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Abstract: The 024-1 protein coded by Cacna2dl is dramatically up-regulated in dorsal root ganglion
(DRG) neurons and spinal dorsal horn following sensory nerve injury in various animal models of
neuropathic pain. Cacna2dl overexpression potentiates presynaptic and postsynaptic NMDAR activity
of spinal dorsal horn neurons to cause pain hypersensitivity. The a26-1-NMDAR interaction promotes
surface trafficking and synaptic targeting of NMDARSs in neuropathic pain caused by chemotherapeutic
agents and peripheral nerve injury, as well as in other pathological conditions such as in the
paraventricular nucleus (PVN) with neurogenic hypertension and in the brain with ischemic stroke. The
lentiviral transfection method was used to construct a human embryonic kidney HEK293T cell line that
could stably express 020-1-NMDAR complex. A stably transfected cell line was observed by florescence
microscope, and identified by RT-qPCR and Western blotting. The results showed that the HEK293T
cell line was successfully transfected and the genes could be stably expressed. Subsequently, the
transfected cell line was successfully developed into a target drug screening system using patch clamp
techniques. It provides a promising cell model for further research on the interaction mechanism of

026-1-NMDAR complex and drug screening for chronic pain and related diseases with low side effects.

Keywords: 025-1; NMDA receptor; 028-1-NMDAR complex; neuropathic pain; target-based drug discover
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KAl A 7[R HEKA; 7500 ¢ 65E 7t PCR Y,
96 FLAHME RS IR . i B R M T B e B
ABI A )5 PC-10 BRI AR LI {4 H Narishige.
1.1.2 iRk

DMEM 5¢ 41557 . 1xPBS , Trypsin-EDTA |
Polybrene ¥J3f F Cyagen; SYBR Premix ExTag™
(Tli RNAseH plus), #JH TaKaRa A", 85
RR420A; 4141k RNA #EBGRH & [
TIANGEN, %% DP431; REEFRXA WA
TaKaRa A A, %85 RR047A; qPCR 5| %)
(10 pmol/L) M4 H 4xMER ; DC & FH A M50 &
55 15% Tris-HCI 1 b FEOR R EN- 2R P9 I Ik e ta
JH Yk (SDS-PAGE) g H Bio-Rad; #hi-a25-1
W [ Sigma-Aldrich, 1:1 000, %5 C5105;
MK-801 5 RJR#R (KA) ¥ H Sigma-Aldrich;
2-Z BE-5- IR AL RIS (AP-5) I Abcam; il
LT T (GabapentinG) W H Tocris Bioscience
1.2 FHi&
1.2.1 BH®ERRERG &

1t CACNA2DI FER N St A YEP A2 R
YFP-CACNA2DI N5 78 GRINT BE[Hf) N it
A FLAG WM, FLAG-GRINT J£[H, F]f PCR
FORY G5 YFPFRZEY) CACNA2DI $5445 FLAG
FREEHY GRINI VIK: GRIN2B HYR:NFS], 153
YFP-CACNA2DI. FLAG-GRINI F1 GRIN2B J:[H
F Bt SRJEHS PCR =1 T DNA Sl HEGERS vk
s, IR, PCR 3 B mH F A S |08 50 36 1,
1.2.2 EREBHMAEE

HBCH A e AL 1% R 2 S ) 55 4 i i AR
LV-CMV-PGK-Puro, LV-CMV-PGK-Hygro #
LV-CMV-PGK-Bsd 435I R 6l 4 A VI BamH 1/
Asc 1 . Pml1/4dsc 1 . Pml 1 /4Asc 1 457 XY,
HAG B I, S I T R N, 455
YFP-CACNA2DI . FLAG-GRINI #1 GRIN2B %t
DRI i) B 20 BRI e W . T2 A5 20 B X i
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Table 1  Primers used in this study

Primer names Primer sequences (5'—3')
YFP-CACNA2DI1-F GCGACATGGTTAAGCAGCCC
YFP-CACNA2D1-R ~ AGTCGGTATAATCCTCCAGCAC
FLAG-GRIN1-F AGAACATGGCAGGGGTCTTC
FLAG-GRIN1-R AGCTGCATCTGCTTCCTACG
GRIN2B-F ACCTGTACGACATCAGCAAGG
GRIN2B-R GGAGGCGTTGGATGTCACAG

Wik AL, B AR R A AE S A R N B
AFR LB e b, 37 CHFRER; WH, W&
il EPRECR T T, T BUR DNA A $2 S 3L
Tt ) 5 5 P Uk 0 o 2 12 e A R 5 X g )
RIREE R, K PR 5 51T DNA 34
Eo 345 LV-CMV-YFP-CACNA2D1-PGK-Puro
LV-CMV-FLAG-GRIN1-PGK-Hygro . LV-CMV-
GRIN2B-PGK-Bsd #4185 .

1.2.3 AR R MR TFIE

B 1x10° 4~ HEK-293T 40/l & T& 10%
FBS ) DMEM #5585 500 IRH , B4
LA FEIRF 70%H 445 2 Opti-MEM 1,2 h
Je AT AR YL L B LV-CMV-YFP-CACNA2DI -
PGK-Puro J 8 1 0K IR URFAL , #2116 10 MOI
(multiplicity of infection) NIAJNGERR (W5REHE
h2.03x10° TU/mL) ZEi&E R R FEIEA, InAREE
S (polybrene, ZKFEEN 5 png/mL), HILIE
5o WEH 293T 4HMEAY IR A G 5E, A & ez
MR EE T A A, & T 37 C. 5% CO,
R IR . WH, BRI R MR,
INAGHTEERREFRIE, 37 C 5% CO, FRBE 5%,
AR R SR I YL At i, (8 F 5 RS 25 2% (Puro)
i 10% FBS [ DMEM 3§ 35 e E ATk alif, H
LIS AN AT 44 293T/CACNA2D .

KA B, $ LV-CMV-FLAG-GRIN1-
PGK-Hygro (JR#7HE A 2.21x10° TU/mL) %
Yo 293T-028-1 1, HAELYLJ5 40 4 0
293T-0258-1-GluN1, A% &R (Hygro) #7177
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PHE s B LV-CMV-GRIN2B-PGK-Bsd (J/5 221
5 1.88x10° TU/mL) %4t % 293T-025-1-GluN1
i HFE YL S A AT 4% 4 293 T-028-1-GluN 1/2B,
HARREZR (Bsd) HATIREYE, I HZE
OGS GFP SR (5. W IR AL
 GFP 5251 LV-CMV-GFP-Puro #1855 7 244
CRTEEE N 4.08x10° TU/mL) %L 293T 5,
ISR REAN 3 d, WSRO s
A XT HL AT
1.2.4 RT-qPCR £ %

A3 S 56 21 55 5% R 4L A BRI A0 R R
2 96 fLAH, Kigr 7 d EPRECRERESL, A=
24 fLMFP YRR SR 4-5 d, 2 Ja RN AL
fez 12 fLlh, MREH RIEFRE R 6 Uik, 42
BUA ST AN RR P 195 RNA, HEfT RT-qPRC %
E , K hGAPDH NS, 51YME B 2.
1.2.5 Western blotting

P2 IS 06 2 NS B 4 K8 57 5 1 B v P
ANIEFREEE T, 20 000xg, 4 CE.L> 2 ming /N0
W FIg W, T DC AR IR R ) )
EEWE ., BRSPS EEAR 30 pg, &
4%-15% Tris-HC1 SDS-PAGE 7} &5 )5, ¥ 3|
PVDF & I, F 5%WiAE kY Tris 22 vhdhK
(TBS) 25 CHM 1 h, FMA—I (&F 0.1%
Triton X-100 1% MLF H 8 I Fl e i-a28-1 1Y
TBS) 4 CHfEI®K, M TBST &t 3 Ik,

%2 RT-qPCR5IHIF7
Table 2 RT-qPCR primers used in this study

Primer names

Primer sequences (5'—3")

hGAPDH-F GGTGTGAACCATGAGAAGTATGA
hGAPDH-R GAGTCCTTCCACGATACCAAAG
YFP-CACNA2D1-F  GCGACATGGTTAAGCAGCCC
YFP-CACNA2D1-R  AGTCGGTATAATCCTCCAGCAC
FLAG-GRIN1-F AGAACATGGCAGGGGTCTTC
FLAG-GRIN1-R AGCTGCATCTGCTTCCTACG
GRIN2B-F ACCTGTACGACATCAGCAAGG
GRIN2B-R GGAGGCGTTGGATGTCACAG
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K 10 min, fIA ZHL T E R F#EEF 1 h, 1 TBST
Mk, fd ] ECL A & 50 64 .
1.2.6 FREEELHK 293T-026-1-GluN1/2B HiE
FFAYTF IE

HUHS VR R R 2 Lk R N VR 240 AR
T 37 CoK A Hh PR IR 7 il 5 s 20 M e
ABLAE IS M7 MK-801 1 MgCl,
HICA 2R DMEM R4 )5 2500, Bl B3,
ZIG TR R AV T BB A R, e B BB 5
MG BT 37 C.5% CO, WiHIER A TP R R 2
AMNGREE, K%y 5-6 h 5 AGHRESRC Puro.
Hygro .Bsd #4714 . X4 4 ML 5 B2 35 85%—90%
BUAT A A AR, Bl G SR 2, PBS W vE 4 s
FHIREE A TIH AL, AR RE R BRE 58, 20 A A% 5] AR
56, RIS A ISR AP-5. RIRER (KA)
1 MgCl, 1 B4 % R DMEM 2 114k, W4T
RAE B, Bl g, 0 7% 506 20 Mk
FI R M, S RS R B RS & T 37 C
5% CO, iy 1E il 35 7248 h 5 55 .

EYMLCSRIITE 25 CREFT, KrapEssss
WS EN, IAAAESME (160 NaCl, 2.5 KCI,
0.2 CaCl,, 10 HEPES, pH 7.35, ¥4/ & mmol/L),
IR AN (135 CsF, 2 MgCly, 0.5 CaCl,,
5 EGTA, 2 Mg-ATP Fil 10 HEPES, pH 7.25, i
“} mmol/L) A PC-10 R BB 7 il AR
B B PR B B 355 FEL A (sutter instrument) o {1 ]
EPC-10 it K#% (HEKA instruments, Lambrech,
Germany) sk 4L , PREFHEALA-60 mV .,
AT YNBSS, XA A e 2 R e B A T
B4, RAHZER (10 pmol/L) I NMDA
(300 umol/L) 'S NMDAR HLi . 7 H RAK S
P Mg® BHIB 8256 +h |, % 2 mmol/L MgCl, il A4
Mashwih, YA NMDARs B S-HE X £,
1 LA AL - LR O B RN B U 2% 2 eR B0k PR AR
NMDARs Xt Mg> &t . i HEK293T 4i
i s SE BRI HE 25 CiF AT
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W A0 2 22 W AN [T R B I A L A T B
PRI YIRE R ; DAINEE T (gabapentin)
S BHPEXT B (160 NaCl, 2.5 KCI, 0.2 CaCl,,
10 HEPES, pH 7.35, gabapentin 1 mmol/L, Hi{i;
i mmol/L); “FATIHEAMERKE, I ke
HffLIC T VA AE 25 CiFf T HEK293T 4fiffd i 5% 55
B9 o R BT 4 A d A ks 2 A T )
160 mV, MBI FIHEG 2 s, ic kAR (1),
VI AN A NR A AP-5 BET 2 5 SR 4N
MOAMBHEDE 3 min, P50 24 ) () vEE AL
Uit 1 min, FTHFABERIRERE 2, 07400
ML (L), VISR A SR AP-5 BFE A
2 sy AU MO SN AT I A HE VL 3 min, FTJF
S AR RSN A SR AR IR A 2 s, 0 SR AR AR
B (o), VI B A sl AP-5 ()3
WA 2 s; HmJa FHAMEAMAE D 3 min, FAHE
T EL IS T A HE S HE A 1 min, FTIF2EAE A0 4h
W FI TR 2 s, ICFAMEBETR (1),
VI 2547 AN AN AP-5 FOTETR AT 2 5o #%
PLERRY, A 6-12 MM, PRI FIME.

ABFFELL CT-Tat HI Tat (BHHEXTHR) VBN
25 . 254 1 CT-Tat: VSGLNPSLWSIF
GLQFILLWLVSGSRHYLWYGRKKRRQRRR ;
%) 2 Tat: YGRKKRRQRRR,

2 HEREMN

21 HIAWEHERE
KGN F I, 20l 3 4~ H
1) 35 DX 3% 422 B A AS (] 0 16 4 10 A9 02 5 B 244
b, IFEEAL KT E DHSo, PRk B PE sE TR
TR W S 2 )5, 54T DNA I,
AT 3 A IERAEA T H R SER ) L8 B R
K # 1A . LV-CMV-YFP-CACNA2D1-PGK-Puro
HARFA I E 1A iR, LV-CMV-FLAG-
GRIN1-PGK-Hygro #4751 1 W& 1B fis
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3'LTR (U3) .
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Bel 17 (3 574)
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Pas | (6937)
Shf 1 (6 340)
1 3NEREFREHERFTIEEL
Figure 1

FLAG-GRINI-PGK-Hygro. (C) LV-CMV-GRIN2B-PGK-Bsd.

Maps of three recombinant lentiviruses. (A) LV-CMV-YFP-CACNA2D1-PGK-Puro. (B) LV-CM V-
http://journals.im.ac.cn/cjben
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LV-CMV-GRIN2B-PGK-Bsd #; 1& 5 %1 |8 1% 40
E 1C iR
2.2 293T-028-1-GluN1/2B Fa 4% 4 fa ik &
REE

KT QLR IR 3 A H By R
B 41 1896 B 5 A HEK293T 4 i, 1 FFIAF 1 )
O e AR I A T O o 9 0 A T SR 3 d
AL YA 293 T/CACNA2DI .293T/CACNA2D1/
GRINI . 293T/CACNA2DI1/GRIN1/GRIN2B Vi }%
X R GFP AR5 i i8 s s 4k 293 T 4 fi
SOES SR ) =00 o VI ) P 2 S e U g s et 4]
LR O CTE AR 3850 o A A5 B S IR
A3 AT B0, T X5 RE 2 248 i 7y ¢ €62 516 0] 3 | T
AR (K 2). mH, M¥EA 3 ANEHE
o, AR SRR AU .

P& HCH 5 B A M AR P R B RNA, AT
RT-gPRC % ¥ . 45 R /R YFP-CACNA2DI
(293T/CACNA2DI) 1% fifk 28 5256 21 Fn kot HE 241

A 293T/CACNA2DI

60 pm

60 pm

293T/CACNA2D1/GRINI
’;/—\\.

B —ge H S, Ui PR ) PCR 74 —3
(K1 3A); FLAG-GRINI (293T/CACNA2D1/GRINT)
)% fifk HHH 2 Hp S2 65 2H RN X B ZH 2 R B — 18T
HIEEAE S, BEIPIZ4LR PCR AN, Al
AEH TAEXT AR PCR e Je A A 751 — 5
&, FEOLR T 5 B RA—000% (& 3B);
GRIN2B (293T/CACNA2D1/GRINI/GRIN2B) I
Vs fife il Ze b SE I 4H Ol B —JRBE R I T, BT
Ve sk, SRR RS (B 3C); hGAPDH
PRV e 2 | 56 DR S 0 21 RN X BB 2 3 oy P — 1
WHES, UM PCR =¥ —3 (K 3D),

Western blotting Z5 5 7, 7EXT RE2H 4 fifg
SR N ivalll ER N SRR A S IS e i B WA i
W) B, uEA 4 B SRR N R R
A (8 4).

W kA R E 2RIk CACNA2DI .
GRIN1 F1 GRIN2B By NJE'E 20 B #k 1w 24
293T-028-1-GluN1/2B, 5 T H R 5 %

Control

293T/CACNA2D1/GRIN1/GRIN2B

2 293T-028-1-GluN1/2B 72 E i LML S RIE (100%)

Figure 2 Fluorescence of 293T-025-1-GluN1/2B stably transfected cell line (100x). (A) Stably transfected
cell lines 293T/CACNA2D1, 293T/CACNA2DI1/GRINI and 293T/CACNA2DI1/GRINI/GRIN2B were the
experimental group cells and the green fluorescence of each was evenly distributed on the cell membrane,
which was consistent with the distribution of receptors. The green fluorescence of the control cells was
dispersed throughout the cytoplasm. (B) Morphology of the stably transfected cell lines 293T/CACNA2D1,
293T/CACNA2D1/GRINI and 293T/CACNA2D1/GRIN1/GRIN2B, and the control.
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&3 293T-025-1-GluN1/2B 4 ffi#k RT-qPCR & fif B 2

Figure 3 Melting curves of real-time qPCR in 293T-026-1-GluN1/2B cell line. The experimental groups
(EG) and the control groups (CG) are shown in orange and yellow, respectively. (A) YFP-CACNA2DI
(293T/CACNA2DI). (B) FLAG-GRINI (293T/CACNA2D1/GRINI). (C) GRIN2B (293T/CACNA2D1/GRIN1/
GRIN2B). (D) hGAPDH.
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ab-GFP S N ab-FLAG N ab-GRIN2B N
A A \C NS
c&@a c&@a 6‘3@ c&@
9> ,Lq“ﬁ\ ,Lq“ﬁ\ ,)9”3Q q’q’bﬂ\ @q”:« @q’b«\
RN R YR &S &
—_—
- - S 150 — 150 — 150
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Figure 4 Western blotting detection of protein expression in 293T-026-1-GluN1/2B cell line. The HEK293T
and HEK293T/GENEI,2,3 showed the results of protein expression in the control and experimental group

(293T-026-1-GIluN1/2B cell line), respectively.
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Figure 5 Cell current recording for drug screening
in 293T-026-1-GluN1/2B cell line.
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