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B8 9% A 4F € 89 7E 1L caspase (protease)BE vy, MdmiE R M T @R BT o9, 4 @Rk,
[B69] SRAEYTF. Rt TEFEYHEF TR TLY, MRBFEZRTREG—F. FIA @
BieL 12T ik AR SR B ARAE e 6 SRR Ty ik, TTUARIARERME. RGA A, [H%] EXWATFH
(Escherichia coli) BW25113 F 3k & iX protease F= 1 ) kR 49 GSDM, 44 B B 4m it & T 2 BP
% 8 Runella sp.#) GSDM #AT%& & #48 #s, 1L EFF £ X & 8 B42/4K GSDMID & fé A48+
Mg T AL . s GSDMID #t4Tit R XA, RFTHEXMHE @G TEh., #—FlTaik
R AR ALEE A AT RARA, BERA G Tl Biigkait, (421 ST AW
HEAF@RETOANTE., BTARESFARETHXES 2h B XA E @EBHELT, N
B WK LR RGAR B RN R T & EE SRR, 00 ATk S e ER 4940
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LB R AR B E R 5 AR TR B E R &R, RET 0% EE. [48] @i
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Abstract: [Background] Pyroptosis is a form of programmed cell death. Gasdermin (GSDM)
can be cleaved by cysteinyl aspartate-specific caspase (protease) in archaea and bacteria, which
results in cell disruption, similar to the effects of pyroptosis in eukaryotes. [Objective] Cell
disruption is a crucial step in synthetic biology, metabolic engineering, and biomanufacturing.
Utilizing pyroptosis as a cell disruption method can simplify the operation and improve the
production efficiency compared with the conventional methods. [Methods] Protease and GSDM
from different sources were co-expressed in Escherichia coli BW25113. The GSDM with
obvious pyroptosis effect from Runella sp. was selected for protein truncation, so that it could
directly activate pyroptosis effect after inducing the expression of truncated protein (GSDMJD).
After overexpression of GSDMIJD and optimization, an E. coli strain with controllable
pyroptosis effect was obtained. Furthermore, sucrose phosphorylase was used to verify the
effects of this system and ultrasonic disruption on enzyme activity. [Results] The regulation of
pyroptosis was successfully implemented in E. coli. After the strain was induced to express the
pyroptosis-related protein for 2 h, the cells were disrupted and released the contents. The above
system and ultrasonic method were applied to the preparation of crude liquid of sucrose
phosphorylase. The relative activity of crude enzyme liquid prepared by the pyroptosis method
was significantly higher than that of crude enzyme liquid prepared by the ultrasonic method. In
the case of ODgpo 2.0, the crude enzyme liquid prepared by the pyroptosis method had the
highest enzyme activity, which increased by 60% compared with that of the crude enzyme
liquid prepared by the ultrasonic method. [Conclusion] Pyroptosis serves as a simple, fast, and
environmentally friendly method for microbial cell disruption, laying a foundation for the
development of synthetic biology and metabolic engineering.

Keywords: Escherichia coli; pyroptosis; disruption of microbial cells; sucrose phosphorylase
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TR BRI T 2% caspase FIFITE , FERE FIE B/NLY TR NSNS B FE AT,
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Schematic of pyroptosis fragmentation of microbial cells.
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AR

1.1 #H
1.1.1 #&m

AR A il A BT A TR AR R SOR L R 1
FH K % ¥ 14 (Escherichia coli) DH5o #4 2 5k
L E. coli BW25113 S AH b & [ 238 K v i 14 75
F. R 3R pLB1s #1 pYB1k & araBAD Jii 3l
F % renB &1, #AK pSLI1c ff L M Rk
B 119 J38hF. 4fi% Bradyrhizobium tropiciagri .

Vitiosangium sp. , Desulfuromonadales #1 Runella

Fz 1 KR ERERNRK
Table 1

sp.iX 4 FiRUEAY gasdermin (GSDM)IEH UL A
Runella KI5 1Y protease J K 4 i 55 50 4 Wi d A
PR A R A WIN T AA R Y b reeb o 1R 1 1
(sucrose phosphorylase, BASP) 3 Al fi 18 FH 4=
Yy CLBOBAR A BRA /T A B
1.1.2 FERAF YR

FREITEN I =ik E DNA G/
Gibson il &, Vazyme Biotech /A H]; M.
A RBERA 4 b, RS A IR
vl BCA AWM & i &, Jb it =
ERAEYF AR TEAF; DNS B, &®

Bacterial strains and plasmids used in this study

Strain or plasmid Description Source

Strain
BW25113 Wild type This laboratory
B1 BW25113 harboring pLB1s-RP and pSL91¢c-BGSDM This study
B2 BW25113 harboring pLB1s-RP and pSL91c-VGSDM This study
B3 BW25113 harboring pLB1s-RP and pSL91c-DGSDM This study
B4 BW25113 harboring pLB1s-RP and pSL91¢c-RGSDM This study
B9K BW25113 harboring pYB1k-RP and pSL91¢c-RGSDM This study
BJS BW25113 harboring pLB1s-RGJD This study
BJK BW25113 harboring pYB1k-RGJD This study
BUK BW25113 harboring pUB1k-RGJD This study
BJKBP BW25113 harboring pYB1k-RGJD and pSL91c-BASP This study

Plasmid
pLBls Expression vector Laboratory
pYBI1k Expression vector Laboratory
pUBI1k Expression vector Laboratory
pSL91c Expression vector Laboratory
pSL91c-BGSDM pSL91c containing GSDM gene from Bradyrhizobium tropiciagri This study
pSL91c-VGSDM pSL91c containing GSDM gene from Vitiosangium sp. This study
pSL91c-DGSDM pSL91c containing GSDM gene from Desulfuromonadales This study
pSL91c-RGSDM pSL91c containing GSDM gene from Runella sp. This study
pLB1s-RP pLB1s containing protease gene from Runella sp. This study
pYBI1k-RP pYBI1k containing protease gene from Runella sp. This study
pLB1s-RGJD pLB1s containing GSDMJD gene from Runella sp. This study
pYB1k-RGJD pYBI1k containing GSDMIJD gene from Runella sp. This study
pUBI1k-RGJD pUBI1k containing GSDMIJD gene from Runella sp. This study
pSL91c-BASP pSL91c containing BASP gene from Bifidobacterium adolescentis This study
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I SCRAERHEE A R AR BER R IKAL,
Bio-Rad /Al ; BB kX, b HLgh [ P
RGBT ZURe R AP BRI H 528
Y & S H %, Hitachi 2\ o
1.1.3 ERE

LB }iff 5k (g/L): FE R 10.0, BEEREIRY)
5.0, & ksh 10.0. M9 THLER AR (g/L): +—
IKEBER A AN 17.0, BEIR 4 3.0, &bk
1.0, Sfkan 0.5, HE FE (50 mg/mL)., Bk
HERE E (50 mg/mL)sk RABE K (50 mg/mL)HR HiE
TERIM BT,
1.2 EHRMREHEIE

RIS R 51 IR 2. TR i 2
WA TR JR EE 2 A BB FIF 514 Neol-F Al
Xhol-R #4J % Ncol-BGSDM-Xhol /B, Ncol,
Xho I i ¥ 5k: pSL91c Ji5 45 3| kL pSL91c &
48 Fr Bt .Ncol-BGSDM-Xhol Bt #l itk pSL91c
28 B M B Gibson 2H % i %Ki pSL91c-
BGSDM. [A#:/Y 26 VGSDM (Vitiosangium
sp. i), DGSDM (Desulfuromonadales ki)
F1 RGSDM (Runella sp 3 Ji)#4 & 21 JFiki pSLI1c
o FIAHSI% Ncol-Ru protease-R Fl1 Xhol-Ru
protease-F #4## Ncol-RP-Xhol FBf, Nco I,
Xho 1Y) Fiki pLB1s Fl pYBI1k J& 452 i kL
pLBls HH A BBkl pYBlk HH A B,

x2 AMARPERANSY
Table 2 Primer used in this study

Ncol-RP-Xhol F B:#| ] Gibson 45l 5 Jii %
pLB1s H42 5 B BURL pYB1k 548 i Br2H 2% il
5k pLB1s-RP #l pYB1k-RP. | 5 ¥ RGSDM
jd-F il Xhol-Ru GSDM jd-R ¥J#JF ki pLB1s-
RGJD #l pYB1k-RGID. )% IE8f 54 AN [F R U5
GSDM 3t [A (f) Jii ki pSL91c-GSDM 5 Jiii i
pLB1s-RP 55 A BW25113 Pt i Bkk Bl
B2. B3 fl B4. ¥k pYB1k-RP F1 pSL9lc-
RGSDM Ht45 A BW25113 #y#dt bk BOK, ¥
Jiki pLB1s-RGJID ., pYB1k-RGID Fl pUB1k-RGID
A3 AN BW25113 Hi#4 i Ffk BIS . BIK I
BUK . #| 5 |4 Ncol-BasPase-F #1 Xhol-BasPase-R
Fa g iR pSL91c-BASP, % ATk BIK Hfy
H BJKBP,
1.3 EMFESEKHZ

P IR 1%3EF RIS APk B1. B2, B3 Fl B4
HRE TS I8 R (LU 50 pg/mL) FI R 5E
R (BURTE 50 pg/mL)RIA LB B35 f
PPk BOK #Z A0 FE 8 N 58 25 25 (4R BB 50 pg/mL)
AR R (LWL 50 pg/mL)AIRIAE LB K75k
o TR RR BIS BERNAE S N R A A 2 (AU
50 pg/mL)F AR LB 555 B bk BJK I
BUK 42 7E U IR 2 2% (LR JEE 50 pg/mL)HY
WK LB 355, 37 °C. 220 r/min $& K 15 5%
EAEKEEHE 12 h JFIAGE SR (KWK E N

Primer name Primer sequence (5'—3") Size (bp)
RGSDM jd-F CTCGAGGGTAGATCTGGTACTA 22
Ncol-F GCTAACAGGAGGAATTAACC 20
Xhol-R TAGTACCAGATCTACCCTCGAG 22
Xhol-Ru GSDM jd-R TAGTACCAGATCTACCCTCGAGTTACAGAACACGGTTGAAGTCTTG 46
Ncol-Ru protease-R GCTAACAGGAGGAATTAACCATGTCAACATTAAATAACC 39
Xhol-Ru protease-F TAGTACCAGATCTACCCTCGAGTTAGGTCGTCTTTTTGAAG 41
Ncol-BasPase-F GCTAACAGGAGGAATTAACCATGAAAAACAAGGTGCAGCTC 41
XholI-BasPase-R TAGTACCAGATCTACCCTCGAGTCAGGCGACGACAGGCGGATT 43
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0.2%R BT R A4, 4k%E 37 °C. 220 r/min $&JK
B3t e 2 hid s T R ODeoo fH, WLESTENN
A5G T Bk ODgoo fE 1Y 7228 10 I 22 il 1 1
B AR LA
1.4 FHEBENE

WPk B4 7E 1.3 Frik 451 P55, 40 Al
IMAESHS 0.5, 1. 2. 6 F1 12 h BUEEGE T H
H LM EE . HIRE . B 20-30 pL FIAT B O
B, RS, EEIRPEDHE 30 min
JEHCE T 4 °CUKFEH 8 h DA o W H I i ]
FEW, A 25 B F7K A 4 min, 5 000 r/min
B0 2 ming WH BB TOK, FIMA LB TKR
#1 5 min, 5000 r/min &0 2 min; W HZE T
K, FEIIA LB F/KIRH 6 min, 5000 r/min &
L 2 ming WHEBEFIK, A 50% R #
14 min; W H 2, A 70%ZBER L 14 min;
Wz R B, B 100 pL 70% 2 B L
V5 RO A UE AR I Bk B b (A s # AR
HCETFEFEIA, A 85% =il 14 min;
B 28, A 95%Z R 14 min; {8 2
i, A 100%Z 23 15 min (100% 2 IR
HREL 3K); Bub4ial, HT; Bub4tap
(28 Fr 7 Z Dy Re ey FLZS SRRSO h JE R RS
il PR B B K M T T 200 2 T T A5 2 g 00
1.5 ELrEHBEERERINTAEER
SN

PR 1% FP R AR B4 ERIEEAS IR 5
H(RUTE 50 ng/mL) FIET IR 55 5 2 (R W E
50 pg/mL)A AR LB 15373 H, 37 °C 220 r/min
PEIREEFE 3 h G LA 25 °C ., 220 r/min $EIR 55
7% 12'h, 5000 r/min 5.0 10 min YCEFE A F
FH MO RS iR AR S e AL, — LA
BRANE SRR AT — At
B 25 F ST — 4 AR RMEAR I AGE S/ KA
HRURCE T 37 °C. 220 r/min ¥R 3%, 4 2h

B 1 mL F#, 5000 r/min 2.0 10 min BE 3,
FIFH BCA AW E Ly s A it
1.6 JEETTEEN

VEHUE #k BOK Fl BIK #EAT 16 50600
PIFRTE 1.3 Tk 5 R RE9%, 7E853% 12 h A0
A SHIALEES 12 h 43318 1 mL R
SRR SRR RTRGE LR 100, 101, 107,
10° 1 10745 . B R R A5 A 200 pL B4
iU AT FEAH N SR B (R 50 pg/mL)l R IR
T (LR E 50 ng/mL)A [EA LB A b, il
F 37 cCE A TR 12 h )R B R
1.7 SDS-PAGE #0

P IR 1% 32 R B I Ak B4, B9K ., BJS . BJIK
1 BUK EZFIEAS IR N S 85 28 (L0 50 pg/mL)
IR FE T 2 (UK IE 50 pg/mL)EEF AP 2 (4
& 50 pg/mL)AIRAA LB K553, 37 °C 220 r/min
PEIRKE R 12 h 5 IS S5 (2R B R 0.2%11)
BRI, 155283K 12 h /5 5 000 r/min &5.0
10 min YWAE K, #E4T SDS-PAGE, ## M 1%4%
Pl IR BIKBP R0 7 Vs in G085 25 (R 1
50 ug/mL)FI-RAREEZR (ZMRE 50 ng/mL)H IR
LB §53:5Er, 37 °C, 220 r/min $LRREFE 3 h )5
A 25 °C 220 r/min $£JRH14557 12 h, 5 000 r/min
20 10 min YR A, 17 SDS-PAGE™,
1.8 AR E T & e e (L Bg AH AR i AV
FEXT B E LR

itk BIKBP 7£ 5 | & SDS-PAGE 4 [F] 1%
IR N R SRR TR AR . AN TR A o 1 A A
T 1 mL M9 R il & 1.00 2.0, 4.0,
6.0, 8.0 Fl1 10.0 OD/mL (ODyoo) W , F543 I F
A0 B T 3 B 7 9 0 A TRk A0 T 5 T A
TR T A T REL TR o TR 1l 1 b Tl L Il VAR A1 S5
N R ZR[S00 pL 10%JEHE . 480 uL 100 mmol/L
WEBRZE M (pH 7.0). 20 uL ML 7E 37 °CJ
M 5 min, 12 000 r/min 5.0 5 min B
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3, AT DNS 2llE 3 o 8 S m n ot
1B (Asao) o HERH RIS R TE REME SRR (L BRI VE TR
A G-1-P AR BE(E 2), FIH DNS 3200 % S
W5t 1 WO (Asao) 2R b 50 75 12 R0 A48 i £
T 92 Tl 6 REL TR R 10 A X g 22241

2 ZRE5H®

2.1 WEETHXERZE

KT B EENMEET N FEA
GSDM, AAi5E 7l 1 Bradyrhizobium tropiciagri |
Vitiosangium sp. . Desulfuromonadales 1 Runella
sp.iX 4 FPARE R IEAY GSDM K Runella sp. ki
[ protease, H-73 HIASHE UKL o Bk A AS [R] A
GSDM 3t [H i it B. pSL91c-GSDM 5 Jii i
pLB1s-RP 3£4: A BW25113, 33 # ¥k B1. B2,
B3 Al B4,

RIS BB, Btk B1. B2 il B3 /LA
P55 R 1 ODeoo fHA WLHT AR T A
Pk B4 TENNAIE S5 H Y ODgoo fELIHGH T
K, IFERES 2 h o FRERIRAA (L 3). N
JE AU Runella sp. ki GSDM # protease
(EPk BHILFRIRMS, 51k TAMAETRY, &
B R AN, ol TR R AR O R A
2.2 EHRAMRETRIIEIE

T R R R AR T, XA

BASP

Sucrose

2 BASP HIEB{R & K
Figure 2 Enzymatic reaction of BASP.

Bk B4 i RIS A AT T HE R R BT R )
WEZZE T R, HRE B4 U5 SR 40 I TE S 10030 58
#, REBMMIEASN AR (B 4A); FRE B4 75
T 0.5 h J5 KEMAIE R EATEE AL,
2 i 5 B IR HL TR S 440 & A FL i AR T, AT
UL Z2 A 40150 2 R IR A R (181 4B); R 41
LT s X A S A TR i ST R
B 370 PAAL(E 4C); F5F 0.5 h e 20 K 5
A, AURBL 80 NAf, Hrhg 72 AN B
BEWILRIT HIE S G540 & AL A2 (K] 4D).

X175 T I AR AR M — AP RO, R
PR EE R TR IR, A (B 4E). B LB
BT HARKZ R 20 nm FLER(K 4F), 5045
B, Wk B4 55 REAE AN IR I s fL
B, 3K L B fof A5 A A R K e e, T A
Momi e, 254 ERIRE SR, BIFE T Hik B4
S RBETHXEAERT R MM AET R
I, S AT AR A R B

Wk B4 7EVES & AR I AR T TR AR A0 i
MR . A T DA R A A 4 I 4 A P 25 0 1)
i), ABIESE BT T AR TR R A A S A A
GRS e S Ron g ioall v a8

RIGZE R BN, Wik B4 B S A B g
&, diMemteE, Rl REA SR ERS.
fE6h 5, BIETh RSN & R 2k 450 mg/L.

Fructose
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Figure 3 Induction growth curve of each strain.

Mk B4 AEiE AT, BEPMEAS
HARKRAN R, RFFTE 50 mg/L (B 5). DA
S5 REGUE T E kR B4 2K S5 5 R AT ROV .
TE 20 A e A TR) B, 4 P9 25 9 T A 3K
BT R 55 7 (LA H
2.3 EHRAMETHMK

h T R R AR R A AR AR T IRCR
A 1 1 AR DR 7 X3S protease
M AR, WEFRR pYBIK-RP, I F1 ki
pSL91c-RGSDM 4% A BW25113, 3R15 Itk
BO9K. [AIff %} Runella sp. Sk GSDM Ef Tk
o, KA A GSDMID ., fEE 5 K ik
GSDMID J&, HiEgI k4T, MImfHE1E 4
FELABE R o AR AR 43 i) e 28 5 AN [R] 4 DL
1 2% 4445 3 FokE pLB1s-RGJID . pYB1k-RGJID #l
pUBIk-RGID, 410l A BW25113, K15
¥k BJS. BJK il BUK.,

¥ EIR R PRS2 51T SDS-PAGE 430 #7 .
M4 SDS-PAGE K (/& 6) % /%, GSDM % 143 T
ih 30 kDa, WS AEHET S, GSDM &%
MR/ 30 kDa 78y 28 kDa, B H: C dii/Mik
WA, HAEHR S protease BUZRIAIG, FIVANER)
GSDM (1 C Jii/NIR5E 4P . FLUKIE 5B HR L

F B B ) GSDMID 14k, X rl A&
GSDMID 5| & £ 17~ J5 41 i i s i I R LR —
SE Y GSDMID Firgl e iy .

X b A A AR UEA TS S AR K i e
SR BN 7)), FRREMATESHES KA
FETCJE, W) ODgoo [HAR TR, HAEFHEF 2h
JE W) ODgoo fH T RERIRAL S . Hr, Tk
BI9K . BIJK Fil BUK T & ) ODgoo B I s 1L T
B kR B4, BIS BB ODeoo H B AR & o SR,
I Mk BUK 75 H: 3 ¥ 19 ODgoo T8 T K& 2 Fe A% A 5
WL T G, HE— 2P JE R 45 SR R
Pk BUK H BT 2848, PR OGS A48 b K
20 LA T TR A

HE— 2% T Ak BOK I BIK JEA 7176 B 50k
0, Bk BIK 75 S 1S B4k 2.25%10° CFU/mL
(& 8A); T 12 h JGiG B 4H 6.5x10* CFU/mL
(K] 8B); FET-H N 99.997%. itk BOK i T i
R BCH 3.9x10° CFU/mL (& 8C); #5512 h
JETEEHCH 1.37x10° CFU/mL (& 8D); AT %
77 99.965%. IRZEIRFEH, HIRBEU ODgoo (H
KEAAA, HREHMME L0 I %
SEIOUE T 40 A Tk BB A AR R AT T R AT
T2, BT BIK RGN B2 HAh, R
P TR K M2 AL RN P R, AR B AR T
g, Ao kAR, & bk, #tk BIK &
B A o] 42 200 B £ T 1) e P TR R
24 AEFEREEREBRERICEEHENETN
X EEEL R 2 1

Sk T I IE 290 A T 3 A% 40 X L PN 4
(RIS, AS B 5878 i A8 TRl TR A e REL AR 1)
IO FH R, X G T 4 T R R R S R A
S PREL R W O AF O BT o R RIS R R (L B Y
ki pSL91c-BASP 4% AFET- I HE BIK H, 43
H#Pk BJIKBP, #4fa ik BIKBP 1) SDS-PAGE
Kl 7R, BASP &[5 F &4 55 kDa (& 6). &
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L L L LU
SUB000 5.0 kV 5.0 mm x50.0 k SE (UL) 6/20/2022 15:14 1.00 um SUB000 5.0 kV 4.1 mm x45.0 k SE (UL) 6/21/2022 09:16 1.00 pm

PR | (T | L

: [
SUSB000 5.0 kV 4.1 mm =4.50 k SE (UL) 6/20/2022 17:22 10.0 um <4,( ) 10.0 pm

| OO I L oo lboranld
SU8000 5.0 kV 4.1 mm =80.0 k SE (UL) 6/21/2022 09:27 500 nm SUB000 5.0 kV 4.1 mm x30.0 k SE (UL) 6/21/2022 09:30 1.00 um
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Figure 4 Morphological structure of strain B4 cells under scanning electron microscope. A: Morphological
structure of B4 cells before induction. B: Morphological structure of B4 cells after induction for 0.5 h. C:
Morphological structure of B4 cells before induction. D: Morphological structure of B4 cells after induction.
E: Membrane structure of B4 cells after induction. F: Membrane pore structure of B4 cells after induction.
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Figure 5 Analysis of extracellular soluble protein content : i i N
in induced and non-induced pyroptosis of strain B4. A (K 9)o ISR RN, AN AR T 05 BERT
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Figure 6 SDS-PAGE analysis of the target protein expressed by each strain. A: SDS-PAGE analysis of strain
B4 before and after expression of target proteins. M: Protein Marker; 1: Soluble extract before the expression of
target protein induced by strain B4; 2: The insoluble extract before the target protein was induced by strain B4;
3: Soluble extract of strain B4 after induction of target protein expression; 4: Insoluble extract of target protein
expression induced by strain B4. B: SDS-PAGE analysis of strains BIK, BJS, BJK, BUK and BJKBP before
and after expression of target proteins. M: Protein Marker; 1: Control E. coli BW 25113; 2-3: Expression of
BIK target protein before induction (soluble extract and insoluble extract in turn, the same as the following);
4-5: BOK target protein expression after induction; 6—11: Expression of BJS, BJK and BJK target proteins after
induction; 12—13: Expression of strain BJKBP target protein.
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Figure 7 Induction growth curve of each strain. A: Strain B4 and B9K induced growth curve. B: Strain BJS,
BJK and BUK induced growth curve.
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Figure 8 Count statistics of live bacteria before and after pyroptosis of strains BJK (A) and B9K (B).
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Figure 9 Relative enzyme activity of crude sucrose phosphorylase solution prepared by different methods.
J1-J10: The crude enzyme solution was prepared by cell pyroptosis method for reaction. The ODgg values of
the bacterial solution for preparing the crude enzyme solution were 1.0, 2.0, 4.0, 6.0, 8.0, and 10.0; C1-C10:
The crude enzyme solution was prepared by ultrasonic method for the reaction. The ODgyy values of the
crude enzyme solution were 1.0, 2.0, 4.0, 6.0, 8.0, and 10.0.
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