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A staining method to determine marine microplanktonic organism viability
and investigate the efficacy of a ship's ballast water treatment system
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'South Sea Institute, Korea Institute of Ocean Science & Technology
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Abstract We determined a method to determine marine planktonic organism viability using Evan’s blue, Aniline blue,
and 5-choromethyfluorescein diacetate (CMFDA). The Evan’s blue and Aniline blue methods produced bright blue light
for dead phytoplankton and zooplankton and were the best dyes to detect dead cells. The staining efficiency of Evan’s
blue and Aniline blue were > 90% of the original field sample. However, it was difficult to test the efficiency of a
ship’s ballast water treatment system because detection of living cells. In contrast, the CMFDA method, which is based
on measuring cell esterase activity using a fluorimetric stain, was the best dye to detect live cells of almost all
phytoplankton species, and staining efficiency was 70%. The CMFDA method is similar to the fluorescein diacetate
(FDA) staining method. Therefore, we estimated viability of phytoplankton species using a double-staining method by
combining CMFDA and FDA to determine optimum staining efficiency. As a result, the frequency of dying cells based
on the double-staining method was 95%, which was significantly higher than that of single CMDFA staining. Our results
suggest that a CMDFA + FDA assay is more effective to determine survival of marine plankton and that this method
was applicable to investigate the efficacy of a ship’s ballast water treatment system.
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THiE Table 191 L}E}lﬂﬁiﬂr.

Table 1. The list of difference concentration for each
staining mothed in the experiments. The
working solution (uL) was added in natural
seawater of 1 mL. Unit: pL

Staining method T1 T2 T3 T4 TS5
Evans Blue 1 10 20 50 100
Aniline Blue 1 10 20 50 100

CMFDA 10 50 - - -
FC: FDA(25 pL
fix)+ CMFDA 5 10 20 40 100
CF: CMFDA(10 pL
fix) + FDA 5 10 25 50 100

Evans blued 52 0.3g9] evans blue I}9-5& 300
mL9| 32} ZH/HFo 12413 0]/‘L 23] =] working
solutions THEo] ZHAGE|Hd Yo AL nastirh
YEZ AJ7g Al& 1 mL o Evans blue®] working
solution< 1, 10, 20, 50, 100, 200 uL2] F=Ful= Z}
ZF Yy 1587 AL okalo A Hk-e-Al7] § ek
o 4] %7‘—5} 9 A 2G4

Aniline blue®] FAHE 1g9]
diammonium salt -9-T1& 30 mL 3%} S/l 124
7+ o4} &438] o] working solutionS THE], Al
orell Wi Ao A Bste] 3 ojue] A-g-3S
YEZ A3 Al& 1 mL | Aniline blue®] working
solutions F=7HIE 1, 10, 20, 50, 100 pL2 €31 15
W Aol A WHEAIZL B3 vl Aol A B H A

.ﬂ

aniline  blue

7S #gets
CMFDA(5-chloromethylfluorescein diacetate)2] <
A sk Alf6]o] g FDAS] At fAbsh
A Aolls AREE A ]'04 A s Ye AES
71]4:3]'0:] AL s o BAE QNG 33
2 5- chloromethylﬂuorescem diacetate A|<F 50 pgs
0.5 mL2] Dimethysulfoxide(DMSO)2] H|&EZ =]

4330

working solutions A 23l Wb Z7Ad BAsIA L.
o]7]A working solutione 335l 8| 3l= =7k
CMFDAA| 2F¢] §H-3-317] wistol] dA3 wjulr} I =k
AT} grol] B3 34 st FEE 100 pME THES] A}

281993, A8 1 mLol CMFDAZE5E7} 1uM3} 5
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B& 1] 7 (excitation: 365nm, emission: 445/450nm)ol| 4]
2 g AR #dsksl
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2 wa FY(TELG A double staining)dte] FH# o 4

NEES  dopHuar  F FC(FDAF 21174,
CMFDAS] FEwshAeE 1= 1.7 mL/] micro-tube®l
dgEol 5o ¢l sl 1 mL & Har of sl
400% 343 &S 114002 REGA 171 FDAE 25 uL

A FAsAl F48FL CMFDA working solution £
5,10, 20, 40, 100 pL & FETH|E Fo] AL
B7¥etgith4]. #Hl =, CF(CMFDAS =114, FDA
Trsh AgAE 17 mlzl micro-tube]] A&
£ & 5 1 mL & Y3 CMFDAE 10 pLA
LA FUs 7 sl 400812 5413 FDAS
5, 10, 25, 50, 100 pL =52 FYste] 9 58S 1)
o}8lS tHTable 1].
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Table 2. The staining efficiency (%) under difference

concentration using natural phytoplankton
communities.
Staining method T1 T2 T3 T4 T5
Evans Blue - >90 >90 >90
Aniline Blue - >90 >90
CMFDA 53 72
FC: FDA(25 pL
iy CMFDA 77 98 85 74 73
CF: CMFDA(10 pL
fix) + FDA 67 85 87 85 66
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Fig. 1. Various dead phytoplankton species from Jangmok
Bay stained with Evan blue (AB). (A)
Protoperidinium depressum; (B) Ceratium furca; (C)
Skeletonema sp. (D, E) Thalassiosira rotula; (F)
Stephanopyxis sp.
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Fig. 2. Various dead phytoplankton species from Jangmok
Bay stained with Aniline blue (AB). (A)
Skeletonema sp.; (B) Ditylum brightwellii; (C)
Ceratium furca (D) Thalassionema nitzschioides; (E)
Stephanopyxis palmeriana
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Fig. 3.

Various phytoplankton species from Jangmok Bay
stained by  with  5-chloromethylfluorescein
diacetate(CMFDA). (A, B) Thalassiosira sp.; (C, D)
Ceratium  furca; (E, F) Thalassionema
nitzschioides; (G, H) Akashiwo sanguinea; (I, J)
Ditylum brightwellii; (K, L) Skeletonema sp.
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