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CRISPR/Cas9 SR EMES
EQ 1 HHBEEIEFF
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(HHR AR 2EBE, L5 100084)

BE WR—MEAREME TR OIIRE, BA MR — R ZE N RS e A LR . R T
P 7 T (R R SR S AR R B 5 ik AR R R, R R B T JUAESR, R B3 R 4 4 R ——CRISPR/Cas9, fig
WEAEA M 20 P U R R R B I3E Rl . AR SCHER T H] CRISPR/Cas9 R4 R L& E M 1 (synaptotagmin | ,
SytD)FEEH J& 19/ B B R 7R b Z 0 i i AR B2 . FRAT T R T Syt 55 1) RNA(Syt1 sgRNA) 12575 25 % 44 5 R,
FHIgmiY Cas9 F1 Sytl sgRNA (187 #5572 10/ BB DM A 0, 2ERIRZ 0+ Sytl FF (Sytl sgRNA 4H), FHAHA
S W AR (7] FE A1) Scramble sgRNA YL 22 To/E B M%) BE (Scramble 2H). 34 2 A i F S 06 05 A6 U BA sh A BELASE 5 R 1) 2%
F3 1 5 i LI (single AP-eEPSC). A/ Y 7 98 i 5 FL I (mEPSCs)~ o 4 sz o -8 ) BV 221w B¢ i 3 9 it (RRP) LA B2 10 Hz
ER RO B ) BB B R (P). 45 R, Sytl sgRNA WM& ek T Sytl HIZhAs, 3 H 5 Sytl &ilk(Sytl KO)/ P4
JEII SR AR R LL, 10 Scramble 414048 S0 &S HOM B AE R (WT) /N R & i Lh i B B &M £ R . AN CRISPR/
Cas9 HiAR R F#E o 2 1 2B PR TR .

X##i8 CRISPR/Cas9, FE[K%i4H, Synaptotagmin [, ZEfifLi#
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JE DAL BR B AT T AR (R D e A R4 8
SR . SO 3k DR e ok 3 AL =] Y B 2EL 1 7
MR B B, TSRS RN bR B, 15 20
DR i bR L 2 RN g . X PR ARG R ZAFIH K,
Bl A E . KB KRS, Tk, B
i ARG, X AR AT A H 2R F
HEAT 8RB, [FIRHRE A R IR PRAC . $AE 7%
FEDNTRT R JE A KR 4 .

FI A R A% TR) B FE [E] SC # K JF 41 (CRISPRs)
/CRISPR-associated (CRISPR # 5% ) & 4t 72 4k % #5 1%
T i (ZFNs) B A 28 B 53 B0 DR 5 280 8 W) 4% TR T
(TALENS)WZ J5 B 58 AL R A AR HOR, I FK
LT 401 3R A3 M g R4, CRISPR/Cas9 R4t
A H — B R P AR % ) 1) 43 sgRNA(single
guide RNA) 5| F R N V) Cas9 2| H br¥ s, 5l
i DNA XUk W7 2219, W T S0 40 B B S 1) 7 Fob i
S [F]YE E 2H (homologous recombination, HR) A/l
JE [F]35 7K ity 7% $% (non-homologous end joining, NHEJ)

XFE )5 R AT R0, DO 3 AT € S
. BHATHEOR ORI T 2 gi i, 4400
Al A B R 2 58 R g $E . Incontro SF UV FT AR
R Z RG] HTHFFE NMDA /&1 AMPA %14
SR M E YR, (HHAEME TCX PR R4 i
R N AR TE R LD

Rz 58 A 1 (synaptotagmin [, Sytl)sg—
Mo EN, BT SSET4S, Ed
Y5 SNARE & HAH BLAE FH AT AE 5% i A% 38 vh 47 Y
B AR e [ Y5 A 7 XA ER 1) Syt] fil
% (Sytl KO)/NRZ&, AWiE Sytl fE# 4870 HIfE
R T HER EE ) ormk. BETEREE, Sytl 2 PRAH
[7] 25 B il (fast synchronous release) Ff) 45 25 - Jik 52 3%
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(calcium sensor)519. Sytl KO #f £ ju fil WT 1 &
JGHH EE AT R B R I R A A% 8RR AE ) AR AL,
a1, Sytl KO #1287t 1) BB 1 Ha A7 75 2 R % A M 2R
fitt J5 HL ¥t (single action potential evoked excitatory
postsynaptic current, single AP-eEPSC) 11 F#1IK «
T R Rl D0, AN M 1 it/ FELAR (miniature
excitatory postsynaptic currents, mEPSCs) ] 45l % 18
BRus, BP ZI A] R i FE Y i (readily releasable vesicle
pool, RRP)J#/IN FEIBEMEZE (release probability,
PRI,

N T B JE CRISPR/Cas9 % 4t /& 75 e 7E k7 3¢
A £ Tl o H R R T PO . Rl RRE
MR RR I AR R R B ) B AR R 22 T R R £
Rk, AT Sytl NFEFREED, HEARES /N
Sytl J:[RHFF 5 VS5 A 1 sgRNA, 4 46 N 1205 75
BAR, XPREIRI /N B SR AT Sytl SRR
B[R] B R ANBE ) A7 AT 55 [KT ) Scramble sgRNA 14
NS5 B AT LR G ph 22 TR 9 B Mo e
SR IE I AR IR A T VR UL T Syt sgRNA il
Sytl #2270 Sytl KO /) B T ¥ 5 fid 12 326 AH
KREME, KN CRISPR/Cas9 % 45 75 #1 4 70 K& [
I PR N FH A AR A

1 MR57E

1.1 #

[l (trypsin). DMEM. FBS. B27. Neurobasal-A.
4 A B (glutamax). PS. PEI. OPTI-MEM. £ %
# % B2 (poly-D-lysine) 4 H Invitrogen A &) ; i ¥
(sucrose). TTX. Bicuculine. D-AP5. & ft 4
(NaCl), & b 8 (KCl). & 1b 5 (CaCly). & b 85
(MgCl,). HEPES. #i %] §¥ (glucose) J H Sigma A
Al Syt KO /N B H1 38 [ gl db B 22 K2 22 it idh 73 L
Edwin R. Chapman 52546 =5 B,
1.2 Sytl sgRNA # Scramble sgRNA 12%# 3 &K
R 9

FEVEHN SpCas9 {1 H AREL RIS T Sytl G )
RNA(sgRNA)N, FRATEHE [ 851 5" i £E 5 7] X
¥ %1 48 it 3 ¥ (protospacer-adjacent motif (PAM)
sequence)NGG Hif 1 2H A 1 41 2+ A 1 — B 20 nt #1
FEo. N TR E RN EE RN, A T CRISPR 1E
2% ¥ iF 1. H (http://crispr.mit.edu/). Sytl sgRNA
5: 5 GACTAGAAGGACCGCAACTA 3'. Scramble
sgRNA J7%1: 5" GCGCCAAACGTGCCCTGACG 3'.
18 B Mk ok Bl =K EW

lentiCRISPRV2 J§ifi, 14H Addgene.
1.3 #HETHRERRESR

12 h W HAERT BS7 B7A4E Y E), Sytl KO 7R,
Wi sk BOR, FE S, 7R 0.25% R A T 4k
15 min, %% 2% FBS ) DMEM 5 3% % & 15 74
tb. F % 1% glutamax F1 2% B27 fJ Neurobasal-A
BRI WT A2, R FE R 100 AN /ml 1)
MR, 7E 24 LRI — A FLr 4Rk 0.5 ml(: 5%
I H i & & H poly-D-lysine 3 #% f1 /N3 Fr), T
37°C CO, MH i RE7%.
14 EFRFNEEREETR RS

£ HEK 293FT ZH 04 10 cm 35 77 L) 11 AR
1) 60%~80%I, AT H LR L. W EHHM
B A Sytl sgRNA 18 i B 4 74 5T KL (8L Scramble
sgRNA 18 5 85 4 14 5 kL) A1 A %% 57 kL pV-SVG.
pA8.9 L 20 wg. 10 wg. 15 ug FILLBIIIAN 150 wl
PEL {774, JBZIE A 2 ml OPTI-MEM K5 373,
FE Smin J5, KRGWIMAMMEFRIY, 4h
Je B B 77 B 4y DMEM+10% FBS+1% PS. #4421
MIfE CO, Wi P15 7% 48 h~72 h J5, WEES AW
F I EIER IR, 20 000 t/min 2.0 2 h, FF LI,
PBS B, /%5 -80C 1. TEMZE s
3 3~5 KJG(DIV 3~5), K & 0\ £ o0 it
AT
1.5 BAEELEH

LG DIV 14~17, #HTRAEE L. KA
F[E Axon i F H#HCKZ§ Multiclamp 700B, L4=4H
7 ST TR IC S, APRANBCR bR HE S
3 W (mmol/L: NaCl 140, KCl 5, HEPES 10,
glucose 10, MgCl, 1, CaCl,2 5 5, pH 7.3). ik
M A5 PSR i i FEL IR (eEPSCs)IiC %,  TE4H A
BN 50 wmol/L D-AP5, 20 wmol/L Bicuculine,
TSR/ D% B 1 R fik J5 FR IR (mEPSCs) I A
1 wmol/L TTX; 1t 35 Bl 1 W] B 5 28 1 1t (RRP) I
1RGP AT B, 2 5 R SR s (A
AJE +500 mmol/L JEM) AT R, Ssa, FkE
& RETL. WA 78 A W (mmol/L:  K-gluconate
130, Na-phosphocreatine 5, Mg-ATP 2, Na,-GTP
0.3, EGTA 1, HEPES 10, pH 7.3); i3 eEPSCs
i, BN S mmol/L QX-314. HEM NG TN
4~7MQ. T=i F20C~25C)H Clampex 10.5
B RS, 7T B, BB T
mEPSCs 43 #7{# FH MiniAnalysis 6.0 £ F.
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1.6 BUIRSEITINS

5> /E R Clampfit 10.5. Excel 2013
Sigma plot 12.5. Adobe Illustrator ZE# 1. 45 B4
#LL Mean + SEM £or, &SHCRH SRR R T Z50
#T (one-way ANOVA), JfH LSD tu e i 17 2 J5 (1)
HIE AL, P<0.05 BN NPIREA R 2 7 2 A B
HIE.

2 & B

2.1 BEHEBRAMIF LT ERME B (single
AP-eEPSC)HY LL3

Syt1 I & 1 28 T PROAH [R] 25 R 0 45 29 - Jak
AR, Y Sytl BERBR S, MPE T TR A A 25 R
W, N, BRATE e 7TIXF R Sytl @ IR
ATNHRIMEBRA T RIRN. %8 Liu 077
s WU AR AR 22 T R AR, IR T —
AN 20V~30V. FF4E 1 ms (1 HLE RS &K —AshE
HLAL. XA LA 5] D I 5 fk B 76 1) R ik 2= o
5B 5 — W&o Rl s BT il 5%,
0N — A5 b 5 HL IR (eEPSC). WT #1475 51 3
I — A B R R, AP RS0kl /) 7 h 42
(Kl 1a), Sytl KO #1£8 Juic 5 B (1) R 15 3 (1 K i 72

e R 25 BB (B 1), 345 DLAT 08 — 507
Sytl sgRNA ZPEriER Sytl MM e, ida 5Kt
NIE . IR FRAE RS (A 1a), FF
fE5 Sytl KO #1£: 5t single AP-eEPSC AHALL. ifij 1
A B A5 X B8 Scramble 4H 1 28 5T (JE 42 Scramble
sgRNA 1875 8 I #1470, Scramble sgRNA 4 AN EE
[] A AT R 1Y) sgRINA) 1 3% 1) (1) 19 Dy SR U 1 FHL VAL
BP PR B A 22 BRI, 5 WT ## 4t 1Y single
AP-eEPSC 45 fiE # —%(. One-way ANOVA &R 4
H 2 (BB (F .7y = 43.253, P < 0.001)F1#% 8 H fif
B (Fsm = 21.520, P<0.001)#8f & & %2 7,
Sytl KO #1225t F1 Sytl sgRNA 2 Mm% Sytl f 4
Zu5 WT #&uH e, RN (P < 0.001),
218 WT #4013 1b); ¥ HEmES
WT A L B 35080 (K] 1c, P<0.001); 1fil Scramble
A WT AR EEEEER(EME, P=
0.362; HMHE, P=0.874), 21 Sytl mlR4LAH
beti i REM 2 R (R{E, P=0.818; ¥ HE,
P = 0.791); Sytl sgRNA Z1 F1 Scramble 41 #H Lt
single AP-eEPSC 1 {E (P < 0.001) 1 5% #% ¥ 5 (P <
0.001)33 2. /I, Ui B /& Sytl sgRNA Hf 7 i 4%
T HPZTTH) single AP-eEPSC 7 (F 1b, ).

(@ () (©)
WT I I
- 1.0 50
N.S
Scramble < 08f AAA —~40f N.S AAA
£ I 2
s S 1 g
206 230}
Sytl KO g §°
~\VMNMW* S04t =20
[95] —_—
A 8
Sytl sgRNA o 5 (7
"\Jytffg"““ ©02f ’_'_‘ ’_v_‘ E 10t
g‘ 0 0
0.1s WT Scramble Sytl Syt WT Scramble Sytl Syt
KO sgRNA KO sgRNA

Fig. 1 Deletion of fast synchronous release by CRISPR/Cas9 knockout of Sytl
(a) Sample traces of single action-potential evoked excitatory postsynaptic currents (single AP-eEPSCs) from a WT neuron, WT neuron infected with
Scramble sgRNA, Sytl KO neuron and WT neuron infected with Sytl sgRNA. (b) Bar graph showing the average eEPSC amplitude of WT, (0.73 +
0.06) nA, n = 22; Scramble, (0.67 + 0.05) nA, n = 19; Sytl KO, (0.18 + 0.02) nA, n = 20; Sytl sgRNA, (0.20 + 0.02) nA, n = 20. "'P<0.001, WT vs.
Sytl KO, WT »s. Sytl sgRNA; N.S, P> 0.05, WT »s. Scramble, Sytl KO ps. Sytl sgRNA; 24P < 0.001, Scramble vs. Sytl sgRNA. (c) Bar graph
showing the average eEPSC transfer charge of WT, (31.97 + 2.88) pC, n = 22; Scramble, (31.46 + 2.01) pC, n = 19; Sytl KO, (14.04 + 1.69) pC, n =
20; Sytl sgRNA, (13.18 + 1.83) pC, n = 20; ""P < 0.001, WT ys. Sytl KO, WT ps. Sytl sgRNA; N.S, P > 0.05, WT ys. Scramble, Sytl KO ys. Sytl

sgRNA; 444P < 0.001, Scramble vs. Sytl sgRNA.
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22 N TERAE B (mEPSCs) B LA
AHEFRY, Sytl v LMEN IS 8 & 1
HUs, 7E Sytl @iFRJE, PR ICH KB E I TR
WM. Kk, AN T WT 24, Scramble 4 .
Sytl KO #4111 Sytl sgRNA #H ## £ It i) mEPSCs.
One-way ANOVA Z5 B 7R 4 21 2 (A4 A 35 1t
ZE 5 (Fou = 13.094, P<0.001). Sytl KO 44
JCHI mEPSCs 45 # F1 WT 20 #4870 AH Eb & 3 189

AHABAIS. Sytl sgRNA 2H #if 28 76 ) mEPSCs 43t % fll
WT A2 oA L 293 17 2 £%(P < 0.001,
Kl 2b), F Scramble 41 #4 JG 1) mEPSCs 41 AH L
W5 FE NP < 0.001), 15 Sytl KO A% oAl
EbTC #5122 (P = 0.922, [&] 2b). Scramble ZH 4
2 J6H) mEPSCs SR WT 228 oAl b TG 0 5 1
Z53(P=0.780, P 2b). 4 44 mEPSCs MR K/NE
BEVEE R (Fa=1.099, P=0.360, & 2c).

(P<0.001), 28007 2 f(K 2b), 5 LT AHRE
(a) (b) ©
WT 4t 50}
AAA
Scramble g 3t N.S g 40
W > o
§ okok dokok E 30l
Sytl KO §2 g
I I ' % g 20+
a
Sytl sgRNA 2L &)
ytl sg = E 10l
<
i 0 0
N 9y WT Scramble Sytl  Sytl WT Scramble Sytl Syt
KO sgRNA KO sgRNA

Fig. 2 Deletion of Sytl by CRISPR/Cas9 increased mEPSCs frequency
(a) Sample traces of miniature excitatory postsynaptic currents (mEPSCs) from a WT neuron, WT neuron infected with Scramble sgRNA, Sytl KO
neuron and WT neuron infected with Sytl sgRNA. (b) Bar graph showing the average mEPSCs frequency of WT, (0.86 + 0.07) Hz, n = 15; Scramble,
(0.78 + 0.16) Hz, n = 12; Syt KO, (2.19 + 0.30) Hz, n = 11; Syt] sgRNA, (2.16 + 0.29) Hz, n = 10, P < 0.001, WT ps. Syt1 KO, WT vs. Sytl sgRNA;
N.S, P> 0.05, WT ps. Scramble, Sytl KO vs. Sytl sgRNA; 444P <0.001, Scramble vs. Sytl sgRNA. (c) Bar graph showing the average mEPSCs amplitude
of WT, (27.83 + 0.55) pA, n = 15; Scramble, (25.77 + 1.02) pA, n = 12; Sytl KO, (26.15 + 1.05) pA, n = 11; Sytl sgRNA, (26.92 + 0.98) pA, n = 10.

2.3 BNZIAT B EE it (RRP)AY LEAR ) A /N7, One-way ANOVA 45 B oR 4 44 It

smKoW%ﬁﬁﬁ—Aiﬁmﬁﬁ%Rm
Pl /0T R TR Sytl sgRNA SPER R Sytl A&
Aﬁﬂﬁm%ﬁ,&mL%TméﬁE@m~
850 mOsm) [ FE A ROR I 32 RRP K/, 4 24
28 JC I W s R S R A ORI, 2 S R
B 5 12 0 AR R 3a), & ATREIS I T
RRP ¥ BB 07, A o (19 % & B &= B D RRP

RRP ) K/NA B M 22 57 (F. 55=11.912, P<0.001).
Sytl sgRNA ZH#1: 6 RRP 5 WT #1470 RRP
K/NFHEE 2 25 08 /0 (P < 0.001), AT Scramble 41148
JGHI RRP K/MH AR 2 25 58/ (P < 0.01), 5 Sytl
KO £ JuH RRP K/MHLL A B EMEE R (P =
0.474, & 3b). Scramble 41§12 5T 1) RRP K/ Fl
WT A& oA b W35 1 2 57 (P = 0.115, & 3b).
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Fig. 3 Deletion of Sytl by CRISPR/Cas9 reduced RRP size
(a) Representative traces of sucrose responses from a WT neuron, WT neuron infected with Scramble sgRNA, Sytl KO neuron and WT neuron infected
with Syt]l sgRNA. (b) Bar graph showing the average total charge transfer of WT, (2.09 + 0.10) nC, n = 19; Scramble, (1.70 + 0.35) nC, n = 9; Sytl KO,
(1.13 £ 0.09) nC, n = 16; Sytl sgRNA, (0.97 + 0.13) nC, n = 13; ""P<0.001, WT ps. Sytl KO, WT ps. Sytl sgRNA; N.S, P> 0.05, WT ps. Scramble,
Sytl KO vs. Sytl sgRNA; 24 P<0.01, Scramble vs. Syt] sgRNA.

24 BIFERAMIBARMEMHERMEE R (train 03 T — P EIASIE 4740 APs/10 Hz) i K 1) %
AP-eEPSCs) 89 LLER PR A fE L, R Hooh 5 10 Hz-RRP B K

4, 1 Sytl KO #&2nH, FBBMME AR A ERALE R B m B E. K5 30
(PYFEARIY. P SO — A BE AL LG AN 215 40 A~ EPSC 2 [A] R[] EPSC [ A i A1T 4
RRP HORE i A3 T 1 RRP S BEIA A LD, PERLA SR M55 10 Hz-RRP(y- B HE, & 4b H L AT
P AN R &S5 Il & R AR AN JR). One-way ANOVA 25 R Bk 4 A2 0] P A &
TR TR0 ot I RE 2 g B2 54, PORIE AT EMEE R (Fa = 18.348, P<0.001). i A#ikiE
RRP W R/NFHOG, Hkse 7 R filfk g ) -F3858  AHFE, Sytl KO Mot PS5 WT #& ot bl 2%
FER. T B 2 NG I A T P BRAT FEAR (P < 0.001, & 4c); Sytl sgRNA 444 T P,

a WT ©
@ )800- o—e:WT 04}
: Scramble
e—e: Sytl KO
Scramble

600L °—°: Sytl sgRNA

Sytl sgRNA
UL Ty ‘ -
L . : 0
10 20

30 40 WT Scramble Sytl Syt
Is Stimulus number KO sgRNA

o
w

N
S
S
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(=)
l\)
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=)
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;
\‘%

0.4 nA

Fig. 4 Deletion of Sytl by CRISPR/Cas9 reduced the release probability (P,)

(a) Representative traces of train APs (40 APs/10 Hz) evoked excitatory postsynaptic currents (train AP-eEPSCs) from WT neurons, WT neurons
infected with Scramble sgRNA, Syt1 KO neurons and neurons of Sytl sgRNA group. (b) Plot of average cumulative EPSCs charge from each neuron
versus stimulus number. Lines represent linear function (inset) fit to data points between the 30th to the 40th EPSCs to estimate the RRP size
(y-intercepts) (WT, black line; Scramble, grey line; Sytl KO, red line; Sytl sgRNA, blue line). (c) Bar graph showing the release probability of WT,
(0.23 £ 0.02), n = 12; Scramble, (0.25 + 0.02), n = 11; Syt1 KO, (0.08 + 0.01), n = 19; Syt1 sgRNA, (0.12 + 0.02), n =9, P <0.001, WT ps. Sytl KO,
WT vs. Sytl sgRNA; N.S, P> 0.05, WT vs. Scramble, Sytl KO vs. Sytl sgRNA; 244P < 0.001, Scramble vs. Sytl sgRNA. The release probability is
calculated by the first evoked EPSC charge divided by the RRP size (y-intercepts).
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5 WT #4561 Scramble ZH #4128 o AH LU B 325 &
ik (P<0.001), i Sytl KO ZAH T &3 M %= =
(P = 0207, & 4c); Scramble L4140 P, 5 WT
P TCAH L TE R EEZE F(P = 0456, [ 40).

3 it 1

CRISPR/Cas9 #4tH 2 MEH HER o2 R
B S AR IR ) sgRNA il Cas9 AZ B2 N V) .
B, EIX R M R A g R, sgRNA Xif
H B SE R SR B OCE T ARSI i A sk e sk
365 2013 02K B 1lentiCRISPRV2 #HAA, K%
THI) Sytl sgRNA JPAHEAF A, A RERE T/
BRI Sy A2 e 1) Syt] A

Synaptotagmin [ J&— M2 5 #h £ 76 2 18] 5 fih
feis ) EEHEEM, AMTFIH Sytl KO /N AT Sytl
KO #148 J0 I H AR B 22 AT AR B B e 78,
R, Ascib kB Sytl N H R, @i g
Sytl sgRNA S0P i B Sytl 2 K] {1 # £48 J6 Al Sytl
KO /MR AHEE TO I R Al AL R AT, RAS I AT 44
] sgRNA T i B A1 28 70 I Y8 5 DR I 1A 28

I8 3 4 A M R ) 5 R R & A T )
single AP-eEPSC. mEPSCs. RRP Al p, #4733,
FL i 25 SR A i R AR O 2 1) 22 5%, FRATTR B, Sytl
sgRNA 412 765 Sytl KO /N4 Je 1E 4% J7 T
AR L. 5 WT Mot 1X 2 41 Sytl #k
Fes RUAH 22 TCHY single AP-eEPSC W AE A1 4% §% Hi fif
BN, H 2 RO A R R
mEPSCs AL, H 3% 2 M8 Ea 8%
PEZES; S PR NI E I RRP 35980/, H & 48
PLIR IR A B & 22 s train AP-eEPSCs Ml Hi 1)
P ¥k, B F A LR 22 e AN W . AR
X BE G Y% T Scramble sgRNA HI#£2 565 WT
PZTUML, SISER A REEER. AT
SEIS R B, FH B B ) RRP LG 10 Hz 5 30
A e A7 TSI HE FY 10 Hz-RRP B KR %2, 3X & iy
TAEIR G R IR G4 o — M & o] DIk
(CEZLESTWINEN 1PN 3 b U RIRYE F Y E)
X e Rh 22 T0 I 36 OB TG 17T AE XL FL AR R 10 SR I
TS LB () — AN 48 e ) s SSURE TSR AT 1
= FE, PR 0 B RRP KMV &S
FZER. B, EERAMABSEE S+, 10 Hz train
AP-eEPSCs Il tH ] Sytl KO 14 5t ) RRP Al WT
FILL BN, (HE 2 Liu 00 F] 20 Hz 5 1)
DR RRP JB/NFEFERRSS, W] RE A2 T i) o %

ANFEIFTSU(A S, 10 Hz; Liu %, 20 Hz). % LFT
®, AT AX Rl Sytl sgRNA 7E 2 Rl b #h 470
) Sytl R Z G, 5% 41 Sytl KO /MR E
TER AR A T2 . R, SRy 9 AT PAE
P8I0 P P YRS DR AT DR = A e B, X R
T SR e PR YR R [ 22 6 T DA SR A L el P Y
BERITEA 28 70 10 9 fs A 328 v BT 473 Vs R0

PRI, AR SE6 R DR T B A 22 0 N R
Sytl f¥] sgRNA, JfiE B T CRISPR/Cas9 i} bk &
GUAE R A0 28 70 PR DR I (0 R R s v, R
FLA J5 DRI 5 B o 28 7 PN R RS R 8 F it T
A

2 % x W
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Electrophysiological Study of Synaptotagmin I
Deletion Using CRISPR/Cas9*

YANG Bo, ZHENG Yi, LU Si-Yao, YAO Jun"
(School of Life Sciences, Tsinghua University, Beijing 100084, China)

Abstract One of the effective methods to study the functions of a protein in neurons is to identify the phenotypes
of cultured neurons from animals with genes knocked out. Traditional methods which use embryonic stem cells to
establish gene knock-out animal models are stable, but complicated and time-consuming. Recently, the new
genome editing technology, CRISPR/Cas9, can specifically and efficiently delete target genes in post-mitotic
neurons. Here we investigated the electrophysiological phenotypes of the cultured mouse hippocampal neurons
with the synaptotagmin [ (Sytl) gene deleted by lentiviral introduction of CRISPR/Cas9. Syt single guide RNA
(sgRNA) was designed and constructed into the lentiCRISPR vector. Mouse hippocampal neurons are infected
with lentivirus encoding Cas9 and Sytl sgRNA to acutely delete the Sytl gene (Sytl sgRNA group). And Scramble
sgRNA, which has no gene target, was used as a negative control (Scramble group). Whole-cell patch-clamp
recordings were used to test single action-potential evoked excitatory postsynaptic current (single AP-eEPSC),
miniature excitatory postsynaptic currents (mEPSCs), sucrose responses measured readily releasable pool (RRP)
and 10 Hz train stimulation measured release probability (P,). Our results indicated that the Sytl sgRNA group
showed loss of function of Sytl, and had the similar synaptic transmission phenotypes compared to the neurons of
Sytl knock-out (KO) mice; and all the parameters tested had no significance between Scramble group neurons and
wild-type (WT) neurons. This study provided evidence for the application of CRISPR/Cas9 technology in acute

gene modification in neurons.
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