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ABSTRACT

Nitric oxide (NO) is an important intra-intercellular signaling molecule that regulates many physiological processes
and participates in the development some pathological conditions in animals. In this study, we compared different
methods for determining NO concentration in the hemocytes of Manila clam Ruditapes philippinarum. For
measuring the intracellular NO levels, we used the specific fluorescent probe 4,5-diaminofluorescein diacetate
(DAF-2 DA), and the quantification methods that were compared were based on image analysis,
spectrophotometry, and flow cytometry. NO concentration could be determined using all the 3 methods, and the
concentration varied significantly depending upon the presence of NO regulators in the hemocytes; NO
concentration increased in the presence of L-arginine, while it decreased in the presence of N-nitro-L-arginine
methyl ester. In particular, it is found that estimation of NO using a flowcytometry is more economical, reliable and
accurate compared to image analysis and spectrophotometry. Accordingly we believe that determining NO
concentration by using flowcytometry will be useful in evaluating physiological and pathological conditions in
marine bivalves.
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Fig. 1. Microscopic observation of diaminotriazolofluorescein (DAF-2T) fluorescence (indicating NO
generation) in the hemocytes of Manila clam exposed to NO inducer or inhibitor. Unlike that
observed in the control (A, A-1), the fluorescence increased (activated) when the hemocytes
were exposed to L-arginine (B, B-1), while it decreased when the hemocytes were treated with
L-NAME (C, C-1). The images obtained using a light microscope are in the left lane, and the
ones obtained using a fluorescent microscope are in the right lane. Scale bars, 10 pm.
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Fig. 2. Determination of NO concentration by using a flow
cytometer. A, sub-populations of hemocytes of the
Manila clam used for NO quantification; B, Fluorescence
histogram of all the hemocytes; C, Fluorescence
histogram of SP A; D, Fluorescence histogram of SP B;
E, Fluorescence histogram of SP C; and F, Fluorescence
histogram of SP D. (SP, subpopulation)
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Table 1. Mean relative fluorescence units (RFU) of NO in each subpopulation (SP) of hemocytes exposed to NO regulators. SD,

standard deviation

SP A SP B SP C SP D All
mean = SD mean = SD mean + SD mean = SD mean + SD
Control 0.262 + 0.18 0.416 + 0.223 13.256 + 2.152 21.380 + 8.541 6.028 + 5.313
L-arginine 0.970 + 0.306 1.466 + 0.286 24.396 + 3.483 44.482 + 9.291 19.028 + 6.025
L-NAME 0.246 + 0.138 0.308 + 0.168 9.838 + 0.529 19.556 + 3.900 3.056 + 2.389

18 -



Korean J. Malacol. 29(1): 15-21, 2013
Unjgated (all cells)
= g
QK S
10° 10! 10? 10
o C Gate A 0 Gate B
20
= =
3 3
10
T D k. T e * T
107 10" 107 10* 100 10! 10% 0
DAF-2T fluorescence {Log) DAF-2T fluorescence {Log)
E Gate C F Gate D
S S
10° 10" 10° 10 107 100
DAF-2T fluorescence {(Log} DAF-2T fluorescence {Log}
Fig. 3. Comparison of NO concentration measured by image analysis (A), fluorescent spectrophotometry (B)
and flow cytometry (C). Note all results indicate that NO concentration varied according to the NO
regulators.
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Table 2. Mean value of the number of hemocytes in the subpopulation of Manila clam hemocytes exposed to NO regulators.
The percentage (%) of hemocytes in each subpopulation has been stated in parentheses. SD, standard deviation

SP A
mean = SD

SP B
mean + SD

SP C
mean = SD

SP D
mean + SD

Control 647.0 + 854.2 (8) 411.8 + 493.5 (5)
L-arginine 200.8 + 127.1 (2) 279.0 + 435.6 (3)
L-NAME 247.6 + 176.6 (3) 1875.2 + 1502.7 (23)

1407.4 + 481.6 (17)
1569.6 + 624.5 (18)
1358.6 + 514.2 (17)

5773.6 + 1339.9 (70)
6692.0 = 825.6 (77)
4694.4 + 1297.7 (57)
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