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Accumulation, distribution and transformation of arsenate by
Chlamydomonas reinhardtii

ZHANG Jinyu' CHEN Shuangshuang' TANG Linxi' GE Ying' ZHANG Chunhua® ™

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

Abstract It is known that microalgae can transform absorbed inorganic arsenic (As) into different
species. However, As distribution in various cellular components (water-soluble, lipid-soluble, and
residual) is not clear. In this paper, the growth of Chlamydomonas reinhardtii, As accumulation and
absorption by Chlamydomonas reinhardtii, and As concentration and speciation in the medium were
determined after 7 days that Chlamydomonas reinhardtii was exposured to different concentrations of
arsenate (As") (5—100 ug-L™"). The sequential extraction method was used to determine the contents
of water-soluble, lipid-soluble, and residual As in the cell. The results showed thatthe absorption
dominated the As accumulation of C. reinhardtii upon the As exposure. The content of lipid-soluble
As was higher than that of water-soluble and residual As in the cell. With the increase of As

concentration, the proportion of lipid-soluble As in the total intracellular decreased first and then
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increased, and water-soluble As increased first and then decreased. Arsenite (As™) and As" were the
major As species in the culture medium, which also contained a small amount of DMA and two
unknown As compounds, possibly arsenosugars. Therefore, under low As stress, As" was reduced to
As", followed by methylation to DMA and arsenosugars, and efflux occurred in C. reinhardtii cells.
With the increase of As concentration, in addition to the above processes, C. reinhardtii detoxified
As through decrease of As" absorption and generation of more lipid-soluble As.

Keywords Chlamydomonas reinhardtii, As’, sequential extraction, speciation transformation.

T (As) 2 —F 2 - 7E AR h AR5 & BT &, W8 TR0 Y™M. F AR AR i ik
JERAR(1—5 pg- L), EZLLTCHLAE AR £ (AsY) FE AR R R (As™) TR B AFAER L B 221 ALl
S UE, B T HIE AR AR T IO, A LA G0 — B R R (MMA) . — W &R (DMA) . =1
FERTR (TMA) | T ETSEIR (AsB) | B AHAH (AsC) | f#b# (arsenosugar ) A1 g (arsenolipid ) 5514~ By &3 L 2L
/N5 2. HEjH A (arsenosugar ) FlAH 5 (arsenolipid ) A EE 1 i & 7843 ) BH, {H BV A5 )GE, 355 40 g XF A&
YA ELA —E R PR B R — 2T A A e R M VR R ) SR AR, FRRRICE B L, FE R AR
Fgurh BAG L. SO BRI B A, (B 7R S I SR g R b, R T 2R
frrE ML, 2B A A % T O BT, 2 B IR X R S B AL, 4R As" A L AsY IR R L A"
AL Bl Y AR S #5230 0 G A A 2865 L 5 PO R it i 50 51, AR () 46 A2 e o i 11 £
BEALH B AN [R], SR I I 6 22 S5 1 St R v AN Vi A

IR g € AV I BT BUIE A7 s o B | 2o L o s o I N [ 11 RS R 1 T 23 2 oy NN
AL R KA L RV A RGR A AN AT 3 Fh 2 43P0 K A5 048 M N S oK PR AR 4, — e LA T AL oy 3,
fEFE/0 i MMA, DMA, AsB. AsC. fofi S50 JE s A 4ig Mo oy & il o, 46 s i i . i dz
P B | AU I S 2 K R AL DS TR 3 S A I T A 1 o3 R v A A, X 2 5 A i
HORE Y AR S, A, B2 LRS54 0 BH B 1B U A A0,

DAE AR 22 S —$R Bk 1) P B R 28 (B BN A K s S R A5 ), ixX by WL B VR 1T 2R, SR
X T Se g Hh 52 A AL, A R — BRG], Jovs e 403 i, SRR 191101, Miyashita 551
WL, WIEBE Cladophora glomerata M€ 5 AKX ¥ Chlamydomonas reinhardtii A5 3 2 N8 75 54k
W, A K B EUX 2698 2K SRR (C. glomerata N 16%, C. reinhardtii } 32%) . % S5y PR B kL1019
RIAR 5 At 55 240 B AS [ 20 0 P 485 5 R R, S B ORI BILIE 300 4 22 T B BB, R0 A o v AN R e AR 0 4K 53
Bk, HARPCHCER T m, B T40 B 2 MRy aE .

C. reinhardtii J&—F ) 12 AFAE TOKAR IR i R 2s, BT ARG i A 5 4 . Wl o171, SR i
AN e e 5 Ak BT 31 T A 3 1 A gt R A 5 B PN A5 AL A0 e A TR 1 AN A DR, AR SCR AN TA] As Vi
JE A 3R 4 A, I LA g R | RSO RS R b S i SR I S AR B, A B e N OK I | B
T FNER AN, iz e RORORE 1% - o SRR B 5 B R BT Bk FH R (HPLC-ICP-MS) 43 A1 15 7 B v
BT, PRIT S D A XS T R L 1 & 4 . M BC R 85 Ak, i — D4 /R T e i i 2 L7

1 BE-S L (Materials and methods)

L1 RS 3R A5

C. reinhardtii W T 3 [E B JE 75 ik K22 A 38 7 P huls . >R H TAP(tris-acetate-phosphate) 1% 3% & (pH
7.0), 121 °C KA 30 min; 5 R (2542 ) °C; JE GRS 2000 lux, FFAERDERE (12 h 2 12 h)5 HAE
PERME AR 1 S 35 2 R v Y IR TC R 4R
1.2 Tk
1.2.1 A[R] As Vi B Kb 2435 1/ AK T

AsVARFHRFE: 5. 10, 20, 50, 100 pg L', JFi% & 25 O P 2H (7 i Do AN A i o e ) . B b i
B3R E R B 3R B AR A KT E Y TAP B3 SR, BEAN I 4R ODgge=0.10, &4~
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R R HE T R v TAE & i AT, 4 K H SpectraMax i3X £ I &7/ (Molescular Devices ) X}
H: ODggo BEATINAE .
1.2.2 PEFERE DAY E

B398 7 d JE B O AE EISWORBERE (7291 r-min”', 2 min), JFEFEARES R4S, — 35431 0.1 mol- L™
R 45 2% vP (PBS, pH=7.0) Fl1 2% B8 17K 5 Uk 3 i 9k 2 v &40 o 2 16 2 B0 Ay e, P D00 2 35 17 A S o) A
) R VAT B 5 g — 83 S A P 000 S A7 A G A 11 ' B . SRRV R TS PRI 0.05 ¢ BIHAEE N,
JA 2 mL g2 (UP 90), 12 Bk 1% fi A 25 0 X (Vg SH230) 76 (12042)°C T L P A 28 04 TRV I
EW, PSR EENE T 0.5 mL BYTRIA, #2425 E R 2 10 mL 580, 28 1KE
25 TRV AAS I e A A A (R4 32 1 AR 28 (1. SRR (8 0.45 pm B 7K R UE A% L U8, #F . R JH ICP-
MS (NexION2000 ) Il 2 F A A1 bE 37 3 i 5 £ AR SCfH FH 8h 2 ) it (DRC) HA , il o 1E e 7 5 41
2 NI BAE miz S 91 B ml ) 197 As O B - 1) 7 =i/ D G B T i 3G, 8 245 R S oA
1.2.3 SRR R 41 3 i RO 22

ST A PR N A B 2 R KRS L IRTE S BRI A, RIS PR I, kT,

IR RS UL, Y B AR U A Ak B A 28 0 VR TS B BERE 0.10 g, A 2 mL K A AEHGRI, F AR 75 I
B 10 min( 100 W, 40 Hz), 7291 rmin™' #.0> 2 min. F& 3 K. &0 50 LEREIE, A
0.45 pm FY7K RUERS L UE. 11 U85 FE S ORI ) BUE —60 C AIRELVKFE IR A7, FRil.

i s A A 0L, ) B AT AR VS 2 0 R TR S A A RG] S e/ B (2:1, V) TR B 6 mL,
TG 10 min. BS 7291 rmin™ B0 2 min W FVEW, S UEE A IRIA D) &l A K5
W 45 2 0 T B —60 °C IR IKAE 1R AE, 1.

B T AN L E 2 i KR SRR A S SE R U, ol T 14 RISk 4 o 285 . % SR A 38 XU 5 A AL
FIFE K 5840 5 BB —60 °C RIRVKAG R AE, 15

AN TR 2 43 B R0 52 Tk TR) 1.2.2 35 BRICE A iR 2R 0.22 pm A /K R I8 #8585 R HPLC-
ICP-MS 5 1 77 rp A 45, (] B fC A W)V B i TR A AP R E TR M (As™ . DMAL MMA., AsY) fEbrRfE
k. HARIES S WL 1.

£ 1 WIEASIY HPLC-ICP-MS {425 4 1F
Table 1 Experimental conditions for As speciation by HPLC-ICP-MS

BRI 1 HPLC PerkinElmer
PB4 B TR IS ICP-MS NexION 2000

Hamilton PRP-X 100 & T2 e o 3% /b i

i Ch t hic col
€3 AEChromatographic column Anion exchange chromatography column(250 mmx4.1 mm, 10 pm)

S B s Equally separated mobile phase 17.5 mmol-L™ (NH,),HPO,, pH 5.8
PEREAAF Injection volume 50 pL
it # Flow velocity 1.5 mL-min"'
J& 1T} [A]Run time 8 min

1.3

it B A DU A2 DA I Sk AR, DL B o i 2 AT A s SR R T A AR U T S AT S (NMIU CRM
7405-a) Fll 1 i (DOLT-5) X A< i 56 00 5 25 R 1 ) S PR AT DE AR, A o) I3 00 0 ik 55 8 ot [ I a6 A7, O
BEE 3 ASFAT. D2 1 B AR ) I8 14 S [EDSCR A 91.3%—95.7%, B RE 2 FE B4t il /AT oy i AN
FETEW] B R GEiR 2% b, AAS ARG PR 7T 35 0.02 ug- L™, AR I3 99.24%—111.66%, AH X bR ifi
i 2% (RSD)<5%. LI, AR SCR FH % B2 43 2 1 B ok 206 232 R £ JHF 0 B P9 B 28 0B A T SR BOR I 52, LL4%
2H 43 Bt AH I Z R SR R A A3 AR R PR, PR AN RR ) BT ) B R R 92.84%—93.72%,
A R T E T

PIARISE B A HE . A 5—100 pg L™ AsV ALY TAP 5533235 0 25 U0 IR, W08 T R 2538 56 4% 1
F 7dJa, H HPLC-ICP-MS il 15 72 3 I 2, S5 R & B As" & AR B, i BH A A~ 35 5 1
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N AsVIESRE.
1.4 Bt

RIS BE R Origin 96 FEATALEE . VEE], IR F SPSS 20.0 HEAT 2% 5 i M 4047 (P<0.05) . I %L
P F~ P E AR E IR 22 (n=3) .

2 ZER 518 (Results and discussion)

2.1 AIE] As R BEAR BT 3R DT ACE B AE K

X HRZH O AsY) 3 D4 ACHE TSR 4 IR AR A ARUE S, T Ack 388 14 3 D47 A 382 it 3 NF 1) 4 39 Jin 22
18K, FE5E 7 KT PR (B 1), ARXT T BRZL, AsY A 31 1 A 38 1 A KA Sl 35 i, (ELRe 2 i 2
K ODggo (HAEFRFTE 1.19—1.29, & AbBRAL 2 W) JC .35 25 55 VLA S0 R FH AR B4 ACHE X AsY HUACHEURE.

140
1.20F
1.00+
Z080¢ -
°© A e OuglAsY
0.60F —o—5 pg-L ! AsV
—4—10 ug-'L ' AsV
040} v—20 pgL 1 AsY
* 50 pgLtAsV
0201 <100 pg-L ' AsV
4

o 1 2 3 4 5 6 7
id
Bl 1 K[ As VR BEALEL T 3E 4B 17 K (ODggo)

Fig.1 Growth (ODgg) of C. reinhardtii after exposure to different concentrations of As"

22 NIA] AsY i B A FHTT SR B A S Xl 1Y) 5 A R I

Bl % AsYAbBRHR BE AN, C. reinhardrii XA & A8 A B 2 09 0 (36 2), 3% 55 Yin 5507 (25
SR BT S P A T i Yy VR o e 0 (0.92—1.83 pgrg "), HL AL B A TG A i 2% S AT, R [A]
AsVUREEAN T C. reinhardrii 3] VIR B I SR 3, MR o & A2 1 A LE AR 81.92%—96.79%. 2%
SEAEAECT ] 20 ug L7 A AsV AR B3 R ACHEE 6 h, & XA A B A L WOSCRN I B R B As Y R 5 5[]
438 T 22 A 14 I 5 080 B R B, 7 4 b B XA Y AR B T B B K AE ((90.83+£0.49 Jpugg™), R FARSC
AH TR e FE AL R 7 d 5 A AR i 13.77 pg-g ' (38 2), 1 B S 1) A 3 6 300 P T s 4R M RO e O i, {HL B 2K
W R i S HE A D IR 7 B

R2OAF As WAL H R SR ACHE AR L WO AR i (ug-g ' DW)

Table 2 Arsenic accumulation and absorption by C. reindardtii exposed to different As" concentrations (ug-g”' DW)

As A B/ (pg- L) WAk M2k
As" treatment Accumulation Absorption
5 6.25+0.53¢ 5.12+0.12¢
10 10.93+0.48d 9.83+0.24d
20 13.77+0.62¢ 12.65+0.21¢
50 16.43+0.58b 15.38+0.18b
100 28.62+0.38a 27.70+£0.25a

TE: AF/ING TR R As VYR BE AR IR 35 B AR A i SRR WA &5 1 1) 1 3 M 22 3R (P<<0.05).
Note: Different letters are significant difference at P<0.05 among As accumulation and absorption by C. reindardtii exposed to As" under
different concentrations.

2.3 AN[A] AsY AR HIR ST A BN AN [R) 0
H AT 2 R, 30 A R 0 PN 2 B LUIR IR 25 o 32, SR A KR 8 5 i 0. IX 5 Miyashita 550
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MEERARFF— 2 ATIERM, BR T 3R ACEE, i 1P 2 SR KRB AP FER I SR 20 A BF TR, if
i AT BEAE A M A M A~ P VR Y, 200 P R 5 s 2 HE 91 ) A/ N AR A TT RESE I A A 5% = A 1)
RERY, o A A R ¥ A 1) XU,

CJ5ugL ' AsY

2000 V7310 pg-L ™' AsV
~ 4 20 pgL ' AsV
0 ENJ50 pg-L ' AsV
;10 10.00 B 100 pg-L ' AsV
s
5
@

500} a

Water-soluble
Different fractions

B2 A[A] AsVifHE AR PR 3R B4 ACHEAN Rl 4100 1 e 5
T AF/ING FRERIRN R As VR BEAR IR 3 AR LH 3 5 11 1 35 1 25 57 (P<0.05)
Fig.2 Arsenic contents of different components in C. reinhardtii exposed to different As" concentrations
Note: Different letters are significant difference at P<0.05 among As contents of different components by

C. reinhardtii exposed to As" under different concentrations

BEE As"HJE BUHTIN, S DT ACHNR IR 0 5 B A 5, i 3.61 pg g M= 22.19 pg-g™, &
T i VA 2 T o SR A L 9] ST 2 I 10 (e v 7T 38 72.2% ) (&1 3) 5 KER AP 5 R B AsV ik B2 Y 3
TG, h0.41 pg-g ' M 4.31 pg-g™!, MK ASHH b7 6 F) 1) B S s 2, (RS AR
TRk F (& 3). Glabonjat 51 i 58 F/RBEE As" ¥R EE RN, 2 ¥ Dunaliella tertiolecta 7= i) /K
PSR i S o O S S, AR SCRY S R — B TR BRI A R R SR, L S
B4 FE AR AR . Xue S50 Xt i AsYAb ) 2Bk Nostoc sp. PCC 7120 iE 471 S2 /3 AR WU 4, & 3
STRETAT AsY . DMA | H BB RIBERR AN, i A2 B T AR AR, ELBEE As"WE B9, DMA K
PR AR ) 5 e T Dl 25 A P B e S5 A, i B AR A g i AR T RE AR T MU, R TR TR,
AR K HR A TCALIN A T o RE MR8 OB 7 A5

100

4 @z Asv
A\ AN Unknown 2
Unknown 1
80 X I DMA
P [P
E 11
S 60
P
5]
[}
&
= 40}
3
5
v
20+

0 1
5ug-L™' 10 pg-L™' 20 pug-L! 50 pg-L 71100 pg-L7!
AsV AsV AsV AsV AsV
Different treatments

B3 IR AsY e B2 Ab BT SR B AR B B R Ak vh A 2SI o L A
Fig.3 Proportions of As species in the medium of C. reinhardtii exposed to different As¥ concentrations

2.4 ANIE] As“ U BEAD BT 3 B ACHE B SR T AR B RO S

Wi AsVHE B W0, fEH SR 7 d )5, Fe IR AR S O (1.62+0.11) | (4.02£0.37) . (12.50+
0.26). (42.0120.95). (73.70+6.22) pg-L™", 235 NS & R4 23.65%. 37.37%. 52.74%. 77.94%. 77.54%,
W B I 9 )85 0, 34 g A X B %) g AR el /b B R SRR T RO A A R S o e dn R 3 18T 3,
4 Fi7R. 78 5—20 pg L AsVARFET, 55 S rh i 2L As" o 3£ (60.89%—78.66% ) H H 7 it B ik
JE RGBS 0, 5 A > DMA T AsY, ARG 2] MMA, {HAG I 2 P Fh oK F1) 5T, 3X 5 Miyashita
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S0 BB oY — B B T HISE B A RE A S IE S AL, K AsVIR RN As"BE S AT H 34k, AR T
RENGRAE ) IT A HE 2 85 R 56 AR A DR ™ 2, SRATEAS 1. 2 AT RE 53 51 2 B4 2 e s 00 i 2 e
Murray 55 & UKt C. vulgaris 785 T As' 7 d 5 AUER T As". DMA, if 742 1 B R BORE | fiff B2 A
BEFNH AP, 50—100 pg L' AsVACEE R, 5553w AsV 9 & & S 0T o L 45118 i (49.50%—52.63% ),
i, B i v B8 ) B0, SR P A BEA A T AsY I RO B RS BE M AR, B R P AsT i R
(43.57%—46.60% ), U1 A8/ (1) DMA, AHEE T-Iuf 3 fift b 351, 0 koAl 25 £ B W 353, (HL T o
b 5] B S 2 L G 100 380 i R A B . Miiyashiita 25000 J B ELAT R 6 1 A0 g v 245 e A 0 -l G T e e ) ik
AL AR AL B T O A TR RO, TR I DA Ay sk S SO RT R AR S A BT A Xue 451031 R I
Synechocystis sp. PCC 6803 7E V. fifi iz £k i 38 T £E B T DMA ., 4 1R AlOWE | sl 9 A 4 R 790 b Ao AR A8
I A BH T RORE 2B G I R R S A5 R 3 A0 6 PN e 2 o3 A AR A BH, BE G B A 4 3G T, B
AsVIRJFANHESN, S B A 8 1Y f F DL i DL As™H Ak A B DMA RO 25 i A8 o0 32, 75 28 A DA iR
WO AR BT 2 B i s A A i A R T, SR A X As VAT AL, DMA., B R fef 0 R0 R e AR 45 5 A
LA B A5 P mT ReAE AR, i — 206 IR AR L.

R3] AsV AR PR 3 DY AC BB IR o A RO S R
Table 3 Concentrations of As species in the medium of C. reinhardtii exposed to different As" concentrations

H IS / (ng L)

As species concentrations

AsVALHE / (gL

As" treatment As" DMA Unknown 1 AsY Unknown 2
5 0.72+0.08d 0.03+0.00b 0.134+0.02d 0.15+0.03¢ 0.16+0.00a
10 2.37+0.33d 0.09+0.01b 0.29+0.03cd 0.13+0.05¢ 0.14+0.02b
20 6.22+0.29¢ 0.37+0.09b 0.56+0.08¢ 1.91+0.10¢ 0.12+0.00b
50 15.79+0.05b 1.21+0.12a 1.12+0.01b 16.77+0.88b —
100 34.92+1.80a 1.45+0.25a 1.60+0.10a 42.18+1.93a —

T ARNG FREFRIRON R As Y i B2 AT 3 A S S & I 25 R B2 199 b 35 22 57 (P<0.05).
Note: Different letters are significant difference at P<0.05 among the concentrations of As species in medium by C. reinhardtii exposed to
As" under different concentrations.

) @

_ 1,551 _
a L b 1556
8000.0F i 30000.0F | @
7000.0F i 25000.0- \ 5.9(48
gggg‘g_ ) \ 20000.01 \ "\
a r A |
© 4000.0¢ \ " > 1300000 ‘ ‘ ’f \
3000.0F 2 ?3) @ 5 10000.01 \
0000p ’ \2(1;3 3.456 5.966 6787 50000 ) 2(34 3) A
: ' OF \ 2. 3.493
loovo—%—%wAw#lﬁbﬁw‘ 0.00 | ?4 . x {/./L‘__
1 1 1 1 L 1 1 L . C 1 1 1 L L 1 1
0 1.00 2.00 300 400 500 600 7.00 8.00 0 100 200 3.00 400 500 600 700 800
t/min t/min

B4 AIA] AsY R EEAb HIT 3R B ACHE ST 7R AL R 2 HPLC-ICP-MS % ]
a:5ug' L AsY, b: 100 pg L' AsY (BB 10 4%) v BB B AR RIACE .
(DAs"; (2)DMA; G)RATEA 1; (4) As'; (5)RHIES 2
Fig.4 HPLC-ICP-MS spectra of As species in the medium of C. reinhardtii exposed to different As"
concentrations (5, 100 pug-L™)
a: 5 ug-L'AsY, b: 100 pg-L™"' AsY (diluted 10 times) Note: As species are indicated by numbers:
(1) As"; (2) DMA; (3) Unknown 1; (4) As"; (5) Unknown 2

3 4518 (Conclusion)

TEANFIASE AsV LB, 35 D4 AR AR 1 A2 3] — 5 4, e A 1) g 8 AW oA 325 M P i 2 o
BRIy, KU A ANk i A A A R D, ELRE R A R M, AR A R B L e s 3,
K BT i EE 51 S R0 i, Ul e ) R AR AT A 22 5. 45 B IR R vh R 2528 A T HfE I, 7
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IR ER 0 T, SR ACHE T 208 As ik JFUA As", T KA AME; R, As" ALy DMA, R BE& s
IFAHE. BEE AsY ¥ B i H8 i, 58 20 0 Xk AsY I e, TR RR BE AN OR, & S 2 Y BRI S
1, TR AT R A5 1) A2 ) I R L AT B X B 1 20 BC R 25 5 1, A B T 48 7 D X et Y fie
BEAL, 1 — 20 W (oot CE i 2 W R AL A 0B 2 v B4 .
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