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Applicability of Fluorescein Diacetate (FDA) and Calcein-AM to
Determine the Viability of Marine Plankton
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Abstract : Ballast water is widely recognized as a serious environmental problem due to the risk of
introducing non-indigenous aquatic species. In this study we aimed to investigate measures which can
minimize the transfer of aquatic organisms from ballast water. Securing more reliable technologies to
determine the viability of aquatic organisms is an important initiative in ballast water management systems.
To evaluate the viability of marine phytoplankton, we designed the staining methods of fluorescein diacetate
(FDA) and Calcein-AM assay on each target species belonging to different groups, such as bacillariphyceae,
dinophyceae, raphidophyceae, chrysophyceae, haptophyceae and chlorophyceae. The FDA method, which
is based on measurements of cell esterase activity using a fluorimetric stain, was the best dye for
determining live cells of almost all phytoplankton species, except several diatoms tested in this study. On
the other hand, although fluorescence of Calcein-AM was very clear for a comparatively longer time, green
fluorescence per cell volume was lacking in most of the tested species. According to the Flow CAM
method, which is a continuous imaging technique designed to characterize particles, green fluorescence
values of stained cells by FDA were significantly higher than those of Calcein-AM treatments and control,
implying that the Flow CAM using FDA assay could be adapted as an important tool for distinguishing
living cells from dead cells. Our results suggest that the FDA and Calcein-AM methods can be adapted for
use on phytoplankton, though species-specific characters are greatly different from one organism to another.

Key words : fluorescein diacetate (FDA) assay, Calcein-AM, Flow CAM techniques, phytoplankton cell
viablility, ballast water management systems
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Table 1. Summary in fluorescein diacetate (FDA) and Calcein-AM assay of marine phytoplankton. ++: excellent work,
+: positive, —: does not work for FDA and Calcein-AM

Species Family FDA Calcein-AM References
Actinocyclus sp. Bacillariphyceae - - This study
Cerataulina bergonii Bacillariphyceae + Bently-Mowat (1982)
Chaetoceros decipiens Bacillariphyceae + Garvey et al. (2007)
Chaetoceros danicus Bacillariphyceae + Garvey et al. (2007)
Chaetoceros spp. Bacillariphyceae + Bently-Mowat (1982)
Coscinodiscus spp. Bacillariphyceae +, + - This study, Bently-Mowat (1982)
Ditylum brightwellii Bacillariphyceae Bently-Mowat (1982)
Leptocylindrus danicus Bacillariphyceae - This study
Melosira spp. Bacillariphyceae + - Bently-Mowat (1982)
Navicula spp. Bacillariphyceae - This study
Odontella spp. Bacillariphyceae + - Bently-Mowat (1982)
Pleurosigma spp. Bacillariphyceae + This study
Skeletonema costatum Bacillariphyceae — - This study, Bently-Mowat (1982)
Thalassiosira weissflogii Bacillariphyceae +, +,— Garvey et al. (2007)
Akashiwo sanguinea Dinophyceae ++ This study
Alexandrium catenella Dinophyceae ++ ++ This study
Alexandrium tamarense Dinophyceae ++ This study Onji et al. (2000)
Ceratium furca Dinophyceae ++ ++ This study
Ceratium fusus Dinophyceae ++ ++ This study
Gymnodinium impudicum Dinophyceae ++ ++ This study
Heterocapsa triquetra Dinophyceae ++ This study
Karlodinium micrum Dinophyceae ++ ++ This study
Prorocentrum dentatum Dinophyceae ++ ++ This study
Prorcentrum mican Dinophyceae ++,+ ++ This study, Onji et al. (2000)
Prorocentrum triestium Dinophyceae ++ ++ This study
Prorcentrum minimum Dinophyceae ++,+ ++ This study, Onji et al. (2000)
Scrippsiella trochoidea Dinophyceae ++ ++ This study
Heterosigma akashiwo Raphidophyceae ++,+ ++ This study, Onji et al. (2000)
Chattonella marina Raphidophyceae + ++ Onji et al. (2000)
Chattonella sp. Raphidophyceae ++ ++ This study
Dictyocha fibula Chrysophyceae + This study
Dictyocha speculum Chrysophyceae + ++ This study
Emiliania huxleyi Haptophyceae ++ + This study
Isochysis galbana Haptophyceae ++,+ + This study, Bently-Mowat (1982)
Eutreptiella gymnastica Euglenophyceae ++ ++ This study
Chlorella ellipsoidea Chlorophyceae ++ - This study
Chlamydomonas sp. Chlorophyceae ++ - This study
Dunaliella sp. Chlorophyceae ++,+ ++ This study
Tetraselmis spp. Prasinophyceae +,+ + Bently-Mowat (1982), Onji et al. (2000)

Mowat(1982)2 A|1S FAsl= TFF S costaum, Y, ME2] 321 (girdle)l| A HAEFS T304 Hz
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- Dinoflagellate (A, D, E and F), diatom (B) and
AN 0}.‘:1;].‘—_ 5 ) kU Q] > ’
el HA BETHE Bentley-Mowat(1982)9] H.anst S| Raphidophyte (C) species; A: Akashiwo sanguinea,

Fig. 1. List of test phytoplankton stained by FDA
(Fluorescein diacetate). Dinoflagellate (A-D) and
diatom species (E-F). A, B: Akashiwo sanguinea,
C: Prorocentrum mican, D: Protoperidinium conicum,
E: Skeletonema costatum, F: Pleurosigma normanii.
Scale bar: 50 pm.

S}, B: Coscinodiscus gigas, C: Chattonella sp., D:
T HRZF  Alexandrium  catenella, Alexandrium Prorocentrum triestinum, E: Ceratium furca, F:
tamarense, Ceratium firca, Ceratium fusus, Heterocapsa Ceratium fusus. Scale bar: 50 pm.

Table 2. The differences of chlorophyll fluorescence values (Chl-2 channel; 525 nm) between fluorescein diacetate
(FDA), Calcein-AM and control were assessed by -test

Target species FDA Calcein-AM Control t-test p-value
(ave. Chl-2) (ave. Chl-2) (ave. Chl-2)

Akashiwo sanguinea 1227 - 537 9.112 <0.001
Gymnodinium impudicum 1384 - 494 19.344 <0.001
Heterocapsa triquetra 1653 - 547 27.616 <0.001
Scrippsiella trochoidea 764 - 545 8.466 <0.001
Chattonella sp. 1524 - 695 24,152 <0.001
Eutreptiella gymnastica 1016 - 558 35.527 <0.001
Prorcentrum minimum 1024 - 633 27.007 <0.001
- 569 633 —8.241 <0.001

Heterosigma akashiwo 1211 - 511 92.501 <0.001

- 835 511 21.389 <0.001
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triquetra, Prorocentrum dentatum, Provocentrum micans,
Prorocentrum minimum, Scrippsiella trochoidea®} T
ZYYH R ZF  Akashiwo sanguinea, Gymnodinium  sp.,
Gymnodinium impudicum, Karlodinium micrum= FDAS}
Calcein-AM G ol|A] o} A A (++)Q] 8-S HTh
(Table 1; Fig. 1A-D; Fig. 2A, C-F). 7#8HX.%F Dictyocha
fibula, Dictyocha speculum ZAEZ5F Heterosigma
akashiwo, Chattonella marina, Chattonella sp. 2=
5 Emiliania huxleyi, Isochysis galbana, 28R/
FEutreptilla  gymnastica, 525 Chlorella ellipsoidea,
Chlamydomonas sp., Dunaliella sp.2 FDA W oA +=
SAARA(+) A7 EZEA O, Caleein-AM FAY ol A

25 C. ellipsoidea, Chlamydomonas sp-2 5734 (-)°]

Fig. 3. List of test organism using the Flow CAM, which
is a continuous imaging techniques designed to
characterize particles. A: Chattonella sp., B:
Akashiwo sanguinea, C: Scrippsiella trochoidea, D:
Prorocentrum minimum, E: field sampe.

St Onji et al.(2000)2} Agusti and Sanchez(2002) 5
7}k f7ke] PR ER 7S SR FDA 9L 8t
of BE FM sHAA AHE QAT oY SEEX
T E. huxleyi, Phaeocystis sp., Isochysis galbana =25+
Dunaliells primolecta, Dunaliella spp.-2 3724 ]2}
(Bently-Mowat 1982; Agusti and Sanchez 2002), SIZ&
ZF Phaeocystis globosai= 74 0] A tH(Garvey et al.
2007). ¥ ZAMAE FDA W2 2548 71 BE Al
ol thaiA 82 WS EAS, Caleein-AM
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sp.oll gsted FAg A o' eyttt o9k e A= F
5ol we} Wolide] Afeole oy, HRE 714
3 5 T e Ui A EEHEES FDAY A0
7hFssithal dchE ).

Flow CAMS.Z AA|7F 9% dAYES Fig. 39 U
ERHRIT). okl FDAF} Calcein-AM A& ©]-8-3}
o] Flow CAM®l| & 2 A &2 A E 27 (ESD;
Equivalent Spherical Diameter), 54~2] &333}k(Chlorophyll
fluorescence: Chl-1), GAE Aol 3FFFk(dye cell
fluorescence: Chl-2)8 A& o2 &3t WA E

lo,

5000 5000
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® 3000

. — 2000
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R e

50007 5000
B 4000 (B) Calcein-AM-chl1 (b) Calcein-AM-chi2 £ 4000 B
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g 30007 e . 3000 &
= £
% e %
2 200077 j: S o L3 2000 g
o o 8
(5 K - 1000 S

5000

(¢) Control-ch12 L4000

3000

~2000

~1000

ESD (pm)

Fig. 4. Comparison of the fluorescence values (Chl-1 and
Chl-2 peak) of the FDA (A, a), Calcein-AM (B, b)
and control (C,c) on the dinoflagellate Prorocentrum
minimum counted by Flow CAM.
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Fig. 5. Comparison of the fluorescence values (Chl-1 and
Chl-2 peak) of the FDA (A, a), Calcein-AM (B, b)
and control (C,c) on the raphidophyta Heterosigma
akashiwo counted by Flow CAM.

P minimum®] tgF FDA 924 ¢] 52832 o 2} ]
WA W FeeA =A YERE O W (r-value=27.0,
p<0.001), Calcein-AM FAWH-2 A UEFLTHz-value=
-8.24, p<0.001) (Fig. 4). H. akashiwos FDA(t-value=
92.50, p<0.001)9} Calcein-AM(z-value=21.39, p<0.001)
FAY B ] Blste] =7 Uebstth(Fig. 5).
PO 2 T2k FDAA oo AT SRR A
sanguinea(t-value=9.11, p<0.001), G impudicum(t-value=
19.34, p<0.001), H. triguetra(t-value=27.62, p<0.001), S.
trochoidea(t-value=8.47, p<0.001), I VEZF Chattonella
sp(t-value=24.15, p<0.001), FZdI=F E gymnastica
(t-value=35.53, p<0.001) 53} B2} S o tFAYE
R frofal =2 5A4FF7H(Chl-2)0] F2E A THEFig.
6; Table 2). @A S} Prorocentrum triestium®)| 3314
= WEzT= AESHA gkey, FDAZ 43 Flow
CAM®] Chl-29] 342 the =2 thxolM
2 Chl-29] FFRENF- 10000]5t2 2R o}
=4 Yebsth(Fig. 6). 24422 Flow CAM®I4 FDA
2 QAT Aed AxY d5as dAske A

(>650nm)2] &Z3E(Chl-1)°] T2 (control)e} A 73
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Fig. 6. Comparison of the green fluorescence values (Chl-
2 peak) of the FDA and control on marine
phytoplankton counted by Flow CAM. White and
black circles indicate control and treatment,
respectively. a: Akashiwo sanguinea, b: Gymnodinium
impudicum, c: Heterocapsa triquetra, d: Scrippsiella
trochoidea, e: Chatonella sp., f: Eutreptiella
gymnastica g: field sample, h: Prorocentrum
triestium. Field sample and P. triestium did not
compare to control.
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