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Detection of Prorocentrum minimum ( Pavillard ) Schiller with the

Electrochemiluminescence-Molecular Probe

ZHU Xia', ZHEN Yu’, MI Tie-zhu®, YU Zhi-gang’, CHI Zhen-ming', LU Xing-lan’

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China; 2. Key Laboratory of Marine Environment
and Ecology, Ministry of Education, College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100,
China; 3. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical
Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: In this study, the electrochemiluminescence-molecular probe ( ECL-MP ) was established based on the sandwich
hybridization integrated with nuclease protection assay ( NPA-SH) improved by electrochemiluminescence (ECL). It can be used for
detecting Prorocentrum minimum (Pavillard) Schiller qualitatively and quantitatively. NPA probes of P. minimum were designed based
on the NPA-SH. After labeled with Ru(bpy):*and biotin, they bounded with streptavidin-coupled magnetic beads and generated
electrochemiluminescence in an ECL analyzer. The ECL counts per second (CPS) was drawn against the cell number obtained from
microscopy to establish a calibration curve of P. minimum. The results showed that the labeled NPA probes had good specificity and
practicability, the optimal usage of magnetic beads was 4 pg for detecting 20 wL hybridization mixture, the detection range of P.
minimum cell numbers was 6.25 x 104 x 10*, and there was no significant difference between the data gained from ECL-MP and
microscopy with 95% confidence level (¢-test) when treated with cultured and mixed samples. ECL-MP was a convenient new tool for
rapid assessment of P. minimum in marine environment.

Key words: electrochemiluminescence ( ECL); sandwich hybridization integrated with nuclease protection assay ( NPA-SH) ;
Prorocentrum minimum ( Pavillard) Schiller; Ru(bpy);Cl, -6H,0; tripropylamine ( TPrA)
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RSCHRIRAA ) , FCAZ 0o 3 20 A H35 A i 5 3l T
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1.3 GlUINE R S R A 2%
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1.4 EIPRic ST RRIRE i il 25

P NPA SREF % 570 A 373 o B HEA T A R A
FEAHRIC, 193] B-NPA-NH, 5%, SR )5 F & L 3k
VT (R TR S DR R ML I T 5 A TR PR A o A ke |
Mi3k4% B-NPA-Ru #8451, #Ric 7 i an F 2 2 8 B-
NPA-NH, #RE BT 1 x PBS(pH 7.4) Wk &R
0.1 pmol-L7'; label ([ 4-( N-
succimidyloxycarbonylpropyl )- 4'-methyl- 2, 2’-
bipyridine | bis ( 2, 2’-bipyridine ) ruthenium ( II )
dihexafluorophosphate ) ( Sigma 2\ 7] ) % F DMSO ( 4=
YT LW ARAR) P WEHN S wmol - L7
W 138 2 FhV WA 1: 4 H e = 3R R Ab i R
J 5 FA 1710 1B NaAc (3 mol-L™", pH 5. 2)
12 AEARFRVKR Tk O IR S - 20°C i i 2 /0
2 h; 12000 r-min~", 4°CE&.L> 10 min, 55 L35, UITE
FH 70% RS VE 2 Wk, %0 T4 5 BD45 5] B-NPA-Ru
TRET B AT 25 L gk, - 20°C1R-77E4 .

it Origen

F1 #HUNREFE NPA-SH SiTEXEREFIIER

Table 1 Sequences of probes for P. minimum
PREF JFHI(5-3") GC/% r,/C K /bp
HARERET Biotin-tcatggtagctegtctacgggtga 54.2 65.4 24
NPA 1% acagtccgcaaatgagtictgecaaggetattcactcacecegtagacgagetaccatga 50. 8 82.0 59
{55 B ggcagaacteattigeggactgt-Fluorescein 52.2 69.5 23

1.4.1 JELZE3CHIE

$r 2 fi# W (80% formamide, 400 mmol-L ™
NaCl, 5 mmol - L™' Na,EDTA, 1% SDS,pH 6.4) Sl
fifi 2% v % (25 mmol-L~" ZnSO,, 250 mmol-L"'
NaAc, 150 mmol-L ™" NaCl,pH 4. 5) f1 S1 fi 1128
W (30 mmol-L™' Na,EDTA, 350 mmol-L"'
Na,HPO,, 150 mmol-L~" NaH,PO,, 62.5 mol - L™’
NaCl) #% 1: 1: 5 W BIE G i 2% SS TR & 5 B /b
JF A NPA #5841 . B-NPA-NH, #5411 B-NPA-Ru
BEH EIRTR A WA 100 WL % B S5 A 15 2 7

RERET B BEAR AR (Nune 28 H]) Hr 1H IR $E R (50C
160 r-min~") H1 2232 30 min, #X 5 JH B84 PBST
(%4 0.5% Tween-20 1 PBS) ¥E¥4 3 W ; BRfLIEA
100 WL &4 5 nmol - L™ {5 5 ¥4 I 4258 % /P (4
x SSC,0.02% SDS, 8% formamide, 50 mmol-L "
Tris, 5% L2EIL3%,pH 7. 0) , fHIEFE K (50°C, 160
remin " ) %32 30 min , %X J5 H] PBST 3 W\; *
AR ALY BEbR I P2 R PR 1: 6 000 11
FeARE T2 B ER K P (0. 9% NaCl, 5% 1L 1fiL
H), 5L 100 pL MAREFRAR , TR 4K (50°C, 160
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remin ") FIEE 30 min, SR )5 F PBST Pk 3 1K
fLIEA TMB &8 100 L, 8 3 K (37°C, 160
remin ! YALFE 15 min )5, HFLIEA 50 L Rl (2
mol - L™") & 1k R, FH 450 nm 1 630 nm X 0
FEMOGAE.
1.4.2  S1 B AT RHIE

BN R e 20 L 8 SR T 2 mL B0
12 000 r+min ™" B.0 10 min, 7 F1E; A 1 mL 24fi#
Y00 FH I R T B (RNA (2R EE N 1.0
mg-mL ") FEBEEEAAL, SR 5 H 450 W 50% 575 [
CEA I A0 BB AN JY-92 I, T R AR A # ) A
TR P AL 4 min | BLAS 1 I8 AR 40 2
T —B0E T KA R AR B RS o)
W15 NPA 5% F1 B-NPA-Ru #REHR A (EREF 20k Br
50 nmol - L"), #ilf3 243 TR B 20 pL, B izl &
94°C b3 15 min, 42°C 2428 2 hy Z43CIRA T A KRR
HJG, M A 20 pL S1 B 28 vh il (% S1 f§ 2
U-pL™'), 42°CALBE 1 hy FEJS, DA 100 pl ST fiff
o R GE i, 94°C ZEFE 15 min, [ SRR IS EHI 140
L SN R B MR T I 0 A28 S
1.5  WEMERERS ECL 5200

PO, 2. 4, 6 F18 pg Fibric A BERE %
FIZ I RENE TR (Promega A F)) H 140 wL Z2381R
AW AT 12 1:5) #i B, A E i B-NPA-Ru 45
Bt AR (379C, 160 remin ") ¥ E 30 min, f#17
WSWE R 45 Gy RIS BEBR RN
S35, 0 1 x PBS(pH 7. 4) B TE VR BERL R, 2R
JE¥ S TPrA (1.5 mol-L™", Sigma 2\ A ) IR 4, 7F
SMINELEN 1.0 V, B 1.0 mA (53 A #H 56 SCHk R
i) Z0F F A sh ECL bz, i 5 f Bk 24 & 65 5
{E ( counts per second, CPS).
1.6 UG T3 ECL-MP #6028 i+ 2

FE N 5 20 e AT 2 A5 R R )5 o )
5% & B-NPA-Ru ¥4I & (E LW E h 50
nmol - L™") , Hlf3 2432 IR AW 20 pL, #E4T S1 R P
SYRTSEE s 2R AR HERE RS 4 140 wL U
RAWE 4 ng BYARERFAMERMERERRS,
RIS R T 30 min; #EIANEREIZR T B 5 1 x
PBS I TH Ve -6 BEREER , 55 TPrA IR & M AFE 5
W, AT ECL JCA5 S A . LU/ 5 H 35 40 i %
BEARAR , P BUE DA AR ST 3N JEH 8 ECL-
MP A 2%
1.7 /NS EE ECL-MP A6 0 i 28 A 56 1F

FRAE EL ST /N 38 ECL-MP £k 43 #7

4, ARl H bR | SEER S IR A e SR I R
AT AT, ARG TN 5 2R 5 % 4 O B T
SEILIEAT H A LSRR 2y ik B MER PR R ] A 4.
1.7.1 4l BAREEm o Hr

WSCER — 2 R B %) A /N P S A RO o P
B3 6 10y, 3 3 ECL-MP J5 B k17 5 1E 5 46
W, 3 0y FH A EETH AL 4 ECL-MP Al 5 i
GRS BB RS R T L.
1.7.2 LRG0T

PR (107) B3/ 35 AR i D H
P B AR BRI R R e M X
6 PSR &, M R AR AL FHR G RE T  4
W6 1, 3 U3 ] ECL-MP J7 ¥ K R 5 v s/ Ji
FEAECR, 3 Oy R B R T BT TR
A AR P SAE RS R T O 22, A 2
Tk E S 22 e a5 R 25 vk, LUK 5 ECL-MP
Jr T AT
1.7.3 B A SR KRE L T 50 BT

M T AR K TR Z R R s ik AR
SEATUC YRR G 45 1046 T AT RE 2% 8 5 ik i A D
PR . PRI AR S TR R A T IX
(1) SR K RAR B — 2 B/ N B4 e, DA e ok
B B SR TH AR . ECL-MP J5 75 X% R
PEATRIN 38 4o 2 ST 0 43 A il 2t SRR
rh /N i P S %) 20 AN B, TR 5 R S O A
M L.

2 HBRESMW

2.1 HREMRE R SIE

FAAI R i TR N i e S MR A 43 i)
XN R i R B A (107) FHVE 11 Rl DL
TOBEIEAT NPA-SH 20 M7, LA 22 ISR S 78 S2 BRAS il
o AR . R R IR HOA TR N
SRR, A R 300 J0 2O () T A I S S e 1 A5 5 1E
(B 2) X UL A B 78 35T B R A R A Bl 4
SR AT LA T IR 2250 5.
2.2 5THRiC NPA #8517 1R 56
2.2.1 FFAE IR

ME 3 AT LI H, B-NPA-Ru 8%F 7T LA IE & #F
T A3 S, W 2 FR B B ) AN T3 K A5 5 1H
WL T . X —EHE RPRICH) NPA #5200 24
&4 AR, U I IR L E 47 7 28 b ic A% R
PREF T TR ATAT 1Y, AN 23 52 ) 21 B bR Al L Y J& .0

AL LN
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