48 4

Vol.48, No.4
2017 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2017
*k
(
510631)
, ITS2 RNA ,
2 : (P. sabit Teng, Lim, Lim & Leaw) (P.
inflatula (Hasle) Hasle) s ,
(P. decipiens) , ITS2-RNA 2
(P. granii) (P. subcurvata) , ITS2-RNA 4
5 s ] ] 5 ITSZ-RNA 5
Q949.2 doi: 10.11693/hyhz20161200288
(Pseudo-nitzschia Peragallo) 48 (Percopo et al,
, 2016; Teng et al, 2016), 23 (LU et
(amnesic shellfish poisoning, ASP)—— al, 2012; , 2015),
(domoic acid, DA) (Lelong et al, 2012; ,
Trainer et al, 2012) 1987 S s 24

(Bates et al, 1989),

B

(Hallegraeff, 1994; Lundholm et al, 1994)
(Lundholm et al, 2002, 2006; Lelong et al,
2012; Trainer et al, 2012)

* , 31570205
E-mail: 3127166788@qq.com
: R , E-mail: liyang@scnu.edu.cn

:2017-04-11

, 31370235

s

12016-12-24,

(Lelong et al, 2012; Trainer et al,
2012; Teng et al, 2016; Lundholm et al, 2017), 15

( , 2010; Lii et al, 2012;
, 2015), ( ,
2015) DA
( M, 2008; 2011; 2011),
DA
, 201607010370



768 48
, 1oo )
R , R JEM-1010 TEM
2 : )
(P. sabit) (P. inflatula) 1.3
- (liquid chromatography tandem ,
mass spectrometry, LC-MS/MS) DA DNA (Lundholm et al, 2002) ITS1
, ITS4 (internal transcribed
spacer, ITS) (Lim et al, 2013), PCR
NCBI
1 ITS nrDNA , BioEdit
1.1 (Lim et al, 2013)
( 10pm) , MrModeltest 2.3 ,
GTR+I+G([AC=1.0449], [AG=3.4071], [AT=1.7247],
(Mshot MI-12) ’ [CG]=0.4855, [CT]=5.9824, [GT]=1.0000, gamma
shape=0.5318, nucleotide frequencies: A=0.2099,
’ C=0.2194, G=0.3136, T=0.2574) MrBayes 3.2
L 48 (Lundholm et al, 2006), (Ronquist et al, 2012) (Bayesian
50—80umol photons/(m’s) inference, BI),  RAXML-HPC2 (Miller et al, 2010)
12h - 12h,  (20£2)°C (Maximum Likelihood, ML)
100 ’ L Bacillaria paxillifer Cylindrotheca
100mL ? MC(M?rine collection) closterium Nitzschia navis-varingica

>

Fz1 AXEIHWEBRERER
Tab.1 List and information of the monoclonal strains in this
study

MC990 (22°79'N, 116°78'E) 2016.04
MC3013 (22°79'N, 116°78'E) 2016.04
MC3014 (22°79'N, 116°78'E) 2016.04
MC3039 (22°79'N, 116°78'E) 2016.04
MC3111 (19°13'N, 112°28'E) 2016.06
MC3086 (17°90'N, 111°23'E) 2016.06
MC3087 (17°90'N, 111°23'E) 2016.06
1.2 BSFNE
(light microscopy, LM)
0.1mL, ,
, Olympus BX53 (differential
interference contrast, DIC) , Olympus

DP27 , Olympus CellSens
(transmission electron microscopy,
TEM) 2mL,
(>95%) )

( ,2015) 5—10uL

(Teng et al. 2014)

1.4 ITS2 CBCs(Compensatory
base changes)

GenBank ITStDNA ,
s ITS2 Mfold

(Percopo et al, 2016) ITS2

, 4
, ITS2
Database (Percopo et al, 2016) 5
(P. decipiens) RNA

ITS2
VARNA(Lim et al, 2013)
4SALE v.1.7 (Lim et al, 2013)

(CBCs) CBC ,
1.5 LC-MS/MS
300—600mL,
5x10°ind./mL,  0.2um
, -20°C ;
5mL 2mL —4°C ,
4mL



4 : 2 769

( o= , 2.1
Smin, 0.22pum , -20°C Pseudo-nitzschia sabit Teng, Lim,

Lim & Leaw (  1A—QG)

Prominence UFLC

(Shimadzu ) 5500 QTRAP - ( 1A), 1/10—1/12
(SCIEX ) ( 1B, O), ( 10),
DA , Wu (2014) DA 28—47um, 1.8—2.2um
Sigma >
) ; ( 1B), ( 10
( 1E) )
ITS2 , ( 1F), 20—27 /10pm
: , ( 1B,
P. sabit Teng, Lim, Lim & Leaw (MC990 41—48  /10pm ,
MC3013 MC3014 MC3039) P Ilum  11—14
inflatula (Hasle) Hasle (MC3086 MC3087) ( 1G), 1—2 , 1—2 s
5
| <\
S8 .
et
4m
e |G WWJ
.- M]
- e
w«; | mi}
e | B W e,
. pertinatteg |
] radiiyaen 7
1
Fig.1 Pseudo-nitzschia sabit
CA: s 3 ; B—G: ; B—C: ; D: ; E: ; F: ; G:

( , , ) :20pum (A), Spm (B—C), luym (D—F), 0.5um (G)



770 48
50—54 /10um, , (  2C D),
( 1G); 23—28  /10um ,
( 16) 46—50  /10pm 1—3
, 2 ,
@ ) (6 , lym  6—9 2 (
) (Teng er al,  2E F), 2 , 3 ,
2015) 59—63  /10um, ,
Pseudo-nitzschia inflatula (Hasle) ( 2E,F); ) )
Hasle( 2A—F)
’ 6 )
; (24, (Hasle 1997)
1/10—1/11 ( 2B), (Priisholm et al, 2002; Lundholm et al, 2006; Quijano-
67—74pm, 1.0—1.3um Scheggia et al, 2009) (Hernandez-Becerril et al,
(  2D) (  2D) 2006) (Teng et al, 2013)

3) MC990

Ps149 Ps283)

¢§§$§%§

A eRaae

. l
N b
B0 RA T

(BPP=0.84, ML=85),

2
Fig.2 Pseudo-nitzschia inflatula
2 ;B—F: ;B ; C: ; D: ; E:
. ) F :20pm (A), 10pm (B), 0.5um (C—F)
5
RAxXxML  ITSI1-5.8S-ITS2 939 R
. (
MC3111 MC3013 MC3014
1 , NCBI
, 5 2
MC990 MC3111 MC3087)
R (Ps147 MC3086  MC3087
1—2 5 (no7) 6 ,

(no7)
(MC3086



771

4 BPP>0.98, ML>90

Ner-J2
*/| Ner-J3 P. abrensis/P. batesiana

PnTb19

P. limii/P. mannii/P. calliantha/P. hasleana/P. kodamae

Ner-G4 P, Jjundholmiae/P. fukuyoi/P. plurisecta/

0.81/64
- AL-56 P. caciantha
o— Pnmi04P. bipertita
0.80/66 ry EgBAS P. cf subpacfica
Pnmi16
o /| AL-101
Pn-2
NWFSC252 PnTb10
PnPd36 PnTb25
hd AL-17
0.98/83 AL-15
8A10
0.94/61 NWFSC188 P. lineola
3-19 P. turgiduloides
4/ NWFSC255 .
0.93/57| NWFSC220 P. turgidula
hd 1UFBC'JOOI;. grani;‘
0.89174  _No7 o vaia
*Imc3ose | P. inflatula
MC3087
4, Ner-D1 i
AL-24 P. arenysensis
0.86/50 4 NWFSC242 .
NWFSC241 - f”"‘i”’:"?ﬁ
ali
| AL-59 P. dolorosa
— * * Mex23

Sydney4 P. galaxiae
187 - GranCan4-1

P. decipiens

& —AL-22 inaticai
—’I:E LaesoZP' delicatissima
PnKk14 P. micropora
1/70 PnSmO7P. brasiliana
0.93/57 _I—’[ gg reah p_ multistriata
o /PLYt19A . ]
(| PLYSt52B P. australis/P. seriata/P. obtusa
0.99/77| T5

Kervel P. americana
1/89 PnMt45 P. pungens

Sydney1 P. cuspidata/P. pseudodelicatissima

0.1

3

OFPmM984 P. multiseries

ITS1-5.8S-1TS2

Fig.3 Molecular phylogenetic tree inferred from ITS1-5.8S-ITS2 rDNA

(BPP=1, ML=100),

2.3 ITS2
ITS2
IMa( 4, 5),
ITS2 (Teng et al,
2014; Percopo et al, 2016) ITS2-RNA

helix III, 31-bp : 5'-UUG
UUA CUA GCU GUU CGA ACG AUU ACU AAA
A-3' 4 (MC990 MC3013

MC3014 MC3111)
(PnPd96) (Ps147 Ps149 Ps283)
ITS2 , MC3039
3 SNPs( ) ,
CBC  hemi-CBC(HCBC) , ITS2
(GranCan4-1) helix 2 CBCs 3 HCBCs
2 (MC3086 MC3087)



48

772
R (no7)  helix 4SALE
SNP R CBC HCBC , (P.
ITS2 granii) (UBC100) (P
ITS2-RNA subcurvata) (1-F) ,
helix , 33-bp : 5'-UUG UUG 4  CBCs , ,
GUA GCC UGU UUG CGA UCA CAA CAA GUC-3'
Helix 1Ta
o NP
AL R ek
Rt
! o e Helix I
! v 7 A 1
i ey
PO A
LN o .
//\C/‘ Yo C\C\c ,./C/c // Ny
4 ITS2
Fig.4 The secondary structure of ITS2-RNA in Pseudo-nitzschia sabit strain MC990
P 180
S
/G/:/G/ //G\ /\c
/1\/6/& Helix 1T U/G/4\>/C
e/ o N
u/ \\’J /\u7 c/ \// o
Kc\ u/c /u/A \C\
el d v
o w " fe={" Y i
Sl s N . A
o /C‘U‘A_ku‘ﬂ‘f\/%\u\s Y . HeIl)A(\]]a PV
. NN Ao SN YA
Helix T« c//# VA ‘ ‘ ” Sy w TN
9/U U\ \\/\A/\U\A/C/G_U_G\C/A\gn C/\\ u/u
A Lt QY
i 1‘U 00 . u/G,,\\\U/G/
i ¢ Helix III b !
i / o V=0 o A
1 /A;G\A\ o ot - — A\u/c \A\G—GfA'—'C/\ /s\< \\G/A/u 190
AL T )
= | Helix IV
="
?J‘A
A/C:J;\,m
y »
C\U,c
5 ITS2
Fig.5 The secondary structure of ITS2-RNA in Pseudo-nitzschia inflatula strain MC3087
24 DA LC-MS (R2=O.99934), y=164.64875x—
DA (ng/mL) R 3947.22457 50ng/mL DA
DA LC-MS , DA 0.77min
LC-MS ,

i

>

50—500pg/L



4 2 773
(40—50  /10pm)(Quijano-
DA Scheggia et al, 2009) (43—48  /10um)
3 it (Lundholm et al, 2006) (40—44
/10pm)(Lundholm et al, 2006),
3.1 (48—55  /10um)(Lundholm
3.1.1 et al, 2006)
s 3pm,
s 40  /10um, Clade ,
(Teng et al, 2015) ,
) > (Teng et al, 2015)
(Lundholm et al, 2006; , (
Quijano-Scheggia et al, 2009; Teng et al, 2015, 2016) ,2015)
(41—48  /10pm)  3.1.2

(38—45 /10pm)(Teng et al, 2015),

(34—43  /10pum)(Quijano-Scheggia et al, 2009)
(34—40 /10pm)(Lundholm et al, 2006)
(30—36  /10um)(Lundholm et al, 2006)
P lineola (Cleve) Hasle(22—31 /10pm)(Lundholm
et al, 2012)
, (Teng et al, 2015)
(

VS ) (1.8—2.2pm VS

1.3—2.5um)(Hasle et al, 1997; Almandoz et al, 2008),

(Hasle et al, 1997,
Almandoz et al, 2008),

, (20—27  /10um)
(12—22  /10um) (Almandoz et al, 2008)
; (
)

(Lundholm et al, 2003, 2006, 2012;
Amato et al, 2008; Lim et al, 2013),

(Casteleyn et al, 2008)
3 , 4
2015)
/10pum)(Teng et al, 2015)

(Teng et al,
(49—58

> >

(Priisholm et al, 2002; Hernandez-Becerril et
al, 2006) )

(Hasle, 1997; Priisholm et al/, 2002; Hernandez-Becerril
et al, 2006; Teng et al, 2013),

(Priisholm et al, 2002) ,
(1.3—1.8um)
(1.0—1.3um) ,
/10pm) (38—46  /10pum),
, (59—63um)
/10pum) ITS

(46—50

(46—52

ITS2-RNA

>

(P. pseudodelicatissima) (P
cuspidate)
(36—43
/10pm) (35—44
/10pm)(Lundholm et al, 2003)
, -3

/10um; 48—55
/10um; 47—53



774

48

E

(Lundholm ef al, 2006)

2 ,
4—6 (Almandoz et al, 2008)

, (UBC100)
( 1F) ITS ,
7 5
: (3
ITS2-RNA CBC HCBC
Hasle et al 1997 ,

>

3.2 DA
Teng  (2015) ,

, LC-MS
, DA ,
DA 24 (Lelong
et al, 2012; Lundholm, 2017; Teng et al, 2016),
15 ( , 2015),

DA ( I,
,2011),
( ,2016 8
DA 9.56—13.28mg/L, ,

2008; ,2011;

DA

(Lelong et al, 2012), DA
) DA ;
pH
DA(Lelong et al, 2012)

E

P sabit P inflatula,

2 7 DA

, 2011.
,21(12): 2986—2988, 2992
, , 2011. (DA)
HPLC , 27(1):
120—122, 116
s , , 2010.
,34(2): 302—311
, 2008. -
, 32(6): 950—956
s , 2015. 2
. ,23(6): 614—624
Almandoz G O, Ferreyra G A, Schloss I R et al, 2008.
Distribution and ecology of Pseudo-nitzschia species

3R, ,

(Bacillariophyceae) in surface waters of the Weddell Sea
(Antarctica). Polar Biology, 31(4): 429—442

Amato A, Montresor M, 2008. Morphology, phylogeny, and
sexual cycle of Pseudo-nitzschia mannii sp. nov.
(Bacillariophyceae): a pseudo-cryptic species within the P.
pseudodelicatissima complex. Phycologia, 47(5): 487—497

Bates S S, Bird C J, de Freitas A S W et al, 1989. Pennate diatom
Nitzschia pungens as the primary source of domoic acid, a
toxin in shellfish from eastern Prince Edward Island, Canada.
Canadian Journal of Fisheries and Aquatic Sciences, 46(7):
1203—1215

Casteleyn G, Chepurnov V A, Leliaert F et al, 2008. Pseudo-
nitzschia pungens (Bacillariophyceae): A cosmopolitan
diatom species? Harmful Algae, 7(2): 241—257

Hallegraeff G M, 1994. Species of the diatom genus
Pseudo-nitzschia in Australian waters. Botanica Marina,
37(5): 397—411

Hasle G R, Syvertsen E E, 1997. Marine diatoms. In: Tomas C R
ed. Identifying Marine Phytoplankton. San Diego: Academic
Press, 5—385

Hernandez-Becerril D U, Diaz-Almeyda E M, 2006. The



775

Nitzschia bicapitata group, new records of the genus
Nitzschia, and further studies on species of Pseudo-nitzschia
(Bacillariophyceae) from Mexican Pacific coasts. Nova
Hedwigia, Beiheft, 130: 293—306 Lelong A, Hégaret H,
Soudant P et al, 2012. Pseudo-nitzschia (Bacillariophyceace)
species, domoic acid and amnesic shellfish poisoning:
revisiting previous paradigms. Phycologia, 51(2): 168—216

Lim H C, Teng S T, Leaw C P et a/, 2013. Three novel species in
the Pseudo-nitzschia pseudodelicatissima complex: P.
batesiana sp. nov., P. lundholmiae sp. nov., and P. fukuyoi
sp. nov. (Bacillariophyceae) from the Strait of Malacca,
Malaysia. Journal of Phycology, 49(5): 902—916

Li S H, Li Y, Lundholm N et al, 2012. Diversity, taxonomy and
biogeographical distribution of the genus Pseudo-nitzschia
(Bacillariophyceae) in Guangdong coastal waters, South
China Sea. Nova Hedwigia, 95(1—2): 123—152

Lundholm N, 2017. IOC-UNESCO taxonomic reference list of
harmful micro algae. http://www.marinespecies.org/hab

Lundholm N, Bates S S, Baugh K A et al, 2012. Cryptic and
pseudo-cryptic diversity in diatoms—with descriptions of

pseudo-nitzschia hasleana sp. nov. and p. fryxelliana sp. nov.

Journal of Phycology, 48(2): 436—454

Lundholm N, Daugbjerg N, Moestrup @, 2002. Phylogeny of the
Bacillariaceae with emphasis on the genus Pseudo-nitzschia
(Bacillariophyceae) based on partial LSU rDNA. European
Journal of Phycology, 37(1): 115—134

Lundholm N, Moestrup @, Hasle G R et al, 2003. A study of the
Pseudo-nitzschia pseudodelicatissima/cuspidata complex
(Bacillariophyceae): what is P. pseudodelicatissima? Journal
of Phycology, 39(4): 797—813

Lundholm N, Moestrup @, Kotaki Y et al, 2006. Inter- and
intraspecific variation of the Pseudo-nitzschia delicatissima
complex (Bacillariophyceae) illustrated by rRNA probes,
morphological data and phylogenetic analyses. Journal of
Phycology, 42(2): 464—481

Lundholm N, Skov J, Pocklington R et al, 1994. Domoic acid,
the toxic amino acid responsible for amnesic shellfish
poisoning, now in Pseudonitzschia seriata (Bacillariophyceae)
in Europe. Phycologia, 33(6): 475—478

Miller M A, Pfeiffer W, Schwart T, 2010. Creating the CIPRES
science gateway for inference of large phylogenetic trees. In:
Proceedings of 2010 Gateway Computing Environments
Workshop (GCE). New Orleans, LA, USA: IEEE, 1—38, doi:
10.1109/gce.2010.5676129

Percopo I, Ruggiero M V, Balzano S et al, 2016.
Pseudo-nitzschia arctica sp. nov., a new cold-water cryptic
Pseudo-nitzschia species within the P. pseudodelicatissima
complex. Journal of Phycology, 52(2): 184—199

Priisholm K, Moestrup @, Lundholm N, 2002. Taxonomic notes
on the marine diatom genus Pseudo-nitzschia in the
Andaman Sea near the island of Phuket, Thailand, with a
description of Pseudo-nitzschia micropora sp. nov. Diatom
Research, 17(1): 153—175

Quijano-Scheggia S I, Garcés E, Lundholm N et al, 2009.
Morphology, physiology, molecular phylogeny and sexual
compatibility of the cryptic Pseudo-nitzschia delicatissima
complex (Bacillariophyta), including the description of P.
arenysensis sp. nov. Phycologia, 48(6): 492—509

Ronquist F, Teslenko M, van der Mark P et al, 2012. MrBayes 3.2:
efficient Bayesian phylogenetic inference and model choice
across a large model space. Systematic Biology, 61(3):
539—542

Teng S T, Leaw C P, Lim H C et al, 2013. The genus
Pseudo-nitzschia (Bacillariophyceae) in Malaysia, including
new records and a key to species inferred from morphology-
based phylogeny. Botanica Marina, 56(4): 375—398

Teng S T, Lim H C, Lim P T et al, 2014. Pseudo-nitzschia
kodamae sp. nov. (Bacillariophyceae), a toxigenic species
from the Strait of Malacca, Malaysia. Harmful Algae, 34:
17—28

Teng S T, Lim P T, Lim H C et al, 2015. A non-toxigenic but
morphologically and phylogenetically distinct new species
of Pseudo-nitzschia, P. sabit sp. nov. (Bacillariophyceae).
Journal of Phycology, 51(4): 706—725

Teng S T, Tan S N, Lim H C et al, 2016. High diversity of
Pseudo-nitzschia along the northern coast of Sarawak
(Malaysian Borneo), with descriptions of P. bipertita sp. nov.
and P. limii sp. nov. (Bacillariophyceae). Journal of
Phycology, 52(6): 973—989, doi: 10.1111/jpy.12448

Trainer V L, Bates S S, Lundholm N et al, 2012.
Pseudo-nitzschia physiological ecology, phylogeny, toxicity,
monitoring and impacts on ecosystem health. Harmful Algae,
14: 271—300

Wu H Y, Guo M M, Tan Z J et al, 2014. Liquid chromatography
quadrupole linear ion trap mass spectrometry for multiclass
screening and identification of lipophilic marine biotoxins in
bivalve mollusks. Journal of Chromatography A, 1358:
172—180



776 48

TWO NEW RECORDS OF DIATOM GENUS PSEUDO-NITZSCHIA AND THEIR
DOMOIC ACID PRODUCTION IN SOUTHEASTERN CHINA COASTAL WATERS

HUANG Chun-Xiu, 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 A set of monoclonal strains was isolated and established from the southeastern China coastal waters. These
strains were identified carefully using morphology in light microscopy and transmission electron microscopy. Their
molecular data from internal transcribed spacer region of ribosomal rRNA encoding gene were characterized, and
compared with the secondary structure of ITS2 RNA transcripts. Two new recorded species were found for China, P. sabit
Teng, Lim, Lim & Leaw and P. inflatula (Hasle) Hasle. Their morphology were compared with both morphology-similar
and molecule-close taxa, and the unique molecular feature for the secondary structure of ITS2-RNA was analyzed.
Meanwhile, the production of domoic acid was examined in liquid chromatography tandem mass spectrometry (LC-MS/MS)
injection. However, it showed no detectable domoic acid. The new records enrich the diversity of the genus
Pseudo-nitzschia in China, and may provide detail information of domoic acid production in Pseudo-nitzschia strains.

Key words Pseudo-nitzschia sabit;  Pseudo-nitzschia inflatula; diversity; morphology; internal transcribed
spacer; ITS2-RNA secondary structure; domoic acid
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