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K K Y16 % (Karenia mikimotoi) It FF & R E WG # . AL fn)” RIEEZEHRFH, HLFHT
REMEBEFESRANRE, W ERMEI KT FAURALERRRL A, Kb XUKKIA
EHFRNE, BLT KRR EDREATEE AR AR ARA @l EE G RRRF %, B
W BRIk K (2-D DIGE)M E&E & H#ATY 207, HHRT KRR N ER A R4 X H
MAFBELHN A EhELER M Ak TEEES, P ARER2IAN, FEHEEZEA.
HSP70 % & Xk fnffi L& B %, KK EAE 20°C X4 T @M & KFoob 616 A ZEW B4 T 16°C
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K FC I E V5 A A R, L 2 o B 4 N A S PR B
A2 fik, D] ot 240 5 TRT ) B 1 AT REAE O AR Eh I B
B2 | AE TR . 155 2 R i A 5 55 7 R
AE W AR H (Musil et al, 1990; Snyders et al, 1999;
Hicke e al, 2003), 740 M A9 HEA A= PR BE BL =
BAEIE BT R SR AT, (H B X 7 A A5
o=z, —aEfE EWRE T IR K RIS 3
BRI AL A IA IR
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(49 BIF 5% 2 XoF B A~ 4 B 3 TR A 1 BE AT A ) R Ak
(Palenik et al, 1995)F1%% & #5ic (Bertomeu et al, 2003),
H I 3% FE i A 31 5 vk 2 S BUB R LS R R, R
AE %28 B/ BUE T - IR 5 E R DG RHE A
A FIMA S MR 10 TC 20 Jif RE ) N 2 41 ik 3R (Mayrhofer er
al, 2006)F1 21 7 R 1A B & 1 (Anaya et al, 2007), i)
B R IC N IS B 2 M 1 A 1 0 vk, AR
AR 20 L P 3 PR AR AR R T B2 e RS ), HUAS 5
R EE YL 19 3h 112 (Kadiu ef al, 2009), Li Z£(2012)4
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SRR OK PRI 15 200 M0 TR S 2 P 5 4L B HE X B8 A A 4 g iz 4F 5 653

feBEBE R R R AETERAER 5. 6 A0y, BLmEEKIE
JEE T e U, DR I A O R BILAR h e e R EK
THIEAFAE—RE B RIRYE . TEREERAF(2014) & BUAE AW
KRB BCR AR I, R IREUE e e R R LR
BER TO0 2 AR VAR T DX K T E R AR IR, 2R TR
PRSI I e A LR R . I, WFSE K FRBILAE S X
PRI 3 B A A 14 i L AT RE AT BT 4 s HE AR IR
BL

ASCH PO R RRIC B AR, o TR IREE
WA R MR il . s A E Tk, F HH A
TSR E 5 7 26 0 K FR LA 35 4 it 2 T R 2
RIS ZES, BT T X LE AR 1 7E K R BILAE B
PRI L AR AR A

1

1.1

AN SZEG B K ECBILAE 3 (Karenia mikimotoi) A1 JE
WP SURGIERES TSR S P PSR i R S
W L (CCMA) BT I, 45 CCM-083, T 2012 4F
O3B T AR TR A X (25°37'N, 119°42'E), 41
J B 3R K 1595 Kb (Keller et al, 1987), 535451 H:
HEKEREE 30, JEHEERE 100uE/(m?-s), TEE(20+1)°C,
SRR 14h:10h, B35 KR B T 1, i
I 0.22pum JE BT U8 5 KB o W B S0 i B
(12°C, 16°C, 20°C, 12°C—16°C, 12°C—20°C), 4341 6
AT, AR AR ARSI, AN IR AE S 2 A
A T B2 A
1.2

B RAE [ 2 B ] QG RERASE 8 /N 2247 ) R AR 4
ML 1mL A EA& R S 7E 007 BAEE T 31T
M EL, AR IR T A M R . J3 L SmL
BEW, TERH LR SR T WAL B 5—10min )5 32 H
Fo/Fnfd, W% PSI i Kb 2F 77 i .
1.3

2 20 1 R AE 45 BO0 ) 3 3 2500 (1000g,  Smin)
WSO AN L 00 i TR 1 B 1 T B kA
Amershama™ CyDye DIGE Fluors (mimimal dyes)“¢ )t
A S G u gl = i e A oW R LY
N-hydroxy-sulfosuccinimide (NHS)AHE 3 A L4 454,
WE 1R,

UM A ImL BERRERZE WA PBS
(0.02mol/L phosphate, 0.45mol/L NaCl, pH 7.5)1E#%,
JIA Hank’s P28 th %% HBSS (5.33mmol/L KCl,

413.79mmol/L NaCl, 1.26mmol/L CaCl,, 4.17mmol/L
NaHCO3, 0.407mmol/L MgSO4, 0.493mmol/L MgCl,
0.338mmol/L  Na,HPO4, 5.56mmol/L  D-Glucose,
0.441mmol/L KH,PO,)J5 T 4°C, 800g &> 5Smin, JTIE
2T 200uL HBSS (7% Imol/L urea, pH 8.5)Z% A TR
. FILA 600pmol (¥ cy5 Gkl BE SE g bR id Jr R R
1 fii7R), T 4°C W50 5 20min FEATHRICALHE . [
SEJEINA 20uL 10mmol/L A lysine, 4°C WEAb 2 i
10min J5 4°C, 800g &[>k LiHW . H 500uL HBSS
(pH 7.4, #hJF 30)0Z% Ml ek 2 1K, 4°C, 800g B0
Smin 2 FIE WG -80°C 1447 .

+H3N-@

B — ~N

° pH 8.5 |

o

Bl 1 2-D DIGE #Fric 40 it 3% 1 2 11 5 R B (2R A%, 2011)

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

% 1 2D-DIGE %1%t
Tab.1 The 2D-DIGE experimental design

gel cy2 cyS

1 AR 16°C

2 AR 20°C

3 7N 12°C—20°C
4 7N 12°C

5 7N 12°C—16°C
6 AR 12°C—16°C
7 AR 12°C

8 AR 12°C—20°C

1.4

HFR1C ) B 20 A i trizol R HR U
SN, RIFEAITE ORI E . 55—
FE 5 Him A trizol 3 ¥ (Invitrogen, Carlsbad, CA,
USA), $i B8 22 15 #1386 19 17 15 E A7 $E BU(Wang et al,
2013); %5 — 2 B8 Molloy %5 A M9 )7 ¥ #1732
(Molloy ez al, 1998), Ff 1452 1 FIFE T HA 20%
TCA/WER(WIYV), 5735 785318 5] 5 iUE F-20°C 178 .
4°C, 20000g #5.0> 30min J5HTILEFMA ImL &4
20mm DTT ¥ 100% A, 4°C & 1l 30min, HH[H 44
TR, BUTEIFERE IR 3 K. [MTLTE R InAGE
WEE KRS E M, R EN A GE
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W 50 &

healthcare™ /2 7] %) 2-D quant kit 357 & 061 7286 1 & =,
£ 480nm WO FHBEAR AN & BSA Fr i FEE
A GIE, 2 BSA WREERRAERRLR, DIArifEfhZk
TR R AW
1.5

i 2-D DIGE J5 X h et i 240 it 3 1 1 2 gk
7508, WU LUK B 55 USRS N3k 2 R . BB
FESRE WA MM 1% DTT #i1 0.5% IPG buffer, FHE
W (RBYN ST 2 450uL, JRA)JE 15000g #.0> 20min

WCEIE W I pH 4—7 1 IPG 4%, &R 2 8
1) S5 R AR Y AT B L B — [ 0 B SR IR ARSI
Z )i ST BB e A6 SE#7 1 (6mol/L urea, SOmmol/L
Tris, pH 8.8, 30% V/V glycerol, 2% SDS, a trace of
bromophenol blue, 1% DTT)FIE-5# 1T (6mol/L urea,
50mmol/L Tris, pH 8.8, 30% V/V glycerol, 2% SDS, a
trace of bromophenol blue, 2.5%flt 2, Wt B ) 4% - fiy
17min, ZJ5#EF755 17 SDS-PAGE HLJK, 405wk
JE12%, W4 5%,

&2 24cm IPG FiFIRF(pH 4—FRBERF
Tab.2 The procedure of the IEF for 24cm IPG strip

58 i ey e HECO) (1)
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
At 20h/78kVh

i typHoon 9500 2¢ Y1454 15 21 it i 1] 1E
a4, BRI R B 633nm, &
KR 670nm. ik EETITR S cy2 NS HMSEER N
I A K A 488nm, K HFIK A 520nm, 74
B % decyder™ 2D 7.2 #{F g4 43 M, AIH
decyder 7.2 ¥ {7 14 differential in-gel analysis (DIA)
RPN 28 R AT OIS, [ LL cy2 S
st F 98 G 5 B8 X e N 2 — A 3R 9O R T A — 1k
BT, WESECN: SECh 2500, KA RNT
30000, XA A S50 F 85 1 L8O AT -test 1
ANOVA J7 22538, #H A B 2 0] 22 53 Rk 0 & 1 i
ROFAERZESSNE . EARFEERERT 1.5 551
H&iit2% PAE/NT 0.5 IR AIER, FiffT T —4
F14) ik i P B 3 5 0 o WG BERORAFAE 3% LR Z M, 4°C
TRAFUARS G SAE e o
1.6

MR S 4 R, VI 9 6 X0 0 1Y) 28 1 5 A
JRe A, Mo €2 5 N AGE & W (10ng/ul, A 10mmol/L
PR Ttk P2 0 B TS A TR AL T Tl B S IO, AR BT 4°C
T 30min il R TS EEMKE . A 10mmol/L ik iR & 54
B kL, 50°C 25 S S 2h. B 58 10 IR BOAE R
1 AB SCIEX 5800 MALDI TOF/TOF™ MS J&i %1% i

12558 53 . TR F Sequenzyme peptide #5377
& (AB SCIEX)X Bt ) #4741k, AB SCIEX A i
TOF/TOF™ series explorer™ X445 — 2% i 3% [A] i) H
SRR B AT T . — A OBk
RN 400Hz; FEHETT 1000 WEOETTHHIE B— %%
Pl Jo o BE A V0 L 5 850—4000Da; {5 M L
(S/N)A 105 HC R0 4 M5 18 11 5 B 09 S fr LE ol 250,
He/NEIESE SN 2.9bins, AT WOLIKrp A3
& 1000Hz; #£47 2000 WEOGTTHE:, 3 RERE . &
— AT B LSRR 1S A —ZURIE TSI SN K
F 50 BYBEE T HET MS/MSC H I 2% i 204t
MALDI TOF/TOF Jit 1% % 7 i 45 S % H GPS Explorer
3.5 B A A K MASCOT 2.2 $d a8 R F 3 8 A
JiE— . R LE RIE A TIC A4 JE (Wang et al,
2011) . K% B & A iProClass i & Fil
Toulza 55(2010)#¢E (9 45 AT GO TIRg .

2

2.1

oK FC LML B 40 i 2 i 2 1 28 HOE TR cyS
pRic)a A trizol $RBULZE G F SR BGLIREL, R
KLY B R UK 0 S 2 SR AN 2 7R o 3 AP e B o
;éﬁ%%iﬂﬂilJ 44 NEARVOLR, ENTTREE AN
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Bl 2 K REILAE A i 2 i P =20 3R Bk i 0 B M
HLUK 28]
Fig.2 The 2-D map of cell surface membrane proteins extracted
using sequential extraction

W 44 9O 15 S %5 F MALDI- TOF/TOF
Frigk e 5 27 ASnMEEE, Hrb e g s 1 o
FEFYSER] 11 AAEEAGE 3); il de novo 454
MS-blast %5 5] 16 MAMFHE (K 4), HAth 17 MEA B
FURBEBLSEE . TS 8 1 8 T WP AP AR B S A,
FEREIE b RS S AR E 25 5, (R % Ay ]
—RE, XA RERR N TR A R el R )
— IR FRR PN MBI (Hockin et al, 2012).

XU ERN 27 N E AR ETT GO ThReERE 2K,

LERANIE 3 s o HP A AL 9 4N 33%, gk
MR 70 26%, ARGEIPRAE 74
i 26%, HAb/ D BE A R BE R R N E A .

iiliatiEbas
4%

Eiliglo
4%

B3 BT AR AL GO TERESF S

Fig.3 The GO classifications of the annotated proteins
2.2

KPR HETE 20°C, 16°C 1 12°C =AMl 2%
&R 4 A R EE YIS AR S E 4 s .
20°C 5T AR REE BIR 240 TR A KRS, 7
16°C, 12°C MRS EA KM . 165 4 K
B 12°C ZAF T ROK RBUE B0 F] 20°C Al
16°C 45T, %3] 20°C Z504F F O BEdi s B h 3l T
FLEFRAR LR, ZJ5 A e AP A KR, 4%
F) 16°C ZAF T Ry B I A KA 18

TR BERS 25 TR QB B i 5 IOk 7
T (F/Fo) U 5. 20°C 550 Rk, 2455 4 RABI
i, FE5S 5 K 12°C—20°C, 12°C—16°C B Fu/Fo
fi%, FRAEAE 12°C—20°C 41, 2 Ja KA IEH

Xof T il R AR AR AR B oK R IR 3 T A
47 2D-DIGE 435, 3 H Decyder 7.0 {45 4% 4 Ff
ot ) 22 S A 1 HEAT RO 0 A o R il 8 22 ) 25 e 3 0K
AR T R g e R AR T 1.5
fERE IS 6 4>, WA 6 Ik 5 s .

i AB SCIEX 5800 MALDI-TOF/TOF™ MS i
XF 6 A2 S RIK R P BT T SOE, ORI E A H
HRRAIDR 6 R, HRE] 4 DAlfEEN, Hh
2ANRBI(A 135, 25 165)7EREA transport, 1 48 15T
(35, 158)7ERA cellular protein modification process, 1 />
| E (A 292) #F vF B F generation of precursor
metabolites and energy. 735NN AR BIAROF .
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(G S T N (1

50 &

DIRZRE (cell/mL)

13
&>
L

25000
—— 20°C
20000 -= 16°C
—+=12°C
=+ 12°C—-16°C
15000 —#=12°C—20°C
10000
5000 -
0 1 1 1 1 1 1
0 2 4 6 8 10 12
918 (d)
Pl 4 OKIREIUEBEAEA R R BB B S50 R i ARl 26
Fig.4 Growth curves of K. mikimotoi at different growth temperatures
0.70
0.65
0.60
0.55}
0.50 —+-20°C
-=-16°C
045t - 12°C
== 12°C—16°C
040} =¥=12°C—20°C
035 1 1 1 1 1 1 1 )
0 2 4 6 10 12 12 16

8
6318 (d)

K5 ORIREUES 5 MREMET Fv/Fn 240

Fig.5 Variations of Fv/Fm of K. mikimotoi at different growth temperatures

Bl 6 K ER L AL 388 200 2 i 25 11 )5 26 o5 s . Tk P

Fig.6 The 2D map of differential expression membrane proteins of K. mikimotoi
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%5 SRIEEASKIT
Tab.5 Overview of differentially expressed proteins

TR Ly S FREAN . TREANK
12°C/20°C 2 0
16°C/20°C 1 0
12°C/16°C 0 0

12°C—20°C/20°C 1 2
12°C—16°C/16°C 1 4
12°C—16°C/12°C 1 3
12°C—20°C/12°C 1 4
12°C—16°C/12°C—20°C 0 0

TE: MRS H T R LA/ J5 S B e

x6 ERFIEEH
Tab.6 Differentially expressed proteins

JE R NCBI® HHAATE
132 496523478 TonB.—hnked outer membrane
protein
158 77024185 L-cystine transport system
permease protein TcyB
165 505821775 Photosystem II D2 apoprotein
(Fragment)
222 519111539 Hypothetical protein
270 548247975 Hypothetical protein
292 422034799 Chlor.opvlast light harvesting
protein isoform 8
3
3.1

H1 2D-DIGE JuklFric MR mEE AR E &
BN F 58 A4 g (Mayrhofer et al, 2006; Kadiu
et al,2009). VEHFEESE(Li et al, 2012) L4 M 41 7% (Anaya
et al, 2007)% . XA L TR T AR AR E MR R
Fric i (Palenik et al, 1995) 5 E 1 IR (i /K k14
TR e 25 2 1 0T AR IR R, 7R AR Rk 2R AR
U ELA B T S

A8 FHEE SRR ICH AR | I B Bk F e
JZ FEL DK 43 185 A AR Xof A P L A6 T8 20 i 3% T B A 1 Jo gk
T TWR5E o BERSHL UK B9 EIE AT U, — B3R
J7 ik 5 — 20 trizol 305 RS 40 AR P KR4 B 14
B R, 16 B RS 40 2 ARk 2 6 YL R i Y M P 2R
Mo S250 A9 2 i B 286 8 A LA, AR AL
DRI 20 FF 5 58] T2 A 0000 v 6 2 1 ] DA o 8 A A

ZH 1Y 20%—30% (Wallin et al, 1998), i ik & _E Ay 2¢
MAAILTAS, XA] R X e R 1 B IR HL e
L PN e o R R 1 8 55 (Mitra. et al, 2007), PRI B
T i R 0 9 JORHR 10 8 11t AR X A T 3]
(Marouga et al, 2005). 55 — 20 5 = 9 s FES
— W R A FEG, RS- PaE T ES
WA R RN . 78 ERERMFENEL T, 5
L P EER UK AR B R 9O SR, FTRRJEH
FHEEE 11 L BoEds, P TRER 0 s, 1Es—
] SE L RAEN AR 2R, SREARNER
(Luche et al, 2003),

X E B 0 LA T A MR GO TR, A
THIEY 2 A F M ABC transporter substrate
-binding protein, ABC ¥% 1z & FI1E N 41 s Ak
B RN AT, HEE BB K H AT C A
SR %A B NS fl 2 W 8 L KR Z— (Verrier et al,
2008), FERBFFE T ABC $4i5 75 1 b 8 AL H 411
5%(Higgins et al, 2004). Fifi ABC iz E#&H
e ORSF BS BEES A3k Fn ATP 25 & 45k, HATH
A9 S5z a3 ) L R 248 ) 38 THAE 2 Fh D BB (Rea,
2007) . ABFFEIE % E B T B 40 MR M heat shock
protein 70 (HSP70)4rFfHE & M . Li 5£(2012)7EF H
2D-DIGE %5t Y Hbric i R i 11 DR 34 24 =4 1
HARF, [FFEYEF] HSP70c Al HSP70 W54 ik 7e 2K
Flo WFFE W], HSP70 R] LUAAAE T 4 i 22 i (Kornilovs
et al, 2002; Jang et al, 2003; Shin et al, 2003)., 1E& AL
R AR TR, A A HSP70 n] DIASE %
B A R A5 1 B AR e Pk, BHL Lk 775 Tl 44 1) 24 % (N ylandsted
et al, 2004), JESFHIE A EER ¢ TSR AR
T2 4 ) 40 M O T3 AR (Bivik er al, 2007). SR 1M
HSP70 7] e JF I i b i 7 14 53 00 3 A28 31 0k 4
AT AR, 2011), 177 AAR 2 an o] 2 B 21 240 i AE 1 R0
efflux transporter, RND family, MFP subunit &5 K25
Fo) B BIp R 55 32 2 11 B R (MFS  transporter) LA S AH 56
i nodulation receptor kinase, MFS transporter X Z3$7K
P 5T 2 30 3 5 PN A IR 40 e 5 A [ ok e iz i Ik R iR
¥ iz 8 R % (Maloney, 1990, 1992; Holmes et al,
2012), B¢k %5 5E F P> membrane protein, iX AJ
B T I de novo MK J7 454 MS-blast [F] J544
R Y E B A R E A L5 o BR B, Bk
ful A B 11 BT A AN B A o X S 45 SRR B [RBILIR BERY
A B EL AR A5 0 ) o e 35 e ) NS RE T o
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50 &

AWEFE R, B T4 B 5 SR B 5C Y &
PLAR, 645 5E B — st AR ik B2 56 E 1
FHRHCE A R ML L o — Bl G A E 4N
ML, SRTIAEA BT SE R S, X Al RE— 7 Tl 2
BRI Ert R BN 40%—60%, J3— 71
TEA DGR HEAT A M R AR g iy, i TR KL
R BERR IR LA G54, R AR 55 40 i J5E 5 2% 4 fik LA
SRR 5 20 B AR 3% S B OGS B R4 i R
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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



