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Cu® 1 Cd™ X S ) AR HLAT IR VE T, i L ) 10 PR Bt 48 850k 484 i B VR ] 7 428 - 58 o
3, Cu® I Ca> X A ) 2L B iR B (96 h ECso) 435124 0.125 F10.551 mg/L; i ¥R B Y 1 >4 0-80 mg/L
(1) P %o 1A B4 A 4 DU 2 R IR 2 (<40 mg/L) 2 A, 70 (= 80 mg/L)WIM il . [ 458 ] ML EE
Xof U % B 3t 23 1 M Y — MR T A R MR Y AR A, Ay 44 Sk SEE B A 96 5 (Cylindrospermopsis
raciborskii helix), S EEMRIERBEMSAE—EWR R Cu™™, CA™RI PO™ iR A K, S BUE DU F0 358 15 2 A 1
R B 4 i 5 1 A R AR AR PRI 4L T AT e S

KR BHGUERYE, BE, EelE, Wk

EETIH: I ABEHBU AR BAERA TFL2016-2020) 755 HJYPSHFW _B1701); | 4B I AR Bkl BF 5830 B
SEIERR(20167YCKY03, 2018TYCKZO01); 2017 4E“BEE1HR T 4 K E BHE AH S & % 0% 42 (pdjh2017b0783)

“BEYEE . E-mail: Lsp0lcge@aliyun.com

YrFS B HEA: 2018-09-05; fEEIHHR: 2018-12-04; M4EHARHHEA: 2019-06-10



1308

Lihua Nie et al. | Acta Microbiologica Sinica, 2019, 59(7)

LA H9 ¥ (Cylindrospermopsis  raciborskii) &
—FIEAFE N S ARPEIR, AR ARk
Pk AT RIRAKOK IR, B IRARHE KA
JUAF S SR RETE B 2 o5 P 3 iy Kk A et A5 ek
AR B D AR, AR F LA
CYN (Cylindrospermopsin) il STX (saxitoxin)Z,
& &M EA S SN SR, FEN—
P2 dE 1 P7 PEE  EAE 2 ERAR 2 IR KR
FAZKOK I 545 & B0V, bl fi e S HL g 5|
XS KRG | Bl ) S NS 7 ) f 35 H 2
I DN ST P2e S E AN i i s 5 N VU = ¥R B 7
SRE BT I AR R ED T AR
R PP BRI 43T HILEN L R ] Wi A
KB R R R e, — A
JE I N A2 TSGR

DALAULAE 761 358 Sy D0 4 1) 18 e K AR AT
T KPR RS K AR S B R e, ] e R
FRVA AW IR B SR AR AR
A, AR UAEAR 2 7K 2 E B QU Bl
PR R, T EAESRE . Ll Bl Sk A 2 Y L
INEEXFUR (Litopenaeus vannamei) 3758 #b H K 54
KT E #2E . LGy BR 75 i i
PSR R R, TBERDH S MR,
FOR B EHH I AR X R IR A A K 3 e, A
FFRFAR AR, KT h e, AR
188 3 ) F [ R 2 B i BUK AR A MBI T R T ) 4
FEA BRI S R B, ERKIR Z R 48 &+
HARRA)EEGES), HEMBIAT R REE 5 T
M PR 5 ) R 4 S S T G K
Sy it — A5 RIS A R P DA AR A 1 R
AW MBS A AR B AR AL R, AR LA
2Rl Sk VS T s DX LA Y X R SR B b R 28 Ak
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AR N SEB AR, Tl T A5 B 16S rRNA J K]
FrEE I AT R I 97, I 3 R G )m
BF(Cu*, Cd®" . PO )HEATAE TN Z s, LA
R FUTR A2 L, Ay DU 70 5 375 2k Wi e o < Jm e
REMIBT PRI Z %

1A A
1.1 EMOE. XE5ER
111 ¥ ES 16S rRNA YR S5t
I BERICRAE T A8 I Sk 7 88 g PN T8 X6 MR 57 5
i, A ARk 2 ER A B s UK A AR Wi 5 B g
P03, R T, A S5 B4
MOKFEHRPRECRAR B 22, TCRK IR 4-5 KA H;
A5 2mL CT ¥ 3R3E0 96 fLAH , B TR R
B T 3R, R R A R DR 25 pE/(m?s),
JERE SR 12 h:12 h, W Q25+1) °C, $53R24 4 e A
B AE KIS, SR A 10 mL R4 ) 100 mL
= AHEIEIR AR KB FR AT BRI R

XoF BT 43 5 1) Gl R S A TR SRR A T Rh 28 4
EIE, VAWM A DNA R, KA 16S
rRNA &9 0 3R 551 9 (27F/809R)iF 1T PCR
P12 PCR B SR F (30 uL): DNA A4 1 pL,
51#) 1, 2453 uL, dNTP 2 uL, Buffer 3 uL, [
0.2 uL, 47K 17.8 uL.PCR S 444 95 °C 5 min;
95°C30s, 55°C30s, 72°C 1 min, 35 MEH;
72 °C 10 min, 352/ 1.0%350 NG M 58 e FL Uk Kl PCR
SIS
1.1.2 B ERE 16S rRNA FFIHINE KRG R
BRAHIEE: PCR =ik RIS IE R Ik 5
A BR AT RSN AE, RAFHF 41 GenBank
R Z R LEERY 16S rRNA 741 & 5 #RA1
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KR BN Bk B E® Nostoc sp. PCC7120 ., F:u i )E
Cylindrospermum sp. PCC7417 M2Jig )& Spirulina
platensis . tJJE#: )& Umezakia natans TAC101 Fl
Anabaena bergii 5K JH BLAST #4217 AHAUH: 73
B, IR MEGA 6.0 #1454 (Neighbor
Joining, NI HAFHFINIERFE KB .
1.1.3  BEFhEESR: 78 CT Al BG11 Wil i Fi 5
FRALRYILAL b, A AR A R R AL
WL, BWE T 6 P38 %€ 5 i fh it AT
TRFEEDAL: ¥ CT, N32mg/L, N: P=13: 1;
N64mg/L,N:P=25>1; N128mg/L, N : P=50: 1;
X BG-11,N 247 mg/L,N : P=35: 1;N 124 mg/L,
N:P=17:1; N62mg/L, N:P=9: 1, {KKiXE
N C1-3 5 B1-3 5461, BRI IR AL 308 3 4
AT o SEHR FH AR R AT, R — B
JEERH R BR B 1 e 56, TC AN 225 150 mL A
) 3 IR B =, B T E IR RS SR AR h gk
TikEg% ., WFRAMAB RS H iR, X
R 1O, B R E TS , AE ODeso S A= 1)
i, AR, IR A KR ().
BRI, ANEMICEBOE, ERE R,
B T IEIRRIELS

- E HE A R (ot IR (DR

#=(InB;— InB,)/t (1)

X, 1 W By 2 BRI A]E]RR(d)s B, e
22 R BINBUE KRR 822 %52 ;. B, WG
BLLHETE
1.2 AERERERLEET Cu™, Ca*H Pb 34
EERR BRI

S B P R 1R R R R . AH R
Le@AS, E o bral . MRS TR 45 R K i f
A ARG IR AL, PO 5 A [ e B2 1 o 4 s

WREFRIE, B F/K P43k, Cu*:0.0.05. 0.10,
0.20. 0.40. 0.80 mg/L; Cd*": 0. 0.2, 0.5, 1.0,
2.0,4.0 mg/L; Pb> : 0,1.5,10,20,40, 80 mg/L,
TR BOE 3 A FAT. SEBRRT 1 R T iR T
fRRE %, MEHGR B EUE KB, 2 )5 OGS SR
4000 t/min, 5.0 10 min, YRR TC R 2 &
ANEE4AJRE T 150 mL 5350, SR i N
2.1x10%L. MAERPEES 2 KITHA, £ K HBURE
W5E , AR E 4R s T N s AR,
A AR 2 1(%) (A 2),

1(%)=(uo—ue) uq A (2)

2 T B B A M, u, ST HEZH )y
EARKHR, u FBERAE B 2R AR K R
JIT A B (B o TR 8 1 Origin 8.0 3, AT
ZELET5H 96 h ) ECso >,

2 ERAAMN

2.1 EBEHRERNTE

OB AL BRSO RS . IRER 2
R, ARSI, FEREL) 2-3.5 um, KB E
60 um, Z%¢ 20-50 um (K 1-A . B), WL FENM,
Bk, ik — Uk )8 . #4177 16S
rRNA FJ$2HL, PCR ¥ 5%

&l 2 J bk 16S rRNA 9 PCR &34 () Lk 4]
FEY S K /N—2, 2 780 bp. MlFLE R E
WA F6L 352 16S rRNA fi 5241 780 M%7 471
13BN T AR5, AR K7 51 BLAST #
F5 GenBank H'E. & F M H A IIE A% 168
rRNA J¥41) Ko 5 #RAMEBEIEA TR IR Ho s, 4
RGERKEME 3), ZMIBREREM . 45REW 5
R T R 5 LA SR U 1 PO A 3 S SR AR A TR — 2
e, SCWE MRS Cylindrospermopsis
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Figure 1.
isolated algae.

catemaco CHAB1390 = C R i, X BRA
98% AN, R A 73 s MR AE WE 2 TR 43 2
YW FAE FREAAER, BESY
Cylindrospermopsis catemaco CHAB1390 A [r]— 7
I o ik = A TR, S5 GTEASSRHIE, ARy
4 R Wi K 7135 (Cylindrospermopsis  raciborskii
helix).
2.2 IBfEIH AR SRR L

4 & 5 J BT T0 BE R LZAE 6 FhAN[R) B
TR T AR IR R AR K, 85 R,
ARPE221EX 6 Ml FREE(CL, C2. C3. Bl B2,
B3) &M FHRRA K . 2RI, BIERAESRD)
35 d f s R I R A A A D A XS E KT, 24
15-16 d ikFeE A KM, AP 2R i dimy B A I
R REFRIL S B3, BRIV 14 e 3 s 5 3
BG11 (%5 ali b 8% ROk B2 S /. Wl Lb 43 3l
62mg/L F19 1, FEMIEFRELMT, kmE W
#1£(0.632+0.170)x107/L, A=K #HZ4(0.063+
0.001)/d, 734b, FEBLIG SR TP e R R AR A,
B MR IR e R 22, 2200 34 DMIRGE, T
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The morphological characterization of isolated algal strain. A: most of the isolated algae; B: few of the

Ay i B AR K R BN B R B 45 C3(HP CT
B sk bR AR E R . BRI N
128 mg/L, N : P=50 : 1)1 B1(ElJ5its BG11 K
IR FRAL), X 2 PSR R 2

BFEIARSIUE . BEREZ, Hrp C3 WsAY
HALE 4.50x10%L, F¥E KRN 0.038/d, 4
H2h B3 Ki3REE 68.6%1 60.3%, C3 5 B3 411
AP 5 A KRR 1 3 25 5(P<0.05) 0 H L H]
U, SR PAT: fi A K I R R B AR 5 B3 B0k
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2. S ESEFRAY 16S rRNA Ay PCR 4 # H Kk &
Figure 2. Electrophoresis analysis on PCR amplification
of 16S rRNA and derived from isolated algal strain. M:
Marker; Cyr-1: isolated algal strain.
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27 Cylindrospermopsis catemaco CHAB1390
Cylindrospermopsis raciborski helix (sample) /A
Cylindrospermopsis raciborskii strain Brazil 1 (AF516733.1)
Cylindrospermopsis raciborskii FAS-C1 (EU076458.1)
Cylindrospermopsis raciborskii Florida D (AF516743.1)
Cylindrospermopsis raciborskii IFCC-CRO1 (KY077263.1)
— Cylindrospermopsis raciborskii CHAB362 (KU360019.1)
61— Cylindrospermopsis raciborskii 09A (AF516728.1)
— Cylindrospermopsis raciborskii 4799 (AF516741.1)
L Cylindrospermopsis raciborskii 4799 (AF067818.1)
— Cylindrospermopsis raciborskii N1 (KJ734146.1)
38— Cylindrospermopsis raciborskii LEGE 08326 (HQ407324.1)
Cylindrospermopsis raciborskii PMC98.14 (AJ582102.1)
Cylindrospermopsis africana CHAB1394 (KU359989.1)
Cylindrospermopsis raciborskii Aqc (AF516727.1)
Cylindrospermopsis raciborskii (LC190508.1)
Nostoc sp. PCC 7120 (AF317631.1)
67 Anabaena bergii (AF160256.1)

58 Spirulina platensis (AF527460.1)
— Spirulina platensis (AF527460.1)
0050 84— Cylindrospermum sp. PCC 7417 (AJ133163.1)

B 3. ET 16SrRNA 2FFIMENRFELER
Figure 3. Phylogenic tree of isolated algal strain based on 16S rRNA full-length sequence. Numbers above
branches from 1000 replicates and are given in the following order: neighbor joining parsimony. The accession
numbers of each DNA sequences from NCBI are given in brakets. Scale reprents the expected number of
substitutations per site. The objective strains are in bold font.

035 0.07
030f T & ok 0.06 | G
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t/d ’ Cl1 CcC2 C3 B1 B2 B3
Medium
B4, BEPHBREFTRIERFZEGTHE KL B 5 BEEMHERERRIEFRESGTHEKERE
Figure 4. Growth curves of C. raciborskii helix under Figure 5. Growth rate of C. raciborskii helix under
different culture conditions. different culture conditions.
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23 AEREELBEF Cu®'. PPl CA*Xf1E
BT A K AR MR
IR HERIAE T BELEASRIVR B Cu®" . Pb* I Cd**

FUFT & 7-8 d WIEFRSE, 45Kl 6 iR,
0TI 30 (4 B iy b A S0 5 B 00 A )R R Uk
JETLREIN, AHEXTRRAL S, BR PO*'4h, REH
JE 1) Cu™ F Cd™ % e 400 AT 90 8 1 e 9 LR AN [

FERANHIMER, BEIRAEZead 2-3 d Al I AR K
JG, T4 4 R(=96 hyZMHISCRE B, Hitm
TR PRI 2 4 3 YR B R TR R N . 7 Cu”™ ¥k
JEVEREIN 0-0.2 mg/L, CA&WIETEREIN 0-0.5 mg/L
B, BEAHAATT TR AR R, BN R, R
H—E RS2 X cd™ 2 R T cu®t, 1
Cu®*. CA*"VREE/ 310 0.4, 1 mg/L MFREE, 3
MM TARM AR, BRI a6, Bkl
WA HEMIE T BN . 50 U Al 2B, 3t
BEATH Cu F1 CA* XTI 96 h ECso {H 4510
0.125. 0.551 mg/L., fE Pb>" ¥ Jy 0-80 mg/L 1
TS, BR 80 mg/L iy Pb> Xt S Ay B .90
il A1, oAb v B X A 4 AR K R B Ry — i R A itk
Ve, JoHJEAEFEES 4 K (96 h)J, 1E 1-20 mg/L
(1 P> Vi B ¥ FEI P, 2 41 P Bk 32 o T IR
40 mg/L Y Po™ X # i A Kt R AR U, (HHAR
PEFE T 10, 20 mg/L B Po> W EEALER, DL |
ZERRIT, MR A5 AT UAE — i Wk BV TR Y
Cu’, Pb*'Fl CA*E L@ e T4 TAMF, BA
— G B 2 M, Wtz M AR R K R
RE TR 22 1 3 4 A 5 1 Wk B 43 Jil)
4 Pb*N 1-40 mg/L, Cd*"k 0-0.5 mg/L, Cu*
4 0-0.2 mg/L.

Pb2+>Cd2+>Cu2+ ,
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(A) 0357¢
= (0 mg/L
030 — 0.05mg/L
4-0.1 mg/L 1
025 v 02mg/L
<« 0.4 mg/LL .
- 0.20 F» 0.8 mg/L i
S 015 e
S 1
0.10 t A
L
0.05 ¢ ' N v v
F
000f F—A— et
-0.05
1 2 3 4 5 6 7
t/d
(B) 047 )
= 0 mg/L < i
o 1mg/L 4
4 5mg/L . !
| v 10 mg/L
031 < 20mgL }
» 40 mg/L
+ 80 mg/L 4 ,
Fo02t ¢ .
s .
| L]
0.1t R
> i . . . ¢ N
e * +
= i
0.0 :
o 1 2 3 4 5 6 7 8
t/d
© =0 mg/L
04F e 02mglL . '
4+-0.5 mg/L .
v 1.0 mg/L
2.0 mg/L .
03} me
- .
8 02} . .
¢ A
&
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0.1
- 1 v Y v
/: v !
- < < < Xt v “
0.0 : ‘ ! : +
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6. IBIERERAEREIRE Cu™.
B 2

Figure 6. Growth curves of C. raciborskii helix under
different concentrations of Cu2+, Pb>" and Cd*". A: the
**: B: the growth
C: the growth curve of

Pb** 0 Cd*' h

growth curve of the strain under Cu
curve of the strain under Pb2+;
the strain under Cd*".
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3 ik

A BRI AR Z Bz R — 2K B
BTEREE AR PR AIRAOK LIRS, 8T &
PR H ATk BRI SE P, Hr s R A A
AR Ko T Y507k o MRS s B
MBS BRI I MR/ NS I N 2E 5 I
i FRRE S 5 T 434 Cylindrospermopsis africana .
C. cuspis. C. philippinensis. C. raciborskii. C.
allantoidispora . C. catemaco. C. tavernae Fl C.
curvispora %5 8 IFh, Fodt C. raciborskii BN i)
HEALEE CYN, STX SRR 5|k 2R H R
B2 TR SRR, TR B A FUL T 6 S A
RS, 3 FLE MK |, 168 rRNA & 4 X
B R AW AT 2R G R S SR o 2845 T T A
5, TIEPNE AR B KRS B 8 BRI
R 16S rRNA JIJFE5R 5 GenBank F T 211
15 MORIRTSE . . BORAFIE . 78 FE S5 X A 40
FEAIEE 16S rRNA XA B, HOURE Al e e ik ] 1
16S TRNA AL =35 99.8%—100%. Saker'" % #
KA AL Z A KA 7 ARIDE AL B AT
16S rRNA 2200, A BUHAMUEE X 99.8%11
I, Wilson®!X 16S rRNA. rpoCl, PC-IGS K [#]
R nif H BE SR 70 TARIC, 20 R
X 2 BRI BELI S &P A i,
K U EA MBI R AL RAE . APTFE IR bR P
PR 16S rRNA J¥515 GenBank | F k1) Z k4
FEFLBERY 16S rRNA PSR R G0 4 B AT LA
B, XLEEEPRAR IR ] — 2R, ARy
BE 98%LA -, UAHALERN RIS I D, WF AR
AR T, (HU BRI ie
B, BN, AR TR
LA XS MR ER I3 /K A R 58 A 71 0 R B 4

I U I IR e 2 il Y AR 4R ff e, AR
IR R B, WREAAT A6 AR B 7 R b R B A
K5 T B S Bl HL X MR AR K TG 3, U
(7K BT S T AR AT, 3 b T MR DL i st LA
Fofr ] o ARt K PRI 04 R T AR R, S —
5 T 158 B A5t % R R R AL P AN [ 4004 7 B e ke
HOBS 54 Re A — @A 1Y 22 5 . Willis
£=B2 N ICF) . Wivenhoe 7K FEA3 B HY 24 FRAUAE
fiE, L HIPL S0 Fhric s (L bt K L R 5
RE RN, BHIEE . KR BRI &
PRI ZE SR AAh, A EEPIN
B P — 7K 2 [ B3 5 3] 4 7R 5 i 2 R 1 DA
e, R IILAE A B A A ]

A BIF 5 S 1t A T P AR E 0 AT 6 3 A 7
MR IRIE CT 5 BGIL b, A8 KHAEK
BRI, B 22 E, TE 6 Fhiek R IR Ak
o, A KR fERY 2 B3 (BG11 LAl |, N 62 mg/L,
N I P=9 : 1), A=K ARZEM)E C3 (CT R, N 128 mg/L,
N :P=50: 1), kB, X 6 Fhlsigskdr, B3
(A LR/ N, T C3 MU iR, Lk, B
JE I B3 (%) 7 mg/L)iE T C3 (£ 2.56 mg/L), 4
IEERI LA AL X 6 Bl KRG SR I AR Y S5 1
ARKHEREDRRE, BA2AK S5ABE AR,
ST RE IR AR O, AU H S B R N R i ]
T, HRAECIE B BT A 7
— H SR IR, AR A B R AT 8
e SRR Bt AERe T, A DS OB B FE S U
FEAIBE AR Y 2 [ R EAH G, A S A DG
1= C N N EDY S S 0R Y 7 SR 7737 i N @ T2 o
A BT AR RN 25 5, ISR B B S R
9 RAGYE, T ELARL R WY bk R 2 A B Y 25
PEo MeAh, ARIHPEREAE 6 FERESM T, A
W KO- B0 R (=32 mg/L), ek P RUHR BE 1Y)
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RIFRFRA AR 2Z RN, X5 FEERT R
SIRAFI BT — 3, BIREEEZAE K A
RWREET , SRWRBEERZ /)N, MBS /L
Ry B R

B G EERAAH BRI T T E 4
JEXF KA A YRR PLEE . 2R BT HEAL L
I FH i R4 A 4 W N B 3 K R AR T s e L
A EZM R XY, S e — AR A2 B
FZRTERKARE S, H S EEEZ B AAHEAE
FAWFSE A2 . Tonietto 5PV 47 T AN ) 43 (9 40
FEALEEAT B o M5 1) (EOM) X B 455 J #5140 -5 sl 1)
KAVER, 455 K BBEAR EOM 45454 B 1 (1 i 14
A 24, BEROEARA 1A, 1 HADN TR
EOM X4 2% & J1 58 . Tonietto!* - BUAT: £ 3 )
VAR LT IR 51538 3 #843(>30 kDaj;
30-10 kDa; 10-3 kDa), HAFA [T B HAHL
Y IYI E4 R E T Cu’T, Zn®, Cd¥R PO EA
ARG S54E ), Hrb 10-3 kDa fy#4E
A ML Cu> il C& L& itk . &%
A 2R3 2o SR TC TR S s R A A, %
W TR AR BN, X PP, Cu™tL HE™'. Ag'.
Cr'', Co™ K& Ni*'4% 7 MEEJEE F&ITT 24 h
AR VR BAE 2, 235 SR T IO 8 X 22 00 - I
BRHVE R HC , #E 2 h N RIAT 3k SR SRR . L
2N T XoT M R Tt b T L A A A R R DA £ 3
At T UMM, A5 P A i A RE A8 0 52 51 W fA
THEEREET, NSGEE T KB AR M
Tiif 2244y T X KRR WL E 4 8 3 Cu®™. Pb™
I CA> YT TR, TRoE R, IR
WX 3 Bl HA R FRREE 20, BB 52
BB T W BE YL B 4r A PbY 140 mg/L ., Cd*
0-0.5 mg/L. Cu®" 0-0.2 mg/L, A¥EEMRNT Cu® Byt
2 HROK I e s, X cat it sz S
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TR AR 2412 P X B E POUA: £ i HLAT I v JEE A2
PE SR R IR AR R, Sk TSN 225
5 S 5y A Y. PO AR A%/ NER B
WELTiE B T IR K R BT B2 22T 8 0 1 P R B 24
(EIZESUFE A 7E 80 mg/L Y Po> ¥ K 4
Sk BH AR A, e s T A EBE (60 mg/L) B IRIK
FEBEAS B2 25K 35(50 mg/L), 25 FIA%/INBRTE B il v
JESZ AR, 1SRN ) 2 B 4 i s AR
M, EEHTFREESEEREN | mg/L 2414
P51, BRI A S AT Cd*(<0.5 mg/L).
Cu™(<0.2 mg/L)E 75 HA W Bk R 75 ik — A
58, BT PO Az, DU T R
Pb> {5 YL (K AL BT

Z % MW
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Isolation, identification and effect of heavy metals on the
growth of Cylindrospermopsis raciborskii helix from shrimp
ponds
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Abstract: [Objective] We examined the physiological characteristics of invasive cyanobacterium
Cylindrospermopsis raciborskii helix isolated from Litopenaeus vannamei culture ponds. [Methods] The algal
strain was isolated and purified from shrimp ponds in Chenghai, Shantou, and identified by morphology and 16S
rRNA sequence analysis. Then, with the general culture media of CT and BGI11, we optimized the culture
conditions. Finally, we analyzed the effect of heavy metals Cu®* (0-0.8 mg/L), Cd* (0-4 mg/L) and Pb>" (0-80 mg/L)
on the growth of the isolated strain. [Results] The identity of 16S rRNA sequence of the isolated strain was higher
than 98% with that of typical strains of Cylindrospermopsis raciborskii from GenBank. Under laboratory culture
conditions, the optimal culture medium for the growth of the isolated strain was the modified BG11 (N 62 mg/L,
N:P=9:1), the exponential biomass and growth rate were up to (0.632+0.170)x10" /L, (0.063+0.001)/d, respectively.
The isolated strain tolerated heavy metals Cu2+, Cd*" and Pb2+, and the tolerance concentrations was Pb>"
1-40 mg/L, Cd*" 0-0.5 mg/L, Cu®*" 0-0.2 mg/L. Furthermore, Cu®" and Cd*" inhibited the growth of the isolated
strain, and the inhibition increased with enhancing of heavy metal concentration and contact time, the 96 h ECsy of
Cu®" and Cd*" were 0.125 and 0.551 mg/L for the strain, respectively, but Pb>*(0-80 mg/L) had a dual effect on
its growth, which promoted growth at low concentration (<40 mg/L) and inhibited growth at high concentration
(=80 mg/L). [Conclusion] A strain of Cylindrospermopsis raciborskii isolated from L. vannamei culture ponds has
the potential of adsorbing heavy metal ions in shrimp ponds.
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