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% (P) RVFIFEMEK KRG LAETR TR —, U I TCHL B
AR (BERRE), YR aE RIA B TRES (AP), LASMRIASE 1Y
AHUBERAERF A CIAEKITHR .. HERIETFEAES R G =R IE RERE,
[P 2 T AT 35 R e R 2R, JT X APBRIE F2 W] LA B FRATT B8 775 A
T RRAE B ARG IX AN UK S FE b, R W 4 201 AL ot 5 B B AR K
SO o Rl P B T B 5 DN R 1) 4 WL E L 7E R R R O 7 E TRINI S, H
A R A AR TE AN PR T AR R AN AR, st ATVA 8 (Amphidinium
carterae Hulbert), T ATZHE R [ IE 7K P 52 IS5 P O LR BE 1) 1A o FEMGE
TFIEY P AFEZ AR AP, HrFRHNEE S T OB & E AR .
KHFFELAA. carterae JEZH TSR, JTRELL PSR, . (1) Wil
ik, BMEARRBEEFRAME T, WIEBERE S A EA R P RIEKF: (2)
R T WL EERBEK IRYUE T (Karenia mikimotoi), 71N H &
(Prorocentrum minimum), FEIRNFI1LKEE (Alexanderium catenella Clade 11C),
d1#53% (Symbiodinium kawagutii Clade F, Symbiodinium sp. Clade E) 4.
carterae AW AT, 4 5€ HE b i ME B IR G P 75 1R 6 8 B 1

FEERUT

1. W A. carterae WILBERREG 5 AWM FEZREIER . RiECIRER 4.
carterae "1 AP LK KIS F 4] (Acaap), 3T pEASY-E2/AcaAP #:[H#
B RBBAE TR B KIGFT I (Escherichia coli), PTG #$KIX,
FEY)% Ni-NTA 45, EEUTEEFLE, 578 KZ0 70 kDa.

2. MRYECIRIEN A. carterae T AP FEF &KL T H] (Acaap) FIFERIE
SRR F AT, R A N-ubi sk XK 180 ANEIEER (220-400) (1K
Bt AcaAP-180 BHTJEEIL, #E T pEASY-E2/AcaAP-180 R FK AL, R
RIE A AAL J5 R T &R e 2 s B i

3. SERKINN A carterae ¥ FRIET N THNUBFER J5, BEMRHIAEREFRITA
JE A B IR EON K, TORAR IR G, 4R A IR —2F,
I R IR RS 1 (APA) 2B EE M LA (p<0.01; two-tailed T-test).
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4. Western blot SEIR I, BEFR K20 PO MEBERREEEE 1 (AcaAP) MRIAE
EREREAS, TXRAR AcaAP MIRIEE —EATHEARMAT . @it H i
We-3-WE R i A (GAPDH) WSLIESG, “FE @M ras REs, WG 4
SR Z A1) AcaAP IRIL B ZERF T, Wi IRIERZEHN 50-fold. 7
b, AcaAP [WEEFIRIEEM APA JGTEAA/E RIFIIEM XS KR (p<0.05, R*>
0.8).

5. MIHAELIAF TN AcaAP =2 45K, AcaAP H) - Zk 45K T2 i a R i Al
BiTBAs, HULPIHENE, KIL AcaAP =255 i w M HIALH #B 241
Jl,  r IR B A B 2 TR R 45 & < R B T HI . AR EIRHIEIL N 2en3A02,
AR FAR B K R, RO Ca®' o

6. IR ISR 4 8 B TN NG IR BEAPYE T, 45 R EOR AP T
Ca> BiMg” 1E AR G B EME PG, 1 S A AP-phoATE M AL BT 75 (K120 S5t F i
APIIBGVE PEA BT B AR PR, ROfi = A — e R EE AR VE A . fildn 4.
carterae, A. catenellaZR, JRI%ZFRILNIAcaAPE % — E LSRRGS, 75
MBI 4R T RFENCa™ BiMg™ . 4. carterael )4 42K 11 ISDS-PAGEJKE
B PR AT R HE R R T e 02 Ca™ A T EZIN130 kDa.

7. RSB AG I (4. carterae, P. minimum) (8P RREE T M o
pH YGEN pH 7-10, 24 pH<7 B{>10 I, B 52 2R Z /], 1 A. catenella F1
K. mikimotoi "] AP WG PEIRFFGE, JEARBEE pH Thsm I 221k

g5 BRTIR, HEH AP N B e B R, S MO TR SR
BN Ca’ B Mg, JF HIE MR Al RE UL R AL

ST . FEE; DMEREIRER; BEFRG; B SRE; EMEPO; RIE pH;

Western blot
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Abstract

Abstract

Phosphorus (P) is one of the major nutrients required for the growth of
phytoplankton, while dissolved inorganic phosphorus (DIP) is the preferred form of P,
phytoplankton can utilize dissolved organic phosphorus (DOP) when DIP is limited.
Under phosphate-deficient conditions, alkaline phosphatase (PtAPase) is expressed
and hydrolyzes DOP to release phosphate in order to maintain cell growth and
metabolisms. Dinoflagellates are an important group of phytoplankton in marine
ecosystems, but many species are also the main contributors of harmful algal blooms
(HABs). Consequently, research on their AP can help us more clearly understand the
process of harmful algal bloom development and the molecular mechanism of
phosphorus utilization in dinoflagellates. Research on molecular mechanism of
alkaline phosphatase gene expression in dinoflagellates has just begun; report to date
has been limited to the isolation and transcriptional regulation characterization of AP
gene (ap) in three representative species of dinoflagellates. For instance, AP gene
transcriptional level in Amphidinium carterae has been showen to be regulated by
inorganic phosphorus concentration in the environment. There are many different
types of AP in marine phytoplanktons, which require different cofactor, yet it remains
unexplored what metal ions AP in dinoflagellates require.

In this study, we chose to study AP in 4. carterae, with the following objectives:
(1) Over-producing A. carterae AP (AcaAP) in generating a polyclonal antibody
against AcaAP; (2) Using the antibody in Western blot, determining the abundance of
alkaline phosphatase protein in cultures grown under different concentrations of DIP;
(3) Identifying the optimal cofactor and pH for alkaline phosphatase in 4. carterae,
Karenia mikimotoi, Prorocentrum minimum, Alexanderium catenella (Clade IIC),
Symbiodinium kawagutii (Clade F) and Symbiodinium sp. (Clade E).

The main results are as follows:

1. AcaAP recombinant protein was over-produced in Escherichia coli
transformed with expression vetor pEASY-E2/AcaAP. The recombinant protein was
soluble and can be used for the study of AP activity. It was found that the molecular
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Abstract

of AcaAP is 70 kDa.

2. Recombinant AcaAP N-terminus 180 amino acid peptide was over-produced
in E. coli transformed with pEASY-E2/AcaAP-180. The recombinant protein was
shown to be soluble and used to immuize a rabbit to produce a polyclonal antibody.

3. Compared to the DIP-replete group, cultures in the DIP-depleted group did
not show noticeable exponential growth phase, and grew only slightly, but reaching a
plateau earlier and with a lower biomass yield. The APA (Alkaline phosphatase
activity) exhibited a clear rising trend in the DIP-depleted group and APA in the
DIP-replete group maintained stable. Statistical analysis showed a significant
difference between the two treatments (p<0.01; two-tailed T-test).

4. In Western blot, the expression of AcaAP in the DIP-depleted group
increased remarkably over time, with a much higher abundance than in the control
group in which the abundance remained at a stable level. AcaAP expression in the
DIP-depleted group was 50 times than that in the DIP-replete group after it was
normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Regression
analysis showed that APA was significantly correlated with AcaAP abundance in the
cultures (p<0.05), and AcaAP abundance accounted for 80% of variations in APA
(R*>0.8).

5. Protein structure simulation showed that the secondary structure of AcaAP
was mainly composed of alpha helix and beta folding, with the latter being dominant.
We found that the tertiary structure of AcaAP was composed of two similar parts, and
the gap between the two parts was supposed to be filled with metal ions. This
prediction model is 2cn3A02, which is from the clostridium hydrolase with the
cofactor of Ca”"

6. Under the DIP-depleted condition, APA of all dinoflagellate species
examined was promoted by the addition of Ca*" or Mg*" following EDTA chelating
of metal ions. But as the cofactor of the typical AP-PhoA, Zn®>" addition did not
promote APA in dinoflagellates, instead of the inhibitory effects on the APA of A.
carterae and A. catenella. Further gel assay of AcaAP showed that the molecular
mass of AcaAP was 130 kDa and the cofactor appeared to be Ca®" alone.
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7. In APA assays for several dinoflagellate species to investigate pH effects,
these AP showed a pH optimum in the range of pH7-10, and when the pH<7 or >10,
APA was significantly inhibited. This contrasts with AP in bacteria of activity of
which increases with the increase of pH. Unexpectedly, our research showed that AP
activity was not dramatically affected by the change of pH in A. catenella and K.
mikimotoi.

In conclusion, our study showed that AP of dinoflagellates is a new type of
alkaline phosphatase with Ca>" or Mg®" as the required cofactors and neutral to slight

basic pH as optimal pH condition, and the in vivo acitive form may be a dimer.

Key words: Dinoflagellate; Alkaline phosphatase; Phosphate limitation; Inducible

expression; Cofactor; Optimum pH; Western blot
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1.1 #

R MR AT R —, TP BRI IR E IR TR
Z— (Froelich et al., 1982), NAEMMAKIRMILLER TR 240 E 240 )
#4y (Paytan & McLaughlin, 2007), 2/ T 5 Z AH I I 8 Fh i P4 o 28 15
R BEfeSE, W AW SR R A R RS EEER, JFEsET
AR RVET R R DA S A0 M R LS . (Karl, 2000). [RIE, B 77 R 1 B 20K
PR i R AE K BB (Tetu et al., 2009)

L1.1 EF AR

Y R A AN [RD T X I A ol Bl 0 . 17 R R A AR ST R (total dissolved
phosphorus, TDP), TDP F#73h=Fji: ki A:H (particulate phosphorus, PP),
HIRAATEYERE (soluble reactive phosphorus, SRP) FIAfREZAIAETEEME (soluble
nonreactive phosphorus, SNP) (Paytan & McLaughlin, 2007).

X VRHEE YR UE, 3 2R B UE 2 IS A T (dissolved inorganic
phosphorus, DIP), j& SRP *FJETH MRSy, HAAMEE R NIEHIRE (HPOL,
PO,") (Suzumura & Ingall, 2004). #R1f0, ¥ P IE @ B2 £k 10 ¥ iR 5 1R 1K
([PO4"1=1 pmol/L, pH 7.0, 25 °C). 1 H.HTFHEre&E & H s

Fih, AR EKH DIP W& ERL, HAdb AR AL R Ta R E K T i
DIP ¥ & ik (Benitez-Nelson, 2000; Paytan & McLaughlin, 2007), A&-FEHERZEK
H DIP ¥ Z 2974 0.01-0.43 pmol/L (Suzumura & Ingall, 2004), 16 K PG Sargasso
WX, B g [ A P i R B A KA A R 8 ) 2 & U AN BE R ) (Kard, 2000).
EW R NE S, B TRFEY R EKE, RZEKE SRP HHEIKT 0.2
pmol/L (Benitez-Nelson, 2000).

HEEI S T IS AR S A WL (dissolved organic phosphorus, DOP) £ SNP
AR SR, XHPOEBER. BRE. S0k, RS
(Benitez-Nelson, 2000; Paytan & McLaughlin, 2007). A H#RIEFK, 1EEEREEEER
RKIZHIKF, SNP HRAMRASHEE (total dissolved phosphorus, TDP) —3- /24

1



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



