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RE  TI193F S ARERKERLBFERR KRR, I Zarrouk 35 55 £ 3% 5%
JG, FRTE SR RN B R R TE Y SRR A B AT B R MR E T 6 x 107 g/ LEARRE
EHCo’t, Ni*, ot Zn BFIRAWP. BRER, FE. ISR A AR Bl BB EE A7,
Xt Co’*, N**, Zn* " M ERKT 203 1%, 3 Cu’* M EBK T 185 £F: A #UK B DEAE -4
# K D-234E 1 Sephadex .G-200KE4E4L S5, 3K18 T WL MUSMEE B 8%, H 40 F &b 52kD, ¥ %
BRBEENEAN FHET IHEFRABFHETRMEYR, ERER, BT C2*, N2,
Cut, Zn' " M BB 5135 1 744, 1644, 1340, 1750, MEMEER Co**, Ni*Y, Zn?
BB R R T3 Cu® TR . LSRR S R Xt 4 R A R R T I, SRR B TR
MIEREZEHER: ZRNAIILIEER, £RE FHE OH M CO-NHHE B 4, 3 B X
MEASEBEFRETEEGER A MEAHENEER. Q" 5ZBNESER

0.40,
Xgin RKBEE E EERET WEER
RIS X171

HAMEARESBRTRNEREAN (MBESRTRERESFHNMRAAEER
X (Fisher et al, 1984; %#%,1993). WMEREHARPESBRNIM R LA, MENE
2 BAHRHAE A (Greene et al, 1986; Harris et al, 1990; Johnson, 1987), iX — Wit
BEAEEHERNTE, X-dBNERTHESRUTREREEYN. A TX-IBH
PLEM A RLIRE, AXMEREERILRIIEZHNESRE FRBER, BRITEXR
RESBOYE, AP RS EXE SR T R 03I B 0 1 R R 4R 4k
1.
1 MREFE
1.1 REgEXNESRETRERABMME

% K BB SEBE (Spirulina maxima) T 1993 4F S A A R K E A ERM, B#RHT
Zarrouk 332 (Zarrouk, 1966) "#%3%. i CoCl,, NiSO,, CuSO,, ZnSO, L 6 x 10 g/ L

T WA IE. FEE B, HET 1963494, L, Fax:0086-025-7718174
1) Zarrouk C, 1966. Influence de diverse facteurs physiques et chimiques sur la croissance et la photosynthese
de (Spirulina maxima Setch et Gardner) Geitler Ph D Thesis, University of Paris (Paris)
B B 1996-07-10H, W %/ B 3. 1997-06-21
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EANEREFREW (pH=5.0), 4 HERBE FEBRB P LR ERLLER D, BIHE
KSR 6, Hh— A 4% B A DORSESRAK, 7000 3R R B i 0 ot B4, T AR4E
KEESR S W, WTKS. B iE I8 0 B S BB BEAK 3g, 2 BIRA P R B Soml €85
FIRA WK B, 25C T B 30 min, & BUBACNE 22 384K, i IBATIEACA] 1%HC MERIE
KEES, WEBRE, AN ELBETRE. URSBEELENEBRE FIRABOEIERE
sHHE, BN EARFEG B EAR SR 1g HR, M TEREHEKE, WELERE, BLR
BPERETFHRLOR HEHANERR (TR NEBRETHRMEMERESR. RFE
= BBPETROSE / BER(TE); REMER = REE / FHKRE GTHR).

1.2 EEZEARRMNAEL

121 #ER4ide BRUKEREEEERAKRINEZE (Ps, RREH) (Mehta et al,
1978). MRBAEHREDG, ZEIRBHEHE. AXESRKER 0B FIE, L
fl 2 x 50cm DEAE-#F %4 & D-23 (Pharmacia) H 4ifk, H A 18K P&, L& 5B 10—
500 mmol/L NaCl BEEE Ve, 22 T W46, AAMM-E MRS . 8 FERNKER,
FKBEFERZE NaCl. T 80C K MM GG, ¥t — 2 A 2 X 60 cm Sephadex G —200
(Pharmacia) ¥ 44k, £ A 100 mmol/L NaCl #E 41 Z ¥4, L#/5 A 100 mmol/L NaCl
VERE, W g, FUKENTBR X NaCl 5, WIRRIF& M, BB BEIR BE 9 526 X 107 °g/L.
S R AT AL 5 i 0 48 43 30 R AR J22 A A 38 G 4 T e o A e, D T T B AL

122 ZEERSFEWNE REZES> FREARERMBAERNE., FTARIER
Tskgel G 3000 SWXL &, #R#EZ MR T-40, T-50F1 T-70 (Pharmacia) .

1.3 ZEXNEERETFAIRH

ZEBRETENSD, B 1% EDTA R (ERBKEH) B I8 BHEREK
FEHZXEKXRKT 4h). BI0mBHdWEREBERET FHEYERTE T, FHEREK
A 100 ml CuSO,, CoCl,, NiSO,, ZnSO,B &% M+ (pH= 5.0). ZR T HEIEY 12h
G, ARBEEEETHAIEE(CP N ESRBE FRABPEH FIRENZL. AEHREK
BAREERE, AELEESE, NESHKE AHZENEETHRMEEMEEE
.
14 BE5 ' EEEMNAE ,

ABTFREARENESSE, U REK R TERRH=) NS HER, C’ &
Bk (LHRBESNEE )N TR, UESHFRETHRIE., MO KEY
S B A BE AL AR, BLBVE N YRR, fEARHERI R, B S mIZREEH S Sml 10 mol /L B
Cu(NO,),iBA /5, A 10> mol/LK Cu(NO,),ZR T, B Baw<E (KA R et s 3
ML, REZTHMLHERDE, HTAEL O’ 52BN S E BRTE%, 1983).

CV,-C (V,+V)
X =
cv
AP, C, Vo IR TEE T Cu™* MBI ¢ BEF &R Co* " WE; C Vi3l
R ERER, ZRWEREEEERIRE, RIEREHN 0.9,
1.5 £RE T3S WIS m R RIE
BS SORE, &L R 2 ml, B4 FIMAL N 0.2 ml# 107> mol/L CoCl,, NiSO,,
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CuSO,, ZnSO,. BAME R 5 RE THIRA MR ME KBr ik, ZSMT T EH
f&, Bl NICOLET 170 FT-IRZIAM %X (£ EH) W@ @Ak eigsi . AR
BH 100 K.
2 ZRREITiE
2.1 BABREREAENERE FAIRMER

W LR, SR RKRERAEN . S RETRABRBPEETHRENET
B, AT Co’ T, NP, Zn' T I B BUE S AT 200 %, i3t Cu®* B BAEHCR T 186 1%,
ikt Zn*, Co’*, NPT BRI BE AT Cu’ . XA Co* L Ni*Y, Cu* ', Zn’ T 1R
BEEMRHER, X—ERAEREREINZR. BEEFRARENRAMLUNR
MER. W& 1.

MAEYNAEF SR TERMNBR-BAFILIE, - RERANYHERKHEIRE, RS

£1 ACHESRABATPEABETFSRHEL
Tab.l Concentrations change of metal ions in the Co™*, Ni**, Cu’*, Zn™* mixed solution after adsorbed

by living and dead algae, & maxima

o m EOE | M % OE | M
BT s & R i B Fx R B
(x107'g/L) 8 Ll 8 ARURH

(x107" g/L)  (mg/kg) (X107 g/L)  (mg/kg)

Co2+ 5.78 0.093 11848 205 0.062 1191.3 206

N'l“ 5.57 0.116 11363 204 0.119 1135.6 203

Cu2+ 5.71 0.605 1063.5 186 0.599 1064.8 187

an* 6.22 0.165 12615 203 0.097 1275.6 205

A PR IE S AT AE 2 0 SRS AR (BN, 1992). XTI ERE R, EMINE
S RITEAR BIRM & FER I (Majidi et al, 1988, 1990; Shengjun et al, 1990). Tseng %
(1990) Fl RIS E i 5 B 3 Sl TRBR BE X (S platensis) Zn* T MM B T LR, 7 Zo’ " IIA
BHEGE, TR Zo " ARMER. ALREREERT 7 30 minK, BH AL
MESRETHEHTNRMIER. BMBRERILE, XHERMIEIIKREE, XRHE
M XFHRMERARESABIESLXN. SHEERMMIP BN T EARRS, LR
¥ EKAEEREMAES, R KBEEMARINEZETSERTHERE TR
EHEEM.
22 BABERSBEHERBTFHRMER

MR KB IERE P BAfb R M E L5, MR MRBNEREA Y -4
4y, BRENS TR NS2kD. AZSHENEBETFHITRMIBRASERTR, ZEN
Co**, Ni**, Cu**, Zn® " 4 BB MR B BE 7, A5 304 5 0 1 744, 1 644, 1 340F01 1 750
&, LB 4FEBETHRMAEESN N 20’ > Co?t > Ni** > Cu*t, Hdst Co® Rk
MBI BRKTHEIMEF, XE5HRET 4 HEFHRMERE -8, k2.

EETBEETHEE MG 1/8 3 1/5(Henrikson, 1989) , LK 5 Z M *f 4
BT HREHE AT, SRR RO AAN S A AES, AX — G R, AN AR E T
W B - B 0 X 4 RS TR IR B
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#2 SHNBAPERETRIBRMER
Tab.2 The result of metal ions adsorbed by polysaccharide of & maxima
- WS RETFWE (<107 g/L) . WRA R E THRE (x107 g/L)
C02+ Ni“ Cu“ an+ Co“ N.lz+ Cu“ Zn“
¥ M 5.35 5.30 4.00 5.39 W OM B 9330 8711 5360 9433
xR 3.54 3.61 2.96 3.56 EREH | 1744 1 644 1340 1750

23 W5 C LS

EERSE Q" HRGEBT, FEEEHES O NWEARETE, W TFRAHT.
EW+ Qe —=ZH - "
B REAM S RERKE C’ REE, R G RE. 2R G HIREHRR

AL, AT, B Cu*t B, s s B, B
KEFEVHE ZARNBRES CC HER
M, 2ITERNEES CCTNESERN
0.40, B) 24 h 45 BE /R B E BT 45 & 0.40 BE
RCE*, T 142222 x 10 * g/kghl. AT
UERSESRBRAMRBHESHES.
24 ERME TSRO ABHX ISR
ZRMLIMRBOLHE R BHER 4 HERE
THERIEE FTERYENTHRE 3. &
e i B 48 A S BRI R B (1992). R A fE
(1987) M THE. 1620 cm™"MR o4 A9 H BRI
BIRTRER N-CBE R EHFEREAFE. BRR

200

1904

E/mV

180+

1704

20 40 60 80 100
V /ml

Bl 28 C’ HElR

Fig.1 The curve of Cu’* titrating

polysaccharide of S maxima

. Co’*, Zn’t, N 5EBEE)E, WHIMRBOLIETH BBk, BREEE(162em™ ).
A (B422cm™" 1416 cm ™', 1230 cm ") 2Z Ja] 9 R o 0 11 B4/ B 3, 3X U B BE AR
EMREESETESERNEAEMA: G EZHEEE. BBEX(1622cm™ ). BE
(1230em DM RWIEH R EHEWRE, WHBREERAEES Q' RETHRNES

EH.

#3 SMEFEWPs) L5l (cm™) IR

Tab.3 Effects of metal ions on the infrared spectra of extracelullar polysaccharide of S maxima

Ps Ps+Cu’* Ps+Co’* Ps+Ni** Ps+Zn’* w3
3422 3419 3419 3419 3419 O—H
1622 1656, 1625 1625 1625 1625 CO—NH
1416 1419 1419 1419 1419 O0—H
1230 1325 1225 1225 1225 O—H
1138 1138 1138 1138 1138 c—o
1057 1056 1056 1056 1 056 c—o
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3 45iF

ABFER T FEEFMEAS Colt, N2, Cu, Zn®* 4 Fh B F B A0 DL 25 TR bR 6
B, NG HRSMEE L dE A 4 P FIORBRBE R B R AR &R B TFHRK, EEEEZHK
MMER. EB52BBETFREAIERENEEN OHM CO—NH 5&RETHITH
AR, BIMEZSERX AR, TAERARIEREL RERER, REEH -4
HBBI BN, XX T ELE LR TENREMNBRTREXRE R,

2 £ X W
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STUDY ON MECHANISM OF HEAVY METAL ACCUMULATION
IN SPIRULINA MAXIMA, CYANOPHYTA

LI Jian-hong, ZENG Zhao-qi', XUE Yu-ming'!, TAI Zi-hou''
( Department of Biology, Nanjing Normal University, Department of Biological Science and Technology,
Nanjing University; YStatekey Laboratory of Coordination Chemistry, Nanjing, 210008)

Abstract The accumulation of heavy metals by an intact alga, Spirulina maxima, and its
extracetullar polysaccharide (EPS) was studied. The alga was supplied by Algae Culture Laboratory
of Nanjing University in may 1995. The culture medium was Zarrouk medium. Living algae and
dead algae killed by formol were obtained by filtration and mixed with a Co®*, Ni**, Cu’*, Zno®*
complex solution (pH = 5.0), which was CoCl,, NiSO,, CuSO,, and ZnSO, salts. Every metal ion
content in the solution was around 6 X 10™° g /L. After mixing with the metal ion solution for 30
min, the algae were filtered out and the concentrations of the four ions in the solution were measured.
The results show that S. maxima strongly adsorb the four ions; the quantities of Co’*, Ni’*, Zn’*
adsorbed in the algae were more than 203 times higher than in the initial solution, with that of Cu®**
being more than 185 times. The abilities of the algae adsorpting Co’*, Ni**, Zn’* were higher than
Cu’*. There is no significant differences between the living and the dead,(Tab.1) EPS of S. maxima
was extracted by hot water and separated by a DEAE—cellular D-23 column and s Sephadex G-200
column. Its molecular weight was 52kD, measured by high liquid chromatogram. To measure the
ability of EPS adsorpting metal ions, an EPS solution placed in a dialyzer was put into Co’, Ni’*,
Cu’*, Zn’* ions complex solution. Fach of the four ions in the solution had a concentration of
around 6 X 107 g/L. The results show that the EPS strongly adsorbs the ions; it concentrated Co’*,
Ni’*, Cu’*, Zn’* ions for 1774, 1644, 1340 and 1750 times respectively (Tab.2). The EPS and
the intact algae adsorbed more Co’*, Ni’*, Zn’* than Cu’*. Comparing the adsorption of intact
algae with the EPS, it is suggested that the adsorption of intact algae is mainly caused by the
adsorption of EPS.

Infrared spectra of EPS and the EPS combined with different metal ions show that metal ions
can change the key vibration of OH (3422, 1416, 1230) and CO—NH (1 622) (Tab.3). Thus, the
adsorption of metal ions by the EPS is due to OH and CO—NH coordinating the metals.

The capacity of EPS combining Cu’* was measured using the method of ion—selective electrode.
A curve of Cu’* titrating EPS was obtained (Fig.1). At the equilibdum point, the titrate was 0.40.
This observation means that each single sugar molecular of EPS can combine 0.40 molecular Cu’*.
Key words Spirulina maxima Polysaccharide Heavy metal ions Adsorption
Subject classification number X171



