FRILT ¢ |7
H@A RTICLE

N EIEE R E X — MR A E Emiliania huxleyi BY% KR E1E
FA &89 %2 i

ERE, IR, THMS & AN
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RCC6660 # rETRp XK, AARSHAEHED, X THRELMANESLSENECEAX. AFEB
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P14 45 B (B A A S B R KR T 1Y i), e
15 ) o PSTI B HITTE K A 4 A4 R U VA 46

WA A LT RERE, U BT AR R A
{E SRR T 55 22 L [R Emiliania huxleyi 1) DNA
B4 . ROS B ARG VE N s RIS &2
ANTTZ, )42 5 e B AR R R AR 1 A2 8 R e Diiie -
E. huxleyi DA TAIFIHR B2 5 XA Fe(IIIE )
RIS H A K TR AR BARMIK, 755 5.4 nmol/L
R B B R FE v BT AR A e i A A R Bk PR 4%
M CO, fil HCO; MY LR L E AL, S8ER
R AR SRR AR L, FERERARIET,
BEANESHE I, FHEAROS) R, H
1R IR R S A DNA $i 405 /e

FE R R G BA SR E I IR, S
HA IR AES REZ —, FE I R A
MK, BRI SR R ) I8 SRR [Fe( 11148 AR T ¥ i 2k
B RS AR, WRPE R 200 nmol/LP?, SR, i
AR5 T T R 00 T ) T AT A0 0 7T B 32 38 ik 1 PR
12324, T HLE TR B BRI BT n] BEANTR T4k BRI )
B, AT T3 X 0 A S A o
Ha] BRI 8 I 1 kIR B EREE, XM R A
T SO G AR RS T B — PR R . ARGk
HUT AT R4 B Y E. huxleyi RCC6660 Fil RCC6666
HWFFEI G, EAT R AN A 35 R R A A AN TR A 5
fefie g1 . 8 LB R gk B2 X e AT A K SO G AR
FHIIREIR, IR E. huxleyi SRR 25 T 1 26 3
FARAGE AL, i — P48 R B AN e TR SR T
AT REXT A AR R
1R
1.1 EEHH
1.1.1  Ef

ARSI By F 0 5 i A ik T LS IR Emiliania
huxleyi RCC6660 Fl RCC6666, H ¥ [E Roscoff 75 ff
o0 (http://roscoff-culture-collection.org/) Bt . 5 358
Pl AL LT, 2 pH AR 7.65.
1.1.2 ZREyFEH

AR S5 iy FH B 35 02 0 T 5 B 4 J O FE N i
e PR A TR T Y Aquil B 3R 5L, 35 37 BE A0 I ) K
AbFEJT S R Price AP0, Hod N TK BB 3R
(NaH,PO,-H,0. NaNO; il Na,SiO;-9H,0)%3 5|
Chelex 100(Bio-Rad, US)PBH & 3¢ # A i B 2 i 771

w@pARMIE

AR F 5] AR5 e . 484 2 & 100 pmol/L
EDTA 4 00 4 i o0 28 B 10000 FH e Uk 14 1 3k 2
VE RS VBB TE L B8 ] EDTA 288 5 VR, R 5L
R 43 M A 0, 50, 100, 500, 1000 nmol/L.

Sy T 7K ks 47K (Milliphore, >18 MQ-em ™),
Ji A A AR IR Ve, SRJGH Q-H,O HE & Phik Hik
PA BT SR B 1k e i K R 5 | AR RIS e, B R T
0.22 pm FLAR M) — R TC A i B4R i I BR A, SRRl
200 mL JE K
1.1.3 &M

BRI EAE R Z 0, KR IR 35, @SN
NaHCO- #4145 fi# TCHLER (DIC) P& %4 2 000 pmolkg '
BERRE A A S5 00 175 em® SR b5 R 155 20 it 15 37 ot
fri53%, Y6444 100 pmol photons'm s (14L :
10D), HREEHR 20 C. Kb M35 3 K P 8h 3 Ik
JEBEMLAS A7 B DL PR A M 32 56345 . AEIE S
ZH, 2B AE XTI kR BT R AT T UGE I A,
BIik40 A A 10° cells/mL 3458 2 5x10* cells/mL(A K
T 10° cells/mL), DL I SE 560 45 0F . 76 IE USL 56 i,
PL 10° cells/mL (9% BE $2 b, 440 i ok 1] 3k 5%
10* cells/mL(A KT 10° cells/mL)F & A A4 Hi
WSO I 7 At 24
1.2 EBJk
1201 #fAERESRZE, FH

3 K [ 5 B A] A P 0.1 mL 3 005 26 903 HBOHE %o 41
MO EOCR e AU . b3 K R ) I R e
u=(InCo—InC)/(T>-T)), Hp G, 1 ¢ R T, F
T (A2 L B o S0 485 o UK, P 9 = At P AR
Z % FlowCAM(fluid imaging technologie, US) & 4l
A SRR
122 i E

7E GF/F JEJE (Millipore, US) i 100 mL £
F2W), KT &SRB LA, A 4 mL 100%
HEIFE T 4 CrkA PRI, RIGTE 4 CTH
L 10 4081(6 700 r/min). i A4 Y66 EE T4 4
¥ WAE 200~800 nm B R 508 3t
B4R (@)™ R c(o)PIRAEH B KR )P
(¥ ¥ B (ng'mL):

a=16.29x(A4s65—A750)—8.54%(A652-A750)- (D)
=28.8191 % (Ags2—Ar50)—6.0138%(Ages—Arso).  (2)
r=7.6%(A480~A750)—1.49%(A4510~A750)- (3)

1.2.3 RRILRGREFRHT
JH Y B8 2T 4 3 8 28 (Whatman  GF/F)id JE Ui 51
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UEWHEAT DIC FEFRERME . DIC ff HLSA DL
B4 (Shimadzu TOC-VCPH)M 4 it FH % 22 7% 3 4%
Hr{¥ (Seal-Branlubbe AA3, Seal Germany)ill & A5z £
L AIEN by
1.2.4 Bk A HLER (POC) X Bk A LA (PON)F &
W

WY 8 40 M FH A BE (450 °C, 12 h DA A B 3%
21 A B RSHE A IR AR, RIS 100 mL . P FTR
J 230 pL 79 0.1 mol/L #hR LABR 238 E i JTehlik, H
LA & POC Fil PON, JEETE 60 CHEAETHLT 2h 2
J&, RS AEEIFETTE U A TIE . K4
B PON il POC 75 8 e LA KR (n), LLiT5 PON
A 72 R (Pppy ) F POC A 72 3R (Ppoc)
12,5 M&RERL

AR E N 15 min ZJ5, #4501
(AquaPen-C, $E5g PSDHll i M 28 K9S, 46
I KA 2EROR(F/F ) . A RO AR (Y ps) FIFE
A 2= K (NPQ)

PO N 23 E 6 AN JEiRELEE (10, 20, 50,
100, 300, 500 pumol photons'm s "), &4EHE 60 s,
FRXT H, T 33 3 % (FETR) A4 5 2 X fn R B2

'h@AWME

E=Ypipx0.5, @)
K, p FEAHRD LR ARG (PAR), E H
rETR. # rETR—PAR %t 5 A F| SigmaPlot (v13.0)/7,
{5 FH XS B (double  exponential decay) /7 B 4T 7]
IHLE Y, IR RIKTURE 24, G R AN LT
13 AR (ETR )« TRRDESRFIZRERER FH

1.3 HELARE

% IBM SPSS Statistics 26.0 FHE 5 1T 44
AT, AN IR 3 Ak 3 A 1) 22 5 T 7 22 0 hr L 2
FeA, WIS B Z A Y 22 5 - 36 20 A, L P<0.05
Ve B 2R

2 ZERE4H
2.1 FHRIE &M

i 18 Bendif IR R G A EB & LI =441
F B K RCC6660 5 RCC6666 -5 Hofth 3 ik — A 47
RGEKRBHT(E 1), 857 EW, RCC6660 J& T o 32,
1M RCC6666 J&T B (K 1), B AR I, HT173C
far i, BAE B L IREE Emiliania huxleyi RCC6660 5
RCC6666 735 E A o bR B #K -

0.0050

Kl 1
Fig. 1

74, RCC1229 7
74|RcC174
I Rreciso
THrcciazr
PLYM219
PLY92A B (Emiliania huxleyi)
100 RCC1272
@ RCC6666
L RCCI1253
RCC3370
74
RCC3898
99|RCC3862
iL—Rccmz 7
RCC1252
RCC1260
RCC1220 o (Emiliania huxleyr)
H L RCC1247
32 A RCC6660
100'RCC1258 ]

:< v (Gephyrocapsa oceanica)
100

FET W RALIR A LKL cox3 FEH T ISR BER G K T 66606666
Maximum likelihood phylogeny of the coccolithophores using the mitochondrial cox3 gene sequences 66606666

e B R 100 WREE N H R H . B RCC6660 Fll RCC6666 7 i & 22 1 FG T B~ K2 X 43 57 (o 1 P r A9 57 543 1) ) S 6, =
A F0 A BIARIT o AEE(RD v A i R PERR £3 B (Gephyrocapsa oceanica)RCC1281, RCC1316, RCC1307, RCC1839, RCC1320, RCC1319,
RCC1318, RCCI1317, RCC1306, RCC1305, RCC1300, RCC1286, RCC1284, RCC1282, RCC1562, RCC1292 #HJ#,
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22 MNBEERAEREHY®R

W 2 Frs, o BRAY HEAE R B 2 B 55 2 v gk vk
JEE 1A 338 0 e B L 2 1 Ak A, BT LA H A R R A
1000 nmol/L i Fb2E K # AT HAbZH (P>0.05), i %}
T B #k, 50 nmol/L A J&: H Al £k vk B (P>0.05) . Ekifk
A 0 nmol/L i, a BRI HAE KR E ZE & T B HR(P<
0.05), M7EERUEE N 50 nmol/L B}, o BEAY HuA: K 3%
W ERT B HR(P<0.05),
2.3 stmRti R ARG A

W 3 B, PIEEAR )20 I B /INRLAS TR AR B A
I3 /DS, TAERRHR KT 500 nmol/L A & A .
TERRAR B A 0 nmol/L By 24 i 1) 4 ik 45 85 K (P>0.05),
Te kM BE (>100 nmol/L) S M T 40 M i) s KRz A%,
R R/ N A B TEAN RV BRI B RS 22, o BRAY
/RN B RE, HLE 0 nmol/L A1 100 nmol/L
A B FME(P<0.05), T o BRIGER KRR KT B kK
(P>0.05). PHEERRTERRHEE N 100 nmol/L B, 4 g
PP R AR R (P>0.05), HZE& ki),
o BRI BLER T R (P>0.05)
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1.94} L L
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on
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T/ N LR A/ um
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(a) F/NNRIAE
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PN ERAR/pm

0 200 400 600 800 1000
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(¢) SEH4nmkife

) H@ART/CLE
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126 LB
#
. a
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¥ 08 a a
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H

3 0.6+
0.4H

0.2H

0.0

0 50 100 500 1000
B B/ (nmol - L")

F 2 TSGR B X RCC6660(0)F1 RCC6666(B)IH L
GERESiE A

Fig. 2 Effects of five experimental iron concentrations on
specific growth rates of RCC6660 (o) and RCC6666
(B

FE: BUE P EARMEZE, n=3. AR TR IR 0 — BN [ 2k

e B 2 ) BAT R 35 R 22 57 (P<0.05), FER B L A4 26 R R P A

PR Z A 35 1 22 5 (P<0.05)

10.5
| |

10.0 e B
95t
9.0
85}

8.0} i i {
75}
70}
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6.0

T RANRFE/um

—e—i

0 200 400 600 800 1000
A /(nmol L)
(b) FAANNERIAE

e

oo
on
=R

-~ S
N N
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o~
)
T

e
(=]
T

SERANE AR /um’

(%)
[*)
T
e

W
N
T

W
>

0 200 400 600 800 1000
R JE /(nmol-L™)
(d) SFH 40 AR

Bl 3 TR S 56 kv B X RCC6660(a) Fil RCC6666([) A A AR FIAH i (4B 114 5% i)
Fig. 3 Effects of five experimental iron concentrations on cell particle size and cell volume of RCC6660 (o) and RCC6666 ()
TE: B I (HEpR 22, n=3
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24 MNBLREELENHYR
2.4.1 ARREREEXHZER o BZH

AN FRAR XA SRR o S RIS AN
K, EDEEAZBARA BEMN2Z T LK 42). P
FHHE, FEEASHEEO0. 50, 100, 500 nmol/L) T,
o PREEAE A Y E T, I B PRTE 1 000 nmol/L B Y
MaE a HEER.
2.42 ARRIZREESTHFEE c WEMR

W 4b 7R, 78 0,50 F1 100 nmol/L B, o AR A H:
SER o ST B RR, MAE 500 A1 000 nmol/L B, o
PRIGHERER ¢ SR BFT B #R(P<0.05). H B HRTE

020 -
B
a *
a a
_ 0I5t b )
= a ’
8
c'é_n ab a ab
< o0} b a
%
= 005t
0.00=555 50 100 500 1000

B EE /(nmol - L")
(a) &kt

'h@Ammw

1000 nmol/L W AYIT2f%E ¢ F W& T 50 nmol/L
(P<0.05).
243 AESEEXNAEHE PERUF W

W 4c Fion, £ 0. 50 Al 100 nmol/L A, o BRAY
KIS N EE RS T BB, MiZE 500 F1 1000 nmol/L
BF, o PRIVEEIE PRSEILT B R, SHSRE &
28—, HAE 1 000 nmol/L FH{ETE B E M2 5
(P<0.05). o ¥K7E 100 nmol/L ik BE i 1y 25dH 8 M &
B FEET 500 nmol/L Fl 1 000 nmol/L(P<0.05).
B ARTE 0 F1 50 nmol/L W} YA MR & & i LT
HoAth e B 1Y 25 5 (P<0.05) .

0.5r
Il o
—p
0.4} .
B 03 a
2 a a a
= a a a
S a
& L
* 0.2
0.1
0.0 0 50 100 500 1 000

BeHE/(nmol 1.7
(b) M4t Katr i

Il o
B

1.0
_08F
3
g 0.6F
a
m 04F ab ab
5:!
%K
02r
C C
0.0 0 50

a
*
ab
b
b
b
100 500 1

B /(nmol-L ™)

a
000

(OESE N -Stsn

Bl 4 FRhSEERIR B X RCC6660(0)Fl RCC6666(B)H T4 a. MHERE ¢ MKEAE MR m
Fig. 4 Effects of five experimental iron concentrations on chlorophyll a, chlorophyll ¢, and carotenoids of RCC6660 (o) and

RCC6666 (B)

TE: BEN I (EEARE2E, n=3. AT EERoR B — BN IR SRR B 22 6] B AT 0 25 1k 22 53 (P<0.05), HEIRIE | AOREZe 2 WA bk 2 1]

A I 325 7 (P<0.05)

2.5 A EISEHEOYA

w1 R, HEFREPEEE A 50 nmol/L i,
B e R B R S h R A O S R i, 2R R
R 1) 8 N T AR R (P>0.05) o {FLR E Bk VR B

0 nmol/L FY 1% 37 5k v 5 % 0 200 il 35 SR T #E T LU vk
JERRIRE T ZH9WE . o BR L B RRTEIRIAE B9 2% 1F T 1K
FEMIEZ o ARG SR AT A v BE TR, Rk 1 T A
L B D IR
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Tab. 1
RCC6666 (B)

it

) H@ART/CLE

ARSI KR B 3T RCC6660(a)F1 RCC6666(P) T T A% iH FE I 52 M
Effects of five experimental iron concentrations on nitrogen and phosphorus consumption by RCC6660 (o) and

Pk Wk B /(nmol-L ™)

PO?{ el /(gL

NH} % ¥ /(ug-L™)

NO; ¥ /(ngL™)

NOj3 # & /(gL ™)

0 56.50+11.94 15.90+3.31 0.21+0.16 50.724+19.34
50 76.81+21.47 23.73+24.53 0.18+0.14 46.33+12.91
RCC6660 100 69.62+10.25 5.41+0.28 0.42+0.13 50.58+4.31
500 68.43+26.60 6.36+0.76 0.14+0.12 39.67+21.75
1 000 62.28+11.97 10.56+2.82 0.34+0.35 34.25+9.22
0 90.50+8.76 29.75+17.41 0.29+0.09 64.63+£31.65
50 104.01£10.19 10.76+7.02 0.39+0.21 55.92419.72
RCC6666 100 100.16+16.32 11.51+7.28 0.02+0.03 59.01+14.19
500 92.15+8.63 13.00+£9.97 0.58+0.16 53.71+6.27
1 000 85.54+3.91 11.10£1.67 2.54+3.93 51.35+14.80

T B D9 S 4 R B R 2 T 0 (R B 50 1) S B R RS 2 ) &

2.6 ABEERAHA Y

ARV BRAE A0 T RIR I o PREEARL PSIT 154
B BEEZS, B B HRAEERKIES 100 nmol/L

EIREAE . b Bds o =R EE R B bR E 2, n=3

B 1 3% M B 3 T 500 nmol/L B (P<0.05). 1fij H 7%k

FR#12514:(0 nmol/L) R, o Bk F/F, BEMKT B
(P<0.05)(A 5a).

[
07 ] 0.14- -
a a
06 a ab X a a ab 012k . —p
% 05 L . .
04 i oot E3
= S a
D03 2 0.06 a
1% b a
02 0.04
a
0.1 0.02 a a art
00 50 100 500 1 000 0.00 50 100 500 1 000
BRHeHE (nmol -L™) By i /(nmol - L)
() BRI HOR (b) AT
0.7 Il o
. * B
0.6F a a
a a a
05 ab ab
= b
S 0.4
=
;f:( 03
T
02
0.1
00 50 100 500 1000
Beue i /(nmol-L™)
(O ATBOHEFAE
Bl 5 HFRSZERIR X RCC6660(a) il RCCO666(B) I KIGALARUR | B R FRCRAEHE S AL 24 8 K A 52 1w

Fig. 5 Effects of five experimental iron concentrations on Fv/Fm, NPQ, and Qy of RCC6660 (o) and RCC6666 (B)
VE: BUE RV (ERHE RS, n=3, I F-REFRIR B — AR AN 7] B B 22 (B HA 1 2 M 22 57 (P<0.05), AEARIAT | Bl 4R 3 AN bk =2 (]

o M2 5 (P<0.05)
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M 5b i LUE 1, fE RSB E TR, BBk
) NPQ #RKTF o Bk, HIEZRIRIE AT IR0
(0. 50 #1100 nmol/L) T, p #&iJ NPQ .3 KT otk
(P<0.05) H. 5 455 K SF o o BRAY NPQ Fifi 42k e 5 18 fin
TR B

W Sc R, PIASBERRARLE, B ARTESE I Bk BE
T PSIAROGFRERE R, HAE 50 F1 100 nmol/L
A B 2 A (P<0.05) B ARFE 500 nmol/L B A 3501k

o

'M@AWME

SRR B = TAE 0 nmol/L F1 1 000 nmol/L #4544
1(P<0.05).

MEL 6 ATLAE H, 78 S Pt i R, BRRRY
FIOCAEBCREE T o bk, Hi K 7143 MR
TR BE (100, 500 A1 1 000 nmol/L)i 45w, 15
SEARMR I 2 o P R IDE AR M K 1L
R T B E A RACRYE, Bk mEE, %
WL B RO R e K H, A% 3o 3 3R 0 52 3 v R K

= 036 . <, oor
=4 e B D =
£ s ° P
S 0341 } @ 551
g S
= % } 2 sof i }
S 0321 3 2 i ¢
— S
= g L
£ 030t 2P !
% 0 % R
KN . - >RJ
B [ + ki
i i E 35 B [ ]
«:S 026} o :
s [ | u
fﬁ E 30t
0.24 0 200 400 600 800 1000 0 200 400 600 800 1 000
e /(nmol-L ") e /(nmol-L )
(a) BIIEARCE (b) e KL FAL R
A 60r = o 0 nmol/L
N‘E e o 50 nmol/L
o S0F 4 ¢ 100 nmol/L
g v o500 nmol/L
5 a0l & a1 000 nmol/L
= < B 0nmol/L
< 50 nmol/L
E 30F e 100 nmol/L
=
54 * 500 nmol/L
& 20} e [ 1000 nmol/L
b
&
o 10+
®
= 0F
—‘% |

0 100 200

300 400 500

HeA AR 4R S/ (umol photons: m?-s™)
(o) P Ema R 2k

Bl 6 FLAPSZIR kX RCC6660(a)Fll RCC6666(B)IFRMIERUR . B K HL TA4% 155 3 R 19 52 ) K bR Y6 g 17 i 2%

Fig. 6 Effects of five experimental iron concentrations on apparent photosynthetic efficiency, rETR,,,,, and the rapid light

curve of RCC6660 (o) and RCC6666 (B)

T BUE N P AR R, n=3

2.7 MNBEEBEA M AE FHYE

W 7 BrR, o ¥k PON & LI K POC 5 PON
AL 7 S IR LI MR EE N RT B Bk, HAE
500 nmol/L i POC, PON 75 Fl 7= 335 3 d5r KA
R AP SCIG R BE T, B BRAY POC . PON 5 & Al = %
R 5 AR 3 P ) R A AR ERY POC/PON H
e P H X A $ HAE 50 nmol/L #1500 nmol/L Fif EL.
A B E M2 5 (P<0.05).

3 itit
3.1 SRRE L @miekip

B IR & W 3 10 30V O BT 42 W Bl — A
I ) e i R R B E Ak AT BIR A I 2R DX, % M X RS
JE K A W e VR B R R 8K (>50 nmol/L), TEFLE M
T o I o L TP A K BORN B B 3 O e v B D, T
vt FEARAIK(<0.1 nmol/L)P®, Ji 7 3 n REAE X A 7K 3ok
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60 10r
Il o E g
—p a
50 % 8+ %
—~ a a
T_. a * Ea *
= L a T
3 40 . : 3 a a a
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Abstract: Two genotypes of Emiliania huxleyi, RCC6660 and RCC6666, isolated from a Peruvian upwelling, were
cultured in Aquil medium at five different iron concentrations (0, 50, 100, 500, and 1, 000 nmol/L) to study the ef-
fect of iron on the growth and photosynthesis of coccolithophores. The difference in growth, pigment content, nu-
trient consumption, particulate organic matter content, and chlorophyll fluorescence characteristics were compared.
The results revealed that iron concentration had no significant effect on the growth of the two strains; however, the
specific growth rate of RCC6660 in 0 nmol/L was significantly greater than that of RCC6666. As the iron concen-
tration decreased, cell size, cell volume, the maximum relative electron transport rate (rETR,.x), and apparent
quantum efficiency (a) also decreased. We speculate that RCC6660 was photoprotected by the lutein cycle and a
highly calcified exoskeleton that protected the cells from light damage at low iron levels; moreover, RCC6666 was
more likely to be quenched by other forms of non-photochemical fluorescence. The light energy efficiency of
RCC6666 was higher at low iron concentrations, as less energy was devoted to calcification. However, RCC6660
had a higher rETR,,,x and photosynthetic potential, which may be related to its higher pigment content. This study
revealed the responses of two Emiliania huxleyi strains with different genotypes and different calcification abilities
to different iron concentrations and the differences in the photosynthetic protective mechanism and light energy
utilization under an iron limitation, which provides a reference for further studies of the coupling mechanism be-

tween photosynthesis and calcification.
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