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Abstract: With worldwide industrialization, red tide events have been reported more frequently and their harm to humans
has become increasingly severe. Although great efforts have been made to elucidate the ecology and biology of red tide
events, studies of their molecular mechanisms are still limited, including those of the mechanisms involved in the decline
phase of red tide. Alexandrium catenella is an important causative dinoflagellate associated with harmful algal blooms and
paralytic shellfish poisoning. In this study, a growth decline specific ¢cDNA library of A. catenella was constructed using
suppression subtractive hybridization (SSH) technology to identify genes expressed in response to decreased growth of red
tide algal cells as a primary step in elucidating the red tide process. Samples collected during the decline phase of growth
were analyzed and compared with those collected during other phases of growth, which were considered to be controls. A
total of 800 clones were obtained from the SSH library, and 556 positive clones were identified by nested PCR. Dot blot
hybridization was conducted to screen differentially expressed genes from the positive clones, and a total of 160 differentially
expressed clones were identified. After sequencing and classification, 21 sequences were obtained, six of which were found
to be homologous with functional genes in the NCBI database. Specifically, these genes were homologous with CHKI
checkpoint-like protein, exosomal 3’—35' exoribonuclease complex, glutaredoxin, Na'/ K" ATPase, chloroplast gene and

pGl protein. The remaining sequences did not match any present functional genes in the database and were therefore
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assumed to be novel. Checkpoint is a biochemical process that detects DNA damage or problems during DNA replication and
restricts problematic cells by maintaining them in certain cell phases or inducing apoptosis. Chkl is a serine/threonine
kinase that functions as an important signal transducer in the DNA damage process. Glutaredoxin can regulate intracellular
redox balance and resist oxidative damage response. Na'/ K" ATPase is widely distributed in the cell membrane, where it
regulates the Na®, K" concentration gradient to maintain the electrical charge over the cell membrane. There is increasing
evidence indicating that ion dynamic balance involves the cell apoptosis process. Because Na’/ K* ATPase is the primary
system used to acquire K*, the functional loss of this enzyme and disorder of ion dynamic balance are clarified as critical
symbols for the induction of apoptosis and disease produced by apoptosis. Degradation of mRNA is an important step in
regulation of gene expression in eukaryotes. The degradation of mRNA can be divided into degradation of normal and
abnormal transcripts. The degradation of abnormal transcripts is a method of maintaining normal physiological function. At
present, a large number of studies have indicated that exosomal 3'—5' exoribonuclease plays an important role in the
mRNA degradation process. The function of the pGl protein is not currently available. However, considering its high
frequency within sequencing reports, the gene is highly transcribed. Based on the analysis conducted in this study, we
speculate that the growth decline of A. catenella involves processes of DNA damage, mRNA degradation, redox status
changes, ion dynamic equilibrium and changes in the chloroplast physiological status. This study will help us to better
understand the decline mechanism of red tide algae, and provide a foundation for studying the molecular biological

mechanism of red tide dynamics and developing possible methods to monitor and control red tide.
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BEIRY T 1L K (Alexandrium catenella) S5 % 0 FE AT 27080 ) AP 28 2 — | 2306 2R ) DX B8y >R AR KW 16
F ., Zingone A5 AR A TR A3 DU LA X NS A e VTR A R I i U AU AR D R LA
FESRENEE,

R T S48 R — R S B GESRRN — SOk AR B A R s | 2 A T 5 rh 0 o) W ) R TR, 6 T
IREE T APLIR , 1R 2058 35 I R 3K 2 — b 41 B 2 S35 14 JE T ( programmed cell death, PCD) A3 2, Vardi
SRR LS I e Z0 R B IR A W) Peridinium gatunense W T R T CO, BRI 5 1HE A9 AUE T BT
JE SRR PCD A e, IR A P AN 2 1 35 M S B, AT T30 Tk B L 2 1 40 i 2 0 T — P L i
R, RN AR 1 2 I O A S I A B X 4R ) BIURR . Zhang ST FE R ) AR ) ARV JEL R ( Prorocentrum
donghaiense) 1153 B T 5 PCD ACHYFH , — A2 e R AR, — SR 5 A A B B, B ATHR 2
PR P PESE T R OCHEER 1 TG T T LAY BIF ISR R WARIE

P PETE I 2238 7 R (Suppression subtractive hybridization, SSH) JZ&LPA#IHIPE PCR i 3&A  # cDNA 7F
P& DS ARFIE I AR S TR S — I ke 1) — Pl vs R0 70 89 22 S e Ik X 9 J7 vk | 1195 4K ( Normalization )
PP JFOR AT 22 I BRAE cDNA S BT — 30 AR SCR AT SSH H AR K G4 T RS SRR I B
Sy e W 500 s T ML P B A
1 #RF7 %

1.1 ok

FEPRME P LR | A5 b B T 2 e b 2 ey B 50 1 R T e B 5 M I P S 3%
1.1.1 540

145000 ~/mlL B9 B 4EF, €2 W3R 2L, B TR (20+1)°C, e 12 h 212 h, JE AR O 30—35
pmolm s~ MG FRE 57, BRI EL, 2l A Kt Ze 8 755 2 R (REIRIHT) 565 11 R (REUN) , %6 21
K (O 5 37 R (CETI) Wk

http ; //www. ecologica. cn



2 4 et A BEBR TR L DR 9 A K T TR DG PR ) i 433

1.1.2 MR

ARSI T AR TE S B Sl AR, Y T S i R RE IR ; kit G A A B S (5 e, SEE R B Y
B SR YR TE PR AE 5 1T E AR R v, TR AR v 7K X A A T e b B

ARSI IR G AL T AR AE B & — P SR A K 3 138 FEEAT IE 208236 2 10, X sE kAT
ZUTEALAL B, 3555 EXHEON 2 05, AR B B 20 B 85 3R 3 TP g A T SR S, P O T R 3 A A Ak T TR —
AR
1.2 ik
1.2.1 RNA AY$2HL

FH Trizol (promega ) 72 $i& HU£5 A B B G5 R Dy 11 R 3 9 50 RNA BT 3 IRIKE 1 3% RNA iR G 1E N
Driver, J§#5¢J5 1 YULEE AU RNA VE4 Tester, FLIKKG I AL RNA AUSEREYE | AN TSI L4l B ik i
1.2.2 ¢DNA &K

F SMARTer™ PCR  ¢DNA Synthesis Kit( Clontech) 43515 i, Driver fl Tester ) cDNA —4% F1 —4%
1.2.3  fpfil e s e s

S S MR PCR Select™ ¢DNA Subtraction Kit ( Clontech ) #2/E FM#E1T, XF & B AY — 8% ¢cDNA H FastDigest
Rsal (MBI) #E47 BV, 2 J5 Zead 4%k, BIIR 2458, Wi %8 PCR , e A5 20 PR A2 s 7=, s — 4
P14k B PCR, HA S H0N 194 °C 781 20 5,68 CIB K 30 5,72 CHEMH 1.5 min, 17 PMEFF,
1.2.4  JHIRZACSCPE R A

PHMHIEIS RS 4 PCR P21 54044 PMD- 18T ( Takara ) #1442 , 5/ AKFF# DHSoc BRIk, PRI
Tl JHELEL PCR 514 Nested] (5'-TCGAGCGGCCGCCCGGCAGGT-3") Fl Nested2R (5'-AGCGTGGTCGCGGCCGAGGT-3")
PEATHITE PCR , K BF 4 v e, 156 HIOCA Y5 I 194 8 — 451% | BE I BETE 100 bp LA 10 5 e BEAT i 2 7 e 52 36
7% PCR P 2500 .94 CHIAEE 5 min;94 CAEYE 1 min,68 CiE K 1 min,72 CZEM 1 min,30 FH;72
°C J& ZEf#1 10 min'"'
1.2.5 BEf 2438 5iE

#% 8 DIG High Prime DNA Labeling and Detection Starter Kit I( Roche ) HH ) J77% , 43| B Al Ak 5 ) I I AT A
THIY 48 PCR =445 3 g EATIREARIC (A3 BC A HRET 1 F12) . FEAERER 1 2 515809 1E 7% PCR 79
AT ZRAC . A HIRT 1.2, 4 AR BRI TE PCR P9t A7 /8 i, YR PR HFAE 300 ng/ il (W BE 3 i ok
AR B e 4 SR B AR 300 ng/ L) o Z438 4 1F LS Wl PCR P24 545419 0. 6 mol/L ¥ NaOH & & 7251 15
min, B 1 WL 2522 IR ( Amersham ) b, 5/ b il 25 P 5K A R A JEE, Rk I o 3 P ATHE . FESL 858
JER T, T 120 °CHER LR 30 min;68 °C, FiZ4%2 30 min;68 °C 452 6 h, PR N :2xSSC, 1% SDS, % i
2x5 min;0. 5xSSC,1% SDS,68°C ,2x15 min; VEIEZE 0,5 min; EFHM, 30 min; PUAE I, 30 min; YEIZE of
W ,2x15 min; R ZE 0,5 min, ) 76 R P B R, K B I ZE K 2 1k
1.2.6 WF

BB 2 P S HREN 1 235 SR B SHRE 2 2438 5510 1. 4 5L se et LA KL 1y, fT i
F 4 3R NCBI M3k (http ://blast. ncbi. nlm. nih. gov/Blast. cgi ) #4755 FLXT
2 GHRE5SH
2.1 A. catenella R 12k

¥ A. catenella F £/2 KiFR 3P it AT % B RGBT AR IR B, 2 BIAESE 2 R (IER ) ,
55 11 R ONEEH) L5 21 R ONEAN) T3 37 K T ol . B Y BER TR A T E A
2.2 MCRNA JE A

JH Trizol V4L A. catenella %) RNA, FH 1% B BEARAEEE S B VKA I RNA 1Y BT &L, RNA S84 ay i i
AN I BE TR, Tester 55 Driver OD260/280 43 Jill 4 2. 114,2. 026, ¥ B 53 il hy 619. 2 ng/plL, 452. 4
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ng/ L, 35000 ¢
SO s b HITR
2.3 JHBEEYE L PCR AT 30000 |
438 BT 1) Tester cDNA FHELK S WHEAT =4 2 25000 | %’jl
PCR §"34 45 RANTE] 2,y T DIVE 230 B 2853 0980 5 20000 |
f1) Tester £ PCR =41 LUK & A1 700 bp 7245 Fil 200 mo; 15000 | 11
bp ZE47 A WA B I 19 27, T AR 2 Ik 1 P R A § 10000 | 2K
PP S A, R DA B 285 0 PCR P B SR F so00 |
© D v R % S R A £ . ) L . \ \ s )
IR TR A PCR ¥4, 25 w48 THEM T s S 1
%% ° 435 KB Number of culture days/d

2.4 T PCR A Bl 1 A. catenella 1< th %k
K PCR 5195348 A B Beti 4 PCR AN, K Fig. 1 Growth curve of A. catenella
SR ME 3 FR, 4l A B R AE 100—750 bp 2
[i],500 bp AN R B s 2, KERE T 9] 25 AR LA W 4 DL B 250 1 sl 15 2 BHPE se b 556 4>, FIPER
M T70% .

1 2 M M1 2 3 4 5 6 7 8 9 10 11 12
prv—
— | p—

2000bp
1000bp
2000bp
750bp
500bp 1000bp
750bp
500bp
250bp
250bp
100bp
100bp

3 RMSERER
Fig.3 Positive clones detection

M 7S, 1—12 . AR e ke

B2 H3 PCRHE)E
Fig.2 Electrophorogram of nested PCR
M Ar FEARIE, 1 IR PCR 74,2 . W KHT PCR =4

2.5 BERIZRAC

SRt BE A 195 160 S ERER) PCR P WITEIH IS B S0 EER AT 1.4 5L b #5045 R E
4, B SEIER 1, 4 gk 1 a2, B SO e 9P AT RF i Z IR A SR PR AR AR GE, L p AR SR P
{HIEIRT 0. 05, R I AIREF 1Y FAT1E
2.6 J¥IIHT

W23 BE R A SR B 10 2 S v R ik AR PRI e, 2EA5. 3] 125 DA RUF I, 200 Fr AUk 21 RO TRl iy
HREEEP b 6 i O N By T AE AR R A 5 w1 TR P | 3 26 2 I R 43 )2 pGl BB L AR i — A
FF ) 2 HE | CHK 1 ZEABUKS I 15, 25 1 ( checkpoint-like protein) 2% R 41 V) B 52 & 1K 4% E A 25 1 F0 Na*/ K*
ATPase , HARKHE W3 2, Horp i B B ) 2 25 0L pGL AR 1 Y e B, LU S 4 v i) I 154 SR AE | CHKL
ARG A5 2 11 ( CHK checkpoint-like protein) N AN E AR T B R R R . BANEA A 15 K7
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7 NCBI Hiscfy R B[R B )7 91 73X 15 80781, ACSSH313
e A e o o
"' ACSSH378 I ACSSHT1 BRI E . A 2K o o 5 o 0@ & o ¢ 0 & ©
vfr A=
16 U, JLUCZ ACSSHI69, ACSSHISS, ACSSHI22, o o o q o 0 S s o e &
ACSSH155 il ACSSH70, ¥ B T 5 LA L,

| ACSSH333 ACSSH322 ® ©  AcssH33s
3 itig A
N 6 o4 000 0 ¢ & «
FIH SSH B ARk Ak F 3 7= 0 Al B8 R0 1K i B o AgSH313 ‘
PSRRI T R e bl e s e
4 T A48 DR AR R 43 T WL 1A B A 8 0 s L ol & o i

T e SO
Y P TR R A R R A KO T B — o Y A acssions | acssnizz B P | Acssime
LS T 3 109 9 AE S Tester, Al I3 14 38 1 Y S8 it e ok

Driver, 138 TR R T- 4R T 2R ML A . — I % i

PRI L A K% 5 1B B A
RASOCE I /R IREEE BT RS — L B2 | pen | ses it he resul of hybridization with probe 1,B; 5#5
FARBEIH EWUFE S 22 5000 1. 4 A5 L) B SEREIEATHE— 41 2 4452555 B The result of hybridization with probe 2

BT, Gt XA RIA U A 21 A4, Hb e 4

S5E mIiaeny B KA B8 09 [RTEE 43500 CHK S RUAS I 55 26 1 ( checkpoint-likeprotein ) | #% iR 7] il &2

x1 BOERREREERRRIBEARZTER
Table 1 The dot hybridization result of partial differentially expressed clones reacted with different probes

e e 1 5o E PR 2 AR 5ME TR 52 RS IE FHE
Clone No. Thc mfgndl \'/dluc of Thc blfgndl \.rdlue of The mgnd'l value of Average value
hybridization with probe 1 hybridization with probe 2 probe 1 against probe 2
57.2 14.3 4.0
ACSSH313 55.4 17.3 3.2 4.0+0.9
55.8 11.5 4.9
86.4 42.8 2.0
ACSSH322 88.6 42.9 2.1 1.8+0.4
71.2 49.5 1.4
32.6 15.4 2.1
ACSSH333 31.9 16.6 1.9 1.9+0.3
25.2 15.7 1.6
59.3 16.7 3.6
ACSSH338 51.6 18.7 2.8 2.7+0.9
29.8 17.5 1.7
= JH K50 T P>0. 05
F2 ERRIEFIIH blast S EER
Table 2 The blast search of differential expression sequences against NCBI public database
Sk MIURE B RIS PIEILRE e /%
Clone No. Frequency Length/bp The number of FHHCth?‘lal E Identities
homologous sequence annotation
ACSSH104 17 406 ref | ZP_04645459. 11 pGl1 protein 2x10718 58
ACSSH422 8 364 ref | YP_001152215. 11 ORF441( chloroplast ) 7x1073 81
ACSSH193 7 600 gh | ABK29471. 11 CHKI checkpoint-like protein 2x1071° 78
Exosomal 3’—5’  exoribonuclease
ACSSH254 7 399 ref| XP_003082145. 11 complex, subunit Repd4/Dis3 (1SS) 4x107" 31
ACSSH239 2 393 ref| XP_002903515. 1| glutaredoxin, putative 3x1071 40
ACSSH164 1 314 gb1 AAR98515. 11 Na*/K* ATPase alpha 1b 2x107% 96
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A& Na'/ K ATPase A+ A E [\ pGl HE I AR M i B — IR EEAE

Checkpoint & —FfA L& A2, EREGAGIN DNA 4514775 DNA & i F v th 3Ry [a) &, 1 L 38 i oK HL R 48
T 240 0 ] 8 O T A P A o i 3 4 ) B B CHKL & —Fp 22 S/ 7 SRR S , T /2 DNA i 4
R R R B SRR R ( glutaredoxin, Grx ) , M FRHi I % B2 ( thioltransferase , TTase ) ,
SR AL - AL R SR B T A Sy AR W R R A . B n] LA B Y 40 A P AR P AR S
MVE T, 3 T DAL AR 2t 7, i A 4 Bkl A T4 0 Na®/ K" ATPase ) 12 404 T A0 IE I, 4
FRAIML N AT Na® KT (e BERR B2, T LAGRAFAN ML A RSEr 7 o Bt AT 0 B 30 1 ) A T ok ek 4 1T ke ek
ZHYUESE R B T A S AP 5 A0 M R T DI R OC AR IRk e K S A TR RO U T T A Na®/
K* ATPase #2RHU K" (19 2R SE, PRI % 1 D) BE 250 LA K b G S50 15 2l 25 2 A7 0 2849 2 A0 0 4 i 0
TR R ST MG — D B E B E R . EEAZAM T, mRNA R A 2 08 5 3L H Rk i —
ANEEOPTR, mRNA BIREARE AT 538 1 H 5 S (0 R il R S0 R S D I R . 5 8 e SR ) ) IR AR S 48 B X 24
LDl 8 ZE L™ A 10— BBl T 1Y% SR i R e, 0 2 200 M e 1 i 2R S R ) — O = A FOR U, S
SEYIREER T mRNA WBAFERE S KB FSE /R Exosomal 3'—5' exoribonuclease 7E 4% A4 1) 41 il i)
mRNA [ A B v RV B AR ™ S pGl 2R Y ELA T RE AR A AT X 43, (H I3 25 5ok &, %
BLLA R B AR AR & A e TR — D I EY

ST I e AR e Be B 4B K R TE IR I EEIR T D L e B R T RS B 3 DNA 5140 A8 Tk SR
B BTV R S mRNA R 78 DL R i S A — 2 2 LR 0 1 A8 1 25 3ok S 5 2 9 8 Y L
AR RIE,

ACSSH378 (ACSSHT1 45 v P H A2 (19 AR AR oy, X 48 7 B BIAE % g 114 D DR R R mT RS IR N 8 1 1
PCR " 345 72, 10 S n] e A4 I DR HAE S T R i b Rk i A B AR &, A 2 7E 8150 PCR B h 3 B 80
HESE ., AL BOA thxt EIReRE A Wi Io gt Hatt A o0 M 4D B AT n] BE 2B B LA
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