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Vector construction and protein preparation of long QT syndrome-related C-terminal lobe of
calmodulin mutant E141G

SHAO Dongxue ,ZHANG Chenyang, YE Miaomiao, CHEN Fan,HAO Liying
(Department of Pharmaceutical Toxicology , Pharmacy College of China Medical University, Shenyang 110122, China)

Abstract Objective To construct a prokaryotic expression vector of of the long QT syndrome (LQTS) associated C-terminal lobe of
calmodulin (CaM) mutant E141G (C-lobeg,4,¢) and to identify the expression, purification,and activity of C-lobeg,,c. Methods A ¢cDNA
fragment was inserted into a PGEX-6p-3 plasmid vector and transferred into Escherichia coli BL21 receptor cells, and glutathione-S-trans-
ferase (GST) fusion protein was induced by isopropyl thio-B-D galactoside (IPTG). Glutathione-Sepharose 4B beads were used to separate
and purify GST-C-lobeg,,,;. After removing the GST label with protease, the purity and concentration of purified C-lobey,4,; were detected
using SDS-PAGE and BCA , respectively. The activity of purified C-lobey,,,; was detected using the GST pull-down method and patch
clamp technique. Results  GST-C-lobey,,; fusion protein was highly expressed,and C-lobe,,,; with high purity and concentration was
obtained. The purified C-lobey,,,; protein not only bound to CaV1.2 calcium channels, but also rescued the channel activity from run-down
in the ventricular myocytes of rat hearts. Conclusion This study successfully constructed a prokaryotic expression vector of C-lobeg ¢,
which provides a material basis for the study of the mechanism of LQTS mediated by C-lobe mutations in CaM.

Keywords calmodulin; C-terminal lobe; mutant; fusion protein

B ] #8853 18 (voltage gated calcium channel ,
VGCC) S 2 i P Ca™ PN ik 14 i 2 B3R 4%, A 41 i
N ZFhCa™ A P 1 R I K 2, g P2k L
RS20 8 2 I 22 R ) 400 B ik PR gk 45T

BEE£TH . U TARAH AR (2022JH2/20200069) ; PR R K
20 LA BRI T I 2 A B 0 o 0 S 00 2 ik
F4r (KeyME-2018-02)

{EE A APA (1987-), &, P, i+

BEEE BIIYE, E-mail: lyhao@cmu.edu.cn

I #5 B #5:2024-01-19

[ £& H R A 18] - 2024-11-21 11:14:35

VGCCEZ 2R 5 2 11 (calmodulin, CaM) 41 3 FICa™
R 1 BB BIL A RS, B Ca™ (M 7 5 A (Ca™-
dependent facilitation , CDF) FlCa™ i 7 2k 1if (Ca™-
dependent inactivation, CDI) & F2, DM 4 457 24 Jifg
FERAZS Y 4 T LCaV 1. 24588 , CaM P45 &1
SR T I CASR A 1Q Alprel QBT , T - TN FRL
ROEENA " T ] — R S CaMOk
SHAE R SN L SR G| R AT PR O PR AL A
QTZE A 1F (long QT syndrome, LQTS), £ ffF 55 "7 32
X H] BE -5 CaM 2L i M8 5 Ca VA T A 5 1



-+ 968 - PEBERIRS IR $B53%
CDIHA Y. . JFORLZBamH 1 FINot | SUWEHII 5 64T 3006 5

CaMJE: FE Y Ca™ IR AR Z — , AR TER 42,
A2 ERIE A v [ NA U B BE (N-terminal lobe , N-lobe
a.a. 3-81) FICA I F Bt (C-terminal lobe , C-lobe; a.a.77-
149) 1, P it 4% 44 35 A5 48964 [R] 1 5] F175% ) Y8 )
F1% . N-lobe HIC-lobe B 9% 25 44 AR L), HL 9 35 1) A
[ FF sk sE T BT Ca™ 1L R JANIE] , 5 CaViS
WA SR SE AL R R R TR, P X CaV
A S T 8 R S R T P A R R, A
0 2H I Py AH 4k & R 5 LQTSAH O 1Y 22 Fl CaMEL
95 28 IR A A5 T CaM I C-lobe |, 3% 1] fig 5 N-lobe il
C-lobe Xt CaV sl T8 I 17 ) 5 5 A 56, {H LR L
il 1 AN B A

A T 1 KA FLQTSH KCaMZE A AR 141G
f#C-lobe (C-lobe of CaM mutant E141G, C-lobeg4c),
L HE BRCaM ) N-lobe Xt 3 38 [ I8 77, 7T I B U0 2 58
A5t CaM ) C-lobe VB B RE M , & 7E ) B 2825 Xif CaM
FRI C-lobe/FE S P 18 1 Ca VS 38 T8 (14 B2 1), 1 1T A CaM
[} C-lobeZ&7E 5| & HILQTSHY & A= ML AR 57 $L A1
REER

1 MR5FE

| M0 p S LY

pGEX-6p-3/C-lobe F ki 1 H A< FE L &% K2
KAMEYAMAZ 57 8 , pGEX-6p-3/C-lobey, ¢ H 7L
TR A YR A BR 2 W] LAC-lobe A R R FH 528
R B A, 6~8JHIE K H1220~320 gfSDK Bl
H o BE R R A7 SE R s R A it Sh e 5 A S g
Jer )38 A b [ R R R AR S S s AR R S e SR A
Ze AR ) #EA T
1.2 ik
121 JFURLAY AL B S IR AT IR BL2 1B A2 25
20 #2100 pL, Jil ApGEX-6p-3/C-lobeg, /% K710 ng,
VK HRICE 30 minf5 T42 CK U HAE 60 s, Bk
Jo bR L F% 2 K v H12 min, A TGS 1937 °C
SOCKFFRHEL mL, 37 CHEE 71 h,4 000 r/min
02 minfF RIS FIE R IR, TR L9200 pLiG S
WA, AR TE S & N EER (0.1 mg/mL)
(BB ARG R 3E37 CCaE BT o P HL . 7 [ B
P TR ALBIE R M (% 2% 75 %% %20.05 mg/mL)
(R R RS 97 12~16 h, SR FH B 2 fire 125 4 B

JEHLTK , TEHEA TDN AT, %858 Sk .
122 Rl AR R K alifh : BGE EpGEX-6p-3/
C-lobey, B4 TR L AL BL2 LRl il A 45400 ml.
LB 72 (£rAMP 50 pe/mL) FIHEIE B, 7637 °C
IR E T LA120 v/mingf B RERE G FR12~16 ho K
SOSHS B W B (AS595) {34 £0.6~1.00F , A SN
FEHRACB-DF: ZL W (isopropyl thiobeta-D galacto-
side, IPTG) fifi - A1 mmol/L, 37 °C 120 r/min
AR IR-S- 5 #40 (glutathione-S-trans-
ferase, GST) —C-lobeg ., flG £ ik4 ho H K LA
5 000 r/min 4 °CE5.0>10 minfi 5 7, FI20 mL PBS
AR ILVE A, AV T 2 2k B 0.1 mg/mL,
UKTEAEPE30 min AEPKIEHLI200 W B3 s[H]FRT s
() Z5 A B 7520 min, FTRE K54 °C .16 000 1/min
B0 10 mine WAE FIE 545300 pl. GS-4B beadsii
HJE E10 /minfHERE G TR R4 CHERE I . PBSH
PRIV 445 I A495 pl. PBSHIS L 2K [ il ) it ,
RA) G Z R ZUE PRI VIGSTHRZES he 600 r/min,
2403 min, YA FIF DTS H 198 F C-lobeyyy, I
=20 CHRAE-

prelQH 2H i1 ki £ LBH: 2 KL 45 5% 5 IPTGI5 &
GSTHl A H I FR 1k, K HGS-4B beadsih 1743 B 4lifk
JEASEIGST-prel QR & & 11 .
1.2.3 ISR 4 Ko BE DN - H #15% SDS-
PAGEHL KA M 464k 5 1Y C-lobey, 45 1 413 K A XS
g3t o S IEBCA SR VR B 5 350 85 5 12 DU 7 4
TS5 B C-lobey, o B FIHEE .
1.2.4  GST pull-down3E % : HiU% 32 T GS-4B beads I
1 GST-prel QFil 45 7K 1140 pL T2 mL EPE , fil A
C-lobey, o f F 283 i 43 531 090.1.0.35.0.7 . 1.4 2.1,
3.5 pmol/L, LA [Ca™ ] 72 mmol/LAYTrisZZ il 2 .
TRF N300 pLo 4 CIREEHERHBEFE4 ho 800 r/min
4 °C #.03 mine 735 1 5 BUTrisZ% #1300 pL,
800 r/min 4 °C BRFIHFVE2R , BEMALS pL 1 x SDS
it 22 PR R B o JBC_ 37, SR S #115% SDS-PAGE
L PR A 2 AL R 1
12,5 BASKEUC ZE WLA M A i1 £ - SDR FRZ R
b 22 J s v S R I L 26 N TP SR A7
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PR (1), I B DL a8 B iR G) mT k15 18
FEHOFIEE (NPo), 3 N4y JBE Ao (19380 384K H L Poly 0oL
1 T (1) 7S B[] RO % ?000 bp
500 bp
1,000 bp
2 H#HR 750 bp
500 bp
2.1 EARTRAEE 250 bp

20 FUORipGEX-6p-3/C-lobey,, Z:BamH T FNot 100 bp
XU U] e 1% B A e e vl ik T DL T 1 B R B
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C-lﬂbemucé/‘] j:’240 bp, 5 [E] IR Eﬁ EA%E%EEj:H Fig.1 Agarose electrophoresis of recombination plasmids di-

TF, Wi BHC-lobey, . H 14 7 Bt 9 14 5% 2. DNAJ 77

gested by restriction endonuclease

|-77- ?8_79- ;()—81'82 83 8 85 86 87 88 89 90 91 92 93
IM K DT D'S EEE I REATFRTYVF

114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129
G E KL TDEZEV D EMTITZRE A

94 95 96 97 98 99 100 101 102 103 104 105
D K D G NGY I S A A E
130 131 132 133 134 135 136 137 138 139 140 141
D I D GDGQ V N Y E E

106 107 108 109 110 111 112 113
L R HVMTNL
142 143 144 145 146 147 148 149
F VQ MMT A K

ATGAAAGACACAGACAGTGAAGAAGAAATTAGAGAAGCATTCCGTGTGTTTGATAAGGATGGCAATGGCTATATTAGTGCTGCAGAACTTCGCCATGT
GATGACAAACCTTGGAGAGAAGTTAACAGATGAAGAAGTTGATGAAATGATCAGGGAAGCAGATATTGATGGTGATGGTCAAGTAAACTATGAAGAG
TTTGTACAAATGATGACAGCAAAGTGAAGTATCACTAGTGCGGCCGC

C-lobeg1416 @

177 78 70 80 81182 83 84 B85 B8 87 88 80 00 91 02 03 (04 05 06 07 ©08 99 100 101 102 103 104 105 |106 107 108 109 110 111 112 113
IM KD T D'S EEEIREATFTRVTF[DKDGNGTYTIS AAEILRHVMTNITL
114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 142 143 144 145 146 147 148 149
G EXKLTDETEVYVDEMTITRTE A F VQMMT A K

130 131 132 133 134 135 136 137 138 139 140 141
D I DGDGQ V N YE

ATGAAAGACACAGACAGTGAAGAAGAAATTAGAGAAGCATTCCGTGTGTTTGATAAGGATGGCAATGGCTATATTAGTGCTGCAGAACTTCGCCATGT
GATGACAAACCTTGGAGAGAAGTTAACAGATGAAGAAGTIGATGAAATGATCAGGGAAGCAGATATTGATGGTGATGGT CAAGTAAACTATGAA
TTTGTACAAATGATGACAGCAAAGTGAAGTATCACTAGTGCGGCCGC

E2 C-lobeFAC-lobeg,y REERF 5 & H & B X AFEF 51 E
Fig.2 Amino acid sequences and the corresponding base sequences of C-lobeFA C-lobeg ;416
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% Fig.3 SDS-PAGE of the purified C-lobeg416
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Fig.5 Electrophysiological effects of C-lobeg,,,q on CaV1.2
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