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M OE ORI (As) 5B (P) SR SR ACEE As THEMC R A SCRE BT BERER (PO ) FI R
HIRIRER (As(V) ) JERPERER (As(T) ) HEFE  AbFH 72 h Ji 0 3 b A8 A KAB DU R Y/ As P &t 5 DA R
AsWRIZ([As],) MW As i ([As],,) JENBIBEIL ([ As: P, ) S P EO80N R B (BCyy) |, HLEUX 3 Fihds
FRAT P ACHE As THHEMIPPAT RO S5 R 2 B [ As ], HOIEIN SEDEARHE [ As ], BTH B S BR 3R POY VR
SEEMAs(ID ALBEFAI[ As ], (BB ERAL T As(V) I Y[ As],,... BA[ As],, RAF EC,, I, WiFh POY /K
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Effects of intracellular arsenic and phosphorus content and ratio on the
tolerance of arsenate and arsenite in Chlamydomonas reinhardtii
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Abstract: In order to explore the relationship between intracellular arsenic( As) and phosphorus(P)
content and their ratios with As tolerance in Chlamydomonas reinhardtii, two phosphate ( PO} )
levels and a series of arsenate ( As(V)) and arsenite (As( Il )) concentrations were set up, and
the growth of C. reinhardtii and the contents of As and P in the C. reinhardiii cells after 72 h
treatment were measured. The half maximal effective concentration values ( EC,) based on the As

concentration in growth media ([ As],_ ), the intracellular arsenic content ([ As], ) and the ratio

intra

of intracellular arsenic to phosphorus ([ As: P]. ) were calculated. Results showed that the

intra
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[As ]
did not affect the [ As],,.
treatment. When EC, is characterized by [ As],., As(Il)-EC,, (2090.3, 21183.6 pg-:L™"-As
under two PO levels) were significantly higher than the As(V)-EC,,(162.1, 2358.3 pg-L™"-As).
The data of [As],,, FCy, showed that PO} level did not affect As(Ill)-EC4(1239, 125.0 pg-g™'-As-dw) ,
but significantly affected As(V)-EC,, (7.4, 58.6 pg-g '-As-dw). From the EC,, derived from
[AS:PT s
As(Il)-ECs, were 21.1 and 6.1(mol/mol, As/P), while As(V)-ECs, were 1.3 and 3.4 ( mol/mol,
As/P). Taken together, these data indicated that As(V) was more toxic to the microalgae than
As(Il). The tolerance of As( V) and As (Il ) by C. reinhardtii was not only affected by the PO}

concentration in the culture, but also affected by intracellular As and P content and their ratios.

of C. reinhardtii increased with the increase of [ As] . Higher level of PO} in the culture

under As (Il[) treatment, but significantly decreased it under As(V)

we found that the effect of PO} on the tolerance of two As species was opposite. The

Keywords ;: Chlamydomonas reinhardtii, arsenic, phosphorus, arsenic tolerance.

BEA T AL 22 G R R i, 0 LT R IR R AR 2t 55 TR0 3 A & SRR R 1 R A
TS Y AFREE BRI -5 R K R TS G, I T RE AR B BN, Bk oK
BRGNS Y H 25 P 7R — BB R K ik BE R LS I 850 mg - L7 MEAE i TR AE WHO AU
IKEIBRAE (10 g L") Y5 G 2 BA AT T38 3 G 1 A PR A 75 e o] i —L,

AR KRB th T2 A7 A, A R AR WM IS RE it S5 i A 75 Gk ik Ak B B R4F
(I FH RS AR AR S | S 04 A BT 185 SR R R A R R T o AR SR I S5 B
AR M E SRR Y.

WFFE I, B 10 35 A7 L B ) (R S B T kR e g b AL A (B4R R R As (V)
M AERER As (1) ) 2 3. AAEBE 5T & 0, 35 B ACExT As (Il ) AT As (V) BT VA7 7 AS [] (1 45 511 4n
Kaise 257 Fll Wang 257" HF 7% 3 B A ¥ As (D) MY EC, {50514 750.132.2 mg- L', Yin %'® 5 Wang
SNBSS FIAs (V) 1Y EC o 653514 75 33.5 mg- L.

R TR 2 A B 2 B A s AR AR TR] SO AL AR AR ] R R 5 W R R R S L, PR
As(V) 38 5 R R 308 38 A A0 B, T S AR Ak 32 p K- H I8 G B S Y R I, 3 D AR X
As(V) FIAs (T ) (4 W ¥R 7 B B IR £6 S A S - B R kS S I il 77 As (V) Ml S i ply P
Fr L TE WS A ORI DS B R X As (T ) W A0 52 1 T i SR W R 8 -5 IV AR R 58 = [ 77
SE P PRIV, A TR i 25 [ A 42 AT RESE B IR AR S T As (1) Ak A As (V) Y TR R v
JR AR SR ACHEXT As( V) FTAs (T Ayt P2 53 S 55 5 R 36 K OF- (1 56 Rk Bk = R G IE.

I ASEBLEAN [F] As (P AR PRI SRR B AR BN 1Y As (P % 8 R (X PIRIIE 285 As
B I RN PR s e, RASH A S ZE /K BB A T e 2 v i o7 i (A A0

1 #8577 ( Materials and methods)

L1 Xsp e

3 A< B ( Chlamydomonas reinhardtii) W4T/ ERL2= BE K APt o8 o (B, 200) 356 B A e 1% 37 3%
KH TAP (tris-acetate-phosphate ) {577 3% pH {E4 7.0, 7€ 121 °C F K 30 min; B340 B/ &G IR &
44 12 h/12 h 3B 25 C/20 °C, JEHRERE N 2000 lux; FLAESEANE Y34 Ko b 35 0 8 vh 4 (R E T 1
HAE.
1.2 Rk
12,1 SRH4ACHE 0 Bl R £ 0 AR R 2 ) R A 1

KM 72 b AR AR R B K RS B AR B P YL 3 d SR, W IR SR AR OD G, B
0.06 ( BN %R 10° cells-mL™") #5580 25 mL 38K % 50 mL HEIE 3% AR B rh 7e il v T AR
H AT BE 2 R E POY KF-(P (P, HRBESM 510 0.315 3,15 mg- L7, R4S POY KPR CE 7 4
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KRIFIAs(V) FIAs (D) AbFIYREE (F2 1), H4LEE 3 NEE, LAY 3 % 1E 5t B 4L 23 7E 0 .24
48 .72 h I FH BRSO A2 20 235 E OD g, fH.
1.2.2 MXFAERKRE u iHEARK

In ODy,~In OD,, In OD,~In OD,,
K=——FF""""" K=——F—"" (1)
' T2-T1 T2-T1
= Ke X 100% (2)

c

R, 0Dy, 2 T1 ] SR A EHEE OD g, fH, 0D, f2: T2 B[] BRI G OD g fH 3 K, R XY
HRZH 3 D ACBE AR I JHR K, RN A BRATSR B ACHE A R,

R REAHLE P PAME R (As(ID) (As( V) BT 25 Ab FRAL (A-G) B AL BIVR IEE (pg- 17" -As)
Table 1 Arsenic (As(Il), As( V) ) concentrations (wg+L™'-As) in different treatments(:A-G)

of the toxicity experiments for C. reinhardtii under P, and P, conditions

st As () As(V)
Treatments P, P, P, P,
A 200 500 20 200
B 500 1000 50 500
C 800 10000 100 800
D 2000 20000 200 2000
E 6000 40000 300 5000
F 10000 60000 500 10000
G 20000 80000 800 20000

1.2.3  Logistic 71 %71 5 2400 1t £k
FHAREORN A EE EC, (8 (T BOR P AR A < H AR BRI 50% 19 As #Z) R KR As (1) FIAs(V)
XoF SR B A () . 25 SR I SigmaPlot 12.5 HfEHL S R -2 ik 5 FE (3) LA

BRmax_BRmin
BR=BR,,+ (3)

min 1+10 (logECs0-BR) xHillslope

=, BR ARRAE YRV BR,, 81 BR.,,, 73 BI%T R fe /N R K 1 A 800, EC., 2 5 B3 D AK 8 4 Jf 2
R 50% 9 As (TIL) FTAs (VYR (mg- L"), Hillslope {E3f S5 7 i 26 44 P 7.
1.2.4  JEpACHERERD R As P S = IIE

As b 72 B J5 , B0 (6000 g-min™' 2 min) WCHESEREFN VWL, BERE ST S Y2 14 0.1 mol - L™ B AR ER
ZEPi (pH 7.0) FIRES FOK I VE 3 i, BEAER VR T, KRR M0ICE - 60 C AR IR VK AR DR A7 75 0. 356 200 Jf 2
As TP & I E AR AR 50 mg ¥ VR T8 4 SR A A AR b I R T, A 2 mL A TR -1 SRR (1 TR R
(Vinoy  Viscios =4 1) B 2 BRI A A7 BB 0 81 (AR SH230, 1331 RE S50 (RS BHEA R A D)
FE 120+2 °C T HIGH A SR RETHEW, ERHAEZENET 0.5 mL 224 RIA , B3R5 RH AR
KO VEREERS 2 10 mL 255, A 0.5 mL #eERER (E404t) (1 mL 5938 J5 57 (10% B iR F
10%HLER M FRIE S 1AW 5 F 2B TR E A E 10 mL. [FIET LA ISE 15 4 B A0 A R4 2208 I 70025 1. 0
As BB E R S4B K AR T 966G REAY ( HG-AFS, AFS-8230, Jb 5t it KA g A5 BR A 5] ) k47 I
FENSTRESL A B P A R A el B A S R PR R T R %L (ICP-AES, PerkinElmer Optimal
2100DV, USA ) I3 . 7 12 14 RIS MR FH IRIHE VR T b v K B ( NIST-SRM. 1568b ) AT PPAG O A o
YA A As FILEL P AY ISR 3 510K 89%—103% 95%—110% , 156 B I 5 52345030 1] 4.
1.3 Bdlisrbr

K HI Excel 2010 #4748 2L F1 | SigmaPlot 12.5 fE&, Ik ] SPSS 20.0 #4722 5 . & 1 43 (P<
0.01) SR N P HE AR R 25 (n=3).
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2 5 59718 (Results and discussion)

2.1 As(I) X3 B A e 1 FE 1

As( D) BSR4 R W SR ACH M N & ([ As ], ) BEE MIANHREE ([ As] ) O8I 4%
AR P RPN BN [ As] . B EARRLCE 1a) 8 AN [ RE K7 i A B X As (D) i
25 LIARTR AN BZH AR T4 B X R FAHXT A K R w5 As AbBRYR BE[ As] i3 Logistic 318 -0 il
LRRVEE (K 2a, 2c, 2e), 45 KM, 16 P, P, & T LL[ As ], RAE ECy, B 43 51 24 2090. 3
21183.6 pg-L7'-As( &l 2a) , P& Z Al PEAR 22 10 £%, AR P, 550 F 3R A ACHE XS As () it ME 225 T P
FAF N M T As] REE 7E Py P AR NI AREE X As () it M T8 22 5, AT EC,, 18 43 5 R
123.9.125.0 pg-g ' -As-dw (&l 2¢) , LRSI 2 22 6] (4 3510 35 bt i 4 L PR B A YR S EOE T
TS HLE ([ As: P, ) SRFIR EC fHIS, P, P& T EC5,fH R 21.1.6.1(mol/mol , As/P). (&l 2¢) , i
Z IR FE A 22T 4 4%, UEBIE N As P & B FUEREI B2 As (1) A 751

v P v P,

1g([As]inr(ng-As-g '-dw)
«
4
12([As]inr(ng-As-g~'-dw)
«
4

lg([Aslgis(ng-As-L™") lg([Aslgis(ng-As-L™)

1 AsCI) (o) FIASV) (b) BEPBSER 17 P, PRIV ([ As], . peeL ' -As)
Sl TSR A AN AR Bt ([ As], ., pe-g ' -As-dw)
Fig.1 Intracellular arsenic content([ As];,., pg g '-As-dw) of C. reinhardtii at various concentrations of

As(I) (a)rand As(V) (b). ([ As],., pg-L™"-As) in the toxicity experiments under P, and P, levels

RS RIS AT As (1T ) A F5R A TR L 3X 55 Kaise %517l Wang 50 85— 3, (H ) fir
3 EC,fE(21.2 mg-L™"2As) B /NTFABATHI S5 (750 mg-L7'-As (132.2 mg-L™"-As) . FH L AT %0, BRI X
TIE—Fh s B RS2 A M B R B pH DGR BERRER VA BE A I 30 ke B A (] A 2 A R R
SIS I T [ As ] -EC I SRR AHAE (EH B (KBRS T 19 EC, (70 W b 25 5 (18] 2¢) , 4%
B8 125.0.123.9 pge g -As-dw, X 5 1a ' P PR TN As] .. o s U — 20, Ui As (D) XF
ST TEIE RS2 AN As B EEEEHIY MR B PO ACE XTSI As & 5 A W] R 52 .
BRI SHOET [ As: P, -EC BT, P Al PO T 1Y EC, HA W EME2E R 40510 21.1 6.1 (mol/mol,
As/P) (3 2) , RS BRI POT BN T M P & i (RN 3198 3 ARt As (T AP | 3% ] g
et FAs () (9 WSO8 2o 7K 38 1 2 1 T SRR RR SR8 3 , DL 2 As () fif 7 32 2 3l 5 5 i 369 I (0
BMEH K A B G IR ) S A RAMIESR R SRR A HEEM L AR,
2.2 As(V) XBEBACEE N T

1b 1 N As] . Bl SEPEIRIGTT BRI B AN As ], 0058 A 2 R k3 (B 7E P, & 0F R
[As] . B ET PLAME N As(V) XA P KPR SR BACEEAN A K p 9IS LA &l 2b,2d, 2f.
MIEET[As] TR ECy, B, 7E P, P, 2R NI BAREEXT As (V) TEMEA W 2 5% EC,, fH 3518 162.1,
2358.3 pg-L7'-As (18l 2b) , I Z[AIAH2Z 15 5. 29 T As ], R ECo I AN RIBRRRER K7 T 3 B A
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XFAs(V) BHERA B EZESF (ECy I 7.4 .58.6 pg-g'-As-dw) ,iX 5 P, P& T M As],,. &
AN —Z(E b)) EEETHIPAMBE L ([ As:P],,.) KFER ECy, I, AR P AKFE T As(V) BT 22 508
/N EC 535170 1.3 3.4(mol/mol , As/P) (&l 2f) ,iX 5 As( I ) AT T i85 PESS R NI AH .

a P ob,
100, - b

80 -

60 -

40 - o

Relative growth rate /%
T

20 . L

0 | | 1 11 1 1 1 11
1 2 3 4 51 2 3 4 5

lg([As]gis(ng-As-L™)

-

80 -

60 -

Relative growth rate 11/%

20

1o ¢

80~

40

Relative growth rate /%

20 -

-0.5 0 0.5 1.0 15 20 -0.5 0 0.5 1.0 15 20
1g([As:P]jya(mol-As-mol'-P)) 1g([As:P]jyra(mol-As-mol'-P))

2 AP MPIKFFAsCID) (a, ¢, e) As(V) (b, d, £) FFEPESCIR 2T S5 1T SR B4 A 40 A G
AR e BRI R, b ARV E [ As] (pg-L7'-As) o, d: AR
[As]a(pgeg ' -As-dw) (e, [ AFEMIAERBELL] As: P, (mol/mol, As/P) s SEE NI Logistic HAYTHI -0 fif 2k
Fig.2 Relative cell-specific growth rate u of C. reinhardtii based on different conditions in the toxicity experiments of

As(I) (a, ¢, e) and As(V) (b, d, f) under P, and P, levels. a, b: different As concentrations[ As] . (pg-L™"-As).

=X
EEN

¢, d: intracellular As content [ As], . (pg g '-As-dw). e, f: the intracellular ratio of As

to P [As:P];,.(mol/mol, As/P) ;Solid lines are the simulated curves by the Logistic dose-response model

H DL B850 LUE ) SRR ER AL DT 7K ST 6] 30 B4 A 8 1) 5 M B B 35 Pk 22 55 (181 2b) P T P,
IR EC, {518 162.1,2358.3 pg-L7'-As, B FH M T FAE P &4 FAs( ) B EC,, fH (2090.3
21183.6 wg-L7'-As) (F2) 43T [ As],, HEDM EC, I, BI#EKFE FXFAs(V) FEtEtha B2
(ECs 350 7.4 .58.6 pg- g -As-dw, &l 2d) , X 5 M0 [ As ], BEEEF2 IR As Ab 3 v B2 1 o iii 48 Jon
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(Bl 1b) & —Fum).

PR POT 250 F, As( ) Ab 38 R Y[ As ], -ECs [EAB I 2 = T As(V) XTI AT ECy (123.9 vs 7.4
125.0 vs 58.6 pg-g ' -As-dw) , X L5 BRI AT As(ID) M5, As( V) XJ 36 54 A e ) B PE B 5, X
Wang 251 BFFE 245 5 — 80 Bl P A& T3 ANt As (V) BUE, EZ Rt TN P & PSR, —
D, T As P ALZEZERIZER, As (V) B I B FR R0 38 TF A BRI Y B Z B e e &R
Fi—I7 T ARG PARAT , C. reinhardtii 20 BEIRER % 32 56 PRI AR 11 9 Rk B9, b & (v, ) R,
PEHEXT P AW, (HAL 38 i T As(V) IR RN A (V) BYBEPELE T T4l 3 A B R SRR (Anoe & 0
iR dl GEARBERR L) B P R SR A e R R A T R S A I I R v A v ) P R RE AR R o TS AL TE A
1 -ffi R - 3B AR HIMER , NI T ATP A B i g 32 iR 1T BRIk A T 31 1 A i xof
As(V) U S HI[ As: P, HER EC, B IABEAKSE T As (V) 18R 22 5080 (B i 400 1.3 3.4
(mol/mol ,As/P) , [l 2f) , KHABR T H: 32 W PO, A, BEANMEN K P & M H 5 As i HLE W H A5
As(V) MR ISCFN 1.

2.3 As(I) 5As(V) X3 A S a1 2 57

XFEEAs(T) | As (V) X 38 B A3 9 B MRS v 0, 58 T [ As ] -ECy, B, As( TN As( V) P 7E
P, .P,7K T B EC,, HA M #2257 (P<0.01) , IF HAEMFBE K- (P 5 P,) T, As( 1) /) EC,, B AR
FETAs(V) I EC,(F2) , UL B AT As (1) TRPERCHR , As( V) X 36 3 ARHE TR R JFHL P ik
B8 TV 2 5 A 3B T R R A I AR R A TR SR, 243 [ As g, -EC o FoR BT, BN K
TAs(ID) AFEETC BETEZE S (EC, 23 314 123.9 125.0 pg-g ' -As-dw )y A [RI B R £ & AN 520 3
PIACHEXT As (1) % B 22 R0 35 % 28007, AH S 6T As (V) B R R85 PR A W 35 52 i (EC, 43 51 R 7.4
58.6 wg+g ' -As-dw,P<0.01). 4 F[ As P, -ECs I , AP 254 T X it i 55 R0 S0 e R 55 100 753 4 52 1)
R (3R 2) I B ECL,fATE P, P/ T A 3 M 25 57 (P<0.05) .

£2 SETHROFTIIE ([ As],-ECy, pge I 2As) BRI A ([ As], -ECy . pgeg ' -As-dw) &
M FBE L ([ As:P], . -ECy,, (mol/mol, As/PYVAERNHY EC., 8. K - F M +F51EL (n=3)
Table 2 EC,, derived from the As concentrations in the culture ([ As]dis-EC,, pg-L™"'-As), intracellular As content
([As],-ECy, pg-g™'-As‘dw). and the ratio of intracellular As to P ([ As:P7], ,-ECy,,
(mol/mol, As/P) ). Data are mean =SD (n=3)

N b [As] 4 -ECyy/ [As]iua-FCsp/ [As:P],.-ECs/
(pg-L7'-As) (pgrg ' -As-dw) (mol/mol, As/P)
P, 2090.3+78.5 123.9+1.8 21.1£1.3**
AsCiD) Py 21183.6+406.4 125.0+0.9 6.1+0.2
P, 162.11.6 7.4%0.5 1.3+0.1
AV Py 2358.3£27.8 % 58.6+3.7** 3.4x0.2"

.= 103 PR PLABERIAIA B P22 5 (P<0.05) 5 = = {055 P I P, ARTR A4 #) .35 122 5 (P<0.01) .
Note: * represents significant difference between P, and P, treatments (P<0.05); #* * represents significant difference between P, and P,

treatments ( P<0.01).

3 %52 ( Conclusion)

AN As (D) A BSRAGTHE , TXTAs (V) BANEUR Y LI As & =HER EC,, B, 3552 h gk
TSR A ACEE As (1D AR SRR M TC B S 52 | {H 8 25 1 29 25 As (V) YRR R FITPE. S 20 As
FLAEHER Y EC, 25 R Wow , 35 R M H B IR £ 2 S X As (V) R As (I ) 8 25 52 mi A sz, 156 B B3k %
BERR LR S L Ah SR ACTEXT As AYMRICRITTPEIR Z SO PY As (P 235 R0 ELAE A 1 4.

e
it
Pkt

3

Frl
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