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Growth and paralytic shellfish toxin production 

by the dino:flagellate A lexandrium cαtenella 
cultured under monochromatic light 

Shanshan JIANG, Hiroko IWASHITA, Osamu ARAKAWA and Tomohiro TAKA'I釧 1*

Abs仕act: To explore how light wavelength affects the growth of a dinoflagellate species and 

its production of paralytic shell宣shtoxin (PST), we examined the grow仕land PST production of 

Alexandrium catenelliα（Ac) cultured under monochromatic light.百ieAc strain was cultured for 
21 days under blue (470 nm), green (530 nm), or red (660 nm) LED irradiation (Blue, Green, and 

Red groups respectively). During the culture period, the cell density (Cd) increased rapidly in Blue 

and slowly in Red, while the cell volume (Cv) decreased in Blue, but gradually increased in Red. In 

Green, Cd increased slowly, but Cv decreased. Interestingly, the increase in the cell biomass per 

unit medium volume was similar in Blue and Red, suggesting that the cell biomass of Ac increases 
equally by either an increase in the cell number under blue light, or by an increase in the cell 

volume under red light. HPLC analysis for PST revealed that the amount of toxin produced per cell, 

cellular toxin concentration, and toxin content per unit medium volume were highest in Red, fol-

lowed by Green, and then Blue; i.e., Ac produced more PST under red light than blue light, despite 
the equivalent increase in the cell biomass under both conditions. 

Key words: Alexandrium catenella; Paralytic shellfish toxin; Dinoflagellate; LED 

1. Introduction 

Paralytic shellfish toxins (PSTs), a group of 

neurotoxins mainly produced by toxic dino-

flagellate species of the genera Alexandrium, 

Gymnodinium, and乃rodinium(Orr et al. 2013; 

Asakawa et al. 2015) inhibit nerve and muscle 

conduction by selectively blocking sodium 

channels like the pufferfish toxin tetrodotoxin 

(Cusick and Sayler 2013). To date, more than 

50 analogues, including saxitoxin, neosaxitoxin, 

gonyautoxin (G百C)1・6,C toxin (C) 1-4, and 

their decarbamoyl derivatives have been sepa-

rated from various marine or freshwater organ-

isms何Tieseet al. 2010). Bivalves feeding on 

highly proliferating PST-producing dinoflagel-

lates become toxic, and their intake could cause 

lethal human food poisoning. Thus, PSTs pose 

Received 30 September 2016; Accepted 1 December 2016. 

a serious threat to fishery industries and public 

health worldwide (Hallegraeff 1993). 

Production of PSTs by toxic dinoflagellates 

differs considerably, even among the same 

species, depending on the strain, habitat, and 

season, and even between wild cells and cul-

tured cells (Cembella et al. 1988; Kim et al. 

1993; Oshima et al. 1993; Sakamoto et al. 1999; 

Takatani et al. 1998a, 1998b; Montoya et al. 

2010). Various environmental factors, such 

as water temperature, salinity, nutrient, and 

light intensity, also influence PST production 

(White 1978; Ogata et al. 1987; Anderson et al. 

1990a, 1990b; Flynn et al. 1994; Siu et al. 1997; 

Hwang and Lu 2000; Hamasaki et al. 2001; 

Etheridge and Roesler 2005; Lim and Ogata 

2005; Navarro et al. 2006; He et al. 2010; Laabir 

et al. 2011, 2013), but it is unclear how light 

quality (irradiation wavelength) affects the 
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toxin production mechanism. In the present 

study, we investigated the effect of monochro-

matic light irradiation on the growth and PST 

production by Alexandrium catenella (Ac), a 

main causative species of bivalve intoxication 

in the coastal area of Kyushu, Japan (Onoue et 

al. 1981; Noguchi et al. 1988). Growth and toxin 

production are usually evaluated based on the 

cell number (density) and toxin content per cell, 

respectively, but Steidinger (1997) suggested 

that the cell size of phytoplankton could largely 

change depending on the culture conditions. In 

the present study, we aimed to determine the 

cell volume of Ac, and to evaluate the growth/ 

toxin production based on the cell volume and 

toxin content per unit cell volume. 

2. Materials and methods 

2.1. Ac strain 

A clone of Ac originally isolated from Tamanoura 

Bay, Fukue Island, Nagasaki Prefecture, Japan, 

in March 2013, was successively subcultured in 

modified SV¥市ιIIImedium (in which Pl metals of 

chlorides in SWM-III were replaced by those of 

sulfates) (Chen et al. 1969; Yamasaki et al. 200η 

at 20。Cunder 80 μmol photons/m2/s provided 

by cool-white fluorescent lights 0町FLs,FL20SS-

ECW /18, National (Panasonic)) with a 12:12 h 

light:dark cycle. Cells in the mid-exponential 

phase of growth were used for the experiments 

described below. A light-tight incubator was used 

for each experimental group, and the irradi-

ance was measured with a quantum flux sensor 

(Model MQ-200, Apogee Instruments). An irra-

diance of 80 μmol photons/m2/s was provided 

by carefully adjusting the distance between the 

flasks and the light source. Cultured cells were 

sampled at night and under unlit conditions. 

2.2. WFL iγradiαtion低periment(Eゆ！）

The subcultured Ac clone was inoculated into 

three 300 ml culture flasks filled with modified 

SWM-III medium at a cell density of 500 cells/ 

ml and a final medium volume of 300 ml, and 

then cultured for 21 days under the same con-

ditions as described above using WFLs引間1ite

group). During the culture period, cells in each 

flask were counted every 3 days with a hemo-

cytomete乙andthe cell density (Cd) was deter-

mined. The net exponential growth rate (μ) was 

calculated as defined by Guillard (1973) using 

the following equation: 

い＝ (lnCd2-lnCd1)/(t2・ti)

where Cd1 and Cd2 are the cell densities at 

times t1 and t2, respectively. In addition, 30 cells 

of Ac were randomly sampled from each flask 

every 6 days and at the end of the culture 

period to measure the major axis (a) and minor 

axis (b). From these measurements, the cell 

volume (Cv) and cell biomass per unit medium 

volume (Cb) were calculated using the follow-

ing equations (Matsuda et al. 2006): 

Cv= 4/3×π×（a/2)2×(b/2) 

Cb=Cv×Cd 

At the end of the culture period, cells were sep-

arated from the culture medium by centrifuga-

tion, and their PST content was quantified by 

high-performance liquid chromatography with 

post-column fluorescence derivatization但PLC-

FLD), as described below. 

2.3. Blue, gγeen，αndγedLED iγγαdiα：tio旬 eゆeγi-

ment (E坤 JI)

百lfeegroups (Blue, Green, and Red) were 

created, in which irradiation was provided by 

blue (470 nm), green (530 nm), or red (660 nm) 

light-emitting diodes (LEDs) (ISL-150Xl50・HBB,

-HGG, and -HRR, CCS Incよrespectively,instead 

of WFLs, and the subcultured Ac clone was cul-

tured in凶plicatefor each group using 300 ml 

flasks (inoculation Cd, 500 cells/ml; medium 

volume, 250 ml) for 21 days under the same con-

ditions as in Exp I. During the culture period, 

cell count and Cv measurements were conducted 

every 3 days, and the PST content of the cells 

was quantified at吐1eend of出eculture period. 

2.4. Blue andγed LED iγγαdiαti on Eゆeriment

(E吟 Ill)

Two groups (Blue and Red) irradiated with 

the blue and red LEDs, respectively, were cre-

ated, and a culture experiment similar to Exp 

II was performed for 21 days using nine 50 ml 

culture flasks for each group (inoculation Cd, 

1000 cells/ ml; medium volume, 50 ml). To clari命
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the change in the cellular toxin content during 

the culture period, 3 flasks were taken仕omeach 

group every 7 days for 21 days, and cell densi-

ties, cell volume and PST measurements were 

conducted for each flask. 

2.5. PST quant併cation

Each culture was harvested and centrifuged 

at 1600叩m for 10 min. PSTs were extracted 

from cell pellets with 1 ml of 0.5 M acetic acid 

by ultrasonication and centrifuged again at 

3000 rpm for 10 min (Samsur et al. 2006). The 

above procedure was conducted twice for each 

sample. The pooled supernatant volume was 

increased to 2.5 ml with distilled water filtered 

using a 0.45 μm HLC-DISK membrane filter 

(Kanto Chemical Co., Incよandthen subjected 

to the HPLC-FLD analysis for PSTs. 

The analysis was carried out on a Waters 

Alliance HPLC system using a reversed phase 

column (LiChroCART Superspher RP・18(e), 

4.0×250 mm, Merck) with the following three 

mobile phases: (1) 1 mM tetrabutylammonium 

phosphate (pH 6.0) for C toxins (Oshima 1995); 

(2) 2 mM heptanesulfonic acid (HSA) in 10 mM 

ammonium phosphate (pH 7.3) for gonyautox-

ins (GTXs); (3) 2 mM HSA in 30 mM ammonium 

phosphate (pH 7.3) with 4% acetonitrile for saxi-

toxins (Aral王awaet al. 1995). The eluate from 

the column was continuously mixed with 50 mM 

periodic acid and with 0.2 mM KOH containing 

1 mM ammonium formate and 50% formamide, 

and heated at 65。C.The fluorophores that formed 

were monitored at 392 nm with 336-nm excitation. 

2.6. Stαtisticαlα%αlysis 

Statistical analyses in this study were per-

formed using R version 3.2.1 (R Development 

Core Team 2015). The analysis of variance 

（釧OVA)was used to compare the maximum 

Cd, maximum growth rate, and toxin con胴

tents under different light conditions in Exp 

I and Exp IL V¥市ensignificant differences 

were detected by ANOVA, Tukey’S Honest 

Significant Difference (Tukey HSD) test 

was conducted. The analysis of covariance 

(AN COVA) was used to compare the changes in 

Cb under different light conditions in Exp I and 

Exp II, and Exp III. Aιtest was used to com” 

pare the maximum Cd and maximum growth 

rate under different light conditions in Exp III. 

3. Resul白

3.1. G：γowth of Ac 

Changes in the Cd and Cv of Ac in Exp I and 

Exp II are shown in Fig. 1. In White, the expo-

nential growth phase began soon after initiating 

the culture, and the Cd (500 cells/ml at 0 d) 

rapidly increased between 0 and 9 d.百iecul田

ture then entered into a stationary phase, with 

the Cd peaking (5649 cells/ml) at 18 d, and 

then slightly decreasing toward the end of the 

culture period (21 d). In contrast, the Cv, which 

was 10900 μm3 I cell at 0 d, greatly decreased 

with the rapid rise in the Cd during the expo-

nential growth phase, and was 5130 μm3/cell at 

12 d. Subsequently, the Cv gradually increased 

when the rate of increase of the Cd declined 

until 18 d, and was 6760 μm3 I cell at 21 d. In 

Blue, the exponential growth phase began after 

a brief lag phase, and the Cd rapidly increased 

between 3 d and 6 d. The Cd then continuously 

increased although the rate of increase some-

what decreased, and reached 4780 cells/ml at 

21 d.百四 Cv(9070 μm3 I cell at 0 d) gradually 

decreased throughout the culture period, and 

was 6060 μm3 I cell at the end of the culture 
period. In Red, similar to White, there was no 

lag phase, and in con仕astto Blue, both Cd 

and Cv increased gradually during the culture 

period to 2730 cells/ml and 11700 μm3/cell, 

respectively, by 21 d. In Green, both Cd and 

Cv exhibited changes similar to those in Blue, 

although the Cd was generally lower than that 

in Blue, and similar to that in Red. 

Maximum Cd and maximum growth rate of 

each group during the culture period are shown 

in Fig. 2. Both values in Blue were higher than 

those in Green and Red (although the differ-

ence was not significant for maximum growth 

rate), and almost equivalent to those in White. 

The change in the Cb of each group is shown 

in Fig. 3. In all groups, Cb increased linearly 

during the culture period. Cb in Blue and Red 

was similar, though it was generally lower than 
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that in White, and higher than that in Green. 

The regression lines determined for each group 

indicated that the rate of increase of Cb in 

White, Blue, and Red was similar (0.0013-0.0015 

× 109 μm3/ml/d), though the rate of increase 

of Cb in Green (0.0009× 109 μm3/ml/d) was 

significantly lower than that in the other groups. 

Changes in the Cd and Cv, maximum Cd and 

maximum growth rate, and change in the Cb 

of each group in Exp III are shown in Figs. 4-6, 

respectively. Similar to the observations in Exp 

II, the Cd increased rapidly in Blue and more 
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slowly in Red, while Cv decreased in Blue, but 

increased in Red. Both maximum Cd and max-

imum growth rate were significantly higher in 

Blue than in Red. Cb was also slightly higher 

in Blue than in Red, but the rate of increase of 

Cb (0.0010-0.0011× 109 μm3/ml/d) was similar 

between Blue and Red. 

3.2. Toxin台γa.fileof Ac cells 

官ietoxin content per cell (Tc/ c), toxin con-

tent per unit cell volume (Tc/ cv), and toxin con-

tent per unit medium volume (Tc/mv) of each 
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Fig. 1. Changes in the cell density (Cd) and cell volume (Cv) of Ac cultured under cool-white fluorescent lights 
何lhitegroup) in Exp I, and under blue, green, and red light-emitting diodes (Blue, Green, and Red group, re-
spectively) in Exp II. Data are shown as means (markers or column) and SD (error bar) of triplicates. 
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Tc/ c and Tc/ cv decreased by half between 0 d 

and 7 d, and then Tc/ c continued to decrease 

thereafter, while Tc/ cv remained steady. In 

contrast, in Red both Tc/ c and Tc/ cv decreased 

gradually for 14 d, but then greatly increased 

from 14 d to 21 d. The Tc/mv increased during 

the culture period in both Blue and Red, but the 

increase was much greater in Red than in Blue. 

The toxin composition of each group at the 

end of culture in Exp I and Exp II is shown in 

Fig. 9. In White, the toxin of Ac comprised of 

Cl +2, C3+4, GTXl +4, and GTX5 with a ratio 

of about 50, 10, 20, and 20 mol%, respectively. 

The toxin composition in Blue was similar to 

that in White, but in both Green and Red, the 

ratio of C3+4 was considerably higher than that 

in White, and the ratios of Cl +2 and GTX5 in 

Green, and of G1玄1+4 and GTX5 in Red were 

lower than those in羽弓1ite.Changes in the toxin 

composition of each group during the culture 

period in Exp III are shown in Fig. 10. The Ac 

cells cultured in this experiment contained a 

small amount of GTX2, GTX3, and GTX6, in 

addition to the components observed in Exp 

I and Exp IL In Blue, the toxin composition at 

the end of the culture period was almost the 

same as that at the beginning of the culture 

period, and similar to Blue in Exp I and Exp II, 

although it fluctuated during the culture period. 

In Red, the toxin composition changed gradu-

ally during the culture period, and unlike in Red 

in Exp II, the ratio of GTX5+6 was considerably 

higher at the end of the culture period. 

Growth and PST production by A. catenella cultured 

21 

Fig. 3. Changes in the cell biomass per unit medium 
volume (Cb) of each group in Exp I and Exp II. Data are 
shown as means (markers) and SD (error bar) of tripli-
cates. Regression lines: White: y ~ 0.0015x + 0.0063 (n ~ 
15，〆；0.98), Blue: y ; 0.0013.x + 0.0043 (n ; 24, r ; 0.83), 
Green: y ; 0.0009x + 0.0028 (n ; 24，〆；0.93), and Red: y 
; 0.0014x + 0.0037 (n; 24, r; 0.91). The regression line 
of Green was significantly different from that of the other 
three groups （戸 ＜0.05). 

group at the end of the culture period in Exp I 

and Exp II are shown in Fig. 7. The Tc/c, Tc/cv, 

and Tc/mv were all lowest in White, although 

there was no significant difference between 

White and Blue. Comparison of the three LED-

irradiated groups revealed that the Tc/ c, Tc/ 

cv, and Tc/mv were significantly higher in Red 

than in Blue, and were in the middle range 

between the two in Green. Changes in the toxin 

content in each group during the culture period 

in Exp III are shown in Fig. 8. In Blue, both 
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effectively limit the growth of Ac. In contrast, 

under red light, although there was no lag 

phase, the maximum Cd and maximum growth 

rate were approximately half those under white 

light, and Cv increased gradually. Thus, cell 

division of Ac could be inhibited under red light. 

Similarly, in blue light, the Cv of Ac decreased, 

whereas Cd rapidly increased, and in red light 

they increased and the rate of increase of Cd 

was slower in Exp III. Interestingly, the increase 

in Cb in blue and red light was similar in both 

Exp II and Exp III, suggesting that the cell 

biomass of Ac increases equally by either an 

increase in the cell number under blue light, 

or by an increase in the cell volume under red 

light. As the amount of ener田rof one photon is 

inversely proportional to wavelength, blue light 

(470 nm) has ～1.4-fold more ener幻r出anthat 

of red light (660 nm) when the number of pho-

tons is equivalent. Change in Cb, however, was 

similar between Blue and Red, suggesting that 

increased biomass correlates wi出 thenumber 

of photons rather出anthe amount of energy. Cb 

in Blue and Red was generally lower than that 

in White, possibly reflecting the difference in 

the value at the beginning of the culture period 

(the y-intercept of出eregression line; the condi-

ti.on of subcultured cells at the beginning of the 

culture period might be slightly different due to 

undetermined reasons), but the rate of increase 

of Cb (the slope of the regression line) was com-

parable with that in V¥市ite.In con甘ast，出emax-

imum Cd, maximum growth rate, and Cb under 

green light were all lower than under white light, 
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Fig. 6. Changes in the Cb of each group in Exp III. Data 
are shown as means (markers) and SD (error bar) of trip-
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〆；0.89), and Red: y; O.OOlOx + 0.0095 (n; 12，〆；0.92), 
with no significant difference between the two lines. 

Under white light, the Cv of Ac decreased 

during the exponential growth phase, and 

increased during the stationary phase. This 

finding suggested that under a typical white 

light environment, cell size decreases when 

cell division is active, and cell size increases 

when cell division is inhibited. Under blue light, 

after a brief lag phase and decrease in growth 

rate during the late exponential phase, good 

growth continued for a longer time, and the 

maximum Cd and maximum growth rate were 

nearly equivalent to that in white light. Under 

blue light, Cv gradually decreased, reflecting 

the increase of Cd throughout the culture 

period. Therefore, blue light does not appear to 
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study, Ac retained more PSfs under monochro-

matic light than under white light. Moreover, 

higher amount of toxin was retained under 

green or red light where limitation of biomass 

production and/ or cell division occurred, than 

under blue light, which had a little effect on 

growth. Particularly under red light, Tc/ c, Tc/ 

cv, and Tc/mv were much higher血anthose 

under blue light, even though the increase 

in Cb was equivalent to that under blue light, 

and regardless that the relative amount of 

light energy was 1/1.4 of blue light. In Exp III, 

essentially the same result was obtained as in 

Exp IL百1eTc/mv increased during the culture 

period in both Blue and Red, and at 21 d became 

indicating that not only cell division, but also bio-

mass production were limited under green light. 

In Exp II, Tc/ c (amount of toxin retained 

in one cell), Tc/cv (cellular toxin concentra-

tion), and Tc/mv (amount of toxin in the cell 

biomass of 1 ml of culture medium) at the end 

of the culture period were highest in Red, fol-

lowed by Green, and then Blue. These values 

in Blue were higher than those in 羽Thitein Exp 

I. Although we cannot discuss吐1etrue amount 

of toxin produced by Ac, because the toxin con-

tent of the culture medium (extracellular toxin 

amount) was not determined in the present 
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1.6・foldand 3.6・fold出atat 0 d, respectively. This 

indicates that the amount of toxin produced in 

Red was 2.6・foldthat at the beginning, while the 

amount of toxin produced in Blue was only 0.6・

fold that at the beginning, assuming that no toxin 

was released from the cells to the medium. 

Alexandrium species are photoautotrophic 

dinoflagellates, and require a minimum level 

of light energy to produce PSTs (Hwang and 

Lu 2000; Hall, S. 1982; Parl王hilland Cembella 

1999; Wang and Hsieh 2005). The effects of 

light intensity on the grow吐1and toxin produc-

tion of Alexandrium, however, are complicated 

and controversial. Usually, within a range 

where no photoinhibition occurs, the stronger 
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Fig. 9. Toxin composition of each group at the end of 
the culture period in Exp I and Exp II. Data are shown as 
means of triplicates. 

the light intensity, the higher the growth 

rate (Ogata et al. 1987; Hamasaki et al. 2001; 

Etheridge and Roesler 2005；羽Tangand Hsieh 

2005; Proctor et al. 1975; Maclsaac et al. 1979; 

Laabir et al. 2013), but regarding toxin produc-

tion depending on the study; the cellular toxin 

content increases with an increase in the light 

intensity (Etheridge and Roesler 2005; Laabir 

et al. 2013), is independent of light intensity 

(Cembella et al. 1988), or decreases as the light 

intensity increases (Ogata et al. 1987; Wang 

and Hsieh 2005; Proctor et al. 1975). Hamasaki 

et al. (2001) reported that the effects of light 

intensity on toxin content are influenced by 

temperature. Their findings, however, seem to 

indicate that although the cellular toxin content 

decreases under reduced light intensi句rat a low 

temperature, the toxin content is essentially 

higher when the light intensity is lower, and 

accordingly, growth rate is lower. In this case 

where toxin content is inversely proportional to 

growth rate, it is difficult to determine whether 

light intensity affects toxin production directly 

or indirectly, i.e., the decrease in growth rate 

is due to a decrease in the amount of ener幻r

partitioned to growth metabolism, which allows 

for more ener幻rto be partitioned to toxin syn-

thesis. In our study, Ac retained more toxins 

under blue light where slight growth limitation 

occurred than under white light, and even more 

toxins were retained under green light where 

more growth limitation occurred than under blue 

C1+2 圃C3+4 図GTX1+4 四GTX2+3 日GT×5+6

Blue Red 

100 100 

80 80 

60 60 
＼】円、 、】円＼ 

~ 40 
。
E 40 

20 20 

。留置箇 臨Z圃 臨置幽 脳.. 司削 。。 7 14 21 。 7 14 21 

Culture period (d) Culture period (d) 

Fig. 10. Changes in the toxin composition of each group over time in Exp III. Data are shown as means of triplicates. 
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light. Moreover, the most toxins were retained 

under red light where the least amount of light 

energy was available, but little limitation of bio-

mass production occurred.τbe higher toxin con-

tent under blue and green light might mainly be 

due to indirect effects through growth limitation, 

and that of the direct effect of red light. 

Ac contains chlorophyll, such as chlorophyll 

αandら， andcarotenoid, whose main component 

is peridinin, as photosynthetic pigments (Jose et 

al. 2001). Peridinin is a light-harvesting carot-

enoid specific to dinoflagellates (Hofmann et al. 

1996), which comprises a peridinin四chlorophyll

α－protein complex (Ogata and Kodama 1993; 

Ogata et al. 1994), and transfers excitation 

energy to chlorophyll αwith almost 100% 

efficiency (Song et al. 1976). Because chloro-

phyll has an abso叩tionmaximum at～430 and 

660 nm, and carotenoid at～480 nm, the red light 

(660 nm) and blue light (470 nm) are absorbed 

mainly by chlorophylls and carotenoid, respec開

tively. Several species of phytoplanktons exhibit 

higher growth rate under blue light than under 

white light, indicating their higher efficiency in 

blue light energy absorption for photosynthesis 

O九7allenand Geen 1971; Humphrey 1983; Aider 

et al. 1994; Gorai et al. 2014), which further 

suggests higher electron transport rate from 

PSII to PSI (Macintyre et al., 2002; Gorai et al. 

2014). In Ac, carotenoid might respond to blue 

light to promote cell division at a similar level 

as in white light through the same mechanism. 

On the other hand, Blunelle et al. (2007) found 

出atlight quality affects the progression rate of a 

circadian-con仕oiledcell cycle h由edinoflagellate 

Karenia brevis, i.e., in blue light, K brevis entered 

the S phase earlier than in white light of similar 

intensity, but no such phenomenon occurred 

in red light. They detected several sequences 

with similar旬rto cryptochrome blu令lightrecep-

tors on a database of 25000 K brevis expressed 
sequence tags, and presumed that these recep幽

tors were involved in circadian entrainment of 

the cell cycle. The fact that Ac exhibited different 

cell division rates in spite of the equivalent bio-

mass production under blue and red light might 

come from such a mechanism rather than the 

difference in photosyn白eticability. No pigments 

sufficiently absorb green light (530 nm), result-

ing in inferior cell division and nutrient uptake. 

PST production was greatly promoted under 

red light probably due to a direct effect of light, 

suggesting that a light receptor(s) other than出e

photosynthetic pigments is involved in the toxin 

production in Ac, although no sequence with sim・

ilarity to known red-light receptors was detected 

in K brevis. To explore these points further, 

changes in the amounts of pigments and photo-

syn仕iesisin Ac under monochromatic irradiation 

are currently under investigation. 

Regarding the toxin composition in the present 

study, relatively large changes were observed 

in Green and Red compared with that in White. 

The findings that the toxin composition of Red 

differed greatly between Exp II and Exp III, and 

that the toxin composition of the culture fluc-

tuated somewhat in Blue in Exp III, suggested 

that not only the irradiation wavelength but 

also some other factors were involved in the 

observed changes in toxin composition. 

Previous studies of the PST profile of 

Alexandrium species have indicated that toxin 

profiles are genetically determined and quite 

stable under various culture conditions (Anderson 

et al. 1994; Ishida et al. 1998; Alpermann et al. 

2010). On the other hand, some studies revealed 

that the toxin composition of Alexandrium iso-

lates vary depending on the growth phase and 

culture condition (Anderson et al. 1990a, 1994; 

Flynn et al. 1994; Boyer et al. 1987; Cembella et 

al. 1987; Hamasaki et al. 2001), and significant 

composition changes occur during prolonged 

senescence in batch cultures (Boczar et al. 1988). 

In Exp I and Exp II, White reached the sta-

tionary phase the most rapidly among the four 

groups, and, accordingly, senescence would 

have progressed the most in White. In addition, 

growth rate in Exp III was considerably lower 

than that in Exp II, suggesting that the cultures 

in Exp III were still in an exponential phase, 

even at 21 d. Therefore, we presumed血atat 

least two potential factors, the type of irradiance 

and senescence of the culture, affected the toxin 

profiles at 21 d. Jauzein et al. (2015) proposed an 

updated version of the cascade of toxin synthesis 

in Alexandrium cells. The description of these 
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pathways suggests that switching can happen 

between the synthesis of GTX5 and synthesis 

of GTXl, 4 and C toxins due to a stressoれsuch

as limitations in nutrients, reductive poweれ or

ATP. This might be why the ratio of GTX5 was 

lower and the ratios of GTXl, 4 and C toxins were 

higher in Exp II, where the culture senescence 

progressed further than in Exp III. 

Red light penetrates seawater to a depth 

of only ～20 m, while blue light pene廿atesto 

almost 180 m (Clarke 1936). In addition, during 

intense bloom conditions, the high cellular 

density of Alexandrium can lead to a decrease 

in light intensity due to shading, but a mod出・

cation of light quality may also occur. Duysens 

(1956) and Kirk (1994) found that larger phy-

toplankton cells absorb fewer photons per pig-

ment than smaller cells of the same shape due 

to increased self shading of the pigment with 

increasing cell volume.τberefore, in addition to 

the above-mentioned investigation of changes 

in the amount of pigments and photosynthesis, 

further studies regarding the quality of light 

Alexandrium cells receive in the natural envi-

ronment, and how it is involved in the growth 

and toxin production are necessary. 
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単色光下における Alexandriumcαten ellαの増殖と麻庫性貝毒産生

萎珊珊・岩下裕子・荒川 修・高谷智裕

光の波長が渦鞭毛藻の成長や麻痔性貝毒（PST）の産生にどのような影響を与えるのかを知るため

に，単色光下で Alexandriumcatenella (Ac）の培養による成長と PST産生について調べた。 Acは青

(470 nm），緑（530nm），赤（660nm）の各 LED照射下で21日間の培養を行った。培養期間中，細

胞密度（Cd）は青では急速に増加したのに対し，赤はゆっくり増加し，細胞体積（Cv）は，青が減少

したのに対し，赤は徐々に増加した。緑では， Cdは増加したが， Cvは減少した。単位培地あたりの

総Ac体積は，青と赤で同様の増加を示し，これは赤が主として細胞体積を，青が細胞数をそれぞれ

増加させたことが示唆された。 HPLCにより PSTを分析し， 1細胞あたり，単位細胞体積あたり，単

位培地あたりの毒量をそれぞれ算出したところ，赤が最も高く，次いで緑，青となった。すなわち，

Ac は，赤と青の両条件下で、総Ac体積は同じ傾向を示したが，赤の方が青より PSTを多く産生した。
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