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K. HERLMBBRIMRAKEF R E, ATH, KRBT —FHE, BA0A N E W 0L meH & XmATHE
BL21(DE3) L ik 69 7 ik, JFabhl a2 & R et Sctbfe T L 347 T HAL. B 0 ie3E it 42 5K R 0.5 mmol/L IPTG
#F% 7% TTRNA B o8, BHABAME R &84 37.0°C, pH 7.5, EHBLREA 1.25mg/mL; ez its XA
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BT ARG RO MIRFE. CFPS REAmIGEALE R K G (SFGFP) 94 R AP, £ 49 DNA BMmANE
(50~300ng) T, KAEABZH &ML BREBEINSFAREFEMENBAFEOREE. TR AIATE
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Lysozyme-Based Escherichia coli Cell Lysate: Optimized Preparation
and Application in Cell-Free Protein Synthesis
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Abstract: Cell-free protein synthesis (CFPS) systems are powerful platforms in synthetic biology, offering opera-
tional simplicity, rapid protein production, and tunable reaction conditions. However, the conventional sonication-
based cell lysate method is limited by its reliance on specialized equipment, uncontrollable operational parameters,

poor scalability , and potential mechanical or thermal inactivation of lysate components. To address these
challenges, we developed a mild and streamlined protocol for preparing Escherichia coli BL21 (DE3) lysates using
lysozyme-based lysis. The following key conditions and processes were systematically optimized: expression of
T7 RNA polymerase was induced with 0.5 mmol/L IPTG during cell culture; lysate was conducted at 37.0 ‘C and pH
7.5 using 1.25 mg/mL (final concentration) lysozyme; after cell lysis, the final lysate was collected using a combi-

nation of low-speed centrifugation and oscillatory incubation. Proteomic analysis indicated that by preserving -
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glutamylputrescine oxidoreductase (GGT) and ribosome-associated proteins, this preparation method effectively

maintained the redox homeostasis and ribosomal translational activity, which provided a stable protein synthesis en-

vironment for subsequent CFPS reactions. The results of CFPS reactions producing superfolder green fluorescent pro-

tein (sfGFP) showed that lysozyme-based lysates achieved target protein expression levels comparable to conventional

sonication-based lysates across a wide range of DNA template concentrations (50—300 ng) . This strategy provides a

facile, controllable, and cost-effective alternative for constructing CFPS system, with broad potential for in vitro

synthesis and screening of antibodies, enzymes, and other functional proteins.

Keywords: cell-free protein synthesis (CFPS) ; Escherichia coli lysate; lysozyme; response surface optimization;

proteomic analysis
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PR, SEELT RN ) e TR B, 2 VA R
B (A0 GFP #l RNA G o WAL it 5EAE
U4, Bednarska 2505 551 454 2275 K (Triton X-
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Fig.1 Optimized preparation of lysozyme-based cell lysate for cell-free protein synthesis

1 MES5AE®

1.1 # #

KIAHFH# BL21 (DE3) M NI = /A7, T
H B8 380k pIL1-sfGFP, 4 b1 IRIAE )
BHARA A SN EGAACEZUTT IPTG) , W H |
U6 BBI 3 H) 5 I R 75 S PR EE | A 2 BB | kPR =
(NHHCOs) . —fi A3 bl (DTT) | B 2 ki (1AA) Al
JRZ, W H3EE Sigma A A]; HER (FA) , Il H 3 [
Thermo Fisher Scientific 23] 3 I 725 et R 2 11 il
W A 3£ E Promega N Al L HE (ACN) , 4 H 3 &
Merck 2]
1.2 AEEEHSHENER

¥ K HF B BL21 (DE3) FE Bk A9 H b B8 2 5 1%
ik, LL0.1% A EL e 323 1 L2 x YTP HigR%eH. 75
37.0 °C . 250 t/min FH53E 2 ODggo = 0.6 ~ 0.7, FlJ5 Ml
A—EWER IPTG Ki%ES T7 RNAP k. ks
FEYIN ODgoo=3 B, F 4°C.5000g E.0> 10 min ¥
AN, FFA I S30 22 1 (14 mmol/L A& Btk
60 mmol/L 74 BRAH , 50 mmol/L Tris-Z &, pH 7.7) F
4°C.5600g &.0> 10 min PERFMA 3 . KIERERY
R E T -80 CrkAR it A k. Wi iR R JE T
KRBT 37.0 CARIBEHATR, B 1 g WIAMA 1mL —
E pH {HIY S30 AR, AR, IA—E &K
FAELACHILF A 100 mg/mL 7 T BEHA WL 45 TR T T
W, VK 30min J5, 78— R 2K 240 SN
10 min, FFRVKIE 30min. F)5 , 2805 A0 B BRI 4L
2 0 SR
1.3 #FEREE S

AT E LR 414 10 mmol/L 43 4 R

Bt 175 mmol/L A& BRH . 2.7 mmol/L /KA ERA |
20 mmol/L VAFHE . 0.67 mol/L i ik 4 Tk A i PR 3
5 mmol/L A& #4200 g/L PEG8000., 1.2 mmol/L .
M2 . 6.6 mmol/L NAD . 30 mmol/L ATP . 18 mmol/L
CTP . 30 mmol/L GTP . 18 mmol/L UTP . 5.4 mmol/L
CoA .4 mg/mL tRNA ., 15 mmol/L cAMP. ZFEFR Ik
JEYIRN 50 mmol/L, i 19 Fha It (R4 LA
RRER B TSI | CUFEAE 2R | (2R RN TR
1.4 CFPSRMNK sfGFPEBRRIAEE

A CFPS MR R4S 4ul 1270,
6.75 UL IRFNFEIRTR, LIS 200 ng HAREE IR
My CCHE A pIL1-sfGFP JBkifEl DNA £dR) . i
ZAR R T ERE 15uL.

CFPS [ 7ER M 384 fALA U T, FEDE
¥ 1L (Feyond-F100 , ALLSHENG) H1 37.0 “C ) Ji
12h, 7€ 485 nm &G TFME 530 nm & S8
SRIE . SEATEOCIRIE S sfGFP M Mk 2 ] B AR v
M2k, B CFPS R AR sfGFP & [k .

1.5 ERRAESH

B — R A0 i 2l (R M & & 500 pg)
F 1.5mL B.LE T, F 8 mol/L JRZIF R B AR
FHM 300 ul. AA 15 uL 200 mmol/L DTT, &Mk JE N
10mmol/L , Z iAW H 45min. Bl J5, A 12uL
1 mol/L TAA ZEAMJE N 40 mmol/L, % iEH I E
45 min. BREAFERE T 05mL 1 10kDa #IES T,
JA 50 mmol/L NHHCO; B F AT R 2
350 uL, 253 14 000g 2.0 30 min, FUEW, L4 3 IK
] E A PN A 350 uL 50 mmol/L NH4HCOs VAW,
14000g 5.0> 30 min. [} N 30 uL 50 mmol/L
NHHCO; ¥, I 2 pg JFl , WIS &R VA, 35
WOE i 200 pL B 2l K ORI IE , 37.0 CREF AL
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12 ~ 14 h. BHHHIE, F4WET 10 kDa #EIEESH
BE,14000g FESC 30 ming #IEE N S0uL #B4l
JKIRAS, & 14000g B5.0> 30 min, HEKEL, R 1
UK. [ C18 AEBRER, ix R0 8 Ay H Ayl

FE A R 2.3% (EASY-nLC1200, Thermo) -
Jiii% (Q ExactiveTM HF, Thermo) #4747 4r. KR
TR, AT A SR AR 19 um, HERK 2
20 cm, NN 75 um. FEshAEH A AHM 0.1% FA,B
FIH 80% ACN + 0.1% FA. BAANEE SRS IN (A) 5% Fd Aefs 258
& 5% ~95% , PREAE R 1 ~ 75 min, BVBSEERHK &
75 min, BUIER A CSEOR BT « & FAL SR
JER 320 °C, —Z5rHEE R 120000, H 23 65 12
(automatic gain control, AGC) 4y 3.0 x 10°, st K&+
HEABALE 80 ms, FAHTER R 300 ~ 1400 m/z; — 9%
SYHER 15000, e KBTI ABTEY 22 ms, F4
L 200 ~ 2 000 m/z, AGC Hy 2.0 x 10*.
1.6 FOEEIFITIR

AR O & A1 1T (central composite de-
sign, CCD) , DA sfGFP Rk E MmN {E, X (H
A X)) IR (A28 R X)) 1 pH(AZE & X3)
AT 3 INE 5 KPS, it Design-Expert X
PEXFSER BRI, SRR BTN 1 PR,

*1 CCDEWigitHE
Tab.l1 Central composite design experimental parameters

K - LES
X,/C X,/ (mg/mL) X;
-2 36.0 0.25 6.5
-1 36.5 0.75 7.0
0 37.0 1.25 7.5
1 37.5 1.75 8.0
2 38.0 2.25 8.5

1.7 BRHEWNE

X ARG SR KIHAT AN, F PBS 22l
AR RIS, B A s R e iR & GBI, T
R AT, Bl S 7 B (BA410E, Motic) T #E4T
WL, ] DigiLab3 b4 A oREE. X T4
A P 2R 5 KA A4, B PBS 28
BRI PO S R R REAS B, I S R R 2
R 2H.

AR RFRLIIEL 4 K, B FHIME.

2 #HRITie
2.1 YHpiEFED IPTG BESE MM

) 2 2 O B T TR 0 I A AR L AN
Fe MR, AR BL21(DE3) Ffk, HIEHEAH

HIES T 32 lacUVS JH 8 IR T7 RNAP Zmid st
K. 76 IPTG 5 F, T7 RNAP #4r Stk ek, geim
TS kAR T7 J3sh 1, sl R s g
FER M AU k. M TG RIA RS, TT RiILFR
S BT B o I SRR IR KT R A
JEPE RNA BAER (5~ 8) 1%, BE B THAME KL
TR H 8 lac RN T RGBSR RS,
AT AT 0RE e AP IR R 1 2 R X i S A A Y B
YEHI.

16 T7 FIBELH, T7 RNAP KK R E
REARNZOSE. o E RS Tl RS £
Tl 2k, FEURA TR E FIALRATE )G A T7
RNAP WA TG 5853 3 2 Tl R 5. X R
O R A Z H I RS, RS S AL 1 3 TR
VREES  BEFRAESE, Hoh IPTG 5 Sk R A 3
P T7 RNAP Rikr s i, HAGMERENT R 50
PEfE A e @M. ALK @ik E 02 ~
0.7 mmol/L FHJEMREE , REIRIE T IPTG WEEXS T7
RNAP £k &} CFPS HFbREE 177 5 12 L AL

WE 2 @) fis, PSR W 252 40 A1,
0.2 ~ 0.5 mmol/L ZH 1) ODgoo 7EH5 35 RN FR WA ] ,
11 0.6 0.7 mmol/L PZH A HIRICRIG 5 , R &Y
ity 5 ] AE T SRR I ACH A R . E— 2D A R R,
sfGFP & [k & 2 IE T )5 B B (&

3.0
— XFHRZH
2.5F — 0.2mmol/L
0.3 mmol/L
2.0 F 0.4 mmol/L
g — 0.5 mmol/L
a 15F — 0.6mmol/L
S 0.7 mmol/L
1.0 F
0.5
0 30 60 90 120 150 180 210 240 270 300
15} 8] /min
(a) IPTG HEEXT ODgoo HIFZMA
300
- 242.57233.20
E I
E 196.91 206.45 207.00
? 200 F 190.23 - -
1
|
o100 f
S
g
0
0.2 0 0.6 0.7

3 0.4 0.5
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(b) IPTG WREEXT sFGFP ik AR
2 FSEUIEIAEKT SIGFP KA ZEHIFN
Fig.2 Effects of induction condition on cell density and
expression yield of sSftGFP
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2(b)), Hrh 0.5 mmol/L IPTG 554 S U6 40 AR 15 i
K sfGFP HPFREE ™ i, I T HA S IR, X —I4
A S 2 A e R IR IR IPTG 75
S AR B T7 RNAP, BRI 76438405 T7 1
B FUK Sl B bR R R s, SOk St il TS
KBRS A7 s BRI, 24 IPTG W
0.6 mmol/L I, AR ¥R R 5| & E AR
SO TFARE BZRIL, 55T S 5 1 L) 25 T

28 |, XEEFE 0.5 mmol/L IPTG Ny KMH i 4
M 3% % v e S R B R A5 R RS o R A
T7 RNAP ikt 78S IR Rk SR I R, o
AR gy, BRIk i T W R RIE A, DT R f
T IR SRR RR N MU A T CFPS R KAFRE H
PrREE M.

2.2 AHEERMERMEEFRL

VBT B-1, 4B s LA KR & — Pk, X Fh
WHT B S B AE T A T At LR 1 R SRR 2 A v, DXLt
VTR T AR Sk i DR 2 B | S BN b R4, i
ANZER A it P A S S BIE TR R S RE R ARZ IR, T
HEH A S 585 st fE v 0y fb 22 B .
DR, R 8 7 Bl A 2 A B, 3 T T — IR D )
P 7.

IR EE | pH | VR LS I AL S LY 3 A4S
FHERE, ALK 3 ANRE AR, L CFPS
RN A sfGFP & A MmN, T 3
% 57KV CCD %E5:, 455Uk 2 s,

£2 CCDEBEHER
Tab.2 Results of CCD experiments

4% | X/C | Xo/(mg/mL) | X; | sfGFP ZKikl/(ug/mL)
1 37.5 0.75 8.0 763.5+5.3
2 37.0 125 7.5 773.3 +10.1
3 36.5 1.75 8.0 762.8 £ 4.2
4 37.0 225 7.5 760.2+2.3
5 37.0 125 8.5 759.7 £ 8.4
6 37.0 125 6.5 760.8+9.3
7 37.5 1.75 7.0 764.0 + 6.2
8 37.0 125 7.5 773.0 £2.1
9 37.0 125 7.5 773.5+2.1
10 37.5 0.75 7.0 763.1+3.3
11 36.0 125 7.5 760.5+ 12.4
12 37.0 125 7.5 773.2£3.1
13 36.5 0.75 7.0 763.6+5.2
14 37.0 125 7.5 773.0 +2.1
15 37.0 1.25 7.5 773.3£3.1
16 37.0 0.25 7.5 760.1+5.5
17 36.5 0.75 8.0 763.3+12.2
18 37.5 1.75 8.0 762.5+8.3
19 38.0 125 7.5 759.9+9.5
20 36.5 1.75 7.0 763.8+7.2

it CCD BERIARE) Y [ 2y
Y=773.19-0.1X; - 0.012 5X, —
0.287 5.X; + 0.025X,X; + 0.002 5.X,.X; —
0.325X:X; - 3.27X,° - 3.28X,% - 3.25X5°
M ] AR TR Ty 2200 HT L3 3, ML R B R =
0.999 1, BEBHAIHY XS S PR IF O G805 p < 0.05 3R
ANERILE B, AR p=0.002 1, UHIEALR
JiE

F3 CCDIRARBEISHT
Tab.3 Quadratic model analysis of CCD

A SR Ll A ¥97 FAE P M
FEEY 565.52 9 62.84 1241.48 <0.000 1 aTES
X 0.16 1 0.16 3.16 0.105 8 NS
X 0.002 5 1 0.002 5 0.049 4 0.828 6 N
X; 1.32 1 1.32 26.13 0.000 5 NTES
XX 0.005 1 0.005 0.098 8 0.759 7 NTES
XX 0.005 1 0.005 0.098 8 0.759 7 NTE
XoX; 0.845 1 0.845 16.7 0.002 2 ENTES
X} 268.18 1 268.18 5298.53 <0.000 1 e
X2 270.23 1 270.23 5339.17 <0.000 1 W 3
X2 266.13 1 266.13 5258.05 <0.000 1 iaTE S
Gk 0.506 1 10 0.050 6
R 03178 5 0.063 6 1.69 0.2899 ENTE S
AR 0.188 3 5 0.037 7
JEN=P =S 566.03 19

P 3 i b i 3D AT, H b TR E AR
PR RS E A IO H S SR R, IF i 45
R K. B 3 () @8 T pH HTE 7.5 B4

T R RNV T A BE X H B R IR B S H
M. &4 b, B I B T R 1 38 A R L B i T
1, SfGFP Rk B e B FHE TR, M4
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RHRE 224 (A AR 5 TR

5o S5

R 37.0 C B HEZRE N 1.25 mg/mL B FANE

ESRI (TR T

775
770
765t
760 |

755

SfGFPH kY (pg/mL)

(a) WP S PR B A2 B AR sTGFP 35 1 (9 52

SfGFPF LR/ ( pg/mL)

SfGFPH kY (ng/mL)

(c) pH SETARGR EE 52 H AR X sfGFP ikt IR0
B3 MmEmE 3D SHE
Fig.3 3D response surface analysis plot

Kl 3 (b) iR TR AEZ N 1.25 mg/mL B,
A pH XF H 8 I ZRE A8 B, AESERK
BRI, sTGFP H HR 1381k Bl & 3 KT =
ARG, MR 37.0 °C . pH fEHR 7.5 BFAKHE
F1R) A8 H B0 e i

K 3 (c) Bon T 43Rk 37.0 ‘TR, pH I 1 fiff
W BT H 18R R 5 SS B . 7R SE 56 K P
FEIIN, pH ORI TR VAR B A B i 2, HIER AR
Ttk B P B R ST T R S AR

P IR R T {07 RT3 T R ) 8 A L A R ), e
FERRFFAE R A6 1 g BARTIMA 1 mL pH 7.5 1

S30 ZLfioz vpIR, TR TRIA s T VAT A VS VAR A A TR
BAVREE 125 mg/mL LLEAT AN B 2L | S vkin
30min, F )5 fE 37.0 'C F /K 10min, F K KK
30 min, £ 5 A FRICAR 2403 ; Bl , 76 CFPS J )i
rh P2 TRl AL R 28 P LR T G . sfGFP R
F# AR Al Ik 773.49 ug/mL.
2.3 HEELEFXHEL
I D S8 AR X 0 7 R 0 T Tl 1% LA s K W
AT AT TIREE, Gl 4 s, REUFHHTR
kT IR (F 4 (), &M (- 4(b)) 1
TR (B 4(c)) AbBRJS #R A & 158 25 () 41 i FE
A UERT T Ay R AT S A ) e A . S
T2 0 L R A R S R A TR S, B RO R/, 3
N 1 TR R 2 N I A 2 R P RN, AR
PRUFZRR TR o i TG, HLE 5 a0 i ik
FBRAHMIRE .

By
=i ="

(a) REZUFRRIGITF IR ZHEBET BIEA

(b)) PSR IR IAT B IR T TS

(c) WIRBHEZYR ORI AT BB T RIES
E 4 WHARRES ENKETRABRESHZN
Fig.4 Effects of two distinct lysis methods on E. coli cel-
lular morphology

45 2 LA W P i AL 3 T 258 S 3 (i

PR e (AN 2575 700 AR B SR D5 SEARIE E ,
Bt A bRl B0 | IR 005 75 2520 BREC PR 3 B
S IREL 7 B ORAL IR SRTT , ASBITFE4R H O T
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Tl AR A S — A Wt SR, AR AL 5 2
B E SRR B 255« VR TR R o R S K K
SN2 S PR AN A, R AR T e R A AR
XTRZHEAR B ACH G 2 . R, BEXTZ07 R R
P, TR L 5 A B BRI AR, LUS AT BB R B4 41
JL AR P AT Uy, HETT R =5 CFPS s H 1)
EARINESIS T

5 0 (29 800g) HRE 1R 450 2 B 20 B - %
R B AEY) , AT ReIR) AL R A &4 (708) K
I FHBSE R . IR &0 (18 000g) AR £
ML ZHS3 , FIRRE R Ak B 5 1 R s T3, ks, 37.0°C
37 0 1 ALk 3L AT 3 A SRS PR TR R T R A TR AR
1, (H R B AT B SR 5% S IR 7 (U 670) R SR8
PE. BRI, AR 58 T 15 TR W 240 K AT o A s
() 3 FISALRE %, AT 1 v T e S 40
Ji, T 4°C.29800g &5.0» 30 min P ; JGAbFLH 2 Ky
WHEBEZRANE)S , T 4 °C . 18000g #5.L> 30 min,
£ 37.0 °C.200r/min R MHH 1h, /5T 4°C.
10000g #5.0> 10 min; J5AMFRLH 3 R A R 401
Ji, T 4°C.29800g > 30min, F£ 37.0 C .
200 r/min YRFHMEH 1h, HJ5F 4°C.10000g &L
10min. 43 HIFHX 3 FOrEARLE , W IR,
PLEAESR CFPS 2 H 0 20 M ek, I e AR oG
B sfGFP FE F1RE ).

WK 5 Fias, GAE4 2 345 T feen iy sfGFP
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Fig.6 Volcano plot of differential protein expression
analysis between the lysozyme + post-treatment 1
group and the sonication group
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group and the sonication group
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Fig.9 Effects of graded DNA template dosage on target
protein expression levels in two different lysates
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