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A E: DRSS RNA BER, A RT-PCR £RY H T #£% DsCDPK K cDNA 31, HT
B3] pMD™19-T simple B I, 20 PR HITTREr Bt K 1650 bp, 58 &K% DsCDPK(Gen-
Bank: JQ964113) B4R ¥ 3 R UEHE R 100% . ¥ DsCDPK E:BH A FF B BEAE 55 kL pET-32a(+)
B, MR FRABE pET-32a-DsCDPK., #iZEH FORIF LB X HH 8 BL21 1,2 IPTG E3@
&, BEAEXEE BL21 FEBIRIIFRE. @ SDS-PAGE &l 22, B & A N4 Bk Rk,
H EEEAZ His AR RE T AERFE NS ER , Western 20 BR . BAEA
REREHL His A TEREDTARE S RE] , IR R & B A s AW A His 47488 DsCDPK &R . R
B3 eE B PCR 767 T Rk g T DsCDPK ZE R IEA . KBS KW, 13 DsCDPK #
B k38 bR , ZE 3 (3. 0 mol/L NaCD i T, DsCDPK Rk & B &, 38 1 h iy

Ao

RIXELBIRE

s HIEHERRBL(L 0 mol/L NaCD T 8 3 4%, 2255 IR BE K (P<C0. 01) . %A

FE R it — 2 ) B R O B MR R B T RE R AR R B T 2kt
KR FE R Eh 3 DsCDPK s R 3K s SKIN 9 & PCR; Hhfilhag

HEDHES: Q786 XEFRIRAE: A

NEHS: 1003-1111(2019)02-0248-06

3 (Dunaliella salina) 2 0 Al g Rt £ K A
I ERAY), B RBTEIRE A= £k (NaCl FrHk BN
0. 05~5. 0 mol/L) MR I H A7, ESLE T A&
YERRIZRE, S EEY AL
Y. —HK, BRI EE NS BRT Hh
PR U AR N R R F LA D T T IR
ABFSE, FHBUE T — B R . [EER BRI E )
BARS R FHUH B AT AEE .

FEAR 1 7R P 3 (CDPK) 2 — R g7 A i UK
G MAKE S ARMNEAMRE. Y4461
C'FREAA BB S, BURENEAS TR
B8R/ HEREARBEHNESES . BKEEA
W A THEY R RS RS YT, ¥
RIELNE B B R s 23S . B
KU, BKBEOMEE 22357 C 58
BSR40 i E AT L5 i aE R T A
FHERE Y Famt Y4 ALsh & A5k
FHRE I AR R BRI SE S LY ¥
2, RN SR FREPRY T X
fEF. L, BrTEh SRR B B 2 B W T

WehR H 3 -
HEME

2018-03-21; & HIH: 2018-08-22.

i, X F [ B Eh B AR W 2 LRI G S 2R
BEHEEENMER XL,

g AEEPEBILE RNA, DB RNA A
1, R SEat POt E & PCR HiR KA BB IR R
H¥# B H DsCDPK, i R R B BURIFE R
& (Escherichia coli) F 3R 15 ; 1 33 SL i o ok
ER PCR ARG ML 38 54 T DsCDPK £H
FIZRIB BT » LA Ay 32F— A o) B o 0 58 O s 2R B 5%
By FHLE R b BN A R E R T N TR
&%,

1 #RE5F*

1.1 #8

BB REBERFKEEYFLRE
R, BRI, 25 'C,12 h kR
OBMEEN 1250 10,12 h BE, TS B,
KIGHFHE BL21, pET-32a A = 7%, pMD™19-T
simple I § TaKaRa A H] .

RNAiso Plus, DNA Marker DL-2000, B2 %14
WUIEE, Taq BE. B HE BE. IPTG, X-gal, DEPC, Re-

E# H AR FEE S EBIT H (31472260,30972240).
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verse Transcriptase M-MLV (RNase H™ ) ¥y 5
TaKaRa /A &), BE EIWGRN &0 B & B4 YH
ARFEBRAH], HAb S 7 SR 35 R R A 7= &K
AL,
1.2 EHBE RNA FH#RER

BO A KB 238 10 mL (3532 & 3.0
mol/L NaCD , 2.0 W58 B 401 il , 7% B8 RNAiso Plus
A& (TaKaRa, China)#/EPEH]HIRBUR RNA,
2 1 70 BEgvREE I F vk Al RNA & &,
1.3 #h¥ DsCDPK HH 5/ R FER I BILL
g2

#i1E DsCDPK # [ cDNA 4 K ¥ %1 (Gen-
Bank: JQ964113)#: 5[4, N1.5-CGGAATTCAT-
GGGGTGTTCOGGACAGCAAACCTG-3' CF &) £ &b
4 EcoRTEE Y1 2 45 F1 N2: 5'-GTCGACTCAAGC-
CGTGGCCTTGACCATGGGT -3’ (F R4 &t X
Sal T BEVIHLp) . FHE RNA % A% cDNA, L)
cDNA J§ ##k, N1, N2 A 5] ¥ i# 47 PCR § .
PCR AR : 94 ‘CHIAM 5 min; 94 ‘CA8#: 30 s,
60 ‘CiB -k 30 5,72 “CZEA# 2 min, 35 MEFF; 72 C
$EMH 10 min, HKHEBES pMD™19-T simple #if
T, R PR, M EH A pMD™ 19-
DsCDPK #1 pET-32a ki3 EcoR T .Sal T X i
U1, B E 0 B R B KR B, T4 DNA #%5:55
R, B REARE L ERIF.
1.4 #H¥ DsCDPK EHFFEERLEMEEAL
RIS B

W0 IE 5 B pET-32a-DsCDPK & 4 Jii hi %
LB K 5 #F B BL21 (TIANGEN 2 H)) B3 A& 4
HiL, PRECER P , 880 T 5 mL LB ¥k E (Amp
50 mg/L)H,37 CHR I (200 r/min)24 h, B 1
mL B D 50 mL LB k1353 (Amp 50
mg/L)#1,37 °C, 200 r/min 3£ E ODg N 0. 6~
0.8, A IPTG ZL¥EH 1 mmol/L, 3R 5 h )5
(R A B D B R UTTE, A 0. 1 mol/L
PBS 10 mL F&, 7E UK VA A FH e 7= 152 40 B s e A
TR 20 min(ZhER 30 W, THE 9 s, [AIBR 9 ).
8000 r/min B.L> 5 min, 3 FIME L HRMILIE, ¥
T SDS-PAGE 43#7 .
1.5 BHHEHMK Western ZRAZ#

R 7 {5 40 M R A R % R U P B VR (UK
%, [BIERET IR A 10 5,10 min),12 000 r/min,4 CE
> 20 min FEEWERA 0. 45 pm SRR, RS
FH His60 24 4lifk A0 & (Clontech /- &)) #lifk, 4l
=% SDS-PAGE 438, B ¥ £ (200 mA, 3 h)

DR R, Fl 3% BSA 4 CHH 24 h, RfF
WA AR EE T A 0. 01 mol/L BERRENZE MK
# 1 : 1000 HAIFERE Anti-His Antibody(TIAN-
GEN/ZAR) H,37 CHE 1 h, A§ 0. 01 mmol/L
PBST %t % 3 &, B K 5 min, REMA ZH
(TIANGEN A& HRP-IgG (1 ¢ 200),37 CIEHE 1
h, Yedk Ok B, &6 A TMB &6 % (TIAN-
GEN AsD T .
1.6 Ehhia T #h¥% DsCDPK £ H Rk #r
HEAEEFRPER BN RO RRS
1. 0 mol/L NaCD), itha} i A NaCl Z i HEh ik ik
3| 3 mol/L, ZHI#EEHE 0 .0.5.1.6.12,
24 h FELBEE B RNA, FZSN 060 Bkl
RNA # 5 WSEEEfi & &, A5 S RNA H 5 500
ng R, BREETFYHN D1.5-GGACTTT-
GGGCTGTCTCGTTT-3' #1 D2: 5-CTTGGCT-
GCGTCTGTGATCTT-3';18S WS &£ H T ¥ K
N1. 5-TTGGGTAGTCGGGCTGGTC-3',N2; 5'-
CGCTGCGTTCTTCATCGTT-3', #¥%E & PCR
S NiFE ABI 7300 Real-Time PCR System | #47,
FRERZE AN : SYBR Premix Ex Tag™ [l (TaKaRa,
China)10 pL, EF¥##514(10 pmol/L) % 0. 8 uL,
ROX Reference Dye (50X) 0. 4 uL,cDNA £ 2
uL,ddH,0 6 pL, RRI4&MHH:95 CHAH: 30 s;
95 CA4: 5 5,60 ‘CiB Kk 34 5,40 MEFF, X M G5H
ERAY iR mp L. R 27 BHE
DsRab [ A% 2L B>, KA SPSS # 4
TEARSH 37 .

2 ERESW

2.1 ¥ DsCDPK R ) 7E & I R R B B K
i)z

DIER P RNA BT PCR 3, 1%
RS EE FL vk 43 #T PCR 7=4 (& 1a) , #E£92000
bp P BER —RIEW WA, SRETIHER -,
4 JFokr pMD19-T Simpie-DsCDPK £ XUE§ 4] &
Bk PCR A, S5 R RE, B BE B R
/& pMD19-T simple F (& 1b), B4 Bk Il
Z:R 5 B R EFF XS, 5 DsCDPK FF A 2
HE 58 & — B, K B B 4 i B pMD19-T Simpie-
DsCDPK #yg 3. # B4 % & IFE# 5 7 e 8k
pMD19-T Simpie-DsCDPK 1 JE# % ik 8k pET-
32a T EcoR I .Sal T WEgY), & T4 HHREE,
WEIFEZREEMA pET-32a-DsCDPK, L K HF
B BL21 B2, fivt i PHHE SR e fE, 28 EcoR T



250 K FOH OF

EoRLE

Sal I UELIA1 ok PCR A& (& 100, 5R— R, B
B BN S U — 20 3 B R B S R RS
BAREREE. WFEREZH, ¥ 7By 1650

a b

2000 bp 5000 bp
1000 bp 3000 bp
750 bp 2000 bp [RRSSESS ¥
500 bp 1500 bp EE
1000 bp P
250bp 750 bp
100 bp 500 bp

bp, 5 DsCDPK(GenBank: JQ964113) FF 5 [ i HE
Te—B, BEEE®H, BB RERE pET-32a-
DsCDPK # %Rl .

v

1000 bp

500 bp

1 #h% DsCDPK {5 PCR B BELI =4 0T BE MR Bl ik 23 47
a. M:; DNA marker DL-2000,1; PCR 7= 4j;b. M: DNA marker DL-5000,1; B§&17#,2: PCR #;c. M: DNA marker DL-15 000,

1. BARH,2: B4 ,.3: PCR™Y).

2.2 ¥ DsCDPK HEMEZRIREHAEAK
Western Z235 %1

% pET-32a-DsCDPK J; pET-32a #{h E £ ik
B KT BL21 Bz 4iii, 58 S 8k pET-
32a RIBHE A X A, 55 pET-32a-DsCDPK &
41 b M FRIBH, & IPTG BRE, BkEG R ER,
A7E 82 ku B — LK BB LK, STBILER
HAF@EEAEERI G FEN 61 ku iy DsCD-
PK A 21 ku {4 His iR E R, MEFSHE
pET-32a R LHE, KB~ Z B R &H, XY

M 1 2 3

120 ku R

2 BAFANESRENRERRSH
MR B A4S F&; 1.4 pET-32a RNREEHKEZ PTG HS;
2% pET-32a-DsCDPK MRS E IPTG )5 E LFR T H
#ik; 3.8 pET-32a-DsCDPK MR X HEME IPTG 35V
BRIk,

DsCDPK #REXBGIFE FRIIRE, BIREH
RGFFEREE S B, B E RIS
F vk, & REH, BEBRAMTTER AT SN A
WEESW, UL B WA B A2 TS Rk (A
2), AR AL His60 s aifb A0 & itk 4k
e 4 Western blotting ¥, 7£ 82 ku 47 B
BHE-FBALWE D, RHMEEAKSH
His BiREhiik e RU4 6, AR RFHREEE
P, BB AL B AR R His in8 5K
W TS .

120 ku

85ku 0 Y

50 ku

35ku

3 Western blotting &l
M:nEEASTE, L. afbMEsEA.
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2.3 BEMEEMHT DsCDPK #H KRB 40HT

Wil m b EE PCR FEAN THHE
DsCDPK £ 7ZEE: ihiE 454 T R IBE, SR I
B 3. £ 0 h IEHAKAMHT GRipE), DsCDPK
ZEMRILEMM, 2323 3. 0 mol/L NaCl Jifia
it ,DsCDPK 2 EH MR B EH B, 76838 1 h it
FRIXBERREREK 3 M, FARIER, ZRE
W B EKE(P<0. 01D, BEZEMhid B H] A I, &
KEER TR, BRRFIEERLTHERLE A
4),%2H] DsCDPK Jp#hJipia FREH, AT REAEEh 3
N2 R A B A S R R AR

4-

DsCDPK S KA 4 #2145
[ (=)
—

t/h

4 #hi¥ DsCDPK ERFET R ER B THREZIHF

3 i i

3.1 BRKEBEAMES S5EYNEELMESRR
W

Y RAE & T Sb R 5 R A8 HS P RE 2 = i
FEREE S N 8 B R P B RR AL L R
FUR A B AR F DA B T Ui B R R A el AR 45—
RGN FHRESBEREN LR, PFRE
B, BB E RS 225 T MR E R A A
KEBHZM C FRERERERPFESHNT.
e T2iE B E DL kB EhE S SR
WA , ¥R S K E QMR EE MR R
FIRFFT R I EE7E mRNA K H4R¢ R
PR R, AT RARGRGEQEEER
cATCDPK1 #1 cATCDPK2, ZE St I T 2 iHA T
H mRNA K 2B RE RN, Saijo 1S
FERE R KRS o BB R BB R AT T 3
Jihia T 5 RiE R hia Y SRIR AT, B A B, 7K
5 M Xt Eh B8 (200 mmol/L NaCDiif OsCDPK7
ERILBER M, Kiselev F R EZH, NS4
w7 [ % B8 2 KW PgCDPKlce, PgCDPK2c #i
PgCDPK4a ¥£ 60 mmol/L NaCl ¥k LB

BHEH. Romeis 09 £ B, (08 138 8645 5 T 40
TR B H A AL NtCDPK2 B R b B HL5%
FEY RN, Yuasa 2P 782 Bk $8E (Lam-
prothamnium succinctum) 1 I T HHK I E HIK
B, FE S 5 TIRB &4 T 4 AR A,
T 2%k 30 45 MO 28, 3 i 5 R 7 2 O T R 5

A A% R Real-time PCR AR T E%E7E
HEEAGTRREIEX, IREAA, EEFE
K &4 T ¥ DsCDPK 2 FHKFAEMRM, 1427
3 mol/L NaCl i3 i}, DsCDPK ZFH I FILEH B
AR HE 1 hHREELIER. HHAEE
DsCDPK # [H 32 b 38 % 5. Harmon %2 B5E
R, BRI AT A 2R B R E
F REER. BEFEEMEFR.BREQS. #
WS4 2 1 3 B P BB VR 4 b SR AE R B e T R
R L B T 5 A0 I BE 55, fEEh B
MESRDENEESBRPAIEREEFFER
HITEM .
3.2 BKEEAEBYREERILS AL

R TAE S, B T —Fp 854081 2R B I B
FEE, i — B 5T R AW R R T BE
FEFHARAENAIBEEEAD. B TRXKEFER
KRGEE S THFMER BEFR . RELER
PR A R RAG KRB Y 5 T e
P ZERHIF AN A 7= G B A B i I R38N
BEANBE ., ARIBEEANEBRAR
BRBRG, UREITHE BL21 HRINH, R
JRR KRB pET-32a-DsCDPK 3 AZAKE , &
BEAEKRBFEPRE T RIEREL., BEIMNEEE
R FH MR R IZ AT, AMUKE T8 £ 4 &, &
ZHSEM.BNEREETRFIIHAM.EHRKY
HRERRREN, BHRHRE, R B WEFEK
GCEHEAT 70%, Al e SRR AT B4 P K
FRAKEEET @ Bioedit #4431 & 3L, DsCD-
PK B TR e R P51 # GC & & H54.52%,
SRR PR RA KR, BRRERN, FAKERE
HERBRHRKENEEAESRBSS, 2YHER
Z5rHr 2 B, DsCDPK 25 H 38K 28 B, 30K
REHRATHEEEARNYE., EEREER
B &M, &5 1€ DsCDPK FH K& Rk &4
N RE 28 °C,IPTG ¥ 0. 6 mmol/L, BR3¢
BHE] 4 h, KRB HREE QHTAIBEEST, R
IE A BER P RIABR S, MAEERE
PRIXBBUN, SRR A,
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EoRLE

AR R RS 2 A R R AT R
F4: His60 $RAEai{bidsn &2tk fE R 5] His 3748
RIS EA SR MR T B, FET Ve, B34t
EBRRNEMEEA. yit—PHERINRMEH
HEENBREA, XA R E A #HT West-
ern 23ZM . HRER, BEEASEIR IeG
BYIHT THRSERS &, 3 B EAR RIF R Rps
&, IR AL B ABULR WA His In8 1945
W WA . 58 T AR R 3R89 DsCD-
PK HA &G, SRR B TR R B 4
BUESARMAEY R RFEITEREH 5HERBER
WEMAEERNEAR WEEARHEEIERN
4%, 7058 FURAF MK F ERF S SRR B R
TR 3R st — A0 1 B 65 MO 28 P S e Eh R
LI 8 A5 5 f i kAR B AR R SR AL BT B R
RIE

B E k-
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Expression of Ca’t-dependent Protein Kinase (CDPK) Gene from Green Alga
Dunaliella salina

CONG Yuting, XING Zhenyu, YUE Jinrong, GAO Xiangnan, ZHANG Xiaolin, CHAI Xiaojie
( Key Laboratory of Hydrobiology in Liaoning Province, College of Fisheries and Life Science,
Dalian Ocean University, Dalian 116023, China )

Abstract: In this study, cDNA corresponding to Ca?t -dependent protein kinase (CDPK) gene (DsCDPK)
was isolated from green alga Dunaliella salina using the total RNA of the green alga s as a template by re-
verse transcription PCR (RT-PCR), and the DsCDPK gene was cloned into pMDTM19-T simple vector.
The DNA sequence of DsCDPK gene was shown to contain a 1650 bp open reading frame. Alignment anal-
ysis showed that the amino acid sequence of the gene was 100% identical to DsCDPK gene (GenBank No.
JQ964113) summited in previous study. Then the DsCDPK gene was cloned into pET-32a (+) expression
vector, and introduced into Escherichia coli BL21 (DE3) for expression. The fusion protein was induced
with isopropyl B-D-1 thiogalactopyranoside (IPTG), and the soluble recombinant protein was expressed
successfully and purified using a His-Sefinose TM Kit. The purified DsCDPK protein was identified further
by SDS-PAGE and western blotting analysis. Real time quantitative RT-PCR demonstrated that DsCDPK
was up-regulated genes with salt stress. The expression level of DsCDPK was induced by 3. 0 mol/1. NaCl,
with the maximum in 1 h. The relative expression level of DsCDPK was 3-fold higher than that by 1. 0
mol/L NaCl (P<{0. 01). These findings provide the bases for research of biological function and mecha-
nism of DsCDPK gene,

Key words: Dunaliella salina; DsCDPK; prokaryotic expression; real time quantitative RT-PCR;

salt-stress



