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Abstract: Pathogens exhibit strong antibiotic resistance, a major cause of which is biofilm (BF)
formation. The eradication of bacteria is extremely difficult once biofilms have formed as
biofilms can lead to persistent infections in patients and trigger a variety of chronic diseases,
which cause a heavy burden on the global healthcare system. Pillararenes are novel macrocyclic
compounds with unique pillar-shaped architectures, which have attracted wide attention owing to
their potential applications in the development of functionalized and bioactive materials. In
addition, they have broad application prospects in the prevention and control of antibiotic
resistance. This article reviewed the activities and mechanisms of pillar[5]arene derivatives
against bacterial pathogens, especially the inhibitory effect on biofilms. On this basis, researchers
can explore new antibacterial and bactericidal strategies and employ non-traditional methods to
solve antibiotic resistance. This review is expected to provide a theoretical basis for the
development of new agents to control biofilm or treat bacterial infections.
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Figure 2 Bacterial biofilm formation and inhibition.

<l actamicro@im.ac.cn, 010-64807516



MtesE | A EA, 2023, 63(3)

967

TR AT 2 N R 2 53 T —4> BF
TR Z . dIETEIE A BF Hijs 2t 40
6 22 TR0 286 B PR OEA T BT, Al R e
il R T 8 — 2 AR, R BERR A BF
o TE AR AR 22 2 W R Y AT 2
BE, MIMEETS BF Bfmsat:. 40, P. aeruginosa
() BF JERCRE A B A: R R 240k, fi
ARMEBE AR R4

AirE BF BT BRI #0057 A T o D)
SEVF 2 RS S P A TR R AR . X T
RN A R U AL 3] — > BR BB, BEAS S
WIS BF NIRRT H A, ) B
ARXES 7 BN AR TR, DR B i 20 o T Il
NP HLRTE B BE W AR T 5 o B2 R
be. Mk, SRR, &A BE B4HTRE %
TP R BOHEHT Tk 1000 F5°), FAL b, M
T BEAEIE ML, AR Rl 40 T 20 e O 5t
AR, BTk HA S RNy, R
PUAR TS B I e SN A2 Z Ak . DR, il i ol
2 T 285 6 %) 5% e B0 2ok KT 288 B 4 T Ok BHL L 20
PR J R BF J& 2 X E M,

3 RIS RATEM NI E
B H 10 AL

3.1 515 RITEMX M E I E AR
A Y4 R AN

Yo SCHkAkaE , V2 MR IRYLAEREE BF
MR, JF BB fE £ EE ) BA A
i sz PEN . BLCIESEAE B {4 N (1 40 1
S HA R 5, RBP4 R IR
P HRTE . UT4Ek, A5 R D Ry A M A
RAE P R ) 6 A ] S0 1) 3 RE 428 A4 D7 T )
WM k0. T BF B 21 5 20 14 1)
EZIBUIN ST C YR e Y i e o AR R T

BF JEil. HHI, %I BF fBiiA & A e —FFih sk
i w4 B B BF ROE . PR, X T BF (941
il B AR AR AE AT (] 2), AL A R T A
BF IE LA S il R AR B & 2T i) BF . AT
P59 S AT AR YA ELhT BF B BUS RS
BliZEIT R, P9 A BUAE: (5157 Je AT A 1 %ok 24 ol L
A B BP0 6 TR A BF B B RE 1 (% 1),

AR, IR E TG XA (S5 AT A Y Y
U LA BF MEPEHEATAISE . OV RA S A
TR, fE—E R BRG] Tz N
M0 5 AL [S 107 il 5 | A SRR I A di 45 5 v
PERIAE[S1D7 Rt AT 1K e, Ik, DIAE(S)
I3 &N SRS VI RE S B L R, X AT
JRR MBTTETEME . Yu SENOTE 2013 AR GE
R 2 T N L R A ) A SR A (5105 AR (— i
Aredest, J—smE AR, RA IR
B, PN | YO AL S5 AT AE W T
AR G S . AW E G T H ER
WL BEAL RO AE[S 15 AT AR, o X PR 8%
#wtt Escherichia coli WPiEEATEEN, WL
R 200 TR 20 N 3R AR RN R S RO AR R AT B TR AR
20 A1 241 L 3 0 R A i A

Joseph VAR T — 28I FHE[S,6195 12 1
AN . Z=edh o W, pRek . =HESE), fE
N — B B BB TP, B 2 IR
PR, 1547 O HEERE WA (S. aureus subsp.
aureus ATCC 33592), S. aureus (ATCC 29213),
S. aureus (BAA/043), ZEMERTE (Enterococcus
faecalis, ATCC 29212), FRFHZBREE (Staphylococcus
epidermidis, RP62A)FIAIEEEEK T (Streptococcus
mutans, ATCC 700610) 24 R4 1) BF G H:
EANIIH 50% BF MR fIGHkE (the 50% minimum
biofilm inhibitory concentration, MBIC o)t [l &
0.40-8.80 umol/L. PFHE FHE[5105 RBATAEYIXT
2 G BH PR TR AR B AT R, X AR 2= PR

http://journals.im.ac.cn/actamicrocn



968 YANG Hua et al. | Acta Microbiologica Sinica, 2023, 63(3)

*1 HEFRITEVONIEREMWIRT EHEXR

Table 1 Pillararene and its derivatives antibacterial and biofilm related research

Pillararene derivatives Application example Antibacterial activity References
Pillar[5]arenes Sugar functionalized Escherichia coli Aggregation of [46]
pillar[5]arenes light-emitting bacteria cells
Mannosylated Escherichia coli Effectively prevent [13]
pillar[5]arene derivatives pathogenic E. coli from
sticking
Peptides pillar[5]arenes  Staphylococcus epidermidis, ICsg, 0.30-7.50 pmol/L [47]

Staphylococcus aureus,

Bacillus subtilis

Phosphonium Staphylococcus aureus MBICs, 0.67-1.66 pg/mL  [33]
pillar[5]arenes (ATCC 33592),
Enterococcus faecalis (ATCC 29212)
Zwitterionic pillar[S]arene Escherichia coli (DH5a), MBICs, 80.00 pmol/L [10]
nanoaggregates Staphylococcus aureus (SH1000) (Escherichia coli)
Polyaspartamides and Staphylococcus aureus, MIC, 1.50 pg/mL [48]
pillar[5]arene derivatives Methicillin-resistant staphylococcus  (Staphylococcus aureus);
aureus (MRSA), MIC, 2.70 pg/mL (MRSA);
Escherichia coli MIC>1 000.00 pg/mL
(Escherichia coli)
Guanidinium- Staphylococcus aureus (ATCC 25904), MIC, 6.30 umol/L [34]
pillar[5]arene (GP5) Escherichia coli (BH101) (Staphylococcus aureus);

MIC, 12.50 umol/L

(Escherichia coli);

MBEC, 100.00 pmol/L

(Escherichia coli)
Trimethylammonium- Staphylococcus aureus (ATCC 6338), MIC, 0.06 mmol/L; [49]
based pillar[5]arene (TP5) Escherichia coli (DH5a) MBC, 0.44 mmol/L

(Staphylococcus aureus);

MIC, 0.11 mmol/L;

MBC, 0.88 mmol/L

(Escherichia coli)

Pyridinium-based Pseudomonas aeruginosa PAO1 MIC, 0.05 mmol/L; [50]
pillar[5]arene (PP5) MBC, 0.41 mmol/L
Pillar[n]arenes Pillar[5,6]arene Staphylococcus aureus subsp. MBICs, 0.40-8.80 umol/L  [11]
derivatives aureus (ATCC 33592) (Cationic pillar[5]arene);
Staphylococcus aureus MBIC;5¢>23.00 umol/L
(ATCC 29213, BAA/043) (Anionic pillar[5]arene);

Enterococcus faecalis (ATCC 29212) MBICs, 0.40-2.90 pmol/L
Staphylococcus epidermidis (RP62A) (Cationic pillar[6]arene)
Streptococcus mutans (ATCC 700610)
Cationic pillar[5,6]arene  Staphylococcus aureus (ATCC 33592) MBICsg, 0.18-14.94 umol/L [17]
derivatives Enterococcus faecalis (ATCC 29212)

ICso represents the concentrations required to inhibit 50% bacteria growth; MBICs, represents the 50% minimum biofilm
inhibitory concentration; MIC stands for minimum inhibitory concentration; MBEC represents the minimum biofilm
eradication concentration; MBC stands for minimum bactericidal concentration.
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