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5 E. [¥7%]) Cas9 HHAEER —FF RNA 7| 5694282 A W08k, 7T 5 $44 %) 3 RNA (single-guide RNA,
SgRNA AL T 9 AEAL B G a4, Al FEg e tiZFRA K. T HEEESZR EFlhfg
HMEW K E, B AT LERA R FHRAABRAN RET FEPERAR; ZOARRELL. [ 8
#91 A Cas9 BBRBEN ST L AFARBEESRE. [FE] AARIHARLRZAARATAR
BB Jk 45 B (Streptococcus pyogenes) Cas9 4 BR By , 22 BLBR 45 L I8 Fa b AE 35 Fn B AT 79 47 b AL RAFER 5
WE R Y, FATARASE M, pH M., 2BBTHH mFaFHr#TAE. [ER] 25
FER B, KWATE I8 £1X191.0 g/L. b 4L )5 BRIRAE IR Cas9 A% BA B 49 1o B85 £ 641.29 U/mg,
HAAEEA 16.02, M EH 46.40%. Cas9 AL BREG A 25-42 °C 1Ri% 2 h & | R B F RIF £ 65% A L,
#fE 45 °C AR3% 15 min B A3 K E; £/ pH 6.0-10.0 5L B AR 2 a5, #4BE KT 68%, &
pH 9.0 BT A2 Z M & Z; 0.5-20.0 mmol/L K& Bl M 89 Mg® 2tz B4 E4EF ., 10.0 mmol/L &
Mg” T 12 1% BB & 13- 5 49 23%; Ba®'. Co”'. Ca’’. Mn®". Cu®'. Fe*'. Zn*"*tizBaH REA2E 4
FrEMER, HEF 0.5 mmol/L #5 Cu’ F= Fe’ st Cas9 HiBiBEA 7 A HER . (4] FR AKX F4
b BA R G %A 5 E ) 0 ERIRAE IR Cas9 AZBRBE, JFxt HBeFaB#ITT M MR, &
%5 & 2t CRISPR/Cas9 # A 69 #t — 3 ) Fo i Fl A — & 69485 & 3L,

KGRI FRARAEIRE Cas9 HBABE, #hib, FBRAIUIE, EfEN, B4k

d

Expression, purification and enzymatic characterization of
recombinant Streptococcus pyogenes Cas9 nuclease
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Abstract: [Background] Cas9 nuclease is a site-specific RNA-guided endonuclease that can form a stable
ribonucleoprotein complex with single guide RNA (sgRNA), which recognizes and cleaves target DNA
molecules. Due to its high flexibility and efficiency, Cas9 is the most widely used gene-editing tool in both
basic research and clinical treatment. [Objective] To provide a theoretical basis for the rational
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development and utilization of Cas9 nuclease. [Methods] The wild type Cas9 nuclease from Streptococcus
pyogenes was expressed in the Escherichia coli system. The expressed enzyme was then purified by
ammonium sulfate precipitation and Ni**-affinity chromatography. Finally, the purified Cas9 nuclease was
characterized for its thermal stability, pH stability and the influence of metal ions. [Results] The results
showed that the wet weight of the bacteria was 191.0 g/L after high-density fermentation. The specific
activity was 641.29 U/mg and the bacteria was purified up to 16.02 times with a recovery of 46.40% after
purification. Cas9 nuclease retained over 65% of its initial activity after incubation between 25 and 42 °C for
2 h, but it was completely deactivated after treatment at 45 °C for 15 min. The enzyme was stable between
pH 6.0 and 10.0 with residual enzyme activity more than 68%, and especially the highest stability at pH 9.0.
Mg activated the enzyme between 0.5 and 20.0 mmol/L, and 10.0 mmol/L Mg*" increased the enzyme
activity by 23%. Besides, this enzyme was inhibited by some metal ions such as Ba2+, C02+, Ca2+, Mn2+,
Cu*, Fe*" and Zn**, wherein Cu®" and Fe’" completly inhibited Cas9 nuclease at a concentration of
0.5 mmol/L. [Conclusion] Cas9 nuclease from Streptococcus pyogenes was heterologously expressed and
purified with high purity and high activity. The purified Cas9 nuclease were characterized, serving as
reference for further promotion and application of this enzyme in CRISPR/Cas9 technology.

Keywords: Streptococcus pyogenes Cas9 nuclease, Purification, Ammonium sulfate precipitation, Affinity

chromatography, Enzymatic characteristics

Clustered, regularly interspaced, short palindromic
repeat (CRISPR)/CRISPR-associated (Cas) & 4t & —

KOIAT T 40% I P Al B RT 90% LI e it A T
2t KR RS RNA 5 B9 HE Sk i
A mokr el HAh /MR DNA 2 4% )@ v PE i &
gl BRI RS Cas A ATETIAERM
CRISPR/Cas RGtA =2, i 11 BURGRHUNE
AW 74335 CRISPR-derived RNA (crRNA) |

Trans-activating RNA (tracrRNA)F1 Cas9 # ik N VI il
(CRISPR RNA-guided endonuclease Cas9). HHl,

Fift ffe £7% BK 18] (Streptococcus pyogenes)) 11 i 2455
SR B N BB CRISPR/Cas R 4P, FiRpk
BEBRTA Cas9 IR (Streptococcus pyogenes Cas9,

SpyCas9) & 1 368 /24 FL R 41 il ) 2 45 My 3
[, &4 RuvC-like Z5H 3 H HNH 4584350 . HNH
ZER I TRV E] S crRNA HAMECXT OB AR 5%, )
7 5 T 5t Y (5] BF 3 41 it 4K 5L ¥ (protospacer
adjacent motif, PAM) 3§ 3 nt 4b; RuvC-like Z514
WA TN 7 — AR B AME AT UIE], DIRIAL S
F PAM L 3-8 nt 4bP), 7E crRNA 5 tracrRNA J&
FRAIRUEE RNA (3% sgRNAE S T, SpyCas9 %
fifg %o A S AT V) 2 AR DNA - XUE 7 24 (double
strand breaks, DSBs)\, DSBs A #0140 PN & 47

YA [R5 K 5i1% 4% (non-homologous ending-joining,
NHEY) 8%, [A] J5 5 4 (homologous re-combination ,
HDR) P R A 6] (9 48 AL 6 #5145 19 DNA i 47
& 42, M ST B X 3 R4 A E S g |
CRISPR/Cas9 A H ij 5 B0 TAEMSIT LK 41
Fr B AT HE ] U0 LR AAL G2 i B T 9 1) i i
PCR vafE, DARCTEMR N 20 sl A K P B S
) T A A BE DR i o P T LR R A
RAFARE . EHEE)T, BRI Z R
A B DR 2H i A i e i

AR R A T 1 O i 3 0 TR e e 3k
A Cas9 HZIREEHEHEAT T s ik, JFp5E
T HEf#FEE, LASH CRISPR/Cas9 £ A i —
N AR 22 & TAE R LD Z IS S8
Wt

1 #HRk
1.1 E#RFARAL

RIRRITRRE Escherichia coli BL21(DE3)., ki
pET-28a(-+)#4 A 5L 56 2= {1
1.2 FERXFIFNLEE

X} B& i Recombinant Cas9 protein, PNA Bio
NF]; Trans Tag-T DNA %51 . Easy Pure Quick
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Gel Extraction iifl &, b eXNE&EYHEAAR
/N Fl; NEBuffer™ 3.1, New England BioLabs 724
Al =(2-8R & BL) W ER R R [ Tris-(2-carboxyethyl)-
phosphine hydrochloride, TCEP]. 7K H JEfifi i 5
(phenylmethylsulfonyl fluoride, PMSF), Damas-beta
NFl; DKM, General-Reagent 23] ; BCA [
FE AR &, AR AR TR I A R A
Al. 30 kD HUEME, Merck 237 ; Ni Sepharose™
excel 3B}, GE Healthcare /Al ; SUZEE IR 4
ARSI A AT PR W] 5 SL MLBBE K EE
B IEYIRAS TR IRA H]; ML, |
MR R A IR A A O ARG, JhINFE
TR A BRA ]

1.3 EHRE

LB iU (/L) : RPN 10.0, BERHEIR
P15.0, SALHN 10.0, Bl 20.0 (HAEFRIE), pH
7.0, 1x10° Pa K74 30 min.

SM502 Hi 3R EE(g/L): H il 20.00, #i % M
2.00, BEEEFIR 10.00, BERHMEZY) 5.00, B
10.00, +ZIKGBERRE 40 17.10, BEER A8
3.00, JCKBIREE 0.51, JC/KEALE 0.01, pH
7.0, 1x10° Pa K 30 min,

RHEFREE: 75% Hh(REARIE), 1x10° Pa
KB 30 min,

2 ik
2.1 FiEH KR E

5 NCBI [ 3 7 2 R IR BE BR T CasO IR
4K DNA 741, SRIG TR A BL21(DE3)HY
(R T SN O 53 R 3 e ) X e B\ S L
A g 43 B 51 A ¥ € AL 7 41 (nuclear  localization
sequence, NLS) (APKKKRKVGIHGVPAA), I
TE N At A 6xHis #3254 (MGSSHHHHHHSS)
AL IR P 9 T IR 22 o s alidl, it i e H
LR A . T3 AME B LR A0 5770 3P i 43
AN Neo T (CYCATGG)FI BamH 1 (GYGATCC)FR
il PERGFVINL S, DNA PS4 244 bp, HAYEE H

B iSRG A TR IRA WA . F H 3k
R Besobe 24k pET-28a wf, 753 8 41 Foki
pET-28a-Cas9. #ilit4 E4l pET-28a-Cas9 # ik &
KIGAFE DHSec PSSR, S IO 3 i 19 B
Ao, AR AR TR BL21(DE3)
AT, S 25 ng/mL RABEZ M LB E
PR EE R B ) PRPE L TR
2.2 FRBREETRKE Cas9 %EREERYIF S RIE
PR AT Cas9 H R IH Fr B i) BH M B v e 2
FF& 25 pg/mL RARE RN LB KSR,
37 °C. 220 r/min #7557 6 h, FAGFI ¥ Fc e
1% (IRFR ) MERN AP 2 LB WiAR:
Fedkrr, 37°C. 220 t/min } 35 E ODggo 155 0.6,
IS T/ IPTG ZZKE N 0.1 mmol/L, % H;
FRMPER 25°C, dRZEHi5F 12 h, KIESSHIG, I
KRR T HIET 10 000 r/min &0 20 min, WHERF
ARTFIE FAR N E . Bl A 10 mL %A
2% v (50 mmol/L Tris-HCl, pH 8.0), JR& /5 #A
WA TR (CTARERTA] 5 s, [AIBK 10 s, TRBEE N
400 W, fEFRTAE 7 1K), W4k il i#4T SDS-PAGE
HLIK (10% 53 B ) Bt
23 ERTEMENEAERIEIL
L DNA RIE T T 43z, iz 40 PCR 77
Y AT, 1 089 bp. DNA it PCR 514
M EERE A TRARAF G, 15045
iR
Fi: 5-CAGGTTTCCTTGAGTGGCAGGC-3';
R;: 5-TTGGACTTTTCCCAGCTGACAGA-3';
F,: 5-GCCTGGCCGTGAACGTTCACTG-3';
R,: 5-CTAGAATGGTGCTTCCTCTGGG-3',
HAPCRITILLAF, . RN, Faoo RyA
SIYIE T . ROV ARZR(S0 uL): DNA Fifi 1 pL
(N5 1 B DL — R34 7 1 pL it), 5l
P1(10 umol/L)4% 3 pL, dNTPs (2.5 mmol/L) 3 uL,
Trans Tag-T DNA &5 U/uL) 1 uL, 10xTrans
Tag-T Z2 (200 mmol/L Tris-HCI, 200 mmol/L
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KCl, 100 mmol/L (NH4),SO4, 20 mmol/L MgSOs,
pH 8.4) 5 uL, RGE/K 34 pL. Hi—RY W&,
94 °C 4 min; 94 °C 45 s, 52 °C 45 s, 72 °C
2 min, P& 30 K; 72 °C 5 min, 2f KPS
f£: 94 °C 4 min; 94 °C 30's, 52 °C 30 s, 72 °C
90 s, FEH 30 ¥K; 72 °C 5 min. B HEr=4
1.5%3NEBHEE I UEF TR, 8 FH] Easy Pure Quick
Gel Extraction {5 & X B g HHEE I H ) DNA i1 7
[l

sgRNA  Hi 7 5% 4 307 5 2B YR H 28 vl 4 58
W, H i F S A . 5-AGAGUCUCUCAGCU
GGUACARARGRARGRURCRURCRURCRARGR

CRURGRGRURARCRARGRURURURURARGRA
RGRCRURARURGRCRU-3',

SpyCas9 1% & Wt i 1% I 2 Ar UE S WL AR &
(10 uL): 1xNEBuffer™ 3.1 (50 mmol/L Tris-HCI,
100 mmol/L NaCl, 10 mmol/L MgCl,, 1 mmol/L
DTT, 100 pg/mL BSA, pH 7.9), 60 ng # DNA,
100 ng sgRNA, 150 ng Recombinant Cas9 protein
(YR, 37 °C W 60 min Ji5, BFRNIARE T
65 °C 7K 10 min 474811 BEG B0 (U)E LM
TE FRONIAZR T, 37 °C F¥ 60 min 5E4 %
1 ug 1 089 bp DNA 7 2 iylilte, & LR 1 -HHE
AL RS
24 EHENSEELRERIA

W H M AP R R IR 0.1% (RB )42
Ffr iR Al 225 25 pg/mL RARE EAY 30 mL LB #ilk
Fregedkr, 37°C, 220 v/min R 5535 6 h, 1Eh—
GRhF . IR 0.1% (RFHIL) MR %R
100 mL LB & 53, 37 °C. 220 r/min &%
iR 12 h, fERZHFF . SRIGHEIE 3.3% (KAL)
FEREAEFIE 3 L SMS02 55373k, 37 °C KEEE:
# 7-8 h J5# R4 (dissolvod oxygen, DO) K& I
F&, FFIRAMRE. #MREEFRIE 75% H i (5T AR
kb, #MEHIHEEE A 12.0 mLAL-h). 55352 ODgoo 35
#) 65-80 If, MMAZHE S 0.3 mmol/L ¥ IPTG i
TP, BRI N 25 °C, fMELEAE i =

9.2 mL/(Lh), 44§ DO 7E 40% /447, W5 19 hq
sERUR T, B R TR T 10 000 r/min 5.0
20 min, FERFER LI, WCHE BRI DU A A
& OO S AR R & T4 o (20 mmol/L
Tris-HC1, 100 mmol/L NaCl, pH 8.0)FF#£i%k 2 K,
SR TS IR R AR B T —20 °C ¥R H
2.5 FRERSEIKE Cas9 HELEERY S B9 41k
251 WMERERIIE

FHREIARLL 1:10 (BT AR b)Y Lo i S5 T
WA MK E I A (20 mmol/L Tris-HCI,
10 mmol/L BKM, 0.5 mmol/L TCEP, 1 mmol/L
PMSF, pH 8.0)H, fiff A I /& e 3% 252 3 4t g
BEREHL 1 000 bar 213K 3 K. 2I3KWT 4 °C.
12 000 r/min &5.0» 20 min 5B EIFH, BIASHLEG
o T HEL TV R % I A 4 T R A R i (VK
W, & 40% A, $iEFE 30 min, 4 °C,
12 000 r/min Z.0> 20 min, HCFiEW; 0 FEWR
HUREL S8 I AR ) AR BR R B (VKT . 2 70%
MOFIRE , $E4E 30 min J5 4 °C. 12 000 r/min Z5.0>
20 min, 3 RV, KFUTTEHZ MR B (50 mmol/L
Tris-HCI, 1 mmol/L TCEP, pH 8.0)/Aff 25 AFH
252 REEEFER

W b3 28 B IR S DT VE A0 B A AR A NI
Sepharose' ™ excel (50 mL)F:EfTiE—4ifk, W
A 10 mL/min, S22 i C (50 mmol/L
Tris-HCI, 0.5 mol/L NaCl, 1 mmol/L TCEP, pH
8.0V (oAt , W4 o m bAE, FVERZE miik
D (50 mmol/L Tris-HCI , 0.5 mol/L NacCl ,
30 mmol/L BKM, 1 mmol/L TCEP, pH 8.0)Hk
10 f5H:ARF (bed volume, BV), SR )& FUEM 2% ik
E (50 mmol/L Tris-HCI, 0.5 mol/L NaCl, 0.5 mol/L
Bkmk, 1 mmol/L TCEP, pH 8.0)#AT4MeMt, XF
DRI A TSR o

W VR 30 kD A8 A 8 B e T F 5% v
W F (50 mmol/L Tris-HCI, 300 mmol/L NaCl,
0.1 mmol/L EDTA, 1 mmol/L TCEP, 50%H i1,
pH 8.0)F, f#fFF—20 °C. HEHAUEMH ] BCA &
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5 R A IR b AT e T R A R
2 10% SDS-PAGE Z3#fr, FFX6 5 By alifb i i
AT RS E
2.6 EHMHIEFHFUMAR
2.6.1 EHAMGEIHIZEM

W 2lifb J5 B o A BT 4. 25, 30, 37,
42, 45°C F/K¥#, 15min, 30 min, 1h, 2hJ5H
HEB A 37 °C TR TIE S, DIRZaT 4
S FR AR 25 6 R (100%) o
2,62 EAMAIERIZEM

HA% 9:1 (A H) 1) e 5143 31 F AR TR] pHLAE
IR EAT R B, T 25 °C JiLE 2 h J57E
NEBuffer™ 3.1 Hka LTI AR BERE T, DA ST
M 100% o FH T R T R Y 2% o AR R AL A
0.2 mol/L [ & - B 2 £ 2% v W (pH 3.0-5.0) .
0.2 mol/L Na,HPO,-KH,PO, Z& ik (pH 5.0-7.0).
0.2 mol/L Tris-HCI £ (pH 7.0-9.0). 0.2 mol/L
Na,CO;-NaHCOs (pH 9.0-11.0). 0.2 mol/L NaOH-
NaCl (pH 11.0-12.0),
263 SREBFEEBFEHINZN

e ) AN [ e 2 11 4 R VA T, 4 I — 0 H i)
INAZN R RAARF 4 8 22Uk B2 43 0 3k 3
0.5. 2.5, 5.0, 10.0, 20.0 mmol/L, Frik#&iI4)E
Ok ng\ Ba®", Co*. Ca’". Mn®". Cu*".
Fe*'. Zn*". JWAKZ(10 pL): 1xReaction buffer
(50 mmol/L Tris-HCI, 100 mmol/L NaCl, 1 mmol/L
DTT, 100 pg/mL BSA, pH 7.9), 60 ng #! DNA,
100 ng sgRNA, 150 ng 4lifb)5 Cas9 WEERHG. 7¢
37 °C M F e AR 48 B F-XF SpyCas9 %R
TG TR, ARSI 48 2 1 B A = A
XF BE(100%).
3 #R54M0
3.1 HHEFGRIFRIZWIE

4l BL21(DE3) (pET-28a-CasO)iif [ i i1
SDS-PAGE HLUK&ERANE 1 fios, FRAESH S5 Hbr

1 E4H%KIX SpyCas9 #ZE-EERY SDS-PAGE 431t
Figure 1 SDS-PAGE analysis of the recombinant
expression of SpyCas9 nuclease

: M: ZEBYEEN Marker; 1: XTHREE; 2. B WL
Note: M: Dual color prestained protein marker; 1: Reference
enzyme; 2: Cellular supernatant.

EASTFRAR/NMER, B 5% G K 2 R4
B, FRHHEL SpyCas9 #RRBHE N N RN #ik .
3.2 EAMAFEMNE

4 DNA H SpyCas9 #%FERHGFHITIHIALS ANl 2
fiin, BEYIETE S DNA R BLor 51 774 bp
315 bpo M 1.5%B5 N0 B I B Tk o 1
DNA ZLfi B2 (774 bp #1315 bp) (F 3), FrEERE
TEER MG R G ARl R A o3 T o
33 EEMHSEELREMAgL

HA R 2 o 5 R IR IAIG , RIEER AR
9 3.42 L, ODgyoly 184.8, HIRIZE} 191.0 g/L,
25 B TR B T D RIER A S N2 BT N 2B 4l AE I 1Y
SpyCas9 Wl AR A, HEAXRME
PE(K 4 FNIEL S). SEZRGH) ELERG 7 641.29 U/mg,
IR IR 46.40%, 4ifbfEEh 16.02 (% 1),
3.4 EHEMBAEEFIFMES
341 EHAMRIRIREMN

FETE A [FHREE (4-45 °C) F43 317K 15 min
30 min, 1 h. 2 h /GRS R AE 6 Fs.
SpyCas9 HZREGFIIAFEMERZE, 4 °C BIEHEERR
FE; 30 °C PR 2 h J5 FIRBHG R 75%; 42 °C ik
2 h JGEHEFIAR 67%4 405 45 °C /i 15 min J51E
Taiiek .
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3

Cas9

sgRNA

5'-AGAGUCUCUCAGCUGGUACA:

Target DNA

1089 b
3’-p_C‘P\

{

AN
TCTCAGAGAGTCGACCATGTGCC
p»P*CC GAGAGTCG CCAG GCCGTC@

C — -5

Cleavage site

5'- I G v G -3
ATTTAGAGTCTCTCAGCTGGT(ACA CGGCAGS

PAM

Y
Upstream 774 bp

2 SpyCas9 #%EREGEG ] R EE

Figure 2 Schematic illustration of SpyCas9 nuclease digestion

bp M 1 2 3
5000

3000
2000

1 000
750

500

B3 IRASTEELA Ik R KT

Figure 3  Detection of lysed bands on agarose gel
electrophoresis

7E: M: Trans2k plus DNA marker; 1: JG SpyCas9 A2 H& it BH
AEBR; 2. TG sgRNA BIPERTER; 3. iE# L.

Note: M: Trans2k plus DNA marker; 1: Negative control without
SpyCas9 nuclease; 2: Negative control without sgRNA; 3: Normal
response.

1 2 3 M kD
s —250

—— 150

‘ s — 100

'—70

50
40
30

4 BLEAH A SDS-PAGE 51

Figure 4 SDS-PAGE analysis of purification samples in
each process

e o1 MEEH; 2. WMMREWKEEREMS; 3. d4ifkiFm
SpyCas9 KFHE; M. Z@FYLE 1 Marker.

Note: 1: Crude enzyme; 2: Sample after ammonium sulfate
precipitation; 3: Purified SpyCas9 nuclease; M: Dual color
prestained protein marker.

Y
Downstream 315 bp

bp
5000

3000
2000

1 000
750

500

B 5 £h{Lf5 SpyCas9 #ZEREERYE 14N E

Figure 5 Determination of activity of purified SpyCas9
nuclease

7. M: Trans2k plus DNA marker; 1: JG SpyCas9 A% FRIitE R

YRR, 20 4fifb)5 SpyCas9 IR,

Note: M: Trans2k plus DNA marker; 1: Negative control without
SpyCas9 nuclease; 2: Purified SpyCas9 nuclease.

34.2 EHMEREIZE M

SpyCas9 PR YRR HRAS & P (pH 3.0-12.0)4%
BN 7 iR, SpyCas9 BRRBELE pH 4 9.0 B EE
PEf R, 7E pH 6.0-10.0 £ T F & B KT
68%.
343 SEBFIEHLETE NN

8 Ffi4x B B T4} SpyCasO R J1 5L 45
AN 8 B, 0.5-20.0 mmol/L Vi 23 il A 9 Mg
XA S, 24 Mg WE 4 10.0 mmol/L
B, SpyCas9 REBREHE J1 -5 KA A& T 23% 42
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&1 SpyCas9 EREBRY S BAE (L4 R

Table 1 Purification results of SpyCas9 nuclease

oy RIS TT MAEH O &S At
Procedure Total activity (U) Total protein (mg) Specific activity (U/mg) Recovery rate (%) Purification folds
FHERE 782 615.20 19 548.00 40.04 100.00 1.00

Cude extraction

WREREITTE 428 026.50 7213.50 59.34 54.70 1.48

Ammonium sulfate precipitation

A SE R ENT 363 207.10 566.37 641.29 46.40 16.02

Ni**-affinity chromatography

& 100
2
S 80
P
(=}
wn
< 60
N —e—4°C
IS —4—25°C
= 40 —a-30°C
2 ——37°C
0 —0—40°C
5 20 —2—42°C
= —-+45°C
=2 0 4 | &

0.0 0.5 1.0 1.5 2.0

"t (h)

6 T EIRET SpyCas9 #ZEAEERI AR E M
Figure 6 Thermal stability of SpyCas9 nuclease at
different temperatures

(=3
S
T

%

>
(=]
T

Relative activity of SpyCas9 (%)
D
(=]
T

40
201
0 ® by 1 | Il | 1 'S é
3.0 40 50 6.0 7.0 80 9.0 10.0 11.0 12.0
pH

7 pH %t SpyCas9 #%ERESIE 1 9521
Figure 7 pH depenence of SpyCas9 nuclease

Fis BEE M WRIEERIARSE TR, BEE T, Y
Mg>" VR 20.0 mmol/L B, L% J3 5 kA HATY
PE T 182% A,

Ba’", Co®". Ca*'. Mn*'. Cu*'. Fe*f1 Zn*"
X 7 e )R B REA R AR Hb B il SpyCas9 #%

MR B TS 1. 0.5 mmol/L 4 Cu* Fll Fe* %% i Ay
SEAAMHIMER ; R Zn® (TS IR =
ORI 612% 4, M4 Zn® Wk 4RSI &
2.5 mmol/L i}, % J1744%; 2.5 mmol/L ) Co™*
A WS SR FRTE 90% 2547, 24 Co™ " We Ak &k
FHE5 % 5.0 mmol/L B, I J1342% . Mn? il Ca?
X} SpyCas9 % W& i 1% (04 it V5 AR XS B2/
10.0 mmol/L f¥) Mn” e AT S IRFFIEL 94.6%.,
A4 Mn> B T EARSETHR 5 20.0 mmol/L i, 3
TSI FR A 54.3%; 0.5-10.0 mmol/L f Ca®*
KPZEHE R EW, Y Ca W EMRLT R
20.0 mmol/L i, Hiih FI AR 60.7%.
4 Wik55IR

CRISPR/Cas9 45 AR HH 4 T # 45 #% IR i (zinc
finger nuclease, ZFNs)H AR syl B 12000
Y ¥ BR W (transcription activator-like effector
nuclease, TALEN)F AR5, BAELHKEHMH. B
ARG, R . BRI AESEO0 . RN h
5% #3042k R Wi )¢ CRISPR/Cas9 £ A 1 i FH
JHl. Ng %FI00FE T CRISPR/Cas9 FR 4G5 H T X/
2 it fifi J (small cell lung cancer, SCLC)H 1k i
AL R B b A T T A Y, A B —
ABIE SCLC IRl Xu FFHET CRISPR/Cas9
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T ML 20 B TE AR A RIS i I R 5
Jubair %51 CRISPR/Cas9 7 A FI] I BaE 44 K i
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Figure 8 Effect of metal ions on SpyCas9 nuclease assay
WAL AE A H AL, CRISPR/Cas9 Hi AN A
RBAW2F . A W H R FBE R IG 7 45 45 Sty Sk BT
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R ANEE DAY h e W EL oA 1 ) TRl

AHIF S R PG TR B 0 VB A 532 112 7 10 40
Wik, BERINE J1BER B UK Tk, 3RS
THEAE | HEEE Ik 641.29 U/mg Y SpyCas9 1%
PR, ME-rrEROT I RT, % MR PR
Harrington 55 i FH 22 7~ £ i 7 #4 ¥: (differential

scanning calorimetry, DSC){ll & T Streptococcus
pyogenes Cas9 IRZEPEIRLIE Ny 45 o' FFB6HIE T HAE
45 °C ik 10 min J5& S RKFEIR. AR LI
SpyCas9 HXPRMFTE 45 °C fiifk 15 min J5{5 /14
%, Y5 Harrington 25" WBFSESE R—5, B4b, &
W5R EBL, SpyCas9 HAFREG AR IS T
YeReiemtaEtt, 16 pH 6.0-10.0 20 FRIAHRE K
F 68%; 0.5-20.0 mmol/L fJ Ba™", Co™", Ca™",

Mn*", Cu®*| Fe*'. Zn®"% 7 Fha:Jm BTG
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