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FFL R IFF iRl A2 A T 2046 . BLMA R 5575 M 5 BebAa X, TTAE 474 77 7151
JiR Sz 0 MR IR B L AR IR T T 5/ Cas9/SgRNARAR, 8 i TTE1 84 6 izt th 7% 14 5% 3% 69 SgRNA3HAAK,
F) B BE FARLTX A 3 5 SR BAR L F) F AT ) B PC-340 .. BLaAnPurodiut4 i it A R A& & AR
FRA| IRAF A FEMEARIT A9 2000, Western blot A RTq-PCRAS MG, AT 5 iR % PC-34m it F 49 BLMG 5% B
A BRI B, A RN BLME 7% B K B 2 A 51| g 7 694 R 3R T - 209 A5 28

48R BLMREREREIN; CRISPR/CasOFiA 344 3 ARk % 1l 47 AR PC-3 41 iy

Research of CRISPR/Cas9 Technique to Knock Out Bloom
Helicase Gene in Human Prostate Cancer PC-3 Cells

Chen Kun'*?, Xu Hougiang'*, Zhao Jiafu', Duan Zhigiang', Wu Ping'
('Key Laboratory of Animal Genetics, Breeding and Production in the Pleteau Mountains Region,
Ministry of Education, Guizhou University, Guiyang 550025, China; *College of Life Science,
Guizhou University, Guiyang 550025, China; *Guizhou Province People s Hospital, Guiyang 550003, China)

Abstract  BLM helicase is an important member of the human RecQ helicase family, which plays a crucial
role in DNA replication, repair, recombinant, transcription, telomere maintenance and other cell metabolism. The
BLM helicase gene is associated with susceptibility to prostate cancer and it is also a candidate gene for treatment
of prostate cancer. In this study, the five Cas9/SgRNA vectors were designed, and we selected the most active
SgRNA3 vector by using T7E1 enzyme. Two vectors of Cas9/SgRNA3 and donor vector were jointly transduced
into human prostate cancer PC-3 cell by LTX liposomes. BLa and Puro resistance screenings and fluorescent protein
markers were used to identify cells with positive markers. The BLM helicase gene in PC-3 cells of prostate cancer
was successfully knocked out detected by Western blot and RTq-PCR tests. This study can provide the important
scientific data which play a role of the BLM helicase in prostate cancer.

Keywords  BLM helicase gene; CRISPR/Cas9 expression vector; gene knockout; human prostate cancer PC-3 cell

B Fi e A A T B i 10 B A S e A LIE 221 0001 FET=27 5004171, [ A 41
Hi B B e A2 S 1 55 1k rh dme s LA AR, AN20155E . BRI AR R N11/1073, B N 2R M A5 7

WeRe H : 2018-04-17 $252 H: 2018-06-04

5 AR S (HE S 31360215)% BIfiE M

*EIAMEH . Tel: 0851-8292183, E-mail: gzdxxhq@163.com

Received: April 17,2018 Accepted: June 4, 2018

This work was supported by the National Natural Science Foundation of China (Grant No.31360215)
*Corresponding author. Tel: +86-851-8292183, E-mail: gzdxxhq@163.com

X 2% HH RN []: 2018-08-29 14:36:42 URL: http://kns.cnki.net/kcms/detail/31.2035.Q.20180829.1436.006.html




1548

CBRE T

AR, I AT 81 B 0 A 32 A1 FE T 2 2 0 i
(B TR,

BLM/i# i€ i & N Z5RecQfif e i 2 e ) = £
— i, fEDNAM & . B 5. HAH, . i
L) 4E 7 55 28 A I A% b B A L A L
BLM(bloom syndrome protein)[f] #ift 25, K B # T £
Bloom%z A iE (Bloom syndrome, BS)H & 4, 1MBS &
& oy BB MR U [E] N BIAE CUUE S, BLMAR JiE
LR 5 o [ N BT A e 1) B IR A 5GP

CRISPA/Cas9%k [Kl 4 A AL — Al ORI T 40 18
SRAF 1 % (1) FHRNAFE 3 Cas 81 [ 0] #E ) 5k (R 1E 4T
B R, BABRIER R, M@ AR R, R
AR RANL RUEFEIESR . A S AT A T
BRAE SRR I B DR S A0 R, NI AR 2 T A
SURHT FE A TR 22— R I CRISPA/Cas93
DR 2 8 iz A ) 7T 70 e PC-3 40 it BLMfAE g Pl 35 )
HEAT A€ KRR, N BE S AR IBLME gl b ai 21
Jh e BE AR PRI AT 95 B9 0 JR Al o

1 MR5E%
1.1 N 5EE

N 25T 51 iR e 41 i R PC-341 A I ST ATCC,
R 9% % 1F N: DMEM. 10% FBS. 100 UmL% %
. 100 mg/mLEEE K. 2 mmol/LA & BEE. Fik
# K 5 22(hU6-gRNA-CMV-cas9-2A-bla). fit 74 4%
&8 22 (left arm-loxp-hefla-EYFP-2A-puro-2A-TK-
terminator-loxp-right arm)A X T7E1 5| ¥ pic 3% H 4k
AR YA EMBEARE R AT B T4ERNGE
H ThermoA Al . T7A%4MR P VI BEIE [ b 52 Mk i 3748
AR AR AR 64 L FIDMEM = # 5 77
FL W F GibeoZs 7o KL /N 3 AR 7 £5 6 H Sigma 2y
Ao kLK B & AN 5 A 2L DN A2 B 771 &1 78

HOmegaA 7], RNASEHUAF . & #EPCRIX
A B R LA EAR A IR A R . PCRAXE
EBDA . ¥ i B0 MW H Thermo A 7]« 4=
H 2)) 8 H 7 P 5E & 73 AT AW H Proteinsimple 24 7]
BLM#T/£(159 kDa, Source: rabbit)ll H Abcam/A & .
B-actin(49 kDa)l4 [ Santa Cruz/A ) .

1.2 753k

1.2.1 gRNA# ¥e & 3% it A Cas9/SgRNA & & # Ak
EE k= TR CasOF T #EA7 s 36 35 5 U): SgRNA
— M 204N B 2, LR I F A AL TNGGT B
U, VU AT A R R TR ZE R ) 41 A5 -NINN NNIN
NNN NNN NNN NNN NNN GG-3'(NfC AT i)
7E SgRNA15 11 5 http://crispr-era.stanford.eduit 17
SgRNA 1. #iT54SgRNA HiF4r 7510, 7414
N, SgRNAI: 5-ATC AAC CCA TCA AGG AAG GT-
3"; SgRNA2: 5'-GGA ACG AAC TGC TTC AGC AG-
3", SgRNA3: 5-TCA CTT GAT GGC CCT ATG GA-
3"; SgRNA4: 5'-TGC TTC AGC AGC GGA ACA TA-3';
SgRNAS: 5-TTC ACT TGA TGG CCC TAT GG-3'» f#
FHT4I%E $ 5 K5 SgRNA 5 2 14 & 42hU6-gRNA-CM V-
Cas9-2A-blaiE 4%, 1L Ml 7 A M SgRN AR IEFHFEA -
122 gRNAZEHAM AR EARME S RlET
SA-SgRNASL B LLKE PR 2H AR 15 160 T7A% R 1 1)
BEL(TTEL) S|4, 38 i 0ot B A B PC-3 38 [R 2 33E4 7 E Ao
FEPCRY™ 3, Jii ik th3%F 51 4, 18 kil B i 60 °C(F
1)o K5541Cas9/SgRNAJT ¥i 73 7l i 4 2= PC-341
LT hE INER 5 2 K B 6 png/mLi ik
— JE(Blay 2R ik # A B 42 ity po bk, vIRE S 1 00 )
FNTFHERIIb-NIBEIEIN) . el 4 K40 f 3 B
YHDNA, PCRJS = ¥ T7E LB K I, §75  H 0% 1
ST 514 SgRNA3. A SgRNA3 Y] E i /741
BT RIS, A B85 56 BB A B A 1) 2

*1 KHARERABSH
Table 1 The PCR primers in this study

ElEYE=2S D52 L AT ST HI(5—3") W 1 12 P9 DT

Primer name Testing target Primer sequence (5'—3") Restriction enzyme cutting site
1-L SgRNA1 ACT GGG CTG AAA CAC CAAGA 260/629 890

I-R SgRNAI GCA GTG AGC CCTTAGACCC 260/629 890

4-L SgRNA3, SgRNAS GTG GGAACG AAC TGC TTC AG 447/210 658; 446/211 658

4-R SgRNA3, SgRNAS TCT TGG TGT TTC AGC CCA GT 447/210 658; 446/211 658

5-L SgRNA2, SgRNA4 AGA CAG ATA AGT TTA CAG CAG CAG 119/444 564; 128/435 564

5-R SgRNA2, SgRNA4

CTG TAG GGC AGG AAT CAC CC

119/444 564; 128/435 564
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123 et ffemit i PC-34NUEEFRIELIO cm
BRI, L BEAR Y 2 BE N 80% I 34T H5 G f
FA NG AR LTXCHS 22 18 4 4 (Cas9-SgRNA3) 5 it f4 2§,
A&(PHS-AVC-LW230)4% [ 1:1 L 451 3 % JePC-341 fifd
P3R5 e A B I Blabi ik (T
H R E N6 ng/mL, KFL6K), A HEAE A L
(R Purodyt 14 i e (W 4 85 2R R 1B MR £0.6 pg/mL, Ab3H
5K), BB RN BIPEXTRE, P 7 i 250 R
IoF 1 0 R L A e 5 4 BB T . A BRI 5 0 A
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N124 bp. W S ik H B-actin, B-actin L3 51 W) H: 5'-
CGG AGT CAA CGG ATT TGG TCG TAT-3"; T3]
Y19 5-AGC CTT CTC GAT GGT GGT GAA GAC-
3, T B 268 bp. HEA SN SYBR 10 pL, |
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aRNA1-overhang extraction (concatenated sequence 2)
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A: BLMf# gl CRISPR/CasOZ ik 4 At 42; B: 3@ I W A% IS A~ SgRNA TL il My 5 2 e i 4L iz o
A: BLM helicase CRISPR/Cas9 expression vector was constructed by inserting SgRNA sequence into hU6-gRNA-CMV-cas9-2A-bla vector; B: it is
proved by sequence analysis that SgRNA are correctly inserted into the expression vector.

Ell BLMAZHEESCRISPR/Cas9FRiAH 4
Fig.1 The construction of BLM helicase CRISPR/Cas9 expression vector
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W 51004 uL, Fi#F51400.4 uL, cDNA 1.5 uL, 4K
2.7 uL, Mix 5 pL. #3426 95 °CHIAZ:3 min; 95 °C
APEL0 s, 60.5 °CiB k30 s, 72 °CHEMH30 s, F£40 MG
Wo BHRSNEA, LEHEFIXLL . Blp-actin
YE RN, THECUME, MM E Ri5E44COR AT 7
Bro
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2.1 EREN R ESYILEIE
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YHHET72 his, IR 5 R R B IKR N6 ng/mLi ik
— J&, Ry P HE 2H 41 B 58 42 A6 T2 (Blay 3R IA Bk
AT YU, PRSP EI T T R -
FEER), BRI HE 2 o B AR R PC-340 i . ik Jig 8 4%
40 F2 B AL I ZHDNA . R #ESgRNAXT M Ak K] Fr B
RS ATPCRY 1, FHTT IR N VTG 1(T7EL,
AT FE DI EIA E AR DNA A E5 85 DNA
Holliday#4% #) 5k 22 Y DNA. 7§ XUEEDNA, Ll
MICRISPR/Cas9J¥ i 1) 7 AL A4 Big U1k I, DARA & Flr
Bt ISgRNAE M (K2). it i ik, SgRNA4HEHL
JE R 4 DNAJIT & 22 Jo i30T J5 2 5050, SgRNA3YE

Marker SgRNA SgRNASgRNA SgRNA
100s 1 2) 3 5

658 bp

447 bp

210 bp

E2 TIE1EGYIZER
Fig.2 The target efficiency analyzed by
T7E1 enzyme digestion
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S LAy KA e ik R 3845 2 0% B K R FRBLMIY
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Fig.3 The construction of BLM CRISPR/Cas9 donor vector
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(A) B)

A E R BET L H A PC-321R; B: SO BB T e th AU PC-3 411 .
A: PC-3 cells observed by normal microscope; B: PC-3 cells observed by the fluorescence microscope.
El4  FSERHIR TIRE SR B IRAEARICPC-340k
Fig.4 PC-3 cells transfected with both BLM CRISPR/Cas9 expression vector and donor vector
observed by fluorescence microscope

Normal PC-3 BLM KO PC-3

400 pm
1 000 um

El5 PC-34MAES e EIEFRIFRER
Fig.5 Monoclonal PC-3 cell clustered for 3 weeks

(A) (B)
1.5 .
g [ |
g
=Y
BLM KO Normal E 1.04 E’ .
= i
B-actin s e
= o e e e e e
S 0.5 e - L
2] L) L)
g i
153 L
LL] IIIII.IIIIII
wo .S
N
@
=

Az B4 E B 5 EEEE B4 B R GRS [RI PC-3 40 i H LM e 5 B, 2541 IOVR I R B 3R B /KT B: BLMERRR FIPC-341
Ji5 1% PC-3 41 LLAE BLMf# Jie fig 3k B 2 2% T i, *+P<0.01

A: expression of BLM helicase in different PC-3 cells. Simple Western lane view with the results automatically generated by the WES system software.
The thickness and darkness of the band reflects the expression level of the protein. A significant decrease was observed in the BLM/B-actin ratio in the

BLM KO PC-3, *P<0.05, **P<0.01.
E6 7FEPC-34HABLMARIERERIRIE

Fig.6 Expression of BLM helicase in PC-3 cells
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Fig.7 Expression of BLM helicase gene mRNA in PC-3 cells

g1 i 5 B A: TUPC-340 il JARNA, ¥ 5% 5% flicDNA Ji&5
FTRTq-PCRAG I . &5 F R B, R FEBLMIIPC-341 il
HHBLMS# JiE BEmRNAAH X} 32 ik 529 50.26+0.05,
P A= RIPC-341 A H12'“°50.89+0.10; BLMfi# JiE i
mRNAZKT B R %, JE DR R 80 N 71%, 22 57
A B2 1MEP<0.05)(E7).

3 g

RecQfif Jig g 71 412 1t 4t i iy A% R A 1t U7 Th A 45
HEEH, RZEHEFEES. EH, B8 REx
4. BLMR JiE B 1F N RecQAif Jie B 5 i v it — A
TEgERR LR A et D R EEIEH . BLMFE
g 2 51 2 Bloom i & {iE(Bloom syndrome, BS, —
PR e R AL R ) . BSIR A 2 (BT 21 s
i i 5 3 1 Jie g 12 I 7 R B, Rec Qi Jie i 1
Jit 968 41 B vh v 3 0k, WRNF#E Jie B (Werner syndrome
RecQ like helicase) /& RecQZ i ik i, 1B RNAIT
LA YT ER i I8 20 i e 78 WRNZE K], Wl I BR T
Ji g 1 H T, BLMR Jie B 7E L iR s 3R A,
Al DL S B 7L s AR O as e il R R, E
CLUF 52, BLMf i B 25k K] 5 A [N B 11 91 R 982 1) 5
AR ORI 7R NASA9fE 4. SGC7901 15 Ji 4
Jia K2 PC-3 15 &1 B i 40 A+, BLMIR JiE g 1) 30k 4
TR 4H ARt [F A, B RNAT Ry ik —
AE B, BLM IR AL M 520 | PC-34H I MG 56, 1
B BLM i JiE i 0T i 248 . 1 38 5 B A — 5 A 200,
Jir LR BLM i Jie g 45 2 18 T7 11 91 Ji e 1 8 ok
7 BRI AR & (1) SR,

AT 95 % I CRISPA/Cas9 /1 5 (1] [ Y 2 45 J5 K]
nfE AR, DABLMI e iy 2 8 R #E X, 3@ L T7E]
fif 1) 56 30F 3% 1 A% 5 1 SgRNA3Z ik 8 44 IF 13 i1 A1
IS (R AR A AR, N FH R Joi A L8 A 2 N T 471 it
PC-341 i . Western blotSZ 5 45 JAIE B, @ i X 4
H P4 B 1L 114 44T PR 0T 328 43 B BLMIfi e i 3 ik B &2 T
VAo [ BT 5K BH P A 10 40 B A T 38 B U 55 TR, 44
RERTEERGERE Ty, IS, Wi, =
WAk, IFBHTAET . A FIRNAI T AR RO BLMIE K]
JE IPC-34 U3 . 3T/ [ = 28 R8 71 2 M), 7]
N o 22 2455 2 CRBUBME IS o2, di FHCRISPA/Cas9
I 5 1 [ 95 B 2H O TR g 4 B OR @R BLME: TRl S,
PC-340 2 I FE AE /1, SRS 1B BT . RNAITFHL
52 AR X BLMBE [R B ok, T CRISPA/Cas9 A i 41
2[R G BB B AR S 0 BLMEES [R IR e ok, 9 3 X BLMIJ:
Rl IR FE E AN R . %45 AN B LM e B 5L 1]
TRYT T A g B T B T R I SR R AL, B
J& SBLM iR e i 532 M 117 41) Jid e 184 AL 348 1) A9F 9 4
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