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1
Tab.1 Sources of harmful algal species and strains tested with FITC-conjugated lectin probes in this study

 Species  Strains  Locations  Isolation year

Alexandrium tamarense

ATDH01  East China Sea 2002

ATDH02  East China Sea 2003

ATDH03  East China Sea 2003

ATDH04  East China Sea 2003

ATMJ01 Minjiang River Estuary 2003

ATMJ02 Minjiang River Estuary 2003

ATCI01 South China Sea 1998

ATCI01-JN South China Sea 1999

ATHK9301 South China Sea 1993

A. catenella
ACDH01  East China Sea 2002

ACDH03  East China Sea 2002

Alexandrium  sp.

ASPGX01 South China Sea 2000

ASPGX02 South China Sea 2000

ASPDH01 East China Sea 2001

A. minutum AMTW Taiwan coastal waters 1999

Karenia mikimotoi GMDH01  East China Sea 2000

Takayama pulchellum TPXM01  Xiamen Bay 2003

Akashiwo sanguinea CCMP1740  Caribbean Sea 1994

Gyrodinium instriatum GIXM01  Xiamen Bay 2004

Gymnodinium sp. GSPXM01  Xiamen Bay 2004

Prorocentrum donghaiense PDDH01  East China Sea 2002

P. minimum
PMDH01  East China Sea 2003

PMXM01  Xiamen Bay 2004

1

1.1

23 1

ASPGX01 ASPGX02
2.5%

TPXM01 GSPXM01 AMTW PDDH01 PMDH01
PMXM01 GMDH01 CCMP1740

1.2
Rhodes 7 Rodas 4

FITC
100 g/mL Kim 11

Vector Laboratories 
Inc. Burlingame CA FLK-2100 FLK-3100

23 f/2

3 000 g 10 min 4 f/2 2
FITC

14 100 g/mL 1 mL
1 mL

105 cells/mL 20 
1 h

2
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2
Tab.2 Lectin probes used in this study

 Lectin probe
 Sources  Specificity

A
ConA Jack bean Canavalia ensiformis  seeds

methyl - mannopyranoside
D - mannose D-glucose

DBA Horse gram   seeds N - acetyl - D-galactosamine
 PNA Peanut Arachis hypogaea - Lactose D - galactose
RCA120 Castor bean Ricinus communis - D -galactose

 SBA Soy bean Glycine maxima 
N - Acetyl-  D- galactosamine D-galactose
methyl -D-galactopyranoside

 UEA I Gorse Ulex europaeus L-flcose
 WGA Wheat germ Triticum vulgaris N-Acetylgucosamine

Griffonia implicifolia
GSL I

Griffonia imphcifolia Bandeiraea simplicifolia -galactose N-acetylgalactosamine galactose
raffinose

 LCA Lentil Lens culinaris seeds
-methyl mannoside
-methyl glucoside

PHA-E Red kidney bean Phaseolus vulgaris N-Acetyl-D-galactosamine
PHA-L Lima bean Phaseolus vulgaris N-Acetyl-D-galactosamine acetic acid

 PSA Garden pea Pisum sativum -methyl mannoside
-methyl glucoside

 SJA Japanese pagoda tree Sophora japonica N-acetylgalactosamine

Succinylated WGA
Wheat germ Triticum vulgaris Chitin Hydrolysate N-acetylglucosamine

1.3
Rodas 4

Rhodes 7

10 L citifluor
1 g/mL DAPI Sigma

Zeiss Axioskop 40 01
DAPI 02

FITC
4 3+ 2+

+

1.4

1.2

RF-5301PC
Shimadzu 490 nm

515 nm

4

4
1.5

1% 4 
1 h PBS=70 30 V V

28 pH 
8.0 2 105 103

100 g/mL 1mL  20 
1 h f/2 3

PBS pH 9.0
Beckman Coulter Epics Altra 

II 488 nm
50 mW

1.6 

t P<0.05
MS Excel 2002

SPSS SPSS 11.0 2001

2

2.1 Gymnodinium
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3
     Tab. 3 Percentage of harmful algae bound with FITC-labeled lectins %

Microalgae
Control

ConA DBA PNA RCA120

Staining quality Staining quality Staining quality Staining quality
3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+

Alexandrium tamarense
ATDH01 100 100 0 0 0 87 9 4 0 6 89 5 0 13 30 57 0
ATDH02 100 82 18 0 0 7 70 19 4 0 75 21 4 6 34 60 0
ATDH03 100 100 0 0 0 30 48 22 0 7 48 30 15 0 61 39 0
ATDH04 100 88 12 0 0 40 50 10 0 0 1 33 66 2 25 67 6
ATMJ01 100 93 7 0 0 10 55 35 0 0 0 43 57 8 54 38 0
ATMJ02 100 94 6 0 0 0 66 34 0 0 0 48 52 3 59 36 2
ATCI01 100 92 8 0 0 0 81 19 0 0 0 42 58 1 51 45 3
ATCI01-JN 100 86 14 0 0 52 39 9 0 0 0 73 27 0 23 68 9
ATHK9301 100 82 0 16 2 46 40 14 0 0 0 80 20 0 19 81 0

A. catenella
ACDH01 100 100 0 0 0 2 66 32 0 0 7 89 4 4 74 22 0
ACDH03 100 97 3 0 0 4 75 21 0 0 0 79 21 0 9 91 0

Alexandrium sp.
ASPGX01 100 100 0 0 0 6 90 4 0 0 1 84 15 58 36 6 0
ASPGX02 100 91 9 0 0 0 6 94 0 0 0 33 67 0 15 15 70
ASPDH01 100 66 29 5 0 0 8 80 12 0 0 55 45 0 56 44 0

A. minutum
AMTW 100 0 0 76 24 2 63 35 0 9 57 34 0 0 16 84 0

Gymnodinium
GMDH01 100 0 86 8 6 0 48 52 0 0 0 6 94 0 0 89 11
TPXM01 100 0 0 83 17 0 6 78 16 0 0 65 35 0 16 84 0
CCMP1740 100 76 18 6 0 14 42 44 0 0 50 46 4 16 63 21 0
GIXM01 100 0 91 9 0 0 0 0 100 0 0 79 21 40 49 11 0
GSPXM01 100 0 0 85 15 0 45 55 0 0 0 68 32 0 26 74 0

Prorocentrum
PDDH01 100 0 90 6 4 4 92 4 0 0 0 63 37 0 0 79 21
PMDH01 100 0 0 53 47 0 0 92 8 0 0 6 94 0 0 66 21
PMXM01 100 0 0 51 49 0 0 0 100 0 0 0 100 0 0 83 17

GMDH01 PHA-E SBA WGA GSL I
TPXM01 PHA-E GSL I GMXM01

GSL I DBA CCMP1740 PHA-E

1
2

3 4 GMDH01
TPXM01 GSPXM01

SBA WGA GSL I DBA PHA-E
DBA GIXM01

GMDH01 TPXM01
SBA WGA 3

4
PNA UEA I

P<0.05
3

4 PNA UEA I

GSL I CCMP1740
GSPXM01 PHA-E GIXM01

GSPXM01
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Microalgae

SBA UEAI WGA GSLI LGA

Staining quality Staining quality Staining quality Staining quality Staining quality

3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1

Alexandrium tamarense

ATDH01 0 39 61 0 0 0 61 39 5 19 63 13 0 0 0 100 86 8 6 0

ATDH02 0 41 59 0 0 0 2 98 0 2 52 46 0 0 0 100 70 13 15 2

ATDH03 0 8 82 10 0 0 6 94 0 0 23 77 0 0 0 100 66 34 0 0

ATDH04 0 17 83 0 0 0 9 91 7 49 34 10 0 0 0 100 79 19 2 0

ATMJ01 0 9 64 27 0 0 5 95 0 24 52 24 0 0 0 100 81 8 11 0

ATMJ02 3 24 70 3 0 0 6 94 0 0 25 75 0 0 0 100 77 15 8 0

ATCI01 0 8 79 13 10 84 6 0 14 70 16 0 0 0 0 100 92 5 3 0

ATCI01-JN 0 56 38 6 26 68 6 0 30 54 13 3 0 0 0 100 73 22 2 3

ATHK9301 0 0 79 21 0 17 71 12 4 58 38 0 0 0 0 100 70 16 10 4

Alexandrium catenella

ACDH01 0 8 79 13 6 27 67 0 0 72 28 0 0 0 0 100 77 21 2 0

ACDH03 0 0 97 3 3 19 78 0 34 66 0 0 0 0 0 100 74 22 4 0

Alexandrium sp.

ASPGX01 0 62 38 0 0 15 82 3 0 28 72 0 0 0 0 100 96 4 0 0

ASPGX02 3 8 77 12 0 0 32 68 0 18 66 16 0 0 0 100 58 11 4 0

ASPDH01 0 10 84 6 0 2 35 63 0 3 60 37 0 0 0 100 73 27 0 0

A. minutum

AMTW 0 0 79 21 0 22 72 6 6 87 7 0 0 0 0 100 64 35 1 0

Gymnodinium

GMDH01 0 0 0 100 0 0 14 86 0 0 0 100 0 0 0 100 0 0 67 33

TPXM01 0 0 100 0 0 0 84 16 31 53 16 0 0 0 0 100 0 71 29 0

CCMP1740 11 60 29 0 0 0 96 4 72 24 4 0 0 0 8 92 40 40 20 0

GIXM01 0 56 44 0 6 67 27 0 46 28 26 0 0 0 0 100 39 46 15 0

GSPXM01 0 0 71 29 0 0 69 31 100 0 0 0 0 0 20 80 11 58 31 0

Prorocentrum

PDDH01 0 0 0 100 0 0 5 95 0 0 0 100 0 0 0 100 0 36 60 4

PMDH01 0 0 10 90 0 0 12 88 0 0 0 100 0 0 0 100 0 17 80 3

PMXM01 0 0 0 100 0 0 3 97 0 0 0 100 0 0 0 100 0 0 0 100
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Microalgae

 PHA-E PHA-L PSA SJA Succinylated WGA 

Staining quality Staining quality Staining quality Staining quality Staining quality

3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1+ 3+ 2+ 1

Alexandrium tamarense

ATDH01 0 42 56 2 0 25 75 0 0 29 65 6 0 8 90 2 0 20 80 0

ATDH02 0 29 65 6 0 2 95 3 0 13 76 11 0 8 85 7 0 8 89 3

ATDH03 0 24 76 0 0 12 88 0 0 36 64 0 0 4 96 0 0 23 77 0

ATDH04 61 39 0 0 1 52 47 0 0 26 64 10 8 85 7 0 3 17 80 0

ATMJ01 0 43 57 0 0 32 68 0 0 29 70 1 0 7 90 3 0 24 76 0

ATMJ02 0 32 65 3 0 27 73 0 0 28 68 4 0 4 8 88 0 6 92 2

ATCI01 15 62 17 6 1 55 44 0 0 28 68 4 6 70 18 6 42 46 11 1

ATCI01-JN 0 64 23 13 0 63 33 4 2 16 82 0 1 52 37 10 3 78 14 5

ATHK9301 0 58 34 8 0 13 87 0 23 21 55 1 4 69 27 0 0 59 36 5

A.catenella

ACDH01 62 24 12 2 0 62 34 4 14 63 19 4 11 51 32 6 18 66 16 0

ACDH03 45 36 16 3 1 83 16 0 7 69 21 3 6 51 43 0 3 56 41 0

Alexandrium sp.

ASPGX01 93 7 0 0 0 3 97 0 84 11 5 0 0 32 66 2 1 90 9 0

ASPGX02 62 38 0 0 0 0 100 0 79 20 1 0 0 24 71 5 0 68 28 4

ASPDH01 56 34 7 3 0 2 91 7 80 18 2 0 1 20 68 11 1 69 21 9

A. minutum

AMTW 11 43 39 7 0 18 82 0 9 15 67 9 9 66 25 0 2 68 30 0

Gymnodinium

GMDH01 0 0 0 100 0 100 0 0 0 72 28 0 13 87 0 0 0 100 0 0

TPXM01 0 0 0 100 0 73 27 0 0 90 10 0 0 98 2 0 0 100 0 0

CCMP1740 0 0 0 100 0 16 84 0 44 41 15 0 0 61 39 0 0 100 0 0

GIXM01 0 0 28 72 5 23 72 0 54 32 14 0 2 38 55 5 0 21 75 4

GSPXM01 0 0 20 80 0 20 80 0 2 38 60 0 0 32 68 0 0 100 0 0

Prorocentrum

PDDH01 0 0 70 30 0 0 100 0 15 71 14 0 0 0 100 0 0 11 89 0

PMDH01 0 0 4 96 0 0 100 0 2 16 82 0 0 15 78 7 0 70 30 0

PMXM01 0 0 8 92 0 0 100 0 2 0 88 0 0 0 53 47 0 0 100 0

3+ 2+  1+  .
100 . 1 2.

Note Index of optical examination of staining quality 3+ bright stain 2+  less bright 1+  low-intensity stain undetectable. Numbers 
indicate percentage of HAB species bound with each lectin. At least 100 HAB species were analyzed in each case. Abbreviations are provided in 
table 1 and table 2.
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Tab. 4 Qantitative values of fluorescence of harmful algea species bound with different lectins

n=4 X SD ng FITC /10 000 cells

Microalgae Control

  Lectin probes

ConA DBA PNA RCA120 SBA UEA I WGA

Alexandrium tamarense

ATDH01 0.65 0.15 5 63 0.78 5.45 0.66 4.96 0.59a 3.29 0.91 3.46 0.63 2.56 0.87b 3.96 0.81

ATDH02 0.78 0.18 5.31 0.56 5.12 0.81 4.82 0.46a 3.37 0.86 3.38 0.59 1.91 0.46b 2.85 0.63

ATDH03 0.56 0.16 5.71 0.76 5.03 0.73 4.53 0.38a 3.34 0.72 3.57 0.48 1.80 0.53b 2.01 0.45

ATDH04 0.49 0.21 5.25 0.49 5.11 0.49 3.16 0.57b 3.25 0.34 3.44 0.79 1.98 0.67b 3.91 0.72

ATMJ01 0.57 0.12 5.21 0.38 4.98 0.57 2.92 0.63b 3.51 0.69 3.29 0.67 1.72 0.39b 3.87 0.49

ATMJ02 0.65 0.23 5.56 0.86 4.69 0.98 3.11 0.67b 3.39 0.71 3.68 0.76 1.67 0.79b 2.14 0.67

ATCI01 0.71 0.20 5.43 0.52 4.76 0.68 3.02 0.52b 3.12 0.56 3.21 0.92 3.97 0.75a 4.11 0.75

ATCI01-JN 0.59 0.18 5.36 0.39 5.13 0.57 3.39 0.73b 3.17 0.49 3.35 0.86 3.88 0.63a 4.13 0.58

ATHK9301 0.55 0.13 5.19 0.49 5.26 0.65 3.49 0.82b 3.27 0.88 3.37 0.58 2.95 0.49b 4.22 0.77

A.catenella

ACDH01 0.87 0.24 5.66 0.82 4.15 0.65 3.52 0.49 3.59 0.38 3.36 0.65 3.86 0.46 4.28 0.85

ACDH03 0.81 0.17 5.61 0.75 4.26 0.37 3.38 0.57 3.22 0.46 3.41 0.74 3.75 0.64 4.39 0.74

Alexandrium sp.

ASPGX01 0.62 0.25 6.08 0.72 4.86 0.59 3.63 0.79 4.92 0.87a 4.12 0.66 3.87 0.58A 3.84 0.80

ASPGX02 0.53 0.20 5.93 0.69 3.78 0.63 3.01 0.65 3.11 0.49b 4.08 0.75 2.02 0.44B 3.76 0.64

ASPDH01 0.72 0.26 5.26 0.81 3.73 0.76 3.21 0.78 3.16 0.53b 3.98 0.57 2.17 0.56B 3.58 0.56

A. minutum

AMTW 0.67 0.19 3.41 0.67 4.57 0.62 4.89 0.67 3.22 0.37 2.76 0.59 3.78 0.38 3.97 0.41

Gymnodinium

GMDH01 0.38 0.21 4.15 0.46 3.52 0.71 1.86 0.59B 3.28 0.55 1.98 0.47 2.01 0.66Y 1.78 0.57

TPXM01 0.41 0.16 3.19 0.51 3.18 0.67 3.35 0.64A 3.11 0.87 3.72 0.51 3.56 0.53X 4.06 0.86

CCMP1740 0.59 0.19 5.18 0.59 4.23 0.39 3.98 0.52 3.51 0.39 3.85 0.63 3.97 0.62 5.65 0.43

GIXM01 0.35 0.22 4.32 0.73 1.71 0.59 3.17 0.76 3.78 0.93 3.67 0.71 3.89 0.81 5.08 0.78

GSPXM01 0.39 0.15 3.29 0.78 3.46 0.81 3.43 0.58 3.49 0.54 3.62 0.44 2.93 0.73 5.89 0.66

Prorocentrum

PDDH01 0.49 0.11 4.27 0.65 4.10 0.56 3.46 0.78X 3.19 0.67 1.70 0.56 2.03 0.81 1.88 0.55

PMDH01 0.33 0.10 3.51 0.45 3.12 0.66 2.01 0.49Y 3.25 0.88 1.92 0.75 1.92 0.73 1.79 0.76

PMXM01 0.38 0.34 3.53 0.68 1.63 0.78 1.71 0.57Y 3.18 0.63 1.63 0.68 1.98 0.63 1.76 0.63
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Microalgae Control

  Lectin probes

GSL I PHA-E PHA-L LCA PSA SJA
Succinglated-

WGA

Alexandrium tamarense

ATDH01 0.65 0.15 1.38 0.46 3.28 0.95b 3.38 0.54 5.56 0.84 3.31 0.62 3.49 0.50a 3.51 0.37

ATDH02 0.78 0.18 1.70 0.89 3.71 0.89b 3.46 0.67 5.89 0.72 3.28 0.41 3.35 0.38a 3.40 0.46

ATDH03 0.56 0.16 1.51 0.87 3.43 0.44b 3.21 0.39 5.41 0.91 3.35 0.59 3.41 0.47a 3.32 0.39

ATDH04 0.49 0.21 1.39 0.56 5.84 0.61a 3.63 0.76 5.44 0.87 3.57 0.64 3.78 0.32a 3.50 0.81

ATMJ01 0.57 0.12 1.42 0.88 4.01 0.87b 3.55 0.65 5.39 0.56 3.46 0.38 3.56 0.68a 3.38 0.72

ATMJ02 0.67 0.23 1.56 0.77 3.93 0.86b 3.35 0.78 5.36 0.49 3.57 0.66 2.02 0.51b 3.45 0.67

ATCI01 0.71 0.20 1.67 0.74 4.06 0.57b 3.68 0.49 5.23 0.78 3.33 0.56 3.72 0.83a 3.83 0.76

ATCI01-JN 0.59 0.18 1.53 0.88 4.12 0.46b 3.71 0.57 5.21 0.57 3.30 0.67 3.67 0.59a 3.47 0.95

ATHK9301 0.55 0.13 1.46 0.48 4.08 0.77b 3.44 0.79 5.36 0.90 4.16 0.82 3.65 0.46a 3.66 0.87

A.catenella

ACDH01 0.87 0.24 1.69 0.72 4.99 0.59 3.60 0.59 5.09 0.87 3.85 0.57 3.78 0.69 4.11 0.59

ACDH03 0.81 0.17 1.58 0.79 5.14 0.64 3.59 0.47 5.17 0.55 3.76 0.45 3.67 0.72 4.08 0.49

Alexandrium sp.

ASPGX01 0.62 0.25 1.40 0.71 5.99 0.68 3.34 0.51 6.02 0.81 5.36 0.69 3.41 0.31 3.97 0.56

ASPGX02 0.53 0.20 1.37 0.90 5.66 0.34 3.41 0.49 6.11 0.35 5.25 0.57 3.32 0.56 3.78 0.46

ASPDH01 0.72 0.26 1.46 0.75 4.92 0.41 3.29 0.78 5.98 0.77 5.43 0.74 3.39 0.47 3.69 0.55

A. minutum

AMTW 0.67 0.19 1.62 0.88 4.46 0.55 3.56 0.63 5.87 0.81 4.32 0.78 4.07 0.79 3.63 0.44

Gymnodinium

GMDH01 0.38 0.21 1.58 0.39b 1.68 0.36 3.78 0.85 2.98 0.54 3.35 0.63 3.87 0.75 3.82 0.36

TPXM01 0.41 0.16 1.67 0.44b 1.82 0.83 3.63 0.73 4.75 0.49 3.47 0.58 3.69 0.64 3.79 0.78

CCMP1740 0.59 0.19 1.99 0.76ab 1.59 0.49 3.31 0.56 4.01 0.48 4.16 0.71 3.35 0.78 3.63 0.85

GIXM01 0.35 0.22 1.65 0.57b 1.88 0.71 3.59 0.71 4.80 0.72 4.32 0.85 3.63 0.46 3.57 0.66

GSPXM01 0.39 0.15 2.91 0.50a 1.92 0.66 3.67 0.82 4.12 0.75 3.21 0.59 3.33 0.71 3.81 0.83

Prorocentrum

PDDH01 0.49 0.11 1.62 0.68 3.96 0.79 3.43 0.51 3.03 0.56 4.13 0.67 3.55 0.57 3.49 0.43

PMDH01 0.33 0.10 1.39 0.57 2.21 0.68 3.47 0.43 3.22 0.71 3.23 0.49 3.72 0.59 4.14 0.86

PMXM01 0.38 0.34 1.91 0.49 2.08 0.45 3.39 0.46 1.56 0.63 3.38 0.53 3.16 0.45 3.51 0.77

4 X SD . 1 2
P<0.05 .

Note Numbers indicate quantitative values of fluorescence X SD . Abbreviations are provided in tab. 1 and tab. 2 The different series 
of swperscript letters of the data in the same column showed that the differences in the quantitative fluorescence values of these items were 
statistically significant P<0.05 .

GSPXM01
1 1
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1 FITC GSPXM01
a. b.SJA c.PSA d.SBA e.PNA f.LCA g.PHA-L h.GSL I i.S-WGA j.RCA120 k.UEA I l.ConA.

Fig.1 Fluorescence signals for GSPXM01 bound with different FITC-labeled lectin probes based on flow cytometric analysis

a. Without lectin probe b. SJA c. PSA d. SBA e. PNA f. LCA g. PHA-L h. GSL I i. S-WGA j. RCA120 k. UEA I l. ConA.

2.2

GSL I 13
3 4

4
1

ConA LCA PHA-E  PHA-L PSA WGA
S-WGA 2

UEA I
ATDH02 ATDH03 ATDH04 ATMJ01 ATMJ02
SJA ATMJ02 PNA ATDH04 WGA

ATDH03 ATMJ02

FCM

PHA-E ATDH04
3+ 61%

5.84 0.61 ng FITC /10 000 cells

P<0.05 SJA ATMJ02
1+ 88%

2.02 0.51 ng FITC /10 000 cells
ATMJ01

P<0.05 ATDH01 ATDH02 ATDH03
PNA

P<0.05 UEA I
ATCI01-JN ATCI01

ASPGX01 ASPGX02
UEA I RC120

P < 0.05 4
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2 WGA TPXM01

TPXM01 .

Fig.2  Epifluorescence micrographs showing representative labelling of target harmful algae TPXM01 from algae mixture using 

FITC-conjugated lectin probe WGA.

Note Solid arrows indicate positive cells TPXM01 and dotted arrows indicate negative cells.

2.3
3 1 DBA PNA

LCA SBA 3 4
DBA SBA PNA LCA PMDH

PMXM PMDH
PMXM P. minimum

DBA SBA PNA LCA
SBA PDDH PMXM

PMDH
PSA PHA-L S-WGA

PHA-E SJA RC120 UEA I
ConA PDDH

PMDH PMXM GSL I WGA
PDDH

PMXM PNA
P<0.05

PDDH 1+ 63% 3.46
0.78 ng FITC /10 000 cells PMDH 1+ 6%

2.01 0.49 ng FITC /10 000 cells
3 4 4

DBA SBA PNA LCA
PMDH PMXM

2.4

WGA
TPXM01

2
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3.1
Hori 10

FITC

7

1 3

SBA WGA GSL I DBA PHA-E

GMDH01 TPXM01 GSPXM01 Rhodes 7

Cachonina hallii Karenia 
mikimotoi Gymnodinium sp.

Takyama pulchellum G. pulchellum
Costas 1

G. catenatum G. impudicum
A.lusitanicum Cho

Cochlodinium polykrikoides CP-1
Gymnodinium A3 GA3-1 2 Pseudo-nitzschia 

multiseries P. pungense 12 14 Cochlodinium 
polykrikoides G. impudicum G. catenatum 15

3.2

ATMJ01 ATMJ02 ATDH01
ATDH02 ATDH03 ATDH04 ATCI01-JN
ATCI01

PMDH PMXM

PSP ASPGX01
ASPGX02 Rhodes 16

A.ostenfeldii

P. lima
Rangaunu

7

Aguilera 17

2
A. excavata 3

3.3

N- -D- N-
2 18

2 3 18

2 3 7

2 7 10

4

19

4

20

18

DNA
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3 4

Cho 15

Cochlodinium polykrikoides

WGA ECA
5 cells/mL

3.4

21

DNA SEM HPLC
22

2

FITC DNA
2 3 7

3 4 FCM

DNA FCM

14
FCM 3

.

1  Costas E Zardoya R Bautista J.et al. Morphospecies vs. 
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Quantitative detection of harmful algea species using lectin probes
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Abstract Lectins are carbohydrate-binding proteins of nonimmune origin that agglutinate cells or precipitate 
glycoconjugates and they have been found in a wide range of organisms from bacteria to higher vertebrates. 
They are non-enzymatic secretory proteins or glycoproteins that play important physiological roles as recognition 
molecules within cell between cells or between organisms. Because of the ability of lectins to discriminate 
specific carbohydrate structures and the molecules  biological activities lectins are useful as probes for 
carbohydrate structures studies in many areas of biological research. Many researches have been done using 
lectins to detect and differentiate harmful algae. However there has been limited work on quantification of bound 
lectins and the lectin probes used are not specific enough to detect HAB species whose taxonomies are still 
unclear. There has been little work on utilization of FITC-conjugated lectins for identifying and differentiating 
harmful microalgae collected from coastal waters in China. In the present study 14 lectin probes were used to 
assess their specificity both quality and quantity  on Chinese harmful algae using different detection methods
such as flow cytometry FCM epifluorescence microscopy EFM  and spectrofluorometer SFM . The 
purpose of the study was to identify lectins that can distinguish morphologically similar toxic and nontoxic 
algae in coastal waters in China. Results showed that each of the tested Gymnodinium species bound to most 
of the tested lectin probes except GMDH01 strain to probe PHA-E SBA WGA and GSL I TPXM01 strain 
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to probe PHA-E and GSL I CCMP1740 strain to probe PHA-E. GIXM01 could be be differentiated by DBA 
probe from other Gymnodinium species and SBA WGA could discriminate morphologically similar GMDH01 
and TPXM01 from each other. The efficiency of GSL I and PHA-E probe was not strong enough to distinguish 
different Gymnodinium species. Although GMDH01 and TPXM01 were similar in morphology and both could 
be stained faintly by PNA the differences in the quantitative  fluorescence values were statistically significant 

P<0.05 . PHA-E could differentiate ATDH04 Alexandrium tamarense  from other strains of the species and 
SJA could distinguish ATMJ02 A.tamarense  from other strains of the species including ATMJ01 . Similarly 
PNA could identify A.tamarense ATDH01 02 03  and UEA I could recognize A.tamarense ATCI01-JN
ATCI01  from other strains of the same species. RCA120 could differentiate Alexandrium sp ASPGX01  from 
ASPGX02 which was shown to produce different levels of paralytic shellfish poison PSP . PMDH could be 
stained by DBA SBA PNA and LCA but PMXM01 could not be stained. PMXM01 and PMDH01 different 
strains of P. minimum  could be differentiated by SBA LCA DBA and PNA. All the tested Prorocentrum species 
bound PSA PHA-L and S-WGA firmly and bound PHA-E SJA RC120 and UEA I infirmly. PDDH01 bound 
ConA strongly but bound PMDH01 PMXM01 weakly. None of the tested Prorocentrum species bound GSL I and 
WGA. Though PDDH01 and PMXM01 showed some affinities to the PNA probe the quantitative fluorescence 
values were different. Lectin probes could also bind these target cells in mixed algal samples. The positive cells 
were clearer than negative ones identified by FCM and EFM GSPXM01 and TPXM01 labelled with WGA lectin 
probe could be distinguished from cells of G. mikimotoi Prorocentrum donghaiense and P. minimum PMDH01
PMXM01  in mixt algal samples. FCM EFM and SFM analysis could clearly distinguish lectin probe-bound 
cells from the negative cells in the culture. All results suggested that these probes and protocols might be useful 
tools to monitor in situ distribution of bloom-forming taxa such as Gymnodinium Prorocentrum Alexandrium 
and A. tamarense in natural water. Journal of Fishery Sciences of China 2008 15 2 279 292
Key words lectin probe harmful algal bloom HAB  species identification flow cytometry FCM
epifluorescence microscopy EFM spectrofluorometry SFM  
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