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Research Fields

Prof. Nandi Zhou’s research focuses on aptamer-based bioanalysis, fabrication of
novel nano-biosensors, monitoring and control of harmful residues in food, and real-time
analysis of metabolites in fermentation process, etc. His specific research areas are listed
below.

(1) Screening and characterization of target-specific aptamers and their applications in the
detection of harmful residues in food.
Detection of harmful residues, including antibiotics and pesticides, and food-borne

pathogenic microorganisms is of great importance in food safety control and international



trade. As specific recognition and signal elements, aptamers show excellent
characteristics in the fabrication of aptamer-based biosensors for harmful residues. In
order to screen high-specific, high affinity and high-stable aptamers for different targets,
optimized magnetic beads-based SELEX, graphene oxide-SELEX and capillary
electrophoresis-SELEX were employed to select appropriate sequences from random
ssDNA library. Then aptamer sequences were truncated and optimized through
homologous alignment, consensus secondary structure analysis and 3-D molecular
docking. As for a variety of antibiotics-specific aptamers were screened and applied in the
fabrication of diverse aptasensors for detection of antibiotics residues in food products,
such as honey, milk and milk powder. The detection limits of the biosensors reached nM
level over uM level of that of HPLC. Aptamers have also been applied in the development
of rapid testing kit such as strip biosensors for harmful residues.
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Fig. 1. Screening of ofloxacin-specific aptamer through GO-SELEX.

(2) Fabrication of nano-biosensors for target DNAs, specific enzymatic activities, and
proteins.

Assays for sequence-specific DNAs, low-abundant proteins and specific enzymatic
activities are key roles in the fields of food and fermentation industry, medical diagnosis
and biology. Through introducing G-quadruplex, gold nanoparticles, magnetic
nanoparticles and other functionalized materials, diverse signaling and amplification
techniques were fabricated for high-sensitive detection of target molecules based on
electrochemical, spectroscopic, fluorescent and PCR methods. The interaction between
proteins and DNA can also be characterized.
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Fig. 2. Simultaneous detection of dual-target DNA and LDH.

(3) Detection of key biomarkers for diagnosis applications using logic-gate.

Key biomarkers are usually closely related with the development of diseases and
damage. Due to the relatively low specificity of biomarkers, the accuracy of diagnosis can
be greatly improved through the appropriate selection of 2-3 related biomarkers and
fabrication of logic gate for bioanalysis. Mini-invasive electrochemical biosensors for
transdermal detection were fabricated based on microneedle arrays. Meanwhile, fast
diagnosis can be achieved through combined application of screen-printed electrodes,
dry-reagent technigue and enzyme-logic design. At present, we are working on the early

screening of cancer through high-sensitive and simultaneous detection of tumor

biomarkers.
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Fig. 3. Biocomputing concept illustrating diagnosis of traumatic brain injury.
(4) Real-time monitoring of metabolites during the fermentation process.

Real-time monitoring of metabolites during the fermentation process plays important

role in fermentation control. As a complicated system, fermentation process is non-linear,



time-varying, irreversible and with big lag time. lacking of biosensors for biochemical
parameters and modeling for complicated system lead to large difficulty in the control and
optimization of fermentation process. A series of high-sensitive detection methods and
biosensors were developed and used to fabricate real-time detection devices through the
combination of microfluidic technique. Meanwhile, some enzymes have wide application
in detection, such as urease and urethanase, were thoroughly investigated, including

structural and functional analysis, dynamic characterization, fermentation and purification.
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Fig. 4. Structural analysis of urethanase.
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Fig. 5. On-line monitoring of ethyl carbamate in wine production.
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