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(# E)JEM.HWELHH BT Novicida TR Cpfl 2K P 4RAD 2 IR B0 R R 1K R, , 76 KB FF B b 3k S AL B 4 FnCpfl
EHRE, #8550 FnCpfl ZRREGUE, 7% . FIFH PCR BoRY 1 FuCpfl ZH ¥ 1 B FFA R pET-32a(+) FHEAL
KEGFFE BL21(DE3), PTG % B A% H A0 535, B B T 2 B AW E M L8 RIS B 1 FuCpfl BH , BaLE
H S 7 22 K 545 FnCpfl ZFMEHTHK, 7 A3 ELISA BRI ARPUILERAN  Western blot BB HAR S R . 1875
£ 3 900 bp # HWERE I B, WS RIABUE pET-32a(+) J5 , 813 UG KM FFHESE pET-32a(+)-FnCpfl F N8R E R
I, AR FAHNT > F IR 160 kD 9 B M H , 4 SDS-PAGE M H AT M B0 B 7 BB SRk b5 84
BEA 95% LA A FnCpfl B H , 5% £ SRR M %bt FnCpfl $LILHE ELISA AL#tik 1:512 000, Western blot 455 BiR $l4
BIBUARTT BT S FnCpfl A RS S, &0 . AEBREGKPRINFAT FnCpfl EHER, HAMLEHNESH & BRI
FnCpfl Hifdk 30 RAFR R BT, M iE—H4R1T Cpfl B A YA T F LR R,
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Prokaryotic expression and the antiserum preparation of FnCpf1,

a novel genome editing protein encoding gene
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Fang Chencheng',Wu Xuanyan',Wang Yuwei®
(1. Center for Molecular Medicine and Cancer Research ,Laboratory of Pathogenic Biology,Chongging Medical
University;2. Clinical Laboratory ,Chongqing Traditional Chinese Medicine Hospital) '
[ Abstract JObjective : To construct the prokaryotic expression vector of Cpfl of Francisella tularensis subsp. Novicida,to express the
recombinant protein in E.coli BL21 and purify it to prepare FnCpfl polyclonal antibody. Methods :FnCpfl gene was amplified by
PCR and subcloned into a prokaryotic expression vector pET-32a(+). Then the pET-32a(+)~FnCpfl was transformed into E. coli
BL21 and the reconibinant FnCpf1 was induced with IPTG. The FnCpfl protein was purified by the nickel ion chelating beads affinity
purification and was used to immunize rabbits. The titer and specificity of the polyclonal antibody was respectively measured by Indi-
rect enzyme-linked immunosorbent assay (ELISA) and Western blot. Results : Restriction and sequencing analysis proved that recom—
binant plasmid pET32a(+)-FnCpfl was constructed correctly. SDS-PAGE analysis showed that FnCpfl with a relative molecular mass
of 160 kD was expressed in a soluble form. The purity of the purified protein reached more than 95 percent. ELISA showed the titer
of FnCpfl polyclonal antibody was 1:512 000 and Western blot test demonstrated that the polyclonal antibody could specifically bind

with FnCpfl recombinant protein. Conclusion ; FnCpfl recombinant protein is successfully expressed in the prokaryotic system and

FnCpfl polyclonal antibody is prepared with high titer and
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specificity, which would lay the foundation for further study on
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CRISPR-Cas R #5 2 —FhE %A MR B R
4k DNA ARMEN ERERSE, ) ZHEETH
B R AR R A P, B R Y # A TE] R Y A 8]
X EE 75 (CRISPR) 5 H [t & #E B (CRISPR -
associated , Cas ) 4 A0, R 48 S5 B8 (A A9 40 43 7T 4%
CRISPR-Cas & 454 AP K204, —Z5 2 F) H L2 F
BEARGHREER, S - RN EENERE
B AREA, 2 DR Cas9,

IAERFE T CRISPR RELHH Cas9 FEH IS
H B R F RSB 17 B R 4l g T RS9 (HR HRTHFSE
WK Cas9 RERIARE , KR R R HH
BT I AR AR S 5 R T 9 YR T O T R A,
B AR N & S BUENA R 5 R aEREE R
B4IE 4 T CRISPR-Cpfl ATRETEAR Cas9 RG AU
#UAE MR, Cpfl 5K F BAE 1 & BLAY CRISPR-
Cas ZIEHRFW— R, FET ZFEE, AR E L6
IR Cpfl RIGEE AT AXIRA 2 NMEALYH
W B SR R R B 16 1 | SR AR TR AT AT AR A Cpfl
RO R H B R AP T E, Cpfl
ROARFE K RNA G| BN EAVIEEER ,
55 Cas9 REEMILL, Hitly REBRAEE 7 52 P SWEAN
RS, Cpfl LAY 7T CRISPR RFIAIEN
W TH AEYERRER BT STBLEES
e SLETE AN LA MR PR AT R

A SLHE i E N TR AR E FnCpfl #JRE
RARME BFREAEHEAIIHEIHEF2EE
EHEBRFE LA, §] & H B RN BRI FnCpf1 £
TR, At — BT Cpfl B HIA Y4 T
TS EAL

1 #MRERZE

L1 A

111 BEtREER  pY001 (pFnCpfl_full) ¥ B Addgene 4%
#, KIBFTH DHSo B2 A4 B Novagen 23], K
P BL21(DE3) FUFRL R Ak pET-32a(+) ¥ A A LI E {3
o

112 FELH B/ RBUAF & A OMEGA A,
JB2 1Al i5R) £  PrimeSTAR HS DNA Polymerase .DNA marker
DL 10000 4 H TaKaRa 4], TADNA 3385 BamH [ .Sl

P LIRGM B NEB /A7), SDS-PAGE BHIE AN & HAE
GACEIEE (IPTG) AV E R R AEBUWA B ZRAEY
AR E, T4 H Marker (pageruler prestaninen protein

ladder 26616) % [ Fermentas 23 7 , A & BRIR 5 F H 4 ik
Fl & B HRYAR B FRA R, BRS04 (15 mL 50 kD)
14 Millipore 73 7} , BCA & H & BHAN &M B A2y
BEABRA R, YT His R8T ESUEM B Proteintech 2
Fl,DAB B &k & HRP ARC M W E B R IgC WH P&
Bra i3 R A BRA A, BB A I & Sigma A7), S FRMEE
B2 KRl B B RER KFELE YO,

12 #&%

121 BT RER  RYE GenBank $24LH FnCpf1 %
H £ 5 (GenBank ID; WP_003040289.1) #4751 ¥ 89 1% 31,
BmFnCpF:5’ ~CCCGGATCCATGTCAATTTATCAAGAA -3°,
SalFnCpR:5° —~CCCGTCGACTTAGTTATICCTATTCTGC -3,
QIR A5 B0 R8I BamH 1 BEYILL ¥ Sal 1 BEYIAL A,
5|4 AR AR B AR W AR R BB

122 FnCpfl ZF A BRIY I A& 100 pg/ml KEERH
LB B35/ NEY 1 pYO0O1 BEVRIFIREUBRL, LA AR,
PCR 3% FnCpfl 2, RN 24195 CHAZM 10 min;95 €
AFE 30 5,55 CiB A 30 5,72 CIE/H 4 min, 3 34 MFIHF,
72 CJEHEM# 10 min, RWEEFR/E, B 50 pL 7 W4 1%
DR RS ALK, S AMT TSR 45 R, 5 B IRV ) B Rk
ik Ek B A B,

123 pET-32a(+)-FuCpfl HRFEMWE NEER
pET-32a(+) Bk, 48 pET-32a(+) BRI ANEIUE B PCR 747
B 20 pL, 2 FIF BamH 1 F1 Sal T WEGHT , B2 [B1 4 15 2] 2
R Bt pET-32a(+) 1 B B2 B, AR5 T4 DNA %3
EET 37 CKWE 4 WP SR, ZBERT LY
EXHHE DASe BZAMM A, A T8 100 pg/ml &
HERMN LB BT, PRSI/ NEY B I R EUR
BL, LA BamH 1 71 Sal 1 347 W BV 46 5 , %858 TR AR A B 40
B AR R B A B AR IR R 2047

124 BHAFEHTERGHE BL21 BHESEEA BIFE
W E A RIR TR R KT ES BL21 o PREUH M 7T
REFFPT 5 mL & 100 pg/mL ERFHERH LB ¥R 37 C
PG, X H B 200 pL P E] 10 mL %) Kan/LB,37 CH"
KIEEFEE Agomn 2 02, FEIRE 21 CHEFRE Ao H 0.68F,
IPTG ELA ¥R 0.5 mmol/L,21 °C 100 r/min FESiL7% , %k H
8 000 r/min B> 10 min WAEB KA | mL PBS &R, 441
B MITIEREFT SDS~PAGE 4347 LI R kT .

125 BETFEBEAUBRN BENEANEMLEL B
500 mL B 20 BV, B OAR TR, R VR 3 IR 5 mL &
3 mmol/L WKI% ) Binding Buffer B A&, A 20 mg I HIEGFIZ
WRIE A 1 mmol/L PMSFIR4], iKIF#E A HER 4L 30 min (X & .
TAERFR] 3 s JAIBRATJE] 3 s 23 200 1),8 000 r/min 4 CES
> 45 min 538 LTE R L E A BIANBT AREER 4 CHER;
BE 1 h, B EF R AR ;431 50,80 mmol/L & Wahing
Buffer £ % REBR 3 1K, BIK M 3 ml. Wahing Buffer Ff{£IR
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FEIRPREHRSE 5 min fEREBRE TN, AR B VR ;
FH 3 mL 500 mmol/L 1) Elution Buffer #&+% 5 min IFH & 3
WUAVENE AR o Kl r=im A g .08, 5 000 +f
min B0 10 min RARE L, B PBS #k 3 WK, #dEndE
F13E4T SDS-PAGE BB LIk 43T .
1.2.6 4lifb B 1) Western blot & HBuUb 4tk =2
7.5%%] SDS-PAGE 43 B8 LUK , AR 47 H B8R H 43R RN
X} e Marker 130 kD180 kD 257 VI, LA 350 mA fHFiHL
% 2 h %% PVDF I, B WBEE 4 h, B RAR R
AL His bR2s £ PR (1:4 000)4 CWEL®, K5 H
PBS-T( 7 0.2%Tween20) ¥ IEPEY 3 K, B 10 min, 1 Ef
PR B HRP AR EHi 4 1gG ik (1:3 000) = RIS 1597 &
2 h, FH PBS-T %% 3 ¥K, 4K 10 min, H¢J5H DAB W,
1.2.7 4RYL FuCpfl FUIMTE R B R GRRERT, BOBTPE 22 K
FAREGEPKIL 2 mL, 4355 5 , B-80 CLRFELAMEXT IR . &
USRS 22 K R, B 2lifb ) FaCpfl 5 %R (R 58 24k
FIE R 20 min, FEAFLALZERH FIE K P AEIF, B 2 mL
FUW L SR T A TR T RSUS B B AR A
BB 0.1 mL, 2 JEEHEATE 2 Ok e,
Aosg el 58 At TR L, HAb 7Rk ERET, 10 d /5 1 mL
AR B Al LR FUINGR SRe , BT S NER A 2 s ST B
WARRETESTAT, B 2 mL BBk R Ar &0 . KRR 7 d
J& AR B S AT O SR I 40 mL, 431 37 CHEE 1 h,4 C
18,2 500 r/min B0 15 min B
1.2.8 RPUMFEREA%SE KA FRIEA FaCpfl EH
028 7.5%1) SDS-PAGE HLUK ), F% I 2 h, B0 4 h HI A
CL i1 4 A9 ST FuCpfl HLILTE (1:500)4 CHiE L%, PBS-THE
% 3 K, HRP FRiC B P45 IgG(1:3 000) 5 H 2 h,PBS-T ¥
% ,DAB BB MELE R,
1.2.9 |4 ELISA (A RbT g M 7 pg/mL 2life
) FnCpfl T H 37 C .4 h fu8 96 FLEGFH AR , AW 4 C
HHAE R, FEA , PBS-T BRI 3 WK, IMARE LU R A BL I ,
37 CHCE 1 h, ERBARSEE 3 I, A HRP 4Ric i EHT R
IgG (1:8 000)37 CHi B 45 min, FBAAE I T, AL
Jil 100 L. TMB 37 CHEEEE A 10 min, 4501 50 wL 218, H
FEARAN I E 450 nm B ALEIRCREE

2 & B

2.1 pET-32a(+)-FnCpfl & ik H i eh MR ET

L pY0O1 ki AAEAR , PCR 434 7= ¥ 48 1% BRHHBEIE
HLUKZMHT, 7E 3 900 bp 4k BLHE M 9 BHAE A (B 1A), 51
WK /N—8, BEAFRIKBORH BamH 1 Sal 1 BUEGUI )
BB BEREIR A A 5 R (B 1B, BFIE SEBIE P 51 5
GenBank H' FnCpf1 J&[H J¥#31 (WP_003040289.1) — £k , uE#
pET-32a(+)-FnCpfl FikE A HRI

bp

10 000
7 000

4 000
2 000

1 000

500
250

1:3 900 bp i FnCpfl %
(K444 ;M : DNA DL
10 000 marker
A. FnCpfl &R H Bt B. H4H TOkL pET-32a(+)
f) PCR "3 ~FnCpfl BYAGUI%E
B 1 FnCpf1 EE K KA PCR R HEARNMNEILE
Fig.1 PCR amplification of FnCpf1 gene fragments and the

1. 4 Fk pET-32a( + ) —FnCpfl;
2. HAHJFHRIZ BamH 1 Fl Sal | 1
fifi 7] 7=4) ; M: DNA DL10 000 marker

identification of recombinant plasmid

22 B®EGHEFERE B KT

Fie R A FEAYREE 0.5 mmol/L #4 IPTG,21 °C.,100 1/
min FEFHREHRNEAFR S, BRI YE 7.5% SDS-
PAGE M7, fEARN 0 F I 200 160 kD &b R BA — 4 HI
F AN, AW SN =Y R/ I S RBTHY
WML, WAL B A F B IR RSEAV 2SR, Ui
FnCpfl JFUR RS, 0B e il % b3 B UL 3eE 43 #r (&
2A), R EREAKEAAET LES, B BWEA T
PERG, FTLLFHREAR LSS & His—tag AR B T & R E A HIER
X T2l . Image Lab BOARF T H 45 R KM, 4lifk
1) FnCpfl & 468 A 95% VA b, T pET-32a(+)-FnCpfl
A His—tag, Western blot S N S R IR FnCpfl HE 4
A . 4ifbi FaCpfl & W5 His b8 2 siREHUIA R DT
GO RN , ZEARRT 2 F AR 2 160 kD Ab347 AT WL BA i 257
KNG U — 8, 28 B AT BL21 2 & FAE A e
P YA B B B9 A 2k (B 2B), i BCA Bilf54
b BUEJE M MR E A 1.4 mg/mL,
2.3 %3t FnCpfl tfn i &9 Western blot 5 &

FHER M 1 FnCpfl PO & AP IMIEE—Ht, LLSsE
A I T PR BT B 43900375 334 FnCpf1 19 42 TR 2 1 AF
‘4T Western blot ST, G5 R B R R IN T AT 5 FnCpfl 2
R ([ 3)  FEARXT 20T R Z 160 kD Ab AT WL & 44
2.4 @4 ELISA sk m) 4 fo i A

DA 8 T B0 Sk L7 0 B ot B K 38 3 UK SR Je Lo R
K4S B IS LA 1:(4 000~2 048 000) 4% HL#s B ELISA,
W 450 nm 4k A {H, 24 (A g=A )/(A g=A 5)>2.1 BEXF R
TR BB FUARZAY , WAEPL FCpfl HLIMLIERANZIH 1:
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512 000( &l4),

il i M. . M BasTanisisaig
180
130

100

70
55

40

A EHEABSTALY B. FnCpfl f) Western blot %%

SDS-PAGE 43 #r
1: K% S 19 FnCpfl ;2: IPTG 59 FnCpfl 4278 ;3: FnCpfl £
PTG 5 0 1 J5 PO T TE 14 FnCpfl 28 IPTG 7% S8 19 135 5
5. G5O ERR G WM 5 M: 2B 11 Marker; 6/7 : PRI 5 8 : PRI
AAEAE A 39 ALALFR A VR AR TR

3 2 1 M M/10°
e . 180

M: 5 [1 Marker; 1: 4L AE & 52: PTG 1% 54 FnCpfl ;
3:1PTG #5519 BL21

2 BEHAEHFS. 4K SDS-PAGE 5K
Western blot £
Fig.2 SDS-PAGE and Western blot analysis of recombinant
FnCpf1 expression induced by IPTG and purification

M,
180 1

130 |

A. BTG B. BAPEXT

M:#E [ Marker; 1:IPTG 5/  1:IPTG #5F:#Y FnCpfl;
FnCpfl;2:IPTG 551 BL21 M: [ Maker

B3 feHimiER Western blot ¥£7E
Fig.3 Western blot results of rabbit antiserum

Xt HR2H FnCpf1 5y 41

B4 SAmiERME ELISA ME
Fig.4 Detection of rabbit antiserum titer by ELISA

3o i

CRISPR-Cas R4t J&—F ) I A AE T 40 & Aty
2T T AR 8 ) T AR T M S AR
%5, i orRNA 515 Cas & FIXTHSE AT DI H],
1 Cas9 7E CRISPR Z 51 ()3 H 4t R 4eh s Tt
27 0 B, AELAE B FH AT R B — S B o A
2, Cas9 R4 BIREAE orRNA (5] 5 T e 5k
SR E 1] | H A A7 AF I I 0 O B0, Wb 1B
R N, 4 ) S I PR 1) ik PR A 7 7 i, T
SRPEIRG TR T A2 35 DR G 1 R R R TR 1

SR 22 4E 3 & PLAY CRISRP-Cpf1 W A] i v iRk
Cas9 Z 450 F A S AS L FIBR 1 , Cpfl REEHEIH
Jy CRISPR-Cas 4ty 28 V AU AH T Cas9
Z G0 R TR B RS UE, R R I — R4k Cas9 Z
J& & Frl g — RS R gl T, Cpfl RS
Cas9 ARG L HA HAMREA LS . Cpfl RGLE5HH
fAT B AR EE tracrRNA | HF5 58— 2% RNA Pl Cpfl
B PG BE PR HEA T U) ) DT (T Ak 1 S PR gl T HL
ST B e T B Y — UL, Cas9 2R 1 V) #1) WUEE
DNA =4 oK 3, T Cpfl 72 A Fhi oK S , A A 3k
DRI B A5 20 G o b Al 1219, Cpf 1 1) 1 B TR 1 7
S TR s AR BT LARBARZE S| S R —
WYIE], RRIE g R 2 KAy s Cpfl RGEIRBIT
SRS PAM, [H A Il FAESE AL AT & it
Ay A T RE DR GRS

3k EE A &R Cpfl LA ARt A B 78 41
Xt Cpfl ZRGEH SRS U BIAIL ] | D) J 2 45
FHRT ., AT F AR B M A Ao T B
7R Cpfl 454 orRNA J& , 45 ¥4 D ZE f 7Y A5 pg 505
R T — AR AR R AR 588 & B Cpfl
ELAT AN ST A HE AL 4) , RNase 543 MR LA
¥ S H SRR BE V)& DNA | [A#E DNase #4 5}
DNA A VI #E3EM, Cpfl & H #i & B 5 — A%t
RNA 5805 ELAG B8R 7 51 45 5 1 B 45 4 5 1k L
[Alist HA DNase Fil RNase 15 PERRZ R , Cpfl Joit
pre—crRNA 47 U] %1 b B i1 45 21 B2 crRNA | P
b — WS A crRNA H1E] A2 DNA , iX
AHLRIFTIE T 8RS L D 2 TR SR TRk Y
KITT, e 8E T Z B8 AN &, BEFF Cpfl i)
IO FH /0N B SRR A BE DR AR BR USSR g L
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AT R R HIV S50 AT .

Cpfl ¥ RFER T R 418 R H b A
SR , B BB R T RETF ST B
SR, W EERIT T RN A TIENE L,
TP FHREANRER —FEAEBTER
TR, B2t REEABRIFEH Cpfl XM,
E BB R S AL BT, X e T S
FARRILEERIRE , BRI, 3T Cpfl BB E
e ER

A SL G %P5 + Fr 58 BAVE 22 B Novicida RN A
BARIREL Cpfl B, #5 T FnCpfl AR EFRL
pET-32a(+)-FnCpfl , iS5k  alifbad 18 x4t
BT T ABTAIEIR | LIS SRIB R | IPTG W E B S
BHE S, BERA T ERMES difb &4, Hl &
MEEAERE B E R RRER T2 KARE
3| FnCpfl ZTRFEYIA, Z[A] 82 ELISA ¥R H
MU E , B Western blot BiRHAF R, Bk
TIGHIE T RERMER ST R H R PIFnCpfl
Z YR, AT H#H— 58T Cofl EAMIIEERT
F, U E AR NI R R — KB R, A
T HE3h B B T RERF 5T B B R IT S & MER
SRS .
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