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Research Progress of Biomimetic Micro/Nano-structured
Antibacterial Surfaces

PEI Yang-yang, SONG Qing, LI Peng

(Institute of Flexible Electronics, Northwestern Polytechnical University, Xi'an 710072, China)

ABSTRACT: The preparation of materials with antimicrobial properties by surface modification technology is one of the re-
search hotspots in the field of antimicrobial materials in recent years. This review briefly introduced the characteristics and an-
timicrobial effects of natural antimicrobial micro/nano-structure, and summarized the research progress of simulating mi-
cro/nano-structures of cicada and dragonfly wing, moth eyes, and gecko skin by using different techniques from the aspects of
inspiration sources, substrate materials, fabrication methods, surface characteristics and structures, and antimicrobial efficien-
cies. The effect of surface morphology and roughness of micro/nanostructure on the antimicrobial efficiency was discussed. It
was found that the surface structures with multi-layered, closely spaced, and sharp ended nanopillars had strong antimicrobial
activities against both Gram-positive and Gram-negative bacteria. Recent studies showed that these natural antimicrobial sur-
faces interacted with bacteria and destroyed cell wall/membranes, resulting in bacterial death. The antibacterial mechanism of
the micro/nano-structured surfaces is physico-mechanical, and therefore the surfaces prevent the occurrence of bacterial resis-
tance. This review provided the theoretical basis for the future development of biomimetic micro/nano-structured antibacterial

surfaces, and pointed out the future research directions in this promising field.
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Fig.1 SEM images of the surface micro/nano-structure of the cicada wing and the bacteria:
a) Photograph of a cicada; b) SEM images of the micro/nano-structure of the cicada wing;
¢) P. aeruginosa on the surface of a cicada wing; d) P. aeruginosa cell sinking between the nanopillars
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Fig.2 SEM images and three-dimensional reconstruction images of the dragonfly wing:
a) SEM images; b) Three-dimensional reconstruction images
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Fig.3 SEM images of moth eye and bacterial adhesion on the surface
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Tab.1 Progress of biomimetic micro/nano-structured antibacterial surfaces
Antibacterial efficacies
Inspira-  Substrate Fabrication
. . Surface features Surface structures -, .
tions materials methods Gram-positive Gram-negative
bacteria bacteria
Bias-assisted Nanocone Height 800~
Dia- reactive ion 2.5 um; Diameter 350~ . Pseudomonas
mond™” . 750 nm; Tip diameter aeruginosa
etching
10~40 nm
Bias-assisted Nanocone Height 100
Dia- R nm or 3~5 pm; Diam- Pseudomonas
. [49] reactive 1on K — .
Cicada mond etchin eter 100 nm~1.2 pm; aeruginosa
wing g Tip diameter 10~40 nm
Poly Nanopat- Narilop.lllars Height 46.0 Pseudomonas
(methyl . nm; Diameter 300 nm; :
terning aeruginosa;
methacry- ocess Water contact angle Escherichia coli
late)>% P 114.542°
Deep reac- Nanopillars Height 4 pm;
Silicon™!  tive ion Diameter 220 nm; Water Staphylococeus Escherichia coli
. " aureus
etching contact angle 154
. Nanopillars Diameter
Dragon- Black- Reactive ion . Saphylococcus Pseudomonas
fly wing silicon™  etching 20~80 nm; Water con- aureus aeruginosa
tact angle 80°
Hydrother- Nanowires Diameter
Tita- y : 40.2 nm; Water contact “» Saphylococcus Pseudomonas
S [56] mal etching o. P i :
nium r0CesS angle 73°; Roughness aureus aeruginosa
P 401.4 nm -
Poly(meth .
Moth  ylmethacry \2nopat- NaI_IOTC.(’ng. Height ;’ 05 0 Staphylococcus Pseudomonas
eve late)[57] terning nm; l1p .1ameter aureus aer uglnosg, .
y process nm; Spacing 250 nm Escherichia coli
Lactobacillus casei;
. . 2. Lactobacillus rha-
Benchto gp;ré?rlles6]?)gnr?;:1}/~ ls/urrrrll' ’ mnosus; Lactoba-
Poly (sty- p pacing Hm; cillus acidophilus;
[53] iotemplat- Base diameter 350~400 . - —
rene) . . Lactobacillus sali-
ing method nm; Tip diameter 50~ /| . .
80 nm ' varus; Lactobacillus
Gecko plantarum; Bifido-
skin bacterium longum
Poly (ac- TWO'Ste.p Spl.nules Spacing~500 ‘ Sreptococcus Porphyromonas
2 \158] templating nm; Water contact angle A
rylic) mutans gingivalis
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Fig.4 SEM images of various Au nanostructures: a) Control surface; b) Au nanopillars; ¢c) Au nanorings; d) Au nanocluster
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Tab.2 Surface characteristics and antibacterial efficacies of different Au nanostructures

Diameter/nm Height/nm Density/um > Surface coverage/%  Antibacterial performance/%
Control surface — <20 — 0
Au nanopillars ~50 ~100 ~100 ~50 >99
Au nanorings 100-200 ~100 ~50 >99
Au nanocluster 100-200 ~100 ~50 >99
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Fig.5 Three-dimensional representation of the modeled interactions between cicada wing nanopillars and bacteria
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Fig.6 TEM micrographs of bacteria-nanopillars interaction at the interface
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