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FOK RPUE BRI S 12247 R G5B R R T A5 SR 5 DK REME T AE KA B,
FEREAS LU IR] , Wl R B, DK DI04 e 2 8 iy, T EL NSRS 12 IR B SE g 45 3, w2 ok (GRS
RN 2 2 T P A RN AL (P <0.05) 5 5 2 AH B, AR 4 P ok ERBILIE SR AU MR BN 2B 6 RIF 14
BFER TSRS B (P <0.05) 1 PR ORISR S S 2 F A B (P >0.05) o FIFIKIK
T AR BT M5 oK FLAS BT TC LR 1) W UL 56 R ) G Wl ok B =2 ) O R, HE v oK R BB B XS TE ML 1) f:
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eI TR A I T /K PP i B B I IR A 5 5 AR
W ELGRABIETEA [ KPR FREILAR e 1 A
A SR ML g 2 R, AT B st 4 oK B
B AR AR AL

U BRI

1.1 EMRESEREY

K ERHILAE 3 R [ 7K ™ B2 F 5% B AR 1K
PO ER ML R 2 R AR AE IR, BE SR AT
FHTEE AR B WTTLAS A+ LTI 1L 55 B 3 (30°45'N,
122°50'E) , 7K pH 2y 8.0, 3L 35 2y 28, i K 2243k
LN 0.45 wm JEEESTUE S A5 H o R K FEE 57
HEAE A IBGE T 121 °C R 7873 K 20 min, 768
ARG ) o5 R 72 5, BT 5 R AR A
PERIE SR = A ER gt e B KR i il
Mo BRI R (20 = 1)C, IRy
65 ~70 pmol/(m* - s) , JEHELL K 12 h: 12 h, fif
SEIG 6 RE R B RO LB o X A A E . R
TR S 5 B4 AR O B 8% 5% 4 v 4T (MTI201B,
Rikakikai, Japan) . JJT G S5 56 >R FH 1Y) 35 2 35 O 1%
I BB R I S (AR 0 A I S 3, B4 b i
KIS BEAE 35 57 — JH 22 47 Rk A48 B4 K

%)o
1.2 RETHBREEFRITKRRICREERY
00 256

B s oK IR B AR IR S B O 2 x
10* cells/mlL, 535 55 S iR — 2, % (HP) |
i (MP) K (LP) 3 A~ AS [6] JG #L #% ( Dissolved
inorganic phosphorus, DIP, NaH,PO, - H,0 fid &)
KL A R TEHLBE (PO, ) e i v 4 43 51
6.5 1.8 F10.2 wmol/L(—xkM:EEFE, Hrla] A
WhEFREL) o HAbE IR IURIKEZ Ny £2 KRR dk
e o B R 2548 Ry 250 mL = ff i (L 5
B FHBEW 200 mL) BNk H AR 3 WK, AR
W ] 7 P[] T 98 S B R 2 W, 3 B AESR 0.6,
1218 24 30,36 .42 .48 Fl 54 REUFEHE X IR
[E5E , 72067 B Be (BX43, Olympus, Japan) K
R TPRUFAR )T ROHE 1580, IR IBURE J5 76 18 3B B
) K PR BILAE B A AR T AR SC AR B, AR 4
SUN Al LU J5 i 1155 K FG L A6 6 40 Mo 14 B
[ Fsf [ A5 o R PP TC AL BB 3% i, 0 A vk 2 R
VPR IALTE

BERHAERER(n,/ O)iHHZE AKX

n = (InN, =InN,)/ (1, -1,) (1)
PN, BRI o) IR AR 5 N, Oy
FEFRI R Ry 0, PSRRI

PEAN AR R A IR A 5K

V=(m/6) b -a (2)
AV B AN AR o BN (pm) 56 2
BEAMLTE ()

1.3 BRI Eh H1# SRRt

S HIF R B 40 A B 0 W AR, MR I TOVAR-
SANCHEZ %50 #5735 1] Fi 40 2 i 5 137 Bk 71
TUEEE AR PO, E AR B0 2 K
JE i ATeW R IR kb BEVLER B IR 7 d LU AR
AR N, SR BRI AR DA i I W 8 ) 2 S92 6
Fifr o OREEERN A W] Wk B (0. 30,1, 13,2, 25,
4.50 19.00 wmol/L) 15 %1 rfv | 4l Jid 3 & A
1.5 x 10* cells/mL, &4~ 4 B $5¢ 3 44T, 43491
TEFERN 24 1 J5 HURE  [m] ik P08 ot 0 0 I 35 5
B ICHLBRRHEE

W W Bl 77 2 B R 32 B 2 I/ Michaelis-
Menten J5F2 %2,

P =Pun XS/ (K +5) (3)
S Sy L P TEHLER B (pmol/ 1) s K, S G
BUBE U FURSCH B o mol/L.) 5 5 TEBLBE I
HR fmol/ (cell - h) 1 3p,. A T ML KT AE
[ fmol/ (cell - h) ], B IR sh 1 °# S Bk H
E | S PN YR i
1.4 HiEAE

MMIHIME £ FRiEZE (Mean = SD) fifi & 5246
BRI ECFERRE . 3 FPICHLBE K P Z 1A i AR
(AR B AR R AR IR 5 ) 22 57k I A 7 A
Ao Ky, FIRK 0 B K E S 0,05,
Bm Ab TSR FH 9 8 7 PASW Statistics 18. 0 Fll
Excel 2010,

2 4

2.1 AEZHEEAKFI KR IEEERKBIZ M

FH L 1 A] D, A ] JC ALl ok B 355 5 X0 oK Gl
iR A 2% (P <0.05) , M5 12 RIF
TRBN LIRS I, v Wl 2 oK T EILAE 5 200 235 i 1y
2 T B AR AL (P <0.05) o SEERH Ik
WA ZH A FR LA 8 200 i 8 32 B 2 B T — A I 1Y
KF-( < 5.0 x 10* cells/mL) , H Ik s 254k & /N
PRV R 2 A M R 18 R 22 T 20 v B 3 o i
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26 %

JERHR 7 18 K25 #E A R 1, A8 £k i
BN, M B B 4k e 10. 0 x 10* cells/mL 2 I,
LK [RBIE B 4 45 7 1 P I, AR 6 K
FF U AR5 A0 S 3 K LI o s 8 A v il vk
JEE 2 ANIC I 2 W S, 40 % A 42 KRB iE e
{H(58.8 x10* cells/mL) ,

70 b

= = HP b
El

S 60r ayp e ¢ c
'§>.50 oLP c

S E 40 c

CVJ

N b b b1 F
2 20 b

& - Ch

= aaa [la a a 2 a Pla
F 0

0 6 12 18 24 30 36 42 48 54
HIRmTEl/d Time

1 AETHBEKFEFR TRKHE
RAMRENTNER
Fig.1 Variation in cell densities of K. mikimotoi
at the different phosphorus levels
during the batch culture
3 ANKE BB REASAR R R 22 53 i %, P < 0..05, /& 2 F01 3 [+
Means superscripted with different letters are significantly different

(P <0.05) from each other, the same in Fig. 2 and 3

HI P 2 a] A, AN R LI K 15 37 45 1F R oK
PR BEAE K R 22 AR H W i (P <0.05) , &
RBERE IR 26 ME T TR SE R TF UG By B He AR K R
A TFRARIR, Z )5 HEAE R AR IE A 1, AR
KA TF/MER SR . e BRI 26 0F T TERT
6 FOK R A K H R (0. 253 /d) , Z A AR
KEARAIEA 0 ERBEREIRAIE T, FERTHY
B AR K R AL T8 K s A BT R R, S
AR KRB AL T IR

o 0.351p
0.30 =P aMP oLP

0.25

EhA K2 /d
Specific growth rat
=)

&

RN A]/d Time

B2 AEBKFERTRERIEE
PEAERERMEUES

Fig.2 Variation in specific growth rates of

K. mikimotoi at the different phosphorus

levels during the batch culture
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2.2 AEFHBEK T XK KL 2 A E R
e

H1 P 3 n] A1, AN R JC AL A1 15 37 X6 K Bl
A AR 2% (P <0.05) o fIR#AZEK
REILIE B A0 I AR RN SRS 6 R IT i 3] 52 5 45 TR 1
BER TR BEAL(P <0.05) o HBERI
LR ECHILAE 6 40 B PR B2 B 5 5 53 I 1] 9 86
T T R, (ELS ok B2 A/, o i 4 P oK R B
AR R L AR, (A 22 AN 3 (P >
0.05) M 1 R, AR JCHLBE K - 15 57 % oK
PR LA P 200 AR R PR 5 B R R R 3 (P <
0.05) o fERBEZLK FRBILAE B 20 M A FA 58 A5
6 RIT ik 1) S 06 235 R 4% (0 35 8 T v R g e 4
(P <0.05) , 7 i 2 0 e e 4K TR EILAE 3 40 i
PR AR B 70 B> 5206 5 AR 22 A LR (P >

0.05,%% 42 KERAM) o

1800
1600 | =
1400 | o | p
1200
1000
800
600
400
200

A5/ um® Volume

0 6 12 18 24 30 36 42 48 54
¥R A /d Time
3 AREMBEKFEFTKERELE
WA EHER
Fig.3 Variation in cell volumes of K. mikimotoi
at the different phosphorus levels

during the batch culture

T3 A, AR i R A D K R e ML s
WLTERE I (6 ~ 12 d) , & S5 K AR v Tl
B S B DR e, L P AR 2 K A rh IS B 1Y
AR PR AEREE 0. 10 wmol/L DL R B E 50
SEO, ALK AR T O LB Y & AR Lk R
7£0.10 ~ 0.20 pwmol/L Z [a] B ZSI0 450, M
B 7K A T TE LI ) % s AE 5 12 K% 0. 20
pmol/L LA, T J& 7K A4 rpr JE AL B 25 et A /) Wid g
B, B EI 25 R E TC AL & & 0. 27 pumol/L,
ik 1B 34 KR h oL &+ T 0. 10
pumol/ L i K [R LG e 40 B AR AR A58 45 W]
R T ICHLE & A m K A b oK IREUE 3
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AE B FIEFF TR RYCRAMBEKNEEHETL
Tab.1 Variation in length and width of K. mikimotoi at the different phosphorus levels during the batch culture

K/ um Length

PR 55/ wm Width

IR/ d iql SN 21 iR kL [
Time Low-phosphorous  Medium-phosphorous High-phosphorous ~ Low-phosphorous  Medium-phosphorous  High-phosphorous
group group group group group group
0 10.92 + 0.40* 11.26 + 0.24* 10.98 + 0.01° 8.32 + 0.34" 8.80 = 0.15* 8.56 + 0.31*
6 13.22 + 0.31" 11.01 = 0.45* 11.23 £ 0.16* 10.37 = 0.23" 8.76 = 0.24* 8.72 + 0.08"
12 13.90 = 0.12" 11.57 + 0.11° 11.83 + 0.07° 10.84 = 0.08" 9.25 £ 0.07* 8.94 + 0.14*
18 13.93 + 0.36" 11.81 + 0.08* 11.79 + 0.28* 11.21 + 0.44° 9.45 £ 0.17* 9.29 = 0.10°
24 14.00 = 0.43" 12.00 + 0.12° 11.89 + 0.26° 11.19 = 0.50" 9.88 =+ 0.32% 9.69 = 0.24°
30 14.46 + 0.84" 12.21 = 0.09* 11.71 + 0.39* 12.07 + 0.39" 10.24 + 0.09° 9.61 = 0.27¢
36 15.44 + 0.19° 12.10 + 0.54° 11.33 + 0.39° 13.22 = 0. 10" 10.27 = 0.31° 9.12 = 0.40°
42 15.57 + 0.01¢ 12.19 + 0.19° 11.40 + 0.23* 13.35 + 0.19" 10.31 + 0.18* 9.65 + 0.22°
48 15.03 + 0.49" 12.47 £ 0.04* 11.88 + 0.29° 13.04 = 0.30" 10.48 + 0.15* 10.09 =+ 0.31*
54 14.62 + 0.27" 12.25 + 0.47* 11.75 + 0.24° 12.45 + 0.22" 10.54 + 0.14° 10.02 + 0.08"
T R PR A7 (R /R TE) Bl AR _EAR P B A B3 22 57 (P <0.05)
Note: The different superscripts of the same row ( Length/Width) values are significantly different (P <0.05) from each other
7 = 25
3 —+HP = MP—+LP < *
S 6 =20
— —
g ° g
a 4 \\,*(-d‘ 15
= >N &
g 3 gg 10 °
2 He
= s 5
R 1 =
0 | bl 0 -
10 20 30 40 50 60 o 2 4 6 8 10
M E/d Time B B/ (1nmol/L) Phosphorus concentration
4 AREEMBEKFHEFTERF 5 KRERIUEEHTIBERK SN N1 2k

BT ED
Fig.4 Variation in DIP of the media at the

different phosphorus levels during the batch culture

2.3 RIKHUSEL AR RIS 1255 E

HIEL S AT L, Bl A K AR JCHL B R B 42 i, K
PRI B %) TC Bl 1 WA WA 3 38 AN T 398 R AR
WS A p R TCHLBE IR BE S 75 XU BOth 28, i
SRAS I R WGHE 2R p,. 18, 587 fmol/ (cell -
h) EAEFIH ALK, 29 0.490 wmol/L, K R BILIE B
WS TEATL I ) B ) 27 R AT oK ER 7 R R A i
EHFE R p =18.587 S/(0.490 + S)., £t
53 AT 2% B, BB B 2 T E R R =
0.857 7, MBI G/ P=0.01 /KF L2,

3 e

BAAE KR IE (9 I 25 70 A R P LE S R G
R G A AR A A DR E A () B 8
T ORI T AT JE R OCHEIPE T  R IR
SIS AT A7 B 2R T AR A XY A R
A TALEBE X KT 12215 K RPILE iE AE

Fig.5 Kinetics curves of inorganic phosphorus

uptake in K. mikimotoi during the batch culture

KZIE A R S 215 U 8, TEA S
o B RN TR A oK [REIS B E SE AT DI (56 6
R)BWERERKYEIREIVER, WA RKEE w735
$90.292 /d F10. 254 /d, iR B4 oK FCHLAE 5
5% B AR T B AR 0 B
F0.058 /d( & 2) , 2K DB e S5 ey 4 i 285 B2 Pl
E WY IS g, e 2H oK QB o
T2 i BEE 58. 8 x 10* cells/mL, Hh 4 W 77
15.0 ~20.0 x 10* cells/mL 2 [a] 3 3 , T AR s 2H )
TE5.0 x 10* cells/mL Z F (& 1), f Al W, %
BEACE XK REIUE S E R E & T —Em
BRIV o ol 3 M 252 BIF 5 AS ) R X oK G
S A Y 52 ) I 2 B 2 1 B K P B 77
T K IR HILAE 8 b A K 32 25 B 7K 7 (0. 046 ~
1.850 mmol/L) A% 3§ JITT ¥4 M, 70 1R 6 Wk 2 A
0.230 mmol/L Wik F|IE(E (0. 568 /d) , i 5 A it
TR, TEEIAY 1K 3 (Alexvandrium tamarense)
MTEREIRER U BE 2y 0. 036 mmol/L 25 F T~ B A i
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KA LA R (0. 50 /d) ™, % T/
( Prorocentrum minimum ) T &, A [6] # /K F
(0.003 6.0.036 F110. 108 mmol/L) %535 T #:25 1
AR R 224K (0.42 ~0.45 /d) (B2 =
P BE AN M e AE P I B AR B R
SRV SE B, FE O s IR 25 1 B AR R
WA TR A E ™ 5 WIE ST AT LR K L
B AR TR A B AR A A X R
J AR P A W e A — SO I O AT R LG AR
S5, PATTHE— 0 R R B 7 ik HY 9 A 4K
HVER . 53 oh, A BRABEAH 7E Aif 6 98 2 B, A%
BEREFR AT K IR B B4t I A B 2538 K, s
BETCER 5 AN AR SOWR SR A, T AR T8 Dt P e )
TCIRTEARBE IO 2 VR N B 0 R 2 J5 A0 i (R A s
AEARBEE > A ST AE 2 Fi SRt 15 A [
IR BRI 3] I T 7K v Bt e B Ak AT Ao AP 1
K PRI o At AR 25t 3530 Ok, 25 R R 0T, >
K R TEHL#E S BT 0. 10 wmol/L IS K [REILE
PEAN AR A W] K T O LI 2 o 3 e K A
AR RBIEEE (P <0.05) o X JE AL 80 I e il
B R RGN — P LSO, 24 KA v ik =
I, a2 ] DU 40 i P4 8 % R 2 B T ok 22
fift, F BT B BB SR AR AR RE T, 2 R B K
A2 3 SRS I B R AR R R S I, R 1
-t Y B AE S IR AR B 35 ( Gymnodinium catenatum )
T TR X SRR A T (5 ) LT
IR B IRER T B URH A, 28 DR 43 I ] T AL B
FRFIET 0. 10 pmol/L7™ o [ I, 745 1 L%
SRAE AR TR ILAE T8 40 A B B R T 52 36 =8 0
WE RIS PR RS
BN Eh 1 S8 p,., K, S H AT R
NIRRT B FRER R AT S HL, p o
Thasie K, BEARBA #3757 i 9 5 48 oF
RO R UL, MK R B R R E R, B
A P I BESS REAE TR W SCES S5 3R A A7 THA
PN RS R 82 o b 9 0 v o DAL 1 ik 3
BT &, H I HLBE Wi sl ) 5 R A e A
[F] , AR ¥ DX D o 1 £ W Tié i £ B 9 ( Chaetoceros
curvisetus ) Xt JCHUBE IS 5 KR 0H K p,. A 20. 59
fmol/ (cell - h) ,2EMFIH %L K, 4 0.90 wmol/L,
T3 (G 253 (S, marinoi ) % JEAL#E 14 fie KM M
R p,.H24.03 fmol/ (cell « h) , 1 FIH 5 K,
o 2.02 pmol/LU 5 55 Ah—Fifv i UL ol ) A 4 2 )

http: //www. shhydxxb. com

WZETE ¥ ( Pseudonitzschia pungens) | ELAG 58 5 1)
P L 148 fmol/(cell = h) ] Fl K (1. 40 wmol/
L)) st &Y% ( Bidduiphia sinensis) % TCHL
) I RIS 2R p,,,,, B U AR RIS B ) 10
FE [P =1 497 fmol/ (cell « h) ], PALHIHE %L K,
tHIKF]2. 398 wmol/L , FEEHER T 11k
(Alexandrium catenella ) %f TG HL i Fx K W IR 58 FR
P 39 230 fmol/ (cell « h) 46 FI 3 K K,
0.920 pmol/ L 2= A1 5 1 7 g i FH
X TCAILIE (BEIRER ) Wl gl ) “F R ik, 45 2R A5 Y 2
TAIFECK, #0060 pmol/L, 4 BEEE ™ 14 th A
T IXOK FREILAE X Wl 1)~ A A 5 K 2 0,199
pmol/ Lo FEASEE v i I, K [RHUUE BER o N
18.587 fmol/ (cell « h) ,K, {H}0.490 pwmol/L, i
REGERBEER ™ LI g R — i 25, il B e
TR IRHUE BEA TR bR 7R 88 B (i K IS
O B R PRV DR A A 2, ARSI OK TG BE
ARMEIX AR = K Xy AR ) 3 K # R T
0.5 pmol/L, EZ, FH#EXT TCAIL A WAL i) ~F= 1 0
WHME( <1.0 pmol/L) Ak ( > 1.0 pumol/L)
S, X IO SR A B . Y i X ML L
B B, H TR T IO L E A R Y
REWGH R >20 fmol/ (cell - h) ], ik A K H
JEARMR, B 5 U AR i (7R i DXCAE 4 H i DR 57
A WAL S R IA E) 0. 40 pmol/L) | kg
T v Ve ek R R i G T o (R IXTE S
G HIBE R £h & % 0. 09 pwmol/L7 | i,
H T PR 9 L A e X TE ML R A S S R A, B
PLHAT BB I A4, AT IR )i AR 8 20 0 ( F T 2R
T OK B 3 55 H ) o

K EHIUE B A 4 ok AR X WA R A
S AT S K P JELA ) 2 72 A
RS2, BTG 3R Ay 1 X8 55 6 1Y) o SR ] 7 A
2, R, AR 5 A 2 B0 K RS B TR A [R5 5
FRAAET 0 A BRAE Al b A TR AR o

S 3k
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Studies on growth and phosphorous uptake kinetics of Karenia mikimotoi at
the different phosphorous levels

ZHOU Qin'?, MA Zengling', YUAN Xingwei®, SHEN Anglii’

(1. Zhejiang Provincial Key Laboratory for Subtropical Water Environment and Marine Biological Resources Protection , Wenzhou
University, Wenzhou 325035, Zhejiang, China; 2. Key Laboratory of East China Sea & Oceanic Fishery Resources Exploitation
and Utilization, Minisiry of Agriculiure, East China Sea Fisheries Research Institute, Shanghai 200090, China)

Abstract; We conducted a series of conditional experiments to explore the changes in cell densities, volume
and phosphorous uptake kinetics of Karenia mikimotoi at three different inorganic phosphorus levels. The
results showed that the growth of K. mikimotoi was significantly affected by inorganic phosphorus levels, the
cell densities in high-phosphorous (HP) group were significantly ( P <0.05) higher than those in medium-
phosphorous (MP) and low- phosphorous ( LP) groups starting from the 12th day until to the end of
experiment. On the contrary, the cell volume of K. mikimotoi which grew in LP group was significantly ( P <
0.05) greater than those in MP and HP groups from the 6th day, however, it was non-significantly different
between MP and HP group (P >0.05). The relationship between inorganic phosphorus absorption rate and
initial phosphorus concentration was preferably fitted by the Michaelis-Menten equation. According the
equation, the maximum inorganic phosphorus absorption rate of K. mikimotoi (p,,. ) was 18.587 fmol/(cell
- h) and the half-saturation constant (K,) was 0.490 wmol/L. Given the fact that inorganic phosphorus
content was low ( approximately 0. 10 wmol/L) in the East China Sea when dinoflagellates red tides occurred ,
and K. mikimotoi have strong affinity for inorganic phosphorus and continuous growth potential in low
phosphorus condition indicate that dinoflagellates have more competitive nutriment absorption ability than
diatom, which may promote the succession of the diatom and dinoflagellates red tides in the East China Sea.

Key words: Karenia mikimotoi; inorganic phosphorus; growth; uptake kinetics
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