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GCaMP EE TH2{LEY C17.2 AT AMASEFRIEH %

REPH, R, AES, £ — (400038 HEPK, 5 = AP K2 P g BE e 4 A IR hos  IUSE i 5 AR B R
PR H i S =)

(FEE] HIY #5E GCaMP(J& FIEH 48548 7~ A/ 85 U575 78 7)) JE R TRb Y C17.2 #hg
TS B R . Ttk FE W sEie gy C17.2 4, JR15F8 0 618 GCaMP JEPH # C17. 2-GCaMP
4iffl, Real-time PCR Z 8K C17.2 4 Jz C17. 2-GCaMP 4 ffd 7 3 28 T 41 B b 725 4 5158 11 (nestin)
HZE IR 00 BF C17.2 4t (Fluo4 AM 4y )5 ) 1 C17. 2-GCaMP 41 it & T 5 5 #9610 1s T ik
ITE5 ok . 85 Real-time PCR A2 S 4% C17. 2 4 fifg )2 C17.2-GCaMP 4fi ffg 1 nestin &
REF TG I2FE L (P >0.05), C17.2-GCaMP 4 i % Fluo-4 AM %8, C17. 2 4 il 55 25 198 Y B I
(spike ) JETEAFLET (R HARX 2GR BE58 (P <0.05) , 7 Fluo4 AM Yt C17. 2 4 e UL 45 B 1%
N2 (wave ) P, 1fif C17.2-GCaMP wave JJE AL, 2518 C17.2-GCaMP 4 i E PR FF A48 T4 T
P ) [R) R REAZ W 41 i P9 85 1 A4k, e is H T TS v T AU B (o R ASPE T RE L & 5T

[%g7]  C17.2 T4 ; GCaMP; GECI; Fluo4 AM
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Calcium imaging features of GCaMP-engineered C17. 2 neural stem cells

Song Weilin, Zhao Congjian, Yin Zhengqin, Wang Yi ( Center of Ophthalmology, Chongqing Key Laboratory of Visual
Damage and Regeneration & Restoration, Southwest Hospital, Third Military Medical University, Chongqing, 400038,
China)

[ Abstract ]| Objective  To investigate the function of GCaMP ( a genetically encoded calcium
indicator) engineered C17.2 neural stem cells in calcium imaging. Methods  C17.2-GCaMP cells were
generated from C17.2 cells by infection of the lentivirus carrying GCaMP gene. Real-time PCR was applied to
test the expression of nestin (the marker of neural stem cells) between C17.2 cells and C17.2-GCaMP cells.
The calcium imaging of C17. 2 cells loaded with Fluo-4 AM and C17. 2-GCaMP cells was recorded under
customerized digital fluorescence microscope. Results  Real-time PCR results revealed that there was no
significant difference in the expression of nestin between C17.2 cells and C17.2-GCaMP cells (P >0.05).
The calcium spikes in the C17.2-GCaMP cells had longer duration and higher intensity than those in C17.2
cells loaded with Fluo4 AM (P <0.05). In addition, typical calcium waves were observed in Fluo-4
AM-loaded C17.2 cells but not in C17.2-GCaMP cells. Conclusion  C17.2-GCaMP cells maintain their
stemness of neural stem cells after gene modification, and are able to instantly monitor the intracellular calcium
dynamics, which could be applied to investigate the functional integration of transplanted neural stem cells
in vivo.
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TP (1 3 A8 P J— S A PEBCR PR, 24
YRATT I TAIRR A Y B RAFRIT R, T41
JaRtEin T IRE R S HLEI TSR T A IR T AL
LN R Rt PMIDIE = T U 2w Buk: SEp 70BN
Sl I REERE , $5 8 T (e R M D RE (5 5 1514 A H &
TEFY . GCaMP f S — Rl 04 B 45/ ), I8 T3
PR G a5 i 750/ H A5 15 857 (GECT) |, A% I H H |
GFP M13 =F a4, HEE 585 B T In M g ke A A2 Ak
TR RS . ABFIR ) GCaMPSG 45 5 -
FE7R5, e GCaMP 1) — Bl 38 1o %€ S i L 9 28 1k S ik
T 2 0 P 46 B VR B ARk, €172 e T4 2 /N B
ZINIR B 17 7 A A 1 4 28 - 4t 4 iR s, ol
THa MBS O I B8 E R ik GCaMP i [ Yy
C17.2-GCaMP 4ilfitd, Jy fEAAIF TR A8 T A0 M D BEHE 1
FRBEH T BB . ARBFFEXT L C17. 2-GCaMP 4
g5 C17.2 4 Fluo4 AM Je (8 555 5 s i, N
ML S €0 A M 22 T 2 AR ARG T D RE R B HL I
FEBLE H I R

1 M5

1.1 XA FBLE

DMEM/F12 $55%35E 5 1fiL i (HyClone 23 F] ) , Ji 4
Mg (FBS) (T HERE R AL (PS) (JRE I ( Gibeo 24
F)), — B I ( DMSO, Sigma /A &) ), Fluo4 AM
( Molecular Probes /A ]) , 2= DNA &5 & ( Ambition 2%
A)) , WikE 71k & ( TaKaRa 23 @] ) , Real-time PCR i
A& (Bio-Rad 23 7)) , BF 5 06 WA (BRARE Br 2y
7]) ,PCR ¥ (Bio-Rad 24 H])
1.2 Cl17.2 mppdzs

C17.2 40 g JH & 10% FBS 5% T IfiL 1 . 1% PS KJ
DMEM/F12 B35 58 F 37°C 5% CO, B hiEgs, C17.2
YRR R IR E 80% , 1 0. 05% [ FIRHH AL AR
1.3 C17.2-GCaMP 49 i35 BB 3 5

C17.2 ZHffI4 5,24 h J5 4, fE s FR B A
polybrene (8 wg/mL) Lk & UL CMV Sk J5i 3l + # 47
GCaMPSG JE e rE A T4%6 4,24 h 54k ,3 d Js
L . GRS 2R FH R A A, LA 1 ~2 dHfa/fL 1Y
W ERERP T 96 LR AT C17. 2-GCaMP 41431
C17.2-GCaMP 3555 47118 C17.2 4H)if .
1.4 Real-time PCR #m] C17.2 %m i % C17.2-GCaMP

21 fL, nestin mRNA % ik

JH Trizol 42 X 2 Fh 40 Mo & RNA, 4 £ O &
RNA 4% B8 25 DNA %71 & 7 2 LBk DNA, Braifb )5 1)
Ak RINA Gl 1o 390 2 S o700 6 300 5% 5% 0 e DNA - e 5
Z514:37 °C 15 min;85 °C 5 s34 °C 30 s, c¢DNA ik
Real-time PCR {57 & 347 = PCR &l C17. 2 4 )it
& C17.2-GCaMP 4 Jfg nestin FZiR1HM . BFFPILR 5 3

ZALo FIMFH Sy B PR AR 1
&1 SIMFIIRFHMRAN

SR HFFR Bzl PR/ (bp)
nestin - _Ff7:5-GCAGGGTCTACAGAGTCAGATC-3/ 106
Fi:5'-CAGCAGAGTCCTGTATGTAGCCA-3'
GAPDH  Lii7:5'-TGACCTCAACTACATGGTCTACA-3’ 85

T :5'-CTTCCCATTCTCGGCCTTG-3'

1.5 C17.2-GCaMP 45 & F 12

o il g A& : NaCl 140 mmol/L,KCI 3.0 mmol/L,
CaCl, 2.0 mmol/L, MgCl, 1.0 mmol/L,
10. 0 mmol/L, HEPES 10.0 mmol/L, ff] NaOH &% pH
F7.2~7.4 ZJa], ¥ C17.2-GCaMP 4l fb T 24
16 mm /N9 12 fLAR Y #2280 )5 24 h, RSN
VE2 RN R B T AN A L AT R
T RIEE G . AR WOk TG 488 nm , B
JGIE] 45 ms, ][] B A] (CELFG BRG] < 1 s
1.6 C17.2 g Fluo4 AM 3 &.45 & F s ig

FeH AN R C17. 2 44 T2 16 mm
/NE R 12 fLARH . ] DMSO % fi# Fluo4 AM ;K
Fitii 1 mmol/L MY EEH, — 20 C LR AF, F ML A 2
Fluo4 AM £EWBEC ] 5 pmol/L i Fluo4 AM TA/EW .
C17.2 58 24 h J5 , FIMAMBERDE 3 388, A S pmol/L
Fluo4 AM T/EWE a8, B F 37 CWAHmT
40 min, W[ Fluo-4 AM TAEW , FHMIAMERIRVE 3 # , &
T 37 CHEFEMF A 20 min, PN 05, & T HISMK
HE A T AT O BB R . AR TR
UK 488 nm , BEGHT[H] 45 ms, [ F 8] B s E) (G245
WESGHTTE]) <1 s
1.7 B

¥ C17.2-GCaMP 4ii i J2 C17.2 4ifd Fluo4 AM
Qo 55 21 WL AR K v B Tmage J 2033 A . 2 55,
THEARXS ¢ 58 B« deltak/ K = (F - F, ) /F, (Fy )
GUOGMA, F BRI 20, deltaF o F 25 Fo iy 22
fH) o D EFE T B 502 A X 2t B BR DL 1
Tt TR 2 o K45 B AR X 2 0 BE £ i
A Tgor Pro B it A 785048 204 o
1.8 %it$o

AR ] SPPSS 17. 0 F A7 0 Ao 4% B8 AR
WIEE A 8 1 R 2853 B 43 1 spike Fl wave P2, spike
Fl wave 55 25 I (1 BFHC ABXS 2GR BT L b TR
TR A T FEAS ¢ KR BT A ) 2 5

2 R

glucose

2.1 C17.2-GCaMP #g itk ik nestin & 45 3 -F spike 3
C17.2 PR 14 Mo 28 520 15 95 B e 2% it = 1B 41 i
PR C17. 2-GCaMP 4 g, C17.2-GCaMP 4 iy
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b 2 T4 MU BR S ) nestin 5 C17. 2 4 HIAH Lb 55 25 5+
T2 L (P >0.05, [ 1A), C17.2-GCaMP 4
REAE A SR (5N, D' i J3E IR Jf PN 405 25 1 vk B2 A8 Ak
ML, 5B spike $5 25 FHIE (B 1B ~D)
2.2 C17.2 #m s Fluo4 AM & %5 C17.2-GCaMP
feo 45 B -F spike 3% rbdk

C17.2 40 s Fluo4 AM Zifa 5 C17.2-GCaMP 4
HIVA—Ab )5 spike PIEAHMRL(EI 2A ~E) . C17.2 il
Fluo4 AM 48, spike Bf Kk (45.64 +13.62)s(n =
25),C17.2-GCaMP 4 it spike B4 A (80.04 £33.72)s

0.60
0.50
0.40
0.30
0.20
0.10

n
1

°
MR

nestin mRNA A%} Feik &
o
W

(n=25), & LEERAGITFE L (P <0.05),
C17.2 4} Fluo4 AM Y F XT38 600 B 24 (0. 926 +
0.602), FFF#i% 4 (0.054 +0.032) s, TR
(0.038 +0.024)s™ ' (n =25), C17.2-GCaMP 4fl ity #H
X} B R B R (2. 667 £1.948) , FFF#EZ Ny (0. 145 +
0.143)s ™', FREHZ(0.059 +0.058)s ' (n=25),
C17.2 4ififl Fluo4 AM 4tft 5 C17.2-GCaMP 41 Jfa4H Lk
XTI E 2 R A GITF R L (P <0.05), BF-#
FBRFAGIFE L (P <0.05), FREHEEE RIS
TR L (P>0.05)

0

- 10 pm

o
(=)

I 1
C17.2 C17.2-GCaMP ®

i)
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, ®

1 000

1 1 1
600 800
BT (4/s)

A:Cl17.2 @5 C17.2-GCaMP %3 % nestin mRNA AR & ik % ;B.C17.2-GCaMP %1 8 2 3L spike 7% # ;C:C17. 2-GCaMP

SRR R BB T A 2 € 5D C P AR dm R 49 SR B ALK A B 1) AL AL

( x400)

E1 C17.2-GCaMP #lf5Ri% nestin % $5 55 F spike i 4

< 1.2 35
710 PRX
%( 0.8 = 25
it 3 20 A\
= 04 > 1.5 A
0.4 B AN
= 0 210 \
R o2 £ o5 AN
E 0 &~ e
*-02 ® -0.5
1 @ . T T T T T T 1 - I T T T T T 1 ©
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I TE] (/s ) B ] (e/s) ] (/s )
ﬁ—g 1.2 " ﬁl'o v‘ — Fluo4
q 0 A | 08 \: —ccawp
m 08 A T 0.6 A
ia 0.6 R % : ;
e 3 0.4
R 04 3
# 02 : \\_WM 202 j
E 0 AR = 0
=02 —— =S - -
T T T T T T 1 @ = I I I I I 1 ®
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I 1] Ce/s)

A1) Ce/s)

A.C17.2 #mfe Fluo-4 AM % &, spike 3% 7% BF K R AR 56 X 3% B 45 A ;B C17. 2 4m i Fluo4 AM % &, spike 3% % )2
—4k;C:C17.2-GCaMP #m Ji, spike 7% 7% B % B A0 T 5% K 3% & 44 ;D C17. 2-GCaMP 29 &L spike 3% % )2 — 1k, E. )2
—4bJE C17.2 @t Fluo4 AM 3 &, spike %95 55 C17.2-GCaMP 29} spike 7% 7% bb 4%

2 C17.2 #8BE Fluo4 AM 85 C17.2-GCaMP £ 45 55 F spike i S bb
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2.3 C17.2 @9 p0 Fluo4 AM # & % C17.2-GCaMP g
RSB FRE R AL LA

C17.2 4iffiZad Fluo-4 AM Yfh )5 & H 4t 5 6
(EI3A), C17.2 Hiffi4: Fluo-4 AM Jeta 5 0ak B K
A1 (S IR 125 -V B2 S 4 A1) B s ] A2 A 1T A ek 72
(K 3B.C), C17.2-GCaMP 41 i % H & 558 5 (&
3D),C17.2-GCaMP 4 Jifd % Yt B M oA (S WL 5
FURRE T oA ) Bl (] A8 b & Az el AE (8 3E F) o

10 pm

2.4 C17.2 znfa Fluo4 AM 3 &, 2 345 5 F wave 575
1E C17.2 40} Fluo4 AM Zefh i & BLER spike I
TEAMY S5 —Fh A5 B 7 wave I T (& 4B) , 5 40 it B8
(n=222))44.59% , C17.2 #iiffl Fluo-4 AM Zt{f, wave
WIEHTE: (1 458.85 £396.47) s (n =27) , FiXT 55 i Jig
F7(3.272 £2.052), FFH5#E2(0.004 8 £0.002 7)s ™",
TREEZ(0.002 3 £0.001 0)s ™' (n=27), FFFEi%
HTREB B A #22 57 (P <0.05)

A:C17.2 %2 Fluo4 AM # & )5 & H4: & 3 ;B .C.C17.2 2m 8, Fluo4 AM 3% &, 35 3% 5 B 4 A [ 8t 18] T4k
W7 T 43D C17.2-GCaMP 2w L% sk 4% & %8 % E F.C17. 2-GCaMP % it 3% 5, 3% & % 4 A7 R B 18] £ 4k do 4k B

FABFRE—Awmi

3 C17.2 4HHf Fluo-4 AM % C17.2-GCaMP S =E F R T EE

ARRT R
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T T T T 1
0 500 1000 1500 2000

AR (2/s )

A.Cl17.2 @22 Fluo4 AM 26, )5 % B4 &, %% %;B.C17.2 2408 Fluo4 AM 3 &, 2 3L wave 375 64 07 4 B A0t 35 %, 3% B
E 4 C17.2 205 Fluo4 AM 2 21555 F wave i
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3 it AM Zeta 3, HOBF S B AH X 2 ' o B B R, ()

AR S Bl e AR R SRR R S, ok
B ARZ MR . FEMZ RS, T2
MBS R R bk e TR E 2B 2 mE T
FERFIT A T G A EEE L, 55T
7R 70 F2 B fb 2 YR HES 48 7 71 RIS R A A5 4
FI(GECL) , iR 545 s M & A LS FURBRT o fh2ye
B HE /R EL A RLIE O 17 W LU B Rk i 3h 2
TRARMERR S M bR e B R I 28 40T |, EANBEE
TR BOR 18 P45 B 715 gk o GECI Al LAZE
P TE A IR AR 4 AR e e AT A
PEATEUR E A B MRS . GECT a8 v L i 40 iy
P B B 7 ATHF 5110 Cre-loxP T 4 i &
Gt 0 SR AN B 5 40 M K R4S B 15 5. GECI
(A K 2250 GECT M P 3 g 2 2181 Hfe 4 i
PG R R 2 18 T 2 ) 40 i i A TS 7E R . e 4
HURSAEIIE 55 1, GCaMP 15 A % 7 1 X 2% 5] B% A 40
Ji, FLRELER 2 B 1 20 B A0 45 18 05 Bl AR SE G
f) GCaMP >}y GCaMP5G, HA7 R 47 19 15 Wt L K& 8l )
%UB] .

nestin J&—F i [E] 22 2 (1, /£ C17. 2 P& T4
MbREY, 2R R P 2 R G A b
2 X b2 2R G5 1) 20 43 Ak S A 6 0 s 5 40 P
nestin [ 7 ik & F &2 . Real-time PCR #5 il 4%
PR nestin 7E C17. 2 4 s & C17. 2-GCaMP 4 g v 1)
FIR T E 225, Ui C17.2-GCaMP 4fiffuf C17.2 4
HL - PE TE A AR Ak

1k 2% G B85 35 7R T Fluo4 fif 35 5 B4 N
345 nmol/L,Fluo4 AM 2 Fluo4 [y i FLEgH =, A 2
TGN R A A5G R ) GCaMPSG i 5
B2y 460 nmol/L"! | 5 Fluo4 3 . H—ALJ5F
C17. 2 ZHJifi Fluo4 AM 3t spike JK ¥ 5 C17. 2-
GCaMP 4 fify spike P IE L4, TE AL, 7E C17.2 41
g Fluo-4 AM Y (o i {7 7E 4G 2 F spike T2 Fl wave I
B A C17. 2-GCaMP 4 Jfy v 47 76 45 85 F spike i
W, AR WLILT ) wave JIE AU ILET K A 300 ~ 600 s #H
XFPENCHEE A 0.1 ~ 1.0 fif) A S 78505 88 13 357 9 o
TEWLEE B 40 i C17. 2 4 Jfd Fluo4 AM Yt o i 8
spike {5 JE PHPEAN AL 5 40 ML 400 13.96% , wave I
TE BH: 20 055 5 40 A8 501 44. 59% . C17. 2-GCaMP
M spike BH P20 A o5 40 B S Kk 32. 54% , C17. 2-
GCaMP 4 i HH 45 5 7 spike ST 4% C17.2 40 Fluo4

C17.2-GCaMP 2 g v oK UL B BY wave PP, 4585+
wave JJE 0] 4 P2Y WEW: 57 (K155 5, spike % AT B4
P2X IES 7 (K75 S ) C17. 2-GCaMP 41 i v 4 I i
A1 wave JE , HEW FT GE H T GCaMP 35 5 78 41 g P9 A2
ERI, SN R A S, SUE B B 1A
U/ A R R VS R A R T SRR I SR I TR R
ARG NI NEERS B2 AR 20k K A AR AL BT 8. A0 i)
RS BRI 53Ai SA T RERERAS B P E . Mk
Az R W AE B T spike BHGRBG N, 7E R 2 BB
B EL spike BLG 08/ L A5 EST wave BLG 43
gl A B R AR 5T 2 T A A
C17.2-GCaMP 4 fifl spike IR G380, wave IR G A HLFY |
/R C17.2-GCaMP 4l A4 T C17. 2 40 7e e 45T
PERE BT 55 404k, BEAZ I FH 400 19 €2, 3% A4 1
2T YIRS R IR YT DR & A 5E .
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