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1. Project Background

Autistic Spectrum Disorder (ASD) is a severe neurodevelopmental disorder '. With its
prevalence increasing dramatically over the past decades, ASD now affects 1 out of 59 children
in the United States 2. According to national census data on handicapped individuals, China also
has an increased prevalence with ASD first on its list of top mental disabilities. Previous studies
have reported that most ASD children displayed elevated Serotonin (5-HT) levels in the blood * .
Recent studies implicated that Serotonin is a critical modulator of enteric nervous system (ENS)
and central nervous system (CNS) development and may function as a nexus for the gut-brain
axis in ASD children® ° ¢ 7. However, how to check their serotonin level and other altered
neurotransmitters at home, so as to help ASD's parents intervene in the impaired behavior of

ASD, is an urgent and challenging problem to be solved.

2. Project Design

2.1 Research Objectives

In this study, a whole-cell biosensor was designed based on synthetic biology for home
inspection of 5-HT and other neurotransmitters in the urine of children with ASD to assist
parents of children with ASD to continuously monitor their children's behavioral disorders. The
engineered bacteria (£. coli BL 21) transformed with the modified plasmid can detect the

concentration of 5-HT in the urine and show a visible color change.

2.2 Research Content

This study is a survey of the current situation of normal and autistic children. For the
normal population (N = 15), this study plans to use approximately 10 milliliters of previously
retained urine samples. The inclusion criteria are:

Normal children aged 3-9 years; Eating normally;

For the ASD population, t this study plans to collect about 15 milliliters of clean midsection



urine samples from the participants (N = 15) on site. The inclusion criteria are:

Autistic patients aged 3-9 years (CARS score> 30 points); Eating normally; Be voluntary to
participate in this experiment, with an informed consent form signed by family members
(Professor Xingyin Liu is responsible for the whole process of informed consent, assisted by
Haizhixing Autistic Children Rehabilitation Center, Jiangning District, Nanjing, and the guardian
will sign the relevant informed consent form).

The collected urine samples are used for the targeted mass spectrometry detection of
neurotransmitters such as 5-HT and biosensor function testing, and the sensitivity, specificity,
positive predictive value, and negative predictive value of the screening test are subsequently
calculated. The samples will not be used for other purposes. All experiments will be completed in
Prof. Xingyin Liu’s Laboratory (B511 & B515) in the Department of Pathogen Biology, School
of Basic Medical Sciences, Nanjing Medical University.

If it involves collection of biological samples, the following must be stated:

Sample type: Urine sample;

Sample size: N = 30;

Source of samples: 15 cases (normal children) are from the past, and 15 cases (children
with ASD) are planned to be collected;

Processing and destruction of remaining samples: The remaining samples will be kept in
the laboratory of the Department of Pathogen Biology, School of Basic Medicine Science,
Nanjing Medical University.

2.3 Expected Results

This study intends to test the efficiency of the biosensor through urine samples. It is
expected that the test paper loaded with engineered bacteria can respond to and change color in
the urine of autistic children with high 5-HT level, but does not respond to the urine of normal
children. Finally, we expect our engineered biosensor could serve as a home-based detection
manner of neurotransmitters such as 5-HT in urine, helping parents of children with ASD to

identify and intervene early in their social behavior disorders.

3. Research Schedule

September 18, 2020 to September 20, 2020: Complete sample collection;
September 20, 2020 to October 31, 2020: Complete the mass spectrometry determination of

5-HT and other neurotransmitters in samples and verify the function of the biosensor.
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