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Abstract: Escherichia coli, a facultative anaerobic, flagellated, Gram-negative rod bacterium

commonly parasitic in the intestines of humans and animals, is one of the common zoonotic

pathogens. E. coli is easy to form biofilms, which are special aggregates formed by bacterial cells

attached to each other and encased with self-produced extracellular matrix. Biofilm formation is a

major reason for the difficulty in curing bacterial infectious diseases in clinical practice. It not only

helps bacteria evade the host defense system but also reduces or prevents drugs from working,

thereby inducing biofilm-associated infections (BAls). This review introduces the molecular

mechanism of E. coli biofilm formation from the perspective of the gene regulatory system and

related regulatory proteins and summarizes the strategies for the prevention and treatment of BAIs,

providing references for finding appropriate drug targets and preventing BAIs.
Keywords: Escherichia coli; biofilm; gene regulation; biofilm-associated infections
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Figure 2 Signaling pathways involved in the regulation of biofilm formation and motility in Escherichia coli.
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FORGEH, 1E AT A W Y R L, A
TR A B G052 SR 12 5
2.2.4 Eha REEH

EhaA. EhaB. EhaC Fil EhaD & [1/2 7 H I

PER W35 2 R B o 1 B %12 811, EhaA
FEIR T UG g i R R A B X
Y ZERE, 1 EhaB A REREST M 5 A0 A1 Ik
A B B9 kI, EhaA NMYUAELEIE
PR R WA TR IR A, UL RE (L A W e
JE /s 1 EhaB. EhaC A EhaD 4K G615 S 40 #
M4, EhaB F1 EhaD #] LIIE kAR M1k I
R, SR H AT SC T EhaC Il EhaD (58 4%
A BARBYVE FABLHI T S — R
225 Hfth AT

Yeel AUE—FiR B KM% A R S |
FEEEN, WRE-MARNEEN, BEET
YNPARIE, AP AR Liswrh, H LysM 45
WIS RRESS G, S 5N EIRR ALY
TS, BAR yeed FEIR BIBIIEAS T M 4N B AR
YR REE, (2 Yeel SAKERMES: G B EH
Pt T AP AT . AidA e KR A
STEMRPBTR RASE , XAH RS E R

MR A ki@ PR R R A, A 8 20 TR 240 P 2R 4
FEEA Y R AE PR ETE i, X ARk T Al R 7R
T 7 20 B 3R TAT B 8 B RN R Ak, DT I 7 A4 R %
Yerb R AR SRS, TibA E—FhZ 6k
M, SZ28 I REMEC, EERmRA RS,
TibA HE e — 7 8228 0 8 B JifS iy B &
Hin AR ER, Hi—1 C i g5t
—A~ N i LR AL AL, tibC JEEF tibA
FED i, 2 5 DRI o A O S A 3R R A% A
TibA 1™ Sherlock Z:WF57H], TibA &
AT LA | A 44 TR 40 i 2R AR A AR W B B, DA
TEdE N b R AR s B, IR ORI AT sz 1 S
P& R R 25 i T 40,

g bk, B ERFEEOAXTRERGR
A W RNV P L RO B, X e
FRT DR S A OCHE i, T 4536 A2 ) 1 IO
B, AHEARAE LRI i — 2P 0T

3 [7 e A U AR R R e B SR

3.1 HEEMEY

BEX Y ATFRAE N AT 25 PE R, EA K
EEAERY], P2y KA RO A R 2
RPN ERIBEWTRE S, e K2l
PESRAE TRTAIG YT, MO R 254k S LR Y Bl
BRITEIA —ERR R, Wik, AP35
T UL PR ATE el T B A MR 2
4 30 A TR T 2 R BT AR 2 — o et
P B TR R A AR YR, @it
AT ABL, Wtwe/ MRS (1 BT
A LA -5 R A 1 AR I A5G
(LAZ 5 GG 2 B A A A T B 2 s
F); Lee SF1 Li S0 il i fff VAR AR T ik
RLARINRE, MIASERAR S, JIf & BLAE 8.2
MR IR A WAL G R, AR
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C15:1 ATz it Pk KW v b 4G it T B
DRI s R A SR R g a8, AT 2 B0 1 08 & N
A=Wl /0P Wang ZEPhE A 1,8-kent
FH T RIRATE QS REEH luxSHEERIERIE,
i T KR AT R Bai 200hE
b A PR AT - ZRBRAIR T 45 Hh R B A DG HE K (csgA
csgD) . HEEJMIRILE (FIhC, fIhD. fliC I flim)
il QS HHXKEM(uxS, lsrB. IsrK Fil IsrR)H:
s, ERZANTE T RN 35 A T A W) B R LR
EPS W74 Bz, HEGiE M) 3 et 1w
5 9 R A 0 0 T B A OGS R, A T 5 i) JFE
RIS, BB H AP 8 BT R OR
X RBR . bR Rt T
HIeSHER 1. B, KEWEEZM AP
TP ALK T S04 TR A RIS, AR B e
Az FRT 2 Ve RN AE D B SR SOR (B L R
SRR EA R — L RE . ROk, ATLIE R
et 1 Hh 24 05 1 ) R AR S 7 T 9 4 R A
XARE AR BAL S HE—FE a7 ik,
3.2 EYIBEK

B4 W) ik (antimicrobial peptides, AMP,
WRRPL IR AR 2 —S & & i 1E oy FHEE 7K 1 2
BRER LI/ N2 K, WHEH 12-50 PNEAER
FRIEAI L. AMP RE -5 20 TR A= W0k I 1) 45 41 43 A
HBAEM, mMAYWEPHER R . EPS M
eDNA &5, DT 40 ] F19 B A= 09k S 1 5
A, PR XCREPR SR Bt AR W 85I B (anti-biofilm
peptides, ABP)!'M A4l H EHR R M
AMP-CRAMP fig % (% PAOL A=W # ik
c-di-GMP ¥, FH-90Hil EPS JUHE FRZEHE N5 1Y
G, A RE DR A0 TR R 1Y 0 Bl 0 0 R
(5B, R T 2R BRI, A2
AU AMP Hfg B 06 AE Y p R E i, a0
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AMIC AMP-Q4-15a-1 i 2 8% PR 41 A L 1) 52 24 Pk
A A A, TR BTERR 99.9% KW
BRA WA, X RP] AMP-Q4-15a-1
AT R PT A Yo 1M esculentin-1 fi7
AR BRI TR S A DGR fInDC L liC 1y 3k
ik, TR T KN 35 A B AR 6% BROR 1R
BB DB Saporito S PUFSY T —41
DL AMP-GN-2 S5 R1 28 ORI ROV K R 3545 T
PIPL I AT A e R, RIS &Y
B R ()BT A M0l IR 5 0 A AR AR AR P
BEYEEINA G, XRIZEIEHMER R IEIE,
FEZF BN R RE S R EAE R Vergis 2T
FTRER A (1-7)- MR IRAE IO Z Ei 24
REM RGBT BERNER, EMREEX A
(1-7)- % 25 JIK 3 230 o < PRALABE R A 4 FH AL
RAR AR . Morroni 25 PHEAR T
AMP-LL-37 &Rt B 0% i 22 25 K 35 7 1 1
Jrak, SEHER] LL-37 XHEW mor-1 () 3% B
VA T P Tl R 8 75 5 A4 TR 35 A TR R I i R 47
FITEME, 12MIC WREEY) LL-37 Befl /A= Yk
BT . Az, AMP RIS 3BT E HA
Gy 77 A i 2450 AR B A 0 B E AL
AR — R S 0 A I R B
IR 2), LATIBE RIS Aok A ZS sk sh i
BAIL. AMP HE KA 40 FHT A Y0 B 1 e
HZKER AMP Bt . AR HA R e
S5, BRI T AR A S i . TR Z
FIZEH AMP G0k N RO IR fd, X2 HRl
e DA T I 1) FE 2 PRI M, ARk AT LA pE A T 44 K
Bl AMP A2, HAUKRERGHE R RS TS,
MRPE AR, BN AMP, SXFERT DL/
AMP B EE I KRR T BEM:, DAE B 4 b & 45
HYIBR
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Table 1 Effects of Chinese medicine active compounds on Escherichia coli biofilm
Item Chemical structure Causes affecting biofilms Reference
Ginkgolic acid § L Ginkgolic acid inhibits curli genes and prophage genes [93]
1,8-cineole 1,8-cineole inhibits the biofilm formation and reduce the [95]
pathogenicity of Escherichia coli O101 by inhibiting the expression
of luxS gene
Ginkgetin Ginkgetin inhibits AI-2 signaling molecule production [96]
Berberine Berberine inhibits biofilm formation by inhibiting the QS system [97]
Gallic acid Gallic acid inhibits biofilm formation by regulating pgaABCD genes [98]
Curcumin Curcumin inhibits the formation of biofilm by interfering with the ~ [99]
signal molecule-based QS system
Cinnamomum Cinnamomum camphora essential oil could penetrate the biofilm [100]
camphora . and inhibit bacterial proliferation to reduce the biofilm formation
essential oil (major compound)
Isolimonic acid Hom(m Isolimonic acid inhibits QS pathway by inhibiting QseBC operon ~ [101]
HOY ) ¢
Naringenin o Naringenin inhibits QS system [102]
AL @
~ oH
Baicalin mo "4 _PH > Baicalin inhibits the QS via decreasing the AI-2 secretion [103]
(}—\/ _\--OH o
O—’.b_/J 3
$%
HO 01l
Rosa rugosa tea g Rosa rugosa tea polyphenol inhibits the QS system and swarming [104]
polyphenol migration
Cinnamon bark oil Q_/_ Cinnamon bark oil down-regulated curli genes [105]
Honokiol 3 4 Honokiol inhibits the mRNA expression of Luxs/AlI-2 system and  [106]
O Q ol reduces the secretion of AI-2
OH
Tannic acid uo% OMK;L{(}U Hg\{(nl Tannic acid exert anti-biofilm activity by attenuating QS [107]
b Yo o~ communication
Ho Ny 9 h~d
fé g ) Lﬁhﬁll
1O 0 { 0
j%(]::ﬂ%)][
i HO \hli
Proanthocyanidins ™ OH Proanthocyanidins inhibits QS system and reduces the complexity  [108]
OH . . .
in biofilm architecture
HO
Q Q Ol
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R2 MBEYKRNKGREEEDEERIZIT

Table 2  Effects of antimicrobial peptides on Escherichia coli biofilm

Item Amino acid sequence Causes affecting biofilms Reference
Derivatives of GIFSKLAGKKIKNLLISGLKG Derivatives of esculentin-1 peptides ~ [112]
esculentin-1 inhibition of biofilm formation is
peptides likely due to the increased expression
of fIhDC and fliC gene
GN-2 derived HKWKKWWKWI GN-2 derived peptides reduce [113]
peptides hydrophobicity and increase
penetration of the inner membrane,
thus reducing the biofilm formation
Cecropin A KWKLFKKIGAVLKVL CAMA acts mainly by way of the [114]
(1-7)-melittin ‘toroidal’ pores mechanism
(CAMA)
Omwl KDRPKKPGLCPLIWWLIIKVG Omw]1 may be the formation of pores [116]
in the lipid component of EPS
Melittin GIGAVLKVLTTGLPALISWIKRKRQQ Melittin inhibits the adhesion and [117]
colonisation of bacteria
Cathelicidin ~ LLGFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES LL-37 inhibits curli-mediated biofilm [118]
LL-37 formation in vitro and inhibits biofilm
formation by direct interference with
CsgA assembly
Dermaseptin =~ ALWKTLLKKVLKAAAKAALNAVLVGANA Dermaseptin K4S4 decreases the [119]
K454 viability of planktonic and
surface-attached bacteria and inhibits
biofilm formation
Cecropin A KWKIFKKIEKAGRNIRDGIIKAGPAVSVVGEAATIYKTG The dispersion of biofilms is promoted [120]
by the suppression of efflux, the
uptake of more cecropin A, and its
ability to bind eDNA
Fly larvae Amino acid sequence is not clear yet FLIP7 has strong cell killing and [121]
immune matrix destroying activity against
peptides 7 human pathogenic antibiotic resistant
(FLIP7) Escherichia coli biofilms
MF18 MRKKAVKVKHVKRREKKF The cause is not clear yet [122]
YS12 Amino acid sequence is not clear yet YS12 inhibits biofilm formation by [123]
inhibiting bacterial growth via
regulating bactericidal growth action
and prohibiting the attachment of
bacterial cells
Ultrashort Amino acid sequence is not clear yet Ultrashort cinnamic acid peptide [124]
cinnamic acid derivatives via inhibition of
peptide oligopeptides and acylated homoserine
derivatives lactones
Brevinin-1GHa FLGAVLKVAGKLVP AAICKISKKC The cause is not clear yet [125]
[D]IhBTD-1 PIFTKIQGTYRGKAKRIGRRIC [D]hBTD-1 induces precipitation of ~ [126]
EPS and removes a large amount of
EPS from biofilm matrix
Magainin 2 GIGKWLHSAKKFGKAFVGEIMNS MAG?2 reduce bacterial adhesion, but [127]
(MAG?2) the mechanism involved is not clear yet

<l actamicro@im.ac.cn, & 010-64807516
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3.3 E&RTT

WAIRYT, BILAOMRA Iy X 2 Aia sy ek
TR, L X A 2 TR SR YT
FITTRI, AT AR 251 kS i ARz, BEHmiGY T
XAV S, UeEE ER RN, BEm
P2 PUE 25 1A St SRR R R 2 AR
M, DA BAL, ABREIZR M CRAMP BGT7
HER . PLUBERMATER IR 5
PhRIVER], USRS BRI, {XFE 3 h
PIEEA K T 3B APl i an > R p 20 >)E
S HA AR BIAHE, X KR AT
AR GRS TR IEIER R A AR
VAT A AN/ s Bai A5l BE Al
PUA Py e A R AR A R S AE R (R K&
2. KIBFFEE B MARBITIEER E), MUEE T
AR AP REAE A, T H R B
PR MEVEN, vellk T RIGBRA WPt A Rt 24
P45 Thappeta 250 AMP-CSM5-K5 558 =
HPUIR RS N, RBIIEEI6I7 % 2 E i 245
KW 357 DA AE W B i A G851 99% 5 JH ks
e 3 G 2 B U 3 T SR R
R T BB 1R YT R R 35 A 1 AR W) ok R S G
IR . Bz, BEIRIT R — RSl BAI
TG B 24, IR BNAITRBRYE, 7
SYRYET5YIMIER, TGRS B8 2 A58 L
TBGUE LTS AE R B A Y vk B e
34 BEEMYIR

25 5 5Ly e PRI, AT AR i
SIS E PR, DA IR B A= Bk s
. O T iR AMP-CRAMP (L4115
201810701474.7)FEE Pk I rh i 2R M, AR
4 ) Bs 7¢I B (chitosan, CS) i i R & ¥
(polyethylene glycol, PEG)fff ik CRAMP, & h{
CS-PEG-CRAMP f#Ic4), B4 H 258 A i A= )
PR R ) RN AR E Ik, A B I KT

BAL HHT AU o AR R A0 IR A Y R i S S
S vE IR TR A EPS Brfes, it 25 YTE A Wbk
N8, A o5& # K2 A ST (compound
microneedling, MNs)[£PIREFES CS F Zn® T
HMERESE S, CS-Zn[I] MNs, T
KGR A YL, ZB MNs AT DL o fil] 27
EPS, izfii CS Fl Zn™ Y AN A w iR, FIH
PR AT RE 1 (ATHIBCRIARE] 100%)FA:= 145 5
HRBRFFET; Nosran 55Nl /K fBREEAL A&
BRI 2R - LB SR R B, SRR -
2285510 b B ] 22 )Xo ] 2 1 P R A A
HIIE A A BRCR (IR 7 R BRI A S
AIIEITE AL ; Ortiz-Gomez 25> B B Tt
7K AMP-Maximin H5 C A it 2 AYMHSC)FE C
Uiy (MHSC-Cys) HIE ez &4, IF 5 AR RS
1) PEG REW s, MERm R IRE, KiZ
I ELA 0 K A T AR W R BT I RR A
K7 o A E I A/ ;. Barbosa 251
T o A 1 ) B R - D I 0 B A A
Dhvar-5-CS BB T HRWRATE, AIWEEEIH
PRSI E EE T . L, RIBTTAEA
INRERE RS2 ARG, BERERE 0 K2
YR EEAYER, IRBNAYFRCR , AN TIRYT
RIgiRA w ) BAL
3.5 HithRg

TEIRIT W R 35 A T A= W B3 M |5 1) 4 7
B, Br 7AW RAN, ik AT LU —
SRR T AR W A OC B BRI 2658, AT A
A WA OG5 S, BFIBIA BAL
3.5.1 CRISPR A

e S R NN R TGl =R
(clustered regularly interspaced short palindromic
repeats, CRISPR)-Cas Z2 4t 1) 3L i+ R 45 4
AR T R T A A SR . TR AR TR AE OC
W55, JEF CRISPR-Cas JT % () — Z 5 oI
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SR AR S T A SR I RE TS, IR
1 I ¥4 (CRISPR activation, CRISPRa)#l T
(CRISPR interference, CRISPRi)JL K ik 5 Tt
AHASWER, FHENEEEEE RGN
Yo Wb, TR R i i 2 Y S Y
MBI RGP G, FILE s 80T HAb
B R G AR e 0 1 2 3L (luxS,
gseB. qseC Fl csrAYZ: 5 KW 3 A T A4 S AL
i, flan, luxS TGP EIER N —sr, =
5 A2 (A, SRS A IR IR B iR
BB, Zuberi TS CRISPRI R4E,
AR AR N luxS, AT T KR
T AR TE ;s Alshammari 25T IE
52T f# | CRISPR/Cas9-HDR  J 32 4 5 i B
luxS. fimH F1 bolA F:lH, ®TLAT-HLEEM A QS
RGN, ek 2D R P Y A TR A 0k B R TR
o OmpR/EnvZ j&— 4Rk TCS, S L
W% B sk ML Z —, ZRA
A A B R AW, ] CRISPRI #il
Tl R 4> B KA %4 B ompR L EL, M
msE— A T fimH JER, S EUE YRR
A5 Gou %S R CRISPR-Cas9
ARG ARG IRA T MG1655 qseB ik 25 %,
I E T qseB K& R0 B A RY G i 19 0 Bl i A AR
W RRIE AR 52, 2 B gseB il 2k TR PR 175
T fimA BRI, REORWIRA RIS sh A
Yipk BT 1 2 TRl RS AN [R 2, Sl QseB 7E
RS 4 A2 B0 A0 A P R RS v ) i B A
T LR, CRISPR 4 AR & —Ffi X4 1 5
Pe, FTRAR R A, 38 2 52 e 88 ) A= 40 0 g
TE R AR DG S DAL, 8 T 9] 428 A6 W e JE P TR i
X R B ih BAL JFRE T B MBI o SR,
CRISPR #{ AR I REZs BB AL | g AR
fIlRFN Cas9 AL 51 A 1 i S I 5 [B) R
X SEHR R A — 2D S R
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3.5.2  HKREAR

YORE AR FATER YL (bR E Yy
PE, B ZBARMME, BB —KHg Kbt
B, WESANL. THURNRA SR, B 28T
SCFRA A YRR . BT AE YR LA 1 24
50 nm, ROHRTIZEMAORAERT DLZER A
IR BREEL T AN BRI . AKREAR AT LA
WEYIHEA SIS, IRl 258 {5
i, IFRACAHR 25 e, IRENAITIEM.
YOKMEH Y B RE AR A 0k By R HEVE R
5 1E A AR A L LA B G b 2 i £ F R T Y
AR, B K RSURE A A R B PN 1 53T EL S
AR S AU pkah, BT RUR R 9K R
PIERREEA G A I BT B, — S TEHLAN KA
I PITEGH I B B — Sl K AR i & 3R
J1, ALV EEM#IET: . Pourhajibagher 25
FHYK KBS R WA 3 397 i T IR Fh Al B AR )
BEIEE, R LT 4 B A 00 P A B — 2 41D
HITER; Cui GV RS GOR AR EATE Y
BERERIR, TH0 QS RGE, HEMHMGIAE LY b
BEAYTEAYL; Ceylan ZFU IFGEUESE T 5 M e £
YK Sk PEIMnF F1 PEINF X KR A %
BRSBTS YE . R T RE
R 20 0 RV A 0 K SBURE R R A P R 245 2
Ribeiro 255 i [ 52 Fe;04- LMk bi i 7o 9K 5
BRI S, AR T clavanin A 1Y
RARTEPERE R A B A B e, A T 8 K 3 A
B TE BAE YW A AE J1 5 Shafreen 51Ol IR
JK RE ¥ (nitzschia palea) & ¥ F 4R 44 K Ji ki
(AgNPs) T-TRAE " A )15 B-IN TR A K3
b, KM AgNPs 1] LIArHCH A IR
S, KRB AREEPUERSELY, AT
P& 25 W i 0 e MR AR E M, 4 e LR O
], 5 L 7E 20 g =k 26 ) e B b 19 35 0B RN AR
B, IR XA RIVE T, AT B BAL
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PRAL T RV EEN S, R, BT YOKRE
AR B S L A% B 5 RN P18 5 7 45 (]
R, TP HAE IR R BAL HR 0
353 MBI

Wk DA AT 1% 8 9 PRV T A= T 5 ST 1 7
BRIz —, whik@dfl EPS Ztkfbifik
ER, SECEYEIEZINY), Pires L B
P LA B B R B R 1T LA B A A
B, an, A T4 WERE ARk 6 n] LA
H HL T B K 5 A A A B 1 B [ 2
vB_EcoP-EG1 (T7 HEIEEEHMERNIARA #E
RAFR . Jo#Erk . 240 8 1 figs Eqa )
FRFIE , 20 T 1R T R ) 24 2 1t 24 IR % 3
o I R 5 A TR, el SRR 22 T 24 0
PRAP A A B 5 A, T TR A R iR
25 R0 A 0 v 1 DR B B0 M K B YR A R D
N AR5 A 4R BE 1Y Manoharadas 251 E
Al T Wk TR AT % A L B 240 TR AR ) Bk BRI
T LR W R TR 80% e BRRE S M TR 1
G44AHID 1 X174 1EFHF 72 h J, Al LAsE 4k
IR 35 75 DR LA ) 0 P 25 0 5 s T
DW-EC S dh dawet B2, Hy=4:
1) JLFP AT 0 1) A= 0 0 RS T 85 ok A 2 A 40
PEMERVERT, Eon, SRS AR R R
EPS MR A Emedt, mNEREM T4 %
R S A AT DA JF R FE R B 40 B, AT BEL
IEARETE R M, W R AR AT
W A= g B T s AT R B AT
A DA AR E B, e TR 8 £ 3005 & Rk
AR s LR, T O T A A
W, B ETSmRM G 3. ok, mEEk
P AR BRI Z T . SR
R ) H B LA S AR Y B 5 DT
3.54 XENETT

Y63l 7197 2 (photodynamic therapy, PDT)7E

THERSEIRARSCH) BAT J7 T EAA T R A W H EG
st. PDT A4EMH ADGHA—FOLBERa IR A= 9
WM, 2 5 HAGYT S M P AE R
sAbaY), VIR HITR. Ronqui ZPE5Y &
B, PDT YENB—JFILET, @t 4 i+ B
BEnl IS 20 E3] PDT XA Wi i A e 3R 1
M, MM PDT BRI NS BIRITIS, B
WD TR A T B A W98 Paramanantham
AEUSSI 46 47 S (malachite green, MG)EIZETES
L = A Ak B 99 K Pi kL (mesoporous  silica
nanoparticles, MSN) I, & #fdi § MG-MSN i
KRA WG, MG ARG RS SRR
HATERME AR, MSMZHE . eDNA M H.AE
L TR T A= Wi B ot s AE G 1Y
Hemt I, —#ifbsH(molybdenum disulfide, MoS2)
90 K J5URL FH T8 22 B A R & W T % (quaternary
ammonium polyethylenimine, QPEI), MMk e4
(dihydroporphyrin es, Ceg) Fl = & 2 F (panax
notoginseng saponins, PNS)i% % 7E i A7 KIS R LR
B 22 -8 (zeolite imidazolate backbone-8, ZIF-8)
th, REE TXT pH {ERIEZLA M HAT SR i i )
ZIBEANKT-H (MQCP@ZIF-8), E AT It
vl 0 R SCRE 1A AC D o i 24 T 1 A A g )
555697 Mk, PDT HA BERHE, FAiZ
SR — AR R AE A I SRR BT IR 1)
Biy7 s, SBHOR AT LB S5 A TE . 5 2
HEEG, MEFMBAZEm, W THZ4S
PE o ol E R K& AE T RIGYT I A2 o) w4
%o WL, PDT 897 IE B —FA Hiik H AL
1IBG BAL 5l

i FRriR, Wi Y A BT B BK AT g
EMEREAPUER W 2 R By, W
OOk 20 o B A AR VR AL, AT DASE TR L
I TG PR VAT ER 20 T A 0 T R R i
AL EIE A fr e — 0 W 0E 5 LA
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Jii. CRISPR. ZKEA | W& AT 1 F G5
TIIRYT X B 4 BRI T B, ANUAT DL I
K216 @ e lal i, R 0T DU B 2R 52 XY
K, ks . BRI AL, hiE— B
1A BALIRML T A J1 S0 H

4 RE

MAHT, AR A A SR Y RO, A
PR2FIG RS, AR v 7R O IR IR . IR
SR BRIT ALY B R, T L B
R, TS| H O IR AR | PRAE R YL RN
PRI SE . Ak, EFRFEATL, b <5k
PUBOR SR, 5 AR B DG A 241 BB
SRR S BN S 3 W SN EZS i
Ko B, AYITFEIMAR AL Yok RO B )
MU LA BT % BAT BOHTRE= fh T 4%

BT, REW5RH £ 2 NA Y RTIE BE
P RGN FHLHDT A TERSY, W TCS. QS
R%. c-di-GMP RZGE. TA RG. Fii i
MEEEEAS, XS REEAEYEAER Y
AR B R A EEEAE A, R FIREE I 5 4t
PERIILR 5 58 6 207 RN, 1T BE St il A%
ANJRE R G Z IR R R AL, I 53k
VAP A W ST BP0 B LR BB A 2 P . R
SRXF RN 575 DA A= D RS A AR DAL LY
TRZ, FtHIE EEEPERMFITE BB
EATSAEAE A o S A 3 A5 il F) ) s
SRR Wl I ) 8 B LA BB AT B B B AR T
B, TEAEPIRRR N ARAL T R RS 1) 20 D 25 0k sk
U ROIVER, SRE T BE 0 40 B i 245 94 1) &
s BeAh, KEBELEE F R — AR AR
YR, (BXS T 2R Al B TR A — TR U A )
PRI /D, SR A A0 B 76 TR A P gl
HUR S AR AR R, X
—HHIRR ., Bk, Z5EA SO A P iIY sl ok
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ST B IEEERLE], FRAT CRISPR HAR T4
A= IRk BT B o3 S SR R DR sl R R 7%, AT
AR A D B i s PR FH 259 140 4 o 1] A A
ML S, W c-di-GMP 1 Al-2, MiliisF|#
Tl AE I RO s ATARFE A= 1 0 A 2% A 1)
R AR E AR, By 1k 40 B R R A SOE A%
YIRS, SIAh, TFRAEE A EGN, 1E R
BAHURESEON S PR 2R S A TRE
A ol A P AR A 25, KSR ) p
R ERNE A, FBCA PG BAL AR A
RS BT ) o B2, 743 e W A6 e R 1) A
KIFTENLR ZOCEZE, A BAL BiiEskmgde
HEISARHE , T3 AMARRA LAE B2 R sE X,
W 5 22 SRR I TZ U i 5%

SEH
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