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Hok A-A 827 FE| V1A E0] B4 =L 564719] EST7} GenBanko][ 4] €] Blast searchS ARE-31o] 7150l whet
EFEAE ESTO|A Q] 2 A= cellular organization, cell metabolism, energy, cell cycleX} DNA processing, cellular
transport®} transport, cell rescue, defense, death®} aging @ transcription 522 2X%|Qlcl E3] S-adenosylmethionine
synthetase?} H2A histone family -3-A%}o] W&o 54 A. tamarenseo| A Z7131c) o|2|3t A= = 7)o AR/}
A amarense|A19] AAEA IS ABA] S & vlolenlAt © 4 S Holxe)

Abstract Expressed sequence tag (EST) library was constructed from A. tamarense. Base sequences of EST clones
were analyzed and saxitoxin biosynthesis-related genes were cloned. Sequences of 827 clones were analyzed and 564
EST were functionally clustered using Blast searches against GenBank. Main genes in the EST had functions on
cellular organization, cell metabolism, energy, cell cycle and DNA processing, cellular transport and transport, cell
rescue, defense, death and aging, and transcription. Moreover, expression of S-adenosylmethionine synthetase and
H2A histone family genes were increased in the toxic A. tamarense. These results show that two genes could be
a good biomarkers for the detection of saxitoxin biosynthesis in the A. tamarense.
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Weejol4,519F HE2R/6,7]14E AdH= Ze=w
AdeA ek ey STXO] BE3H 7] dsix=
O ZIA| & ZF ol R] Far glom, 55| QfHE RO
STX A7 o] 24 BeAsir= A dafA SUA
A THS].

STX AR BE gun age shmagel
cyanobacteria 5ol A ATFE|QI=, 4. fundyensed| A %
7] G1 phaseo] toxin AJgH/dol| WHE Ao FHE=
A7 FAESGAL, o] A7]o] HHE FHAERE
S-adenosylhomocysteine hydrolase, methionine
aminopeptidase, histone-like protein 50| Q3%+ Ao &
H I EQTHS]. Gonyaulax polyedra®] STX g4 U <
T+ Ax}o] 29J3HH luciferin binding protein (LBP)©] cell
cycle 2Z5}o] Gl phaseo| 49 STX WEdS FFs
"] 21t}H9,10]. Peridinin chlorophyll a binding proteins}
chlorophyll a to ¢ binding proteinst= STX AJgAjof T&
= GAx=E dA ATH11,12]. T3 cell cycles 23&
3= thlzlz ez CDC2 kinase:= Gambierdicus
toxicuso| A AFE|Qom, STX g1t TR SIS A
o dpE vl eHI314L 22l AR s
HzFole] STXE) 4TS et ola=)
QT 9T, B3l STX AT VMZHE AET 5 o
voloul] A Qi ulxlal,

STX Aghy T2l 4 R BT 0 B
A At Alexandrium F8) Be)A 7123} AYE
olallzh=t] #83}c}. cDNA library25E expressed
sequence tags(ESTs)9] A2 W H FAx-5 FAstaL
2817] 93t +& HRoltH15]. o] V&S W=,
AAAolm, Foi7] ABEL] 2 HES AsHA FA
&t = Q= V)&o|tk 18U 4. tamarense2HE| ESTsS
AL, o]F Falo] STX A Tel SAAE B4
spaa} b AL oAz BTEA efm ik

o QoA EAL STX T SMERA A
tamarenseZ25E] RNAS ££3}31, 0|5 o|&3}o] EST
libraryS 133}ICk EST clone] 7|4 Y H4] 5
o 228§ B4 el ¥, STX Ag
fHArE Helselrt. el Sl wais
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2.1 M= bt

LBy 2= 4. tamarenseE 250 mL E2AA

2 o]-gslol, 100 mLe] £2/Si W|%](Table 1)o] &3},
20C w710 josieE 2L 150 uM photon
m”s" €] cool-white fluorescence lampS o]-8-3}0, 14A]7F
o 5719} 10417k9] G572 daily cycles F9ich

[Table 1] Composition of culture media.

f/2 medium

Component (per liter)
NaNO; 880 um
NaH,PO, * H,O 36 um
Vitamin B12 0.3 ug
Biotin 1.0 mg
Thiamine 0.1 ug
Metal mixed sol. 1.0 mg
DW 193 ml

Tris 055 g

Soil extract 5.0 ml
Sea water 800 ml

pH 7.4

2.2, EST library ®%t
2428 A71(107 cells/mL)o]] T3t A tamarenseZ
4400%g= 52 Fok ATO|A] Ay HeIst] MEE @k
o AP Ao SRS o] 3ko] MR Al
E 3l2fgF &, 5 mL9| Trizol reagent(Molecular Research
Z7)ste]  total RNAES
SpectrophotometerE ©]-§3+¢] Ax®] #H& S5t A
gk 2, -70Co 23t 1 mge] total RNAE polyA
Tract mRNA isolation kit(Promega Co.)S ©]-&35}o]
MRNAS Helsiinh RoE mRNA 584 58 Wi
G Bz §70 %, ok Ago] ALGEAL, A4
S §sle] -80TC deep freezero] HIsFFCh
5 pg®] mRNAZE lambda phage ¢cDNA library |2}
(Zap cDNA cloning kit, Stratagene Co.)ol AR&-3}iTh
Ist cDNAX 75 unit®] Strata Script reverse transcriptase
@} 2.8 ug2] linker primerS ARg35}o] 3HAISFYITE 2nd
cDNAX 99 unit®] DNA polymerase 12} 3 unit®] RNase
= ARg5lo] A5 5 unite] Pfu DNA polymerase
£ AR&Ste] blunt terminiE B/4AIH T 71950l 9
4] 500 bpECT} = cDNA fragment5-2 A ZHE 3=
gk 5§ Uni-ZAP XR vectorE ©]-&35}o] ligation 32 4=

Center Inc.)E&

oo
o

=
3J3} It Recombinant plasmidE-2 E. coliol @& #3k
319431, ampicilino] 37}E LB agar plate’to]] =231

&

M

=
= |

2.2 EST library €7\
grelsly] $afial diEgke

Sl E EST library clones
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plasmid mini-prep systeme ©]-&35}¢] high-throughput
screening= AAJEFAT) 0|5 5|4 Core-One Plasmid
HTS Prep Kit(PHTS-30; for 96 well format, Corebio)S
o] 8314t 96 well plate format© 2 97§9] plateo]
construction] EST clone 3 yLE 1 mL Hogness Freezing
Medium(Table 2)0] &7] 96 well deep well plateo]] =
3}, Breathing paper2 Eal, 18A|7F E<1F 37C &8
ujoF7|ofl Al 250 rpm S 2 HjFsFIth 7237119) cultured
EST clone& Union 32R plus centrifuge(Hanil Co.)E ©]
8510] plate AR 3,000 rpm, 4°CollA] YAIE2]|5lo] E.
coli N|ZEWE =43}

[Table 2] Hogness Freezing Medium

Nutrients Final concentration
K,HPO, 36 mM
KH,PO4 132 mM
MgSO, 0.4 mM

Nas-citrate 1.7 mM

(NH4)2SO4 6.8 mM
Glycerol 4.4%

3)4% A3zo] @A HkE9] cell resuspension buffer
100 ILE H7hskal, SEujF7|olA] 250 pmo &2 5E7H
e Z T A2 BE 120 pl9] cell lysis bufferS 2

7yt H E}/\] 1587} 250 rpm 0.2 ZEM||ok7|of HEeF =
287} AFeo] WHA)SHITE Cell lysis buffero] 2Ja)4 &
el /{ﬂ:b gollof 150 uLo] DNA binding bufferS 7}

S}al, 250 rpm SER 287 Zer) o HE & deep
well plateS 3,000 rpm 4 CoJ|A] 20E7F YAlE 2|5}t
YA1E 2] & AF=9S binding plateo] 200 LA A &

Z3t 5| A olo] plate ShEHe] filtero] & FHEEE
71 A AR

AEAAES ol galo] 257 e HejalaL, 95% of
B8 200 uLY Hrlelo] 23] AFaigch AH 5 12
7 AT, plaed AFAANN Hejslo] ol

n

Sl T, AFAS 471% AASKALE Alignment
frame 9] plateE T3 2,000 rpm 4TE 587 YAE
25t A|A M-S 23] A|ASFETE 96 well round plate
2]o] alignment frame2 &3, binding plateS W $Jo] 9]
AAZL T 35 FRRE 70 4L A5t 51087 B
AlFTE 2,000 rpm 4 TollA] 10551 Y4E-2]5to] DNAS
3l43¢it}. 3l4=H DNAZE @Al plated 55T 71270
ol 9 FZAIZLh 728 DNAS 40 1L9) BT
F7sto] =4k 2= plasmid DNAS A7195= &
sel sholshaich

A 8277 SRES 7} GARe] st 1ejo)
71 ES Bostion, Z 7|4 F2] Data Base
3]Z43KNCBI Blast program)]] whe} §-2x2 S48k

2.3 STX & |TXe| 22|

8277l12] E. coli 222 717+
AT 2-3 ug)E slot ©]§-
3. A. tamarense toxic strain¥} non-toxic strainofA] H2]
%l total RNAE ©]-835}o] dot-blot hybridizationS 43§35}
it A ESTsof| tfi3t toxic strain¥} non-toxic strainO.
ZHE 2 mRNAE ©]-83 reverse northern dot blotting]|
olajH o] SR A 7haE FES Adelsih
ZAA| 82770¢] clone 5 YA F3F Afol& HSl 357
9] clone2 12} A¥sta, A= 35709] clones Zﬁﬁol
3t A3} 107]2] cloneol|A] @A Z7to] JLEE|Q)
2 EST library dataE #-43}o] 27119 STX Q] A(Ij?su-] =

2 sTX9] Hojoh BRI fAAE welahnh

plasmid miniprepa}o], &

&, nytran membrane©]] bloting%}t

|
a2 wieF B9 AIZPEE total RNA samplmg S 4]
Asteich BT 2129 ol RNAS olgdle] It

strand cDNAS WF517, internal control2 18s rRNA -§-74
A7), 5.TTGATCCTGC
CAGTAGTCATATGC-3' ¥ 5'-CCTTGTT
ACGACTTCTCCTTCCTC-3) 2 STXo| #& = 2749
G 7HAAHSAM synthetase primer?] G7|AE, forward
5-ATTAGGTGACACTATAGAA-3' 2 reverse 5-TAATA
-CGACTCACTATAGGG-3"; H2A histon family primer2]
A71A 4, forward 5'-CTGAGCAAGGCGTTCAATTC-3'
9 reverse 5-TACAGATMGGCCCTGTGARC-3")¢] tjjaf
Sapalsict.
A&317] flall4l SYBR green 12 AMg31G o,
thermal cycleri= RotorGene thermal cycler (RG3000,
Corbett Research Co,)S ©]-835}%1 21, Corbett Research
Comparnyo| 4| S=H3= 2110 B4 PCR ¥H-8-& Al
aheict.

AH(primer forward

reverse

I

=~
119tE primerE ©]-8-3}0] real time PCRS
o 7
[e] =

3. 2t A 1nH

3.1 STX Mgty &3 FTXte ME

STXE AABI= A. tamarense2HE| 3223 mRNA2]
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T Alexandrium tamarense®] EST H4 9l 2AA|EA] AH3HA] &

poly-adenylated fractionS ARE-5}] 2x10° pfu/ml clones 2]
cDNA libraryE A|2}5}3Act S5 827719] EST library
cloneS &elst7] ¢s5}he]
0]-25}o] high- throughput screeningS AlA|3}
th. Core-One Plasmid HTS Prep Kit2 ©]-83}o] 3ko]
St Ax} & 827719] clone= 7867112] clone®] insert7} %
=] AhelE Aoz FlElen [Fig 1], LA 4178
9] cloneof| A= AERA-E FdllA S22 A=

E
B AL BTk 7 2259 BAL a4 d71A
ol B A0
= =

&S] plasmid mini-prep

system-2-

AA FG7IAYge] BEAZATE  Genebank® Blast
programS E3) ZARSE A3}, RS SRS EA
AEA 2] §-HA2} homologyES ZF= putative clone 22
slolrjlom, o|E E3 &FHE ESTEQ functional
clusteringS A A|3t A1} ZA] 827 cloneZ 56472] EST
o dst s% BRsb sFseiuch fRE
organization(30.54%), cell metabolism(21.34%),
(12.13%), cell cycle?} DNA processing(8.37%), cellular
transport@} transport(6.69%), cell rescue, defense, death?}
aging(3.77%), transcription(2.93%) % cellular environment
o 38} regulation = interaction(1.26%) 5©°] FR 3
HES A8kt [Fig. 2].

cellular

energy

[Fig. 1] Plasmid mini-preparation of EST library

Cell cycle and  cejiyjar transport andl
Energy DNA processing

14% 10%

transport

8% cell rescue, defense, death
and aging
Transcrption 4%
3%
Regulation or interacton on
the cellular environment
1%

[Fig. 2] Functional clustering of A. tarmarense ESTs

3.2 EST library25E STX & FXxt 22|

Toxic strain¥} non-toxic strain® mRNAE ©]-&3}
reverse northernS 42343t & Wl gko] Z7lE AL}, 7t
A 2L AT Ak 1079 cloneo]H AT 27
o] &ol=|QltHFig. 3]. ©] Z1}= EST library data®}
o 2AT A3 F 3709 FAAE STX O] AR &2
STX] Hulo} Betslo] walo] Zrshe BARE 22
Holck 349 AEE 2 F 149 AR SAR)
data baseo] 71 AH7} AF ZA5HA] &oron, STXS
BH|S}I= A, tamarense strainof| A Eo|Z o F HlEgfo|
S7HEE AR Aer FEE A7IAE 24 2
o AdE 3719 fAAe
synthetase(SAM-S, 3761 clone), H2A
family(H2A, 6611 clone) @ hypothetical protein(423H
S sl

R ) b2

S-adenosylmethionine

histone

clone)

[Fig. 3] Dot blotting of ESTs between toxic and non-toxic
strain of A. tamarense. A, non-toxic strain; B,
toxic strain. Closed box (O ), increase of
expression (3); Closed circle ( O ), decrease of
expression (7)

3.3 STX &3 MK}l Wi 2A
AR W st &

Real time PCRO]| &J&F 28 9]
3§ Al 719l putative partial clone == 7]50] &l
SAM-SS} H2A 84S AHslo] 23t primers T]#}

215}t Primer:= 150 bp size®] products: FE3 4~

A TotE|Qon, AHE3t Ak B Q3)A 18S
rRNA 9] partial cDNA sequenceS ©|-&35}o] Alcfzlel A

23 PCR 132 42395} c}. Real time PCR 4]0 2]
3 QAR WEo AAel Z7H= non-toxic strainX T}
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toxic straino|A] AA|F o2 vEko] Z7lel= FAS
HeE, SAMS $AAR oF 2] AE 7lsige
H2A= 38 A= F7lskitHFig. 4].

STX Alghe] BAslols U, £x, A% 0 4%
3} 2 974 alSo] WS ATl Yeule
Alexandrium 4:2] QHRZZ A STX AL Atk
[17,18]2F AlxZ&F F71[19,20]00 wet W3kslA )
webA] oldERe] AT AT el g
WS STX ATAS Wk Fa8 2ol 2 4 9)
t} STX A4 1A ol = urea cycleX} Krebs cycle®] At
&9l citrulline?} aspartate 2 Zroldtha,
SAM-S&} S-adenosylhomocysteine hydrolaseo] |3} Zuj]
Gl w0 R WA AAE T olrk SAM-S ohH
HaRFoA STX A9 niA S1HtE WeErlE
Adsl 7] wfzoll21] STX 43S Mdete $2 &
AA2 pekE,

X = n@

arginine©|

3.5
mmmm Non-toxic strain
3.0 1 == Toxic strain

2.5 4

2.0 A

0.5 -

Relative expression of genes

0.0

SAN-C H2A

[Fig. 4] Expression of STX-related genes.

H2A histon family gene-& DNA o|ZL}A19] AHghS <l
A|3}al, non-homologous end-joining2 ©]-&3f0] Ha
=t oA Fast &S sk Aol o]FuA
Ak 294 SQE/D)P HE|ZY serine> W=7 Q1A
BhE]a1[22], QJAKE}; AT HMA FHOE HAPEo]
DNA repair SHIE-2 AT e 3h 202 o
Z )t} H2A histone DNAE HMALZE packagingdl=
o] 231 9312 511, DNA modificationy} $AY-8-2138}¢
e A¥HAZE ITH23] £3] o] FHA= cell-cycle
243} WS BREo] Atk24) H2AS) Wdo] B4
A. tamarenseo| A W3 E AL STX A& o] cell cycle
3} wgel) pelvel &S ehuich

ofr
S

o

Sefube} qlokoln] xS fuste] offg HAAY|

T E4EES AN Belels zlem o
tamarense2] STX AY3HA] I SAAE S 246
=9 §TX A
A Bl ATE SASAL. B A amarense R

mRNAS E2|5}l1l, o]E23E EST libraryS A|Z5FA
t}. EST clones?] ¥7] HAske] STX AehA] 7
GAAE SRS ATAT 827 329 4714Y
o] HAEIT, 11 F 56474¢] EST} 7150] wpe} 25
Qi 2 SHA= cellular organization (30.54%),
cell metabolism (21.34%), energy (12.13%), cell cycleX}
DNA processing (8.37%), cellular transport@} transport
(6.69%), cell rescue, defense, death®} aging (3.77%),
transcription (2.93%) X cellular environmento] T3k
regulation 1= interaction (1.26%) SOo2 HEAEAch
E5F SAM-S9} H2A G-z S RYE|ol T 1}
&S real-time PCRE o|-&3lo] BA5H 23}, EA 4.
amarenseoll X HFElo] Z745teAc. B3] H2A9] W W
sli= STX AEHIEgo] cell-eyles W} TRIEo]
Qth= AL YER ™, SAM-S2} H2AE A. tamarense2)
STX AR S A 4 ol $& wlol ezt 8 4
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