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x|k, F@EE, FE®, AR, FE
(LERBAFURAFEERF¥ R, L& 2012100

BE: REMEATEBES FEVFHRHTE—XEZNTEE, BRIEZHRIREDGAIISINHTREASE
77, BTEIIRERDNA Y (BEstlum) BEAEIIENEY, AREREANSYBEETERSHABSE.
MEAMREMENFREERIFRE. RIESH. THRSESMNS, B, ARRFBLTHEREDEGH (cell-

free protein synthesis, CFPS) FARE{TIRBIEAIEBAIZRIATIE . IRAHILEE 3 MEREIMERIIES EcoR] « BamH]
M Bsal {ERAFIIR, 1L DNA NFRAENR, THEREWEIBEENRP, 6 hARIRERERREA. &

FMEEERReEERLEN, BETHES (95%EH). BEEEZS (EcoRI 3.7 x 10°~3.7 x 10° U/mg, BamHI
8.3 x 10°~4.1 x 10’ U/mg, Bsal 4.4 x10°~ 4.4 x10°U/mg) AIBIREH. B, #3727 7RHIM4EARTIESRISCATES ER
W%, BEETFIRHIER B EAFITIRTEIEATT . ANFAFATFFRIIRSIERIESEMERIAFIEEER, N
BERBERGEINECEDRENERE (1-2d). BEHFES (32.5~130 mg/L BMABRA) . HIE8ES (1.3 x
10°~ 5.7 x 10° UL TCHBR ), EERFIEENE, ARGIMERIEERM A SHIEEFRE 7 HIEBE,
X88E: [REINENTIES, THIEERSHK; BEAVS,; BEel; aRED=s

RESES: Q814.1  XERERE: A

Cell-free protein synthesis system enables rapid and efficient biosynthesis

of restriction endonucleases
LIU Wangqiu, JI Xiangyang, XU Huiling, LU Yicong, LI Jian
(School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract: Restriction endonucleases are a large family of endonucleases characterized with high specificity of DNA
sequence recognition and cleavage catalysis, and are vital tools extensively applied in biology studies. Restriction
endonucleases are usually produced through heterologous co-expression with the methylases to protect the hosts from
cytotoxicity. The recently developed cell-free protein synthesis (CFPS) technology is attractive as the advantages of
easy manipulation, high efficiency and lower cytotoxicity. In this study, we applied CFPS technology to produce

restriction endonucleases. We first constructed the linear DNA template (LDT) of restriction endonucleases and
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conducted protein expression in E. coli-based cell-free reactions without methylases protection for 6 hours. Then,

restriction endonucleases were isolated through two steps purification of affinity chromatography and gel

chromatography. By using this strategy, three restriction endonucleases EcoRI , BamHI , and Bsal were successfully
synthesized and the specific DNA cleavage activities were tested (EcoRI 3.7 x 10° ~ 3.7 x 10° U/mg, BamHI 8.3 x
10* ~ 4.1 x 10’ U/mg, and Bsal 4.4 x 10°~ 4.4 x 10° U/mg). Furthermore, we developed a real-time catalytic activity

detection method, which will facilitate the study on catalytic mechanism and screening of restriction endonucleases.

Our CFPS-based restriction endonucleases production system established in this study exhibits advantageous properties

such as time-efficient (1~2 days for the overall process), high protein yield (32.5~130 mg/L cell-free reaction), and

high catalytic activity (1.3 x 10° ~ 5.7 x 10* U/L cell-free reaction), which will provide new insights to the discovery,

engineering, and production of restriction endonucleases in the future.
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20 tH 20 50 AKX, BIFFE N G2 K I AE 4 B AR AE
— &0 LB m AR IR T A, [F e DR &
R B AS ) E], DT AR AE A0 U5 4 % 1 B 1
X BN FEEH T DNA R € 17 51 1 A D) AT
) E Sy B2 AR TR P F0 i kAT B B AR A A OR3P
() H B2 A B, B FT N AR X — AL I A 44 D PR A
A& R 48 (restriction modification system, RM
system), HEULHEIX — RGe A% R N VIR i 44 4 PR i
TN VIlE (restriction endonuclease) "™, [fiJ5, f
5% A\ 71 Werner Arber. Daniel Nathans /1 Hamilton O.
Smith IR ANBIFFT 11X KB AL AL, R IR IR
AR E TR IT H1,  F00 B 5% 8 A 05 5 AL s 1
P AN M S8 A2 0 A% IR 2 [B) ) Bl TR — IR B AT DD
X — R T 1978 - 1 v DL/R A2 B 27 AR 2

UL IR R RIBT I, BEFN ORI S A
BRI AR, JFIRYEBEIThRERSIE . K/
L2 S JSE R BT i 2 0 4 DX 5 25 K e A1 20 O Class 1 ~
IVIU K. Class IT SEPR L P D) BE A2 4 S8 e —
AN EATP. AL FF Mg™ At BE S 30 V) ) 2l 5E 19 g
FAR P 51 22 N B 1 [0 ST 51, B D) A e
BN ARG R A1) o), T2 RS T 5 TR/ 0 A 1) 54
45 R 2 ] L Ak DAL 3 AR 4R AT DL IR R A
MEAERER T, RAEYZI T b AR A1 T
Hz — e,

B 7 T BR A Py U 0 ) R 0 7 A T R
BRE RS2 P EMN T EARAH
bRl S, SPERBUBL. HOREORW . PR H S
FaE MR B s H AT RR A A D) Ml O S R
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HFIRAAIRAR Y BIEFIRRIALFEF, PR
PE A I X K5 € DNA JP 81 I ) E0 R v P s 4] 1
mEMERAKMELAEAMRE. FEREMES
T 2H kB o DD A 0 R SR e, ED L
A R AL B R ALl SR A T B S B R
H brig, LA A BG A2 1 1 5 DNA A (19 B 1 47
A AT PRIETE 3 IEF A KA E PR R AR
FIE T T RYUNR R, A PR N
VI #8A 5 2 AR R B AL, X A(ES 5 —A
I 1) 1 Py 0 T (1 o) 6 0 75 L 4 S AH R ) R R AL T
HRIEE R H—J7H, KREZHEAAF RN
RE 1 g 2 72 2 B2 R 7 91 B 2+ B R — e 1 [
V5V T Y R A M, b o] DARE AT B R A
ZHE L DhREVEALSERE AT, T RR 1 V)RR A
F1 045 1) [R) R PR e B 1 50, RIS B A AH 6L DNA
I E PR 0 B ) 1y D, JFC 30 A 0 32 A )
SRR — B — SREE Y SR ) EE PR T
5T 11 1) 46 285028 B o 0 B ) A P D R 1 422 4 R
Fo BRI, xof B4 PN D08 PR PF 0 A 55 — A 17 5
W 3 1 I

AR, LM E G K (cell-free protein
synthesis, CFPS) #i RPUH K JE, M NEHKIE
WH-F &, WAA AR A Y& AT T3 it
TR T JoGH R A G R AR R K A
MAKEEAA RS IFT, BhbaEd KR
AR CanfEYDD) & H i 0 4 R B Y
Y (B85 EAE B R A 4
WPERSY), W PARINAERE (ATP) FAE RS
FABH (40 DNA B mRNA) LA S JiE 4 Fl 2 i 4
B 74%, WtREAE R EREA. SE%%N
RHRERG ML, CFPSIkREA KM 4&MHA
B RBOEFRR, EETEES. WSS L
s EEASEEZRS. ETULMRE, TE
K CFPS1A RO N T A RAWELD . BE
H. @EEOMEERDPE S NERAAER
S, WoR TR RNTIZ 0 R RS P

AHIE 5T R CFPS AR H T R i 4 A D il 1 2
ik %% . CFPS B ARG 15 1 A KA B [ RIE B 234y
25, DRI PR P U ) I T i 3R s i A AR AR
M EEVE RS2, N R LR IE, TR
PAZEPE DNA R IR il o | 2k 3 M by it 2

Hhit i R0 ) v T R I AE B R, K OR TR A PR
il N VDB I B ZH ARk o AHIE A rh e R A A N )
g EcoR1 ", BamHI1 "Y' Fl Bsal " NHFFXT G .
EcoR1 1 BamHI 435>k B T Escherichia coli RY13
H Bacillus amyloliquefaciens H, & 4% (1] Class Il
KR E AN DI, 2 70 1 AW o b Al e i
i (LA BRI A VTR o Bsal SR B T Bacillus
stearothermophilus 6-55, FYIEILL g7 TR B 2T
ZJ5, VRGP AERYEAR, J&T Class Il Type Il s
FR&IE N VIEE, J& Golden Gate 3 R i 17 DNA 2H 2%
L7 iR Y, 2 IRT H A BER BORAIUA,
Class Il Type IT s 25 PR il 14 P4 170 g 1 A 4% 5 - 3 A
Class I ZEBR§ % N VIS . EcoRIl  BamHI F1 Bsal
¥ 7C 240 g 2 3% W] LSS IE CFPS AR AE AN A BR i 1k A
DI 1) 25 WF 90 R B 3G A . Sk, FRATT BRI A
PG A M S B o kil DAZE 1% DNA F BooA Rk
Btk 2 — RAMREARA, BRI eE TR
i A D ) P B A A R IR Rl R R (B D,
SEHL Y Class I 28 3 A BRI A 1) i () 44 b ] 2R
T A o TG 4 T ) A PR P D) e ) T R SRR T
G HiR T “ — B —Rng " BRLJEN, #ig b
AT LOE T A R N DT ) RS S, F
945 Ja BRI U0 B ) RRE s PSR AR L O
36 A SR NAIE FURA )32 R FH 4 £ 2 37 1) JEL B

1 MRS
11 ##

1.1 EAk Rk fs] 4

E. coli DH50 H T ¥ o B A o R0 4 3
E. coli BL21 Star (DE3) T4l o5 . Bkl
pJL1. pET28a 1 pSUMO HT JC4H M FIA Lk PR #4
&, pG-KJE8 (Takara) HIT{EMtEHFARE. R
HIE N VISR EcoRT  (GenBank: AAA26371.1).
BamH | (GenBank: QDF53662) fl1Bsa | (GenBank:
AAR96018.1) HH 75 M G MER AR A IR A = &
%) 5 & R pUC-GW-Kan I . AT 5% Bt F 5
BERLY (HETAYTE (R KER
AFER] BRI
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Fig.1 Schematic diagram for cell-free production of restriction endonucleases

R1 AT ARG R

Table 1 Oligonucleotide primers used in this study

CIE/ER S Fr 4 &
linearPro_F CCTACAGCGTGAGCATTG o
_ PR B TR B
linearPro_R CATATGGTGATGATGATG
linearTer F GTCGACCGGCTGCTAACA o
_ BT B
linearTer R CGGATTCAGTCGTCACTCA
SUMOPro_F GGATCTCGACGCTCTCCCT N .
P 1 30 F+SUMO 548 B
SUMOPro_R AGGTCCCTGAAACAGGACCTCTAAACCACCAATCTGTTCTCTG
SUMO_mut_F TACGACGGTATTCGTATTCAAGCTGATCAGAC L .
221k pSUMO JF ki H i) EcoR 1 BEDIA 55
SUMO_mut_R CAGCTTGAATACGAATACCGTCGTACAAGAATC

EcoRl _SUMO F
EcoR1 _SUMO_R

TTAGAGGTCCTGTTTCAGGGACCTAGCAACAAAAAACAGAGC
CATCATCATCACCATATGAGCAACAAAAAACAGAGC

Y1 EcoR 1 &R F B

sfGFP_SUMO F
sfGFP_SUMO R

ATTGGTGGTACCGAGCTCATGAGCAAAGGTGAAGAA
GAGTGCGGCCGCAAGCTTTTATTTTTCGAACTGCGG

¥zt ki pSUMO-sfGFP

BamHI1 F CATCATCATCACCATATGAAAGTGGAAAAAGA R
1 BamH | R F Bt
BamHI R TGTTAGCAGCCGGTCGACTTATTTGTTTTCCACTTTATC
Bsal F TTAGAGGTCCTGTTTCAGGGACCTATGGCAAAAAAGCGGAA N -~
Y18 Bsal 5 F B
Bsal R TGTTAGCAGCCGGTCGACTTAATCCAGATCCGCAAA

1.1.2 &5k fels ik

(D Hr7ese LBRMEEFRE (10 gL EH
. 5 g/LEEEHZ K, 10 g/L NaCD FI T Kt
B IR RS 9% 2xYTPG #5974 (16 g/L R H
f, 10 g/LEERHZ Y, S @/LNaCl, 3 g/L KH,PO,,
7 ¢/LK,HPO,, 18 g/L# &ikE, pH 7.2) HT K

T T 2 42 B A o %

(2) il S30 & i [10 mmol/L =
W EE 2 1 lE (Tris) - 5 BR , 14 mmol/L B & &5 ,
60 mmol/L B #24H, 2 mmol/L —Hi 75 kY (DTT),
pH 8.2] H T4t & HEAEZrl CF
#2EPP: Tris 40 mmol/L, NaCl 500 mmol/L, BKM:
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0.5 mmol/L, pH 7.5; Ve Z2ii: Tris 40 mmol/L,
NaCl 500 mmol/L, BKME 50 mmol/L, pH 7.5; ¥eit
ZZPYR: Tris 40 mmol/L, NaCl 500 mmol/L, kM
500 mmol/L, pH 7.5; WiELZZM: Tris 40 mmol/L,
NaCl 500 mmol/L, DTT 1 mmol/L, pH 7.5) H T
BEL 1114 A DT P 44K
1.1.3 EZZRXAFE

(D WA EEPEMEER) (OXOID), AR
¥r. EJERE. ATP. CTP. GTP. UTP. DTT [4
TAYTRE (L], DMSO. 5{ A #-B-D-Fift
FAFEE (PTG BERIGELXNEEE (PEP). %
ARG T (NADD (BT T AR, &
H W2 (Sigma), tRNA (Roche), [ #i ¥ Py U] /i
Bsal (NEB), BRI P V)#§ EcoR1 « Dpnl 1
BamH | Phanta Max
Super-Fidelity DNA % & B/ & . DNA [ Wi 7]
. RPN S, FIREH e ERR S (B
EMER IR

(2) X% PCRAX. qPCRAX. #MR5HEAM
HLYKk X (Bio-Rad), #1814 (Analytikjena) ,
A R REAL (Qsonica), AKTA & [H4ibA (GE),
TEIRIRG A S TE 7 OGEE T (BT B

(ThermoFisher Scientific) ,

1.2 Bi&

1.2.1  Rmfokik K BR e M

T 6 28 M s BE R 26 1 B AR (linear DNA
template, LDT) €L4% T7 J3 3+ f L LiF )7 %)) -l
HIAAC AR RS- B 5 K P 41 -T7 26 1k RO R P
G Do HorbT7 8 3 & R S
PCR J7 L4 14 U RL pJL1 5 pSUMO 3515, T7 &1k
T R R T A I G R pIL 1 3R, PR
W DBl B DR Bl o i 5 kE pUC-EcoR T _Kan,
pUC-BamHI Kan 1 pUC-Bsal Kan 3k, #/J5i#
I fl A PCR 7464 3/ Fr Beih & 1 i 4 M R A 1
B, FEORUE L PERAR A S B A IR A 1)
B A7 5. A PCR = M5 8% : 10 uL Phanta
buffer (5x), 1 puL dNTPs (10 mmol/L), 3/ F Bt
(#3100 ng/H Bt), ddH,O #h5% 447 uL; 98°C 30's
AP, 98°C 10s, 57°C30s, 72°C 30s/kb, 104~
I, 72°C 5Smin; 5149 1/245 1.5 uL; 98 °C 30 s

AT, 98°C 10s, 57°C30s, 72 °C 30 s/kb, 30
AMEHR, 72°C 5 min. PCR #¥)2 UK Al S0k 45 5
%M.
1.2.2 R fmhed? By o4 ) &

PLE. coli BL21 Star (DE3) HFkANTE L, &L
Ja PR BURTE VA T 20 mL [ LB K 7230, T 32 °C.
220 r/min i HEFE: PAWIAS OD,,,~0.05 42 Fl & 4%
B2 1 L2xYPTG 575, T34 °C. 220 r/min K5
7 % 0D, ~0.8, ¥ il 0.5 mmol/L [J IPTG % 3 T7
RNA A HgHRIE, 485597 2.5~3 h % 0D, >2.5;
F4°C. 5000 g B> 15 min, YWEFEM, FHS30%
PR R R B AR 3 IR, 15 B A

BIARARE, 1 gBRMAN 1 mL S30 22/, iR
JEEE, HAEER:; 14mLEERE T 1.5mL
BLLE R R, R N 50% D%, 10s
10 s 2817, ZAEEIAH 600~6201; AT
4°C. 12000 g &> 10 min, H{ LiE; LG T4°C.
10 000 g B§-C» 10 min, 3R 1) F 35 B Jy 40 g 42 B
Yo K2 ARSI T -80 °CHRAT % FH
1.2.3 PRV R byl o A 20 B R A Ae AL

(1) JC 20 P 3R B ol P P4 DI A4 32 249 (15 )
12 mmol/L & & MR 8 , 10 mmol/L & & MR % ,
130 mmol/L 7 & R #1 , 1.2 mmol/L = i Fig i ¥
(ATP), 0.85 mmol/L =& 2+ (GTP), 0.85 mmol/L
= WEER IR (UTP), 0.85 mmol/L = fiff R Mg 1F
(CTP), 34 pug/mLWMHER, 170 pg/mL KT B t(RNA
VWA, 2 mmol/L 20 s 75 & ML, 0.33 mmol/L 4
Pk iz R S — R 4 R (NAD),  0.27 mmol/L 4 i
A (CoA), 1.5 mmol/L V%%, 1 mmol/L Ji§ %,
4 mmol/L ¥ 24, 33 mmol/L i 12 ) % =X 74 i %
(PEP), 5 umol/L £k 1 FRIAMAR, 4 pL 44 i 52 X
Yo AR RTE 1.5 mL ICHg S0 1 30 °CHi &
ik 6 ho

() FEYIRI RN AR RSB0 R S AT
KIXEH (total, T), RMNMAKZRT 13000 g &L
10 min f 3, AAERIAE A (soluble, S). &
J 7 W) 4 B BT ER R (Western blot) A il % 5
T, Hoh—$Hi A 6*His-hr2%s B 7n B Fi 4

(3) F=ypaift S5 B9 oK TG 40 i R B A R
£ 4mL, KRAKZRTE S0 mL B0 T30 °CHR
(250 r/min) KL 6he RMNER)E, KMNKRT
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4°C., 21000 g &5 0>40 min, HU_EiE, NS
) 7 7 2 b, 3E AT Ni-NTA 5% & i 46 16
(Superflow Agarose, 1 mL fii%é4E, GE), 10 mL
Ve BB R A M EE, 2 mL BElLZE
W i B B AR EE B, BLER T I T i IR F vk
(SDS-PAGE) il 2li4 =¥ . Hbri 82 Wi K
45 GEIEE, HTF#EE10~30kDa) £ 1mL, &
WS Ao TR IR . H AR AL i
ik — b aifh (FEA S . Hiload 26/600 superdex
75 pg), LA Eh S PR AT SR FE R B, RIS R
i 22 SDS-PAGE 50 lF 26 5, ¥ 4F )5 Wl 52 280 nm T
MIWGEE, 256 H bR E R EERIE G R E (At
e S A B B R, R) B ERE R b I =
ZWPE N 10%, T-80 °CIRIF#HH .
1.2.4  FR)ME R B o & PEA

(1) SRS DL pIL1-sfGFP Jii fii )y 2
fitl, I fGFPRIEZXIK (T7EFFRETTI LT
XD & Hbr R P9 DIBGR 50AL s  TORLAE 9 52
I S A TR 7E 15 uL AN e N A &R b 3L 3%
i AR PR 1 12 P DI AD X B sEGFP kL, LRSS
L F) 1 Ay 7l 2 A A PR S S I R, 7E qPCR
X ORE (30 °C) Sl sEGFP (17 & (R
J6AE T BRI A G L JC 40 i A 2R b il D) Rk
Je . VIR 2R R 2 R A SRR s A
DNA #HAT V)%, 530 sfGFP MR IR, 1§
13 sfGFP P~ AN, ZObEB TP, kM
T ey sz 6 45 R0 0k R 2H, sEGFP ¢ D't AR A8 44 B A fe e
ToAH AR B AR R 1 A TR s

(2) BERENE AR R D) BB S 5 X,
1 URIRTE3T °CF, BARFUN 20 uL i Bk R,
RERZZE 1 h NTHAL 1 pg MIBTRIDNA (58 1N HHRLFR
BN VIBEAL D PR E . EHEWESHH
Ao BR 1142 P DT 1 e 0 FRD SR AT S B 0 5 JER A
DAt 5 22 1 V080 52 A B 1A [R) R FE 1Y) s PR ) 4
WU S S B 4, DA M Ak PR P P U B S B
PEXTIR, &M AR RN (20 uL): 2 puL 10xBuffer
(ThermoFisher Scientific), 5 pL & B # 85 H Ar R
HIPE N DIBE CBHPEX RGN T pL I AGEE), 1 pg ik
YKL, ddH,O 24k R % 20 pL. RSk AF A
37°C, 1he JRJGEH G BUREBEAT B IR A% IR FL VK
HRAE D) 45 S0 52 H b BRI P9 0 I L

2 @RS
2.1 SMEREE

BRI S AR AR B R BN H 2
—, WFRFWIHIRFRL. 21 DNA A BLAT mRNA
FE A BRI AR T B R Ak s R0k, H
Hp R R AR E A ) A% T SRR T, & CFPS
WO AR 3. K AT B G 40 i SR A TR R
I T7 )8 ) F1E S BT - E. coli DHSo 1 H — & 1]
M FE 2 IA, T R Y U)X DNA 7 51 (14 D) 5
PR R, 45 T7 R 518 31 It 55 221k 2 DA 15
T 40 M s A, DT B PR ) A )
JRRLREAR (M R4 . R, AHIE 5T ik B
DNA Jr BUE RRIERNR, W] L& H TR IEKF 5
MO E A 2 R A RGN VIRE . N 7
LR VERRE TC A MR R P A e v, FEBAR R
& (expression cassette) | i #5312 300 bp /7
), DA ARG AH P A 58 mp oA 1 Tl o) 28 M AR B4 At 1)
S . DAPR 114 N VI EcoR1 A5 (LDT-EcoR1 ),
75 5 R 4 75 [X N i 78 I 6% His-tag 1 N 4l fb AR 25,
e B A I At & 8 M SUMO DU 3k AT ¥ 205
TR INE B S 1AL S U0 HRV 3C BA25 B N 3 b 28
UREELELD “D LrEsrmd” 1, REaEN
A 51 LA A8 7 S04k 22 Bk EcoRI HIEE VI A5«

2.2 FTHEFXRFIEARIIEE EcoRl

EcoR1 H)TC A i ik 2 % A1 E. coli BL21
Star (DE3) JoZHMus2 B . LM i BRIk
BRI DR KR EM B ES, (A SRz
(A2 10% AT RiE, W 2Ca) 1. Bl JE X &Rk
BEAR AN TG 40 Mk R AT 7O, SRR, fE
GAHM 5718 (DnaK-Dnal-GrpE, GroES-
GroEL, pG-KJE8) [k R H 18 A i ml i
Firigm (Z130% MnfiaRis). A TE—PREH
) E R R s, R ELA bR S B EH SUMO
(small ubiquitin-related modifier), SUMO % [ K
T LA 2 PR 1 R R S S 1 R 4P I Smit3 B
F, H BAN i i S br 2R 3 i AR B A
M RJERE. SUMOSEZ REHREAMREHZN
ghk B, PUE T S 5E U SUMO £ A C i il &
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6*His-EcoR]

CE CE+

T S T S M kDa kDa M

35
. .“ 25

0

-

SUMO-EcoR]
CE CE+

(a) B RIEEcoR] (b) T FIESUMO-EcoR]
(a) Cell-free expressed EcoR1 (b) Cell-free expressed SUMO-EcoRI
gk
A 5
0
o gt
%\N\ \‘1\0
FT W  FElate M kDa kDa M <«
- 50 50 SUMO-EcoR]
' = - 40 B 45.4LkDa
- 35 35 - Bl
- Lo
- 25 . S 0kDa
— HRV 3C
— - 20 - '_ 22.0kDa
= - 15 -
-

(0) FA 8141 {LSUMO-EcoR1
(c) Affinity chromatography purified SUMO-EcoR]

(d) SUMOFZ 1%
(d) Removal of SUMO protein tag

(e) Bt Ak At EcoR]1
() Gel chromatography purified EcoRI

B2 BREEA YIRS EcoRI 1 JG4H M il %
(Western blot fl SDS-PAGE Kl Jo At fa 3k« 444 iy BR ) 14 1 VIR EcoRT D
CE—cell extract, LABL21 Star (DE3) &40 CE+ — & 4 T8 (pG-KIES) [ BL21 Star (DE3) #f4H)
T—4WEA; S—lEEH; M—EARMERN R, FT—4ifb BRI W—Ve44 th i Eluate—¥EBi i

Fig. 2 Cell-free production of restriction endonuclease EcoRI

(Western blot and SDS-PAGE analyses of cell-free expressed and purified restriction endonuclease EcoRI )
CE—cell extract of BL21 Star (DE3); CE+ —cell extract of BL21 Star (DE3) with chaperone (pG-KJE8); T—total protein;
S—soluble protein; M—marker; FT—flow throughout sample; W—washed sample; Eluate—eluted sample

N SR S o N TR 95 A IV S S T s & i
HEAMWIERIT S, ANmigs B &SR %E
Fik. SUMO @& bR AT e e, HY
EcoRl A TREMEGEH (20 kDa), 13—
oy e aifh, AT 5286 H SUMO Fres il &
EcoRI TE LA R RIEA. BT SUMO & A 44
PR AEH — EcoRl MIBEYINL 5, ik fiRik
PO AR R B, E I R SO Ak 25 R g
PIAL & (R71, aga—cgt) JatJRIAMMR . ZRE
B, DANUmfl& SUMO R8I 2t i B N R IA AR

B2, 7FBL21 Star (DE3) T4UMifk &+, SUMO-
EcoRI AT LLSEIL 100% M ATiERIE [E2(b) ],

N T KD TE 40 il R A EcoRT 77 & ik — 2
B UE AR TETE, TR RIEAR R 15 uL ¥k
Z4mL, HXREFYHFAT B WE 2B
N, GRMEEail s B E A [SUMO-EcoRI
454 kDa, WE2(c)] WKREZN1 mg/mL (EFR
1 mL). £ Fl§HRV 3C F U] 2 Bk SUMO 548 5
[E2(d ], #E— AT E R il alifth, B3 mE
H & A EcoRl [32.0 kDa, 0.54 mg/mL, 1 mL,



%£4% www.synbioj.com 847

AEE2195%, W 20e)

2.3 ZTHEHEREIERIIEBINEEES T

SN TS UE TG 4 2 2k 1) PR D R A
DIEI DNA P3G, FRATEE L T 5 F Jo g i S M 1
SEI EEE A IN 5E (L1.2.4 SEBEEASID o DA
4 EcoRI BEVIAL 55 11 5k pSUMO-sfGFP_EcoRI ly
&Y GiZ kL ) SUMO 2 A % i [X & 4 EcoR1
B V)AL A, R, fELY A R IEsRIA
sfGFP fll SUMO-EcoR]I . 1 3 ffior, JoHliE = v
HEATZ) 1h 5, XS B 41 sfGFP [0 7= & fr 4k b
TE, TS24 T SUMO-EcoRl FLE T — E &
WEYWEEA, FFHEATIERRY), FEERIAH
RGN, sfGFP I/~ & LR H 218 Mk T
6 h J& 526 4 sTGFP (1)=& TP . X R o g
21K 1 SUMO-EcoR] 7£ 30 °C [ o 40 fg t4 & A
AU EE Y DNA I35, SUMO-EcoR] & A& %
Ja E DB R Y (1 h L), B & SUMO-
EcoRl SHHMER, JRMIPARVIE], sfGFP []%%
PR AR T B X S A T vk A
BIRNAR RN (15 ul) . BERIE (B4 E K
BEEE ) N2 RIE (WR S 23~37 °C)..
MM R (3hLAW) . BEE (96 FLIRD L,
oA BT e SE R 1 D) EE R P20 . ol . HEE
R A 7 34 45 7 THI PRI 7

AR 408 B ) 4 P ) i T % S S, K I 4 B o
i) EcoR1 #EAT 86 £ Fi % N 0.54%107 mg/mL. 0.54 x
10” mg/mL. 0.54x10” mg/mL #10.54x10™* mg/mL,
DL Jii KL pRSFDuet-1 (1 png) NEYD, LA k1
EcoRI (ThermoFisher Scientific) A BH M %J 8 #E4T
BV N . 25 R aniEl 4, Joam i 4% 1) EcoR1 A LA
SEHLE Y DNA 31 BRI R &, bl 5 B B 1)
FeA, UIEIWE DA FTikss, MUERERTST
0.54x107 mg/mL i} ] LUK I A IR T #1084, 1§
W ST PR ZE 0.54%107° mg/mL I, /b BEMKA.
P T S T AN M 1) 4% EcoRT FIBEIE H 3.7%10°~3.7x
10° U/mg.

2.4 FTHEHISEREIHEAIE BamH] #1 Bsal

N T e D B R BATTAL 22 1 BR ) 4 P9 D g T

l
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|
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(a) Restriction site of EcoR1

40 000

— sfGFP
e SUMO-EcoR] +sfGFP

L
=
g
(=1

luorescence intensity
[
=
=

10 000 ¢

F

Time/h
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(b) Real-time catalytic activity detection of EcoR]
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Fig. 3 Real-time catalytic activity detection of restriction

endonuclease EcoR] in CFPS system
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4: EcoRI 0.54%10 mg/mL
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NC—FA X PC—BH XS R
Fig. 4 Catalytic activity determination of cell-free produced
restriction endonuclease EcoR]

NC—negative control; PC—positive control

o PR i) £ D7 VR R R OE T B 2 PR DR ) 3R
15, NiE# T BamHIl A Bsal #AT Al & . &
T A RFRIE G, RSN, BamHl M Bsal A
5 N i il A R AT A5 % SUMO, AR EEH
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BRENE F45E

TP 5> T AE AR B TE A B B2 B, AN AT A 187 R
4l 1k b5 25 6*His-tag, 1F E. coli BL21 Star (DE3)
T fA R I RIAHTTEMNEMERD (KBS
)R Jo 435l LS A AH RLEG U)AL 2 J50RL pIL1-
sfGFP_BamH 1 Al pJL1-sfGFP Bsal ([ V) 47 /&4
BT TTIEBIF 25 AE R AL A LDT-
BamHI M LDT-Bsal 33Kk, sfGFP 52 52 't e Yl
gE WK, To4l PR IE 1) 6*His-BamH] F1 6*His-
Bsal fETCA MR 2 b G R ENEE (B 6(c)
DT - RILEHMAERE4mL KELRE, 4
T SR €8 R R s D Al S, RIS IER R
/NI H I BamHL  (25.4 kDa) 0.25 mg/mL (&
FUN0.5mL). Bsal (64.4kDa) 0.45 mg/mL (/KFH
A1mL) [E5Mm ()], LAk
BamHI (ThermoFisher Scientific) 1 Bsal (NEB)
S B SR B AT S W T, 4 SRR R G 41
# ¥ BamH1 # Bsal S1EVIENRENE (Bl 6(e)
AT, BB BamH]1 8.3x10°~4.1x10° U/mg
Al Bsal 4.4x10°~4.4x10° U/mg. 3 BamH]I K]

A = A IE A BUIK, X B T BamHI
Al JE PR R ZORBERAR, 75X BamH] 1
TG 40 3R IE A R RN 5 SR 4l A6 5 SR A — 20 1 A
BARAL, 0 Sk BAR 7 A AR B e AR FE
PLIR @ B RIS &, R alifh 77 i b 1 22 vl
DN G S AV R R f o e SR
K, ARSI MH KL= TR, B
B o

gx b, 22 T0 2 I ) & R BR s P U0 I Al T R
(KT 95%), F=&En1A0.03~0.13 mg/mL L4
S B (32.5~130 mg/L Fo40 i S i), i Al ik
4.1x10°~4.4x10° U/mg. M T 1L G H A % IR
HlPE N VIR, W Bsal (P78 80.6~10.2 mg/L &
HRIE, BFEN2.5%10° Umg) ", Sall (FFEN
10 mg/L A RIL, FEIE AN 4x10° U/mg) ", Kpn |
(P8 N 1.28x10° U/L 4 Rk, iGN 1.28%
10° U/mg) “, Neo 1 (7F7E M 10 mg/L EHKRIE,
figvE 9 6x10° U/mg) ™, JCAH M 75 v 1l % 1 B 1) 14
NIRRT A Y, e R

kDa M FT W1 W2 W3 Eluate kDa M BamHI
50) w— gg
‘ 10 w— 5
6*His-BamHI 35— 25
kbaM NC T s 25 - 208
‘;g R 20 - g
=l 1
(a) A= 1% BamH] (b) SR A AL BamHI (c) i (i Atk BamHI
(a) Cell-free expressed BamH] (b) Affinity chromatography purified BamHl  (c) Gel chromatography purified BamHI
FT W Eluate M kDa kDaM Bsal
- - —
6*His-Bsal g w :g-— .
is-Bsa -1 . —
1¢Es - N 408
kDaM T __ 5 40 35
100 ; [ ) - 35 o
| g ®
! —-—
50 -
40 — — — :
(d) L4 ik Bsal (e) FEA A AL Bsal (f) e a1k Atk Bsal

(d) Cell-free expressed Bsal

(e) Affinity chromatography purified Bsal

() Gel chromatography purified Bsal

Es  FREIYE N DIEE BamHI 1 Bsal 7040 M %
(Western blot A1 SDS-PAGE Herll Jo 41 i 2 2 £ 44 () Ff 1 14 1A )1 BamH1 A1 Bsal )
Fig. 5 Cell-free production of restriction endonucleases BamHI and Bsal

(Western Blot and SDS-PAGE analyses of cell-free expressed and purified restriction endonucleases BamHI and Bsal )
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Fig. 6 Catalytic activity assay of cell-free produced restriction endonucleases BamHI and Bsal
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WUIBE EcoRl #E4T 1 C A M & B S 4%, 45 R &
s B HIEEACEEI A B N . EcoRI W] BLAETE
ik R kTR . gidk, JF R AT BE Y DNA

W77 BE SN I T v B T 5 A A R RR A )
B BamHI 1 Bsal , 9 p Ty S8 1 X AN B G
Y P & SIS PEI E . BRI, X — BRI A
DIt 1) G 40 ) 4 4R 3R B R T B AR A T
FO(1~2 R/ HEE & (32.5~130 mg/L
ToAf B D i) £ R R (1.3%10°~5.7%10° U/L
TOA B I B S AR, K% PR il 1 P D )
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