein content (B) and the polysaccharide content
(C) of strain B12 biofilm

H: K B. CHAREING TR R AL B AT .25 22 57:(P<0.05) T[]

Note: Different lowercase letters in Figure B and C indicate significant differences between different treatments (P<0.05). The same below

A
100 - 19.88

RO ESES
Relative abundance (%)
i
()

21.63
1694 | M
L. N

0 " " n " " " " " " " s
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
¢ (min)
B
100+ 1036.690 6
S
g 1037.693 8
=3
T E 50
= O
s
<2
= 1038.697 1
o)
-4 905.5940 1022.6761| 1056.1652
685.450 3 20 40L 0 5015 9236067 N | (10746366 1160.5479
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1 550
mlz

3 HPLC-MS M BNEDEE
Figure 3 Identification of active components by HPLC-MS
Note: A: HPLC diagram; B: MS diagram
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2.6 Surfactin %4 & 4 Y45 BR 45 14 AU 220
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i FLUTE MR i 18] 4 (3R I AT 0, Misgg
KR REh Bk B12 Al LAF” Surfactin, H11&] SA
5B A1, Surfactin A] I 24 & AR B12 AEPpi A
(T, AER B2 IR saE S CK A
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B12 WRESE, SRR S, 1 A
oL, B SC-SE RIH1, AMEEIN Surfactin
Ja, 5 CK #tt, Btk B12 Cd BYEBRRRINT
36.1%, HrhAppkiE Cd W B In T 46.8%,
T W 20 A Cd A EE B EN R R T 52.7%. AT UL,
AMEER AN Surfactin J&5 , 21 Cd B # & B12 429
BN [, FaARgh L, Surfactin ]38 i i JF
T B12 MBFEERIE I AE IR IE L, FIFAEY
B RS B B 22 1Y) Cd SRR Cd X B B A .

SrBTE SA RTHI, 5 CK OAHEL, AMIEE N
Surfactin Ji7, A& B9 E 18 HAEMRIE R Mrdo DL &%
[7i] J& AN R ) S ) 27 FELFF B P29 AR BT o
SERIEAN T 126.9%F1 84.1%, W] W, Surfactin X
A= A B A Pt Bt A e VR o BRI BR Mrd0
55 P29 WY TR e A0 A R DL B Cd W L S CKAH
HEER R R, (HA YR BE Cd W B B 451 53 3] 1
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AT LR SR AT B12 AR R R, X
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Figure 4 Liquid phase diagram of surfactin secreted by
Bacillus subtilis B12 in Msgg medium
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TEM—FEEE 258, AIE2M Surfactin (194 512,
FHCRFSE R B, CEARBEIREE T, 0 T4 Ml 11
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Figure S Effects of surfactin on biofilm dry weight (A), number of plankton cells (B), Cd adsorption proportion of
plankton cells (C), Cd adsorption proportion of biofilm (D) and Cd removal rate (E)
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Note: *: There is a significant difference at the 0.05 level (P<0.05) compared to CK
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