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Sy AT RIS T RS — AT E N AR AR B 0 T P caterae T B L, KM B RN T
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Characterization of anti-predator abilities of Pleurochrysis carterae

WEN Xin, LIU Baoning, ZHOU Chengxu” , JIANG Ying, CHEN Hangxia
School of Marine Sciences, Ningbo University, Ningbo 315211, China

Abstract: The coccolithophorid species Pleurochrysis carterae is a common coastal calcifying phytoplankton, which is also
able to form dense blooms that harm marine aquaculture. The anti-predator ability of P. carterae is supposed to be one reason
why it is a dominant species. In this study, this hypothesis is tested by using brine shrimp Artemia salina as the model
predator. Another Prymnesiophyceae species, Isochrysis galbana, which is considered as the benign live food source for A.
salina, was used as prey. Changes to the grazing rate or survival rate of A. salina were analyzed when P. carterae was
present in the prey mixture. Algal chlorophyll fluorescence efficiency and lipid changes in these two algal species under
predation pressure were also studied. Some very interesting P. carterae features were observed, which may provide insights
into its anti-predator abilities. These were as follows

(1) When the P. carterae cell numbers increases in the microalgal prey mixture, the brine shrimp A. salina has a

lower predation capacity, which is shown by the gradient decrease of chlorophyll content in the brine shrimp intestines. The
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survival rate is also lower as the number of P. carterae cells increase. Therefore, these results clearly indicated the anti-
predator ability of P. carterae.

(2) In comparison, the chlorophyll fluorescence (ETR and Fv/Fm) for the two microalgae facing the same predation
pressure decreased significantly from 0.75 to 0.60 for Fv/Fm, and from 88% to 65% for ETR, respectively, for I. galbana,
but were almost unchanged for P. carterae. This means that photosynthesis of P. carterae is virtually unaffected by the
presence of the predator. Such unconstrained ability against the predator was very prominent.

(3) Lipidomic analyses, with without the predator, between the two microalgal species indicated that I. galbana did
not show any significant changes, whereas P. carterae did significant increase its monogalactosyldiacylglycerol ( MGDG ) ,
digalactosyldiacylglycerol ( DGDG ), phosphatidylglycerol (PG), diacylglycerol ( DAG), and phosphatidylinositol ( PI)
contents. Since MGDG, DGDG, and PG are the major components of the chloroplast membrane, the increase in these
compounds can have protective effects on the microalgal cell, and both DAG and PI are considered important signals for cell
division, so their increase can stimulate the population growth. Hence, the lipid changes clearly provide the biochemical
evidence for the physiologically positive changes to P. carterae, in the presence of the predator.

(4) Dimethylsulfoniopropionate ( DMSP ) is supposed to contribute in the anti-predator abilities of microalgae. We
further studied whether the mortality of A. salina was affected by the algal cellular DMSP content. Cultures containing
different cellular DMSP contents were set up by adjusting the phosphorus chemical states in the {/2 culture medium, namely
phosphate deficiency, normal {/2, and {/2 medium with ATP as the phosphate supplier. The results showed that, the
ambient phosphorus chemical states significantly affect the intracellular DMSP level in P. carterae. After three days of
exponential growth, the phosphate deficiency group increased DMSP from 2.35 to 2.42 mg/g lyophilized cells, whereas the
normal £/2 medium group reduced DMSP from 2.35 to 2.26 mg/g lyophilized cells, and the ATP enriched group showed the
largest decrease in DMSP from 2.35 to 1.90 mg/g lyophilized cells. This indicated that the phosphorus level and chemical
state had negative effects on the accumulation of DMSP. Furthermore, , the phosphorus state can affect the preying behavior
and mortality of A.salina. Phosphorus deficiency in the culture medium can increase the algal cell’ s fatal effects on the
predator, while ATP, as the sole phosphorus source, may decrease the fatal effects.

We conclude that P. carterae contains positive biochemical mechanisms that underlie its anti-predator abilities,
possibly through cell membrane component protective reconstruction and DMSP metabolism. Its active anti-preying abilities

mean that P. carterae can reach a sustainable population size at the ecological level.

Key Words: Coccolithophorid; Pleurochrysis carterae; anti-predator; Artemia salina; lipidomic; chlorophyll
fluorescence ; DMSP
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RGBSR, SEIGHTSE 2, P.carterae J2 B 3 51 6 5 BB T (B s fh s 2 — 1400
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Wi ¥ P.caterae FIRFIG T 1 A8 rh#0 AL T s S i, HAH & e I AEAERE AN R AE W LR 4 . DF5E R, i
A1HE (coceolith ) FFAIE HEBE 7 AL s B A 2 A IR 4 L Moheimani 25004, N TR 32 B0 3 P. caterae AR
by S R A S A AR R T R T AR O P B R E AT R R BB P caterae A
B AE R, ISR A sl AR Y 2 DMSP ! Wiy ¥ P.caterae J& DMSP = fh2 15
WIS 7, DMSP AJ REFERIAT 8 P. caterae S v B RAEVEFN . (2, i1 T DMSP FEfd s v 2 Ll
ZRE, H R Ve SRS 40 B4 AR R 2R DR B AR OC T | 3 AN 40el 14 7 KB oT

DT AL, AR A R E T B S e E RN RS, X (Artemia salina) &— 3R
B, 5y TARMUARAT , I 85558 AN/ AR B Re S0, 9 T 2R B 90 S A i 2 3 AT A=
)6 R BB B3R dUF RO O 2 Fh 2R , HrP R S5 HF 43 9 (Lsochrysis galbana ) J&=— P i B3 B AH R,
50 R T e (E P e T AR 2 R

M2 Z DS ER AL e R AE e Z B M EE S, IR S s B E A A YT i
VRO, R R I A A T BETE BB Pl B A rh R AR

H T WA B P. caterae TURE M HEE 1 FRAE S FLALE], A8 SC UL 1 UM R &, DA BB 4 5 1L
galbana X FEGEEE 3T T H5UABE P. caterae XoT b0 U £ BE 7 B 52 MR H &R ) T Tlise i 2R RO LR
YL R FFAEAE AL, R T WX A 8 A A B AR 28 A AR E R Y AR SGA RS T G R R L 48
BRI DMSP 128 Ak LA S A PR IO (i HEUFE 375 BB T 7 A 5

1 #MRERFE

1.1 FERhRE RS K i

W6 3 (P.caterae ,NMBjih026) K %5 #f 43 5 (1. galbana , NMBjih-021-2) $12k B T KA Fp B E, 52
YR £/2 REFRMFEL FRAEIRE 20 °C J6iE 2200 Ix(D:L=12 h:12 h) =,

b H B ALY 2 4 C UK T RIRARAEFT (< 1 4F) AL RTHE g BUBR & T4 R T 2 h, 7EBA 150 mL i
UEME K BB I TR L . IR 30 °C,EhEF 25%0,pH H 8.0+0.2, S HRIEAL
1.2 B P.caterae ¥ X BB RS20

SEHAE 6 FLAAZUEFRAR 13T BT O R AR R 1Y 15 BB R, SO HREE i HE T R K
HURALBE 24 /INEF, T BRI K TS UE 3 IR LAVE BRIRSN 2 i e

SIS LH B E  BEL A A 10 mL DA [ Z0 8L BTR & B9 4 35 (1) FIEUG 3 P.caterae (P) TR, A i
P.carterae W HCZEHHEAN (/P HCBI43900 10:0,8:2,5:5,2:8,0:10) , IR & A i 40 0 25 FE 2 1x10° 4/ mlL,,
fUImA 5 RA/MEFEI TR . DU S KAE AL I, 2% 3 AT, A 8y & Tl 22 ¢,
SEIR 2200—3000 Ix(D:L=12 h:12 h) B FR &M T,

TSRO R () 21 15 8 RIS 5 3% - 44 B RS G4l AH RIS 5 h 24 h BORERS (A1 . SESTT IR, X 45 B a]
&SI AR 17 HL 05 S AECHE B, 10 3% b A TS B, B AR e AL, I BRI K R R 3 R DL R BR IR
W, AR A TE e

K HAETE S Re= (Ni/5) x100% , Re At B ) 5004 o0 A 238 Nt SRy o Bs) T s AR 7306 e HRUBIC

BRI Ll SRR a 1Y iR 3R 1k U A A M €5 23 i RAE I R 1 RN
M2 R EFET Arnon 17K 6 i HURE SRR G R, B T B BLO A P, BN 90% TIER, I ARSI
Sk A A RSV S O B TE B IR T 4 CalE G AT AR 24 /N, B ETE W, DL 90% N A2
FREHRL 23 SR 630 nm F1 663 nm AL E(E (0D630 F1 0D663) , DL FIIARFE MG R & n K58
B2l e b L B

2445 a(mg/L) = Y, (11.43 x 0D663 - 0.64 x 0OD630) /n

K B R T7 220 Wi ik i AT 25 5 B AT
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1.3 BRI EAEE P.carterae A HAE LIS I0
1.3.1 HEENT, WA P.carterae WM E D ES4 ETR F1 Fv/Fm 197254k

SEHSHE 250 mL HEIE P T . SEBATR 200 mL, B EEL 1x10°A/ mL (AT 3 P. caterae SRS 4:
PRSI, BRI PR 10 H i UL, 53 DO B A P caterae TR RS 4 35 S R4 £ % iR
M, K43 P17, IIAMIERYET 22 C 2200 Ix N RRGFRAMT . i 7ESC A in ™ 24 h )5, FnF 2k
R IO (Water-PAM ) K 44 2H 2 R 9OESEL ETR F Fv/Fm, 2R 4 0 BOFI4ME
1.32 fHEENT,BAE P.carterae BIEH AL

S4BT FH S AR N 4000 mil, #8805 WU 8 P.carterea FIVHARL 4 58 FE 43310 3% 10°4/mL £1 1.8
x10°4/mL, A HHY BT 22 °C 2200 Ix  2YGHRERAME T, A0 B B ol 40 (i ol 3 H il ¢
BRE 1 H/ml) DUECA I g B AR X B4 4% 3 P AT, 3 AR SR T B AT I A g U 24 h S AS
SIS B 1000 ml, v LLER 1R HA G AR ¥ % B850 (5000 rpm/min, 10 min, 4 °C) Y5 58 200 i i 2 1 i
2,

BRI A3 BIFREUAS S I AL R SO mg, BEA = AN F17, 7% ik 5 1 Bligh-Dyer 3% ] CHCL,/CH,
OH/H,0 (1:2:0.8, v/v/v) $ER =R, e 28 RALZS T BT, HBEE %, #547 LC-MS 43, LC-MS %%
R A B BB A B 52 S0k
1.4 WEXHWiAT 8 P.caterae 40 H DMSP 255 A R0 K H 5 i B SR A 6 &

FATEL AR B IR DL/ BT 240 M DMSP % 1 25 5 | [RIF 43 BT DMSP 75 i 119 25 502 75 18 B P. caterae 303
HPER 25,

1.4.1 WAL XTI EE P. caterae 4RHIPY DMSP &5+ (1520

W 23 BRE F5 BAEBUEKI BB P. caterae , FEFPEIBBEY £/2 I0E M N T0K 0 BR800 b kA T — ]
FIBEIURES 5% . $hPE 28%0, pH 8.0+0.2, WIHRIZEFEE R 4x10° 4/ mL, BEYUREE 355 , BB 0 (6000 v/
min, 10 min, 4 °C ) WA BEAH LG R T35 s IR 46 280 #0 TREVUHCIRS 13k 53 3 41, Horh— 41D 1:1
LRI EI BB €2 BrRrh , —410A 1.1 R 15240 DL KH, PO, BRI £/2 Ji 3R, — 41D 121 2 Fp 5
SEAEMLL ATP SRR (FHIF] PBEJRE) 19 £/2 8538 00D . BEWREARFY 1000 mL, B4 4% 3 AT, 8RN
22°C ,4000—5000 Ix(D:L=12 h:12 h) , ¥53% 3 KJ5, WEEASSEEG 2 A BGEE 800 mlL , AH [F] B5.00 Bk 13 W, Uk
A TE A ML R T A 2

BRSO R, FAZRE AR (X ( Bruker AV

o
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NN — N N = 1/P10:0
400MHz 3543, 72 [%] Bruker 23 F]) KL & DMSP 7 4, 05 1P8:2 2
NMR 5 P 52 k4 0 J% B4 40 07 07 1 5 % ot ok 35 7 s

B 1/P2:8
e I 1/P10:0

N
i

(2011)"%7" ) DMSP fy— 4" HNMR %% & 53 9 7 Ak 27 fir
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DMSP & PhE #5317 .
1.4.2 BERZES TNEFREAE P.caterae Xf X HLEHE
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2.1 A1 P.caterae X < HUBR BRI 521

T T BRI R o T RIEHAH IGO0, SC a5 R 1 R, WA S P.caterae 5 L 0 352 1
B HUREEL ; BB SCHR I HU AR P SR ORI B (B2 BR 1/P8:2 ZHAM 5 h 4K a B ER AR,
¥ITE 0.35 mg/1 A b, /P82 4l K, N 0.46 mg/1, 24 h, /P82 MR GH S 5 h A B EFEES, WTHE
SR ZARIRIRSR N B & B ARG il . (HHA S 4R S 4 I 5 h BEAR, BLBEMUA3E P.caterae
B o LT R R R AT FA AR A AR E RS ISR 1 SRR L5 h SR A
i HAET, i BUEER . 24 h, A < HAET-BLG (B 50 BUETE R 5 0 3 P.caterae (i FEIE N A L 25 A 496 2 AH
Ko PRI, g HUPAR P 2 3R 15 5 A RIS 1l He 48 £ e ) BRI AR 3 . 100 B 1 s i o SR R B D 7 T
S

K1 AEKREHESE (1) /FAE P.caterae (P) BELLH (I/P) THI X BIFER

Table 1 Survival rates of Artemia salina in co-cultures of Isochrysis galbana (1)and Pleurochrysis carterea(P) mixed in different proportions (I/P)

b S ==
AL I/P 10:0 I/P 8:2 I/P 5:5 /P 2:8 I/P 0:10 '(.Hﬁk@‘ﬂ(
Treatment Sterilized sea water
5h 100% 100% 100% 100% 100% 100%

24 h 100% 93.3% 100% 100% 93.3% 100%

2.2 HHEEIXEAE P.caterae =B AL RN
221 FHEENT,BAE P.caterae EERDEEESE ETR A Fv/Fm 17484k
AR E ST WA 3 P.caterae FIERME BRI 2R R VOSBRI RV ACFFE (K1 2) . B EIIME
FH 24 h 5 BOBHE Y R B 177 3 Fv/Fm AL T 1% 3238 0% ETR S 8.2 TR (P < 0.01) . (HF4 3 P.
caterae [ Fv/Fm LI ETR %A BE2ZF(P > 0.05)
W Yk [ 2405

BREGHEE DR EIvaR BRAGHE 0 EIVaR
1.0 - Isochrysis galbana Pleurochrysis carterae 100 - Isochrysis galbana Pleurochrysis carterae
£ 2
e oo
3R I ﬂ m
X 5
i3 )
Y Tt & e Tt i Tt & iy Tt &
Predation no predation Predation no predation Predation no predation Predation no predation

B2 HAdiTHRENTHREFESEMBLE P. carterea 1Y) Fv/Fm 1 ETR 4L
Fig. 2 Changes of Fv/Fm and ETR in Isochrysis galbana and Pleurochrysis carterae when cultured with or without predators

M2k R 9OESEL Fv/Fm A ETR RN T MRMRGHE 2 2 & /E 0 22 5, S ECE AR RRIE R | TR 43
ZHN Tk A X A A W BT UG P carterae B E AN BN L, AR SHRIER
BN P.carterae AP ERES
222 FHEENT AP P.caterae BRI Z L
2 MarkerLynx ZbE | X REBEAE S 7E IE 1B BN (5 S W A XS 5 Sk B 0 — Ak T PCA i
ST, AR EOR IR EEAE B R IR 5 ARG OL T AR S 2 A oA B A 22 5, BTG e A
WEENESEREIT , IR H B A 2, MM P.caterae (A E B I HEMA SEAMEET
FXF R I A A fa 22 5 B 3 (11 3) , UL IA AT 3 P. caterae 1A &R Syt FLNR AR & 4k 8 & A8 4k (1E

http ; //www.ecologica.cn



6 A E = 36 &

TE AT R 41510 0.868 F10.84)

A
100 - 100
(J
50 - S 50 fo
0 0
00"
=50 =50
-100 -100 |
—_ | ] | ] | 1
o
= -150 =100 =50 0 50 100 150 -150 =100 =50 0 50 100 150
60 |- 60 [
D
40 |- 40
l‘l
20 |- 20
°°°
0 0 ':
0k @ @ 20 | @
20 A o® 20 o v
L ]
-40 - -40 -
=60 |- Il Il 1 1 1 1 1 1 —60 [ 1 1 1 1 1 1 1 L 1
-100 -80 =60 =40 =20 0 20 40 60 80 100 -100 -80 -60 -40 =20 0 20 40 60 80 100

1]

B3 EARFREER,KEHELSEMNTAE P.caterae EHRENGFESTERTIEE PCA 5 E
Fig. 3 PCA scores plot in positive and negative ion scan mode for Isochrysis galbana and Pleurochrysis carterae with or without predators
(A FTRBREFHE S 30 IE B FRIs0, B R BRI 4 3 ) T 8 TR, C RARA B P.caterae IE B FHIFL, D RN B P. caterae 15T
M 280 R R R A, S50 MR BB B 1 X BRE)

BAE D ATEE AR s AR T IR H X B B R0 T WA B P.carterae A & ALY
JoEE Sy B UM H Y R (MGDG) SCEFLBEH I —B5 (DGDG) . B H i (DAG) . =BEH M ( TAG) (Bl
B H W (PG) JEISRBER ( DGCC,DGTS) , Rt Him &R A S (SQDG) | BERR LIRS (PC) LA M BEARBENLEE (PT) .
22 BRTIEES FHEAE P.carterae MIENGZEAT TR A EE AL, 458 BR , AR T ZUN
N&2& &k H: 84k, MGDG , DGDG, PG #BE 3 I TF, 1 SQDG [ ; 542 41 g 43> 4% V) AH 5 9 DAG F1 PT b Tt
DRI £ TR ) 3 R X S S 25 & 22 5 T REAE UG 3 P. carterae FRHUIR S A0 A4 BAR T AR P oA BB 7 3L,

R2 WEEHNTHRE P.carterae BIoF X ERZTURIIER (A B FXRAFH; V .83 FIRARE)

Table 2  Significant lipids changes in Pleurochrysis carterae under grazing pressure compared with control ( A : increase V : decrease)

BEZ A FK Lipid species PG PI PC TAG DAG  DGDG  MGDG PA DGCC  DGTS  SQDG
P84k Content variation A A A A A A A \% v v \Y

PG . B N8MEH M Phosphatidylglycerol, P1; B ST JLEE Phosphatidylinositols, PC ; B St MHH Phosphatidylcholines, TAG ; = it T /1 Triglycerides,
DAG: [t H il Diglyceride, MGDG : 2 FLHH3E — Bt H il Monogalactosyldiacylglycerol , DGDG : B2 LA % Hh Digalactosyldiacylglycerol , PA ; —
Pt H M BEAE IR Phosphatidicacid , DGCC ; —ME3E H i R 3L H L JHHK Diacylglyceryl-3-0-carboxyl-( hydroxymethyl ) -choline , DGTS ; — [t %& H it = H1 3%
1 22512 Diacylglyceryl-N, N, N-trimethylhomoserine , SQDG ; Bt 5% 24 H i —H§ Sulfoquinovosyldiacylglycerol

2.3 WEE2ZES XTI EE P.carterae 4L DMSP 5 1 (54 M0 S H 5 gl IEE AR 6 R
2.3.1  WRIEZE XA ML DMSP % 15

MFE 3 FTLIE A TGRS Sl 250 N A 4 i DMSP By & i3, 58300 £/2 3G, 4
i DMSP & TR, (HIIM R RS P4 DMSP & %A B E ST 5, DL ATP A ME—BEIRE, 40
Jifl DMSP FFERE (P < 0.05), 455 Gon, 400 DMSP /i 51350 b B A A G BE R i ATP W] fETE
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DMSP i b &3 E1EH

£3 ARBEEXFARTE P.caterae K DMSP 2R (FHEATHERZ, mg/g)
Table 3 Cellular content (Mean+SD, mg/g) of DMSP in Pleurochrysis caterae cultured in the mediums with different phosphorus states

AbFR Treatment /72 (-P) /2 f/2 (ATP)
WHAIRZAS Initial state 2.35£0.27 2.35+0.37 2.35£0.27
%3 dJ5 After 3 days 2.42+0.46 2.26+0.71 1.90£0.52
2.3.2 BRRZERS XK RELRAHCHE 100 -
R I L 2 5 B 0 0 AT 8 P caterae X1 HR 1) L 72h)

oL F12(KH,PO,)
S12(ATP)

BOICLE R IR - A HH BRI X i 7 AR BRSO (K 4) .

WG P P.caterae X< G2 RN, 24 h WEYEFEREAS 60 -
WIS, fEUR, BREEZL DMSP & H AR , 75 24 h H e R wl

KHRECE, DLATP SABER IS DMSP & s fik, Hox
HEFEAAE 48 h Fl 72 h BYKG A i a2 T A SIE 06 20 v 20
%, i FHis DMSP 55¢% £/2 J IR0 h 40l DMSP & 0 N
% SR L TTRE P EOX B B R % R CoRr R e
(P >0.05),

FET- 3 Mortality/%

E 4 BERREERTAREI K HABIERLTNL
3 3 T.I"LII:\, Fig. 4 Mortalities of Artemia salina in cultures of

Pleurochrysis carterae cultured in mediums with different

FENE e R IO 7 % FE D I e T o PhoseRomes st
BA TR REGGERE ). H TR B, MOt 2 my
Pt £ R IOIE S E R A B AT B B, fEsEn0 ke vl BE R K AL 7 v oA A TR
W —Fh45H> , Pondaven %5 (2007) FIBFFT R , B ICHEEESE Thalassiosira weissflogii 5% 24 £ 1K J1i}, 40
MR AR S 0 (U G H A UGB P.caterae IS 7E AN AT IRBUM & MMER , 3 HAb A2 PiH
¥ P.caterae B0 < HAYJFE A, Houdan %5 (2004 ) ALY W78 , Pleurochrysis & B JLAP A i X5 1< AL AR A FH J2:
AIFIHY A8 P.caterae BAT W EWBBEVER , T R&E K P. dentata L)} [F)FEE A £55E ) Hymenomonadaceae
B TR LA S A BOEER

HA A2 B AR A i e s g K rp 2 il S HE R S 3T A TR O R
FMSL Y EBHEINAE . #1an, MFER 2 3 Karlodinium veneficum 53 W0 25K % #5 R (KmTx) , o] LLff
JE A SR F R BB E R A H . Swom 55 (2003) HF 5T K B, FERUA #E Emiliania huxleyi 55 5
Rhodomonas salina ANRWABUR G B, IR H 3 Amphidinium longum 23565 B g, i B4 3% E.
huxleyi A AFESE S i Y

DMSP & —Fh 9l Z W58 K A A A B B . BRARHER VR op A= W 5L R HL 5 T A T 1 PR 9
HEPEAR A DMSP =7 2R . XA R A T &, KA 3R EE b i) DMSP B4 A WD . 5 Sl 2 AR bl
B, B EIRAE S T AE MLk DMSP A 28 A il 15 et /2 ) Aol , S5 B0k R A B A 2 Ak 24 B AR B AR
DMSP 38 i MUK s A A FH A 7 A 45 2 v DMS, A S B S — R & & fE SR

FATRIWESE o | BEA AT P.caterae TEVHRLE 5 0 AY LE BN, b Ha 5% £ 3 B R R B3 5 A 1 e 0 4
BEE T WA P.caterae (M4 RIS CSEOBA B E72AL  IEW HAZ B 1930 & H 1/, B0 W W i P
caterae FARPT G WAL RE ST, H AT I AR AE WA 3 b & IAEATEE R, (H 858 Ay, 40 DMSP K H 22 /i 7 )
DMS FIP M FR 76 M4 5 A ) B AR AR WA B 56 R P R G AR RIS, DMSP 24 fif il S HC3% o e
) 93 A 0 ARSI R A RIS SRR 2 WU B P caterae ANIEN Y DMSP & 1t & A4k, &
AR T BUA BE P.caterae AT 0 UAYEF W AT 22 5, BB B 26 T 2000 BT SN ATP 3555 551
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0 B BN, DMSP 76 35 40 Mg I Ak i A 7= 25 DMS, [R] i 7= A 10 TR0 i T A e 380 S IR 7
AT A A B, v 3 A W A8 P caterae 2B, 00 B IR EVE  TEUDRE G0 5 WA BE P.caterae
TREW T, AT RETCIL B BT A 3 P. caterae AHE, NI B2 %, IF H AN DMSP S fiff Bl 7% 1 22 5 vl
S i A E A A N R AR ST s, BIR BN WA E. huxleyi BIATMIP DMSP & B34 R

{2, PR T4 5 DMSP 24 i A 3 1, I 4 0 BR 1 45746 T DMS [ r= i hn = 88 32K B Ak &9
REZ TN ATEE P.caterae 1) DMSP 2R REEVEA TFHTFE . DMSP 2 B 1 v B2 ) BE 7™ A5 3 19
HESY), XSO LR B Houdan S5 R FISHY Pleurochrysis J& A1 BN [ BCE 8 A AEAR
[ 4 A 30, TRV R e i AR 22 5 A e (S SR B b BT s A e e ) e R
RR S50 T, DMSP 246 fifg R HL0E M2 5 i RR i, v] BB A FLHEPT I B8 0 48 =, DTy 48 fin LA B 5 4 i
SR TEAL R

FEME R U S Sh BT B B LRI R e E 2 AR R T R SE B i R T LARE

SEF R D ERE FRAR P B 2 A0, B BT Z & A T B A RE A IR T i e B Zwirglmaier 2 &
f)u , SRIKBE Synechococcus AN [FIRRAH MR TH NG ZWE 1 25 5 TR T &S EAHH B E PR ERE 1225 . Parris 550
g RS AR AT AR P A S — D E RN Y Cutignano 25 & 3K, 355 Thalassiosira rotula 1
SRR ARSI Sh W A e R e A A 2 B A ) R AN AR R I AR TR Y AR g R B, A
P. caterae fRAEEE M o7 FEEAG HLH 5 #3581 ( Haptophyta ) B4 5, BV ELA DGCC, 33X /28 51 1 I8 S 7E Tl
R WL, — Ot BRI B R IR 2B &R SRR A2 B & R 1 i LA B8 P, caterae L
B, BRI B2 . Hh iy it sk AE2E MGDG ,DGDG, PG # 28 LT+, 10 HA SQDG T B, {H—
AN MGDG H1 DGDG A:AEFE M SR s s 2424 P R R A A% RE K A — DRI IR il 5 PT kst
WAL R , AR PN T LAREAE B 22 10 ik, ILIER R 1 RE % A7 LU ATP BE '™ DAG W 2 ad ok, £ 41 2 PI
Bl S A W AR R, AR AR AN A A (5 T A 2 B R i, SRR A R
AR IX BERRE , ) afﬁﬁﬁﬁhﬁﬁbj&ﬁiﬁ%\%%ﬁﬁ*Eﬁfﬁmo WA SRR e R A,
AYERRE T RES Lot R EE A RE I v RE & (W — D R SE et 5% .

S AW AR R R i S A B P caterae PR SR EE AR, WA P. caterae
it i HUA R R I S R AIR R S RSSO W AR L, B R UG BE P caterae FLAT HEPT 1 AU £ 4
Tk, WEEIT WA EE P.caterae WG AT AL B 27840, AT BEAE HARH TR & 0 A= A ey ok B v A #E d 2L
YERT . BEICER AL 2 vT RE S M DMSP A H: 2 fige il (1) A a8 59, AT 3 iU 38 P caterae Xof a1 HLE
T A EYE 20 BB P.caterae , N] BEIE 13 5 R H. 224 19 A= B A= (L R 15 RE U7, 3 21 HE A
WEESRHbR, SRS L
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