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Abstract Pseudomonas aeruginosa has strong intrinsic antibiotic drug resistance and the ability to
acquire further resistance mechanisms to multiple antibiotics. Therefore, for patients with Pseudomonas
aeruginosa infection, the emergence of multidrug-resistant Pseudomonas aeruginosa often means that the
efficacy of antibiotics has deteriorated or even completely ineffective. The development of new antibiotics

takes a long time and is costly. Therefore, looking for new antibacterial drugs to replace antibiotics, finding
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new drug carriers, and new treatment methods to increase the activity of antibacterial drugs against multi-
drug resistant Pseudomonas aeruginosa infection treatment is of great significance. In this paper, some
basic laboratory and clinical studies about using organic acids, antimicrobial peptides, nanoparticles,
bacteriophages, hydrogels, bacterias in the treatment of Pseudomonas aeruginosa infection were reviewed
and summarized to provide a reference for the treatment of multi-antibiotics resistant Pseudomonas
aeruginosa infection.

Keywords Pseudomonas aeruginosa infection; multi-antibiotics resistance; antibacterial drugs; antibacterial
drug carriers; treatments
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Fig. 1 Lectin-functionalized composite hydrogels for “capture-and-killing” of carbapenem-resistant

Pseudomonas aeruginosa

T I Bk R R AR A SRR IR, IR AR
PURICK /3. Tao 25 S & v R ) 7 ik
22 iz (Silk Sericin, SS) 5% ZMHE (Poly (Vinyl
Alcohol) , PVA) R URRl, 4% T 22/ 5% & W
iz (SS/PVA) K#EEIR . LIk, WEEH SS/
PVA 7K &t B A 51 BRI R TN 53 T 251 T ER N
KRLF (R RE 7T o 2 B A0 i) < 56 AR A% 10 J e s Y
R, MFIKKEF RN SS/PVA /K&K GEH 2N
)4 2R M R PR TR L 4 R A Bk A R K I AT
A+
32 HAEEE

BEE & AV E AR KRR, Bt g b
i N Tttt 2 Mo se i) TR . A4
PR A0 B 25 P I AR 7 BRAA RN 844 RG99 S TR
(B2 M v L V0TI S (1A DG BT
TR RIARTE > . 40 B A P 25 i
PR AR AR R VG T R B A HA 2 iAo
EHA AR S (1) P H B R R IE PR 254 7]

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[61]

AR 1k 259075 I8 P BOEE 3 Ak 1 12 it i o
R PR (2) A B v] DK IR 9T 2542 1% B 4k Y
2 B 1T AR AR L IRER Y A 25 L Bk 1R A
U Ry SRR A0 (3) I FH A B R A P B e 2
VI (4) TREERE ML E ST,
AT bt T 3 G 7E A VR 9717 L PR 29 TR 5 B0
TS 245 P B R, DR OR AR T 93 Do B T 47 1 24 7 A
M 2 PEIRE SR o AR /NS 32 BB 260 FH & i 1 %
T BOR T2 B B SR AR T B A S A
2011 4F, Saeidi %" 540 S5 B M B B A
N, LuxR/LasR R45. SEIRAFE & S5 LUK E7
HEEASFAKIIE TOP10 #, W 2(a)Fr
71N, LR TR T A 2 AR o B R AR I SN A3 i
T ST & S5 R E7 2R AR E, 44l
AR E7 2405 A B — IR B S AR TR
2, RN BBETEE A . e ZAIE I TR B AT LA
AIEIT 99% SRR A M,  E A M s i
I RHIEF) 90%. 2017 4F, Hwang 25 =

http://www.cnki.net



4 3 & W, S HSRBCR BE B AT DUIR 57

(a)
& LasR &EH ‘%@%‘@)@
°  30CI2HSL @Lﬁa"\j
@ PluxR IS T qy&\i\i}
S % S5 S oo 40— -
E7 RRE o 5
TR o
4 . K ™
<« & c' . ° . .
- < ° <
- “ < < ..
’mLR Pllu_ﬁﬁ Pl% ° ¢
> D> .
LasR .SS E7
o
.. .. b J
SEIHAT 1R 2% R 2 po—_

N

/

(b)

s

I
/ TH E-w Ak
HAMEH

{I_'. Walf

[ [

\_

r:J

/

2 (a) Saeidi ¥ HEHTIEEEEBBIAEERTEER; (b) Hwang FHEN T REERE K REE

Fig. 2

engineered bacteria gene circuit and antibacterial effect of Hwang et al

JiTNT Saeidi 25" 1) R G AT oG, WIE 2 (b)

(a) Schematic of engineered bacteria gene circuit and antibacterial effect of Saeidi et al.'; (b) Schematic of

L [65]

T H B R RIE R AT B 3 ML e R H . T

Fros: ()R AR B A B R B KRBT TOP10 B8 B 0B B SR IIRAT B8 31 R BEAE ] T A IR S ik AT
BT m AT Nissles () EJRAT UM NRWDTR B R E A BB B35 o) AT i s h

ARG T PUAEYI PRI dspB, LLE—25
(e st AN I AE I PUAE S SR LT AN E 4
BRBR (3) My fg LA AN RS, XLt
B PRAIE 1 JSORLLE T A A AR SE 1k, BT Lk T TR R
i FE PR KT 56 7 D e M A UVE (1 R B3R AS
PUMEFER, I HAEL B U T8 G i o,
P UE B T e PR R T AN S0RT A B B 4 R
AL T SR, 3 R LT 7 o R B R R
ERAR TR T R0 o RO T 3 ) 1 e 1R L
FAE R B R e, (HR K2 B 2

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

RIS R, RA SR TRERERE
FIfR%E. 2013 4E, Gupta 2@ S0k
= S3 SRR AL IR S KAt % B3 &
1 A% R R S 88 435 A il 2 13 150 (K0 B 1 2R 1
CoPy, WK 3 fux. Bl& G CoPy & AT LUKy
S PR AR T AT A 40 B B | 55 SR AT 1 & S3
ZARA SR AR, BT E R S3 AT kA
M RRIE R, FREL CoPy 5 #ETE 4l
bR%E FlgM @& ik, P sE A7E TR WM A 2R
IO N A HEE W KRG, U 7 8T [

http://www.cnki.net



58 £k HOOR 2021 4F

Hh R AR Ja N BRI REE T DR 7 3 43¢ A ¢ I B4 P T A 375 o o 2 B P R 2
WL A S, AR BRI DRIV EE . WA 4 Fos, 2014 4,

W T AN A, T H ST IS 25 Hwang 25 R TR B T LALE i S5 R 4% A 2

&, AT RCRRATIN. Bk, M TR MERAEE N TR T A e R, SRR

& \~ N%%

30C12HSL

p(laclji | .
Lask C o @ R
* GFP /
Plas / |‘
FlgM-t;
> @ v fiefts
tag A E

3 Gupta FHMBRIRREEREBMNAEERTEE

Fig. 3 Schematic of engineered bacteria gene circuit and antibacterial effect of Gupta et al. fodl

[ ] L ] *
PluxR
f -
M ° LasR cheZ-degron
= | v ¥
PJ23108 PLasl PLasl
A -
LasR yebF-Dnasel yebF-MccS

AR 23 M1 P R
GFIPIR & HEE
43 Dnasel (@ )Fl Microcin S(+ ) B W94 JEAN % SEAM 4

4 Hwang ¥ HWETEEEREEMAEERREE

Fig. 4 Schematic of engineered bacteria gene circuit and antibacterial effect of Hwang et al,'*”

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 3 & W, S HSRBCR BE B AT DUIR 59

i 3L 73k ¥ DNase T RV HUZEVIBR, F+FIH 2
WA PTIE IK MecS RS A R At o AR 2P 1

4 IEERTE

Wi R A4S A2 A L RE D IRAEVE 2 15 DL Aok
AN B — P AR . S RZERE—FE, W
PR A4 T 4 T 3R TR S AR 4 B R R s AR ) o
NN, FEMEAENIEITER . 47
Wk A A AR R 1K 38— {1 Wk o ok SR At i 4
R SR 2 HFR R AR BIFRE , FFER—
(BT FEHUAE R R R, W A A
PO AL, HBEE R P A R AR
B IUFI K, W B AT VR R s . B L
A2 RN 24 I PR AN T 08, R R TR AR SR VR T
22 T 245 10955 iR i S AL R O

Wik B A A B BRI, R0 S B R IR T
HHEARRMEMIR . B, SH4dR. 5t
R K KBRS R P BT AR L, R
e FE ) — PSS AR VR T o R RO 2 R e ] L
RIRIREM, HIRGTE W5 R EE1E EE A7
1, ZEMEER S, JF HAEIRGY B R = 1)
b7 6 PR A4 TR B 2 LU . AR R BB 45—
FH Wk B A 7 40 2 Al o MR B 1) S Bt e, DL I
PR % F TR 245 (RO AR GBS B R ey T R 77
4.1 EEAEASREMESSIGHR

2016 4, Chan 2577 B8 — R 10 4R 42
P W AR OMK O, S22 & fr R f 4%
15 B N B A HE R 48 MexAB F MexXY HI4MEAL
HHE M(OprM) . Wl 5 fios, 4 OMKO1
IG5 AT A 2 G ) A P T I, 40 3 X o HE
ST 06 T A = AR B, S B T LR T
AR BUR ARG 5, B ARG 2 {1 R B
PUAE R 2] 72 AR AR

W AT A 3 o 4 T 2 TR S P P B2 AR R S
WAAHEE . — BB R 2R R AT, Hl

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

5 AR BME T E A LT A SMERLH
Fig. 5 Pseudomonas aeruginosa resistance to phage attack

changes the efflux pump mechanism"

S0P WRE R P A P, B FH R R A4 SR YR 9T
JEBR IR A R A b 22 2 Bl . DRI, B A
W TUM IR B A T G 7S SR IR XS R T TV B e R
TR R 55 5T AR FRIBE A 1 5 V2 R IE T R R M N T
&G

2017 4F, Oechslin Z 7 BF 4t %3, B
Wik BT A5 K Y 97 ) A1 P P A SRR e R AR T AR K
SR AR, HAE 24 h J5 2 N E AT
VEB, TR AR AR P Vb A, A AT DAY
SERPUE AR /T, 30T DL AR 2 A o0 M B ) i
e 6 FiR, 2020 45, Luscher Z577E NSk I
B A ARSI RL T, AT T R B AR RN D R
AR {8 K 5 A P B R T AR s
ST, BB W A A BB AR ZR I R AR B
P 2 PR AR, T Wk B A RN ER TR D B B A e
G AR & 7 P 2, 1 BARSE T 4 i 5¢
BPE. 2018 4F, Forti 2™y 7 HE R 1K 1036
JTRCR, 1% 6 PR & (PYO2. DEV. E215.
E217. PAK P1 Fl PAK P4)iR &, il AR4hsL
IGUE 71X 6 i B M4 TR A mT AR BETF R A AR

http://www.cnki.net



60 £k #H R 2021 4
= PAOI 1 WERE K 24/54/69
Calu-3 cells © FRATD A
TER & ———y
PFU/CFU
L
£ L
|1
t=0h t=6h t=24h/72h
Bl 6 MEEEMTE RHA AT AR ILAE R SRR ERM ofr R4
Fig. 6 Combined bacteriophage and antibiotic treatment prevents Pseudomonas aeruginosa
infection of wild type and cftr~ epithelial cells”"
YIRS R 2R M B, TS E A B MAE R P R I N B3 ORI R I [ . 2014 £E, Pei

i HOEUR I T SR G B 22 BRABE A TR I8 IE T 6 iR
B AA VR B 1078 B o Al R R G A v s . 2019
4, Cafora %5 "S"7E 38 1 £ 440 ) BE 5 o 458 750 o
ISR 7R 6 Bk B 7R TR & P Re i B (R
VALY ES @ a: S R B IV Rl S BV E
S 6

P AR T A Y 7 0 M1 P O 5 T e o P S
R ARZA,  ARIE R H AR A5 FH Wk 7
KV IT I IR B IR A A AR AR . (1) R
SRR TR A VR T B R G AT A 2 B BUW T B R
fife, TR S B8 5 TRRE T N B B R IR ERE R
LS R EE MR R Q) WIAIER R
St e AT 250 N I R R BRI B A, DR YR T I
Wik T A AR M 4 457 0 B MR PR AR VR B s (3) AR
SR A AR S K o S B A P v e e

B 7AW AR R AR R R, R
22 T Wk TR 45 = DRI 2L 31 R0 2 1 D R B B . e
X R AR B W T A R A AT B h s, mT RAR v
Wik B AR PRI DB 038, (] B PR I R AT 5 R IR
%[83-86]0

2004 4, Hagens 25" i i 45 oo 4% e
PR AR Pf3 R, 15200 PR WETEARAE R
SUAE F B IS 2 2 BUrE MR . DR,
E 7% BE A S AR 5 B B 5 FE N 7 R RS TRUOR RF A2
KA, AR T P W T A 7 o A P

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

F Lamas-Samanamud"** 3l 55 % T7 W6 g A 3447 24
&, 193] Pl RIA) 123G A BRI TRE T7 W
PR o G R T DLE s B AR A B AR R R, AR
S 75 PR AR R /N5 F AHLs, AT BEL L8 234
FARUTR AT BR S 2 TR 1 AR A A
4.2 MEEEETT ZEMAHEZKRERENIRK
Rz A

HAT, W B AR T V2 O A — B e 2R g
B IRESR AN BRI, B REFRRCRH
KRR R,

2009 4, Merabishvili 2" ffiess 3 i
VB F Yo B PE BT RO W B ARV S, 15 31 B I B A
TBEY) BEC1 H TR 7T 80 2% A5 50 B B A 4 3
EIERTE G letn B, HARWEBIA R R,
2016 4, —AhL 61 5 Hi 2 {5 Hf TRT Sk 4L P Ui i
BT S B A AR AT (X HoAdk 43 25 4
23 A B PR TR P — UK B U AR R —— R R R 4k
] . Jennes 2538 ot 5 Bk i O\ U T A4 VR S )
BFC1 1177 =R T v 1 2 A o B T Je g, i
TAEG R IR 8, R 13 W2 3 v] fE S
BRI A GBS R AR IR 570 B S 56
SFROMSE R A . 2018 4F, Furr 2" H] AB-
PAO1 VB A W T AR B D76 18— v 4 4 b fB 3
()t B 22 25 A SR R PR B il 48, FF HLAEVRIT )
PN B NIRRT %, B RS =i e 3|

http://www.cnki.net



4 3 & W, S HSRBCR BE B AT DUIR 61

T, 2019 4F, Jault 297 12 FARLE R
8 I B AR TR A (1X10° [PFU]/mL) Al 1% fifi%
I £ L 740 SRR T LR YL % B iR 24 1 A 4
(R M B P e j o ERARARLLAR Y 1% Ftkfiacms
WERRFLA, MREARIREYIEIT AORIE 2, (H2 R
A Y WG T A TR A 0 AT SR AT LA R A4 1 2R T
JEYL (IR SR A R T

5 FHESRE

LK, O T S 2 EEI 24 P 4 SR AR ER L 1
fe g, AFRSURIIFTRENIRRR TIRZ
BZYIAERIRIT T e HAT, CDARAIRIK
A5 FHY B AT 9T R 0 20 FR T 24 0 Al AP 5
ML 2590 ) WSR2 (VLR . LA R
GKRLT TR IR AL [ 7Y 244 (SR BRAT 18 2
MM R RBGEA) . TR 259 BT
LA AR T2 Fhis, iERVEE R, EIEZER]
R TR AL U S T B RN, A4 2 B 0 1E 6 TR
A, M FEERERLL, R HRA R
Ko BB LGRS R, EAEFIVE B DOR A
T IR N R AL R Y, HARK
PE AV TR T EE SRR &R E T
AR RS DR B 2R A . O T B
LI VE R 25K T R 20 B A
AR AT ORI KRB AE N 25 W 3R I A
TR BRI 0 pH fE . AEWIAR2AE L KoK
AN TESEIRIREM A P40 R A F PR 254405 B
PRFNZG A AT LA AIRBA,  SEELZ WA vl 4%
Ve, (HTRE R A S22 A E AN AR R
Ja WEER I RS TE— AN IE I T

T RGE BT B 25 AR KR TT I LR YT 2
R 243 ) A o AR P M T R A — 29 K1 3T
B BRSNS s PRI i VE 2 BT T
T 25 WA ST 7 20 22 TR 24 1R AR 4 A1 P T 1 3
DU B3 PTRfE I, (HAZER TP 299 25

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

e 452577 R, BEANIRRSEBIR D R
KA S B IEIE AR IT W, B T 4RSI K
WAIATERTT TS, EARE MR B DU
25 BT 7 AR R KR R HE S 2 E i 24
A 2 AP R R IR AR T R K R

2 2 X M

[1] Pachori P, Gothalwal R, Gandhi P. Emergence of
antibiotic resistance Pseudomonas aeruginosa in
intensive care unit; a critical review [J]. Genes &
Diseases, 2019, 6(2): 109-119.

[2] Xia A, Qian M, Wang C, et al. Optogenetic
modification of Pseudomonas aeruginosa enables
controllable twitching motility and host infection
[J]. ACS Synthetic Biology, 2021, 10(3): 531-541.

[3] Yang S, Cheng X, Jin Z, et al. Differential
production of Psl in planktonic cells leads to two
distinctive attachment phenotypes in Pseudomonas
aeruginosa [J]. Applied and Environmental
Microbiology, 2018, 84(14): 700-718.

[4] Hall-Stoodley L, Costerton JW, Stoodley P.
Bacterial biofilms: from the natural environment
to infectious diseases [J]. Nature Reviews
Microbiology, 2004, 2(2): 95-108.

[5] Mulcahy LR, Isabella VM, Lewis K. Pseudomonas
aeruginosa biofilms in disease [J]. Microbial
Ecology, 2014, 68(1): 1-12.

[6] Wong GCL, Antani JD, Lele P, et al. Roadmap
on emerging concepts in the physical biology
of bacterial biofilms: from surface sensing to
community formation [J]. Physical Biology, 2021,
DOI: 10.1088/1478-3975/abdcOe.

[71 Tacconelli E, Carrara E, Savoldi A, et al.
Discovery, research, and development of new
antibiotics: the WHO priority list of antibiotic-
resistant bacteria and tuberculosis [J]. The Lancet
Infectious Diseases, 2018, 18(3): 318-327.

[8] Hoiby N, Ciofu O, Bjarnsholt T. Pseudomonas
aeruginosa biofilms in cystic fibrosis [J]. Future
Microbiology, 2010, 5(11): 1663-1674.

[97] Kwon DH, Lu CD. Polyamines induce resistance

to cationic peptide, aminoglycoside, and quinolone

http://www.cnki.net



62

£k

VN 2021 4E

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

antibiotics in Pseudomonas aeruginosa PAO1 [J].
Antimicrobial Agents and Chemotherapy, 2006,
50(5): 1615-1622.

Pang Z, Raudonis R, Glick BR, et al. Antibiotic
resistance in Pseudomonas aeruginosa:
mechanisms and alternative therapeutic strategies
[J]. Biotechnology Advances, 2019, 37(1): 177-192.
Dean CR, Visalli MA, Projan SJ, et al. Efflux-
mediated resistance to tigecycline (GAR-936) in
Pseudomonas aeruginosa PAO1 [J]. Antimicrobial
Agents and Chemotherapy, 2003, 47(3): 972-978.
Wozniak DJ, Keyser R. Effects of subinhibitory
concentrations of macrolide antibiotics on
Pseudomonas aeruginosa [J]. Chest, 2004, 125(2):
62S-69S.

Charlesworth CJ, Saran VV, Volpiana LK, et al.
The role of biofilm structure in the mechanism of
gentamicin and ciprofloxacin antibiotic resistance
in P. aeruginosa PAO1 biofilms [J]. Journal of
Experimental Microbiology and Immunology,
2008, 27: 27-33.

Solomkin J, Hershberger E, Miller B, et al.
Ceftolozane/tazobactam plus metronidazole for
complicated intra-abdominal infections in an era
of multidrug resistance: results from a randomized,
double-blind, phase 3 trial (ASPECT-cIAI) [J].
Clinical Infectious Diseases, 2015, 60(10): 1462-
1471.

Kollef MH, Novaéek M, Kivistik U, et al.
Ceftolozane—tazobactam versus meropenem for
treatment of nosocomial pneumonia (ASPECT-
NP): a randomised, controlled, double-blind, phase
3, non-inferiority trial [J]. The Lancet Infectious
Diseases, 2019, 19(12): 1299-1311.

Dassner AM, Sutherland C, Girotto J, et al. In
vitro activity of ceftolozane/tazobactam alone
or with an aminoglycoside against multi-drug-
resistant Pseudomonas aeruginosa from pediatric
cystic fibrosis patients [J]. Infectious Diseases and
Therapy, 2017, 6(1): 129-136.

Halstead FD, Rauf M, Moiemen NS, et al. The
antibacterial activity of acetic acid against biofilm-

producing pathogens of relevance to burns patients

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[J]. PLoS One, 2015, 10(9): e0136190.

Bushell FML, Tonner PD, Jabbari S, et al.
Synergistic impacts of organic acids and pH on
growth of Pseudomonas aeruginosa: a comparison
of parametric and bayesian non-parametric methods
to model growth [J]. Frontiers in Microbiology,
2018, 9: 3196.

Phillips I, Lobo AZ, Fernandes R, et al. Acetic
acid in the treatment of superficial wounds infected
by Pseudomonas aeruginosa [J]. Lancet, 1968,
291(7532): 11-14.

Rawal BD, McKay G, Blackhall MI. Inhibition of
Pseudomonas aeruginosa by ascorbic acid acting
singly and in combination with antimicrobials:
in-vitro and in-vivo studies [J]. Medical Journal of
Australia, 1974, 1(6): 169-174.

Meers PD, Chow CK. Bacteriostatic and
bactericidal actions of boric-acid against bacteria
and fungi commonly found in urine [J]. Journal of
Clinical Pathology, 1990, 43(6): 484-487.
Bjarnsholt T, Alhede M, Jensen PO, et al.
Antibiofilm properties of acetic acid [J]. Advances
in Wound Care, 2015, 4(7): 363-372.

Kujath P, Hiigelschiaffer C. Pseudomonas
aeruginosa: pathogenicity, prevention and
therapeutic approaches [J]. Zentralblatt fiir
Chirurgie, 1987, 112(9): 558-563.

Youn CK, Jun Y, Jo ER, et al. Comparative
efficacies of topical antiseptic eardrops against
biofilms from methicillin-resistant Staphylococcus
aureus and quinolone-resistant Pseudomonas
aeruginosa [J]. Journal of Laryngology and
Otology, 2018, 132(6): 519-522.

Nagoba BS, Gandhi RC, Wadher BJ, et al. Citric
acid treatment of severe electric burns complicated
by multiple antibiotic resistant Pseudomonas
aeruginosa [J]. Burns, 1998, 24(5): 481-483.

Sloss JM, Cumberland N, Milner SM. Acetic
acid used for the elimination of Pseudomonas
aeruginosa from burn and soft tissue wounds [J].
Journal of the Royal Army Medical Corps, 1993,
139(2): 49-51.

Nagoba B, Wadher B, Kulkarni P, et al. Acetic acid

http://www.cnki.net



4 1 4

WL, 55 SREREA N R RIR T ELR 63

[28]

[29]

[30]

[31]

[33]

[35]

[36]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

treatment of pseudomonal wound infections [J].
European Journal of General Medicine, 2008, 5(2):
104-106.

Kumara DU, Fernando SS, Kottahachchi J, et al.
Evaluation of bactericidal effect of three antiseptics
on bacteria isolated from wounds [J]. Journal
Wound Care, 2015, 24(1): 5-10.

Luca V, Stringaro A, Colone M, et al. Esculentin
(1-21), an amphibian skin membrane-active peptide
with potent activity on both planktonic and biofilm
cells of the bacterial pathogen Pseudomonas
aeruginosa [J]. Cellular and Molecular Life
Sciences, 2013, 70(15): 2773-2786.

De La Fuente-Nunez C, Korolik V, Bains M,
et al. Inhibition of bacterial biofilm formation
and swarming motility by a small synthetic
cationic peptide [J]. Antimicrobial Agents and
Chemotherapy, 2012, 56(5): 2696-2704.

De Brucker K, Delattin N, Robijns S, et al.
Derivatives of the mouse cathelicidin-related
antimicrobial peptide (CRAMP) inhibit fungal
and bacterial biofilm formation [J]. Antimicrobial
Agents and Chemotherapy, 2014, 58(9): 5395-
5404.

Toke O. Antimicrobial peptides: new candidates
in the fight against bacterial infections [J].
Biopolymers, 2005, 80(6): 717-735.

Chen CH, Lu TK. Development and challenges of
antimicrobial peptides for therapeutic applications
[J]. Antibiotics, 2020, 9(1): 24-44.

Markou N, Apostolakos H, Koumoudiou C, et al.
Intravenous colistin in the treatment of sepsis from
multiresistant Gram-negative bacilli in critically ill
patients [J]. Critical Care, 2003, 7(5): R78.
Garnacho-Montero J, Ortiz-Leyba C, Jimenez-
Jimenez FJ, et al. Treatment of multidrug-resistant
Acinetobacter baumannii ventilator-associated
pneumonia (VAP) with intravenous colistin: a
comparison with imipenem-susceptible VAP [J].
Clinical Infectious Diseases, 2003, 36(9): 1111-
1118.

Denton M, Kerr K, Mooney L, et al. Transmission

of colistin-resistant Pseudomonas aeruginosa

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

between patients attending a pediatric cystic fibrosis
center [J]. Pediatric Pulmonology, 2002, 34(4):
257-261.

Mahdi LH, Jabbar HS, Auda IG. Antibacterial
immunomodulatory and antibiofilm triple effect of
Salivaricin LHM against Pseudomonas aeruginosa
urinary tract infection model [J]. International
Journal of Biological Macromolecules, 2019, 134:
1132-1144.

Mansour SC, Pena OM, Hancock REW. Host
defense peptides: front-line immunomodulators [J].
Trends in Immunology, 2014, 35(9): 443-450.
Kang HK, Seo CH, Luchian T, et al. Pse-T2,
an antimicrobial peptide with high-level,
broad-spectrum antimicrobial potency and
skin biocompatibility against multidrug-
resistant Pseudomonas aeruginosa infection [J].
Antimicrobial Agents and Chemotherapy, 2018,
62(12): e01493-e01418.

Yasir M, Dutta D, Willcox MDP. Comparative
mode of action of the antimicrobial peptide
melimine and its derivative Mel4 against
Pseudomonas aeruginosa [J]. Scientific Reports,
2019, 9(1): 7063.

Kim H, Jang JH, Kim SC, et al. Development of
a novel hybrid antimicrobial peptide for targeted
killing of Pseudomonas aeruginosa [J]. European
Journal of Medicinal Chemistry, 2020, 185:
111814.

Zhong G, Cheng J, Liang ZC, et al. Short synthetic
beta-sheet antimicrobial peptides for the treatment
of multidrug-resistant Pseudomonas aeruginosa
burn wound infections [J]. Advanced Heacthcaer
Materials, 2017, 6(7): 1601134.

Mwangi J, Yin Y, Wang G, et al. The antimicrobial
peptide ZY4 combats multidrug-resistant
Pseudomonas aeruginosa and Acinetobacter
baumannii infection [J]. Proceedings of the
National Academy of Sciences of the United States
of America, 2019, 116(52): 26516-26522.

De La Fuente-Nuiiez C, Reffuveille F, Mansour
Sarah C, et al. D-enantiomeric peptides that

eradicate wild-type and multidrug-resistant biofilms

http://www.cnki.net



64

£k

VN 2021 4E

[45]

[46]

[47]

[48]

[50]

[51]

[53]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

and protect against lethal Pseudomonas aeruginosa
infections [J]. Chemistry & Biology, 2015, 22(2):
196-205.

Hirt H, Gorr SU. Antimicrobial peptide GL13K
is effective in reducing biofilms of Pseudomonas
aeruginosa [J]. Antimicrobial Agents and
Chemotherapy, 2013, 57(10): 4903-4910.

Yasir M, Dutta D, Willcox MDP. Activity of
antimicrobial peptides and ciprofloxacin against
Pseudomonas aeruginosa biofilms [J]. Molecules,
2020, 25(17): 3843.

Overhage J, Campisano A, Bains M, et al. Human
host defense peptide LL-37 prevents bacterial
biofilm formation [J]. Infection and Immunity,
2008, 76(9): 4176-4182.

Armijo LM, Wawrzyniec SJ, Kopciuch M, et al.
Antibacterial activity of iron oxide, iron nitride,
and tobramycin conjugated nanoparticles against
Pseudomonas aeruginosa biofilms [J]. Journal of
Nanobiotechnology, 2020, 18(1): 35.

Liao S, Zhang Y, Pan X, et al. antibacterial activity
and mechanism of silver nanoparticles against
multidrug-resistant Pseudomonas aeruginosa [J].
International Journal of Nanomedicine, 2019, 14:
1469-1487.

LewisOscar F, Nithya C, Vismaya S, et al. In vitro
analysis of green fabricated silver nanoparticles
(AgNPs) against Pseudomonas aeruginosa PA14
biofilm formation, their application on urinary
catheter [J]. Progress in Organic Coatings, 2021,
151: 106058.

Hernandez-Sierra JF, Ruiz F, Pena DC, et al. The
antimicrobial sensitivity of Streptococcus mutans
to nanoparticles of silver, zinc oxide, and gold [J].
Nanomedicine: Nanotechnology, Biology, and
Medicine, 2008, 4(3): 237-240.

Lee JH, Kim YG, Cho MH, et al. ZnO nanoparticles
inhibit Pseudomonas aeruginosa biofilm formation
and virulence factor production [J]. Microbiological
Research, 2014, 169(12): 888-896.

Sanchez-Lopez E, Gomes D, Esteruelas G, et al.
Metal-based nanoparticles as antimicrobial agents:
an overview [J]. Nanomaterials, 2020, 10(2): 292.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Bai J, Chen C, Wang J, et al. Enzymatic regulation
of self-assembling peptide A9K2 nanostructures
and hydrogelation with highly selective antibacterial
activities [J]. ACS Applied Materials & Interfaces,
2016, 8(24): 15093-15102.

Li S, Dong S, Xu W, et al. Antibacterial hydrogels
[J]. Advanced Science, 2018, 5(5): 1700527.
Obuobi S, Voo ZX, Low MW, et al. Phenylboronic
acid functionalized polycarbonate hydrogels for
controlled release of polymyxin B in Pseudomonas
aeruginosa infected Burn wounds [J]. Advanced
Heacthcaer Materials, 2018, 7(13): 1701388.
Richter K, Thomas N, Claeys J, et al. A
topical hydrogel with deferiprone and gallium-
protoporphyrin targets bacterial iron metabolism
and has antibiofilm activity [J]. Antimicrobial
Agents and Chemotherapy, 2017, 61(6):
e00481-e00417.

Roy DC, Tomblyn S, Burmeister DM, et al.
Ciprofloxacin-loaded keratin hydrogels prevent
Pseudomonas aeruginosa infection and support
healing in a porcine full-thickness excisional wound
[J]. Advances in Wound Care, 2015, 4(8): 457-468.
DiTizio V, Ferguson GW, Mittelman MW, et al. A
liposomal hydrogel for the prevention of bacterial
adhesion to catheters [J]. Biomaterials, 1998,
19(20): 1877-1884.

Al-Bakri AG, Mahmoud NN. Photothermal-induced
antibacterial activity of gold nanorods loaded
into polymeric hydrogel against Pseudomonas
aeruginosa biofilm [J]. Molecules, 2019, 24(14):
2661.

Bodenberger N, Kubiczek D, Halbgebauer D, et
al. Lectin-functionalized composite hydrogels
for “capture-and-killing” of carbapenem-resistant
Pseudomonas aeruginosa [J]. Biomacromolecules,
2018, 19(7): 2472-2482.

Tao G, Wang Y, Cai R, et al. Design and
performance of sericin/poly(vinyl alcohol) hydrogel
as a drug delivery carrier for potential wound
dressing application [J]. Materials Science &
Engineering, 2019, 101: 341-351.

Saeidi N, Wong CK, Lo TM, et al. Engineering

http://www.cnki.net



R AR B IR T BLR 65

[64]

[66]

[67]

[68]

[70]

[72]

[73]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

microbes to sense and eradicate Pseudomonas
aeruginosa, a human pathogen [J]. Molecular
Systems Biology, 2011, 7(1): 521.

Gupta S, Bram EE, Weiss R. Genetically
programmable pathogen sense and destroy [J]. ACS
Synthetic Biology, 2013, 2(12): 715-723.

Hwang 1Y, Koh E, Wong A, et al. Engineered
probiotic Escherichia coli can eliminate and prevent
Pseudomonas aeruginosa gut infection in animal
models [J]. Nature Communications, 2017, 8(1):
1-11.

Mays ZJ, Nair NU. Synthetic biology in probiotic
lactic acid bacteria: at the frontier of living
therapeutics [J]. Current Opinion in Biotechnology,
2018, 53: 224-231.

Mao N, Cubillos-Ruiz A, Cameron DE, et al.
Probiotic strains detect and suppress cholera in
mice [J]. Science Translational Medicine, 2018,
10(445): eaa02586.

Palmer JD, Piattelli E, McCormick BA, et
al. Engineered probiotic for the inhibition of
salmonella via tetrathionate-induced production of
microcin H47 [J]. ACS Infectious Diseases, 2018,
4(1): 39-45.

Hwang IY, Tan MH, Koh E, et al. Reprogramming
microbes to be pathogen-seeking killers [J]. ACS
Synthetic Biology, 2014, 3(4): 228-237.

Chan BK, Abedon ST, Loc-Carrillo C. Phage
cocktails and the future of phage therapy [J]. Future
Microbiology, 2013, 8(6): 769-783.

Luscher A, Simonin J, Falconnet L, et al. Combined
bacteriophage and antibiotic treatment prevents
Pseudomonas aeruginosa infection of wild type and
cftr-epithelial cells [J]. Frontiers in Microbiology,
2020, 11: 1947.

Pires D, Sillankorva S, Faustino A, et al. Use of
newly isolated phages for control of Pseudomonas
aeruginosa PAO1 and ATCC 10145 biofilms [J].
Research in Microbiology, 2011, 162(8): 798-806.
Chegini Z, Khoshbayan A, Taati Moghadam M,
et al. Bacteriophage therapy against Pseudomonas
aeruginosa biofilms: a review [J]. Annals of

Clinical Microbiology and Antimicrobials, 2020,

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

(82]

19(1): 45.

Betts A, Vasse M, Kaltz O, et al. Back to the
future: evolving bacteriophages to increase their
effectiveness against the pathogen Pseudomonas
aeruginosa PAO1 [J]. Evolutionary Applications,
2013, 6(7): 1054-1063.

Schooley RT, Biswas B, Gill JJ, et al. Development
and use of personalized bacteriophage-based
therapeutic cocktails to treat a patient with a
disseminated resistant acinetobacter baumannii
infection [J]. Antimicrobial Agents and
Chemotherapy, 2017, 61(10): €00954-e00917.
Waters EM, Neill DR, Kaman B, et al. Phage
therapy is highly effective against chronic lung
infections with Pseudomonas aeruginosa [J].
Thorax, 2017, 72(7): 666-667.

Chang RYK, Das T, Manos J, et al. Bacteriophage
PEV20 and ciprofloxacin combination treatment
enhances removal of Pseudomonas aeruginosa
biofilm isolated from cystic fibrosis and wound
patients [J]. AAPS Journal, 2019, 21(3): 49.

Chan BK, Sistrom M, Wertz JE, et al. Phage
selection restores antibiotic sensitivity in MDR
Pseudomonas aeruginosa [J]. Scientific Reports,
2016, 6(1): 26717.

Oechslin F, Piccardi P, Mancini S, et al. Synergistic
interaction between phage therapy and antibiotics
clears Pseudomonas aeruginosa infection in
endocarditis and reduces virulence [J]. Journal of
Infectious Diseases, 2017, 215(5): 703-712.

Forti F, Roach DR, Cafora M, et al. Design of a
broad-range bacteriophage cocktail that reduces
Pseudomonas aeruginosa biofilms and treats acute
infections in two animal models [J]. Antimicrobial
Agents and Chemotherapy, 2018, 62(6):
e02573-e02517.

Cafora M, Deflorian G, Forti F, et al. Phage therapy
against Pseudomonas aeruginosa infections in
a cystic fibrosis zebrafish model [J]. Scientific
Reports, 2019, 9(1): 1527.

Goodridge LD. Designing phage therapeutics [J].
Current Pharmaceutical Biotechnology, 2010,
11(1): 15-27.

http://www.cnki.net



66 £k #H R 2021 4

[83] Bardy P, Pantucek R, Benesik M, et al. Genetically and Chemotherapy, 2001, 45(3): 649-659.
modified bacteriophages in applied microbiology [90] Leitner L, Ujmajuridze A, Chanishvili N, et al.
[J]. Journal of Applied Microbiology, 2016, 121(3): Intravesical bacteriophages for treating urinary
618-633. tract infections in patients undergoing transurethral

[84] Kim KP, Cha JD, Jang EH, et al. PEGylation of resection of the prostate: a randomised, placebo-
bacteriophages increases blood circulation time controlled, double-blind clinical trial [J]. The
and reduces T-helper type 1 immune response [J]. Lancet Infectious Diseases, 2020, 21(3): 427-436.
Microbial Biotechnology, 2008, 1(3): 247-257. [91] Merabishvili M, Pirnay JP, Verbeken G, et al.

[85] Soothill J. Use of bacteriophages in the treatment Quality-controlled small-scale production of a well-
of Pseudomonas aeruginosa infections [J]. Expert defined bacteriophage cocktail for use in human
Review of Anti-Infective Therapy, 2013, 11(9): clinical trials [J]. PLoS One, 2009, 4(3): e4944.
909-915. [92] Jennes S, Merabishvili M, Soentjens P, et al. Use

[86] Krylov VN. Bacteriophages of Pseudomonas of bacteriophages in the treatment of colistin-only-
aeruginosa: long-term prospects for use in phage sensitive Pseudomonas aeruginosa septicaemia in
therapy [J]. Advances in Virus Research, 2014, 88: a patient with acute kidney injury-a case report [J].
227-278. Critical Care, 2017, 21(1): 129.

[87] Hagens S, Habel A, von Ahsen U, et al. Therapy [93] Furr CLL, Lehman SM, Morales SP, et al. P084
of experimental pseudomonas infections with a bacteriophage treatment of multidrug-resistant
nonreplicating genetically modified phage [J]. Pseudomonas aeruginosa pneumonia in a cystic
Antimicrobial Agents and Chemotherapy, 2004, fibrosis patient [J]. Journal of Cystic Fibrosis, 2018,
48(10): 3817-3822. 17(S3): S&3.

[88] Pei R, Lamas-Samanamud GR. Inhibition of biofilm [94] Jault P, Leclerc T, Jennes S, et al. Efficacy and
formation by T7 bacteriophages producing quorum- tolerability of a cocktail of bacteriophages to treat
quenching enzymes [J]. Applied and Environmental burn wounds infected by Pseudomonas aeruginosa
Microbiology, 2014, 80(17): 5340-5348. (PhagoBurn): a randomised, controlled, double-

[89] Sulakvelidze A, Alavidze Z, Morris JG. blind phase 1/2 trial [J]. The Lancet Infectious

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Bacteriophage therapy [J]. Antimicrobial Agents

Diseases, 2019, 19(1): 35-45.

http://www.cnki.net



