
R
es

ea
rc

h 
Ar

tic
le

Jiayu Zeng1,§,  Zengchao Guo1,§,  Yihan Wang1,  Zhaojian Qin1,  Yi Ma3,  Hui Jiang1,  Yossi Weizmann2 ( ),  and
Xuemei Wang1 ( )

§ 

Bacterial infection is rising as a threatening health issue. Because of the present delay in early diagnosis of bacterial diseases as
well  as  the  abuse  of  antibiotics,  it  has  become  a  vital  issue  in  the  development  of  in-time  detection  and  therapy  of  bacterial
infections. Herein, we designed a multifunctional nanotheranostics platform based on the unique micro-environment of bacterial
infections  to  achieve  specific  bioimaging  and  simultaneous  inactivation  of  the  target  bacteria.  We  showed  that  in  bacterial
infections,  the  metal  precursors  (i.e.,  HAuCl4,  FeCl2,  and  herring  sperm  DNA)  could  be  readily  bio-self-assembled  to
multifunctional  nanoclusters  (NCs)  that  exhibit  luminescence,  in  which  AuCl4– was  biosynthesized  via  reductive  biomolecules
such as NADPH to the fluorescent AuNCs. The DNA may assist as an encapsulation and delivery vector, and Fe2+ served as a
fluorescence intensifier and reduced reactive oxygen species (ROS) to produce the iron oxides. While the bacteria were being
visualized,  the  microenvironment-responsive  NCs  were  enabled  to  sterilize  bacteria  efficiently  due  to  electrostatic  effect,  cell
membrane destruction, inhibition of biofilm formation, and ROS accumulation. Besides, the bio-responsive self-assembled NCs
complexes contributed to  accelerating bacteria-infected wound healing and showed negligible  side effects  in  long-term toxicity
tests in vivo. Also, intracellular molecules involved in microenvironmental response were investigated. The work may become an
effective strategy for the detection and real-time sterilization of intractable bacterial infections.

bacterial  microenvironment  response,  self-assembled  Fe@Au−DNA  complexes,  bacterial  fluorescence  bioimaging,
bacteria inactivation, wound healing
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2.1    Materials and equipments

 

2.2    Bacterial strains and culture

 

2.3    Synthesis of microenvironmental-responsive NCs

 

2.4    Extraction of self-assembled NCs in bacteria
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2.5    Antimicrobial test in vitro

 

2.6    Observation of bacterial morphology

 

2.7    Evaluation of inhibition of bacterial biofilms

 

2.8    ROS Measurement

 

2.9    Quantitative  evaluation  of  GSH  in E.  coli with
different treatments
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2.10    Quantitative  evaluation  of  NADP+/NADPH  in E.
coli with different treatments

 

2.11    The CCK8 cytotoxicity assay

 

2.12    Bacteria-infected animal models

 

2.13    Fluorescence imaging of bacteria-infected mice

 

2.14    Treatment of bacterial infection in mice
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3.1    Characterization  of  environment-responsive  AuNCs
complexes
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3.2    Fluorescence bioimaging study

 

3.3    Antibacterial  activities  and  potential  mechanism  in
the process of self-assembled NCs
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RH + O AuNCs−−→ RH + O (RH refers→ substrate)

H O +Fe(II)→ ·OH+Fe(III)

→

O + Fe(II)→ O ·− + Fe(III)

O ·−+H O→ O + H O + OH−

AuCl −+ H O Au + Cl−+ H+ + O
 

3.4    Investigation  on  participating  biomolecules  in
bioresponsive self-assembly
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3.5    Bio-responsive  self-assembly  AuNCs  complexes  in
bacteria bioimaging in vivo

 

3.6    In vivo treatment of bacterial infection
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