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Abstract: Escalating resistance of pathogens, especially Gram-negative bacteria, to antibiotics

has become a public health problem arousing worldwide concern because of the abuse of
antibiotics. The “Trojan Horse” strategy emerges as a promising approach to the development
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of new antibacterial agents. This strategy improves the antibacterial activity or broadens the
antibacterial spectrum of antibiotics by using the siderophore-mediated bacterial iron transport
system. In 2019, cefiderocol as the first siderophore-antibiotic conjugate was approved for
marketing, which has garnered wide attention of scientists in this field. Currently, researchers
mainly focus on siderophores or utilizing antibiotics with different mechanisms and ignoring
linkers in the design of agents based on the “Trojan Horse” strategy. This review will summarize
the impact of different linkers of conjugates on antibacterial activity, which could provide
reference for the development of new antibacterial drugs and combating bacterial resistance.
Keywords: bacterial resistance; siderophore-antibiotic conjugate; linker; “Trojan Horse” strategy
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Figure 1 “Trojan Horse” strategy and the structure of cefiderocol.
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Figure 2 Antibiotics released from natural siderophore-antibiotic conjugate.
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Table 1 The structure and antibacterial activities of siderophore-antibiotic conjugates
Conjugate Siderophore Linker Antibiotic MIC of conjugates (umol/L) ~ MIC of antibiotics (umol/L)
1302 Linear Amide Ciprofloxacin Staphylococcus aureus SG 511, Staphylococcus aureus SG 511,
tris-hydroxamate 1.00; 0.50;
Klebsiella pneumoniae ATCC Klebsiella pneumoniae ATCC
700603, >128; 700603, 0.25;
Acinetobacter baumannii Acinetobacter baumannii ATCC
ATCC 17961, >128; 17961, 0.25;
Pseudomonas aeruginosa Pseudomonas aeruginosa
ATCC 27853, >128 ATCC 27853, 0.13
14827 bis-catechol- Saphylococcus aureus SG Saphylococcus aureus SG 511,
511, >128; 0.50;
Klebsiella pneumoniae ATCC  Klebsiella pneumoniae ATCC
700603, >128; 700603, 0.25;
Acinetobacter baumannii Acinetobacter baumannii ATCC
ATCC 17961, >128; 17961, 0.25;
Pseudomonas aeruginosa Pseudomonas aeruginosa ATCC
ATCC 27853, >128 27853,0.13
15128 Linear Escherichia coli, 0.97 Escherichia coli, 0.23
tris-hydroxamate
1628 Non-linear Escherichia coli, 0.23
tris-hydroxamate
172 Enterobactin Escherichia coli UTI89, 0.10; Escherichia coli UTIS89, 0.10;
Escherichia coli CFT073, 0.10; Escherichia coli CFT073, 0.10;
Escherichia coli K-12, >10; Escherichia coli K-12, 0.10;
Escherichia coli B, >10 Escherichia coli B, 0.10
201 Hydroxypyridone Pseudomonas aeruginosa Pseudomonas aeruginosa ATCC
ATCC 27853, 0.86; 27853, 0.75;
Pseudomonas aer uginosa Pseudomonas aer uginosa
PAOL1, 0.43; PAOI1, 0.38;
Escherichia coli ATCC 25922, Escherichiacoli ATCC 25922,
0.03; 0.02;
Klebsiella pneumoniae ATCC Klebsiella pneumoniae ATCC
700603, 1.72; 700603, 1.51;
Saphylococcus aureus ATCC ~ Staphylococcus aureus ATCC
25923, 3.44 25923, 1.51
2480 Enterobactin Triazole-ether Vancomycin  Escherichia coli, <10; Escherichia coli, >10;
Pseudomonas aeruginosa, <10 Pseudomonas aeruginosa: >10
25022 Enterobactin Ether Ciprofloxacin Escherichia coli UTI89, >10; Escherichia coli UTI89, 0.10;
Escherichia coli CFT073, >10; Escherichia coli CFT073, 0.1;
Escherichia coli K-12,>10;  Egcherichia coli K-12, 0.10;
Escherichia coli B, >10 Escherichia coli B, 0.10
268" tris-catechol Triazole-ether Ampicillin ~ Escherichia coli, 0.81; Escherichia coli, 19;
Staphylococcus aureus, >64;  Saphylococcus aureus, >183;
Acinetobacter baumannii, >64 - Acinetobacter baumannii, >183
27831 tris-catechol Triazole Escherichia coli, MIC<0.09;

Saphylococcus aureus,
MIC=0.12;

Acinetobacter baumannii,
MIC=<0.09

P4 actamicro@im.ac.cn, 7 010-64807516
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Conjugate Siderophore Linker Antibiotic MIC of conjugates (umol/L) ~ MIC of antibiotics (umol/L)

281 Hydroxypyridone Triazole Ciprofloxacin Pseudomonas aeruginosa Pseudomonas aer uginosa ATCC

3082 Catechol

32034 tris-catechol
3506 tris-catechol
3807 Enterobactin
39039 Linear

tris-hydroxamate

4142 Enterobactin
424 bis-catechol

Pyrrolidinium  Ceftazidime

Ester

Ciprofloxacin

Ester

(Acyloxy)alkyl
ester
Trimethyl lock

Disulfide

Cephalosporin  Oxazolidinone

ATCC 27853, 108;
Pseudomonas aeruginosa
PAOL, 27.05;

Escherichia coli ATCC 25922,
3.38;

Klebsiella pneumoniae ATCC
700603, >200;
Saphylococcus aureus ATCC
25923, >200

Pseudomonas aeruginosa
PAOL, 0.13 pg/mL
Pseudomonas aer uginosa
DSM 1117, 8 pg/mL;
Pseudomonas aeruginosa AM
85,>128 ng/mL;
Pseudomonas aeruginosa
DSM 1117, >128 ug/mL;
Pseudomonas aeruginosa AM
85, >128 pg/mL

Escherichia coli K-12, 1.00;
Escherichia coli H1876, 1.00
Pseudomonas aeruginosa
ATCC 27853, 2.00;
Escherichia coli ATCC 25922,
1.00;

Acinetobacter baumannii
ATCC 17961, 8;

Klebsiella pneumoniae
700603, 16

Escherichia coli UTI&9, >10;
Escherichia coli CFT073, >10;
Escherichia coli K-12, >10;
Escherichia coli B, 0.10
Acinetobacter baumannii
ATCC 17978, 0.40;
Acinetobacter baumannii
ATCC 17978 pNT255, 0.40;
Acinetobacter baumannii

ATCC 17978 pNT255: ADC-1,

6.00

27853, 0.75;

Pseudomonas aeruginosa
PAOL, 0.38;

Escherichia coli ATCC 25922,
0.02;

Klebsiella pneumoniae ATCC
700603, 1.51;

Saphylococcus aureus ATCC
25923, 1.51

Pseudomonas aeruginosa
PAOI1, 0.50 ng/mL
Pseudomonas aeruginosa DSM
1117, 0.25 pg/mL;
Pseudomonas aeruginosa AM
85, 16 pg/mL

Escherichia coli K-12, 0.10;
Escherichia coli H1876, 0.10
Pseudomonas aeruginosa ATCC
27853, 0.13;

Escherichia coli ATCC 25922,
<0.02;

Acinetobacter baumannii ATCC
17961, 0.25;

Klebsiella pneumoniae 700603,
0.25

Escherichia coli UTIg9, 0.10;
Escherichia coli CFT073, 0.10;
Escherichia coli K-12, 0.10;
Escherichia coli B, 0.01
Acinetobacter baumannii ATCC
17978, >50;

Acinetobacter baumannii ATCC
17978 pNT255, >50;
Acinetobacter baumannii ATCC
17978 pNT255: ADC-1, >50
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