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BE: Y THRESFAEOENREZEAKLXFAEFNER, Sh AR MBS 2% FRE
cDNA B o o [& 45 & & & B (cicam), ®4E ST & AT 4 &IF# I 34E (ORF),
# R E 4k pGEX-4T-1/cicam, ¥ H ¥ M E X GATE 5, #iL ZYM-5052 B iF S x4
FRELTRE M RIS R R % B 454 F 41 % g rCiCaM, 3f fl % 5% /b
B BALB/c #h k5 % 5t Hi k. 47| Fl 3 4% & PCR o %, % B 30 2 3046 W cicam B 3 4% 5 &
B CiCaM £ & ¥ B4k W R 3A . WL HFER TR EL Tt N CiCaM £ 4h = 2L, &
i1 7 3 F0 3% 52 B (Blot overlay assay) %7 F it T Z 4% & rCiCaM 4 & F 430 & & #f R H
THER. £RER, cicam ) ORF Jy 450 bp, w4 149 NAA B W ki, HoTEM
MAE K 169 ku; JE A%k k th 5 A% & GST-rCiCaM K47 4 GST 47 4 iy rCiCaM H#y & W4 F
EaA A 43 f116.9ku, 5 FMEAAF; cicam ER| R 2 ENR TN BAMARESH
Rik, HRAFY CiCaM W T B 5 M EARF; &40 B4 i 9 CiCaM 72 j i % 34 8 4
i, REEANAREBER MO BALE HE%E,; CiCaM 5 CiADF, 2 |8 7 ik £ 4 Ca™ K #i
MW TR ZHREETRHRZEFELS T EDF IR, HR AR R G T &
WIFRRESSE

REEAE: Rz E; SEEE; wE; ki 2 T4E

FESHES:Q71;8941.51 SCERFRAERD: A

H % B2 4% B (Cryptocaryon irritans) & — Fh7E 5 a0 (R R Fn s gl K iR R YR, &bl

PO B AT K 3 B A AR T R R AR
WERJFAESY), En KSR B2 A
I, ZRHEK IR S B R I Bk . il
Bek% HUAE % SR AL 4 R (trophonts) , fBE R4
] (protomonts) . £ (tomonts) M4HH (theronts)
4B BL, g HURY I TE R, fEMRE)E
FVE R 2 2 0 & B LGSR, B 3% 1A 0 7%
THEK I SRR R e 7E SR E % R i
=, VK pHE AR, KA il g 2k Al 2 5k 5
Z0F, FMERER R SRR B R A AR R
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53 5 M, S RIRR RS IR R T S 775

TRARE 3R B T R AETE B AN ] AL B R
Qe B R A AN 2 0T B TR0 JHE O 3 s 35
b SR T i T TR A A, AR AR AR X At
PIHSPURE 7 5 WK IS W N2 2 N B0 Y
LSRRI R i 2 TR WX f Ak B 2
B W EEVE, T L W T 0 S0 RN B0 P o
Pk, Yin 55 PIRRE 74%~78% G 4 REA AL
b2 KIS AZ L, DT 3K 30 9 B % L AR R AT
B H ) GRE T A G SR AT fRGE S . AR
HHiT 1 TCA T Z A R TR FRTT i i 7 ik,
PRI, 0T SRR A R D 2R W 2 AR 9 O R
WL,

#5875 11 (calmodulin, CaM) 1y E. &% 41 iy
Hh J5 3 3 (1) 65 B T30 (Caleium, Ca™) IR Z #, f2&
filt % Ca™ {7 My rh Iy, HOE L 25—
Gl Ca" M5, S 5MMAK . WEM 523
B Z R0 oy . AR TRERUE s 2 40P ]
KL (Entamoeba histolytica) Nz 15 £ 4 2153 #E
ORIz Zl . FERH . 20 ML i A A AR S
Ca™f5 5/ k", CaM J& H AT gt s i Ry )iz
() E-F-hand ZKIEHE M, RO ERA 24
I oy B HE DA S 2 BB s sh A 2 T .
TEEAMIE R ( Plasmodium falciparum ) Flixi # 5
JE L (Toxoplasma gondii ) ', B & IVESIEE HFES
T B M5 R B I8 S R E 32 AR A RN,
HM ARG CT CaM TEHIB R A K BB AR
15 A E ISR

PRI, A S5 3 o ) B o A% o 45 90 2 1 6 A
cicam AT T 5EE . Kk, %%, I mRNA
e S AKOE FR SR B 3R IB 7K 24 TR 5E T
cicam TER R Ba A% A 5% . &) BURIE SRR 5%
AR IR TE, DA IZ LR 3K 7 ) CiCaM
TEG AR E AL, XA BT T % CiCaM 7EH
WA HAE R R F IR, iz o s A o
Mk — B PR S [RIE e s i Bl iR
PRAUEHT Y

1 PRSI

L1 SEResfst

¥ B il (Sebastiscus marmoratus)[ & Ji &
(100+20) (W4 [ 4 M 7= L 4 1 ) 7 il ik o
W RS AR F 5 R Rk A S5
FHEAREEFET, BALB/c /NS (Mus musculus) (SPF 2,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

6 Jul i) W I F 3R S S R s WA IR ST A Al
L8 B A ML R AR 1) cDNA SCJ%E Hh AR 52 56 5 4
HU KB AT B (Escherichia coli) DHS5a J BL21
PR LKL pGEX-4T-1 2R H AR S50 %8 JR AT

1.2 cicam R EHBHUSEEBRFINENER
FaHT

J11 BioEdit7.01 &5 A= ¥y {5 8. = 73 I #14F Xh A
) B A% L% FR AR cDNA SC PR 3R 38 7 81 b &
(expressed sequence tag, EST) Il J¥* H 753 2| 1Y cicam
) cDNA 2K P HNIF AT 534, B LT ik ) 132
HE (open reading frame, ORF), #4b, ifiid NCBI £t
PEXEZE T H blastx (http://blast.ncbi.nlm.nih.gov/Blast.
cgi) lL# cicam 4it% 1 CiCaM 5 GenBank H' B2 A1
() CaM [ [, BEJS e B 10 MR PRI A Y
CaM 5 CiCaM ¥y 1 R GL E L W o AR AR B A1 A
MEGA 4.0, LIZ%°4 Bootstrap, replication=1 000,
random seed=8 747 [T 2 % (Neighbor-joining,
NJ) L HER . [A)E H NCBI 2548 % 1 1) CD-search
TH(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi)Xf CiCaM % [ 458 . Ca™ %45 & v 45 ) E-F
hand Z5H 5T 507

1.3  cicam FFHRIEIEFIEE A ZRE TR
K DNA ATA&R

T2 A0 A B SCPE N R d Rl X AR
Yyrg DU RR B (Tetrahymena thermophila) — %
i 2R S T TAA 1 TAG 15 2 20 1 i
(G, I, ASZIKE IR Y cicam ORF J¥ 31
H ) TAA Hil TAG 7350 8 # y CAA Fl CAG, Jf
B2 7 5w 45 K reicam. BEIE KT 55 B AL 4
LW E MR A AR, BIEG W reicam, IF
A HoAd A B ok puCST b, LAER 4 ok puUCST/
rcicam HIE XM,

1.4 rcicam BY3 12

FRIE reicam W) ¥ 5 K e BRI 40 AANL 5151 I
TSI, TR T AR TR () BGAERA
A 5IHFI50)E 5-ACGGATCCATGGCT
GATCAATTGA-3'fll 5'-ATCTCGAGTCATTTGGC
CATCATC-3" ("F X &8 53 53 ) > B i 4 oA ) iy
BamH 1 Fl Xho T BR BN 15). LAEEALFR pUCST/
rcicam AAEAR, F LiR5|¥i L PCR K ¥ #9745
Ry A BamH 1M Xho 1IR B 5 reicamo
K45 A . 95 °C FilAE % 5 min; 95 °C 484 30 s,
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776 KopE OE R 46 45

54°CiHk 30s, 72°C #EfH 60s, 35 MEH; &%
J& 72 °CH#E{# 10 min, PCR =¥ My &5 4255
FHBEDITE . 75% LEEMPE R T 228 K
HAEEH .

1.5 RIAZH K pGEX-4T-1/rcicam FI#3E

Z A IR AR, FHBREIPE N
VI BamH 1 Fl Xho 1 53 Bl X} 3% ik 4K pGEX-4T-1
M EARY H=YEg Y, ks VIR R, ] DNA
AR W WA KR BL21
PRIVBSZSAIME , WA TE 2N ERR (50 pg/mL)
4 LB ARG F 3 |, 37 °C b iedsde. WH, Bk
WA T /05 LB KRB R e, 37 °C i i %
Fele, PR AR LR IBOTORE o 38 2 XU U B3

BB IS P VKON T ORI TR R S e, K
AL TR A B AR A A T TR () AT
RELZS BT A

1.6 FEEA rCiCaM HIFRIA. REVFIL L

PBELA PR RET OESANEEEMN
LB 5 fkrh 37 cC ¥ R3E 92 8 h i, LA 12 100 (1)
FOAGLK bR R 3 T ZYM-505 353 kb itk — 25
ARG R % 1 100 (R IE) (19 el K
BFRT AE SR ZYM-5052 (ZYM505 + 0.2%
a-lactose) ' 8 h (37 °C); B0 2k 45 WY T AR It 3 FH
4 °C ¥4 1) Equilibrium/Wash 2% i ¥ 5 2 3 A
WA (100 pg/mL). #7454 40 i J5 A Triton
X-100 (1%), FTvK L#E 1 h 53030 g .
A4S B H BK B B A 82 5 (Thermo Scientific Pierce,
% EH) 4fifl R PR rCiCaM, R15454 T GST-
rCiCaM M BEISJ5 , FHBERR £ 52 vh il (PBS)TE 3 K
FE.OF LWER, A PBS K& 3 uL A4 5E I
thrombin (1 unit/pL), ‘B FHEFEIL 1 25°CIRA) 6 h
J&, EOHUETE (SUIR T GST #3251 rCiCaM), 4°C
PRAEEH

1.7 FTHEZEH GST-rCiCaM F1 rCiCaM B SDS-
PAGE 1

e 4 e T 3 5 T 1) R BE 3 3 R 3% AT 15%
NN 7) R B SRR N NG REEY 1 I Y A L)
FAHHE M GST-rCiCaM ., VIBE GST #5345 HY rCiCaM
FEAR ) GST 431 5 R B 2xsample buffer Ji
A7, KPR ME 5 min, G E T UK EREE FAE,
FRALIE DAEE N 10 uLo LIRS A AR 1E 5
Wi 26 mA, HLYKITE] 2 65 min; 45905 % i

https://www.china-fishery.cn

SEWE R-250 Jefa e n, M bials, Mg
FEUAGASAARR, I H AR FA21t.
1.8 HRERIMBEAHE

B 4li Ak 1) 5 2H 26 (1 rCiCaM JH JC T PBS &
IE 4 5 e EE B 400 ug/mL; AR5 #F 1 mL rCiCaM
5 1 mL 3} G522 4A 7] (Sigma, ) 70316,
FH T8 v 5t 5 5 BALB/c /N B, (rCiCaM 1 5 )
w80 ng/ ). L 14 d MIEkE, G 2 K,
R b, AR AR 3 AR 58 24 ) (Sigma,
KM, KRESH 10d IG5, XF/NEEIEFT O E 25 5
M, ZEE#HE2h)5, 900 x g #.0> 10 min, FiE
RISA 4T rCiCaM 22 5a BEPTIAR Y /N BUMLYE -

1.9 1¥%E5% PCR (RT-PCR) #&50 cicam B mRNA
BEFRIKFE

o3 SISCEE R A B e | BRI TR AR
WRERTA, K E KA 3% #) NaCl P55 A
10 15 LAY TRIzol i 7] (Thermofisher Scientific,
L), IS R 2 W A AR A S A
FEARF LI AR RS EUR RNA, DA _E R 430 i
RNA H & #z , LA oligo dT-Adaptor Jy 5| ¥, %
RNA PCR Kit (AMV) Ver.3.0 (TaKaRa, Ki%) {45
VEABRIEAT RT-PCR, FRAFHAN I B%5E cDNA,
a3 L 45 HUB Y cDNA A B, H cicam RS
PEG 13T PCR. VSRR 95 °C T8 5 min;
95 °C ¢4 30s, 54°CiRk 30s, 72°C ZEfH 60s,
AT 25 M e 72 °C SEf# 10 min. DA%
FeAZ L8l & A 2 ciactin (GenBank & 5% 5
JN399999) S N £, L) 5-ATGGCCGAAGACTA
ACAAGCAG-3'F1 5-~ACCTGAATCAGTCCATGT-
3 K5 WEAT PCR" T 1% Bh S W e e vk A 460
£ MY cicam M ciactin P 125 R . NETH
B, W AH AR AR A3 5305 8 1) cicam R ciactin 1=
WAERBURA G ERET R —ANkiE
1.10 ZEBFRENEEE (Western blot) 534

VA e 4 | 4l ORI SR A A S i A
() R 2L W 74T SDS-PAGE J5, HI2k T RFLEN
HL UK A (ATTO, H A) B B g 1 %) 8 (L G Ep 2
PVDF i (Millipore, E[E) I, FEENSAF I AEHUR
fEIE 5V, FERFEY 1 h, FRENEM)E, &—&
YU 58 HFRICY Y PVDF R & 5552 10B YLk
Jefs, 5 min J5 6. K H AR DI HI4F A PVDF 8
FAW (7% 3 % BiIRUI# 1Y PBS) & i T Hik % 1 4]

R E K224 F 7/ sponsored by China Society of Fisheries
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1h, SRJ5 20515 rCiCaM %y BUIMLTE A GST s
BRI (1 : 100 % B F 3 AW )37 °C I E 1 h,
2% PBS YERR S, B ALY (HRP) A1 i
AP 1gG Pk (Sigma, ZERE) (1 : 2000 Fi BT
BB 1R 05 Pk, 5 PVDF | 37 °C % &
1h; £ PBSUEME )G, ¥ HRWAIRYER (%
0.05 mg/ml DAB } 0.03% H,0, i PBS) i,
FEAK LR, IR TS 40 RO AT

111 SBERAIIASLLE AFAT)

28 0.5 % Y HT I 1 7 0 2 h (N R 4
30 min J5 HZEIRKPE AR 3 %k, i T PBS 1815
TR AR 100 Hahd, g RlESRS R e A
SRIT . rCiCaM Hfi UL IFAT FFSR (7% 3%
JIG 2 L& /9 PBS) LA 12 100 Fke 5, Y50 hn 3
R b, 37°CHEE 1 h, Xt BELH TG A 54 B i
) GST G UM YE ; it PBS VLS, 5 Alexa
Fluor 488 #ric - F-Pi B 1gG PifA (MP biomedicals,
FEE) (12 400 7 B) 7E 37 °C ML H 1 h, HL
PBS /5 H DAPI(1 : 4 Fi&F PBS ) Y% 2 min;
PR PVP 3 il 7, LR A i
% (Nikon, HAS) MELLE R4,

1.12  Blot Overlay 7%

$ 44k i) rCiCaM ., rCiADF, F rCiProfilin 43
5F TTBS 7 (20 mmol/L Tris-HCI, 110 mmol/L
A8 . 5 mmol/L S fbEE S 0.1% Tween20) H1i%
BTG I e B 45 s B BT AT 1.5 emx 1.5 em Y
PVDF Jii, & F HEEP R 20 s J5 FB 4k Ik
WEVE, BT, ESLIRZR 4 9K PVDF Eayrh
3% fin 50 pL rCiCaM ¥ W ; £ X B4 19 2 5%
PVDF 4 o Jedii fin 50 L AR [R)He BE 14 45 137 11 7
F (BSA) %W, BT# . BSR4 2 5Kk Kot
HRZH 1Y 1 9K 3 REY PVDF 5, 329 TR
5:1: 4 PR/ R ABA KBRS 10s,
BT HERE D 10s, #EAZM, M5 HE
AlKIEYE K LR AL B A PVDF A B (5
3% ISR Y#EY TTBS) HEH4] 1 h J55 rCiADF, Y
rCiProfilin R E i FIFE 1 h, FIFEM 2 mmol/L
f) CaCl, 8 5 mmol/L i) EGTA; i i TTBS ¥ i
3K J& 5 rCiADF, 5 rCiProfilin 2 % R Il %
(1 : 100 FrBETEAM ) 5 (37 °O)1 he WS,
55 HRP #ric B9 EP0 B 1gG Lk (1 : 2000 i B
TEEAW ) BFF (37 °0)1 he VEIEE 2O (IRY)
5 Western blot 255 4H[A]).

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

2 4k

2.1 cicam ) cDNA F3| R ERIEHIERF
5534

cicam Y cDNA J& 5 DL M AR 3 41 & L % 1+
g 4 I ) ORF 2 Ly 1) 420 3 1R P 91) &4 St /s
cicam ) ORF i 450 ™ZAF PR 4H i, w5 149 4>
RHR, HhEA 4@ T, BES
HEFRIC B 10~12 137 . 124~126 /37 . 148~150 fii K
289~291 R4 B %65+, Tl 3 1M34°8 TAA,
TJa—"1 N TAG (K 1), TAA Fll TAG 1E—S84-F
W 5 gt Gln, SR 78 38 FH %65 7 3 5e g &
IR, B, SRR cicam REAE KT A
A B e IS, FE W SEREFTKG cicam ORF J¥ 41 H
) TAA Fil TGA 435 2Ch Gin (138 %85 T CAA
Hl CAG.,

10 20 30 40 50 60 70 80 90
1 AT (TR TCGCTGART’ TTTCTTTATT:
1 M AD|Q[L TEEQIAEFKEATFSLFDERDGD

100 0 120 130 140 150 160 170 180

91 GGAACAATTACTACCARAGA CATTGGGATARR. e ATATGATCAATGAA

26 6T ITTKELGTVHRSILG|QN PTEATEHL DMIUNE
220 230 240 250

181 61
6 VD ADGNGTTIDTFTPHE DTDTETEHE

280 290 300 a1 20 330 350

271 CTTATAGAAGCTTTTAAMGTTTT TGACAL

8 L I EAF KV FDRD Iﬂ nnnnnnnnnnnnnn
370 380 350 400 410 420 430 440 450

361 ABACT TGATT: TTAATT: TTGTTAGAATG

116 KL TDEEVDEHNTIREADHMDG GDGHTINTYEETFVREH

460 470 480 490 500 510 s20 530 540
451 ATGATGGCCAAATGAAAAAATT TCAARAATATTTAGGCGATTTARAARAATTATARAT ARAAAT TCAARAGARTCT TGATARARARARAR
146 M M A K *

1 cicam #J cDNA 75| R ERIE WS EERFT
J7HE A M ET B dURR A U G F) 6 6 T
Fig.1 cDNA sequence of cicam and its
deduced amino acid sequence

The codons inside the boxes encoded Gln in the ciliate

2.2 CiCaM E B4 947

CiCaM MYPRSFESIR AT 45 R R, & H
(14 N 3 Al C i 25 A — XF LAY (1) E-F hand 25458,
‘BT i — B K A% . 2 X E-F hand 23 54 T
FIEMRF I 12~74 Tl 84~147 3% 2 MX B, Hirp
4 F R, BID21-Asp. 23-Asp. 25-Asp. 32-
Glu; @ 57-Asp. 59-Asp. 61-Asn. 68-Glu; 3 94-
Asp. 96-Asp. 98-Asn. 105-Glu; @ 130-Asp. 132-
Asp. 134-Asp. 141-Glu, LT CiCaM ) 4
A Ca A G AL (8 2),

2.3 CiCaM B R GiH L 7 H7

REBOK H BB (Populus trichocarpa), %)
7R (Zea mays). HAMIKZ (Cryptomeria japonica).
N (Homo sapiens). FL¥ (Macrocystis pyrifera). 5y
oSV Iy LK (Alexandrium fundyense) . ¥F MR

https://www.china-fishery.cn
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778 KopE OE R 46 45

1 75 150
4 4 4 4 4 1 4 4

4 1

225 300 375 452
T T L e T ) [ ey e |

. RF+l =
4585 T 45 4045 Ca*binding site
557 LA specific hits
S 1% superfamilies

Ca”'binding site kil A AR iy

n
e
EFh superfamily | | EFh superfamily J

254533k rmlti-dorains (3 ez .
& 2 CiCaM HIZEHIE

EFh Bl E-F hand %5 #35;,

Fig.2 Analysis of CiCaM conserved domains

EFh represents E-F hand domain

W (Stvlonychia lemnae) . 5 VUXUINE L& WL (Para-
mecium tetraurelia). W& #\ VU & B (Tetrahymena
thermophila) 22 ¥ /N JK . (Ichthyophthirius multi-
filiis) [¥) CaM, 5 CiCaM ifi i MEGA 4 ## R 4t
AL . SRR, fEEEN 2 ek,

CiCaM FIPEIAPUBE AL | RO AL 25/ VR AT
B CaM [AJE — bt 78 R GE it 2
T 55— B BT AL R R SR HE S
(1 3).

88 Ij ERY P trichocarpa
88 EEE  Z mays

HAMIY.  C. japonica

81

SEHE LI KEE A, fundyense

69 FEEAZ AL C. irritans

82|— F# M pyrifera

TR R S lemnae

N H. sapiens

35
TRV T thermophila

INerpma 1 multifiliis

—
0.01

BISUNMEZE R A P, tetraurelia

3 CiCaM S5H 47089 CaM M RFH WK R
Fig. 3 The phylogenetic relationship of CiCaM and CaMs from other species

2.4 cicam FERIH PR REEL SN BN R
# (RT-PCR) 7K F

RT-PCR W45 R @75, 7E 400~500 bp i H—
i, 5 cicam W FRISAH (450 bp) AHAT, 2007
JEE % 55w B K cicam B8 Y4 729 5 ciactin 9™
7 W 00 L DK 2R s 5 LB (R (1131 bp)AHAT o
LKW, cicam 3RIE 5T RIBIEAZ R RS A=
W, [FE ciactin TR A TH A TUE R,
HY B3O RAF, RIS SV Z R NS N
(Kl 4),

25 EBHEBRRIRENL

RETAEEHE N, STV RS
B reicam 1 A BT pGEX-4T-1 24K | gmfi 45
e K3 3654 A2 i (glutathione S-transferase, GST)

https://www.china-fishery.cn

WP I Z 5 1 2 sakEh i, e+ —4
TR e, bR EAEA N WAE
GSTHZ&MMEHEH . B TG HEA T GSTix
B4 F R 2N 26 ka, i rCiCaM ) 4> T & &
DNAMAN 7.0 AN LA 16.9 ku,  H L AT 4=
AR AN RS TFEAN 43 ku,

18R 3R 18 R glifb ) SDS-PAGE 43 #4521
WoR, KGR 0 PTIs A A . AN
FHAL oy Je sliAb J5 B Rl B P I AE o T8 2928 43
ku AL E I T —REHIEBA, KRN =
S —, % AN E AT A A A
HAGHL, TEHH E 4 2 P GST-rCiCaM A% Zh i 76 K
PAAF o h 2R3k, FE 2B R AF B T i R A
WA H o LA AR i IE XAEHE . thrombin 17 5 53
P AP — &0 F R AN rCiCaME M

HE K25 2: 3276 sponsored by China Society of Fisheries
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bp M 1 2 3

1500 —

= ciactin

1000 — 1131 bp

900 —
800 —
700 —

600 —
500 —

400 —
300 —

—cicam

450 bp

200 —

100 ==

4 ARILZBEMEBFIBI2ZER cicam B PCR £}
M. DNA FRifi s 1~3. 5% B AR FE . 4y s 0 92 4K (0 cicam F
ciactin ] PCR ¥ #4724

Fig. 4 PCR products of cicam from different
developmental stages of C. irritans

M. DNA ladder; 1-3. PCR products of cicam and ciactin from tomonts,

theronts and trophonts/pretomonts, respectively

() PR TR 16.9 ku FEAAH AT 09 H &40, 1
] GST-rCiCaM #Y GST 454 C 8 thrombin i 21 1]
FHERS

ka M 1 2 3 4 5
1160 E= '
66.4 — ..
443 - - ~ GST-rCiCaM
43.1 ku
29.0 — B GST
——
s - 277 ku
20.1 -
g - - - 1CiCaM
14.3 - 16.9 ku

5 BHAERFIERLLA SDS-PAGE S1f
M. ARdE FREMIE A 1~2. 40 32 K AT 8 40 B 2 A i) ml i 4
R A 55 3. Aib il & & A GST-rCiCaM; 4. £ ik Il i
(thrombin) YJ[% GST #7251 rCiCaM; 5. Zli{L KT GST

Fig. 5 Expression and purification of the recombinant
protein analyzed by SDS-PAGE

M. proteins with standard molecular mass; 1-2. soluble and insoluble
fractions of bacterial lysate, respectively; 3. purified GST-rCiCaM;
4. purified rCiCaM without GST tag by thrombin; 5. purified GST

2.6 HHABAERIREME CiCaM ZEHRIRIE

Western blot [ 453 7R, HlE Az 411y
S REA P KRS T ELH 16.9 ku 1)
FEHEND, X5 CiCaM ESHEAST, Ui
BRI Y T rCiCaM 1) 22 v B Bt 4% B A% 4 5 M 1R
HIPEYE CiCaM, %5 ik 5t 3 3] CiCaM 7E il
PR B TR S S Y B RIS, 5 cicam

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

TEASY AR B mRNA ZKFRIRNZE RARTS (15 6).
2.7 R CiCaM FERIFFR A% R 4 R AF AR E

SIEVOCHURSEE (IFAT) 455 B, 45—
PUARJEPT rCiCaM 1 BRUALTE B, 4 SR A4 20 e S op
ISR AR S RGO, FEL) R R
B S 4 A~ RA% B JE B2 S0 AR 5 R a5 i DAL
GST 1 BRI 4 57 — oAt 4y s UE SR A 5
AT E S (BT ). ZEREW, KR
CiCaM )" iZ 3 A 76 5 4 B A A &)y He iy 240 i Jot v
H s T4 i O K 4 SRR, 126
2 AR R PS8 H DI REA G, BI CiCaM
AR A 4 AR A 3 0 R S A A% A G
(14— ZR 51 A= BV

2.8 Blot Overlay SCEE#& rCiCaM 5 rCiADF,.
rCiProfilin z [B)f8 B {EF

rCiCaM 5 rCiADF, Z [i] [ Blot overlay 3£ 5
ZERWoR, SLHALAY 4 5K PVDF [ ¥ H B T 1]
BREARML, HA rCiCaM 7F K £ 748 P b #L Y
PVDF [ b AYEE I ENSE I 0 8 T4 2 VAL PR PVDF
B, M5 2 mmol/L #J CaCl, 2 5 mmol/L ) EGTA
— [A] 0% B JF R X 5 J5 B 8 EROC 7 A W S
(B, 534k, XHRZ P AE BSA ZEE ST,

ku M 1 2 3 1 2 3
116.0
97.2 -
66.4 — w—
443 — wm
29.0 .u‘ 4
20.1 — - Ay [ Liki
— CiCaM
14.3 16.9 ku

(®)
6 RIS ZBRZHARKRAIREYE CiCaM 5
L rCiCaM YR I & B TR iR & 2

(a) JUPH A% A% 3 e pR ) 4 U R R R 10B L i 4 R
(b) K%k CiCaM £8 rCiCaM i BUMLIE RN I 45 2 ML bRk 23 T
BEA: 13 FER A R R e g 4 R IR kB 5
A TR 20 I 2R AP
Fig. 6 Reactions of the endogenous CiCaM from different

phases of C. irritans to murine sera against rCiCaM

(a) the total proteins from different phases of C. irritans stained with
amino black 10B; (b) the endogenous CiCaM protein recognized by murine
sera against rCiCaM; M. proteins with standard molecular mass; 1-3. cell
lysates from tomonts, theronts and trophonts/ pretomonts of C. irritans,

respectively
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20 um 20 pm

20 pm 5 20 um

Elhf 1

20 um

20 pm

E AR A% R4 AR CiCaM B IFAT 4531

1~ H 5 —Hiih 9 GST 1432 RIS VR BAPERT IR, 5~8 [0 2 rCiCaM () 6 RIS : 3 0 7 SR Flaghd: 491, 20 3R& R

B, 845, 6. TREGIEIIA: % ~HU/A% Alexa Fluor 488 FFiZ I EHL R 1eG Hifk: 1 (198015 S 5% DAPL i difu s, G

FHAF S R KR CiCaM 15075
Plate |

1-4. the primary antibody was the serum from mouse immunized with GST as negative control, 5-8. the primary antibody was the serum from mouse

Localization of the endogenous CiCaM in the theronts of C. irritans by IFAT

immunized with rCiCaM; 3 and 7. the theronts under bright field; 4. the image merged from 1, 2 and 3; 8. the image merged from 5, 6, and 7; the second

antibody was goat anti-mouse IgG conjugated with Alexa Fluor 488; blue fluorescence showed the nuclei stained with DAPI; green fluorescence indic-

ated the distribution of native CiCaM

I JE AR A LB B B (L EDG , ZSEERRBH, 1Ci-
CaM 5 rCiADF, Z [l et K A AHBAE R, #idat
g P ) B 78 1 Ak B PR rCiCaM B M 5 R T
B AT BBV 55 rCiCaM 5 rCiADF, 22 6] fAH H.45 4

rCiCaM 5 rCiProfilin 2 [8] /Y Blot overlay 5K
e R BN, NS Ais Xt B4 i PVDF
JEE 1 454 HH BB S %) 2 B3 (IR T

Z 45 R F W rCiCaM 5 rCiProfilin 2 [6] A] fE
ANEEEENHEER . RS RAREAMLEL,
JEU K% 26 3K i T 4H 75 1 rCiProfilin 7] BE Bk = £ 45 1
JEWIMBHMG, AE 7S A 5 e LS R AR AR
—2, HILATBESZ MY T rCiProfilin J 26 2% 4y 35 3y
R RS, XA S0 i A 82 21 2R 1 Bk Y AT
REJR A Z —.

3 Wie

I8 % % FR 1A cDNA SCE I K2 ESTs
I U ZE R TAE N cicam B9BFFEHT R T 5640
X cicam 4K cDNA B4 Hr 268, %L1
TRk Be A L 4 R S, B3 A
TAA 114> TAG, HTE—S64F i g 44 2
[ TR N 7h s R e R el P It 2 | S
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Fo HL, AT 43 F G BOK cicam ORF H
(1) TAA Fl TAG B4 illid T 16 K 1 h #HE 1Y
CAA Ml CAG, VPIFAFIEARFRIE R rCiCaM H HH]
Torr%E.

X HETE Y CiCaM 28 B[R 7 41 1 43 BT b /s
CiCaM 5 #tBY A5 8 H —2, 700 7E N A i Fll
C KU HA 2 MAFIELSH 5——E-F hand, %5XJ E-
Fhand 5 2 > Ca® 45 G . CaM il /7 4E T Jr
BEZEYAES, 5 G0 ca ikl — R
UM AN A A . BB RS B i AR BRI A, REZHR
1 TR CaM SRAL I B 715 5 o RV A% Y
TGS B R A R T 2 IR o3 SR B Y
X—f AR T Ca’/CiCaM 15 5. 53 Sl
A% M A 355 S v (e 0 AR 05 R e R e Bl o O 2 i L
ZhiE A A SR AL, T Ca®/CiCaM X 512
AL3h 25 1 45 & % [ (actin binding proteins, ABPs)
AR DI EARR], L, Ca®/CiCaM 1R AT fiE
WX A | AR A

CiCaM 71 F R 5 s, HRG K
A ER TR YRR HESh Y, OF S HAbLT B R
1) CaM [AlJ§ —kZ, T 2452, RAZ /MK
o5 R BRAZ  AE ARRAE . Al s BAH AR
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514 i, 5. RIS AR SR 0 AR 781

4

EhZ Il rCiCaM 5 rCiADF, Z [8]#] Blot Overlay iz
1~4 4 rCiCaM 5 rCiADF, [¥] Blot overlay, 5~6 /& BSA 5 rCiADF, [f] Blotoverlay; 1. 3. 5 BARBWNIEA, 2. 4. 6 BAEHBIEMEA,
1 f12 R 2 CaCly, 3 F14 BRI & EGTA, 56 B4 CaCly; sL40 ' BSA 54 EGTA 1) rCiADF, [fse5a 4y b R0, M Frang
Plate [I Blot Overlay between rCiCaM and rCiADF,

1-4. Blot overlay between rCiCaM and rCiADF,; 5-6. Blot overlay between BSA and rCiADF,; 1, 3 and 5. non-denatured proteins; 2, 4 and 6. partially-
denatured proteins; 1 and 2. performed with CaCl,; 3 and 4. performed with EGTA; 5 and 6. performed with CaCl,; Blot overlay between BSA and
rCiADF, performed with EGTA showed a negative result (fig not showed)

BRIl rCiCaM 5 rCiProfilin Z [8]#J Blot Overlay iz
1~4 4 rCiCaM 5 rCiprofilin [¥] Blot overlay, 5~6 4 BSA 5 rCiProfilin [f] Blot overlay; 1. 3. S#INARTHEMNENA, 2. 4. 6 NI HEHE
MEMA: 1. 2. SH 6 Rk & CaCly, 3 F14 il & EGTA; 23 BSA 5% EGTA ¥ rCiProfilin {5256 45 R0 R IIME, BB v 4w

Plate [II Blot Overlay between rCiCaM and rCiProfilin
1-4. Blot overlay between rCiCaM and rCiProfilin, 5-6. Blot overlay between BSA and rCiProfilin; 1, 3 and 5. non-denatured proteins; 2, 4 and 6. par-
tially denatured proteins; 1, 2, 5 and 6 performed with CaCl,; 3 and 4 performed with EGTA; Blot overlay between BSA and rCiProfilin performed with

EGTA showed a negative result (fig not showed)
HRE K= 2% 2 E 75 sponsored by China Society of Fisheries https://www.china-fishery.cn
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FAGRE R EARCRARRL, HEEATTR R LA 1 &
SRR R ZEIFRH BN ELE LR,
T Z T LR B A0 e A T B RRAE 2 R R A A
UL, BAERLA AR BT N AR AR R R AR

JFRZ R SR R, AiESRFRE ZYM-
5052 BE N KM T R FE LA aF i Eh B TR, A
B P E A E A RS T E Y, difb s
() 240 2 11 GST-rCiCaM R84 &4y e, Horp
FEZY 80 ku AbFAE — B 0 1 254, AR R
Fil 5 il B 19 GST-rCiCaM 17 76 AH BAE JH 9 & 1
TEAifb 5 B — B PE Nk, 54, thrombin REHE
I A 10 65 b B PR GST ARZE, X M ARAMNIF ST
CiCaM M IIREFT T T LA

i 2 RT-PCR 3L 5 Fll Western blot 2+ #r , &
75038 AN 38 2 7 mRNA 7K - 16 & 78 & ([ K,
cicam TE R RRAZ AT L 4B B, R EE
4y R TR TR TR B A R e Rk, [FIRT,
TE Western blot 256 | fo 5 BN T 3T rCiCaM
(1) 22 s P ST 1A RE 15 45 B 30 A 4 U2 b ) R AR
CiCaM & A e S PUEPUAR N, X d3 B R
W 3k 1) rCiCaM HA KAttt , 78/ Rk
PN 1 TR RS A 5 1) B B SN . A2 32 K AR CiCaM [
IFAT SZ50 7~ , CiCaM £ JIVM A% 4 U i
BBAL LA e 4 A R T Bl 4 . X —Jr R
CiCaM 5 AR R BAE R &), 5 HAWE
FE T CaM W21t 4 24 S iz N HoA D g 2 P 3R
KRy —3, 53—, KR CiCaM 7E4) Uil
TR A SR S UL S5 4R iz s A 06, mTRETES)
BARE EMA REEEZEM, mERIT
HiWF 95 /) 2 F ABPs, Hll CiADF," # CiProfilin,
HBTE R R 0 SR B E ALY TFAT 525 g A& B
AT Y AR RO R REAZ B gl R R
gitgAew E 4, iz, DR, MRS XS
RO EHFEHM", —J7H, CiADF, fil CiPro-
filin 1 R BRI UL h 8 1 2F 22 2E LY ABPs, X
T Ot moge ) e A & HEEOEM, I
CiCaM o Hy BRAE M 1 X 88k, ik HomT gl %
16 I N Y Ca* {5 5 ok 52 CIADF, 11 CiProfilin )
BRI R . J—Jr T, MO R iE 2 45 M #h  E
5 1 RE 35 BT ) U R SR, DAAE X AT
B Bl O B R A 2 1 o AL R A ATE 5 R B
CaM Z 5 T b UE X AL ™, £ A F Bk
B R A pis s AR W B R .

M P9 A Ca® 5 45 18 25 11 E-F hands %5 £4) 35k
HE IR SR, BERES S CaM M KA H K
AL, X AT T B 0 IR 1) 45 R AR R Ca™ i)

https://www.china-fishery.cn

45451 E-F hands Z54 380 (19 2 A o~ € 2l 22 1
WA BEIE— e T EREENES, 2%
ik CaM B3 B TR, #2& 7 CaM W R iE4S &
AE 7, WG H A AR E R R A,
WI1Q. 1-10, 1-14, 1-16 motif %5, CaM fffit 51X
SET)REHE AR A AR EAE Y, R AR 2 SR
BHE 1 Ca®'/CaM W7 15 Z 5 ABPs i UIRE, M
W THAERG . RIEN N Z RIS E B
DR I B, X ABPs tldh, 414 E
A (Filamin A, FLNa), Fesselin, #A5BEALEE-4,5-—
BEM2 [PtdIns(4,5)P,]. Jifs45 25+ ATP i (PMCA)
VLB LS BREE . (Myosin) 8559, SR 2Z /7 M A& A
KT Ca’'/CaM JE & fiE5 ADF, 5 Profilin A& 4= AH .
YEFRSE .

AR W 5% 38 i Blot overlay assay 48 3¢ 1 rCi-
CaM 5 rCiADF,. rCiProfilin 2 [A] ] REFE1E A .
YEF . 453 8/R, rCiCaM 5 rCiADF, 2 [A] 7] %/
W B EAER, 2B R Ca ki,
MARPERE IR T rCiCaM 25 MM 2 FITE M, 233
THEMNGEWNE TR, CAMRP I, CaM
LI IT A H 9 AN PRSF I FF A 20 e e 4 L Ui
GG TE, I, Ca® 454 ey sk oty 4 28 4k
AT RSP ER, MWL S  HE
Hig4, rCiCaM 5 rCiADF, 2 [a] ) Blot overlay
ST T X — A

I rCiCaM 5 rCiProfilin 2 [i] Blot overlay H
Sy BT EE RIE AR UL R SR B 1 CiCaM 5 CiPro-
filin Z MR BEAFTEMI BAEH . 5 RSRE ML,
JEUA% 22 3K 19 B 41 4K [ rCiProfilin 7] fig Bk = £ 98 1)
BiFR B, g Dbl S RARE AR
Fr—2, X UEH ] BERZ I rCiProfilin 2 45 4 o
Uite k¥, At T5 i — 2RIk,

cicam 1Y) cDNA J H: 2 it 1f) Z FL 1R 7 51 E 42
Z#| GenBank, 555 h MZ043748, 4 Ja X Hl ik
Bt e b % 8 2 1 B BF9E AT E T CiCaM 7R 4t
3% WIS A2 3Bl & T CaM 2 5 i1
TN S A £F B 1Y iz sh M4 7 T . FRATTAH
F BT RA T R B B rh i 5 8 2R A R
JUITTERIVERT, REAE 25 Ak S0 I B TG B 1L
B S A W T S B

(7 B A UL 5L P sl A B Al 25 )
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Molecular identification of a calmodulin gene from Cryptocaryon irritans

NI Wei '?,  ZHANG Jingwei ', YU Lingying', HUANG Xiaohong "

(1. Fujian Key Laboratory of Developmental Biology and Neuroscience, College of Life Science,
Fujian Normal University, Fuzhou 350117, China;
2. Department of Molecular Genetics and Microbiology, University of Florida, Gainesville 32610, USA)

Abstract: Cryptocaryon irritans is a parasitic ciliate causing ‘white spot disease’ on marine teleosts that often
results in huge financial losses to mariculture. So far, there is no safe and effective method to control the para-
site infection. Calmodulin (CaM), as a sensor for Ca’" signaling, regulates cell movement, cell division and inva-
sion of some protozoan parasites to their hosts. To understand the role of calmodulin in the growth and develop-
ment of C. irritans, the calmodulin gene (cicam) was cloned from the C. irritans trophozoite cDNA library, and the
open reading frame (ORF) was synthesized after codon optimization. The recombinant plasmid pGEX-4T-1/cicam
was constructed, then transformed into Escherichia coli and induced its recombinant expression with ZYM-5052
self-inducing medium. The recombinant protein rCiCaM was purified by glutathione agarose gel and thrombin,
and obtain polyclonal antibodies by immunizing with the mouse BALB/c strain. The expression of cicam and its
encoded protein CiCaM in each stage of the worm was examined by reverse transcription PCR and immunoblot-
ting assay, respectively. The localization of CiCaM in the larvae was examined by indirect fluorescent antibody
assay. The activity of recombinant protein rCiCaM binding recombinant actin-depolymerizing factor was initially
investigated by blot overlay assay. The results showed that the open reading frame (ORF) of CiCaM was 450 bp,
which encoded a polypeptide of 16.9 ku, consisting of 149 amino acids; the molecular masses of GST-rCiCaM and
rCiCaM were 43 ku and 16.9 ku respectively, which corresponded with the predicted ones; the CiCaM gene
expressed in all developmental stages of C. irritans, and the molecular mass of the native CiCaM corresponded to
the predicted value; the CiCaM distributed all over the cytosol of C. irritans theronts, especially abundant around
the four macro nuclei and the peripheral area of cytostome; rCiCaM could interact with rCiADF2 in a Ca2+-
dependent way. This study enriched the knowledge of molecular biology of the pathogen C. irritans, which would

provide a reference for the prevention and control of cryptocaryonosis.
Key words: Cryptocaryon irritans; calmodulin; cloning; expression; molecular identification
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