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BE AATARENEBEFTEALT XHABELK 14K MDA L BR = HAANLE
SOD, CAT.GPX EM W R, FRXH, ALBRHNELH ST REAX YL EH ALK, E
ST REREBHAKZASEABENIE, AR K E LA BAQFRD 15.9% F151.0% ; X ¥
AEFHBELCEMEST REWAE TR, EAMEF R XML E T MDA 4 B A B 1K
ST RETHETHAS E5HBAMLEEEELR, T4 23.04mmol/L S°** % M & 2
By 123 SO REN XBAEPEA RS ERAANL L, ¥REAS. 76mmol/L
MBI EEGRSE TR, XHAE PH AL SOD £{K S W4 Fl K1k 12.5% 7. 5% #
9.5% ,% St HEEAE, AR B4 85.7% ;CAT GPX FHAMS REHZA LA B Y
WHEH23.04mmol/L A EFEF, B AL HwT 19.8% F174.4%

xR 0 XELE, LK EME A
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5 BAR Tolk BB &, AT MV ROV
RHGE AP ERESBNEER(ERRE,
2003) , B RY], EE BRI RIFE YA AR
T, BREKOBELARNS RBFEEN
MREFE—ZPELN LT HE TR, HE
WRE WA AR =4, ™ Sr MR i R 4
TS S8 s Bom s s & A, 3 A8
BREENEE, MERZRSRE BT LMES)
TR R & R, St B T A A
AW HEA B (Eisenbud e al, 1997) , HIKIFFE
BREXT BN BB NEE,

DAEXT B4R B i T AR T &
LK K SOD FH B AANHE L EEH T
REHY), S mH A RS, HEEEPER
%,CuCdFEHNESRIE, BHEEF(1995,
1997, 1999) & Bt 58 T AR 245 A 8085 Xf JLFP 1 VI
H(AFBELHSH) WRHE.SOD i, A hHE4G
ENEHEAGHE ZERF(Q2001) HE T o258

X1 /R B P E AL B TS PR YR I 5 Rijstenbil %
(1994) F1 Okamoto 2£(1996, 1998) /3 HIHAE T &
SR AT H LT B SOD 15 MM ARk ; Lee %
(2003) H14 1 Cd fihis 7| A2 3 30 b1 EALBSTE P 1
A4l s WX Sr* e T G i i et AR, A
SCH I SUHES S RERE, BEST S I X AR K
HERTE AN _B(MDA) & & KB EhP sk
B (SOD) i E AL S8 (CAT) A e H ik &k
Yo (GPX) 55 =Rt EALEE A o, LU R 883+
KT Yo Xt B E AH LR R ALK
1 #R5F®
1.1 RS

S5 R SUHE 4 % ( Dicrateria inornata ) B
Rl Bag vER ST AT R4, R A 72 ‘B ok, K
B ALK (Lyman e al, 1940) 8555, B T3
BFR=FMA, BUcERERTRWEH , A
R R R R W BOE 4 2 AR, LR
SRR AR SO R s LA di Ak
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BN, ST WREERREE 4 7 R 0.0.09.0. 36,
1.44 5.76 23. 04mmol/L , Fi- 3= 5 JEL I F W o b
TP R RE R B LR R RV B R S W
HER R, BEFEERN (242 1)C, B A
120pmol/(m® - s) , JeREFEHAR 12h . 12h, B HE
3 2 W
1.2 £KFHEER« SRHUE

ARE S WA Tk ot B8 4, 420nm 4b
BRI OD fH, 381t o BRI HOAk B B 0D, fH
WEMRBE S WL HEZ RIAKR:y = 0.93 +
50.69x, y KA EK ( 10° A/ml),x & 420nm Ab
(lem Y612 ) BRBOGIE, ML R B r = 0.999; 1
AR p = (InN, - InNy)/(t, —t,) HBAKER,
Hrp Ny N, SRR ¢ 0] A9 40 M3 FE A
KA 0% FE B IR E A HM G E SR
(28, 1997),
1.3 A& EREIELNE

Sy BE B A K G IR B R 5 R A T
B OWEN S RN EFBFTER 1/15me/L
FORBEMRIRZ i (pH 7.0) 1, vk T A &
MRS R RIR B B, B B VRS Ao
R TBA #: T 552nm 4b I # MDA Ay & & ;SOD

FETED E R BB S L B 3 (McCord et al,
1969) ; 2 48 SC#R U € CAT BYE§ IS 1 (Rao e al,
1996) ;GPX H43E S H8 Flohe %5 ( 1984 ) f 77 s ;
AREEHSEREEDRELRNE.
1.4 BE|HH
LRELR =TI REEYMHE, %t
il Origin 6. 1 81T ANNOV 4347 KL R4 5
MRAKEAMERFTBEE KR, U P<
0.05{E R BEMMKIE, £3.K4 PHIRENTEY
HARRAE 2
2 #R
2.1 SEMEXMXEEREERHRE
EMERANEMENA KE, HELHE 17
Ko NE S WHEXHEHEYMBEERE 1,
TELHH MBTA S W TS A UM & B 1y ]
Hf, S WEMRT 1. 4mmol/L i, K EH B
FER, MAERE S WRE T, N SEME K2
2], 23 B K5t B4 B 15. 9% 1 51. 0% , H2¢
RIE T WEE, X B4 I SC 0 21 i A e A/ B
MEARX G, ERERLE 2,

#1 FES RETIXWLEAHBMREE( x10°/ml)

Tab.1 Cell counts ( x 10°/ml) of D. inornata under different strontium concentrations

) Sr’* ¥ ¥ (mmol/L)
B 0 0.09 0.36 1.44 5.76 23.04
1 0.713 0.732 0.744 0.754 0.754 0.752
3 1.081 1.092 1.061 1.07 0.994 0. 848
5 1.267 1.315 1.308 1.274 1.144 0.899
7 1.448 1.514 1.502 1. 467 1.315 0.919
9 1.636 1.724 1.675 1.629 1.446 0.904
11 1.879 1.945 1.893 1. 827 1.610 1.005
13 2.026 2.110 2. 060 2.009 1.712 1.021
15 2.208 2.290 2.230 2.176 1.881 1.087
17 2.508 2.582 2.528 2.482 2.107 1.228

®2 FESH RETXWESMHEKER
Tab.2 Growth rate of D. inornate under different strontium concentrations

Sr** ¥ ¥ (mmol/L) 0 0.09 0.36 1.14 5.76 23.04
HEREE 0.101 0.097 0.086 0. 085 0.067° 0.030"°

* EREBE KIRKIA
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2.2 @EppaxXELEHER,.EQKR MDA
=y q:h Al

23 BRTAR SC WET M4 S
43 E EERA MDA SRAEMER, LEE
B, MR & 878 0.72—2. 32pg/ml EFE N,
BiE ST RERNAEHSETRART TR, 4
St ¥k FE R 23. 04mmol/L B, H R E & & & K.
FEARHREE S° " na T, X HES B4 b ity MDA &
Bigext B RK, B2 SP* ¥k AN 23. 04mmol/L
i, MDA 75 8 Xt BE4H 123. 0% , i & He BE i Sc°

fiE v A T O IR I S E AL E RN, 2 B 4
SR EGE ;N EERT S, SO WM AT
FEHRSEMMI S, B S wEEd
5. 76mmol/ LN BEEE B T, S KE
% 0.09mmol/L B & R & B & & N & 10° 14
M 45pg, SXT A M, 7 0. 09.0. 36.1. 44
mmol/L ISP WE T XML EAMMEAE S
SR T 13, 5%. 10. 6% F1 10. 9%, Wi 1£
5.76mmol/LFl 23. 04mmol/L ) Sc** YK FF T HE
HESR THET 3.8% F149.7 %,

£3 A RETXELRHEE o FARF MDA SRNTH

Tab.3 Chlorophyll a, protein and MDA contents of D. inornata under different strontium concentrations

29 (mmol/L) 0 0.09

0.36 1.44 5.76 23.04

4K a(pg/ml) 2.32 £+ 0.09 2.25 + 0.08

1.99+0.11

1.71 +0.38 1.57£0.06 0.72 +0.16"

BEF(pg/10%ells) 39.57 & 3.25 44,92 + 2.43° 41.94 & 1.24 43.08 + 1.26 38.06 + 3.2519.92 = 5.71°

MDA ( nmol/10%cells) 76.23 + 3.85 56.75 + 1.38 57.36 + 2.97 54.18 + 2.89 62.27 + 4.9093.75 + 6.25°

2.3 @paxmEdEEENRE

S’ * filpies XF SLHE 4 W51 E AL (SOD, CAT,
GPX) WM 3K 4, Fitar4i A B, SOD i
H S RAMLYE B EER, 8K S WE
THAMEKT 12.5%.7.5% M 9. 5%, T
23.04mmol/L St’* ¥k ¥ Bt B E TH 7, o X B4 i

85.7% ; FEWKFE AT FHEI B SO IR, U Hi 4
MR CAT fEHE TS TS, 4 S IE N
23. 04mmol/L B, HLE ¢ Ay %f FRZH i 19. 8% ; Sc° ™
WA GPX ZmAHE N ERRKE
Foxf BRIEIR T 74.4%

%4 FESTRETXESLR SOD,CAT,GPX FHR T

Tab.4 Activities of SOD, CAT and GPX of D. inornata under different strontium concentrations

S * Y& i ( mmol/L) 0 0.09

0.36 1.4 5.76 23.04

SOD(U/10%cells) 433.88 £17.52 379.72 + 6.68 401.24 +14.90 393.44 + 8.01 444.00 + 9.11805.78 +46.04 "

CAT(U/10%cells) 1.80 +0.12 1.71 £0.18 1.17 £ 0.13

1.19 £ 0.03 2.14 £ 0.14" 2.15 £ 0.11°

GPX(U/10%cells) 440.78 £83.31 463.03 +67.02 600.69 £24.45 476.88 +32.44 473.55 = 7.20768.73 +96.33"

3 e

RR\KMALEAKD S REHH
0. 09mmol/ L, ZE L L+, 4EH 8 22 A\ LK
Ber B A KR SiCl, 24 JL3E B, B “ 1 A
KRR P E P RS %, 4R A
AXBEEAHEPEBER, 2XFEHEN
£, G RAE S SRR AW Ak, 8
MR R/, I 0] W HIseT, H kAL
BT 6 ABKHER SO IREIRRE, TR
SRR A6 4l ST W IE TR A RIS ER A K,
BARWER S° T SR MEEKBAEW,HE

WAL SO MR KA MEIEH . R ERT
RERE Cid % (1995) X T Co’* W38 %) Phaeo-
dactylum tricornutum M4¢E &8 52 A — 3, i
FIWRE SO TR R I 2 B AT B R i TR 4D
BRI AR R IEE Sc™* (8 SUHi 4 3R A BB 1 2 2
TG, KB S° AT 1ML, M T -4 i
B3| TRHIRTE

H Fridovich {2ih B B B FF YLLK, K¥
YE ) T 4 Y 4 B 7 F 138 (McCord
et al, 1969), EEERE FMIET , Y& 4
RERFEEEE G E, FRARERE T AL, 4
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RigfZEAL, W =B (MDA) By R Y IR 7E S
BEAGTAEBRELEHEANS=YZ —, EF
FAEENERESEARS N — N EE SR, £
ST sEELE N 5t B 4UAT e, 23. 04mmol/L Sr**
WEANESRARFY MDA SEA GRS, 5
VeRA, A Z B, $n B4R AR L AL PR
FIft 38 50 40 M AR5 3 iy 2, 2K AL 7
AR ER FERBEN AR, EEEN,
B S A AR A B A R, N
5 | e R e 1 AL, F X R 45, 51 R M4 &R
FRMFEE, X RER Bk A S M4
ERBPEEZ—,
EEYMRTIEUBIHR LT EEEERA b
- Y ) I i s E |3 6 Y
PEAS3H,SOD  CAT,GPX 4 i T — A 3 1%
HEERRL. 7£—ETE/EIN,SOD #1 CAT JL[H
e BEEE AW ERREM 0, - 1 H,0, il
TEK H,0 F1 0, F Hul /> B w0 S v
SRR mE(-OH) B, — & B2 LK
THEMEN B AERKTF, GPX WEMYENE
ZRPTRACES, 7T K SOD M7= 4 H,0, 575
BRo TEIEEEO T, WA AR B £ MR
HAERERNEE, B A4H A SOD £ — 27
RMBHR - MEREEEM AT S RL,
SN = AR RAL T P RE, W
AR 26 E R RPER. BESERG
T SRR EEE B f RN A R T
YIEBRIEHEENEE ST, S REHE MR R, N5
5 E, Rijstenbil 2£(1994) Fi Okamoto (1996,
1998) 43 5458 i H & J& e T Lo fi 3 SOD i
AR, (HRE X TF S X3 SOD 5 1 %
i, BRI A . ARSLEEER R, 7 S A
F, B4 SOD FEHEFE S iR T B K
B a R RBEKE T S, 7 23. 04
mmol/L B EE 4N i) SOD B & A, Rx & B4
R SR B B IR B s PR R BB T, AT 38
DT IEVERN MM E S B R R 8
HFREW SThiE, RIB X ST BRI Z 71,
LSRR 5. 76 J 23. 04mmol/ L. i 3 4 fd K
CATFEHREN R, Br HAEKBESESIEN
FHEFREZEIEN, Lee %(2003) & B M
B FIYAEE CAT FEHEE, CPX FAESHMK
BRI, I T M8k, R A2 E 1 1 GPX X
H,0, BRJRLL CAT E RE2H:, /5 H R T4

K ALY B AR & (Jones, 1982) , CAHIRE, 7
HEBRMHE T, BEE SRR AT E R, Y
X o T P 3 38 (Lee et al, 2003), ARLEES
HE Sk AT, SOD, CAT H1 GPX 3§ K
TR, B X RN S A REEERNE
feiE MAER . fEE TR R, 2 GER AT (B XF B
#1) ft) MDA &8 .SOD F CAT JE M8 E % S
W EE (0. 09mmol/L) 7, L83 JC Sr* * Bt 4 M B0 F- o
FEAE T AALlNE , 5EMTE NS
4 4ig

AR R T XL S E AR
T ZEE S, RACHMERRESBENTHT
ARG, A EE L — 5 O STk 5 0 R )
W, A E SRR R E MR,

g % x #
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STRONTIUM STRESS ON MARINE MICROALGAE DICRATERIA INORNATA
GROWTH AND ANTIOXIDANT ENZYMES ACTIVITIES

LI Mei, XU Jin, LIU Zhi-Li, XU Jun
(College of Life Science, Nanjing University, Nanjing, 210093 )

Abstract Increasing utilization of heavy metals in industries has caused serious environmental pollution.
They were transported into marine environment and accumulated without decomposition, which has become a
major concern in recent years. Strontium is a minor component of seawater but is a major hazardous contami-
nant from the sludge generated by nuclear industry released regularly or accidentally. *Sr, a normal by-product
of nuclear fission, can reside in natural environment. When strontium isomorphously replaces the calcium in
animal bones, it becomes more mobile than calcium, and used to cause Urov's disease. Therefore, strontium is
ranked as one of the most potential hazardous element to humans and aquatic organisms. The present study is to
investigate the strontium effects in elevated concentrations on growth, lipid peroxidation and some antioxidant
enzymes activities of marine microalgae Dicrateria inronata.

Sample marine microalgae D. inornata were provided by Institute of Oceanology, Chinese Academy
of Sciences, Qingdao. It was maintained in sterilized artificial seawater enriched with f/2 medium. The algae
grew at (24 = 1), 120pmol photon/(m® + s), 12h : 12h L/D cycle. The experiments were conducted in
500 ml flasks autoclaved at 121°C for 20 min. Strontium-bearing solutions were prepared by dissolving analyti-
cal grade strontium chloride in deionized water. Sr’* solutions in the range 0.09 to 23. 04mmol/L were pre-
pared by diluting concentrated stock solution. Growth of microalgae was measured spectrophotometrically at
420nm in a cuvette with a 1-cm light path. OD,,, values were converted to cell counts using liner regressions
between optical density and cell counts determined in preliminary experiments (y = 50.690D,, + 0.93, r =
0.999, cell counts = y x 10°). For enzymes assays, D. inornata samples were centrifuged and re-suspended
in 1/15 mmol of pre-cooled sodium phosphate buffer (pH 7.0). After sonication in an ice bath, the cell debris
was removed by centrifugation at high speed. The supernatant was used for enzyme activity assay.

The results show that D. inornata could grow under all experimental conditions. Growth was not inhibited
significantly by strontium constraint whose concentration is lower than 1. 14mmol/L. However, 5. 76mmol/L
and above, significant reduction in the number of microalgal cells were apparent. Growth was inhibited by

15.9 % and 51. 0 %, when compared to the control at strontium treatment concentrations of 5. 76 and
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23. 04mmol/L respectively. Meanwhile, chlorophyll a content varied from 0. 72 to 2. 32pg/ml as strontium
concentration increased. At 23. 04mmol/L, chlorophyll a content reached the minimum. Protein content re-
mained relatively similar at concentrations up to 5. 76mmol/L. Once at 23. 04mmol/L, « significant (49.7% )
decrease was observed. MDA content decreased significantly at 0.09, 0.36, 1. 14 and 5. 76mmol/L concentra-
tions. But after 23. 04mmol/L, MDA increased significantly to 123.0% of that in the control. In the case of
antioxidase activities, SOD decreased between 7.5% to 12.5% , at lower strontium levels; and increased re-
markedly at higher levels, 85.7% more than the control. Significant increments in CAT and GPX activities
were also seen which is 19.8% and 74.4% respectively higher than the control at the strontium concentration
of 23.04mmol/L. A decrease in SOD and CAT activities are evident at lower external concentrations whereas
GPX activity was not significantly affected by concentrations lower than 23. 04mmol/L.

Studying antioxidant system under the stress of strontium could be a new approaches in microalgae re-
search. In conclusion, D. inornata can induced some antioxidant enzymes, which are important protective ma-

terial to minimize cell oxidative damage by pollution. D. inornata is able to live in high strontium concentrated

areas.

Key words Marine microalgae Dicrateria inornata, Growth, Strontium stress, Antioxidant enzymes
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