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F FH CRISPR/Cas9# N #3932 CREBEL [E| 5y R 40 A &
HIRTTCREBITAPPE E 321XV IFIT{EA

M KokE® FOUR awmt' xR @ F st
(5 ELERRL S SL AU B8 A0 58, 0 WS A IR 5 A 56 S 1 30, 4211 750004;
T BERR I TIE SR AENL S 5 T AN R, HU1] 750004)

WE  LERIRH UL A4 4% & (CAMP responsive element-binding protein, CREB) & & &
AR BT, AR, £ RZERAEH T, CREBH L IATEK, 2CREB T4+ AT 4K
& @ (amyloid precursor protein, 4PP)&)4F Bl AUH| th R A # . %A% 518 3383 sgRNA K 7 56 Al
FL 6 AR, N LB pX4AS9 At , 4 # CREBI B 14 6 CRISPR/Cas9 =& — K L &R, H
MV R T 6 B GE R BIHT2240 ¥, 38 S TA S &M A A T7E1 B4 40 A1 R B iEsgRNA G F M. F
M BARSE L BIHT2240 00 %, F "Boh B R AT 05 ik, MHEALE A CREBA R SR it & .
CREBATAPPL B &K 6 A 4 AF B 18 3840 ) 2 f2 i HT2240 @ An CREBA B SR 69 HT2240 R & F
0 R LR AT AN, 4R BT, RIAHE T CRISPR/Cas94%k R 3t CREBA B 347 31 R #) =&
— R A BAR, FTiL T 69sgRNAR IEN T 5] Ao A R i AE R A B4, L Bedn AT Ao 5 71 M 2, PIf
M EIRE FI XA — . CREBA B SR A9 HT224m I8 7 313k k3 % ik 2)90% A £, @it
Western blot2#7# | CREBT APP & A 89 %57k, 45 R A I, 4 CREBI ARG, APPE LG i, wid
K ACREBEY, W APPE & Jf R A K T, X4R- T, CREBXTAPP#) kA TAAER, £k
Tk AR

X##ia  CRISPR/Cas9; CREB; KK bR ; APPIERIFRIA; Bl /R i B

The Establishment of Stable CREB Gene Knock Out Cell Lines with CRISPR/
Cas9 Technique and the Regulatory Effects of CREB on APP Gene Expression

Guo Shanshan', Zhang Bingying?, He Wenxin', Shi Xiaoguang', Liu Kunmei', Sun Tao', Cui Jiangi'**
('Ningxia Key Laboratory of Cerebrocranial Diseases, Incubation Base of National Key Laboratory,
Ningxia Medical University, Yinchuan 750004, China; *Department of Biochemistry and Molecular Biology,
School of Basic Medical Sciences, Ningxia Medical University, Yinchuan 750004, China)

Abstract  cAMP responsive element-binding protein (CREB) is an important nucleic transcriptional factor.
It had been reported that the expression of CREB was suppressed in the patients with Alzheimer’s disease, and at
the meantime, the expression of amyloid precursor protein (4PP) was increased. The mechanisms for the effects of
CREB on APP gene expression is still unclear. In the current study, the specific sgRNA sequences for CREB gene

were designed and the corresponding oligonucleotide were synthesized. The sgRNA were cloned into the Bbs 1
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sites of pX459 plasmid to construct the 2-in-1 plasmid of CRISPR/Cas9 for CREB gene knock-out. The constructed
plasmid was transfected into HT22 cells to evaluate the activities of sSgRNA with TA cloning sequencing and 77E1
endonuclease cutting. When CRISPR/Cas9 activities were confirmed, the constructed plasmids were transfected into
HT22 cells and the transfected cells were cultivated under the suppression of puromycin. In this way the stable cell
lines with CREB gene knock-out were established. The regulatory effects of CREB on APP gene expression were
assessed with the Western blot assay to analyze the level of APP protein in the normal HT22 and CREB gene knock-
out cell lines. The results demonstrated that the constructed 2-in-1 plasmid with CRISPR/Cas9 techniques for CREB
gene knock-out was successful. The insert sgRNA sequence and the open reading frame were correctly identified
by the endonuclease cutting and the DNA sequencing analysis. The constructed plasmid was consistent with the
experimental design. The established stable cell lines had high efficacy for CREB gene knock-out and the efficiency
reached over 90%. The results of Western blot assay illustrated that the level of APP protein increased when CREB
gene had been knocked out and reduced when CREB gene overexpressed. Our work indicated that CREB could down

regulate APP gene expression and the detailed mechanism for this was still under investigation.

Keywords

TR 07 280 0 A 45 4 B I (cCAMIP responsive
element-binding protein, CREB) & — {1 85 B ff) 1% #% o
B, X R4 A K K B LSS il ] 28 1 1 T
R 5 B /R M, AT R, CREBX KT
FEALIZ I B EEAE AP, thAk, CREBIG A G4
Z LRI R E R, (R & T B AFIES . BTN S =
CREBH /)N R7E H AR J5 I H 5 4 8 AH SS It 22
IBAT R AR, T R B FT I8 I, CREBAERT /R K
75 BR 955 (Alzheimer’s disease, AD)F A ik F2 H 1 473
TEE NN E A0,

B JR R BRI A2 — i B WL 22 R GUIRAT 1R
i, B AR, ADI— AN 20 B AE 52
B-UE K3 #E £ BK(B-amyloid peptide, AB)FT ik 11 %
P (senile plaque)7E #2820 24 b (P T AR, AT X P 28
Y L3 AN AT )4 T, R — A T A
i AP H T V€ ¥ #F Hi 44 85 H (amyloid precursor
protein, APP)[1] 7 & 2 S, H W7 &2k B, AD
PR 5 APPAH KR, FHEFE I, B IRGRAAE
(Down’s syndrome) ] & 1K N 2 R I APPE: K%
DL, P DL B 5 R AR R ADAFE o BE 220 7R
L6 ADJ N KA 14 4 2 [X 30 2 I A APPIT R IA 1)
MEE, fEADEFE F, CREBFTA T 12 K A5 02 7+
P, FEADRE A R I H R R AR AL B 1 /)N B
Mg 2 onrh, CREBI R IA 82 2 35 T [0,
EH Ut T] WL, CREBTE ADI i o A% v e 5 22 A4
H, JCH 2% APPI JE PR 3218 W] REAEAE & — 2
BIEH.

CRISPR/Cas9; CREB; gene knock out; APP gene expression; Alzheimer’s disease

7 IR AR 12 i) 5 2 2 [ S EE 2 Fl (clustered
regularly interspaced short palindromic repeats,
CRISPR)/Cas9 % 4t(CRISPR associated system);&—*
FRPk IDNA T & 5 51 5%, |32 3 A T 40T A 48
PR SE R . CRISPRAV. AU FHAE S = RS 1)
HEFHIH L, BEPHK L 921~48 bp, H
TERARSCFH, v LI sk <451, S IR
1K2501K « T H 2 [A14526~72 bp I 1E] k& 7 51 BE T,
5] [ 7 51 K 5 5 400 1 il S FICRISPRA i A3 5.
b, FECRISPRA i () R AL B H AT T X, & & AT
BZEM, Cas9FE R — B ECRISPRA S BT, 1%3E A
G 1) B LA A e R A% R I (1) VE PR Cas9
PLIGE M B8 A7 AE, 24 5 crRNA(CRISPR-derived
RNA)SEG &G, H = 4ES5 0 K A SR RS 5 A1 RIDNA
S5 I 0 RE E FIDNAJE B EAT BN, aT Ak,
FHCRISPR/Cas9 % 4t (13X 2245 A1, 0 L it —
B{/IRNA(small guide RNA, sgRNA, thFx A/ a &
RNA), sgRNARENS 5 R iifCasOIE ML BRI E A
Y1, 51 S Cas9F| Ml B [FIDNAKL B, 4 Cas9% 1% 1F H
St H R 3T R . XA AR OGO —Fh
SRORIE ) ) B PRI G R B AR

ATV CREBEE R 1) 7 51 ¥ ik 1 4 e PE 1
sgRNATF, FEARHE 7 51 & pl 1 AH LI I SCEE I
S SUBE AT IR . AddgeneT #2 {1 [fICRISPR/Cas9
i KipX459 & — Fl — & — W iU kL, fEU6H 3 T, &
A fHsgRNARL 5% ) 45 #) (sgRNA scaffold), H P& FH
P> R IR Bbs TR DI A7 £, 7E LRI CAG(CMV
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early enhancer/chicken B actin promoter) /i 2 15 §
(1) Cas 9L K LA J2 5 5 5 A R ) — S8 HoAth o A, tn e
S BRI AL T 5 FRATTRE PR 4% S A% IR OB K
J5 48N BlpX459 )5 KL 1 Bbs 1R V) A7 £, Mk 2 T
CREBYs 5+ V£ [fJCRISPR/Cas9 [X 4 2 44, I 1%
B A ERS R IR PUVE I RE AL, W T R0 ICREB
BRI RN RS Z A R . R ZAR R,
BAHI W B T CREBXT APPRE K 3 R 12 4E FH,
DU T CREBEAD K AL IIE ]

1 MRER*E
1.1 #%

pSpCas9(BB)-2A-Puro (pX459) V2.0l H
Addgene(#2 1L J5URL ¥ A £ R 1 H Z)(E1A). H T
CREBE:H R IIsgRNAFHI A TH iz, 5H

(A)

\
AAV2ITR

(6 063) Bsa T

(B) Bbs 1 cut sites (245, 267)

5’..GAAGAC(N),...3’
3. .CTTCTG(N),...5’

AR B (1) S 4% H 1R B S ME R AR R A IR A 7l &
Feo HT22(/IN SRS 28 TR 41 i 2240 i A AR S 36 =
PRAF o /1N BT 45 988 41 0 (Nluero-2 A2 i) 14 B it
T M AE R A IR A F] . CREBEAZ KL 7 kL
ARSI R I RAE . T7ENEFTIR 57 &% HNEB
A FE]. DNAFEEURAF . RNARBGR 7 & 500 5
OmegaA Al o 104 557 &)W HABMA ] . qPCR
2 HEMIXIE HDBIA & H T K MICRISPR/Cas9 2
A] # : R0 R (PCRAIQPCR 51 47 Ha 4 Ve 285 A= W B B
BIRA A AR
1.2 S|4t

/N B HICREBI3E K G 114 # 5% AR(ENSMUST
00000087366.10), 84~ 4 & 7, i T — 5 Je ik
(64, 432. 819~64. 604. 548). H i, MEE3NHME
I 4G 2 58N A B 1T TH 8 43 7 411 N CDS(coding

(245) Bbs 1 Bbs 1(267)

Chicken p-actin promoter

\

5’- CGAAA*CACCGGGTCTTCGAGAAGACCT GTTTTAGAG -3’

3’- GCTTTGTGG CCCAGAAGCTCTTCTGGACAAA ATCTC -5’

A: pX459JF ki, sgRNAGEHIAL T UGJE B 1 X S5 7, [R5 Wi Bbs TREIAL 25; B: Bbs BV 5, ZBFAETS IR AIGAAGAC & WL A [ BE /)

JEAS LT BV .

A: schematic of pX459 plasmid, sgRNA scaffold is located under U6 promoter and contains 2 Bbs I endonuclease sites; B: Bbs 1 endonuclease site,

which can recognize GAAGAC sequence and cut from the 2™ base after that sequence and the 6" base from the complimentary strand to form the

specific cohesive terminus.

El1 pX4595THiE & Bbs 1EG L =
Fig.1 Schematic of pX459 plasmid and Bbs I endonuclease site
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%1 CREB sgRNAZELHER
Table 1 CREB sgRNA Oligo

Egis P31
Name Sequence
CREB-sgRNA-1 5"-CAC CGA GCT GCA CTAAGG TTA CAG T-3'

3"-CTC GAC GTG ATT CCA ATG TCA CAA A-5'

CREB-sgRNA-2

5'-CAC CGT AAC TGATTC CCAAAAACG A-3'

3"-CAT TGA CTAAGG GTT TTT GCT CAA A-5'

CREB-sgRNA-3

5'-CAC CGAAAG GAT TTC CCT TCG TTT T-3'

3"-CTT TCC TAAAGG GAA GCAAAA CAAA-S

sequence) X, 181 & H BT IR S P A, k£ 534N Sk
TR SEAAN AN T O QAT RE R . 2
ufi (http://crispr.mit.edu/) 7 #1153 H H {£sgRNATSF 43
J&, PR B S B =AM R T i — N (CREB-
sgRNA-1)F1E PN FM 8 7 AN (CREB-sgRNA2FH
CREB-sgRNA-3)3: =N &L T, )G, R
pX459%% Bbs 18 1] 5 45 (1 26 11 K iRy /(B 1B), ££
BT BIsgRNA 3 73 5l 7253 §T il ECACCG, K[l
B3 INC, [RI, 5" I RTAAAC, FlpX459HE vl 5
(R T AR A 7, FEBETT6EOligo/ 741, WK1 .
1.3 CRISPR/Cas9-CREBEit4E

1.3.1 CRISPR/% %3 B4 41 % CRISPR/Cas9Jiii i
pX459H BR fil 1 4% B8 A VI Bbs 185 V1), 1) 2 J5 1
A7 B R WE A LUK R AT V) 45 e, R G ) G 42
AL B RL . [T, P AT B AR A S s LK
ST IR . SRR RSt 2 JE i
1.3.2 Oligoik X mA4DNA K& % 0ligo
i B B FEE 10 umol/L A ¥ i, BX20 pLif IF 4%
Oligo¥& i, NHAE K22 MHili20 L, F A% /K A H2&
AFIN200 pL. R E, BAKBETEDS min. A

J&, A OB PR B =R, TR R OEEDNA, HF 2 )5
(A S o
1.3.3 pX459-CREBALMEAE K1 pLEgY) Rl
F) 28 PE AL I pX 4592 78 F15 pLiE ‘K Ji& 1) X EEDNA,
B0l uL T43% B MbufferfE 16 °C4 1 FiE R
W % B2 e Ak BIDHS o Z S A b, AR 5 HEAT U
B, 37 CHEAE T2 - vk H Bk B 58 B 14, I
B BAZFPUERMLBE R 557, 37 CCIEIRAEIR
W REFR12 hJa $EEUTURL .

a4k, 19 J5 K 43 51 F EcoR TRIBbs TEE1) %5, LA
i 7€ HEADNARI 3R N, F [F B 3 7T DNAJT 51 43 #1,
A 7 83N 51 04 TE A o
1.3.4 sgRNAE M % 7 FAT W v B 1 5T KL
pX459-CREBI1. pX459-CREB2 1 pX459-CREB3 #%
G /N RHT2240 i, 48 hig HRBUIE R ZHDNA . 3
I TE T sgRNAXT R BR & R B B R 51 0 (3R2
FZR3), HATPCRY 1Y, KEEPCR™“#)°H615 bp.
PCR™W) AT fREEIR K, SR 5 - T7E1REY), LA 52
Wit HIsgRNAFT 5 5 [ CRISPR/Cas9 ) F K rilt B 7%
PE, 5EEPCR“ 4 N307 bp, 44k J5 ¥ e sa B AETA T

#2 AT T7E1EEY) 5 1N PCRS 4]
Table 2 PCR primers for long-chain PCR amplification and 77E1 endonuclease cutting assay

e Fr 3

Name Sequence

PCRj"™ K/
The size of PCR product

Long-chain primer of

Forward: 5'-GAC ATC TCT ACC TGC CAA G-3'

615 bp

CREB2&3 Reverse: 5'-TCC ACC TCT CTG ATA ACT CTA-3'
R3 ATTARMENRFEPCRSH)
Table 3 PCR primers for short-chain PCR and used for TA cloning analysis
E Fe4l PCR™ZHI R/
Name Sequence The size of PCR product

Short-chain primer
of CREB2&3

Forward: 5'-ACA TCT CTA CCT GCC AAG TA -3’
Reverse: 5'-ATC TTA GTG GTG TGG TTG TC-3'

307 bp
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B B AARpUC-TZ Hp, IR PH 1 ve B, R EUTURL, #E4T
JF 5053 K, LA 7 R AR TE A L (FE 5 SR B 23 A
FATK I, CREB-sgRNA-147 T35 4h 8 FH—/NE
HF A, & BPCR | W TEVES 1Y HAH S 1 A6 4 Al
K BEPCR™ 4 L i3 47 sgRNAJE P 1) % %€). CREB-
sgRNA3 /2 FICREB-sgRNA2 5 41| # & H.J7 [k [ 1)
— SR AL BB, P it i K RE R R BEPCR | W]
DLIE FH, BT CATE JS TH S50, BRIEA RRER U0, XT
T sgRNAJEPE) %5 5E 5 £ FECREB-sgRNA-2.

1.4 CREBRS 4R AR

1.4.1 4% pX459-CREB/R #14% 3 2| HT22 0 iz F
FHT2240 fa M T-6FLAR , B fLex10° M. 28
2 dfF 4 B K ZE80% ik & i 33 AT % Yo, 5 YL HT2 hif
BTG MG TE W PT 5 722, 48 J5 F Lipofectamine
2000147 55 s, B Yead R A% H MU BE Pk AT . B
Y8 hJ5 9 & A 10%I0 35 FIDMEME; 77 3. 283 d
TEG FREL PN IR A 25 5%, A &K 2 A8 pg/mL.
FEAZIR LR B2 2 AR F R, R S i 40 Mt 22 9 %
WY, Z IR RAL BRI B AT e % 7%, 34T N7 d
(R Z 0 i o AT S S8 ELUE B, 7ES~7 dRY, EhiiE
YN RE L A EB RS0, UL, B R M4 B4 R Th
B\ 50 I I pX459-CREB 5K 4 D

142 #EpEmin B EILARITEL TR, 17
ToBRFRE, FERE96FLAR H, PRk gL R A — N2
L (AT 55 7%, BE IR AR R RIS R IR R ] R 2
6 ng/mL. 540K 5 v B 0 P AT, R LA TR Ok
HENARILIHAT Y KEE 9%, B RIR A NG IRM+
Y RE e AR K.

1.5 CRISPRESFEREIE

1.5.1 qPCR# 34 CREB# mRNA % A /K F M
HT2240 il % CREBv B 40 il & 71 $2 BXRNA, 2
HURNAZ J& Wl 58 W FEE, Dago/DasofE2.075 A7, 37 %1 3
1T G S, T B AR 22 NRNAKL & NS pg, S¥mix
2 pL, HAR Al AKENE, £10 pLo Wik fik

1TqPCR, A A T FA4734L, L5 8 23, /MR
CREB-qPCR 5| ¥ F1GAPDH-qPCR 5| #) W, %4, 4 45
FRAT G2
1.5.2 Western blot#|CREB#) & & & AKF M
HT2240 i 145 CREBR bR A & R B & 1, A
R MR, B minfE 3% 1K, SIKJE LA1S 000 t/min
B0 15 min, Y BiE. e R IR EE S (PRUEAH K
REAE0.99LL F Ak & B 4% L 4 5 & H Loading
bufferfl/KIE 2] )G B 100 °CE @S minB 4k, 2R 5
117 Western blot, &7 L FFESO pgil 55 1, FHIEATHR
TR I e e i Pk o FRLVKEE RS, 6 S, FH 5% 110 i g
WMHBGHAT B ], — P14 °CE5 &%, Wt —hiH iR
1 H2 hjm, f£O0dyssey CLXFAAX L AT HH. R
JE AT EAR A AL B, 45 AT R0 M
1.6 71 Western blot#&3% CREBE E R f 5T APP
A

M CREBZE [A] i [ 41 i 5 FIHT2248 fd 43 5l
FEEUE A, #3E1T Western blot, Wl 5 2 15 ' CREBA
APPZE A i /K °F, 4 #TCREBXAPPJE 15 A5 1 5 1
.

¥ CREBYLI% 15 JFURL % Ye it Neuro-2 AZH L
AT 1 d¥ Neuro-2 AZH g 42 F Bl6AL AR 1, B FL5x10°4
Y, 62 d¥E L ET2 hif o MG . XL 1) 55 77 5L,
2 J& H Lipofectamine 2000317 % 4, 40 A H
EERULH BT S hEHk IR IR, 48 W 5
1E % Neuro-2 A2 ffd — 2 $2 B S 85 1, W %2CREBER
F R RIAPPER [ 1481k, ELBCREBIL ik Xt APP
B RS H HEEH
1.7 ZiEAE

FE RS A 3 UK, qPCREE S CQIf i e 4
Kt AT L #E, Western blot4h 1 FImage 73Tl %€ 2K
FEAE G AT M. FRATTS H GraphPad Prism#X
PEEAT Goit o0 W PR B, 235 M43 BT LAP<0.058
BA G5 3

%4 NF.CREB qPCR3|#)
Table 4 The qPCR primer for mouse CREB

ZFR 75
Name Sequence
CREB-qPCR primer Forward
Reverse
GAPDH-qPCR primer Forward

Reverse

5"-CAC CTT GCC TGA GAC TGA AT-3'
5"-CTG CCT TCC ACT TGA TGC TA-3'

5'-GAG TCAACG GAT TTG GTC GT-3'
5-GAC AAG CTT CCC GTT CTC AG-3'
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BRI

2 H#HR
2.1 pX459-CREBEHILE

PX459 5 RL A = Bloligoi 122§ B kL 2 Ji, 44
J KL AZ HH 4 ME R AR P RHBCA IR A R 3 AT DNA
J¥o 255 L2, DNAM P 45 SAE 52, FA1 T v B 1)
pX459-CREBT & A - AADNA 4 N, FL 7 51 fAH
AL 5 SEG FT 3T 58 42
2.2 sgRNAEMEE
22.1 T7E18% 4 5 #7 W % E BT pX459-
CREB2. pX459-CREB3HLipofectamine 200043 7 #%
PEIHT2240 M0 . % G% f548 hig U (K ZHDNA, DL
HONBRIE4TPCR. PCRIZYIZIR K 5 FI T7E1BY)
S5 LR, PCR“ WK /N N61S bp, FIT7E1EGY) 5 2=
F=HE 5529 bpAl—4~86 bp i Fr BL(E13), Wi BHFRATTHT
P IsgRNA T LA5| F:CasOXt CREBIHE K 1T BY ).

Sample: CREB-1-pX495-40
T80 190,

222 BHEHPCREMTALEMT  KGFHEPCR Y
B BpUC-T v B B A b, 48 J5 3% HUBH M o B kAT 7
F 534, DA B Indel (i N BRER 2R)RAF . 45 TR I,
TEPCR=H) 1, FRATTRL I 2 T P9 A A [ E 2 ) 848,
— i LS A 16/ R i 1Y) 5 A% IR 1 5k O (B4,
FEBIA), T 53— A SR ) R 2 (4, 7 51IB) o
2.3 KINFTERNTREMCREBERERIR /RIS
SZ T R CREBHIFRIA

N E ST (R 5 1 CRE B D] il 2 41 i o 2 Ex
Y H S RNA . [RIET, FRATTHEHUE Y2 T pX45973 2 Jifi
L HTHT2240 i F1 I 5 FIHT2240 il (1) S RNAAE -y
X R, G S SR, HEATqPCR, A 4% F 4 i CREB
mRNAFJRIEE L. 5K, 158 L CREBIE A il
B3 B R 5 40 2 T, CREBRF G AR HARLE, Horh,
CREB1-2(C1-2)8 % B I, Wi B A Z L 3 1 94%, H

ACGAAACACCGG AGGTOGAGTAAGGTTAGAGTGTTTTAGAGGTA AAGSiccilacaccosTIIETE

AT TCCCAR A ACTTTTACIE! GACGAAACACCGAAAGGATTTCCCTTCGTTTTGTTTTAGAGC]

Pl

|

m !

pX459-CREB DNA /741 %5 7 45 FHIE U, iZ b L2836 N\ T DNAJE B IEH F T 05 S5 ALE
DNA sequencing of pX459-CREB, the results demonstrated that all the plasmids had donor DNA insert with correct ORF.
[E2 pX459-CREBEELER
Fig.2 Identification of pX459-CREB

Genomic DNA cut with 77E1

M 1 2

bp
3000 — |t

1000—

4 5

~— 615bp
~— 529 bp

1\ 2: PCRPIHI T7ETEED; 3: XTHEAL, BVHT22400 0 4 A 2L DNA FIAH R 51 Y09 195 18 KOF R T7E VRV, WA VIt R BG 4. 50 R U1k 2.
Lane 1 and 2 were PCR products cut with 77E1 enzyme; Lane 3 was the control group, the normal HT22 cell genomic DNA amplified with the same

primers as pX459-CREB transfected HT22 cells and then annealing and cut with 77E1, there was no cutting fragments presented; Lane 4 and 5 were

PCR product without cutting.

E3 T7E1E51)% EpX459-CREBHIE
Fig.3 Identification of pX459-CREB activities by 77E1 cutting
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sequence ID: AC166336.15

CREB-sgRNA-2 5

LEEEETT
Mouse gene (111 262) 5’

GTG
CREB-sgRNA-3 5

Sequence A 5’
Sequence B 5’

A

HENNANN
GATAGTGTAACTGATTCCCARARRA!

11

GTAACTGATTCCCRARRACGA

1]
AACGAAGGGARATCCTTTCAAGGAGGCCTTCCTAC

R LI Y

(111 203)

ARRACGRAGGGARRATCCTTT

GTGGATAGTGT e GAAGGGAARTCCTTTCARGGAGGCCTTCCTAC
GTGGATAGTGTAACTGATTCCCAAAN GAAGGGAAATCCTTTCAAGGAGGCCTTCCTAC

El4 TARFED AN Indel3R2E
Fig.4 TA cloning analysis to identify Indel mutations

(A)

CREB mRNA

relative expression

04
«2‘»{\9’ @bﬁo’ Q\ﬁ’ O\b O\% C:V\ d\;) C:\*f\

(B)

GAPDH | i w S s Sy @ 36 LD

CREB protein
relative expression

HT22 Cas9 C1-2 CI-5 Cl1-8C2-1 C2-3 C2-7

0.8 1

0.6 1

0.4 4

0.2 4

04

D9 s S N A
STE YO

A: JB 1 qPCRIFAE CREBIE R 223545 5L, 45 5 5% B4 (HT22)k b, CREBTE 4L 2t FImRNA /KT ] S AIC; B: Western blotd&ilF CREBE ()5t %
15K 5 qPCR4E H 4 — 301, 7E CREBHE A Bt B 40 M 22 H CREBAR [ i /KT i 3B FAK . #%#P<0.001, 54 IRA(HT22) Lb i o
A: the CREB gene expression was assessed by qPCR and the results illustrated that the mRNA level of CREB in the established cell lines is much lower

compared with the control (HT22) group. B: the CREB protein expression was evaluated by Western blot assay and the result is consistent with that of
qPCR. It displayed that the CREB protein level is muck lower in the stable CREB gene knock out cell lines. ***P<0.001 vs control (HT22) group.

El5 CREBEFE#CREBERERIFRMM AR HIRIAKT
Fig.5 Evaluation of CREB gene expression in stable CREB gene knock out cell lines

b e o WCR A BE AR TERS% LA - (FI5A). Western blot
G 45 R 5 qPCREL G 45 A A — 50, TECREBH: A
R 20 & B, CREBRI R IAIEE K(EISB), HiW
FIT R 2 B BEAADNAAR F A i ke, i L i) 22 11
Y 2R 2 I HH AH 4 = (1) CREBEE R i SR 380K
2.4 Western blot5#TCREBE A5 f& 4R APP
EHRKFE

N T R UTCREBXTAPPHE [K KI5 (1 521, FA1
Rl 7 CREBFE IR Rilt 4: 1 40 i 22 vh APP 2R 1 57K -
SERRM, HXHRALAHEL, 2 CREBIER W4 )5, 4M
Jitl v APP ) 2 55 W] 2 3 v (Kl6A), PR 2 [R) A7 W] i
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