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BO. 1 em’ XSPBO0 #, & T Olympus BX53 J;
A (LM) R UL RIATI R B 2 em® Xof 45000 9
T, A AR FRHER R , 100°C /K IE2 10 min, JIZ&1E
IKFRR LR E P IR 10 mm® ROBR S RE AL, 3
ST V-5 P ik I ) R P, B AR TS, 7 JEM-
1010 7 5 7 B (TEM) T MLEEHIHA IR .
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SR IX . PCR P24y 1% 48 K IER (BGI) I .
N ] [ 5 AR 15 O (NCBI) TR 88 3b 22 TE 3 1TS
JF 3. 51 9 X A [ iy BioEdit $A47 . A1
MrModeltest 2. 3 128 &% 3 B AU, 43 51| 5% F] MrBayes
3. 2" Rl RAXML-HPC2'™™ Hig gl D1 i 37 4 B 4%
(Bayesian Inference, BI) Fl 5 K B 2k #4 ( Maximum
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ASALE v. 1. 78 SR MZ il 32 A5 £ ( compensatory
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b HUFR 85 3% W SK T ot Ak 1L (Artemia salina )
Y, FH 200 mg/dm® ) 48 R Th BRI TR ML 7 30
min, FIKE N THEKFERZ IR, B2 L Eigrdikd,

EFRAMS 17 42 d JE, BRI R B K
Hu, B RS 2 AT B IR ALY IR A .

TR P 3 K % ( Paracalanus crassirostris ) {4 5%
It T 2017 4F 8 H K] 200 wmWP-2 7% i 4 1 K4
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IKEPLHYFH. AW 5T PRI A0 R 2 2R AP K
. RE IR A K S 3 AT B 7 B KA Hh B
FeeH

75 AL 6 H AR REL 2 2 700 em’ B3
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BFRFMZI117.
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A3 Xl R SR AR R Sh 0 S AR A T
DA fR . XF = 2l Fp 15 5 bk, ZE G R 2R E W
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T DA 55 A5 EE IR R B 10 ng/em’.

2 R 50N
2.1 FEEFHEE

EICHIZEE i (1) nl B R R, S
X2 e m g 1/7 ~1/5(&l 1a). J6HEH, 41
AP ORE, AR S” Y, Wikt or B A
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Fig. 1

Morphological characteristics of Pseudo-nitzschia lundholmiae
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1/100 MC281 (MF374769) .
0.98/89 lwcoso razarryy £ Simulans
1/09 1AL-59 (DR813835)
califl (ba33s152) [~ dolorosa
1/04 - Mex13 (DQ336156) .
[Grancan4-l(DQ336157) P. decipiens

1/91{PnPd96 (KM400602) )
ﬂES7E(KM4OOGII> P. sabit
Sydney4 (DQ336158) .
1785 L—yex23 (Av257850) £ - alaxiae

1/99

a=1/90

b=0. 94/75

¢=1/100
0.99/95 d=0. 75/68

0.91/81

MC4:

NWFSC188 (JN091756)

AL-15(DQ813826)

8A10 (FJ859046) P. pseudodelicatissima
Tenerife (AY257853)
aNer-F1 (KC409089)
b [{Ner-G4 (KC409088)
¢ [Sydney1 (AY257862) .
AL-17(Dg13827) [ cuspidata
PnTb25 (KC147516) .
PnKk36 (KC147515) P~ fukuyoi
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0.99/95 | PnTb28 (KC147526)
PnTb10 (KC147523)
/100 MC4219 (MHB36627)

218 (M1836626) P. lundholmiae
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Pnmi 16 (KRO21311) 1, . ..
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PnPd36 (KF482053) - kodamae
NWFSC252 (JN085962)
NWFSC253 (JN0s0285) P hasleana

Pn2 (DQ445652) .
AL-L12(qs13841) £ - calliantha

1/100 [C-AL-1(DQ813842) .
AL-101 (Das13839) - mannii

1/100 JNWFSC241 (JN050288)

3-19(AY257839)  P.

UBC100 (EU051654)
1-F (DQ329205)

1/100 PnKk14 (JN252422)
VPB-B3 (AY257847)
AL-24 (DQ813830)
Ner-D1(GQ228393)
AL-22 (DQ813829)
Laes02 (DQ329206)

0.9

1/81

mu3
PLYSt19A (AY452527)

0.91/64

Kervel (EU523099)
PriSba4 (HQ111413)
PuMt45 (HQ111412) P~ pungens

1/100 JOFPm984 (DQO62664)

1/go [—P1b19(KC147514)  P. batesiana
1/100 [NerJZ (KC409108) .
NerJ3 (kcdo9100) - abrensis
P. caciantha
rmi04 (KR021318) F- Dipertita

P28 (AY257858) .
Rans (Ay257860) F- of subpacifica

1794 |\WFSC205 (JN091762)  P. heimii

NWEsc242 (INosozs7) £ fivvelliana
1/100 [NWFSC220 (JN091764)  P. turgidula
NWFSC255 (JN050283) P. cf. turgidula

turgiduloides
P. granii
P. subcurvata

ROC2002 (KT808253) )
1/100 1R0C2005 (KT808255) 1 - arctica

P. micropora
P. arenysensis

P. delicatissima

1/100 (P31 (IN252429) brasili
PnSm07 (1IQ111404) £ Orastiiana
1/100 [B5 (EF636677) L
Koreah (Av257843) F- multistriata
P. americana

(AY257844) P. multiseries

P. australis

P2 ph R A S (AT i DX A R ) AR G 6 7
Fig.2  Molecular phylogeny tree based on ITS-rRNA sequences
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Limens1(AY257840) P. fraudulenta BI/ML
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2.5.1 BRMEMELSMMATG R BEKPEE
FEHE T UHGE T ok P4 7. Perak /K38, JL F 398
AFRHE , AT 585 I 58 S A 8L FLBUE 46,
PSRV AR R — 3 APPSR R 7 m P\ 5h (77
~80 pum) W& F IR P AR R (63 ~73 pm) , {HXT
FrEFARUL, 7o A TG B AR E R, A A
B EM R X

AR € T L A5 S0 B HEFL AU L RO AL, R
R R R T Rs B L 50
(P. pseudodelicatissima complex). 1% & HAIC R
i 23 AR R 2 i Y S X A T ALEL PR
S, R RS BEALEUN TR Ay 1 ~3 &3, 20
R 2 8y ARHE SRS UL (P, pseudodel-
icatissima) FTELZETE B (P abrensis) RANUZETE
BE(P. cuspidata ) | FPHEAUZE I B (P. sinica ) $HAH
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Fig.3 ITS2-RNA secondary structure in strain MC4218 of Pseudo-nitzschia lundholmiae
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Tab.1 DA concentration detected in different samples of

Pseudo-nitzschia lundholmiae

£ L =
s PR @$E4 ﬁﬂmﬁ%ﬁ
/(pg - dm™)  /(fg - cell™h)
MC4216 - ND ND
MC4217 - ND ND
MC4218 - 22.2 2.3
MC4219 - ND ND
MC4218 % 137.8 8.2
MCA4218 SRATT K 202.7 9.8

T = " ORI EPIgE S; “ND” FORBCA 1R DA

L, AEEATT B DAL AR . B EC Y B fh
TSI B DOAAE T 7ERISME | BT 2 BEHE
JRERAIY. R BR e 5 (2.2 ~2. 4
pm) W58 FOAZE 55 L8 (0.9 ~ 1.6 pm). K
PUZE LB 5 IR AN ZE T B 14 DX A T 58 S 7 B 1T UL
EUSTR BT S AR S FE Rl R AR B
AR —RE L BT SE T 1 DX R S 7 1T 2
T 9 AR BUEE S 2R I AN
FfLBE R AL ™, 7E LR T AR , 55 5 X
TR RAZEL
DRI B A R L B YA, gl aul

FILBE(P. calliantha) (2 X ZZTE (P, plurisec-
ta) AL ZEILHE (P, caciantha ) | 2 [GA 22 1L 3
(P. mannii) FAFLIUIZZETE B (P, circumpora ) %5, FL,
QAR ZIE4 DULE, AR ZERE N 4 ~5
A EBEIEEE N T ~ 10 A0 RALIEE I B
A 23k 10 A PLEY AT S RS
S A WY 1 DR AE

2.5.2 BERBAETY SR FHFAESH BEIRMZE
TEBEN 7 BE AR A B L TE T Ok V4 I 25 2 U K
R AU bR F (PaMiOL ) Kl I HE ) DA,
BN RE A 1. 13 fg. ASHFTE N 6 V5 v e T el
SR 4 ASRE ISR b AU — 1k &R MC4218
Rt DA, B - RO 2.3 fg DIEMFSE E IR
S5 ST BN P RE R R R AR E 1Y, 2 BKR B
FRER O RN R, LSO R A3 s B B4 R R
AORE IR H A, Bates %5 (1991) % 3L 37 3% 1K
WP RE T LU Z SN2 P 3 (P multiseries ) TG
EWTEE Z DA, TR RN AR Z 2 R
YL 35 K B TG v 4k 22 77 48 DA™Y, Lundholm 45
(1994) K ILIVAUZEIL B (P. seriata ) 17" B /K-
A A R A G, R W R K e L B
TR CQALA 22T e I 4 B /b, JR S0y iz I E 9%

VR RERS F & " BRI
2.5.3 FHHM A ERMER T EKTF O A
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o DMEC TR 22 e B s i o, 2 R
TG ESRER SN R A S E T
AL HAFRON. Tammilehto 25 (2015 ,2012) 43 BIBF5Y
T 2 #kE R 25 (Calanus hyperboreus Kl C. finmarchi-
cus ) 5 AU T 198 & AR RN, & S5 4
I B BERE A TSN, B A0 7 B 7K F- 53l
1 0. Ipg $27% ] 13. 1pg M1 4. 2pg " BFIIAN,
e RN VAR L & Ve A X7/ LU A SN0
FEARTEA, JF A B 2 1 DA X S8 018 4 ) T REAIR
TSI E A AR E R AR5 1 b L AN SR
K 75 T B QAU 22 I8 B (MC4218 ) 114 7 7 7K
-, KBRSl W) H R B L KO A
PEREAKCE IR 2.3 fg R E 8.2 fg M1 9.8 fg. B
A5 5 (2017 ) L8 I i HeFRE 4508 FE 46 1R ( Bra-

SE Lk

chionus plicatilis) W53 1 i A2 TE B0 7~ FERE T,
LI H R K 325 4 ~ 28 %%, 5 Tammilehto
BB L A2 AR 5T F 1Y b R S T
R , s 7K 3 W S s TR R U K & 7
BT A I 220 8 8 AR , BV BUR &
A SRz B0l S P SRR BT R T %A
FHRLZ BRI T SEPR AR R LR,

3 458

B S BT DS I B ) — A 48 s o
RelCRIEE M, 6 TR MRl ZREE. 75—
RIS Bk 22 (MC4218) Gl £ DA, P40 =
K09 2.3 B 1 HURIBR AT K S 5 R w5 e KA
SEBEY DA KV, HIEGR AR AE 3 ~4 {52 [H].
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Vectors for the biotoxin, domoic acid, in the Arctic

Biological traits and toxicity of Pseudo-nitzschia lundholmiae
from the Taiwan Strait, China

DONG Huan-chang, LI Yang
( Guangzhou Key Laboratory of Subtropical Biodiversity and Biomonitoring, Guangdong Provincial Key Laboratory of Healthy
and Safe Aquaculture, College of Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: In order to clarify the species diversity of the toxic Pseudo-nitzschia in China and declare their domoic acid
(DA) production, four monoclonal strains were established from the samples of Taiwan Strait during May, 2017.
Based on the morphology under light and transmission electron microscopy, and molecular analysis inferred from in-
ternal transcribed spacer (ITS) region of rRNA encoding gene, as well as the analysis of ITS2-RNA secondary struc-
ture, a newly recorded Pseudo-nitzschia species of China was identified as P. lundholmiae. It is characterized by lan-
ceolate valve, presence of central interspacer, striae comprising one row of poroids and poroids normally dividing into
two sectors. Using liquid chromatography tandem mass spectrometry ( LC-MS/MS), DA was only detected from one
strain, with an average concentration of 2.3 fg/cell. Artemia salina and Paracalanus crassirostris were selected to
mix-culture with P. lundholmiae, to evaluate the impact of zooplanktons on the DA production. The result showed
that the existence of zooplankton could increase the DA production of P. lundholmiae in 3 —4 times. The above re-
sults add new knowledge to the diversity of the toxic Pseudo-nitzschia in China and provides the DA features of P.
lundholmiae , which can provide the basic data for further studies.
Key words: marine biology; Pseudo-nitzschia lundholmiae; species diversity; morphology; internal transcribed
spacer; domoic acid; Taiwan Strait
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