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BEAEGASAEBRBIEERAEIV (CaMKIV)
HEEmM R ERERRIE

xR, WHAE, W, WEK, BkT, BEE
CLEHERE R, AR PR I U 8 5 R T S AT e 0%, KPR R G SR O o
HEVE SN 7 G4 S A Ll R R %%, Bl 201306)

BE: S/ AEARBEEAHBN (CAMKIV)Z -/ 2FETER AN THAER
F, EEMEANEELHAEES R HTHERE S G P CaMKIV B 18 A fn i FALH, A
H— % H R CaMKIV il A By b R A F W EBIRE. RIS RN EH LM
#, FIFIRACE-PCRE R 7 [ 13 2| CaMK IV 3 ] 89 cDNA T 7|, 34T £ H15 & F 2 4 fn
QRT-PCRE I, 4B 87, B 5 #CaMKIV 3 H B cDNAL K 1603 bp, I # 32 4E % 1 032
bp, 5’44 [X315bp, 3'dE4 A4 X256 bp, 43434 A, Tzt %D e %
KR T8 EZ5490, 4 FE4 H3.87Tku, # & 5612, 4F A A CiraHaresNas20s14S1s,
N E R B I~29MEE R A K. AELBRFILA R ZFAH#MAMERE T, BEE &
CaMKIV L 5 m N ¥ & L RBFBCaMKIV X H W F 4 X F AT, HEZRH# NS
WMERZHBEELDEH YL, RETEPCRERD 7=, CaMKIV X EEA AN A BB Y
Rk, HPEBRRNAEY L ERSG, HAREWHIK. 0F, MEHEZTALR. &HE
R M. HEREREBSALHEN LKL ERK, WFEN, ZEEEE L LWL
THRXEEERA, RN EDNER IR ELEERZN 2T M. RIZH IS E#
— S TR W A EMAEBE RN ET UG CaMKIV X H A % £ 2 B X

B, M IR 5 S M e P B TR P R E M ALH R S
KR ¥ & #; CaMKIV; ;LA KOt € 8PCR; 4 ARk 447

FEIDES: Q785; S968.31

£ 1% J& (Onchidium) K J& 3K K 31 %1 1T (Moll-
usca). [& /& 49 (Gastropoda). Mili#Z iV 24 (Pulmonata) .
iR H (Stylommatophora)'!, F& [ V5 1 4370 1) A1
Tl B A S G AR, 5 O OF U8 SR A i
(Platevindex mortoni) . B ICHI A1 (Paraoncidium
reevesii). T A (0. struma) . &P A i
(Peronia verruculata). J8 15 A1 1 X 24 W45 . 905
WS X, Tz oA TR E AR, 2
— A T A e ) X JROK XL VLR
FI L S0 BR B =5 v i R O I 8 4 DL 26, B
AT A B AR OR R R, R A AR R X
H R SR VR YR Y R A AR TR — i 2 A (5O [
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X HAFRERS: A

B, WERARZBREE, RREOAKFTR, &
TR L E A AT LA Bl AR e DS
Dt S A BlE T g EIRZ AN E &, 2
— o EL A R SR A (ER 245 O A TR A 4 D
2o ZHTXE T A B B O A 5 A KR
FHSETT I TT, AN ™ | Hh B A A T R
KM o JSRAF (RS A B Y 8 A AL
2R A PR 4 2 TR R 1 AL 2 T A T R
SrESE, B AR D RE S N 2 T T SRR T B2 Bk
FP . WU SR SC R se ™Y, i R B 3
5 R AR SCHE TN T B BIE ST o

LT 28 2 2 i A /4 R AR AR AR

U SRR A BT H
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11 4] B, A R ORETT/E IR R AR H TV (CaMKIV) 2 [N Y T e K 2413 18 2337

1% B (calcium/ calmodulin dependent protein kinase,
CaMKIV)Z: 5l 28 5 il i v S8R Y7 o R AL Il
Bl i WA AL T 19594F 55 — W As 211, 24302
ER R TE, ANATERAS T 80E Fha g iy 2 H
B (PK) o A 1 UK Y 32 22 Dy i 2 0 19 40 it 2 1) 1Y)
5 R AL DL K — S e A ) g, CaMKIV
JE Ser/Thrif il X W& L 511, CaMKIV 2 11 45 1 1
HAEfLIX . B HI St B 858 8 H 2 A d
o CaMKIVHEH P 4wt i 4 11 B2 2 5 4
AR, AT AE Y S A A R T A
RS S U Ca YE M EE W A5
fili, 598K (CaM)&Ca™ 25 & 1) FEAZ K, Ca™ Hi
CaMZE B G RIE M EZ R E B . KIEF 5 S
R AR . 458 1 1 NS Ca®'-CaMZh &
&, BEMECE T W CaMKIV 1§, CaMKIV i it
i TR Ak RN 2 Wi R Ak AR 5 BIK 2l 34l i 2800 o6
{4 %5 & %5 H (cAMP-response element binding
protein, CREB) & A= B IR AL VE ", 5l A 4T
KA KB R B9 55 %00 (long-term potentiation,
LTP), IMLTPHIAN 2T | CAZ B o

Bl & A A B 2R R R PR R e, B 2R AT
CaMKIV 25 I AIFGE AR T B, A4 i A 1) v g
EEBYIEEHT, JFEET T RE NS HAHOCH
DR R SE . H ET A CaMKIV 3 [ BB 5E 3
BN FEMESI YD, B RA X TS Y
CaMKV JE X 58 B 5 D) e 43 i 09 438 o 48 1 Xt
CaMKIV 5 [F ) 5O R D) RE 3R 38 0 it FEAE TP AE
NZ&(Homo sapiens)'" . KR (Rattus norvegicus)'™
S AMSEARSR, BT X CaMKIV H DR AR R A% R B9 4
FREF A B R vk A R 2 Al "™, AT
SR SE TR MESh W S it 1 HOR S . AR
S I T A R S SV S B T, T
I e B 1 CaMKIV JE A cDNA 4 K, 0k He g ik
B AN AT T TR JR R 3 4 R0 4% 2H 2L 1) 9O E 5 PCR
(qQRT-PCR)J3 M o A2 B0 45 R 0 4 Ja % i ik 1A
13 HAl 737 A )2 S B R AR 34, WoIRA
A5 TC 5 HE 0 ) DAV 1) il b 32 A 2o 2 o e 2
P9 B2 Ak PREE 2 TA]AH B N G R B AR AL

1 MBS J5E

1.1 SR

S BT R TS A1 oM 201845 H R [T IREh
W, R IRl SEGRE B T RS R AR AT

F%, BN A R E I B R R, IR
W iE BEARAE , WEBRIE TSR, WNIE 2K,
2 R E R TE (26£0.5) °C, SEE MR R 24
9(12.08+0.12) g, 14K (6.20+0.13) cm,

12 KL

RNA #) 3% B Fn cDNA L & S 56 18 B 6>
fat e . I 1 RAF HAR R AR — B0 A
fith , A B WO 22795 #5467, SR Trizol (TaKaRa,
FGE)IAFIHEEURNA, RNAMY & % B850 & fif
7k ibAy, ad 1.2%350 5 B B s L PR I S S
FRNA. 18S rRNA. 28S rRNAZ M 52 4E, I
NanoDrop 2000 (Thermo Scientific, 3% [E ){ Il RNA
FIUEE , B FEJE RN A B 4500~1 000 ng/pl.,
PLJRE TS A B pf 22 20 20 R (I RNA AR, i Prim-
erScriptTM RTi& 7 & (TaKaRa, K% ) % 5 A 1%
cDNA,

CaMKIV K B % % A S5 E 45 1)
Tt 22 5 SR A A3CHE PR b G D — SR SR LTPIR 5
LB A F 51, 1ENCBIEUHE % Hh £ F 7 BLAST
Fexd, 5 EoR, &N S AR CaMKIV
FE B AR & AR PR M . A Primer Premier 5.0
AP EORFYE B N 15 1) CaMKIV-F1, CaMKIV -
RI(E DX H R B BGEITPCRY 1S . PCRIXY
RZ: 20 uL: 2xTaq Master Mix 10 pL (novo Protein,
i), ddH,0 8 pL, CaMKIV-F10.6 pL, CaMKIV-
R10.6 uL, cDNA 0.8 pL, PCRI N FEJ¥: 94 °C
FiAEPE 3 ming 94°C305s, 61.1°C30s, 72°C60s,
35 NMEFR; 72 °CHEAH 10 min, ¥ HE=H)4:1.2%
Tt R R S P VKR D, e A R AR B (R
AR AL A RA SR H B &4, IF S
pGEM-TEasy vector (Promega, 3¢ [E) i 17 % # 4%
b, Zead LB M i 1 B 7 3% P e b, SR
BEW %, 510 (R D) EAT 18 P CR BN A6 il
5, BMEENRFBER/DN-BUNERK XS TAEY
TAR L) B A7 BRA w1 .

HR G I > 3R A5 1 CaMK IV 35 K 751, F1]
Primer premier 5.0 113" fI5'"RACEEF 4519,
3'RACES| )5 1144 13 'Full RACE Core Set
With PrimerScript™ RTasef#i 1%, S'RACES]
Y it B SMARTER® RACES5'/3'Kit User
Manualffi f FHt, F7E5'RACER: F%: 51 W R
Jn 15 bp [R5 . 3'RACE PCREWARIF:
% 5% BLcDNA PCRIZ W 4514 : 42 °C 60 min, 72°C
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Tab.1 Sequences of primers used in this study

514

primer

5P 5(5"-3")

primer sequence(5'-3")

51

usage

CaMKIV-F

CaMKIV-R

CaMKIV-5'"RACE outer

CaMKIV-5'"RACE inner

CaMKIV-3'RACE outer

CaMKIV-3'RACE inner

CaMKWV-RT-F

CaMKIV-RT-R

18S8-RT-F

185-RT-R

TTCAGAGGAGCAAGCAGCC

ATTCCCGTCACCCACACAT

GATTACGCCAAGCTTTGCCC GTCACCCACACCTGCGTCAAG

GATTACGCCAAGCTTAGCCT GGTGTTCCGCATACTGTCGTC

TGGAGTGTTGGAGTCATAGCA

TGCTAAGGATTTGGTGCGAA

GGGTGACGGGAATGGCCAACA

GTGGCTCCCGCAACTGCCAT

TGTCTCCTGCCCTACCTGTT

ATTCCATGCGCAATTATTCA

HBIRTES )

F BSR4
S'RACEA} BHE5| 4
S'RACEA} #HES|4)
3RACEFF AT
3RACEFF AT

H iRy w514
H iRy w514
WS w51

WS IR 7l e 151 W)

15 min; outer PCRIZ W 5514 : 94 °C 3 min; 94 °C
30s, 55°C30s, 72°C 1 min, 307MfE¥; 72 °C
10 min; inner PCRJZ W 55 1f: 94 °C 3 min; 94 °C
30s, 55°C30s, 72°C 1 min, 307MfE¥K; 72 °C
10 min, PCR=#)41.2%55 IR W8 5 11 H, vk A6 )
Ja, BEECE B ) 5k 4ad F R R & (R
WRAEHE AL A BRA FHEIH B &4, IF5
pGEM-TEasy vector (Promega, 3 [E) i 17 % £ 5%
1k, ER VKR ZR . 2xRapid Ligation Buffer 5
uL, pGEM-TEasy vector(50 ng)luL, PCRJZ =
)1 uL, T4 DNA Ligase 1 uL, ddH,02 pL., £:16°C
5 A 5 e Ak B R A2 AN DHS o K AT 14 41 i fS
WA T &AZ NSRRI L, 37 °oChgf
16~24 h, il ABETESE, HRAREEY
KEEF%, AT PCRI B AGI , BRECS H i A
Bt — B R BGE A T A TR (DA BRA
HJMF . 5'RACE touchdown PCRFEFF: 94 °C 30
s, 72°C 2 min, 5ME¥; 94°C30s, 70°C 30
s, 72°C2min, 5MEH; 94°C30s, 68°C 30
s, 72°C2min, 35MEH. ¥ H=Y41.2%5 5
W 5E e Lk R DU ), R E R i R &
NucleoSpin “Gel and PCR Clean-up [P it H i1 4577 ,
5RACEIL#| &+ # Lineareized pRACE vectori%
¥, AL B DHSo Bz S QMR A TR A AR
MR LS F5 5L [, 37 °CHEF516~24 h, fHivEFH
P VAT Y . BRI BER VEY RS, A
519G DT E I PCREL N, PEECS B A B
—ER RO T A TR RO ARAFR
W, 200 FF 453" F1S'RACEY 1 ¢ %) # F
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VecScreenX f: (http://www.ncbi.nlm.nih.gov/VecScreen/
VecScreen.html) & B #4467 51, F H BioEdit# {4
PATPHE, R4 CaMKIIV HH [l cDNA% K

J5 3 o 7 TENCBIEUHE 2 1) I 7E 2%
ORF Finder(http://www.ncbi.nlm.nih.gov/gorf/gorf.
htm1)# $& FF il % B2 HE(ORF); f#i I ProtParam
(http://web.expasy.org/ protparam/) ¥ I 4 5 25 1 1)
BAE M T ; NetPhos 2.0 Server (http://www.cbs.
dtu.dk/services/NetPhos/) Tl 2 1 57 W AR fL 17 45 5
NetNGlyc 1.0Server (http://www.cbs.dtu.dk/services/
NetNGlye/) T il b 5 fb 47 15 ; Signal 4.1 (http://
www.cbs.dtu.dk/services/SignalP/) T {55 5 Ik ¥
51| FHPhyre 2F2 % (http://www.sbg.bio.ic.ac.uk/phyre2/
html/page.cgi?id=index) T I & [ 5T A4 — 2 25 #4 il
=YEER 5 Clustal XB M #E1T E BL R 7 5 2 H L
X FIFMEGA 6.0%K 4>k F 21 21 (Neighbor-
Joining method)¥) 3t R & #E /L #, 1 000¥K Boots-
traps, HAbZ Bl R IAMA -

FAF R UE EPCR - SCYGHTHLO g R
RBTR R/ —B R A, o RO
B HERE .t Hds . . R
JFIBEIRILTAN L, B3 A BOR — SR A, 2t
3ASLIREA AL, I TrizoBX FIFEHUERNA, I
HR e eDNA, =20 °CIAA7 8 o R4 CaMKIV
BT H1ETTHqRT-PCRG 14, FIFHTEZ (https:/www.
genscript.com/tools/real-time-pcr-tagman-primer-
tool) &K F % 3151 ¥ J CaMK IV -RT-F A1 CaMK IV -
RT-R(¥ 1), PA18S rRNAN N2, qRT-PCRf# H
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BB, AF: RH OSSR L OB R 1 ORIV (CaMKIV)JE [R] BY 5 B e 2H 213K 5k

2339

SYBR premix Ex Tag TM Il {7 & (TaKaRa, K
) TEABL QO #S L kAT SOG4 & 20 uL:
Premix Ex Tag TM(2x) 10 pL. ddH,0 7.2 uL, I
TSI H(10 mol/L)#%0.4 uL. cDNABIAR2 pL,
FHARE 52 18 2 4k PR CaMK IV 3 TR A A
X Feak i o FE R A X 2 i P Y (bR o R
(mean+SE)K £ 7R, fii HISPSS 19.0 47 ¥ [H % )
2%/3 M1 (One-Way ANOVA), P<0.05%7REAG 03
HES,

2 HEH
2.1 CaMKWN ¢DNAHILKFEF

PR TS A1 B8 CaMK IV 3£ K cDNA4= K4 1 603 bp
(GenBank® £ 5 . MH807734), U451 032 bp
T B2 HE , 5" AE 4% X (UTR)F:315 bp, 3'dE
A X (UTR)FE256 bp, 3'UTRIX &4 £ BT

R (4 1 2 A7 5 )7 51 AATAAA R Poly(A) R 12 (K1 1)
FENCBI%HE 2 BLASTLILRS, &5 BR, %75
5= (Aplysia californica)i) CaMKIN
80% M AH UM, 56U WU 2 (Biomphalaria
glabrata)¥] CaMKIV 45 63% W AHALLE: , BT LA 44 A
Or-CaMKIV 3£ A

2.2 CaMKIV B 45 #451E

2% QLS TS S T N 3 S P DR | B o
343405 M, 2 IKEE R T8 NS5 490, 41
T 24387 ku, B N6.12, 4+ N
C1741H2763N4520514S 155 iz R (Lys) . &2 R
(Leu). @iz R (Val) & i fcm, 7 0410.5%.
9.6%. 8.2%; HZ MR (His). FMAMR(Cys). &
WML (Gln) & i b, BIN1.7%(3R2). W IEH
i 28 FE R 5% B (Arg+Lys)474>, Al £ i fif 24 2 R
BRI (Asp+Glu)S 14~ . il 1l 1 2 S iR 35 %9379,

1

61

121

181

241

301

361

421

481

541

601

661

721

ATGGGGGATTACTCATGGCCTCTCGTCAACACGTCATTATCACAAAACTAGTCTTTCATT

CATGATAAAAATTATGGTGTTGAAATGGGGAACAGAGAGAAGGAAAAAAAATAGCCCATA

AAGAGATCCAGGGAGAAAGATTATTTTTCTAAAGGACTTTCGTTGCATGGGTTAGGATAT

TGAGAGTTTAGCACAAACTTGGACACCTTTGTTCAGGGAGAGAAGATACAAATGCCGCTA

CTGTATTCTCATGTGCATCGCGCTTCGTGATACAGCCTTCCCCACCCTAGCGCCCATGAT

TCTTGTTCATACACAATGCCTCAGAATATGCAGGAATATTGGATAGCTGAGAGCATAAAG

MPQNMGQEYUWIAES STIEK

GATACAAAATTTGAAGATGTTTATGACCTGGGAAAAGAATTGGGACGTGGTGCAACATCA

DTKFEDVYDULGEKTETLTGRTGATS

GTTGTCCATAAATGCTGTGTCAAAGGAACTGATCAAGCATGGGCTGTAAAAATAATGGAC

VVHKC CCVEKS GTDA QAWAVIKTIMD

AAGCGGGTTGAGCTGAAAACTATTGTGACAGAGATTGGGATTTTGCTCAAGCTCAATCAT

K RV ELIKTTIVTETISGTIULULIEKTLNHIH

CCTAACATTGTGAGAATGAAAGAGGTGTTTGAAACACTGGATCATGACTACATTGTGTTA

P NTVRMEKEVFETTLDHDYTIVTL

GAACTAGTAACAGGCTCAGAACTGTTTGAAAGAATTATCACTCAGGAATATTATTCAGAG

ELVTGSE ETLTZFETRTITITZ QEYYSE

GAGCAAGCAGCCACAGCCATCAGAGACATTATAACAGGGGTAGAATATCTTCACAACCAT

EQ AATATRDTITTGVEYTLUHNH

GATGTTGTTCATCGAGATTTGAAACCAGAGAACATTTTGTATGAAAGCCTGTCCCTAAAT

DVVHRDLEKPENTILVYESLSTLN
(Bl1 Fig.1)
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781

841

901

961

1021

1081

1141

1201

1261

1341

1401
1461
1501
1561

TCAAAGTTGAAAATTGCTGATTTTGGCCTCTCAACAATTGTCAGTGGGAAAGTTGCCCTG

S KL KT ADFGLSTTIVS GKVATL

ACGACAGTATGCGGAACACCAGGCTATTGTGCACCTGAGGTCTTGAAGGGAGAGAAATAC

T T vCGeGgTPGY CAPEUVEILEKTGEZKY

TTCAAAAGTTGTGACATGTGGAGTGTTGGAGTCATAGCATATATTCTGTTGTGTGGATAT

F KS CDMWSVG6GV I AYTLLC CGY

GAGCCATTTTATGCCGAAAATGAAGCAACCATGTTCAAAAAAATTCTGAAGGGAGATTAT

E P F Y AENEATMETZ KT KTITLIZEKTGUDY

AAATTTGACTCACCATGGTGGGATGATGTCAGTGATAATGCTAAGGATTTGGTGAGAAAA

K F DS PWWDDVSDNAZKU DTILVREK

CTGCTAGTGGTGGATCCCAAAAAGCGACTGACACCAGCTGCTGCCTTGAAGCATGTGTGG

L L vvD©PZEKIEKIRTLT®PAAALIKIUHUVW

GTGACGGGAATGGCCAACAAGAAAACACACAAAGATGGCACAGTGGAGAAGATCAAGGAA

vVTG6MANEKTE KTHZ KD GTVEZKTKE
TTCAATGCCAGGAGAAAACTAAAGTTTGCCACCGATGCCCTGAAGGCAGTTGCGGGAGCC

F NARRIKT LI KT FATDALZ KAV AGA
ACCAAAAAGATGGATCTCCTGAGTATTCTGCAGGCGAATGCTGGGCTGGACACTTCCAGA

T K Kx MmDLLSTITULAQANAGLTDTSR
GATGAAGAGGGAATGGAGATCAACTGAGACGGTGATATTTTGATACATGTAGAAGCAGTA

DEEGMETIN %

AGCTTCATGGAAGCAGATTGAGATCTACAAATGTTTTTAAATTTGATATGTATAATTGCA

CTACATCAAATCTTTGTTTTACACCTATAAGATTTTAAGTGGTTGAAAATAGTGCATCAG

CAATTGTGTAGTAAAAACAAGGTTAAAAAAATATGCCAAAACATGAAAATATATGATATC

TTCTATTATTGTAAATAAACCTAATGATCTGAAAAAAAAAAAA

1 EE AT CaMKN & E /N cDNAFFIFI R EEEF 5

BRI i X B R RNk FOR, ARG RS X R R R R, N R 2% R S_TKe domainff (LI (R 57 X, MM & 4 o5 5T 4, At
R R AATAAANN 2 A5 ‘5 FPoly(A) 2 2

Fig. 1 Nucleoide sequence and predicted amino acid sequence of O. struma CaMKIV gene

The OREF region is indicated by a single underline, the UTR region is represented by a wavy line, the double underline indicates the S_TKc domain

catalytic domain conserved region, the bold portion indicates the signal peptide sequence, and the putative eukaryotic polyadenylation signal(AATAA)

and the Poly(A) tail are showed by the red font

VR K A5 $0-0.234
W R LA 0 A3 BT o , IR R g S 1 2R
JA 33N BERER AL 4, 435 A Thr 144~ . Ser 124>
MTyr 74> BEBEAAL 3BT s A 4D N AL
i A5 S IR Z5 R R, R F HIAF
TEIME SRR, 55 IR U EIA 507 T 25295 F1
H305 AR AR B (], R WIN 1915 5 Bk B AT
MNRAFERA R, Phyre 250 £, CaMKIV ik
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R2 FEEABCaMKIN ZIENEEREEES

Tab.2 Amino acid composition of CaMKIV from O. struma

AR EE/(g/N) B4 % BEER EE/(g/N) H 4y /%

amino acid content percentage amino acid content percentage
WEEE Ala(A) 26 7.6 &R Leu(L) 33 9.6
FElE  Arg (R) 11 32 HER  Lys (K) 36 10.5
A Asn (N) 12 3.5 FgiR  Met (M) 9 2.6
REHAR  Asp (D) 24 7.0 KINEIR  Phe (F) 10 2.9
FPERE  Cys (C) 6 1.7 &/ Pro (P) 9 2.6
BEME  Gn(Q) 6 1.7 Y5 Ser(S) 15 4.4
BEBR  Glu(E) 27 7.9 &R Thr (T) 22 6.4
HE Gly Q) 20 5.8 tHER  Trp (W) 6 1.7
1% R His (H) 8 23 BB Tyr (Y) 13 38
FHEAR e (1) 22 6.4 HER  Val(V) 28 8.2

B2 FUNAEEABECaMKIV =L
Fig.2 Predicted tertiary structures of
O. struma CaMKIV

Woh— K%, Hh g wifids, 53,
I A i CaMK IV 19 2 SL 18 3 1 5 H A 5 #E 3h
Y CaMKIV & L2 )75 Z & o kB, 7R
A1 CaMKIV S TKe domainf A B 44 <7 [X H: [7]
V5 S5 R AH AL (L 4)
24 AEHAREMERRIETH

AWK LL18S rRNAN N B I, F
qQRT-PCRAG M5 5 A1 fifi CaMKIV IE N AE MR JE . 35
TR . My, mds . BB . EAR. B
TAHAFERL . R EIR, CaMKIVIE R 74

MHAYH —gnEREE, HhEREPHE
NEEE, HREOS., TRk, EES
TAEMET . HE. BMEARPHERLE
(P<0.05)(5).

3 iR

ARG AR TR, R A5
DB IR Ry — 3, XS ENMNEEEY By
F—H, RUPET A0 CaMKIV F [ 5 L7 I8 2
WKW T R G LRI T, X 5Liud
WA RANFT G o X RIS A CaMKIV H A 11
Yy i A 2 Ak AR b R BB B A AH AL A AR BT RE
CaMKV 5 PRUX T 1IF 58 40 1 0 Ak 4 it 1 LAtk
CaMKWV JEH " Z A6 T HAA AP A 7] H ]
qRT-PCRE R BIR, T A it CaMK IV FE A JE
PR RIEE R, R INHSAAER, I
EERR e S S A U = a1 NS R
T 30 18] 1 e ) DX B, R UL PR A 4
frizgh, DI LRZEN —LLIRMEE 7,
JE A 3 gl Y 3 AR s A i IR G B
T ST PIWF S A B ( Apostichopus japonicus )
LR 5 BH 2 v e B, 2 R e e R K
m, LA E=H ISR, RS LA
S5 T REERTRNE . F, 8RR 588 EXT
THETR N R DU L, R e H AR i
3, GuiEPIWITE A B, TEME R 5 IFN-y 1) )3
AT LA A A 2R A 2 A AR (major
histocompatibility complex, MHC)JZE | Toll#f3

http://www.scxuebao.cn


http://www.scxuebao.cn

2342

N

43 %

B BNt Mgylandia zebra XP_004561604.1

BB Bt Oreochromis niloticus XP_01901638.1

1 HEANIR L Haplochromis burtoni XP_014189402.1

0.479 RWliFi Lates calcarifer XP_018544586.1

. KIRHWIARES  Callorhinchus milii XP_007897140.1
fi5%&  Rhincodon typus XP_020370996.1

ARITAAE  Lepisosteus oculatus XP_006627134.1

1 FJefh  Latimeria chalumnae XP_014350685.1
0.916 {097 FAES  Cuculus canorus XP_009558603.1
0.556

0.367 BERY  Tueniopygia guttata XP_009558603.1

. 0.903 EL B Nanorana parkeri XP_018419270.1
: AT Xenopus tropicalis XP_002943358.2

1 PSS L anatin XP_013391613.1
{0618 ; KAt C gigas XP_011415897.1
FEIMEYE  C virginica XP_022328716.1
— TEFFNE P liculata XP_025078233.1
WIEXUF2 B, riaglabrata XP_013085721.1

1 068 IR A. californica XP_005089392.1
: S AR O. stuma MH807734

0.2
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consensu £l b tA

# 4 EEARBECaMKIVAIE b XY HCaMKIVEEERFHN L ELL 3T

B RS PR AR AL R 2R R 7 55 R (R W R T v O = IR R 7 815 €0 3 s W ) AR AL TR 2R R 5 51

Fig. 4 Multiple alignment of O. struma CaMKIV and CaMKIV amino acid sequences in other species

Pink indicates similar amino acid, black represents highly conserved amino acid, blue represents similar amino acid among species
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0.619 057 _ 2L BRI Anostomus anostomus XP_ 0055735027.1
0.793

Fig.3 Phylogenetic tree of O. struma CaMKIV amino acid sequence and amino acid sequence of other species
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.520'0

i 2 18

ﬁgm-%

RE 14

‘\;{glz-

=z 10 ¢
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5-46_

SE 4|

O 2+¢ a a a a

SO L P it Y L L A e Y
1 2 3 4 5 6 7

ENEEEA

different tissues

5 CaMKNEREEEAEREHRAFHREER
LR, 2Bk, 3ME™, 40048, SATHE, 6.4, 7.%&H
MR AR R IR % 7 1 3 (P<0.05)
Fig. 5 Expression of CaMKIV gene in different
tissues of O. struma

1. pleopod, 2. dorsal skin, 3. ganglion, 4. mouthparts, 5. liver 6.
intestines, 7. albumen gland; different letters indicate significant
differences (P<0.05)

EN . CaMKIV Bk B, 4kimi5] &Lk
G SR 5 T e B K LA B P Ca MKV 2 X
Ja, FERRHEFIFN-y R , R R
K2 E S . R CaMK IV Z 5 L0 ) G 52 HL
RE. LA PFEDPIE R KM, O MER
(cardiotoxin) Y75 5 T /N Bl (Mus musculus) L2410 g
Z, CaMKWV B Rk LW, 1B —Fp R+
Z 5 LA B RIE N . CaMK IV i PR 7 55 15 7
Ji 2 ) AR R T, i R AT BB AE B Ak R R
A A W B BE RO AR D TR DG B VE
H A A A & F 98 1 A e e AL BE 5 i i B
F, CaMKIV 3 K 7058 8 1 1 A 9 B 5 1o 25 AL
il v B A A R itk — 2D A 5E . AR IR SR v B AR
B CaMKWVHER , 0] LLARIIE W A1 il (1) S B L
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125 H o

qRT-PCREG R R, #ii4:
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TR 5 23 B L R E 276/ E LR 2 8] A7 AE
S_TKc domainflE LI R 7 IX . RGEH#HALM B,
SRS A 5 CaMK IV 55 5 T M it e . D' o U 45
BN —32, FHEILEFNNRRG ., K
FRAKEDH R, CaMKIV I N TETRG 15 A1 4%
PP ARDE, EEETHRERERS,
WA RES 50T . BARCaMKIV 5 HFER
ARG T R IRREAL, AR T %
WA M AEBRNBENET ALY
CaMKV J& F Tl BEF 5% 60 45 25 11 5T B[ 30 75 43 7
AP RE B E Bl O IRSEIB RS BE HESI
P Y P 17 [ 2t 0 S R v 0 BRSO A T 4R
HEIr AR

SEH:

[1] Shen HD, LiK, Chen H C, ef al. Experimental ecology
and hibernation of Onchidium struma (Gastropoda:
Pulmonata: Systellommatophora)[J]. Journal of
Experimental Marine Biology and Ecology, 2011,
396(2): 71-76.

[2] R, PLAE, 20, 5. 3 E SR B4R A Y

BF D). shi: 2= &, 2010, 45(6): 92-100.
Wu X F, Shen H D, Wu W J, et al. Comparison on
morphology of Onchidiidae in eastern coast of China[J].
Chinese Journal of Zoology, 2010, 45(6): 92-100(in
Chinese).

[31  ILFIE, BRI, TREEE. AREIAEY 2R R H G 57

FART S AT [I]. o /K72, 2004(1): 60-63.
Shen H D, Li J L, Zhang H R. Biology characteristics
and enhancement foreground of Onchidium verrucul-
atum cuvier[J]. China Fisheries, 2004(1): 60-63(in
Chinese).

(4] /NI, BEPE, TRk, & AR B R p HAE X R
Fili#i(Onchidium verruculatum Cuvier) W (LB S PE 15

http://www.scxuebao.cn


http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.1016/j.jembe.2010.09.010
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://dx.doi.org/10.3969/j.issn.1002-6681.2004.01.045
http://www.scxuebao.cn

2344

Ko AR

43 %

[10]

M [J]. M K2R (E SRR AR), 2009, 30(2): 1-5.

Ni X Y, Ying X P, Zhang Y P, et al. Effect of different
temperatures and pH on digestive enzyme activities of
Onchidium verruculatum cuvier[J]. Journal of Wenzhou
University (Natural Science Edition), 2009, 30(2): 1-5(in
Chinese).

WKE. FhEEXR S AR AL R TR SBE
WA [D]. B 5L UKL R, 2014,

Shen Y L. Effects of salinities on body composition,
digestive physiology and osmoregulation of Onchidium
struma[D]. Nanjing: Nanjing Agricultural University,
2014 (in Chinese).

TR PR T AOTS SR 1% 2 FE % 70t S SSRARIC
FFR[D). L LR, 2014,

Wang C N. Evaluation of genetic diversity in two
Onchidiidae by ISSR and development of SSR[D].
Shanghai: Shanghai Ocean University, 2014 (in
Chinese).

Liu C, Wei L L, Shen H D, et al. Complete
mitochondrial genome of Peronia verruculata
(Gastropoda: Pulmonata: Systellommatophora:
Onchidiidae[J]. Mitochondrial DNA, 2015, 26(5): 753-
754.

SO, S 8T AR B R R T R AR R
HER +[]. HEE 5 R A%, 2019, 38(4):
1463-1473.

Shi Y M, Huang X H, Yang T Z, et al. Analysis of
proteome difference in the back skin of Onchidium
struma and Paraoncidium struma[J]. Genomics and
Applied Biology, 2019, 38(4): 1463-1473(in Chinese).
WA, TLAE, SLHON, S5 R AR AR K T
B O RE . g5 K S A (D], HEVERLEE, 2017,
41(3): 8-16.

Yang T Z, Shen H D, Shi Y M, et al. Molecular cloning
and characterization of EGF-like gene in Onchidium
struma[J]. Marine Sciences, 2017, 41(3): 8-16(in
Chinese).

RIRR, S, AR, S5 R AN K R
B s A L ARIE A HT[I]. KM R, 2017,
41(5): 658-668.

Liu X, Shi Y M, Wang D F, et al. Cloning and tissue
expression analysis of the MSTN gene in Onchidium
strumalJ]. Journal of Fisheries of China, 2017, 41(5):
658-668(in Chinese).

http://www.scxuebao.cn

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

AR, 52 AR RO £ T RE R IR, A
HIAE (R A4k 22 238 1), 1992(5): 18-20.

Tang D P, He W. Calmodulin-dependent multifunctional
protein kinase[J]. Chemistry of Life (China Biochemistry
Association Newsletter), 1992(5): 18-20(in Chinese).
Tokumitsu H, Enslen H, Soderling T R. Characterization
of a Ca*"/calmodulin-dependent protein kinase cascade.
Molecular cloning and expression of calcium/calmodulin-
dependent protein kinase[J]. Journal of Biological
Chemistry, 1995, 270(33): 19320-19324.

Ichinose K, Rauen T, Juang Y T, et al. Cutting edge:
calcium/calmodulin-dependent protein kinase type IV is
essential for mesangial cell proliferation and lupus
nephritis[J]. The Journal of Immunology, 2011, 187(11):
5500-5504.

Choi Y H, Ann E J, Yoon J H, et al. Calcium/calmodulin-
dependent protein kinase IV (CaMKIV) enhances
osteoclast differentiation via the up-regulation of Notchl
protein stability[J]. Biochimica et Biophysica Acta
(BBA) - Molecular Cell Research, 2013, 1833(1): 69-79.
See V, et al. Calcium/calmodulin-dependent protein
kinase type IV (CaMKIV) inhibits apoptosis induced by
potassium deprivation in cerebellar granule neurons[J].
Faseb Journal, 2001, 15(1): 134-144.

Miyamoto E. Molecular mechanism of neuronal
plasticity: induction and maintenance of long-term
potentiation in the hippocampus[J]. Journal of
Pharmacological Sciences, 2006, 100(5): 433-442.

Naz H, Shahbaaz M, Bisetty K, et al. Effect of pH on the
structure, function, and stability of human
calcium/calmodulin-dependent protein kinase IV:
combined spectroscopic and MD simulation studies[J].
Biochemistry and Cell Biology, 2016, 94(3): 221-228.
Jones D A, Glod J, Wilson-Shaw D, et al. cDNA
sequence and differential expression of the mouse
Ca’*/calmodulin-dependent protein kinase IV gene[J].
FEBS Letters, 1991, 289(1): 105-109.

W, XIAKDT, OB oK B D CaMKIV .
CREB# 2 {L FIBDNF I [K R & [ 72 [T]. B 8 5 4
&, 2010, 24(04): 263-267.

Yang J H, Cai Y, Liu Q F, et al. Study of the effects of
lanthanum on hippocampal CaMKIV, CREB
phosphorylation and BDNF expression in rats[J]. J
Toxicol, 2010, 24(04): 263-267(in Chinese).


http://dx.doi.org/10.3109/19401736.2013.850679
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.4049/jimmunol.1102357
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1096/fj.00-0106com
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1139/bcb-2015-0132
http://dx.doi.org/10.1016/0014-5793(91)80919-T
http://dx.doi.org/10.3109/19401736.2013.850679
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.4049/jimmunol.1102357
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1096/fj.00-0106com
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1139/bcb-2015-0132
http://dx.doi.org/10.1016/0014-5793(91)80919-T
http://dx.doi.org/10.3109/19401736.2013.850679
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.4049/jimmunol.1102357
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1096/fj.00-0106com
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1139/bcb-2015-0132
http://dx.doi.org/10.1016/0014-5793(91)80919-T
http://dx.doi.org/10.3109/19401736.2013.850679
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.1074/jbc.270.33.19320
http://dx.doi.org/10.4049/jimmunol.1102357
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1016/j.bbamcr.2012.10.018
http://dx.doi.org/10.1096/fj.00-0106com
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1254/jphs.CPJ06007X
http://dx.doi.org/10.1139/bcb-2015-0132
http://dx.doi.org/10.1016/0014-5793(91)80919-T
http://www.scxuebao.cn

1139 BB, AF: RH OSSR L OB R 1 ORIV (CaMKIV)JE [R] BY 5 B e 2H 213K 5k 2345
[20]  Lalitha S. Primer premier 5[J]. Biotech Software & (Haliotis discus hannai)[D]. Qingdao: Graduate School

(21]

[22]

[23]

[24]

Internet Report, 2000, 1(6): 270-272.

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
22T method[J]. Methods, 2001, 25(4): 402-408.

Liu C, Shen H D, Zhou N. Complete mitochondrial
genome of Platevindex sp. (Gastropoda: Pulmonata:
Systellommatophora: Onchidiidae)[J]. Mitochondrial
DNA Part A, 2016, 27(2): 918-920.

ERK, KM, RBF, . RMEABRIES. T
FIAEFEAT AT, sh ik 2k &, 2005, 40(1): 32-40.

Wang J Q, Cheng Y X, Wu X G, et al. Morphological
characteristics, living habitus and reproductive behavior
of Onchidium struma[J]. Chinese Journal of Zoology,
2005, 40(1): 32-40(in Chinese).

A 2 R 1 L R g S 0 UL P 2
R BLAA T SE[D). 75 8 ERR 22 Be w98 A2 e GREAE T
FLHT), 2007.

Wang P H. Pathological studies on acute peristome
edema disease in sea cucumbers[Apostichopus japonicus

(Selenka)] and muscle atrophy disease of abalones

(23]

[26]

[27]

[28]

of Chinese Academy of Sciences (Institute of
Oceanography), 2007 (in Chinese).

Gu R, Ding M, Shi D, et al. Calcium/calmodulin-
dependent protein kinase IV mediates IFN-y-induced
immune behaviors in skeletal muscle cells[J]. Cellular
Physiology and Biochemistry, 2018, 46(1): 351-364.
PR, E ok, EhR, S 85T E A RS RE
THB[I]. A2k &, 2016, 32(9): 756-761.

Shi D D, Cao Y Y, Cao B, et al. The interference of
calmodulin on skeletal muscle inflammation[J].
Immunological Journal, 2016, 32(9): 756-761(in
Chinese).

Kang H, Sun L D, Atkins C M, et al. An important role
of neural activity-dependent CaMKIV signaling in the
consolidation of long-term memory[J]. Cell, 2001,
106(6): 771-783.

Wang D F, Xu G L, Qian J, ef al. A morphological
description of Onchidium reevesii (Gastropoda:
Eupulmonata: Systellommatophora)[J]. Molluscan

Research, 2018, 38(3): 218-225.

http://www.scxuebao.cn


http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.3109/19401736.2014.926485
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1159/000488435
http://dx.doi.org/10.1016/S0092-8674(01)00497-4
http://dx.doi.org/10.1080/13235818.2018.1428780
http://dx.doi.org/10.1080/13235818.2018.1428780
http://www.scxuebao.cn

2346 KopE o R 43 3%

Cloning and tissue expression analysis of the calcium/calmodulin dependent
protein kinase IV gene (CaMKIV) in Onchidium struma

LIANG Wei, YANG Tiezhu, SHEN Heding®, XU Guolii, GU Bingning, XUE Baobao

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
National Demonstration Center for Experimental Fisheries Science Education, Shanghai Universities Key

Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Calcium/calmodulin-dependent protein kinase IV (CaMKIV) which has multiple physiological functions
in organisms, is a regulatory factor widely found in eukaryotes. To investigate the role and molecular mechanism
of CaMKIV in Onchidium struma in the process of evolution from sea to land, and further explain the
physiological function of CaMK]IV to provide a scientific theoretical basis, a series of experiments have been
carried out. In this study, the cDNA sequence of CaMKIV gene was cloned by RACE-PCR using ganglion of O.
struma, and bioinformatics analysis and qRT-PCR experiment were performed. The results suggested that the full-
length cDNA of CaMKIV gene consists of 1 603 base pairs (bp), 315 bp 5’ non-coding region (UTR),
256 bp 3' non-coding region (UTR) and 1 032 bp open reading frame (ORF) which encode a total of
343 amino acids. The atom of the polypeptide chain encoded by this gene was predicted. The CaMKIV
protein was predicted to contain 5 490 atoms, the molecular weight is about 3.87 ku, the theoretical isoelectric
point is 6.12, the molecular formula is C; 74;H; 74sN45,0514S 5, and the N-terminal signal peptide is composed of 1-
29 amino acids. The amino acid sequence alignment and phylogenetic tree results suggest that the CaMKIV gene
was the closest to the CaMKIV gene of Aplysia californica and Biomphalaria glabrata, and its phylogenetic
analysis was consistent with the traditional morphological classification. The results of qRT-PCR indicated that the
CaMKIV gene was expressed in all tissues, and the relative expression in the pleopod was the highest, followed by
the dorsal skin and mouthparts, and the expression level in the ganglion, albumen gland, intestine, hepatopancreas
and other organs were low. It was preliminarily speculated that the gene played an important role in the ganglion of
O. struma, or it was the molecular basis for the biological body to perceive external environmental variables. The
results of this experiment will provide a theoretical support for further understanding of the regulation of the
physiological functions of nervous structure and the function of CaMKIV gene, and also provide a reference for
exploring the environmental adaptation mechanism of marine animals in the process of evolution from ocean to
land.
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