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Abstract. Due to the abuse of antibiotics, more and more bacteria are resistant to antibiotics. Non antibiotic 

nano antibacterial materials emerge as the times require. Carbon based nano enzyme is an efficient and 

environmentally friendly antibacterial material with certain antibacterial effect. It has simple structure and 

good compatibility. It can be combined with a variety of antibacterial substances to form composite 

antibacterial materials, expand the scope of antibacterial and improve the antibacterial ability. This paper 

summarizes the research progress of three kinds of carbon based nanoenzymes including carbon nanotubes, 

graphene, carbon quantum dots and their composites in the field of antibacterial. 

1 Introduction 

In nature, bacteria and viruses are everywhere. To 

effectively kill bacteria and inhibit the growth and 

reproduction of bacteria is an important topic closely 

related to human health, which has been widely concerned 

by the scientific community. Antibiotics can effectively 

kill bacteria, but with the extensive use and abuse of 

antibiotics, the drug resistance of bacteria is gradually 

enhanced, and even super drug-resistant bacteria are 

produced. Therefore, a kind of green and environmentally 

friendly antibacterial material that will not make bacteria 

resistant is widely expected. 

Nano antibacterial material is a kind of material that 

uses nano technology to treat inorganic antibacterial agent, 

so that it has more extensive and excellent bactericidal 

ability. It can achieve long-term antibacterial effect 

through slow-release effect. Nano enzyme is a kind of 

nano material with enzyme like catalytic activity, which 

can catalyze the substrate of natural enzyme under 

physiological conditions and follow similar reaction 

kinetics. Its catalytic activity comes from its own special 

nanostructure, which has higher catalytic activity, better 

stability and lower cost than natural enzyme or other 

artificial enzyme. It has a certain potential to be widely 

used in the field of antibacterial. 

At present, more than 50 kinds of nanoenzymes have 

been found, mainly including metal, metal oxide and 

carbon nanomaterials. Most of the nanoenzymes have the 

activity of oxidoreductase, which can produce a large 

number of free radicals by catalytic oxidation-reduction 

reaction. 

 
Figure 1 Classification of nanoenzymes 

 

Among the above three kinds of nanoenzymes, carbon 

based nanoenzymes have good environmental friendliness, 

large specific surface area, excellent physical properties, 

as well as the adsorption and immobilization ability of 

molecules and nanoparticles, so they are an excellent 

choice as bactericidal materials and carriers. At present, 

carbon based nanoenzymes used in antibacterial field 

mainly include carbon nanotubes, graphene, carbon 

quantum dots and so on. 

2 Carbon nanotubes 

In 1991, Japanese scientist lijima1 discovered carbon 

nanotubes for the first time. This kind of carbon 

nanomaterials has high stability and large specific surface 

area. It has a tubular structure made of graphite sheets, in 

which carbon is bonded by sp2 hybrid. According to the 

number of carbon atom layers in the wall of carbon 

nanotubes, they can be divided into single-walled carbon 

nanotubes (SWCNTs) and multi walled carbon nanotubes 

(MWCNTs). Due to its unique structure and excellent 

mechanical, electrical and chemical properties, carbon 

nanotubes show a broad application prospect, and attract 

the great attention of many scientists in materials, physics, 

electronics, chemistry and other fields. So it has been 

widely used. 

In 2007, Kang et al.2 reported for the first time that 
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single-walled carbon nanotubes have strong antibacterial 

activity. Direct contact between bacteria and single-walled 

carbon nanotubes can cause serious membrane damage 

and then cell inactivation. Therefore, single-walled carbon 

nanotubes have broad application prospects as new 

antibacterial materials. 

The results show that the size, dispersion, 

concentration and buffer type of CNTs have some 

influence on their antibacterial activity.Yang et al. 3found 

that the length of SWCNTs affected their antibacterial 

activity. Under the same weight concentration of three 

different lengths of SWCNTs, the long SWCNTs showed 

stronger antibacterial activity than the short SWCNTs. The 

length of SWCNTs affects the aggregation of SWCNTs 

and bacterial cells, thus affecting the effect of direct 

interaction between cells and SWCNTs. Liu et al.4 found 

that SWCNT dispersion has higher antibacterial activity 

than SWCNT aggregates. The antibacterial activity of 

SWCNT dispersion against Gram-positive bacteria 

(Bacillus subtilis and Staphylococcus aureus) was also 

higher than that against Gram-negative bacteria 

(Escherichia coli and Pseudomonas aeruginosa). 

SWCNTs can be regarded as nanodarts moving in solution, 

attacking bacteria to degrade the integrity of bacterial cells 

and lead to cell death. The antibacterial activity of single-

walled carbon nanotubes can be further improved by 

dispersing single-walled carbon nanotubes, increasing the 

concentration of single-walled carbon nanotubes, and 

increasing the oscillation speed to enhance the physical 

penetration ability of single-walled carbon nanotubes to 

bacteria. Arias et al.5found that SWNTs showed strong 

antibacterial activity only in deionized water or 0.9% 

NaCl solution, but not in PBS buffer and BHI broth. The 

antibacterial activity of SWNTs increased with the 

increase of concentration and treatment time. 

In recent years, in order to enhance the antibacterial 

properties of carbon nanotubes, more and more experts 

and scholars focus on the preparation of composite 

antibacterial materials by loading some biochemical 

substances on carbon nanotubes. Silver with antibacterial 

properties has been widely concerned by the scientific 

community. Studies have shown that the antibacterial 

effect of Ag based composites is directly proportional to 

the degree of contact between Ag+ and bacterial cells, 

because Ag+ can effectively enter bacterial cells through 

bacterial cell membrane and prevent their growth.  
Liu et al.6successfully synthesized Ag / MWCNTs 

composite materials by ion beam assisted deposition 

technology, taking Gram-negative bacteria (E.coli) and 

Gram-positive bacteria (Staphylococcus aureus) as 

research objects. For two different bacteria, Ag / 

MWCNTs composite showed more obvious antibacterial 

effect than MWCNTs. It was found that the antibacterial 

effect of Ag / MWCNTs on Escherichia coli was better 

than that on Staphylococcus aureus, which may be 

because the cell wall of Gram-negative bacteria was 

thinner than that of Gram-positive bacteria, which made it 

easier for silver ions to penetrate the cell wall and enter 

the cells, leading to the death of bacteria. Zardini et al.7 

found that lysine and arginine were used to functionalize 

multi walled carbon nanotubes (MWCNTs), and their 

antibacterial activities against Escherichia coli, 

Staphylococcus and other bacteria were significantly 

improved. When MWCNTs Arg products were used 

against Gram-negative bacteria, Escherichia coli and 

Salmonella typhimurium, the enhancement of this activity 

was more obvious. This finding indicates that the 

positively charged amino acid cation group is very 

effective in destroying the bacterial membrane, which can 

destroy the integrity of the cell membrane and then kill the 

bacteria.  
In 2012, alsan et al.8 successfully assembled LBL with 

SWNT containing polylysine (PLL) and polyglutamic 

acid (PGA), and observed a greater degree of SWNT 

incorporation in PL-PEG system. We found that SWNT / 

PLL / PGA membrane could significantly reduce the 

activity of Escherichia coli and Staphylococcus 

epidermidis (90% after 24 hours of Culture). 

In 2014, Dong et al.9 found that the surface of 

MWCNTs adsorbed by nisin had strong anti adhesion and 

antibacterial effects on Bacillus anthracis. It reduced the 

attachment of spores and inhibited spore germination and 

biofilm formation. Compared with the control surface, the 

number of bound spores on the surface of MWCNT nisin 

decreased by 3.5 times, and the subsequent biofilm 

formation decreased by 94.6%. The results showed that 

the surface of MWCNT nisin had the excellent physical 

properties of MWCNTs and nisin, and had potential 

application prospect in the preparation of anti adhesion 

and anti biofilm formation surface on the surface of 

anthrax spores. 

3 Graphene 

Graphene and its derivatives have strong antibacterial 

properties. The preparation of antibacterial nano-

composites using graphene and its derivatives has a wide 

application prospect. 

In 2010, Hu et al. 10studied the antibacterial ability of 

graphene oxide against E. coli, and found that E. coli 

liquid was placed in 20 μ G / ml and 85 μ The metabolic 

activity of E.coli decreased to 70% and 13% respectively 

after 2 hours in the graphene oxide dispersion (g / ml). It 

was also found that when the bacterial cells contacted with 

graphene derivatives, the cell membrane would be 

damaged, resulting in the loss of integrity of cell 

membrane and death. 

Liu et al.11 compared the antibacterial activity of 

aqueous dispersion of graphite (GT), graphite oxide 

(GTO), graphene oxide (GO) and reduced graphene oxide 

(RGO) against Escherichia coli. The results showed that 

GO had the highest antibacterial activity at the same 

concentration, followed by RGO, GT and GTO. Its 

antibacterial activity is related to time and concentration. 

Most bacterial inactivation occurs in the first hour of 

culture, and cell mortality increases with the increase of 

substance concentration. They also found that the lateral 

size of graphene oxide had an effect on the antibacterial 

activity. The larger graphene oxide nanosheets showed 

stronger antibacterial activity, which could cause the death 

of most bacteria in only one hour, and also showed better 

antibacterial activity at a relatively low concentration.  

Many researchers combine graphene and its 
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derivatives with other nano materials, including silver 

nanoparticles and chitosan, to develop composite 

materials with stronger antibacterial ability, better stability 

and better biocompatibility.Liu et al.12 prepared GO-Ag 

nanocomposites by simple blending method. When the 

mass concentration of go AG is 80μ g/ml, the bactericidal 

rate of GO-Ag composite to Escherichia coli is 99%, 

which is much higher than that of go alone. This shows 

that go Ag composite can have high antibacterial 

performance at low concentration. The reason is that go 

Ag composite has large specific surface area, Ag 

nanoparticles are easy to precipitate on the surface of go, 

so go can be well adsorbed on the surface of go Therefore, 

the antibacterial activity is greatly improved. 

 Lim et al.13 measured the antibacterial activity of GO 

and rGO composite with chitosan respectively. The results 

showed that GO or rGO composite with chitosan did not 

affect its own antibacterial activity. Because GO and 

chitosan had synergistic antibacterial effect, the 

antibacterial activity of the composite was better than that 

of GO or rGO at the same concentration.  
Sun et al.14used graphene quantum dots to catalyze 

hydrogen peroxide, which can effectively kill gram-

negative Escherichia coli and gram-positive 

Staphylococcus aureus. The required concentration of 

hydrogen peroxide is only 100 μmol/L. This bactericidal 

ability can be used to prevent wound infection and 

promote wound healing. In addition, they also found 15that 
AuNPs with graphitic carbonnitride  has high peroxidase 

activity and can also catalyze hydrogen peroxide at 

physiological level to kill drug-resistant Escherichia coli 

and Staphylococcus aureus, effectively prevent the 

formation of bacterial biofilm and accelerate the healing 

of infectious sores. More importantly, it can be injected 

into mice for the treatment of pulmonary drug-resistant 

bacteria infection, Its germicidal efficacy is similar to that 

of vancomycin. They 16further loaded gold nanoparticles 

onto mesoporous silica supported gold nanoparticles 

(MSN AuNPs) and found that the composite had oxidase 

and peroxidase activities, which synergistically enhanced 

the ability to produce free radicals, and could not only 

prevent the formation of Escherichia coli and 

Staphylococcus aureus biofilms, It can also destroy the 

formed biofilm. 

On the basis of these works, the team17 also designed a 

chemical photothermal synergistic antibacterial system 

with the corresponding demand ability. The sandwich like 

graphene mesoporous silicon nanosheets (GS) were used 

as the carrier, and the prodrug ascorbic acid (ASA) was 

added into the system, Vancomycin (AA) was loaded into 

GS mesoporous and encapsulated with hyaluronic acid 

dopamine (HA). Then vancomycin modified iron oxide 

nanoenzyme was assembled on the outer surface. 

Vancomycin could target the antibody system to the 

surface of gram negative or positive bacteria, Once 

contacted with bacteria, Ha-Da can be degraded by 

hyaluronidase secreted by bacteria to release ascorbic acid. 

Iron oxide nanoenzyme catalyzes ascorbic acid to produce 

free radicals and finally kill bacteria. The photothermal 

effect of graphene can further improve the anti-bacterial 

effect. This system can effectively remove stubborn 

biofilm and prevent infection in vivo. 

4 Carbon quantum dots 

Carbon quantum dots (CQDS) have attracted much 

attention in the field of medicine and biology in recent 

years. Different from graphene based nanomaterials, 

CQDS are zero dimensional carbon nanomaterials with 

particle size less than 10 nm, and have unique morphology, 

size, surface functional groups and physicochemical 

properties, which are easy to be doped with other elements 

(such as nitrogen, sulfur, chlorine, bromine, etc.) in the 

preparation process. CQDS have obvious advantages in 

water solubility and modifiability, and can easily prepare 

CQDS with different properties according to experimental 

needs18. 

CDs have shown great potential in various 

antibacterial applications, which can eliminate bacterial 

infection and have relatively low toxic and side effects on 

mammalian cells and tissues. It is a complex process to 

study the antibacterial mechanism of CDs. Several 

mechanisms have been proposed to explain the 

antibacterial mechanism of CDs. For example, physical 

and mechanical damage, ROS induced oxidative stress, 

photodynamic antibacterial, antibacterial inhibition of 

bacterial metabolism and so on. 

Bacterial cell wall or outer membrane is an important 

part of bacteria, which is responsible for maintaining cell 

shape, preventing mechanical stress, infection and 

osmotic adjustment. When the cell wall or outer 

membrane of bacteria is physically or mechanically 

damaged by CDs, the whole physiological function of 

bacteria is impaired, even the cytoplasm leaks, resulting in 

the death of bacteria. This is one of the most common 

antibacterial mechanisms for most types of anti-bacterial 

CDs. Travlou et al.19Obtained sulfur and nitrogen doped 

carbon quantum dots (s-cqds and n-cqds) by simple 

hydrothermal treatment of organic compounds / polymers 

containing s or N, and studied their antibacterial activities 

by Bacillus subtilis and Escherichia coli. Compared with 

s-cqds, n-cqds had better antibacterial properties. 

Functionalized CDs can lead to bacterial death by 

inhibiting microbial metabolism. Bacteria transform 

nutrients into energy through metabolism, and eliminate 

metabolite molecules to inhibit the growth, reproduction 

and survival of bacteria. Compared with eukaryotic cells, 

bacteria lack mitochondria, so they are involved in energy 

metabolism related reactions, which are carried out by 

ATPase located in the cell membrane. Peptidoglycan is an 

important component of bacterial cell wall, which can 

protect bacteria from damage. D-glutamic acid (s-glu) is 

the precursor of peptidoglycan (PG). Therefore, the 

inhibition of d-glu-related catalytic enzymes and the 

disruption of PG biosynthesis can be used to eliminate 

bacteria and maintain the integrity of mammalian cells. 

Xin et al. 20Used D-Glu functionalized GQD (DGG) to 

penetrate bacterial cell membrane and target murd ligase 

to inhibit its catalytic activity in intracellular PG 

biosynthesis, resulting in cell wall damage, cytoplasmic 

leakage and cell death. So as to achieve effective 

antibacterial activity and high selective toxicity. 

Jian et al.21 used polyamines (including spermine, 

spermidine and putrescine) as substrates to prepare CQDS 

with blue fluorescence and positive charge by 
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hydrothermal method, and the average particle size was 6 

nm. The CQDS prepared with Spermidine as substrate had 

high quantum yield, and had high toxicity to Escherichia 

coli, Staphylococcus aureus, Pseudomonas aeruginosa, 

Salmonella enteritidis and methicillin-resistant 

Staphylococcus aureus Cocci have good antibacterial 

activity. Stankovic et al.22 synthesized hydrophobic carbon 

quantum dots (CQDS) by hydrothermal method using 

polyoxyethylene / polyoxypropylene / polyoxyethylene 

block copolymer as substrate and deposited on LB films. 

Under blue light irradiation at 470nm wavelength, they 

can produce singlet oxygen, which has antibacterial 

activity against Escherichia coli and Staphylococcus 

aureus. 

5 Conclusion 

Compared with traditional antibiotics or biological 

antibacterial agents, nano enzyme as a new antibacterial 

agent has many advantages; The enzyme activity can be 

adjusted and optimized by controlling the nano scale 

factors; Nano enzymes can work together to enhance the 

antibacterial effect; The combination of functionalized 

modification and various nano effects can further enhance 

its bactericidal ability. 

However, the research on antibacterial application of 

nano enzyme is just beginning, and its related mechanism 

and application need to be further explored. On the one 

hand, the antibacterial effect of nanozyme against 

Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, Streptococcus mutans and other pathogenic 

bacteria is unclear; On the other hand, the specificity of 

nano enzyme sterilization needs to be explored. Antibiotic 

sterilization has a specific antibacterial spectrum, The 

reason is that antibiotics can inhibit the activity of protein 

or enzyme in specific bacteria. The target of ROS attack 

mediated by nano enzyme is random and the selectivity is 

poor. Whether the specific sterilization of nanoenzyme can 

be achieved by modification or optimization needs further 

development and exploration. 

As a new antibacterial carrier material, carbon based 

nanozyme has obvious advantages over other traditional 

antibacterial materials, such as easy preparation, rapid 

reaction, low cost, high stability, and no bacterial 

resistance. However, the broad-spectrum and selectivity of 

nano enzyme antibacterial agents still need to be improved. 

Through compounding with other antibacterial materials, 

its sterilization and disinfection performance can be 

greatly improved, so as to obtain stable, broad-spectrum 

and green antibacterial agents, which will be the main 

development trend in the future. 
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