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* QACs enhance cefepime sensitivity through the
downregulation of PMF and efflux.

* The importance of risk management threshold e = - FESE NESsape
concentrations for QACs is emphasized. i .

=
L e ‘ g
] =

T i -

goboboboboOQACs bbb bbboooooubbobbbooooooobboD
gobbobobbuodoogobbobbboooowwTpsOggQACsU U OO DOOU
gOopocovib-1od oo QACs D bbb uesbbbboooooobobobo
gob20000331%u00QACsHU IO oguooooboooogd
O500mg/kg0 000 00O0DO0O0O00OOD0DOO0OO0O0ODODDOO0OOO0ODDOO0OOO0ODO
gobbobobbuodoogobboQACcsbbbuuooooonboooDo-
guodooobobooogd

gooboobboooooQACs I DbODbbOOOTTACO OO UOUOUDDDODDACH O
gobboboboouggabpbeACUU0OOOODODOBOUOOOOOODDDDOQAC U
goobobobbooooooobbobbtbdoooo2obbobbbooooooooooo
gobbobobbogoogobbobbtbdgigooobbobboggQACsudunnon
goobobobobooooooobbbbtbooo3ygoobbobbooooooobooboobo
goobooomMmicoooogoooon

2/10



(TTAC, DDAC, DDBAC)at®, 1.4, 16, 32, 64 mg/L

Synthetic wastewater with three representative QACs }

Gradient dilution
of cight antibiotics

|

wan
-
E‘In
L1t
£31t
544
i
o

@

— ;

Multidrug resistance I

B3 Control B 1 mg/L O4mgl. B 16mgl O 32mgl B 64 mg/L

(c)

40

Fold change of MIC
L,
=

Ise

a
bbb

H]
cbe ‘"ﬂi by ] Adpaaa hhhh'bl

0
CEF POL AZI RIF
d TTAC NOR CEF
s < 40 = 40
= = ' =
! 5 30 L 530
s
E 3 | gzm ,,,/—‘ £ 201
g %1/ ] £l /. | £ 10- _
° I-M R A s Jm
J: {F L] ; ¥ L) ‘hhﬂ%j EE “ T Li T T Eg “ LI T T T 1
] 3 [ 9 12 15 0 3 6 9 12 15 0 3 [ 9 12 15
(e) Time (d) Time (d) Time (d)
; 5.0 r ] o ]
_\? l-u" - E 54 & E . e
ig “-5' - . .ii ;; ; '.-;P !E 2.5‘. . ;.
7 00y 8 e e 0 el Z g _
~ i e ® o 00 bgebionin T
a0 (R R
- E . - & L . .
T T T - ' -l“- L] l - _215 I! : . X =
-25 00 25 -0 =20 e W 2FE9E Ma
PCI (90.1%) PC1(91.34%) PC1 (40.54%)

gigggobbbbboodooooobboboooooon

UbooobobooboobbooboobQACsUUI DU QACs DU ng

3/10



O0o00obooob01img/LO0 00020 0000000000000DO0O00O00O0ODODOO0O
gobobobobboogogb20bbbobobioooddbibRrRQSARUODOOOOOoooOO
gopbocs-cisguQACs oo oobbboooooooobooboobo
O00000000Db0Db0Ob0QACs O OooOOoMICOD/e40 000000 DOODOODO
gobooboogd

N -
o ATMACE [ | ATMACE
2 - ATMAC 0= ATMAC IS
E ATMACI2S ATMACIZ
g Tt Nseessscanas ATMAL 14 ATMACI4
. ATMAC 6= ATMACIES
= 14 ATMALC IS ATAACIE
= DADMAC I8 BADM AC 0
s DADMABIO =3 DADMABI0
o - BADMACI2 DALV AT
. AN ARG [ DADMARIE—
= . ; DB AL B AL
NOR CEF DBEAE- DOBARS
ATMARIE ATMARIG
CrC- e
B " e
i~ B =
-2 0 2 D0 DS D0 DIS D20 M DS DI DIS DM
logs Fold change of MIC Time (d) Time (d)
() (© o
R2-R- \/ s
WN-M\JHQ L) ¥ Aae g
R2-H Ry = St
- . -
R2-A z o, P
& . N
RI-R- E L
S B
R1-H- o LT
s
ISR -2 0 2 % 4 -2 0 1 4
NOR CEF Relative PLS coefficient Observed MIC
- Q.- d" d‘; a7 ﬁ Correlation
W g o»m,fw b L
M 0 4
E NOR " an ‘H_ . CEF
g % = Coniral = WIEMIC, B3 L2MIC,
44 = osaMIc,  mm MG,  Em 1 MIG
g &
2 2 24
= ] a
= =
s g
£ £
" { ;
TTAC DDAC DDBAC TTAC DDAC DDBAC

g20000boogobooboobboobbooboboobboooo

4/10



goboboboboboooooQACsUUIID DD bOUOUUUnDbDDDQACsH DO ONADHO O
O00000000D0O0ODOOPMFOOOUOATPODODODOOOmMdBOcusAU D OO ODOO
gobobobobboooooobbbbbdoouobobbobbo3sdgogonoboAcs oD
gobobooboogsostiiuiboudDbDNAOODDOOrecADuvrAD DO O UOODNAD DO OU
guooobobbogooooo4ot

5/10



—_
-]
S

Fluorescence intensity

(c)

Fluorescence intensity

Fluorescence intensity

DISC5(5) (b) BCECF-AM
6x104 a0t
51.
L]
ru — . b 1]
i B e T S £ 0 P o =
TTAC | 2 ¢
f =
f an =]
2410 1 S — % 2¢10¢- d
-t JJ .-——p—t——rr" ® E
= oo
0 T T T T T T 1x104= T T
>
0 4 F I} 16 20 éﬁ .ﬂsﬁ ¢§p ¢§p ¢§p ¢§P
Time (min) v K g Q}.ﬁ R .
Intracellular ATP (d) Intracellular EtBr
6x%10° )
s b £ ]
Z 4x10°
[ b
4%10°4 = 1 b
¢ -
- E 3x10 : :
C
2x10° g { om0 ZES
€ -
I I
Ly & P P & > @ @ o ) B
LS S S SN CV @ e D N
U » v SN N N
NPN (f} Intracellular CEF
E s - 10 'il;r
[25]
6%10% " U 8- 4] b
=
= C
3x10° F&i S 6
- c =
1600 T 3
= 47 d
1200 a4 ¢ E : op
8004 e E 2- | .
400+ (] ﬁ
I]- T T {I- 1 ]
> ] a"' 5] ) ] ]
gﬁp Qéﬁ-ggz 4§ﬁ 4§p ﬂﬁﬁ é? @ﬁﬁ €§} ¢§; @§; @ﬁh
C QF?‘ Q\b LR A C \}e &h KE VR
= Contiral 1764 MIC, O 1716 MICy Bl 174 MICy 0O 12MIC,; mm 1 MIC,

g3gugubobbouoogobnboobogd

6/10



&9
" o (OACS
r Outer membrane
- {.— Phlrl r'1_Ell'i|||I:1[:'.a_'.|,|I ]:1_'\|'I'
] O Inner membrane
CEF
NADH =$ NAD+ = & ©o EE’ m o
) WL O e | .0} wr Memb —= S
o @—+O «_7} Membrane T
sahility Damag

Disfnction ADP ATP Energy | PEMeability S
[rosesmimimsmimimeminin ; mrmimimimim i S“ﬁrﬁspﬂl‘le Ty, 9]
| maot | maott J oot B { mare | cust | eme | e 7 — MO +—q 0
] — = = -
CDEIED | Sutsbener]| |1 DA epalc | £ TNOK
Complex Il — M Fl Efflux pumpl . ' i
| i i i i L
i i il
0 D 1 ) ““:::T} =p
i 1 i
; m m m ! — CEF accumulation T @ P w
N e i i=icinraiacassal
Drug catabolic process | R

Increased sensitivity to CEF Thercased resistanée to NOR

4bpgoooooobbgooooobbuuooooo

dooboobbooQACsl Ul bbbibiououubbbbid0UUUACsH
gobobobobbugooogobboboibiboudgwwTpsDQACs L Db oo ooooog
gobobobobbooogooQACs bbb bobbooooounoPMED
gobbobbbudgoogobbobbbouoogooboooo

gooooooo

O00OO0O0OFESEO O 20250 0190 080 0 O O O O O O Diversified antibiotic resistance and

7/10



sensitivity patterns induced by quaternary ammonium
compoundsD OO0 OO0 D0O000O0O0O0OOD0ODOOOOODOODO

0 O O O O Kun Yang, Huijie Lu, Lizhong Zhu. Diversified antibiotic resistance and sensitivity patterns
induced by quaternary ammonium compounds. Front. Environ. Sci. Eng., 2025, 19(8): 103
https://doi.org/10.1007/s11783-025-2023-6

goon

Frontiers of Environmental Science Engineeringd O O O O 00000000 OODOOOOOOOO
oo otdododoooooooouododoooooogod
00000000000 DO0bO0D0DO0oDO00O00o00bO0obOO0obOOoDOooDOooDOooDooo

8/10



gbodooooooood
0000000 OO John Crittendent [
goodiligodooodn
https://journal.hep.com.cn/fese/EN
goog?2
www.springer.com/journal/11783

good

O O O Frontiers of Environmental Science & Engineering

9/10



OO0 O000 000 https:.//www.iikx.com/news/progress/

0000o0ooooooooooobnoonOniikk.com O

10/10


https://www.iikx.com
http://www.tcpdf.org

