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Toxicity and photochemical activity of Microcystis bloom in crab cultivation pond
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Abstract; In July and August of 2013, Microcystis bloom occurred in a crab pond which was located in Wuzhong district, the city
of Suzhou. In the present study, single and double PCR amplification for microcystin synthetase gene were used to detect whether
the Microcystis bloom was toxigenic or not. All PCR products from Microcystis bloom materials were positive. Meanwhile , high per-
formance liquid chromatography technique were used to measure the microcystin concentration of Microcystis bloom, the results
showed that intracellular microcystin concentration were 1.49 and 0. 88 wg/L in July and August, and intracellular microcystin
concentration were 0.75 and 1.09 wg/L, respectively. In addition, Phyto-PAM was applied to measure photochemical activity of
bloom-forming Microcystis. The value of maximum quantum yield ' /F  were 0.48 and 0.44 in July and August, and the effective
quantum yield @pg;; were 0.38 and 0.32, respectively. These results suggested that bloom-forming Microcystis had higher potential
growth, and the value of non-photochemical quenching were 0.28 and 0.36. From the view of characteristical parameters of rapid
light response light curve, it demonstrated that the photochemical activity of bloom-forming Microcystis in July is higher than that in
August. The experiment results from this study suggested that water in crab culture pond has suffered from Microcystis bloom and
microcystin contamination may present potential threat to crab food safety.
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HBIE AL T S SR BT A K AR R LA R F NS R BOK AR Y T RS R, R
AEBIR G, AR R G ™ A — R HA IR PR AN A 13 37 2 (Microcystin, MC) , BT TRESSHM i JH-48
L B IR S IR B MC K, TTRES | R T A 21 41 (WHO) EEBUK K I
MC [f)%2 S FE A < 1.0 pg/L, /K7™ i g BT SR VFHEA MC <0.04 pg/kg' ™.

MC 2 —Fi/NrF AR Z B, S5 HH8 . 5T 3R], MC 2 i 3% B 75 25 6 UL R 5 1 ( microcystin: syn-
thesis gene, mey) gt I Z [5G ARMEAE W TR ARC Z BT mey FERF WL, 580 T
FEFUSMT. mey LIRS S b B AN S5 1 AR A T4, A 10 ASFRBE AR (meyA-D) ™. SCHRHR 8 1R
AH TS S mey SEIN S IS R A A VIR E L R B TR mey FE IR G R A5
Yy, ST T R e BEOK A2 R A 7 Y PCR 4 35 HR, W] LR (3% 958 /K A8 J2 75 777 35 i o R 33 R A 4 )
W RIS, AR MC R I AR RN T 7 et TR % B, 3 A A A B RS Mk R AR A T R
1530 W A £2,13% ( High Performance Liquid Chromatography, HPLC) & HETR F FsE 2 m k.

IE 10 4%, RENTE S AOA T BRI K R, FRAEARE TR KAR &, 5 3758 %5 B A KT K, XK
PRIB A AERE N, 3 ALFRFE MK VR 5 75 3R AL RN PR , S B30T M8 5% b 30 1 K 0 S A, o Y
FEIHE RE KA. ©A — LSOl T %0 M 0 K A I AT T HRIE, (X TR K A i B )
VR B A BRARAE W B Z BF5T. 2013 4R 7 JTRI 8 JT, SN 7 52 v X — Vi Al il R A= 17 7™ 2 1 TR K A
TGN 235 2R 3R W R S A T R K AR Y D SRR . ASRIT SR 4 4. PCR 47 14 PR AGHI S 3 K 4R 2
BHBE, LR HPLC Z3 T 5 E T MC k2. 53 4, i ] Phyto-PAM ZEEAUNE T I BEHIK A 1
AVERITEE, FH T WFoE 00 B i A AR . ASBIEGE g I e 80 5 B ol 3 (0 i /R A B P R A R AT 4 1L
TUECHE , [ S AN 8 £ 22 A SR AR 2 AR

1 #MEFTE

1.1 KREERE

2013 4F 7 FAN 8 H J M S b Xl B FRAF I A ™ EE Ak AR 210 T T A 24 HAS 23 H
/1 10:00 SREEKAE, A MLBEES KK #5R 42 10 L KAE (30 em) IRAI5T B L KAESE A T4 Bl 88
p BRI 2 ASPAT Al RS2 3 HEAT A0 A
1.2 BUEFUE

SR G A K BT R A (HQ40, HACH) LA 22 SR A s A M T MR BE 8 A S0 pHL. SR JT 378 I 88 984 2 7K
PRI B BE . R UR TR Ao B R 0 A58 AN O BRI , Bk TR RR 8 43 G BRI 2 , M4 R a
R 90% PIBRAEHL, APl
1.3 mey B E R B R &0

H5. 0 ml K4, 10000 F%/mim 80> 10 min WS BANNE , AT AUK RS, /A2 3 W, Bm 100 pl
AKESR, BT - 20°CHH7 VBN PCR 7 HIAAR.

ARWFFEHEAE meyA imeyD Fl meyG BEES PCR P4 X4, PCR §7 1B FHE 11 WL 1. HHA X mey A BL 1A
KB — PCR 348, meyD Fl meyG KA E PCR §714.

# 1 PCRYITIY

Tab. 1 Primers used for PCR amplification

PR 51973 FPFI K/ bp

meyAL’] F:5'-AAAATTAAAAGCCGTATCAAA-3 291
R:5"-AAAAGTGTTTTATTAGCGGCTCAT-3'

meyD10] F:5'-GACGCTCAAATGATGAAAC-3’ 647
R:5'-GCAACCGATAAAAACTCCC-3'

meyGHo) F:5'-ACTCTCAAGTTATCCTCCCTC-3’ 425

R:5'- AATCGCTAAAACGCCACC-3'




RS TR R R SR L A R A A 115

PHG A PCR WK R 25 wl, Hh A5 12,5 pl, 2 x PCR mix ( B HZAEY) 1 wl IERGIY)
(10 pumol ) ,4 wl Bkl , FIRBLEAKNE 25 l, FIPEXT Al F 47K AR Sl DNA £54R.

SN AR FARM: 95°C 5 min, 28 95°C 40 s, 5 43E k 58°C 40 s(meyA) F1 56°C 40 s(meyD F1 meyG)
HEAH 72°C 40 5,30 MEFF, BJGTE 72°C T PR ER 8 min. JLS wl PCR 74 R VR BE 1. 5% BB ARWHEE I AT

1.4 WEESERE

1 200 ml ZKBE, 25 GF/C B I8 2T 20k N5 o 8, 20 I 0030 Y30 4 1) D 00 5 L g 0L 7 9 o 78 55 Ak
JiE 5 BB TR IRV R TR LA R T, BT R, 43 DI 5% B9 Z BRI R 80% (4 TR SVA W45 5 ml HE4T
AR DO A R, O SRR IR AT, B R A I ISR SR Cog R A UV B 4R A0 4l b i I AR
WCRRIE I, 5 0. 1% TFA fy W W U 0%, 6 T W7 40°C A 1,0, 5 ml 50% i Y 52 948 W5 %
.

SR FHVHE A 22 G T 8 P 22 B TR OB M £33 3 ( Agilent1200, Agilent, USA) 347047, Killl 25 14 4 -
A 0.05% TFA 2R, BEEE I 30% ~70% AL 40°C , JiEHE 1 ml/min , SEAMGII £ K A 238 nm.
1.5 RAERFE ST

K FHTF A DAL Phyto-PAM ( Walz, Effeltrich, German ) il 5 il 48 6 14 O£ 1 IS 5, 23 BT 4 1F o
Phyto-WIN v 2. 13 B R 0. 22 wm JEAE T 8 /KRE. S I8 SCHR[ 14-15 ] 905 /K He (e i 4 98 0 280 B
JKBE 3.0 ml, BEE R 15 min. § 56 5T FF 685 BE AR 55 (1990 4 6 MR ( Measuring light ) , {54 I 8 5 /N 5% 6 8
F, B J5 FTFFA R o ( Saturation pulse) , 75 5 e KFEGAE F,, , IR, 7266 BEGE I £ I LS e K9t
{8 F/FISEBRC AV ERIRCE Dy BEEIESEERE 20 s IELEHHETR GG (active light) (16 ~764 wmol/ (s + m’) ,
[FI I SR oG 6, DA B RGHD G 1 2R ( Rapid light response curve, RLC) it it £k, vl LIS 2] 3 4~
RLC LR AHIE S50 AR X B R (o) KR T3 AR (rETR,,,, ) A A GRS (1) " Hp F/F, =
(F,~ F)/F,,NPQ=(F,~ F,")/ F,". F/F, 2K tE T4, F T 507 W 98 18 i O 5L
% ; NPQ (non-photochemical quenching) & E 623 VR , FiF 17 WA W04 o8 oG REAE RO PO B 7 , B
DA LAl

2 RO

2.1 B HEF

B FEFE MR AR 7 AR 8 A Ak 1. 68 F1 1,05 mg/L, BBk B 43514 258. 28 F1468.52 pe/L,
SRR B Y K R s B SR AAR I 4 R a WREE 39000 74.8 163, 8 pe/L, WA MR 45 5 R K
PP IR AL B A SR I W ( Microcystis aeruginosa) 20 8 ; /KR 4390 4 28. 5 F1 31. 5°C , 4 F Tl e ek 4
TR ; i B EEALAIG, 43 50 o0 30 1 25 em; 7K B S W 1, pH 435124 10. 50 1 9. 85; ¥ M 543 %1l v 8. 51 #
7.82 mg/L.
2.2 PCR =¥ ytain

PCR 7=4) (1) 58 e HL TR RN 45 SR PT LA 1 PCR = (MR S, W S [ B R (B 1) .7 A8 Al
T 5 L Y R T T R K SRR SR I REY 1) mey A imeyD Nl meyG FER R B, v Beok N5 H R — 2, TT 1L
A5 W , T K AE LA TR T
2.3 MERSERE

SR HPLC 387 7 35 0 2 Yl 18 55 40 b B oK A g 200 25 SR N R 2 B ket 3 Fh e i, 5
FaURH AR T A 8 AFEAEZESR T AMEEROKEMNEZWERT 8 A, MM g R EMR. 7 A M
WK EMANFERIRET N 1.49 pg/L, Hih FA4K RR YR A1 LR #3420 0.46.,0. 45 F10.58 wg/L. ffish#
RKURE R 0.75 peg/L,RR, YR I LR ¥ & 4354 0.22 0. 18 #1 0. 35 wg/L;8 H M PN il 3% i 8 R ik & 15
0.88 pg/L, KA 324 & RR,YR H1 LR ¥k & 43 1y 0. 27.,0. 31 1 0. 30 pg/L. I AM 28 o 5 Z IR
1.09 pg/L,RR.YR #1 LR W44 0.39.0.28 F10.42 we/L.
2.4 WEBAGIERFENE

MK FE B A 4 R DOCSET A 1,7 A 8 A s iR KOG E T =& F,/F, 4370 0. 48 i
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1 PCR 7= YRR AL UK &1 3% (M 73 F-4R1C , DL1000 ;7 1 8 AHN H 173 il e K HEAE
— BAMEXT R 22 aimeyA PCR 724, A b:meyD Fll meyG PCR 7F=4))
Fig. 1 Agarose gel electrophoresis images of PCR products(M: Marker, DNA ladder 1000; 7 and 8 indicate the
Microcystis bloom samples in July and August, respectively;—: negative control;(a) : meyA, (b) : meyD and meyG)
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Fig. 2 Intracelluar and extracellular microcystin concentrations

0. 44, SCPRIGEE T 8 Py 3001 0. 38 F1 0. 32 (18] 3) , 32 WA /K A2 1] 18] fof 4 88 A7 5y 9 D6 4 # O . A
NPQ {H R LAF 1,8 s P RIBE 1 T 7 H . MOBmR Rz th 4 O FRIE S 80T AR 7 H U st
BEAI IR (i 52 i AE ) A il R 3w T 8 1 (1813).
3 it

T 0 A T 9 K i SR B A o B i i — . AR, T it I R SRR AT AR R o, WO B 1R W
IR, BORHS AW N, S BORFEK RIS AL & IR ER AT, FRAK AR IE, 12 B B FR RS, 1t
TR B B RIS U JBE 2 M e 8 SR A v, S BOK ARG WYt LI, o 2 SR B b I A MK A U 5
PE2E. [N, 2013 27 A AN 8 H B I 1R 1 g s B R, S L (e 1l ol 2 o Kk A8 e 2B ) A
SE Y TEKARTE U K IR 3 a HOVREE— MR AE 10 /L L b FEIZRTSE 7 8 J1 PRUCR R K 14
TR HOK BRI 4R a WRBE S SRS 74. 8 A1 63.5 ng/L, ¥ 28 T 10 pg/L, 3 W0 7K A2 ik i
7o ST I B, ] 2 L0 e ol e K A B L SR A

S VR TG A6 7 Tl i A B AE R F B4R 4, 22 R F 4 3R SO ORI SE PR A B 5 AR
FHIEAE. Phyto-PAM Jg&: L — I WA 05 15 PR (9 22 AR, 7D T 91 TA S sk e vh 2 JH kel 7k A2
BB TR YE ™ ARG S T LA (P 3) 7 1R 8 1 K A6 e AT B Rl A A T 1, L
IO F/F, 705009 0. 48 F1 0. 44 SEEROGHE T 7 fiE @y 70512 0. 38 F1 0. 32, 1 K Wi T 8 57 51
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U IE T B A 0 T A e PR R T i, A R T e Sk
K AEAE. RIS AT LA 7 8 A IR UK A I ol '
AR 25T A A WA im M T 8 H . il it
M 37 T 2 )R 2 5t T DL BT — . MUK IR (L, 8 H
WIE AR (31.5°C) & F 7 A (28.5C) PSR MITE b
WIREE N, REA AR TR &M EEN LS
PEPI (E8 H S G 4 M R TSRS, T RS T
B B B 7 KB K I [) B 7 A b i B 4. B 1
4 SCHRAR 8 e e J 000 IR N A Ve T 32 B
O, BET G AR FEAE T2, 55— 05 T , e o mT LA i
NPQ HLHIFEA 0, WARF T 45 T LLA th,8 A (s
W NPQ (HE T 7 F e , i3 to 2 e s 7 1K I i 125 163 4%
R B —Ff AL

PCR ARSI 7 2 K6 ) o 98 05 K A 2 75 77 2 9 o T i 2
— B R R AR A R R PCR
38X G2 AT LA MK A Gt B B B DNA o] L2 e e
ZH. R AR 7, 420 M0 PCR W DL EL 42 L IEF A ok 34 35 40
ARG, 48 2 T BB DNA $RIGS R 78 [ AR K IR 5
IKARKGI R EA T2 B L [RIE, A Bf— PCR 338 [ L
FIZ T PCR 414 % ™ A BF 58 R JH 42 40 0 fr B — A1 AL
PCR J7iE4 10 1 10 8 55 50 h P K AR T 8 355 1) mey SEIH], 245
SR BRI 1), Fe B s K A P 19, 45 HPLC 407
ZER B 2) , UL IE KA Z B MC V5. ik 54
xSy i A e £ T PCR OGN ™= 75 (9838 7 v M LE , AS T
FEI Ve PSP S v v, A R PR 4505 5 A, 9 I e S
FEIAIE P B B B, X A R R Y 4 4
PCR 4 4T 75 , 7 e 45 S PR 0951 9, E %) PCR = 17
itk

M HPLC A R mT U457 F g s K i L A
MC #eBEAr50 4 1. 49 F10.75 wg/L,8 AN 4 MC ¥k & 4y
51 0.88 1 1.09 pg/L, 53 Z6745 25 b, ok ] g 5 o
BEARAGER I B O¢. — M5, 75 (028 BEK 6 A K A i 5
FICP Y], B P 2 2 3 R , T A 25 2 B A0 M1 5 7 Tl e s
IR U1, U S 200 £ B T, T R R B K M
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of bloom-forming Microcystis
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