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LI 48 5 A B 2 A 4 DNA B R, B acrdE10 3 K 38 [ 2 pET28a-SUMO 3 35 2% 14, #4 #2841 Jf ki
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Expression, purification and crystal structure analysis of the
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[ Abstract] Objective To construct a prokaryotic expression vector of the anti-CRISPR protein
AcrlE10, and to determine the crystal structure of AcrlE10 protein by X-ray diffraction technology.
Methods With the genomic DNA of Klebsiella pneumoniae as the template, the acrIEI10 gene was
inserted into the pET28a-SUMO expression vector to construct the recombinant plasmid pET28a-SUMO-
AcrlE10, which was then transformed into the competent cell BLL.21 (DE3). We adjusted the
environmental temperature during the protein purification process to explore the optimal purification

conditions for the anti-CRISPR protein (AcrlE10). Using Ni-NTA affinity chromatography and gel
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filtration chromatography, a pure and high-concentration protein solution was obtained. Then we cultivated
and screened crystals, and collected protein crystal diffraction data at Shanghai Synchrotron Radiation
The recombinant plasmid pET28a-SUMO-AcrlE10 was constructed
and transformed into competent BL.21 (DE3) cells. After removing the 6 X His and SUMO tag proteins,

Facility beamline station. Results
the optimal purification temperature was 20 ‘C. After purification by Ni-NTA affinity chromatography and
gel filtration chromatography, the protein solution concentration was 18 g/L. Appropriate crystals were
grown under the conditions of PEG 3000 (w/v=10% ), imidazole (0.1 mol/L) , hydrochloric acid (pH=
8.0) and lithium sulfate (0.2 mol/L). The crystal diffraction resolution was 2.39 A. The crystal structure of
AcrlE10 apo was successfully resolved. The structure analysis showed that the AcrIE10 protein assembled
in a homodimeric form. Its overall folding consisted of a short B-sheet (1) and six a-helices (al-a6). B1
and al, o2 formed the N-terminal domain of the AcrIE10 protein, which was a typical ribbon-helix-helix
(RHH) domain. Conclusion The AcrlE10 protein of Klebsiella pneumoniae can be highly expressed in
the prokaryotic expression system. By removing the 6 XHis and SUMO tags and using a purification

temperature of 20 °C, the AcrIE10 protein can be obtained more efficiently. The AcrlE10 protein has a

typical RHH domain, suggesting that it might be a bifunctional protein.
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B A 8] B I S0 8 T 41 (clustered
regularly interspaced short palindromic repeats,
CRISPR) #f % (CRISPR-associated , CRISPR-Cas)
R G802 O M Ay ME— — A% A P B 3 1 S R
Gi' X — R GUAE AN AN AR T T2 AR AE L O g
G A 15 Qi B A RN BORE S5 AT % Bl 5t 4% oo A
%*'. CRISPR-Cas &4t EE AWML, s |
2 7 G 11 5t CRISPR-Cas By ) 2 4t T4t B B $0
WU S REA#, H— 4% 61 D% H R4 L1 crRNA B
ZRAN 5 Fh Cas 28 1 4% B™ % (9 4k 27 0 i 4 3
MY cascade 525 W) L K AZ 2 i Cas3 H [A) 2H i .

$i CRISPR (anti-CRISPR, Acr) % [ T 2013 4F
TR E A 2 A1 B TR ML R I TR A T e R B —
FAT FL 4 H AR R CRISPR-Cas RGNk F
HE . 2013—2020 4F Z /D 54 4 Acr 85 K5 % bl
SRS R A HE 100 28 Acr B, Hih Z 80k
A WAE B2 T R T A /D B S AR 45 AL R ) B
WEEAR LABSUE 7 . Acr 28 1 7 Wit B AR 1R 9 36 ik 4%
I (H R Dy RE s K, falit B AT & #E4 #) CRISPR & 48
MR AT RE " . SR, VR 2 Acr B FITE R SR B4 M
JEANFRGE , JCVE 1S B 4l B R0k B A G SR 1Y 48 F K
VW, U B A T RIS BRI SR

W) Acr 55 22 78 W B A b & B S AR R 4
R Acr B 1A 4K Bk 423 L 455 AcrIE10 & .
%E 2 — R4 %) 1-E B CRISPR-Cas £ 48 & #E )
il D RE /N4 T B L T2 A AT T W B A R A B
LD AL b, 7R A B b S AR I 48 v R AN B Y T
$i b WEFE M, AcrlE10 7] 5 1-E # CRISPR-Cas
A HH Cas7 WFEHAE, ##H CRISPR-Cas RS 1Y
T BE . M\ B B Bk 5 A R 28 T 25 BORL bla. 6 iR
CRISPR-Cas % 4t 0 $ 0] B ik , 4ERF blay J5T R 7E 4
BRI A Y 1 B A7 7 e 2 5 BT 24 J5 s 7 il 98 50 R
A B P A AR r L 7R I PR B R T R T 24
JEORL 4 % 1) Accr 25 1119 ) g AL I 1) BT % ELAT 2
& X . R41(GenBank ¥ 41 %5 : SAMN29388315) /&
— BRI AR 43 15 14 B 7 B M S T 24 Il R v ER A A, AR
PR 2 X R41 4 58 A Iy ke B K A — AN
48 blae 15 N Z P 25 36 B JBRL , 7l A 5 2 Fif
VUV 25 Wit 26 o A6 % blage: TR Y “ P 0 08 5 48 2k
HBE"HERT acrlEI0FEH , #EM H 0] 585 blagp.
Tikf 245 0L 14 42 45 28 D) AH G

AWF5Y 5 7E 7 BT CRISPR & 1AM 1 v s 3
k5 alifb R R IF 8 O 5 AR R 3R B X9 LA g i gk
AcrIE10 25 [ fi VR i 171 56 85006 , e Br DLl AR 254
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BB FI T

MM BERN &2 A E coli DH5a. E. coli
BL21(DE3)W3E | A4 TAEY) T8 (L) B0 A7 R
oS . TR UKL pET28a-SUMO Hi &2 H K 24 [t &
Bl E BT A RO o 1 SR g = AR AT

i FIL |/ PCR #il {R WK . 2X Phanta Flash
Master Mix \DNA 2l ft 057 & il CBB 4 & (73 5Ll
W A ) B e oy A BR 2w ) 5 BR il 4 9 D0 g (55
Thermo Fisher Scientific 2y 7] ) ; [6] V5 5 2H i (3B} B
AW TARA RS W) 5 f AR O 128 32057 & ( H A4S Rigaku
8 Fl L 22 E Hampton Research /A #) ) .

AKTA Avant ¥ # & 3% & 48 ( 52 [# Cytiva 24
Al ) LL PLUSEE SN Z [ R MR G AR (i) A R
/5 ) 15 Nanodrop 2000 4396 56 FE it | Sorvall LYNX
6000 #8 & B 0> Hl ( 3 [/ Thermo Fisher Scientific
Nl ) o

RARIEFREHBE DR &0 HE R4l
(GenBank ¥ 1] 5 : SAMN29388315) 3 Al 41 DNA
R BEAR v BE acrTE 10 3 Y, 38 3k U0 3% 42 07 W4 A
JF A% 26 35 kL pET28a-SUMO, 315 AcrlE10 # 11
Tk, EWSIY 5 -TGGTGGATCCGAAT
TCGTGAAAAAAGAGATCTCCCGCAACC-3" ,
B4 .5 -GTGCGGCCGCAAGCTTCAGCG
ATCGAGCCGTTC-3" . ffi J§ 2XPhanta Flash
Master Mix #F 17 PCR & N 3K 1% H 89 K Bt , & i 4%
.98 “CTIAE P 30 ;98 CAEPE 105,56 CiB k5 s,
72 CHEAf 6 s, A8 M IR K HEfRAE PR 30 1K 572 CA 4T
fift 1 min, PCR ™ 938 53 1% 506 0l 358 I W vk i 47
A, 3 2 i BGER) & n H i DNA . EcoR T
1 Hind Il i D) 26 4 4L J5 (1) pET28a-SUMO # 4k 5
acrIE10 3 H VL E R M 1: 318 &, FH 6 VR & 4H i 78
50 ‘CF % # 10 min, ¥% 3 7 % §% 4k i DH5a 852 35
41 i, 7 % R 2 3T DT 5 IE

BEARESEML M -80 Tk &K
pET28a-SUMO-AcrlE10 H i B , #k H pET28a-
SUMO-AcrIE10 58 B, #2 F T 20 mL & 2%k J&
50 pg/mL RIRFEM LB ARG, W &% K B
BE1L&50 pg/mLRIPERMLBAND,37 CF
180 r/min 34 B ; W50 78 W A WOK (D) & 0.6, 4 A
WE T 18 CCF B 17 W W IR 2 18 °CLm A

IPTG S HE A £IK,IPTG LW E K 0.5 mmol/L;
18 *C'F 180 r/min #5 F 4 [ #3k 5 18~20 h J5 IS &
W ,2 380X g B0 15 min, W UL, 17 B UL A
3~4 A5 R R 2L A o2 vp W, R BN U B R
1 mmol/L 1) PMSF LA 1k H 09 & 11 B 5 8 ] IN-
3000 mini & Hs 4 A 5 ASCRE PR IR i 1 3~4 1k, )
H1.2X10° kPao B J5 9 BT 53 2 A 7 0
Brh L LTS, 24 370X g B0 1 h BUE T L FEUUIE .
i I NI-NTA R ARG & 4R B A8 1 LI 35 A
IR A o X Hishr & 19 H B i b Ak . 75
Vet R AKTA B sh k& A a4k 2
2 4t 2% vh #i (25 mmol/L Tris-HCI+500 mmol/L
NaCl+25mmol/LBK M) - i 45 18 J5 #8241 #: A &
ge 3T B R . VR OE B, WU A280 I
8 N B EPE , #47 SDS-PAGE HL Uk % 5€ , 48 BUH
REAH & A . il 6 X HisTag-SUMO % H 12 %
H & AR 2, I Ulpt 2 16 7T DL Sk B0 IR
BAKRES . AR SDS-PAGE G, W £ 418 H i iz
B A E N, I AL & Ulpt 4 M il g
TTEG VI o K3 1 48 & T 3% Hr Wi (25 mmol/L Tris-
HCI+150 mmol/L NaCD)Hr, 4 °C " # J1 4 41 & i 21
PPEBE T 5 he WORE LW 35 HIRSh 2R 1750
TOUER A R AR BT 5 WO T o VR B R R, O 8
SDS-PAGE HL UK %5 , W8 H Y . W4 5 A7 BE
JE 3ot U 2 B, AR B A A B AR X 43 BT (LA F i
FRE9y 787, 2413 000) , £ 45k HilLoad 16/
600 Superdex 75 pg B Fifigi A AKTA R4, B
3 1 mL/min, 2 #h K & 2 25 mmol/L Tris-HCI+
150 mmol/L NaCl,

Wi B e M ok i 2 BT 4l Ak IS 9 AcrIE 10 8 1 6
EOABWCTEH 030, 45 E T 4°C.12°C.20°C
TELWEA . R AcIEI0E AN T8 (4R
13 000) , EHEFLE N3 000 WEHEEE ,4CF
2380 X g B 4 o BF 10~15 min {5 1k, ¥ W 46
T ERENR A, R WA R S AT ok IR B kR B
W SR E FUIE . B0 30 minJ5 , BUHE AN R
BIETHEONKSEE , HEPE (1.5 mL/&)IEE
FK R

XTI R AR A H R E L, BORE 3E 4T SDS-
PAGE H Jk DL 55 iE 25 (1 26 5, [W] B f H NanoDrop
2000 0 & B W R EE . WSS E TS ,13 709X g
B0 10 min, B E I 8 PG T 703 45 100 pL,
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R, -80 CUKA AT o

EARMEMIE A3 1bS s &S Gryphon
(2 E Art Robbins Instruments 2 &) ) X & 1 3 17 K
AL IR SRR E . SSFERRT h R A Bh i e 7
96 L i A s FE A AL R S I 50 pL W, 7E drop &b
SSUSIN0.2 pLFESE A B 0.2 pL MR o a5H 58 1 X
SUREAR AT B, BT IR 18 CRu AR b b R AR A=
o B 18 A A AR R b W ) & A 45 Crystal
Screen 1/2 . Natrix . Index \PEG/ION ., SaltRx1/2( &
Hampton Research 2y & ) P & Wizard 1/2,
Wizard 3/4( H AR B F k024t ) o

BEARMKEQBR Fr IR A, Pk R
T M R B ) 5 loop 5 B L O A R
fF o 3R Z b [A] 20 46 SR O PRI AR XA AT S S HE
WA AR I b B AT 5T, B3k S AR SR 5 A A rh
T B 360°, B 1WA 1 AR AT B T . B SR
HKL3000 2 /542, %) 25 4b BRAT 55 s, #5060 ) 4 7 &
e v5 #F AT A0 07 f# 1, LA Alphafold3 (http://
alphafoldserver.com ) 7 454 Y /= Sy 4] 4 455 7Y, 45 2L
W =i T EE T . M CCP4,XDS K& Phenix
SRR X B AT S — P A B A A, O H
E B 0 S B Ry A A B A R bl i
Phenix # 1) B 24 12 D) 5 Coot B ¥ (1 T 5 4
MG R T SRS R AT AR AL B R A
I PF Al 48 A5 (2 76 Rmerge 508 52 B PE . Rwork Al
Riree) 53K B 45 #4) fift A7 A AR 122K

4k R

pET28a-SUMO-AcrIE10 E A R X #H 19 18
IE DAR41ANTAE B P 2H iR, PCR Y"1 acrlE10
FEIA, FE N K R 318 b, B B SR HL Ok 56 0E H Y
ERKEIES. B BS LMK pET28a-
SUMO 1 4 % # J5 55 A6 2 R IR A ' DHS o J& 32 75
A B e, W B A TR S R 4 TR A i BL21
(DE3)H, Bk BH4: % A R ik F T 5 223850

EARNRE4GHE HAHoXHsHESEEBAW
L] SUMO #r %8 1y hinml i v 28 13 i & 3k (&
TA) o HI IR BHVE RN R bR AT Y R85 3% i i
PR B0 B T NE-NT A SE FZ A BB i it
WEMAEHMEMA . 2%l M (https://www.
detaibio.com/sms2/protein_mw.html) 3|58 7 , 4% 75

H B BS54 FE IR 2 6 X His-SUMO-AcrIE10 4
27 000, 6 X His-SUMO & 14 000, AcrIE10 24 13 000,
5 R R W, Ulp1 BF B 19 & 1 6 X His-SUMO fi
FEARZE R T Y1 (B 1B, 3kGE 5) o ¥ WY1 5 7= 9 1
AT Ni-NTA H: 4, 6 X His-SUMO fil & 525 3 H
NEZAEAE NiAE b i B A& A AR o
WhAERZHANEAMDEREN (K 1B, IKE4),
kS IEATHEIC IS B EMT AUEBR AR TR . HUIE R R
M #E1T SDS-PAGE HLyk , 42 8 i 3 U8 20T )5, ¥
WL 48 A (B, ki 1~2) . & Ni-NTA
2 R P 1) ok 208 S e Ji ok U 2 A, L B A B 4l Y
AcrlE10 H 1. & L r i, pET28a-SUMO 4 |13
TRERAR AT AR AcrlE10 48 (A FR ik 4lifl .

A

6xHis SUMO acrlE10
B
M, M | ¥ . 3 4 5
—
=
50 000 | s
40 000 = S
30000 .
25000 a— —
20000
15000 @ = . 4mm (< His-SUMO
— ‘ = AcrlE10
10000 S

A: Cartoon representation of acrIE10 expression vector; B:
Analysis of SDS-PAGE of the intermediate product of AcrIE10
expression and purification. M: Marker; 1-2: Protein eluted from the
gel filtration chromatography peak; 3: Elution solution of Ni-NTA by
high imidazole; 4: Flow solution of Ni-NTA; 5: Products after
enzymatic digestion by Ulp1.

El1 AcrlEI0EAMRIEFER
Fig1 Expression of AcrlE10 protein

EOAMRBEE —MORUL, B RO
LA G B AR R AR, O T A B R R A
TR FH AR R 4 X R L TR A TR A o SRR [ A
TP T 110 25 /K VA Y, 2 A [ B A T 3 o B0
30 min, SRR AE 4 CHE IR R ETURE , B IR
FETE 5, U OB WS VG L TE 20 CI W A2 I8 T 1
WY (I 2) , 3B 138 WK D 4 1 R 2 . NaanoDrop 2000
PR R c4 CIFA 1.1 g/L, 12 °CF R 7.9 g/1,20 °C
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Ak 18.0 g/L. Ffi& & #i T, AcrIE10 8 (A 1)
VoS i B B T R 200 T B A B SR E AcrlE10
FEKBR . Bl I, AcrlE10 E A2 — 135l
T, R 4 i O AL IR I 20 °C

The centrifuge was set to a temperature of 4 °C (A), 12 °C (B) and
20 °C (C) with a rotation speed of 2 380X g. After centrifugation for
30 minutes, the protein solution was collected.

2 AEBETECmn FRENEARRK
Fig 2 Protein solutions collected after centrifugation for

30 minutes at different temperatures

EORGEERETHBBERE Edmk
AR A F) 18 /L Y AcrIEN0 25 (13 I, 1 F ik
JEE 09 2 I WA AT B A R R B 2 . 96 L A A
M e fE I 18 °C B S A 3 i 48 b, AT AN [ 2 1
T AR K. AcrlE10 % 76 PEG 3000 (w/v=
10% ) +BE M (0.1 mol/L) + £5 R (pH=8.0) + i i £
(0.2 mol/L) By 45 1F T AE K 5 1 A9 i 1, Bt S
ZRPOIR TR (1 3) o B B ik 2 B[R] 2D 4R
SPEIRBEAT X AL AT I, Ll B 360 5K AT I 1 1

50 um |

3 AcalEI0EHRE
Fig3 Protein crystal of AcrIE10

EERIEEHBER AcrlE10 S IR AT 5 86 i
Sk I HKL3000 2 F 6, BEA T 4020 Ak B, 50 ) 3 1
B vk 3E 17 M AL f# B, LA Alphafold3 (http://
alphafoldserver.com ) T I 458 4 4 Sy 4] 45 485 Y, o HC
W =i TEER S . I CCP4.XDS & Phenix

SRR A, X B T — 20 Ak 3R 43 T, OB IE
(1 2 HE R v 91 4 e B %% B P . 38 3 Phenix 1
) E s B e S Coot B2 7 B F sh B M 45 4
XA = YRS A AT R ACOL AL A TPE AR 48 AR
(f24% Rmerge £l 58 # M Rwork Fll Rfree) 2 15 5]
Git AT AR EE R (R 1) . & E Al E
(Protein Data Bank, PDB) # ¥ #f TA % & 14 45 #4 I
e, I RATME—FR iR 5 OM71 FIZ5 #4 35 TE i 45
F1 AcrlEI0 M @RELEHSE

Tab 1 The crystal structure parameters of the AcrIE10

monomer

Data collection
Space group P6122

Cell dimensions

a, b, c(A) 68.91, 68.91, 233.22
a, B,y (%) 90, 90, 120
Resolution (A) 2.39-43.46
Rerge (20) 0.084 (1.355)
/6 (1) 32.4 (4.0)
Completeness (%) 100.0 (99.9)
Redundancy 20.1 (20.4)
CC1/2 in highest shell 0.952
Refinement
No. of reflections 13 813

Ryonc (Y6) /R (%) 0.204 5/0.249 2

No. of atoms 1806
Protein 1794
DNA 0
Water 12
B-factors (A2) 64.1
R.m.s. deviations
Bond length (A) 0.007
Bond angle (°) 1.257

Ramachandran plot (%)

Favored 95.02

Allowed 4.98

Disallowed 0
EERAEEHMBMES  AclE10 & H H 4K

(B 4A) R H FR — 08 N 3 (K 4B) |, Ho K
P& W 1A R-IT & F (BL, R 2~12) Fil 6 Bt
a-BRTE A B, R IR A ol (B3 15~23) (a2 (Fk 3k 29~
46) a3 (5% 3L 52~59) a4 (FE HE 69~86) . a5 (5% 3
90~99) & a6 (5% 104~114) . Bl — BT



M #,5E R 5 A B BT CRISPR 2 AcrTELO (1) ik 4li b K i 7 25 # fi Bt 703

FUIREE S ol Fl a2 MHIE , ol 5 a2 22 2 60°J 1 HEAT
8 o DLUFE2E 7 7 S HE B, L [RE B — A~ B 7R g Ay
IR - B2 B - 12 i (ribbon-helix-helix, RHH ) 2% ¥4 4"
SER o A R i A RO R FEAE T N S
FAE RHH 45 #4 58, BV A ) RHHL 2848 o ARy — b
Z ML) DNA S5 6 25 /3, RHH 45 k4 38k 19 47 76 3 7R
AcrlE10fE A RE B & DNAZ5 & 1. wboh, 454

A .
RHH domain

AcrTE10 £ [ 1y 2% 1 # H 318 (] 4C) A] DL, C i 45
g 4ol 3 5L O A P X (2 X)) RE 68 HF A
B Y 0 1 5 T TE H P DX (o X e ) D) 32 2 A ep
TE N Ui 25 W . %R 43 1 #54F T d far , T 5 54l IE
B a XA, EREg R 2R,
AcrIE10 £ F Y N 3 45 44 3 7T 58 S FLA IR IS ) 1) 45
A X

CTD

AcriE10 [

1 4648

166

RHH domain

Monomer

CTD domain

Dimer

™

84.320

-84.320

A: Overall schematic diagram of AcrIE10; B: Cartoon representation of crystal structural of AcrIE10; C: Surface electrostatic potential maps

of AcrIE10 monomers and dimers (red areas: electron-rich regions, repelling positive charges; blue areas: electron-deficient regions, attracting

positive charges).

El 4 AcrlE10 B &M HFE 5 47
Fig4 Analysis of the structural characteristics of AcrIE10

Acr #5 H /& — 28 i /] B 3 5t 1% JC /1 (mobile
genetic element, MGE) % i ) — 25 /N 7r 8 1, g
S R ) — 2 ) CRISPR-Cas &40, W55 %
BT A C R Acr 28 FK BEER/N T 140 D BETR
H AR Acr 8 F1 R B ¥ 51 5 458 AL , 36T AS
] Acr 1% AT BB HL A Al ST A SEFR AR U

Acr 3 1Y 22 08P AT 51 HE O < M 40 75 57 AL

Acr 25 H A B0 726 PR . Acr T UFAATE — D RSF
£, FR O HL CRISPR A 56 2k A (anti-CRISPR
associated , aca) . Aca 8 F 1£ 00 15 1 W B AR 76 N 1Y
Z M MGE i FEEORSF, & B 288 B A Acr SR 1 1Y
KrEbrE . HETCE H 134 Aca i Y N i & A7 12
Jié - 1% #A -2 0% (helix-turn-helix, HTH) DNA 45 & 4%
K3, 2L 5 acr-aca FERFE R G 2 F X A5 A, W
) T 9 R DAL 2R3k, DN & 45 XA OC Acer 25 1 9 %
SRR AT Aca B A H G AR AH IV Acr B
B R UE  (H IR AE AR 2 Acr & H H B AFAE — R RRIR
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WIIRE Acr o XK AR BESS 1] CRISPR-
Cas &G K ¥ Acr I EE , i H 4 HTH 25 # 3ak , & #
R IIAE . HETC A I BE Acr B H G
AcrITA1™ | AcrTTIA6'7 | AcrITA13™ | AcrTIA 14 |
AcrTIA 15"/ F1 AcrIF24™,

TR A A I B A R R AR
SEA ORI RE M SR L S5 R AR WA ik R
W T /NG R S B T e Y i T B
A5 o X AT SR KT T AcrIE10
A AR SRS 2R B LRI Z R AR R TE X
2% N SR EE A I 1A B-3T S B 24 o- BB E Y
2 LR RHH 254 5 , RHH % I T B A K B A
P57 B 8 (1 -DNA H B AE >, R AR ST Y = 2 45
3y LUP 5 R R 7 X5 DNA S & . XAT)
HE 22 FF (0 2 0B R TG R 1 FE DR Y e o, W0 M & @ 1Y
PR R R A 2 A R A0 4 2R 4 DAY
ol IR NS LS B DS S o A (1 1 DB
P22 I, BR T 9T CRISPR-Cas & 4t A9 U fig
Z4b, AcrIE10 7] G i 38 3o AH O 19 5% i 08 45 Ty g >
R 2% PR Ui A DG S DR A R 3k DT A B A0 R e
LTS WA AR B RS . HTH 45 8 3 5 RHH 45 8
[ Je 20 B L A B Sk R AR T BE 0 S5 A B, T
AcrTE10 8 1 b AR 25 74 B fig Br L 2 0 H 5 RHH 45
P, $E 7R AcrTE10 7] B J& — > e A 4T CRISPR
fiE I Aca % 5% R 55 T R AO WU BE Acr 5 1, % 4514
B fi AT AN AR TR A 58 AcrIE10 45 $T CRISPR-Cas
RGN oy T ALE AL T SE A 5] B N oG RHH 5%
STV 2 R B R B, O TR AR R AcrlE1T0 B AR
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