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1
1.1
(Karenia mikimotoi)
(CCMA) , CCM-083, 2012
(25°37'N, 119°42'E)
K (Keller et al, 1987), :
30, 100pE/(m?s), (20+1)°C,
14h:10h )
0.22pm
(12°C, 16°C, 20°C, 12°C—16°C, 12°C—20°C), 6
1.2
( 8 )
ImL
) SmL
) 5—10min
FJ/Fn PSII
1.3

(1000g, 5min)

Amershama™ CyDye DIGE Fluors (mimimal dyes)
N-hydroxy-sulfosuccinimide (NHS)
1
ImL PBS
(0.02mol/L phosphate, 0.45mol/L NaCl, pH 7.5)
Hank’s

>

HBSS (5.33mmol/L KClI,

413.79mmol/L NaCl, 1.26mmol/L CaCl,, 4.17mmol/L

NaHCOj;, 0.407mmol/L MgSQ,, 0.493mmol/L MgCl,,

0.338mmol/L.  Na,HPO,, 5.56mmol/L D-Glucose,

0.441mmol/L KH,PO,) 4°C, 800g Smin,
200pL HBSS ( 1mol/L urea, pH 8.5)

, 600pmol  cy5 (

1 ), 4°C 20min
20pL 10mmol/L lysine, 4°C
10min  4°C, 800g 500pL HBSS
(pH 7.4, 30) 2, 4°C, 800g
Smin -80°C
Ny —
i 5 pH 8.5 h
g @
0

1 2-D DIGE ( ,2011)

Fig.1 Schematic diagram of protein labeling for a cell surface

membrane

%1 2D-DIGE %{igit
Tab.l1 The 2D-DIGE experimental design

gel cy2 cySs
1 16°C
2 20°C
3 12°C—20°C
4 12°C
5 12°C—16°C
6 12°C—16°C
7 12°C
8 12°C—20°C
1.4
trizol
trizol (Invitrogen, Carlsbad, CA,
USA), (Wang et al,
2013); Molloy
(Molloy et al, 1998), 20%
TCA/ wiv), -20°C
4°C, 20000g 30min ImL
20mm DTT  100% , 4°C 30min,
s 3

GE
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healthcare™ 2-D quant kit

480nm BSA
, BSA :
1.5
2-D DIGE
, 2
1% DTT  0.5% IPG buffer,
(RB) 450uL, 15000g 20min

pH4—7 IPG 2

(6mol/L urea, 50mmol/L
Tris, pH 8.8, 30% V/V glycerol, 2% SDS, a trace of
bromophenol blue, 1% DTT) (6mol/L urea,

50mmol/L Tris, pH 8.8, 30% V/V glycerol, 2% SDS, a

trace of bromophenol blue, 2.5% )
17min, SDS-PAGE ,
12%, 5%

22 24cm IPG MR (pH 4—7)F R B ERF
Tab.2 The procedure of the IEF for 24cm IPG strip

(hy/

W C) (HA)
1 100 6h step 20 <75
2 500 30min grad 20 <75
3 1000 30min grad 20 <75
4 2000 1h grad 20 <75
5 10000 1h grad 20 <75
6 10000 60kVh step 20 <75
20h/78kVh
typHoon 9500 (AB SCIEX) , AB SCIEX

, 633nm,
670nm cy2
488nm, 520nm
decyder™ 2D 7.2 ,
decyder 7.2 differential in-gel analysis (DIA)
s cy2
2500,
30000 t-test
ANOVA ,
1.5
P 0.5 ,
3% ,4°C
1.6
R (10ng/uL, 10mmol/L
) , 4°C
30min 10mmol/L
, 50°C 2h

AB SCIEX 5800 MALDI TOF/TOF™ MS
Sequenzyme peptide

TOF/TOF™ series explorer™

400Hz; 1000
; 850—4000Da;
(S/N) 10; 250,
2.9bins
1000Hz; 2000 ,
15 S/N
50 MS/MSC
MALDI TOF/TOF GPS Explorer
3.5 MASCOT 2.2
(Wang et al,
2011) iProClass
Toulza (2010) GO
2
2.1
cyS
trizol ,
2
, 44 )
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3 9 33%,
7 26%, 7

26%,

ciili2ba)
4%

i alpa
4%

AR

3 GO
Fig.3 The GO classifications of the annotated proteins

2.2
20°C  16°C 12°C
4 4
20°C R
16°C 12°C 4
12°C 20°C
16°C R 20°C
16°C
(FV/Fy) 5 20°C 4
R 5 12°C—20°C, 12°C—16°C F/Fy
) s 12°C—-20°C
Fig.2 The 2-D map pf cell surfgce membr.ane proteins extracted 2D-DIGE , Decyder 7.0
using sequential extraction
44 MALDI- TOF/TOF 1.5
27 s 6 6 5
11 « 3) de novo AB SCIEX 5800 MALDI-TOF/TOF™ MS
MS-blast 16 ( 4, 17 6 ,
R 6 4
s 2 ( 135, 165) transport, 1
s ( 158) cellular protein modification process, 1
(Hockin et al, 2012) ( 292) generation of precursor

27 GO , metabolites and energy
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= 12°C—16°C
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10000
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0 2 4 6 8 10 12
6318 (d)
4
Fig.4 Growth curves of K. mikimotoi at different growth temperatures
0.70
0.65}
0.60}
0.55
0.50 + ~-20°C
-m-16°C
0.45t ~+=12°C
—12°C—16°C
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f918 (d)
5 5 FJ/Fy

Fig.5 Variations of F\/Fy, of K. mikimotoi at different growth temperatures

6
Fig.6 The 2D map of differential expression membrane proteins of K. mikimotoi
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®5 ERFREEASI 20%—30% (Wallin et al, 1998),

Tab.5 Overview of differentially expressed proteins

>
*

(Mitra et al, 2007),

12°C/20°C 2 0
16°C/20°C 1 0 (Marouga et al, 2005)
12°C/16°C 0 0 s
12°C—20°C/20°C 1 2 5
12°C—16°C/16°C 1 4 5
12°C—16°C/12°C 1 3 > >
12°C—20°C/12°C 1 4 ?
Luche et al, 20
12°C—16°C/12°C—20°C 0 0 (Luche et al, 2003)
GO ,
. x «p
ABC transporter substrate
*k6 ERXIKER -binding protein ABC
Tab.6 Differentially expressed proteins
NCBI® ’

(Verrier et al,
TonB-linked outer membrane

132 496523478 R 2008), ABC
158 77024185 L-cystine transport system 5%(Higgins et al, 2004) ABC
permease protein TcyB ATP ,
165 505821775 Photosystem II D2 apoprotein (Rea,
(Fragment)
. . 2007) heat shock
222 519111539 Hypothetical protein ] ]
270 548247975  Hypothetical protein protein 70 (HSP70) Li(2012)
292 422034799 Chloroplast light harvesting 2D-DIGE
protein isoform 8 , HSP70c  HSP70
, HSP70 (Kornilovs
3 et al, 2002; Jang et al, 2003; Shin et al, 2003)
S HSP70
3.1 , (Nylandsted
2D-DIGE et al, 2004), c
(Mayrhofer et al, 2006; Kadiu (Bivik et al, 2007)
et al, 2009) (Lietal, 2012) (Anaya HSP70
et al, 2007) ( ,2011),
(Palenik et al, 1995) efflux transporter, RND family, MFP subunit

) (MFS transporter)

nodulation receptor kinase MFS transporter

(Maloney, 1990, 1992; Holmes et al,
2012) membrane protein,

trizol de novo MS-blast

B
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40%—60%,

E

photosystem d2 apoprotein  chlorophyll a/b-binding

protein isoform 4 /actin-related protein - arp5p, d2

5 ;

, protein hum-10

Traf3-interacting protein 1 ~ Rhodanese-like domain-

containing protein ,

>

>

3.2
20°C 16°C  12°C
,20°C 2
,  16°C  12°C
, 12°C—20°C  12°C—16°C
, PSII
(F/Fw) ,
( , 2005)
20°C  16°C  12°C
12°C—20°C, 12°C—16°C ,
6 16°C

12°C ,
12°C  16°C

20—24°C ,

TonB-linked outer membrane protein ( 132)

>

(Lundrigan et al, 1986; Pressler et al, 1988; Koedding

et al, 2004) By, (Heller et al, 1985)
, 12°C 16°C
20°C s TonB-linked outer membrane
protein ,
s L-cystine

transport system permease protein tcyb (- 158)

ABC transporter permease,
, ATP
(Liu et al, 1999) 12°C
16°C )

(Varkey et al, 2015),

( 292) photosystem
d2 apoprotein ( 165),

16°C  12°C ,
20°C , photosystem d2
apoprotein ,

(Cui et al, 2005),
, hypothetical protein (222
270)
4

HSP70
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THE CELL SURFACE PROTEOME OF KARENIA MIKIMOTOI AND ITS RESPONSE TO
TEMPERATURE CHANGE

WANG Kun', WANG Pei', ZHANG Hao', ZHANG Shu-Feng', WANG Da-Zhi"?

(1. State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361102, China; 2. CAS Key Laboratory of
Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Karenia mikimotoi is a toxic harmful algal bloom species distributed in the temperate and tropical coastal
waters, and it can produce hemolytic toxin and fish toxin. In recent years, it often causes blooms in the coastal areas of
Fujian, Zhejiang, and Guangdong provinces of China, resulting in the destabilization of the marine ecosystem and serious
harms to local aquaculture and human health or even life. In this paper, fluorescence labeling and sequential extraction of
cell membrane proteins from K. mikimotoi were established. Cell surface membrane proteins were analyzed using
fluorescence difference gel electrophoresis (2-D DIGE), and the response of membrane proteome of K. mikimotoi to a
changing environmental temperature was studied. In total, 44 cell surface membrane proteins were identified, of which 27
were annotated effectively, including mainly transporters, HSP70 protein family, and light harvesting protein. Cell growth
and photosynthesis of K. mikimotoi grown in 20°C were better than those in 16°C and 12°C but no difference was found
between 16°C and 12°C, indicating that a low temperature could limit the cell growth of K. mikimotoi. When ambient
temperature of K. mikimotoi cells boosted rapidly from 12°C to 16°C or 20°C, cell density and photosynthesis efficiency
decreased quickly but the cells could rapidly adapt to the temperature change. Therefore, we believe that the transport and
photosynthetic proteins of a cell membrane play an important role in the cells’ adaptation to a quick ambient temperature
change.

Key words Karenia mikimotoi; temperature; membrane proteins; proteome; difference fluorescence gel
electrophoresis



