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Physiological regulation related to the decline of Alexandrium catenella
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Abstract: Over the last several decades, harmful algal blooms ( HABs) have emerged as a global environmental problem
because of their more frequent occurrence and because of the threat they pose to the health of humans and other organisms.
Great efforts have been made to elucidate the ecological and biological features of red tide events, using approaches ranging
from molecular and cell biology to large-scale field surveys, numerical modeling, and remote sensing from space. However,
studies on the molecular mechanisms of red tides, including those involved in their decline phase, are still limited.
Researchers believe that the decline phase of red tides represents a process of programmed cell death (PCD). PCD, which
is controlled by multiple factors, is an active, gene-regulated process that has evolved in most organisms. Alexandrium
catenella is an important causative dinoflagellate associated with HABs and paralytic shellfish poisoning. In this study, we
determined physiological and biochemical indices of A. catanella including soluble protein content, superoxide dismutase
(SOD) activity, malondialdehyde ( MDA ) content, reduced glutathione ( GSH) content, hydrogen peroxide ( H,0,)
content, photosynthetic rate, respiratory rate, DNA laddering, and telomerase activity. These biochemical analyses were
conducted using cells of A. catenella collected after different periods of growth and under different growth conditions (i. e. ,
with different concentrations of nitrogen in the medium). There were differences in several parameters between the decline
phase and the logarithmic phase. There was an increase in peroxidation in A. catenella during the decline phase and under

low- and high-nitrogen conditions. This was characterized by increased SOD activity ( except under low-nitrogen growth
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conditions) , MDA content, and H, O, content, and decreases in soluble protein content, GSH content, photosynthetic rate,
and respiratory rate. The results suggested that excessive reactive oxygen was the main reason for the decline of A.
catenella. Based on these experimental results, we hypothesized that the physiological process during the decline phase of
A. catenella was as follows: First, metabolism slowed, resulting in a decrease in intracellular protein levels. Secondly,
cells produced large amounts of peroxide, which activated the cellular antioxidant system. SOD was activated in response to
the massive accumulation of ROS, and other non-enzymatic antioxidants such as GSH were consumed. In spite of these
changes, the oxidation and antioxidant system remained unbalanced, resulting in excess accumulation of H,0, and other
ROS. Ultimately, those ROS led to serious membrane lipid peroxidation and the release of MDA. The decrease in SOD
activity under low-nitrogen conditions may have been due to a lack of nitrogen, which is necessary for protein synthesis.
Finally, excessive accumulation of ROS induced apoptosis, and the endonuclease was activated to selectively degrade
chromosomes, resulting in DNA laddering. The photosynthetic rate decreased as a result of decreases in chlorophyll content
and RUBP carboxylase activity. The respiration rate decreased as a result of the decreased volume of mitochondria and
smaller area of their internal cristae. Telomerase activity also changed during the cell growth and decline periods. Low-
nitrogen and high-nitrogen conditions accelerated the physiological process of cell aging. These results are consistent with
the hypothesis that the decline of A. catenella is a controlled process of cell death. Our findings reveal some of the
physiological changes that occur during the decline phase of A. catenella. These data will help us to understand the decline
mechanisms of red tide algae, and provide a foundation for studying the molecular mechanisms of red tide dynamics. Such

information will be useful for developing methods to monitor and control red tides.

Key Words: Alexandrium catenella; decline; physiological regulation
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FRUENCAVE R IAE F A ZEML . Martin 25 OB 5T 6 W], 2 3R 42 058 5 22 TB) A7 A 1) 408 19 £ A
Ko YRR AR /N FOR R Js D R R R R AZIEE-1,5- 8RR (| RUBP) SRALMEY
TEVET R, 538 DA BRI AZBE, DRI e 65 B R S i AR B 25 48 T T AR, Dl B 38 sk T e
Ghosh %5 BIFFT H i RIS 10 T 5838, R IPEREE M-Sk R AOBEAR , SRR B i &k T 28k, i &
g8 s A BRI TR, FEY & BB, l T EOR IRV /N ST 4, 25 5 isib | (R I 48 T B
B R B LEOC A VRIS . ZE ARSI LaCL FAR T BEMT4R 3R b LU, SR TR A9 K4
PRERLIYIE L, TS A ROR A TR A SR A5 1) D' 5 2E 38 5 W s R 4 7 o 38 hs AR A SR AT T
R, 5 Z BT AR ST — 2, BEMTEEIR DT 1L AR s T i A B S it R R A < AR R AR T T 4R
i TR RUBP BRALEE TG VE TR, i 71538 DB BRI SZ R, GG HR T B 5 W] I 2R AR Sy e/ FT i
TGP ARBUVE/N NI A, T SO R [

AR IR 1 2 3 it S A ) s 2 0 ) PR AR 22— | 3 B I 20 LA S A N ) I3 G DNA (RNA (41 38 1 &R
HHEAF BRI AL, YO BEA MEZ DNA AU WA 8 R SEA R EZ —, 3 DNA Ladder
SEH AT AR R PERRAE ) . Smieonova 25 I BFSE T Ornithogal umvirens FIHHR (I i 523, & B DNA
PO e THE e, 45 A Y 09 i R 8 Al e 2 280 A0 i AR P R SE T2 (PCD) iX AN id B, Vardi
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FET R AR 17 A A ARSI B 1 I PR A BT, AT T I D TE A S 1 4 5 53 i — b ML SR B AR 1 X R
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TR, ARSI R R AN A AR BT I T DNA Ladder 305, PRI HE ISR 0 I7 L K3 1) 8 32 o)
WA T PCD MY FE

Uit — PP A E T EAZ I R A A , B DNA-ZE B S WAL RRER 2548 | itk 4 S 3 Tk R
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