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Effects of a Symbiotic Bacterium on the Accumulation and Transformation of

Arsenate by Chlorella salina

XU Ping-ping', LIU Cong', WANG Ya', ZHENG Yan-heng', ZHANG Chun-hua’*, GE Ying'"

(1. Jiangsu Provincial Key Laboratory of Marine Biology, College of Resources and Environmental Sciences, Nanjing Agricultural
University, Nanjing 210095, China; 2. Laboratory Centre of Life Science, Demonstration Laboratory of Elements and Life Science,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract; Algae-bacteria consortia may be potentially applied in wastewater treatment and environment remediation. In this study, in
order to investigate effects of a symbiotic bacterium on the accumulation and transformation of arsenate| As( V) ] by Chlorella salina ,
we used batch cultures to determine the uptake, adsorption and transformation of As by axenic and non-axenic C. salina exposed to 0-
750 pg-L"'As( V) for 7 d. The symbiotic bacterium of C. salina was confirmed to be Halomonas sp. after isolation, cultivation and
16S rRNA identification. The bacterial presence markedly increased the adsorption of As in C. salina, but it markedly reduced the
absorption and the toxic effect of As( V). Arsenate was the major arsenic species in the cells of axenic and non-axenic C. salina. The
proportion of arsenite[ As( Il ) ] was 8.99%-11.52% in the axenic microalga whereas a small quantity of monomethylarsonous acid
(MMA) and dimethylarsinous acid (DMA) (0.02%-0.04% ) were detected in the non-axenic counterpart. As( lll) dominated the
As speciation in the bacterial culture and the percentage of As( V') was 7. 59% -26. 80% , indicating that this symbiotic bacterium had
a strong As( V) reducing ability. The As removal rate (19.81%-41.08% ) by non-axenic C. salina was higher than the bacterium
alone (5.14%-14.62% ) and axenic C. salina (14.98%-21.08% ) after 7 d As( V) exposure. The symbiotic Halomonas sp.
promoted the accumulation of As by C. salina, indicating that algae-bacteria consortia might enhance the bioremediation of As
contaminated water.

Key words : Chlorella salina; symbiotic bacteria; arsenate; uptake; adsorption; speciation
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L 005 Azoarcus sp. DAO1 (DQ336177) 7
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B 1 ETF16S rRNA EE 5, B4k Halomonas sp. Csl ( Accession number: KU534108) B & Stk i

Fig. 1 Phylogenetic tree of strain Halomonas sp. Csl (Accession number: KU534108) based on the 16S rRNA gene sequence
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Fig. 2 SEM images of axenic and non-axenic C. salina
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F1 FEREAs(V)RER7 d EEEASE/NKEENE
Table 1  Biomass of axenic and non-axenic C. salina after 7 d

exposure Lo different concentrations of As( V')

. N e As( V) BERWEE Tom/NekEE YR RNk R Y
BRMEN 26.7 mg, Bi& Z 2R A RE (P >0.05). pamol L1 e e
H5ERMAs(V) B/NER#EEAM H, 4 ~ 10 pmol - L™ 0 26.0 £2. 6aB 26.7 0. SaA
As(V) BF2i AR T B/ N RS AW R (P < 1 33.2 £ 1. 6aA 26.5 +2. 4bA

S b e e e 5 2 23.9 £4. 1bBC 31.8 £1.8aA
0.05). %:zfyiflzﬁ‘fj—l:@/J\ii{%éﬁikiﬂﬁﬂﬁ?ﬂ, . 0.6 21 5he 0.6 26 2n
As( V) PR FEE. 10 21.2 2. 1bC 30.1+1. 1aA

2 (X BBAH 1 ~ 10 pmol L' As( V) 5%
AN TR /N AR W A W R (P > 0..05).
FE2 ~10 wmol - L™"As( V) BEE T, E/NREEADY)

L) AEYEPILL 100 mL 3T ASF PR R A B2 6] 22 57 5
FH(P<0.05,L8D) ; /NE S B: R R TC W /INER 3 RN A B /N ER 36 9 1L
BOREF IR As (V) M Z 0] 1 g
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B % 37 %

HRER T ILE/NRE (P <0.05). W EA M
T/ANEREE A K, H IR T 4 wmol - L' A1 10
wmol - L™ "As( V) BRI,
2.4 TJCIE A B /NEREEXT As (V) B RIS B
F2 NEARRIMIEAs( V) BFET d )5, LEM
A TR /N 3o K ) A AT R B R e SRR . B
As(V) ZRERUREE MY 3G, JC B FNHE B /)N Bk o )
(W a T B B R B AR R R E RO (P <
0.05). 7EAHRIHEAs( V) 285 T, 5I0R/NERE
FHEL, 9 B 3L A IR R A RN (P <
0.05).

AR EEAs( V) 282 7 d J5, OB /INBR o I Ff
FIRH A 10. 49 ~80.59 mg-kg ', (A BRI
A (27. 2% ~40.2% ). 1 ~10 pmol-L™"As( V)
FREE T, A7 B /N BR R O B A Y S o 29.52 ~
166. 01 mg-kg ™", W & = T I /NEREE (P <0.05).
FE/INERBE 5 A T A AR T G T A g g B 7E 2
~10 pmol-L™"As( V) 2258 7 d, 7 DA /INER 5 i A i
TN 38.24 ~86. 16 mg-kg ', W FEAL T I /I Bk
PE(P <0.05) , 7 W oA 41T FEAR 1 /N ek 38 ok B )
W, AT 2 A T As( V) BT A /N Bk i 1 A K
.

K2 FEREAs(V)RET7 d FEEHE/NRRERE., BHANSEMOSER LG

Table 2 Amounts and proportions of absorbed, adsorbed and accumulated As by axenic and non-axenic C. salina after

7 d treatment to different As( V) concentrations

As( V) ZFEUREE/ ol - L~ Ab T W/ mg-kg = (HLATL/ % ) W/ mg kg = (AL % ) B/ mg-kg !
0 T nd nd nd
M nd nd nd
| TCH 21.99 +0.25bD(72.8) 10.49 +3.93bD(27.2) 32.48 +3.69bD
T 31.82 +1.40aD(51.9) 29.52 +5.96aD(48.1) 61.35 +6.79aD
) TCH 44.13 £4.99aC(59.9) 29.61 +5.29bC(40.2) 73.74 £9.81bC
T 38.24 +5.91bC(40.2) 56.86 +15.05aC(59.8) 95.11 9. 67aC
4 JCH 96.16 +6.50aB(66.9) 47.56 £6.25bB(33.1) 143.72 £12.01bB
T 67.42 +18.94bB(38.9) 106.27 £20.90aB(61.2) 173.69 =13.00aB
0 TCH 136.21 +10.36aA(62.8) 80.59 +15.79bA(37.2) 216.80 £25. 64bA
T 86.16 +6.94bA (34.2) 166.01 £25.76aA(65.8) 251.17 £29. 16aA

1) nd FRAME M BART IR R /NG T REROR IR/ AR R/ EREE A LU, RS P REFROR AR As (V) WRBEZ A1) LU

2.5 JORR A P/ NER B N A S B

K3 (a) ATHL AR BEAS( V) 288 7 d )5,
TR /NER A0 N R L As( V) o EE B,
As(ID) (& E0Y 8.99% ~ 11.52% , 3B A K il
| DMA F1 MMA 45 FHIEREAS. T /N kol 240 A
AR E]As (), (EAEINE) T /D5 (%) DMA 1 MMA
(0.36 ~0.81 mg-kg™") , 2 5 M PN Al & HE A9 0. 02%
~0.04% ,As( V) It LLB 294 99.90% [ K1 3 (b)
. XU AE AN B S e T /3K A PN A A R
CiE i

2.6 JCRAFVHE B/ D EREER SRR A B i

H3 1 ARRIREEAS( V) 255 7 d J5, T
AT BR /INER XV VB TP A ) 2 BRR B As (V) 2R 5R
R (R i SRR 3. JE B/ INBRE X A 1) 2 B R
H14.98% ~21.08% , K 7 B /N Bk 38 1Y) 2 B &
(19.81% ~41.03% ). 3X-5/Nekis w L m il B AR
XN (3R 2) , R BI/NERBE 55 20 0 LA AR A5 1 i A W
R B

HIE 4 (a) THL FEARTRIMREAs(V) 288 7 d
Jei , TOB/INER B TR R AT LA As (V) Ry 2

R3 FEIREAs(V)RE7 d EXEMHE/NKEEFRMRERERE"

Table 3 Arsenic concentrations and removal rates in the cultures of axenic and non-axenic C. salina after 7 d

treatment with different As( V) concentrations

As( V) BERVRSE TCH/NER TR/ NER
/pmol - L~ i B2/ ol - L, ™! EBRE/ % il B/ wmol - L ! ERZ %
1 0.79 £0.0la 21.08 0. 62 0. 04b 37.98
2 1.68 +0. 04a 16.11 1.18 +0.05b 41.03
4 3.27 +0.05a 18.34 2.73 £0.27h 31.74
10 8.50 £0. 19a 14.98 8.02 £0.67a 19.81

1) ANFEF R RSP ] 25 5 538 (P <0.05, LSD) 3 /NG FREF R JC T /INER 3 I B /N ER Y L85
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U, b B B0 81.29% ~89.35% ; IWAMNE
AEFAs(ID) . B FRARZE AP As(V) TEAR
A RIAs (V) IR SR T A AR e AR
B Je e A0 HE 2 B TR, DAREAR As (T ) X 40 il 1)
BETE.

W HE/NERBEEAR TR EAs( V) B5 7 d )5, 5
FW T As( V) A EZERIEA, b B IR A & 5
[ 80% L) . BR 10 wmol-L~"As( V) BN, K%

Werb YA F] As( ) A1 DMA[ B 4 (b) ]. 7 1
pmol - L. 'As( V) Z&EE T ,As( ) F1 DMA (51557
SV i LR R, 43 il ik B 8. 85% 19, 63% . Fifi
#H As( V) WREERYEE A, As( 1) F1l DMA & & 2 5m
S AH R S L R R T TR A
PR2m A S5 W SR I 2] DMA[ B 3(b) | Kl 4
(b) T, 4N DMA 5 71 B /N BK s 19 F R A A
FH, Bt 5 ARSI 3 20 .

160 100
(a) JCHIDERSE (b) B R

= 140 b
2 I 80 mmm DMA
2 —1 As(lll) -
£ 120 As(V) 3 MMA %
& 100t | LAY
= - 7
w80+
i
E of 0.1
5
= 40
#® 20
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Fig. 3 Arsenic species and their contents in the cells of axenic and non-axenic C. salina after 7 d treatment with different As( V') concentrations
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Fig. 4 Arsenic species and concentrations in the cultures of axenic and non-axenic C. salina after

7 d treatment with different As( V) concentrations

2.7 HAGEXFAs( V) IR
AR E As(V) 28 7 d &5, L4 ME
Halomonas sp. Csl 53R As B MIEE (K 5) £
B 2 A BRI 35 B, X6 e ) 25 B SR AR (5. 14% ~
14.62% ) A% F i 1 /N BRI 19 L B R, 5k E
As( V) ZEE T, MEE s m L As (D) S 28
A(73.20% ~92.41% ) , HA R As( V), KA 5]
DMA SFH EMIEA. R 7 d WHTELLAs( V) if
Sk AsCIL) hy 3 B2 35 Oy =X, AN A7 7E i B S 4k

2.8 /NEREEYNAEE SR

S5TAs( V) EFRA 2 pmol - L "As( V) B3
a0 TG BRI A B i (P <0.05,3K 4) {HIL
JE B As( V) MBS RSN, A B B A B
(P>0.05). ANFAs( V) WERFE T d,7 BE/NBERE
T A B EZER(P>0.05) , HEER
JNAs( V) b B 7 R /INERBE AN I s 7 i B = T
[ EEAs (V) 288 FRYTCIR/INRBE(P <0.05). #
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10 As( V) 2827 d J5 , oA 4w A7 AE 252 ) /N BR i
o ) SO W A R . 7E 2 ~ 10 pmol -1~ As( V) 2

R BB 25 B A it/ umol L™

uﬁFLL

As(V) B2 7 i/ pmol L™

E5 AEREAs(V)RET dFEEME Halomonas sp.
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Fig. 5 Arsenic species and concentrations in the cultures of the
symbiotic bacterium Halomonas sp. Csl after 7 d exposure

with different As( V) concentrations

£4 TRREAs(V)RE7TIELHMSE/NKEARZELEY
Table 4  Phosphorus (P) content in the cells of axenic and non-axenic

C. salina after 7 d exposure to different concentrations of As( V')

As( V) BREFIRIE TR AR /N EREERE A
/pmol + L ! /g-kg ! /g kg !
0 5.72 £0.92bB 9.57 £0. 11aA
1 5.08 +0.57bB 10. 16 £0. 53aA
2 7.78 +0. 85bA 9. 81 +£0. 20aA
4 8.49 0. 58bA 9.99 +0. 24aA
10 7.94 £0. 88bA 10. 00 £0. 09aA

D) ARFEFHFRA B Z 7] 22 53 8.3 (P <0.05, 1SD) ; NG FH:E
TR ICTE/NER BRI T /NER RN LU A8, KB FRERR AR As (V) R
Z I H

A0 oA B AT AE 2R 1 /INER g X Al 1) AR
3 it

Al B b A e 30k T 15 2K I RS e R A ML
fit EE AT (B g Nk
I AR ) 5 e B 0 1 R DL G, AS B 58 45 SR 3R
BY,1 ~10 wmol -L™"As( V) 288 7 d, ¥ i I AR R AR
Yyt 3w TR /NRBE (R 15 P<0.05). £
AR BEBFEMRAs (V) BBEIE A F TN Bk
AR, X5 Levy 45 WF 5T 45 AL AbATH)
o RFW AEZR N 72 h FER e, 50 4
PEAELE , 555500 A1 T B AEAE T B AR Cu X/
BREEAFENE. Ma 25V STt 0, 0 B R
PETHERM AR SR T xR K B SR R %
A 5T 2 B, 40 B S 0 T /NER X Y
(P <0.05), #&m TXAKRIEAs(V) B 2 BR R,

#57 d, JCH/INER I N R Ol 44, 13 ~ 136,21
mg-kg ' (2 2) T /INER M A S R 38,24 ~
86. 16 mg-kg ', WEMNT IO /NEREE. 1Ml B3
T/NEREEMISNR A YR 430 (L 2) 380 T 41 e 2
T A ) 285 5 a2 DRI S S8 T /N R R A
iy et B R T IO/ DR (R 2).

ARG LI, As (V) X 320 A A 25 1 3000 5
AM RS R A R IO, B R,
FERE IR WA AET | T 4 T ol ae 2 08 0 40 i 22 i i
RER; M wmikn 456 EER, RIEmEE
. AR 2 wmol-L™"As( V) 288 7 d TAESEL
YN Z2 IR I G 3, A i B i B e T
As( V) ACFE( R 4) . 140 2 B B (A A0 i A2 (8D
HINAFEAE—EJLE 4 ~10 pmol - L "As( V) 225
A B /N ER VB A B 2 e N TR i (K 4) 4
Johe 2 B E N (K 2), As(V) R
Wang 20 BFFR R0, As( V) BOBEIE 5 40 iR b 1L
(As/P)HHECHR R FEMTAs (V) X5/ Nk 2 A
(RN, T RE 54 TR /0N ER o 200 it A1 A e 5 e (3R
2) R o B (R 4) A, BlE AR A & =Y
FAAR RN & B A B 0, As/P ARG, 385 400 i 2 3 8 A=
KAMEI A, As (V) FEPEFEAL.

A 285 G 00 235 SR % BH , JC 1A A A BT /0N B 3
As( V)R = A e 22 5. FERFREAs(V)
TR T d o, JC TR TR /DN 3K 40 PN Y ik 2 D
As( V)N EZIBZ. BLAh, JC B /N BR B 40 e
As(I) LB h 8.99% ~ 11.52% , 45 i /)N BR 38 40 i
PR UG 3 /B MMA T DMA. 36 B e A= 40 5 52 i
/INBR 8 I PR A ) 38 SRR B Ak WIS R BRI
XFAs( V) B A7 BB B B E 0. Wang 55 i
FRU,ARIREAs(V) BT, T RANT
3K A B ( Chlamydomonas reinhardtii) 40 g As( 1l )
G L 7. 85% ~ 15.30% |, b T 0F B Y
1.00% ~2.43% . Duncan %57 BFgy 07 Y8 5 4
WM 0.12 mg- L™ B, ¥ Z As( V) 38 T 40 i
As(ID) AT 5 EEBlR 26% ; 15 3 mg-L~" & Wi 55 14
T, A As (V) BT ELBIA 99. 7% . X 3436 BB
WEER R T M 40 M N As (V) B8 L. PRI
DUAEHS B/ NBRE rh A AR 0 B LA o 1 e i
IR RRE ) AHH T4 b B i D T IO
YA (e 4) , M T 4NN As( V) BYIR 5, £ 7
B/NRBEAN AT LAAs (V) S T EIR A Ty F L



9 VET-45 . A AT X £ A4 /NIRolE 5 4R A% AL R 14 52w 3445
EEE/\JJE E%J‘E’/f—ﬁ#ﬂ}m% detoxification mechanism for microorganisms? [ J ]. Aquatic

4 i

(1) FeA S 238 0 1 R A /N EK s 240 T i
F14) I RS 1T A 8 5 i, S0 S AR AT 1 X e A R LA, DA T
FEARAs (V) IBEERON  f28F T/ NEREE R A 1K

(2) Toie 2 5 A0 40T, R Az /N BR e A N e
BHLIAs(V) . (HAEA AP 2 T /NER 38 i
WAs( V) By J5 AT 3E4L  Jo R /N ER i A A As (1)
LLB 249 R 10% , 117 TR 70N BK 35 44 i P e il 321 /0 &
MMA #1 DMA

(3) 7 B /NER B K BRE R 19.81% ~
41.08% , 1= T IO H /R (14.98% ~ 21.08% ) Al
M (5.14% ~ 14. 62% ) , ¢ I 8 1 4R $2 7
IR LR iDEN
S E 3
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