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[ABSTRACT]
strains, Nissle1917 and BW25113, in the intestine were evaluated in mice, we aimed to screen out strains for

Objective The colonization ability and efficiency of two Escherichia coli (E. colj)-engineered

subsequent research on clustered regularly interspersed short palindromic repeats (CRISPR)/CRISPR-
associated protein (Cas) system-engineered bacteria to eliminate drug-resistant bacteria via high intestinal
colonization efficiency. Methods Seventy ICR mice (18-20 g), half male and half female, were randomly
divided into 7 treatment groups by gender, with 10 mice in each group (6 for experiment and 4 for control).
The experimental group was gavaged with 2x10" of the engineered strains at a final volume of 200 L, and
the control group was gavaged with an equal volume of PBS. At 1, 3, 6, 12, 24, 48, and 72 hours after gavage,
the mesenteric lymph nodes, stomach, ileocecal and colonic tissues, and intestinal contents of the mice
were removed. The two E. coli strains were detected using plate inoculation, fluorescence microscopy, and
PCR amplification to compare their in vivo colonization ability and efficiency. Results At 1, 3, 6, 12,
24, and 48 hours after gavage, both E. coli strains had colonized in the stomach, ileocecal and colonic
tissues as detected using the three methods, and no leakage of E. coli fluid from the lymph nodes was
observed; at 72 hours, only Nissle1917 colonized in the ileocecal and colonic tissues, comparing the
colonization efficiency of the two E. coli strains, that of Nissle1917 was 100% and that of BW25113 was 0 at
72 hours. Conclusion Nissle1917 has a higher colonization efficiency than BW25113 and can colonize in the
mucosal surface of ileocecal and colonic tissues for a long time, suggesting that it can be used as a carrier
for the CRISPR system to prevent and control drug resistance gene transmission.

Colonization

[Key words] CRISPR engineered Escherichia coli; Intestinal colonization capacity;

efficiency; ICR mouse

Dec. 2022, 42(6)

T+ ZHRPUE R A EAREL. SR AEA
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F2EH (CRISPR-associated protein, Cas) RRFARE
MR — PSRN AR SE, H CRISPR T4 & ZHF
fEf Cas EEHA AR, FEEE Cas EEHRRRIERBIDIE]
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pGLO-J23100-GFP

Promoter

pGLO-araC-GFP

Promoter

E: J23100, EREEBIMF; RBS, REALESRMUSR,; GFP, RENBEARAERE (RARSHEFKTH); Promoter, EEBIF; AmpF,

SFEEEAMFEFCER,; araC, araiRUFRETEL.

Note: J23100, constitutive promoter; RBS, ribosome binding site; GFP, green fluorescent protein expression gene (fluorescent reporter

system element) ; Promoter, gene promoter; AmpR, ampicillin resistance selection marker gene; araC, ara operon regulatory protein.
El1 KIFILFEE | B CRISPR-Cas RA 175 (A) LAK Nissle1917 B4k pGLO-J23100-GFP [F i B (B) 1 BW25113 Btk th

pGLO-araC-GFP R EE (C)

Figure 1 Structure of the E. colil CRISPR-Cas system (A), plasmid profile of pGLO-J23100-GFP in Nissle1917 (B), and plasmid

profile of pGLO-araC-GFP in BW25113 (C)
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Amp® LB [EfREEFREL R, RPAR E T 37 CAMRE A
HRREFRIER . SRR FREEERE R TR HE
T, BB TR Nissle1917 #1 BW25113 78/ AR N
BN EIR I
1.8 XARLERVNIEEREE

7 A B A I AKE PBS 5198, B BIE .
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IRBISTHCNAHR AL, FARTIEINEER R G, F
WERB A B, SPHERESO wum~ 1 mm, BT HAESE
LYEN OB N, K 470 nm FIEUR G T
W LLEAL GFP FRICH) TREE, FIFH LAS Core Bl %
ST R R o ARPEHE R AT, PR 2
5 R T T A2 4 Nissle 1917 F1BW25113 BIZEFH B, %1
) W7 RS B FE AR N A RE R R, DAL B
PREFEREST o
1.9 PCRERMIEEMNERE

LU B A E AR A A, &
H RS e B H DNA,  DUHAE R DNA B8k Hi
T2tk TREE M TR & W orr B R, AR E
GenBank (Z3%5 U55763) FiR ki GFP & NP5
W ey S H A IR L NS 1F ] GFP-
F 55 -TTTGTTTAACTTTAAGAAGGAGAT- 3", GFP-
R 95 -TTATTTGTAGAGCTCATCCAT- 3", 4 #f Fr B}
KN 750 bp, SIWIH LiGAET &, PCRRMAKZR

(10 |J,L) . 2XGreen Taq Mix 5 pL, | RI#5[#1450.5 uL
(10 wmol/L.), DNA 47 0.5 wL., ddH,0 3 pL, PCR#”
LA 95 CHIAEMES min; 95 'CAEME30s, 55 CiRA
15s, 72 CHEMf2 min, 30 DMEEL; 72 “CHEAHI 7 min,
I 1% BREREBERL LUK 38T PCR A=)

2 #R

21 EBRIEFEMNENSETE

RIMEIES SRA I . MR 2 Pk T2 B R R S 76
PRI RETE DR N R ekt (B 2A. 2B),
MR AE DO B N IR — € Ul f5 RE B W4k e )
FRRER (F2C), XEIFATLREFHEIMNIAGH, =2
J& ATk A P SESG B B
2.2 AHESOEHIBRREBR G ERE

SRR 10% B E KT B, AR BUARE
BIFAEH BN E, daiEasot (H2D~F), i
Hil B 10% B AR KR R BUEMIZEE (B26), K
FESCIG AR e F bk F 109 &5 & KA fa ket 25 /N B
fHRE, A/ NRIE R A PE S

F: A, IRREBRRK (x100); B~C, IREE®BER (B, x100; C, x1000); D~F, @8 (D, &3&¥; E, £3%5%; F, %) (x200); G,

10% @K (%200).

Note: A, Stock solution of engineered bacteria (100x); B-C, Dilution solution of engineered bacteria (B, x100; C, x1 000); D-F, Green, red and

blue fluorescence in diet (x200); G, Fluorescence in 10% glucose water (x200)
E2 ITEEFRRMBERRLAREEF10%HE KRG NER

Figure 2 Fluorescence in stock solution and dilution solution of E. coliengineered bacteria as well the diet and 10% glucose

water

2.3 FiRWZEEENIREEEE
R I R EM EEE . B, BEE. 4N

AR e Pl 22 Amp” LB [i] (55 77 B 5 77

24 h, AR EHETREPAILEHGE S, RECHE
TR AR, Mg T 5, 1, 3, 6. 12h
X 4DETEBE T, Nisslel917 5 BW25113 X 2 #E T F &



546 LI SEL R EZ Laboratory Animal and Comparative Medicine

Dec. 2022, 42(6)

EPAR AR E . eSS EEEER,
HEKEUREZZRAHE, H2H¥REIE24, 48, 72h
X3 A B, SR B VR A KIS B A b
(E3): #EH 24 hBf BW2S1I3HEEE . [\ 554
B EB i, T Nissle1917 FAXAE 6] & BRFN4E B 80 A7

ki W

K EE 48 h I 2 BRIF 72 [B] 5 BR AN 45 7 B0 A1 4
H, BHELEEERK: EE2hNEHNE
Nissle1917 B 7E Bl & S AIE5 b ALK H . BRI 25,
17 22 BEbk 465 AT 30 FE 7E Amp AR R 2%, 199578 B
HE AR,

i A~CHRIRDESBE24h. 48h. 72h B Nissle1917&; D~Fo 3l A#EBE24h. 48h. 72hBIBW25113H; 1. 2. 3TIEEIRA, 4. 5

7IPBSMERA,; F—FiREL. AE. EF. ATMRRABREHKEL.

B. EE%. &

Note: A-C, Nissle1917 at 24, 48, and 72 h after gavage, respectively; D-F, BW25113 at 24, 48, and 72 h after gavage, respectively ; 1,2, and 3 are
engineered E. coli experimental groups; 4 and 5 are the PBS control groups; from the left to the right, and from the top to the bottom on the
same plate: mesenteric lymph nodes, stomach, ileocecal and colon tissues.

B3 Amp ERIGN 2t TREA/NRARSHBUNEERR

Figure 3 Amp" plate detection of the colonization of two E. colistrains in mouse tissues
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[ REE 21 90% fe A5 BT 2 SUIRIE R 2 SRR I 7R 4 27
b, TIBW2STI3EAHEL L ~ 2 DEERME S, Rt
Hi2 N BW2S113 HIE B 45 B G L EANERE ;
B 72h, {YWEEF] Nissle1917 HEEEEBE. 4574040
BRI BERAERM, BW25113 WA KB T
fIHL LM FEE NG .
25 PCRZRIETEEMNEE

LR LA KR G B A DNA B34 A1
SRS Y crP RER, DAVE S AT TR R R

N PCR 45 RAGBHIENT I8 . NERES 2 MR AR B 7R B
KR EEEMAR T EENEFE, EIT 24 hy
48 hy 72 hiX 3B A SESe /N R B S BB K 25 i 40 2 it
17 PCRo PCR F=H B LUK E5 SR ANIE] 5 Flio . SE50 4
DNA HEK I H 464 (750 bp kb)) HECHIEMT, A
XA TE 551 T o

%58 TR 1A Nissle1917. BW25113 f) PCR HL K 45
RXFECA AT IR 24 h ISR [E] 5 &6 K G5 i A 2 A g
B2 MR A BO46H: . 48 h I AR S 58 M A A
H9%] Nissle1917 HRIH B4, M BW25113 FHIE R
SRR E SR 72 W EE B, S
FRATSBEY B2 Nissle1917 B8 H O &4, (HIGVEY 1S 2]
BW25113 B H & FHIIREEE 72 h )5, /NRE
B HE K 45 7 41 4R B Nisslel917 B 77 £ % B
BW25113 /. MAl, 7 I R 45 K B A 210 PCR 45
RER 2D ERE 4
26 2EIEEEEENTNEEUAFMILR

WITTE 1. 3. 64 120 24, 48, 72 hiX 7 HF[ETE
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[8] 5 #B Nissle1917 45 Nissle1917 [0 5 & BW25113 45l BW25113

24 h

48 h

72h

E: A, EBRE24h B 538 Nissle1917; B, 24 h 457 Nissle1917; C, 24 h[E & &8 BW25113; D, 24 h 4587 BW25113; E, 48 h[El 5 3B
Nissle1917; F, 48 h %57 Nissle1917; G, 48 h Bl & #F BW25113; H, 48 h 4583 BW25113; |, 72 h Bl & 8 Nissle1917; J, 72 h &3
Nissle1917; K, 72h [EIE&8BW25113; L, 72 h&5i7BW25113, SiskmEAFTAI A CHOME o
Note: A, Nissle1917 in the ileocecal area at 24 h; B, Nissle1917 in the colon at 24 h; C, BW25113 in the ileocecal area at 24 h; D, BW25113 in the
colon at 24 h; E, Nissle1917 in the ileocecal area at 48 h; F, Nissle1917 in the colon at 48 h; G, BW25113 in the ileocecal area at 48 h; H, BW25113
in the colon at 48 h; |, Nissle1917 in the ileocecal area at 72 h; J, Nissle1917 in the colon at 72 h ; K, BW25113 in the ileocecal area at 72 h; L,
BW25113 in the colon at 72 h. Arrows show attached glowing bacteria.
El4 REERNESF 24h.48hf172 h/NREFEBAR P 2 ¢k TIRERFMER (%200)
Figure 4 Fluorescence microscopic detection of adhesion of 2 strains of engineered E. coliin the intestinal tissue of mice

at 24 h, 48 h, and 72 h after gavage (x200)

Nissle1917 BW25113
6 7 8 9 10 11 12 13 14 15 16 17 I8 34 5 6 7 8 9 10 11 12 13 14 15 16 17 I8

iF: M, DNA marker (DL2000); P, PHMIIHR (Nissle1917/BW25113) ; wa'r;wa (PBS); 1-6iki&, EE24h (1. 3. 5,7'_KL73 EESER,
2. 4. 6;}]255792*%)- 712K, #B48h (7. 9. MKEREITE, C12KkERERR); 13-183kiE, EB72h (13, 15, 17iki&ER[E
B8,  IBIKBALE) .

Note: M, DNA marker (DL2 000); P, Positive control (Nissle1917/BW25113); N, Negative control (PBS). Lanes 1-6: Gavage 24 h (lanes 1, 3
and 5 show ileocecal, lanes 2, 4 and 6 show colon); Lane 7-12: Gavage 48 h (lanes 7, 9 and 11 show ileocecal, lanes 8, 10 and 12 show colon);
Lane 13-18: Gavage 72 h (lanes 13, 15 and 17 show ileocecal, lanes 14, 16 and 18 show colon).

[El5 T#2H Nissle1917 #1BW25113 i PCR =488 ik

Figure 5 Electrophoresis of PCR products of Nissle1917 and BW25113

FAT RIS A DAL 3 Fho5 v %5t & Rt K i 2R PSSk B2 45 B FERE I8 T BW25113, X 7 2 bk R 45 R A 7

L2k TAER M EMERE JTELES, FIDIE H Nissle1917 B 18, KBS B FERRTFAE LARHE e, WL

1fE1~72h BigEFHEEM, MmBW25113/E1~48hH AR TR R ALERIMNE, RE/NE &
EAEM, 72hINEBETER, $E7R Nissle1917 FER L E51E N A IE S f5 R SR RS 2R O G4 TR o
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FRAE 70 H L6 B N TR B @ M A5 R T 420
EERER: 1~72h N Nisslel917 FFEE . BB AL,
MR EAE 2RI 100%; 111 ~48 h A BW25113 {XAE[H]
BEsfsE e, EAE48 h I EMZE N 60%, 1E72h
if BW25113 E TS EM . 86 2 BRI 1E 24 ~ 72 h &
MR, W TR Nisslel1917 () @R & T
BW25113,

19 Stomach

BW25113 24 h BW25113 48 h BW25113 72h Nissle1917 24 h Nissle1917 48 h Nissle1917 72 h
13 Group

6 TiZHE Nissle1917F1BW25113 B 24 ~72h EENR
FRERFHEERELLR
Figure 6 Comparison of the colonization efficiency of

Nissle1917 and BW25113 (gavage 24-72 h) in different
tissues of mice

3 itie

AT EASEES AR 5028 T Nissle1917. BW25113
PiFRk TAEEEICR. BALB/c. C57BL/6 =il E/N
R EREER, RIS SRR EVNRIEA R ZE
FAKR. FEF2PRE G ER LS & K AE M 25
RO, ZARBFFEE A T ICR /NRAE N SES:
), AR W, SER 2 PR TAER R EAE S .
Amp EARRIZIEGIN TRFMESRE R, NEFX2
PRE /N R R B 7 P A TE Amp AR R e
FIGHREE R AR, HEEREER, ZHEER
FRRKE R EZE R Nisslel917 H#EH 72 h 5 1E
Amp AR B B E B K A Iabricd AR Y TS
BW25113 B 7E Amp AR [0] 5 i M &5 bric b T B
SRR, Z554ER: Nissle1917 0] UBS KIS ) @M T/
RE4 I 1 BW25113 EREE /NN ARG SR
HITRWER, BEE 2 h Bk EME, HiEmeE
HA G 59 F Nissle1917 o BRILZHM, B ZR HEIHR A5 5
KIGTE AmpSFEARRIZ IS A E A, RIF2 %
TR A AE 7 2 M A5 4b PR AN, 17 R IR A5 1R

i G5 2 4 ] IR T 2 G4 R o

BT GFP 3R 7] DLE WL TR T2 AR A AR
SRR, PRI SR 2 B AR A /N FR i A 2
TTMEE, DI TREFRER, 458 5R, Nisslel917
FVEE 72 Wi REEME T B 45 AR H ;. i BW25113
WS 24 hiGfE/NRIAEN, BTN REREmigE
i V& . AT BE A R8T TE 30wk HE B R A . R
Nissle1917 B 78 /N RR A B EAE BE /7 EE BW25113 [ B
S8, Nissle1917 BE{EREA AR FR W RO/ N SR IAIE N Y
—MAE, B EAE T B B 350 M A2
BLoh, ASHFITAERS R B D As E R R BN E R,
RENIE TR RTE R B A=A NR, &
SCIOTREA . TREVIHH, GFPRETHRIMACEL, 3h
TR R MR 2 W) SR TR 52 2R Y6 G [RIRE P2 AR 2ROk
BIRTEARSLIG R Ef it H 10% A A fE KA et
/N AERE, B A AR R R SO S T
TAEEAI . PGS GFPFRICIA AR R 5 A kb
RERIRRNE TR, X2z A s Eemsmn e
P A B

PCR ¥ FAS SEREAR TN, Nisslel917 HAE72 h [ H
HB. At B H A, T BW25113 HoRY HEE],
LI 2 P50k 45 & B 4041 PCR R PR 467 . SRTHI PCR
GLERAFIE—E NG, AN E I B A | R R 45 i A R
PCR LYKk HY H B9 &5 HAEFE—E 28 Ll TR F I
A, EIAIEE TRE SR N TAR SR
RETERE SR, RIRGEHER R TR E S
HIEEEMEE S Bob, i i B el
ETEFEEURE S DNA B FE g5 gy, I S 80hx
RRZXIFG, FEMEMERE, STLLE, DEERE
NERUERIEIN, Sz HE2MTik, REE3RTE
EEEORGEE N LS T, A REMSEES AT HAHXS
HERREIES L

AN SEAG A8 BT R 2 Bk TR R N 8 M B 1 1F E B
DER, XMERAZAERUEESE 72 h,
Nissle1917 B 7] DLZEAE , i BW25113 15 J6 ¥ € 1 o
Nissle1917 A KERIVEMERE ST, X 5T AR RE—
O, Nissle1917 B 5 BW25113 B 2 [H] @ M AE /A0
REAGE GHERNAZRE R ", AliB M bEsh
TR EEDRIFE DAL, AW REE G AL S RN e A i
— SRS EREMEAE TT. LA, Conway 2 200 H R 5
s, KIAZRA E AR AT B RIS M K R AR P AT
RERHBEREMERmER SR ZE. B,
BW25113 B H 154 CRISPR/Cas 2 Zi X T B KA H
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(IR, HFEERE T TAEMGE H 781K CRISPR/Cas £
GLEnwar, RS A T O ER U I T AN 2 51 R AR
2 i E AT ES TEEAA B A CRISPR T,
M BERT B — T 25 RS /E A, L RERXT 25 RN 24 [ A& #5
YEF . {H CRISPR/Cas 2 ZiE ARG IRA IR H T BN ™
%, SECENIATREgTER 2, Hiams R ER
%, W CRISPR/Cas 2L T5 ERFE NS S A B3N Tk T
S P, Nisslel1917 [ B AR EMEAE S50, (EIEA R
R LA CRISPR TR A ELR Y, HIFERESIA
CRISPR/Cas % %% () Nissle1917 T2 B 7E A IM 2 it AR
FH NS AR

AR R REEETEANBEREREARER
W TFEE R EM, &E Rk TR EME TR
B kTSR A B, BI&IEE:
W REREVR FINCR A FART] R EIELUS BN
FE, HTFERAR, WWHEAEE, SR aefF
AR, CUSER A SHEFEAR LR
Gy

[EZ{CI2EBH Medical Ethics Statement]

RRRE RGN EBI IS LR O
IRHWEANCEZRZFHEHME (No. ZICLA-IACUC-
20130001) . FRELISIEI9E R P E LI aIERXEEE
MEOIERHIT,

All animal experiments involved in this study have been
reviewed and approved by Institutional Animal Care and
Use Committee of Zhejiang Laboratory Animal Center
(Approval Letter No. ZJCLA-IACUC-20130001). All
experimental procedures were performed in accordance
with the requirements of laws and regulations in China
related to experimental animals, including the guidelines
such as Animal Management Regulations (01/03/2017),
Laboratory Animal: Guideline for Ethical Review of Animal
Welfare (GB/T 35892-2018), and so on.
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