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Exploring Nutrition and Gut Health through Metabolic Phenotyping

Jia Li

Gut health encompasses the overall well-being and functionality of the gastrointestinal tract,
a complex system profoundly shaped by both the gut microbiome and dietary habits. The gut
microbiome, composed of microorganisms and their metabolites, undergoes significant
modulation in response to our diet and has been associated with various digestive diseases. Yet,
our understanding of the cause-and-effect relationships between the gut microbiome and gut
health remains limited, despite their crucial roles in developing strategies for disease prevention
and intervention.

In this presentation, I will delve into the application of metabolic phenotyping in dietary
interventions and prevention studies for digestive diseases, including Inflammatory Bowel Disease
(IBD) and colon cancer. Additionally, I will explore how surgical interventions for obesity, such as
bariatric surgery, disrupt the gut microbiome environment in comparison to non-surgical
approaches. These findings provide valuable insights into the long-term implications for gut health
following bariatric surgery. Finally, I will shed light on the biological significance of these
metabolic changes within the gut lumen resulting from diet-gut microbial interactions and their
potential impact on overall gut health. These studies advance our understanding of nutrition and
gut health and contribute to the exploration of the host-microbiota-diet interactome.



Deep Metabolome Analysis of Micro-Samples

Liang Li
The Metabolomics Innovation Centre of Canada, Department of Chemistry, University of
Alberta, Edmonton, Alberta, Canada

ABSTRACT: The growth of metabolomics in the past decade can be directly linked to the
development of modern analytical techniques that are able to quantitatively profile a wide range of
metabolites in a sample. Liquid chromatography mass spectrometry (LC-MS) has become a
powerful tool for metabolomic profiling. To increase the sensitivity of the LC-MS platform,
researchers are continually developing more sensitive mass spectrometers, new LC techniques and
improving ionization efficiency of metabolites. The latter can be done using high-performance
chemical derivatization methods, such as chemical isotope labeling (CIL). In this presentation,
recent advances in CIL LC-MS for metabolome analysis of micro-samples are discussed. These
include the analysis of dried urine and blood samples, finger blood, single cells, spheroids, and
tiny tissues. Novel sample handling methods in dealing with micro-samples with limited amounts
of starting materials will be described. LC-MS strategies for ultra-sensitive analysis of metabolites

with high metabolomic coverage and accurate relative quantification accuracy will be presented.

KEY WORDS: Ultra-sensitive LC-MS, micro-sample processing, chemical isotope labeling, high

coverage metabolomics



Gut Microbiome as Mediator of Chemical Exposome - Host

Metabolism Crosstalk

Matej Ore$ic®®
2School of Medical Sciences, Orebro University, Orebro, Sweden
*Turku Bioscience Centre, University of Turku, Turku, Finland

The origins of many non-communicable diseases occur often as a result of complex
interactions of environmental and genetic factors. Growing evidence suggests that exposure to
endocrine disrupting chemicals such as per- and polyfluoroalkyl substances (PFAS) interfere with
host metabolism, however, the underlying mechanisms are poorly understood. Here, recent and
ongoing studies will be presented that aim to elucidate the link between the exposures to harmful
chemicals and metabolic health.

In a cohort of 264 Danes (121 men and 143 women, aged 56.6 = 7.3 years, BMI 29.7 £ 6.0
kg/m?2), we measured serum bile acids (BAs), PFAS and additional twenty-seven environmental
toxicants as well as gut microbiome composition by shotgun metagenomic sequencing. We found
that blood concentrations of widespread environmental toxicants such as PFAS associate with
measures of body fat accumulation and insulin resistance in a sexually dimorphic manner. These
associations may be mediated by gut microbiome-synthesized secondary BAs. These findings
were substantiated by the outcome of the murine exposure study. In another study, we investigated
potential role of exposure to PFAS in the developmental origin of metabolic disease. Human fetal
livers from elective termination of pregnancies between 11-19 weeks of gestation (n = 78) were
analyzed by both targeted and untargeted metabolomic analyses of lipids, polar metabolites, BAs
and PFAS. Several amino acids, fatty acids and sugar derivatives in fetal livers were inversely
associated with PFAS exposure, while the BA glycolithocholic acid was markedly positively
associated with all quantified PFAS. Furthermore, 7a-hydroxy-4-cholesten-3-one (C4), a marker
of BA synthesis rate, was strongly positively associated with PFAS levels and was detectable as
early as gestational week 12. Identification of metabolic perturbations in the human fetus
associated with PFAS exposure demonstrates that environmental exposure and its potential
harmful impacts start in utero. These effects of PFAS in the fetus, particularly with respect to lipid
and BA metabolism, might be responsible for reported adverse health effects during early life.



Mass spectrometry imaging - a novel technology to explore metabolic

heterogeneity in liver cancer

Yulan Wang!, Liang Xu', Jia Ying Joey Lee?, Sin Chi Chew*#, Lit-Hsin Loo?, Pierce Chow>**3,
1.Singapore Phenome Center, Lee Kong Chian School of Medicine, Nanyang Technological
University
2.Bioinformatics Institute, Agency for Science, Technology and Research, Singapore.
3.Department of Hepatopancreatobiliary and Transplant Surgery, Division of Surgery and Surgical
Oncology, Singapore General Hospital and National Cancer Centre Singapore.
4.Program in Clinical and Translational Liver Cancer Research, Division of Medical Science,
National Cancer Center Singapore, Singapore
5.Academic Clinical Programme for Surgery, Duke-NUS Medical School, Singapore.

Mass spectrometry imaging (MSI) provides spatially resolved metabolic information and
enables the exploration of metabolic heterogeneity within and between tumors!. The two most
common MSI techniques, matrix-assisted laser desorption/ionization (MALDI) and desorption
electrospray ionization (DESI), have the potential to identify highly specific diagnostic and
prognostic markers for different tumor niches or regions. Therefore, MSI has emerged as a key
technology for label-free bioanalysis of the spatial distributions of biomolecules, pharmaceuticals,
and/or other xenobiotics in tissue sections®>. The technology offers huge diagnostic potentials by
augmenting decision making in personalised treatment strategies®.

The ability of MSI to generate spatial metabolic information is based on dividing a tissue
section into many pixels, typically ~50 pm between pixels. Mass spectrum is generated from each
pixel, which contain rich information on the molecular ions and their relative intensity levels that
can be found in the pixel. The annotation and validation of the found putative metabolites are vital
for translational applications of MSI, which is also the current bottleneck of clinical adoptions of
MSI technology. In this presentation, solutions to metabolite annotation and validation in MSI will
be demonstrated. In addition, multi-modal image analysis and data integration to discover the
tumor niches or regions that produce these putative metabolites will also be presented. Using these
technologies and methods, we have identified several putative metabolic markers for

hepatocellular carcinoma.
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Identification of Metabolite Interference Is Necessary for Accurate

LC-MS Metabolomics Analysis

Zhikun Jia!, Qiongju Qiu', Ruiping He', Tianyu Zhou'?, Li Chen'>"
IShanghai Key Laboratory of Metabolic Remodeling and Health, Institute of Metabolism &
Integrative Biology, Fudan University, Shanghai, 200433, China.
2Shanghai Qi Zhi Institute, Shanghai, 200030, China

ABSTRACT: Targeted metabolomics has been broadly used for metabolite measurement due to
its good quantitative linearity and simple metabolite annotation workflow. However, metabolite
interference, the phenomenon that one metabolite generates a peak in another metabolite’s MRM
setting (Q1/Q3) with close retention time (RT), may lead to inaccurate metabolite annotation and
quantification. Besides isomeric metabolites having the same precursor and product ions that may
interfere with each other, we found other metabolite interferences as the results of inadequate mass
resolution of triple-quadruple mass spectrometry and in-source fragmentation of metabolite ions.
Characterizing the targeted metabolomics data using 334 metabolite standards revealed that about
75% of the metabolites generated measurable signal in at least one other metabolite’s MRM
setting. Different chromatography can resolve 65~85% of these interfering signals among
standards. Metabolite interference analysis combined with manual inspection of cell lysate and
serum data suggested about 10% out of ~180 annotated metabolites were mis-annotated or
mis-quantified. These results highlight a thorough investigation of metabolite interference is

necessary for accurate metabolite measurement in targeted metabolomics.
KEY WORDS: Metabolite Interference, LC-MS, Targeted metabolomics
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Metabolomic studies provide new mechanistic insights into the

pathogenesis of esophageal squamous cell carcinoma

Xing Jin'?, Jia Wu'!2, Lei Liu®, Wei Wang?, Dan Liu'?, Si-Liang Wang'?, Cong-Cong Wang'-2,
Chen-Tai Qin'?, Miao-Miao Zheng'?, Wen-Lian Chen'>"

1. Cancer Institute, Longhua Hospital, Shanghai University of Traditional Chinese Medicine,
Shanghai 200032, China
2. Shanghai Frontiers Science Center of Disease and Syndrome Biology of Inflammatory Cancer
Transformation, Shanghai 200032, China
3. Department of Thoracic Surgery, The Affiliated Tumor Hospital of Nantong University,
Nantong 226300, China
ABSTRACT: Esophageal squamous cell carcinoma (ESCC) is a major subtype of esophageal
cancer, characterized by evident metabolic perturbations. However, the precise identification of
key metabolic signatures and pathways underpinning the pathogenesis of ESCC remains elusive.
In light of this, we have undertaken a multi-omics study using clinical paired tissue samples. Our
findings illuminate a series of perturbed amino acid metabolic pathways within ESCC tumors,
attributed to the specific upregulation of pertinent metabolic enzymes. Notably, upon conducting a
rigorous differential analysis, the methionine cycle emerges as the foremost among these
orchestrated metabolic pathways. Mechanistic investigation revealed that methionine fosters
ESCC growth by upregulating the oncogene NA4A2 via a SAM-METTL3-NR4A?2 cascade. In
addition, we have conducted a serum metabolomic study, thereby leading to the identification of a
panel of 12 serum metabolites intricately linked to ESCC tumors. Noteworthy among these
metabolites is pipecolic acid, whose remarkable elevation in murine models at the stage of
esophageal squamous dysplasia establishes it as a novel predictive biomarker for ESCC. Moreover,
our investigations unveil the importance of pipecolic acid for mitigating oxidative stress-induced
DNA damage and consequent cell proliferation arrest in ESCC cells. In conclusion, our
comprehensive analyses offer a panoramic insight into the intricate landscape of ESCC
pathogenesis. Specifically, the aberrant activation of amino acid metabolic pathways within
tumors stands out as an enabler of oncogene expression, thereby expediting cell growth.
Simultaneously, certain metabolites within the circulating blood assume a tumor-promoting role in

the initiation and progression of ESCC.

KEY WORDS: Esophageal squamous cell carcinoma; Metabolomic study; Methionine cycle;
NR4A2; Pipecolic acid
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Thermodynamics, control, and design principles of metabolic

networks

Wenchao Fan!, Weiyan Zheng!, and Ziwei Dai'”
1. Department of Systems Biology, School of Life Sciences, Southern University of Science and
Technology, Shenzhen 518055, China

ABSTRACT: Thermodynamics not only affect the feasibility and directionality of metabolic
reactions, but also shape the pattern of metabolic control (i.e. how activity of metabolic enzymes
in a pathway regulates the flux carried by it). However, it is unclear how the thermodynamic and
kinetic parameters of metabolic reactions coordinate with each other for the optimal design of
metabolic networks, largely due to the lack of quantitative kinetic and thermodynamic datasets of
metabolic reactions at the genome-scale. To characterize the thermodynamic features of metabolic
reactions and understand the design principles of metabolic networks, we develop a graph neural
network-based deep learning model, dGbyG, for accurate prediction of Gibbs free energy change
of metabolic reactions from molecular structure and features of metabolites. We then demonstrate
that dGbyG can achieve higher accuracy and broader coverage compared to all existing methods
and apply dGbyG to predict the standard Gibbs free energy change of 11,156 reactions in the
human genome-scale metabolic network model, Recon3D. Furthermore, based on the theory of
metabolic control analysis (MCA), we mathematically prove that an analytical relationship exists
between the thermodynamic and kinetic parameters of metabolic enzymes when a metabolic
pathway maximizes its efficiency. By integrating thermodynamic parameters predicted using
dGbyG and several enzyme kinetics and cancer multi-omics databases, we validate that this
principle is highly consistent with the abundance of metabolic enzymes in human cancer cells.
Finally, we discover a general rule about the trade-off between the flux efficiency and
controllability of metabolic networks. This study discovers a universal principle on how metabolic
pathways optimize their enzyme allocation to achieve maximal efficiency and unravels a general
trade-off between efficiency and controllability in the operation of cellular metabolism.

KEY WORDS: metabolic networks, thermodynamics, metabolic control analysis, machine

learning
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Role of CtBP in cancer: a central hub connecting growth, migration

and death

Lifen Wang, Tianyu Liu, Li Wang &Li-jun Di*
1. Department of Biomedical Sciences, Faculty of Health Sciences, University of Macau

Contact: Lijundi@um.edu.mo

ABSTRACT: Since its initial discovery in the 1980s based on the finding that it can form a
complex with the E1A protein of adenovirus, most studies have found that CtBP is involved in
developmental regulation in different animal models. However, approximately 10 years ago,
numerous studies began demonstrating that CtBP plays a promoting role in tumor initiation,
progression, and metastasis. Through genome-wide ChIP-seq analysis combined with gene
expression analysis, we have provided the first evidence of CtBP's global transcriptional
regulatory role in cell stemness maintenance, DNA damage repair, migration and metastasis etc.
Over the past few years, we have individually confirmed CtBP-mediated transcriptional repression
of genes such as BRCA1, RADS51, SIRT4, SREBF2 etc., and thereby promoting chemotherapy
resistance and metastatic progression in cancer cells. In our recent study, we further found that
CtBP mRNA levels are induced by serum starvation, hypoxia, and even suspension culture, and
RNA-seq analysis reveals significant enrichment of the ferroptosis pathway. CtBP KO breast
cancer cells exhibit an accumulation of various types of fatty acids, and further analysis reveals
that CtBP KO leads to increased fatty acid synthesis and reduced fatty acid oxidation. Functional
analysis confirms that CtBP indeed has an inhibitory effect on ferroptosis. Previous studies have
attempted to screen for compounds that inhibit CtBP dimerization in order to inhibit its function,
but with limited success. Currently, we are exploring a protein complement assay (PCA) approach
using Gaussia luciferase as a reporter gene, aiming to screen natural product libraries. Therefore,
based on establishing CtBP as a therapeutic target, we are pursuing novel targeting strategies in

cancer treatment.

KEY WORDS: CtBP, ferroptosis, breast cancer
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Oligomer-Finder: non-target screening of polymer oligomers in

environmental and human samples

Changzhi Shi', Mingliang Fang!*
1. Department of Environmental Science and Engineering, Fudan University

ABSTRACT: Polymer production and contamination has become a serious environmental issue.
However, traditional studies have focused on the polymers themselves such as microplastics and
little information is available for their breakdown products. In this study, we developed a
non-targeted tool and strategy, named "Oligomer-Finder," which utilizes the LC-HRMS method
for the screening and annotation of polymer oligomers in complex environmental samples. This
comprehensive strategy operates on four dimensions, relying on the structural characteristics of
oligomers. Screening for oligomers was based on “seed oligomers” and other oligomers associated
with “seeds” with different confidence levels can be found. These "adjacent oligomers" are further
classified into homologues. Specifically, a database comprising oligomers from 170 polymer
sources was established for the first time. This was accomplished by elucidating the correlation
between oligomer structures and MS information, leveraging open-source polymer databases and
pertinent literatures. Identification of seed oligomers was conducted through screening for
repeated neutral losses (rNL) within MS/MS spectra. Subsequently, homologues were identified
based on anticipated mass differences and retention times (RT), while congeners, referring to
oligomers sharing the same polymer backbone but possessing distinct end groups, were screened
using the end group database and MS information. To validate the effectiveness of this algorithm,
real environmental samples, including lake water, soil, and landfill leachate, as well as samples
simulating polymer contamination, were analyzed. With the assistance of self-developed R
packages and the oligomer database, Oligomer-Finder has achieved rapid screening and
annotation of oligomers derived from diverse polymers, all within minutes and with high
confidence. This tool holds significant potential in simplifying research endeavors concerning
oligomers as emerging pollutants.

KEY WORDS: non-targeted analysis; oligomers; polymers; chemical informatics
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Retention Index for Metabolomics Analysis

Jun-Di Hao!, Yao-Yu Chen', Quan-Fei Zhu?, Yu-Qi Feng'**
1. Department of Chemistry, Wuhan University, Wuhan 430072, China
2. School of Public Health, Wuhan University, Wuhan 430071, China

ABSTRACT: Peak alignment is a crucial step in liquid chromatography-mass spectrometry
(LC-MS)-based large-scale untargeted metabolomics workflows, as it enables the integration of
metabolite peaks across multiple samples, which is essential for accurate data interpretation. Slight
differences or fluctuations in chromatographic separation conditions, however, can cause the
chromatographic retention time (RT) shift between consecutive analyses, ultimately affecting the
accuracy of peak alignment between samples. Here, we introduce a novel RT shift correction
method based on the retention index (RI) and apply it to peak alignment. We synthesized a series
of Nacyl glycine (C2—C23) homologues via the amidation reaction between glycine with normal
saturated fatty acids (C2—C23) as calibrants able to respond proficiently in both mass
spectrometric positive- and negative-ion modes. Using these calibrants, we established an N-acyl
glycine RI system. This RI system is capable of covering a broad chromatographic space and
addressing chromatographic RT shift caused by variations in flow rate, gradient elution,
instrument systems, and LC separation columns. Moreover, based on the RI system, we developed
a peak shift correction model to enhance peak alignment accuracy. Applying the model resulted in
a significant improvement in the accuracy of peak alignment from 15.5 to 80.9% across long-term
data spanning a period of 157 days. To facilitate practical application, we developed a
Python-based program, which is freely available at
https://github.com/WHU-Fenglab/RI-based-CPSC.
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High Spatial Resolution Mass Spectrometry Techniques for Single

Cell Imaging

Wei Hang
Ministry of Education (MOE) Key Laboratory of Spectrochemical Analysis and Instrumentation,

College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, 361005, China

ABSTRACT: Visual chemical identification by mass spectrometry imaging (MSI) approaches has
become increasingly important in biological and chemical research and can help to intuitively
understand complex molecular processes taking place within systems of life. For any imaging
technique, high spatial resolution is the eternal pursuit. High spatial resolution can unambiguously
illuminate differences and details, and provide an opportunity for diversiform fields, especially for
single-cell analysis. Traditional single-cell analysis refers to stochastic average values masked by
bulk measurements, resulting in the loss of information related to intercellular chemical
heterogeneities in large cell populations. However, the development of single-cell imaging makes
it possible to understand the differences among organelles. Herein, we will present several new
mass spectrometry techniques for single cell imaging, including micro-lensed fiber laser
desorption, near-field desorption, and tip-enhance desorption mass spectrometry techniques. With
these new high-resolution imaging approaches, we can conduct visual detection of both molecules
and elements at the organelle level, which is difficult to achieve with existing laser-based mass
spectrometry techniques.

KEY WORDS: Mass Spectrometry, Spatial Resolution, Single Cell Imaging.
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Metabolite profiling and identification in single living cell

Guangming Huang*
School of Chemistry and Materials Science, University of Science and Technology of China,

230026, Hefei, China
E-mail: gmhuang@ustc.edu.cn

ABSTRACT: Direct observation of metabolites in single living cell by mass spectrometry offers a
bright future for biological studies but also suffers severe challenges. For example, the highly
variable response rates to immunotherapies underscore our limited knowledge about how tumors
can manipulate immune cells. We demonstrated that the membrane topology of natural killer (NK)
cells from patients with liver cancer showed that intratumoral NK cells have fewer membrane
protrusions compared with liver NK cells outside tumors and with peripheral NK cells.
Dysregulation of these protrusions prevented intratumoral NK cells from recognizing tumor cells,
from forming lytic immunological synapses and from killing tumor cells. The membranes of
intratumoral NK cells have altered sphingomyelin (SM) content and dysregulated serine
metabolism in tumors contributed to the decrease in SM levels of intratumoral NK cells.
Furthermore, we developed a method combining stable isotope tracing and induced electrospray
mass spectrometry for more accurate metabolites identification. By using 13C6-glucose and
ammonium chloride-15N as the sole carbon and nitrogen sources for cell culture, Escherichia coli
synthesized metabolites with 15N and 13C elements. As a result, the identification confidence of

metabolites achieved a universal improvement based on carbon/nitrogen labelling and filtration.
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Fig.1 Single-cell mass spectrometry reveals membrane topology of NK cells and stable isotope
protocol for more accurate metabolites identification.
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The metabolic disorder of T cells leads to neurological and bowel

diseases

Li Zhang', Hao-1i Wang!, Xin-tao Mao', Ting-ting Wu?, Yi-yuan Li* *, Jin Jin! 2% *
'The MOE Key Laboratory of Biosystems Homeostasis & Protection, Zhejiang Provincial Key
Laboratory for Cancer Molecular Cell Biology, Life Sciences Institute, Zhejiang University,
Hangzhou, Zhejiang 310058, China
2Department of Gastroenterology, Sir Run Run Shaw Hospital, College of Medicine Zhejiang
University, Hangzhou 310016, China
3Key Laboratory for Developmental Genes and Human Disease, Ministry of Education, Institute
of Life Sciences, Jiangsu Province High-Tech Key Laboratory for Bio-Medical Research,
Southeast University, Nanjing 210096, China
*Correspondence: jjind@zju.edu.cn (J.J.), 103200067 @seu.edu.cn (Y.-y.L.)

ABSTRACT:

Diarrhea irritable bowel syndrome (IBS-D) is a continuous or intermittent disorder involving
intestinal dysfunction associated with bowel movements. The pathogenesis of IBS-D is not been
well understood, but its incidence is thought to be related to various factors, including
gastrointestinal permeability, abnormal regulation of the brain-gut axis, inflammation, and
psychological stress. However, the molecular mechanism of these factors-induced IBS remains
poorly investigated. In this study, we found that T-cell-derived xanthine induced by chronic stress
directly leads to the occurrence of IBS-D. Xanthine acted on intestinal epithelial cells and
promoted the formation of exosome. Hemoglobin containing in exosomes specifically led to an
abnormal expansion of probiotic Lactobacillus, which produces excessive colonic spermidine that
further suppresses the expressions of interferon-stimulated genes and triggered IBS-D. Our study
provides a theoretical basis for the pathological mechanism of psychological stress-induced IBS-D
and highlights new targets for the treatment of IBS-D.

KEY WORDS: Diarrhea irritable bowel syndrome; Psychological stress; Xanthine; AdorA2B;
Hemoglobin; Lactobacillus; Spermidine.
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Metabolic Regulation of Critical Metabolites: Insights from

NMR-based Metabonomic Analysis in Skeletal Muscle

Lin Donghai'-*, Huang Caihua?, Zhou Yu!, Zhou Lin?, Zhou Hong?,
Lu Ruohan', Zhang Shuya!, Li Yantong!, Xu Wengqi', Qiu Xu!
1. College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China;
2. Research and Communication Center of Exercise and Health,
Xiamen University of Technology, Xiamen, China;
3. First Affiliated Hospital of Gannan Medical University, Ganzhou, China;
4. Physical Education Department, Xiamen University, Xiamen, China.

ABSTRACT: Metabolites play diverse regulatory roles in metabolic and signaling pathways,
influencing gene expression, protein activity and cellular functions. Maintaining proper metabolite
regulation is critical for cellular homeostasis and energy balance, as dysregulation can lead to
metabolic disorders. In recent years, our team has used NMR-based metabonomic analysis to
investigate the effects of lactate, 3-hydroxybutyric acid, o-ketoglutarate, taurine, creatine,
trehalose and trimethylamine N-oxide on various biological samples. In particular, we focused on
the metabolic profiling of lactate treatment in myoblasts. Our results show the significant effects
of lactate treatment on myoblast proliferation and differentiation, as indicated by significantly
increased expression levels of proteins related to cellular proliferation and differentiation,
including p-AKT, p-ERK, MyoD and myogenin. Lactate treatment facilitates lactate uptake and
intracellular utilization, activating the TCA cycle and enhancing energy production. Notably,
lactate stimulates the activation of AMPK, as indicated by increased levels of p-AMPK and
p-ACC. Our study sheds light on the underlying metabolic mechanisms associated with these
metabolic treatments and contributes to a comprehensive understanding of their physiological
implications and potential therapeutic targets in the human body, particularly in skeletal muscle.

KEY WORDS: NMR; Metabonomics; Metabolites; Metabolic regulation; Skeletal muscle.
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Mass spectrometry-based metabolite discovery and functional studies

Shuhai Lin!,*
1. State Key Laboratory for Cellular Stress Biology, School of Life Sciences, Faculty of Medicine
and Life Sciences, Xiamen University, Fujian 361102, China.

* E-mail: shuhai@xmu.edu.cn

ABSTRACT: Mass spectrometry-based metabolomics identifies small molecular metabolites as
the biomarkers for disease diagnosis. The metabolites could also serve as signaling molecules for
disease treatment and mechanism studies. In our first work, we found that tryptophan catabolite
3-hydroxyanthranilic acid (3-HAA) is downregulated in liver tumor. The following experiments
demonstrated 3-HAA can induce liver cancer cell apoptosis via binding YY1-DUSP6 and
inhibition of ERK transcription. Additionally, in the metabolic interactions between virus and host,
we found that glycylproline accumulation in plasma samples of COVID-19 convalescent patients
with rapidly faded antibodies compared with COVID-19 convalescent patients with antibody.
Further interrogations revealed that glycylproline can impair generations of T follicular helper
cells, GC B cells and plasma cells upon SARS-CoV-2 vaccination, resulting in reduced antibody
levels. Due to glycylproline catalyzed by DPP4, we found that DPP4 inhibitor Sitagliptin, a
reducing blood glucose drug, can rescue the SARS-CoV-2-specific antibody levels caused by
glycylproline, suggesting that Sitagliptin could be not only utilized in type 2 diabetic patients but
also benefit for maintaining antibody levels after vaccination. In another unpublished work, we
performed metabolomics and lipidomics to identify that the metabolite H is positively correlated
with body weight changes of Syrian hamsters infected with SARS-CoV-2. We further figured out
that the metabolite H can abrogate pulmonary inflammation by regulating ECHS1 ubiquitination
and Treg fragility, remodeling lung immune microenvironment. The studies reveal that the small
molecular metabolites identified by mass spectrometry-based metabolomics, can function and
even treat the specific diseases.

KEY WORDS: Small Molecular Metabolite; Metabolomics; Tumor Metabolism; Metabolic
Interactions between Virus and Host
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Al-driven Mass Spectrometry-based Identification of Small Molecule

Hongmei Lu", Zhimin Zhang, Qiong Yang, Ting Xie
College of Chemistry and Chemical Engineering, Central South University, Changsha 410083,
China

ABSTRACT: Mass spectrometry (MS) is a convenient, sensitive, and reliable method for the
analysis of complex mixtures, which is vital for life sciences fields such as metabolomics and
proteomics, and organic synthesis in chemistry. The identification of small molecules from
chromatography-mass spectrometry data remains a major challenge in complex matrices, due to
the enormous chemical and compositional diversity of small molecules and the limit of standard
mass spectra in databases. Over the past years, we developed several data and artificial
intelligence (AI) approaches to enable small molecule identification by improving coverage and
accuracy, such as FastEl, DeepMASS, GNN-RT and SigmaCCS so on. They include molecular
fingerprint prediction, in-silico mass spectral prediction, mass spectral match and scoring
algorithms, retention time (RT) prediction and collision cross-section (CCS) prediction. These
methods take advantage of big data of public databases or datasets, and multidimensional
orthogonal information of modern instrumental data. The latest research methods of deep learning
have been introduced to build relevant models, including DNN, GCN, Transformer, etc. Finally,

we open source all our algorithms and softwares.
KEY WORDS: Big data; Artificial intelligence; Small molecue; Identification
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Mechanisms underlying sensing fumarate for tumor progression
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ABSTRACT: Fumarate is a shared metabolite that links multiple metabolic pathways including
Krebs cycle, de novo purine synthesis, urea cycle, and tyrosine catabolism. As an oncometabolite,
the functions and mechanisms of fumarate and its metabolic pathways in tumor progression are
largely unknown. Our work demonstrated that fumarate generated by argininosuccinate lyase
(ASL), a urea cycle enzyme, inhibits KDM5C and subsequently facilitates H3K4me3 enrichment
at promoter-mutant regions of TERT, resulting in recruitment of c-Myc for TERT transcription and
malignant progression of glioblastomas (Molecular Cell 2022a, PMID: 36270249). In addition to
its role on inhibiting KDMs, we revealed that accumulation of fumarate in fumarate hydratase
(FH)-deficient type 2 papillary renal cell carcinoma is responsible for succination modification of
PTEN at cysteine 211 (C211), which abrogates the binding of PTEN with the cellular membrane,
leading to activation of PI3K/AKT signaling pathway and tumor growth (Molecular Cell 2022b,
PMID: 35216667). Recently, our ongoing project found that PTEN directly binds with MMS19
and competitively disrupts MMS19-based cytosolic iron-sulfur (Fe-S) cluster assembly (CIA)
machinery in the differentiated glioma cells (DGCs). The highly activated de novo purine
synthesis pathway in glioma stem cells (GSCs) fuels fumarate to promote PTEN C211 succination.
This modification abrogates the interaction between PTEN and MMS19, thereby reactivating CIA
machinery pathway for GSC maintenance. Intriguingly, consuming fumarate by N-acetylcysteine
(NAC), an FDA-approved prescription drug, inhibits PTEN C211 succination and reactivates
PTEN to impair GSC maintenance by inhibiting CIA machinery, therefore sensitizing
GSC-derived brain tumors to temozolomide and irradiation therapies (Science Translational
Medicine, in revision). In conclusion, fumarate promotes tumor progression through distinct
mechanisms: 1) epigenetic reprogramming by competitively inhibiting activities of
o -ketoglutarate-dependent KDMs, and 2) protein succination modifications. These studies

highlight that fumarate is potentially targetable for cancer treatment.

Key words: fumarate; KDMs; protein succination modification; PTEN; tumor progression.
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Spatially-resolved Metabolic Flux Analysis: Pitfalls and Promises

Lin Wang'*
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Beijing, China 100730

ABSTRACT: The accumulation of metabolites can arise from both increased production and
decreased consumption. Hence, measurement of metabolite concentration tells only half the story.
An equally significant aspect to consider is the understanding of pathway activity, which can be
quantified in terms of metabolic flux. Isotope tracing together with imaging mass spectrometry has
been developed to determine the metabolic activities of major organs. However, in contrast to
untargeted metabolomics analysis using LC MS, metabolite analysis based on imaging mass
spectrometry lacks the capability for separation. Resolving and profiling many hundreds to
thousand of metabolites with varying chemical properties in a biological sample thus presents
unique challenges or pitfalls, which hampering the quality of the data and the subsequent
biological interpretation. Here we discuss step by step the potential pitfalls inherent in the process
and propose some tips that can mitigate the problems. Additionally, we employ stable
isotope-labelled nutrient infusion to MALDI-imaging mass spectrometry to quantitate metabolic
activity in mammalian tissues in a spatially resolved manner. Distinct differences in the utilization
of TCA substrate can be observed in the murine kidney, particularly in different renal areas. It is
evident that there is a preference for the utilization of glutamine and citrate in the cortex, whereas
fatty acids are predominantly utilized in the medulla. In the brain, we observe spatial gradations in
carbon inputs to the TCA cycle and glutamate selectively under ketogenic diet: in
carbohydrate-rich diet, glucose predominates throughout; in ketogenic diet, 3-hydroxybutyrate
contributes most strongly in hippocampus and least in the midbrain. Brain nitrogen sources also
vary spatially: branched-chain amino acids contribute most in the midbrain, while ammonia
contributes preferentially in the thalamus. Consequently, we have built an efficient platform
iso-imaging that enables the elucidation of the spatial organization of metabolic activity within

tissues.

KEY WORDS: Spatially-resolved metabolomics analysis, metabolic flux, imaging mass

spectrometry
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Phosphatidic acids regulate chloroplast development and isomeric

identification of plant galactoglycerol lipids
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Abstract:
Lipids establish the specialized thylakoid membrane of chloroplast in eukaryotic photosynthetic

organisms, while the molecular basis of lipid transfer from other organelles to chloroplast remains
further elucidation. Here we revealed the structural basis of Arabidopsis Sec14 homology proteins
AtSFHS5 and AtSFH7 in transferring phosphatidic acid (PA) from endoplasmic reticulum (ER) to
chloroplast, and whose function in regulating the lipid composition of chloroplast and thylakoid
development. Crystal structures of AtSFH5-Sec14 domain in complex with L-a-PA and DPPA
(1,2-dipalmitoyl-sn-glycero-3-phosphate) revealed that two PA ligands nestled in the central cavity
with different configurations, elucidating the specific binding mode of PA to AtSFHS, different
from the reported PE/PC/PI binding modes. Quantitative lipidomic analysis of chloroplast lipids
showed that PA and monogalactosyldiacylglycerol (MGDGQ), particularly the C18 fatty acids at
sn-2 position in MGDG were significantly decreased, indicating a disrupted ER-to-plastid
(chloroplast) lipid transfer, under deficiency of AtSFH5 and AtSFH7. Our studies identified the
role and elucidated the structural basis of plant SFH proteins in transferring PA between
organelles, and suggested a model for ER-chloroplast inter-organelle phospholipids transport from
inherent ER to chloroplast derived from endosymbiosis of a cyanobacterium, providing a new

mechanism involved in the adaptive evolution of cellular plastids.

KEY WORDS:
Sec14p homolog protein, chloroplast development, phosphatidic acid transfer, ER-chloroplast

inter-organelles
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Urate Synthesis Through Upregulating NT5C2 and XDH
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ABSTRACT:

Objectives Dyslipidemia affects approximately half of all people with gout, and prior Mendelian
randomization analysis has suggested a causal role for elevated triglycerides in hyperuricemia
(HU) but the underlying mechanism remain elusive. We hypothesize that dyslipidemia promotes
hepatic urate biosynthesis in HU and gout, and that fatty acid (FA) oxidation drives this process.

Methods Targeted metabolomics based on liquid chromatography-mass spectrometry was
developed and applied to quantify major metabolites in purine metabolic pathways in sera of men
with HU, gout, and normouricemic controls. FAs in serum and liver tissues were measured by gas
chromatography-mass spectrometry. A stable isotope labeled metabolic flux assay tracked
transport of hypoxanthine and biosynthesis of urate in vitro and in vivo. A high fat-induced HU
mouse model mimicked human HU. ChIP-qPCR profiled promoter regions of HIF-1

downstream target genes.

Results Serum levels of major purine metabolites and multiple FAs were significantly elevated in
men with HU and gout, compared to normouricemic controls, whereas hypoxathine showed the
opposite trend. Furthermore, multiple serum FA levels positively correlated with urate, xanthine
and inosine but negatively with hypoxanthine, findings also observed in murine high fat
diet-induced hyperuricemia. FA oxidation induced HIF-1  activation, which upregulated NT5C2
and XDH levels to facilitate hypoxanthine transport from blood to liver and activation of hepatic
urate biosynthesis. Our findings were validated in human hepatocytes and 50 paired serum and

liver tissues from liver transplant donors.

Conclusions FA oxidation promotes hepatic urate synthesis by activating HIF-1 -NT5C2/XDH

pathways. This novel mechanism directly links lipid metabolism to hyperuricemia.

KEY WORDS: dyslipidemia, hyperuricemia, metabolomics, hypoxanthine, metabolic flux
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Mass spectrometry imaging-based multi-modal technique for tumor

metabolism

Chao Zhao'*3"
1 Institute of Biomedical and Health Engineering, Shenzhen Institute of Advanced Technology,
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ABSTRACT: A majority of the biological and chemical imaging techniques depend on “inherent
properties” to visualize the target compounds and their interactions from different forms of
samples. However, no single technique to date is capable of capturing the overall chemical and
biological information simultaneously from complex biological processes. Multi-modal strategy,
which intends to overcome the limitation of individual technique and to acquire more “hidden”
information, provides a fresh and valuable perspective on investigating the biological processes
with higher spatial or spectral resolutions. Therefore, comprehensive methodologies with two or
more analytical techniques display a great attraction. By integrating mass spectrometry imaging
(MSI) and others multiplex analytical techniques, MSI-based multi-modal technique is able to
help us clarity the metabolic pathway of biomolecules, as well as disease progress [The work was
supported by the National Natural Science Foundation of China (22176195), the Natural Science
Foundation of Guangdong Province, China (2021A1515010171), the Guangdong Province Zhu
Jiang Talents Plan (2021QN02Y028), the Key projects of basic research in Shenzhen
(JCYJ20210324115811031)].

KEY WORDS: Mass spectrometry imaging; Tumor heterogeneity; Environmental toxicology.

" Pollutant exposure

Fig.1. Take a typical cancer model for example to clarify the characteristics of MSI-based
multi-modal technique
REFERENCES
1. C. Zhao, et al. Science Bulletin, 2021, 66, 578-591.
2. C. Zhao, et al. The Innovation, 2021, 100151, 525-526.

49



RFA 2 ORI E BRI

HRR!
HERR2E, dEE, 100091

EOIMERPF, E3E 5322 (aortic aneurysm and dissection, AAD) & —FEsE T2 K
WS 6T = Bk, A N SR SRR I A A b o J5 B DR IS ARAT R 138 B FALIE, BF5E
o LB i IR TN R T LB B B S IR N o AR B R T LU BRI EE R A sl
A AHR . ERHER RTINS, R BEEE RS 7 TR . Rk
K BEATIE S B 2RI BIARE . RIS AAD IRI7HERUNRHIT R, A B aeHESN AR
W 2 ARTE AAD 2500 I B BF 50 IR H o

50



Sn AR R B 40 R R0 B 28 S PR N

By, A2 AL, ALSC?, gk, e bk
VBT R AR R A B I R L E R ARty B, 200127
2 BRI R R R I R BR R b, B, 200128
SEBERZFHLERE, B, 200032

*E-mail: 1zheng@shsmu.edu.cn
REEE: FaM, MR, B, MR EY, REHEE

OB AL A PR T ARG LI, 3 e b - 8 240 R 8 T B
FEITERY, AT A 055 A T DR M S 0 3 R 1 HE 125 B A SRR 9 AR
PTG "I 2% 28 G o 0 e e 4 2 — B340 T LR A
FH LR B 205 B T e 1q42.3-q43, FERAAEAEZHAM, Hoop il LI, T
B, TS RN . BB A AT R A RS . Wb, TURFLSIOIR Vst 7
S R AL 2 LS O S . 225 MR 36 I B A, 53
A, IRV, SIPEIRA, PRI T MG AE, 18 R BN LR IR
(15 KD, 47T fl H DU 5 B O AL B, S B 0% LT, U AR, i1 T FH-
B S DI RLAFAER 2, A R 73 52 A RS ARy i, A 4 7
AR 0 2 o FH SR SO AT . 6% PRI SR L, B 40 1R
O e - T A S LR e B 7. /R CDX PDX S 7 i 3 K Bt
R T 2P TH A00 A T KT B0 B (R4 T 2 GGT1-DPEPL ity B 1 IE [
B IR IR, V0 SRR 1 T N A S R M AL, Fh T
AR SBITHNE] GGT 2 1A XHAT B 41 0 R RIS R S . DA 45
SRS HIEY FR  TE UGC  50 2 2 -  F AAE 2 - DE T
R 7 530 T 0

S R -

1. Liang Zheng, Simone Cardaci, Livnat Jerby, Elaine D. MacKenzie, Marco Sciacovelli, T. Isaac
Johnson, Edoardo Gaude, Joshua D. G. Leach, Eytan Ruppin, Christian Frezza. Fumarate induces
redox-dependent senescence by modifying glutathione metabolism. Nature Communications
2015,6, 6001.

2. Christian Frezza, Liang Zheng, Ori Folger, Kartik N. Rajagopalan, Elaine D. MacKenzie,
Livnat Jerby, Ralph J. Deberardinis, Eytan Ruppin, Eyal Gottlieb. Nature 2011,477,225-228.
Haem oxygenase is synthetically lethal with the tumour suppressor fumarate hydratase

3. Liang Zheng, Zi-Ran Zhu, Tal Sneh, Wei-Tuo Zhang, Zao-Yu Wang, Guang-Yu Wu, Wei He,
Hong-Gang Qi, Hang Wang, Xiao-Yu Wu, Jonatan Fernandez-Garcia, Ifat, Abramovich, Yun-Ze
Xu, Jin Zhang, Eyal Gottlieb, Circulating succinate-modifying metabolites accurately classify and
reflect the status of fumarate hydratase-deficient renal cell carcinoma. Journal of Clinical
Investigation, 2023, 214-235.

X 5B ARSI B, RHEGRE RO R %7

51



Bile acids and metabolic diseases
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ABSTRACT: Hyocholic acid (HCA) is a major bile acid (BA) species in the BA pool of pigs, a
species known for its exceptional resistance to spontaneous development of diabetic phenotypes.
The clinical studies of five clinical cohorts underscore the association of HCA species with
diabetes, and demonstrate the feasibility of using HCA profiles to assess the future risk of
developing metabolic abnormalities. Both obesity and diabetes are associated with lower serum
concentrations of HCA species. Serum HCA levels increase in the patients after gastric bypass
surgery and can predict the remission of diabetes two years after surgery. Moreover, serum HCA
species are found to be strong predictors for metabolic disorders in 5 and 10 years, respectively.
The mechanistic study reveals that oral administration of HCAs improved serum fasting GLP-1
secretion and glucose homeostasis. HCAs upregulate GLP-1 production and secretion in
enteroendocrine cells via simultaneously activating G-protein coupled BA receptor, TGRS, and
inhibiting farnesoid X receptor (FXR), a unique mechanism that is not found in other BA species.
Based on these research findings, we give perspectives of future research. HCAs are a class of
non-12 hydroxylated bile acids synthesized in the bile acid alternative pathway. There is an
important role of non-12 hydroxylated bile acids in treating hyperglycemia and fatty liver diseases.
It is promising to target the alternative BA synthetic pathway for the treatment of metabolic
diseases.

KEY WORDS: bile acids, gut microbiota, metabolic diseases, hyocholic acid species
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Skeletal muscle-secreted DLPC orchestrates systemic energy

homeostasis by enhancing adipose browning
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Skeletal muscle is the largest metabolic and endocrine organ. It secretes various peptides that
contribute to regulating body energy homeostasis by communicating with other metabolic organs.
However, it is unknown whether muscle-secreted lipids exert a similar function. Myod is
specifically expressed in skeletal muscle. Here, we report that genetic deletion of Myod in mice
enhanced the oxidative metabolism of muscle and, intriguingly, rendered the mice resistant to
HFD-induced obesity. By performing lipidomic analysis in muscle-conditioned medium and
serum, we identified 1,2-dilinoleoyl-sn-glycero-3-phosphocholine (DLPC) as a muscle-released
lipid that is responsible for MyoD-orchestrated body energy homeostasis in Myod KO mice.
Functionally, the administration of DLPC significantly ameliorated HFD-induced obesity in mice.
Mechanistically, DLPC was found to induce white adipose browning via lipid
peroxidation-mediated p38 signaling in mice. Collectively, our findings uncover DLPC as the first
muscle-derived lipokine and suggest that it might have clinical potential for treating obesity in

humans.

Keywords: Muscle-secreted lipokine, DLPC, MyoD, muscle-fat crosstalk, white-fat browning,

systemic homeostasis
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Sulfonylation Sites of Nucleobases, Nucleosides and Nucleotides
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China;

ABSTRACT: Nucleobases, nucleosides and nucleotides are the vital bricks of DNA and RNA
exhibiting important physiological activities in storing and expressing genetic information, cell
signal conduction and metabolismi-3. Dansyl chloride (DNS-CI) and 5-(diethylamino)naphthalene-
1-sulfonyl chloride (DEANS-CI) have been widely used for sulfonylation and fluorescence
labelling to quantitative nucleoside-related metaboliteS4>- However, the exact sites for such
sulfonation remained uncertain and our study suggested that such assumed sulfonation sites were
not correct. To ascertain such sulfonation sites, here, we employed both high-resolution mass
spectrometry (HRMS) and NMR to investigate the reaction products of 25 nucleosides-related
metabolites, including nucleobases, nucleosides and nucleotides, with DNS-C1 and DEANS-CI.
Our results showed that DNS-Cl and DEANS-CI could react with all these nucleoside-related
metabolites. More specifically, our MS/MS spectra suggested the hydroxyl groups instead of
exocyclic NH> groups of nucleosides, 2'-deoxynucleosides, except 2'-deoxyguanosine, and
nucleotides as the sulfonylated sites for all sulfonyl chlorides. The nucleobase reaction sites are
secondary amine on the imidazole ring or enolic hydroxyl group. Further, it indicated that
nucleosides and monophosphate nucleotides were sulfonylated at ribose 2’-hydroxyl groups,
except cytidine and CMP, whereas the sulfonylated sites with deoxynucleosides were the ribose
3’-hydroxyl group, except 2’-deoxyguanosine and 2’-deoxyinosine, by NMR. These findings
clarified and provided detailed information about sulfonation sites for nucleobases, nucleosides

and nucleotides and offered basic data for derivatization-based quantitative analysis and labelling.

KEYWORDS: nucleosides-related metabolites, sulfonylation sites, HRMS and NMR.
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Revealing Molecular Phenotypes for Chiral Carboxylic Acids in
Multiple Human Matrices with the Probe-assisted
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ABSTRACT: Many chiral carboxylic acids with multiple biological functions are concurrently
present to form unique molecular phenotypes in biological matrices.! Their quantification is
essential to reveal the biochemical details of physiology and pathophysiology but is challenging
with their low levels in biological matrices and difficulty in enantiomer resolution. Here, we
developed a method of sensitivity-enhanced quantitative metabolomics (Seq-Metabolomics) for
chirality-resolved simultaneous quantification of chiral carboxylic acids. We designed and
synthesized a hydrazide-based novel chiral probe, (S)-benzoyl-proline-hydrazide (SBPH), to
convert chiral carboxylic acids into their amide diastereomers which were resolved on a C18
column. Using SBPH-ds labeled chiral carboxylic acid enantiomers as internal standards, we then
developed a parameter-optimized ultrahigh-performance liquid-chromatography with tandem mass
spectrometry (UPLC-MS/MS) method for simultaneous quantification of 60 enantiomers of 30
chiral carboxylic acids in a single run. The method showed excellent sensitivity (LOD<4 fmol on
column), linearity (R?>0.992), precision (CV<15%), accuracy (|RE|<20%), and recoveries
(80-120%) in multiple biological matrices. By using this method, we managed to quantify sixty
chiral carboxylic acids in human urine, plasma, feces, and a human cell line (A549) to define their
metabolic phenotypes. This provides a powerful tool and promising approach to investigate

interactions between the gut microbiome and host for human phenomics.

KEY WORDS: chiral carboxylic acids, sensitivity-enhanced quantitative metabolomics
(Seq-Metabolomics) via probe-labeling, ultrahigh-performance liquid chromatography with

tandem mass spectrometry
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Plasma metabolomic profiling and biomarker panel selection using
widely-targeted metabolomics and machine learning for patients in
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Abstract

Chronic kidney disease (CKD) is an increasingly prevalent medical condition associated with
high mortality and cardiovascular complications. The intricate interplay between kidney
dysfunction and subsequent metabolic disturbances may provide insights into the underlying
mechanisms driving CKD onset and progression. However, there is a lack of comprehensive
global metabolomics profiling in CKD, and many key circulating metabolites remain unidentified.
Herein, we proposed a widely-targeted metabolomics approach that enables large-scale
identification and accurate quantification of thousands of metabolites. We collected plasma
samples from 21 healthy controls and 62 CKD patients, categorized into different stages (22 in
stages 1-3, 20 in stage 4, and 20 in stage 5). Using LC-MS-based widely-targeted metabolomics
approach, we were able to effectively annotate and quantify a total of 1431 metabolites from the
plasma samples. Focusing on the 539 endogenous metabolites, we identified 399 significantly
altered metabolites and depicted their changing patterns from healthy controls to end-stage CKD.
Furthermore, we employed machine learning to identify the optimal combination of metabolites
for predicting different stages of CKD. We generated a multiclass classifier consisting of 7
metabolites by machine learning, which exhibited an average AUC of 0.99 for the test set. In
general, amino acids, nucleotides, organic acids, and their metabolites emerged as the most
significantly altered metabolites. However, their patterns of change varied across different stages
of CKD. The 7-metabolite panel demonstrates promising potential as biomarker candidates for
CKD. Further exploration of these metabolites can provide valuable insights into their roles in the
etiology and progression of CKD.

Keywords: widely-targeted metabolomics; machine learning; chronic kidney disease; biomarker
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Lipid metabolic profiling via quantitative stimulated Raman

scattering imaging opens up new avenues for precision medicine

Shuhua Yue!*
1. Key Laboratory of Biomechanics and Mechanobiology, Ministry of Education, Institute of
Medical Photonics, Beijing Advanced Innovation Center for Biomedical Engineering, School of
Biological Science and Medical Engineering, Beihang University, Beijing 100191

ABSTRACT: Dysregulated lipid droplet (LD) biology underlies an increasing number of human
diseases. Label-free stimulated Raman scattering (SRS) microscopy enables both LD visualization
and compositional analysis in situ. This talk will showcase that lipid metabolic profiling via
quantitative SRS imaging opens up new avenues for precision medicine. First, based on newly
developed quantitative SRS microscopy, we revealed remarkably dysregulated lipid homeostasis
in late-stage compared to early-stage liver fibrosis, i.e. increased unsaturated triglycerides with
decreased lipid unsaturation degree. Inspiringly, injured hepatocytes could be rescued by lipid
homeostasis remodeling via either supply of unsaturated fatty acids or enhancement of membrane
fluidity. Collectively, this work offers new opportunities for treatment of liver fibrosis ['l. Second,
we established an SRS-based intelligent molecular cytology (SRMC). In ascites from 80 gastric
cancer (GC) patients, we revealed 12 single cell features that are significantly different between
peritoneal metastasis (PM) positive and negative specimens, particularly LD amount. Assisted by
Al phenotyping algorithm, the SRMC method reached the AUC of 0.85 within 20 minutes per
patient. Together, our method shows great potential for accurate and rapid detection of PM from
GC 1,

KEY WORDS: Lipid metabolic profiling; Stimulated Raman scattering microscopy; Precision

medicine
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MPI-VGAE: protein-metabolite enzymatic reaction link learning by

variational graph autoencoders
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Abstract

Enzymatic reactions are crucial to explore the mechanistic function of metabolites and proteins in
cellular processes and to understand the etiology of diseases. The increasing number of
interconnected metabolic reactions allows the development of in silico deep learning based
methods to discover new enzymatic reaction links between metabolites and proteins to further
expand the landscape of existing metabolite—protein interactome. Computational approaches to
predict the enzymatic reaction link by metabolite—protein interaction (MPI) prediction are still
very limited. In this study, we developed a Variational Graph Autoencoders (VGAE)-based
framework to predict MPI in genome-scale heterogeneous enzymatic reaction networks across ten
organisms. By incorporating molecular features of metabolites and proteins as well as neighboring
information in the MPI networks, our MPI-VGAE predictor achieved the best predictive
performance compared to other machine learning methods. Moreover, when applying the
MPI-VGAE framework to reconstruct hundreds of metabolic pathways, functional enzymatic
reaction networks and a metabolite—-metabolite interaction network, our method showed the most
robust performance among all scenarios. To the best of our knowledge, this is the first MPI
predictor by VGAE for enzymatic reaction link prediction. Furthermore, we implemented the
MPI-VGAE framework to reconstruct the disease-specific MPI network based on the disrupted
metabolites and proteins in Alzheimer’s disease and colorectal cancer, respectively. A substantial
number of novel enzymatic reaction links were identified. We further validated and explored the
interactions of these enzymatic reactions using molecular docking. These results highlight the
potential of the MPI-VGAE framework for the discovery of novel disease related enzymatic
reactions and facilitate the study of the disrupted metabolisms in diseases.

Keywords: metabolite, metabolite—protein interaction, enzymatic reaction, graph neural network,

machine learning
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Transketolase is a critical modulator of inosine metabolism and

function in hepatocytes

Lingfeng Tong!, Zhangbing Chen', Xuemei Tong'*
1. Shanghai Jiao Tong University School of Medicine, Dept. of Biochemistry and Molecular Cell
Biology, Shanghai, China.

ABSTRACT: Nucleosides such as inosine are newly identified carbon sources for glycolysis and
TCA cycle in immune cells and tumors. Extracellular inosine is able to promote mitochondrial
energy expenditure by activating the cAMP-PKA-UCP1 signaling pathway in adipose tissues.
However, how the intracellular level of inosine is determined and whether inosine plays an
important role in regulating mitochondrial activity in liver cells remain unknown. Here we
employed metabolomic and stable isotope tracing to uncover the pivotal role of the non-oxidative
pentose phosphate pathway (PPP) in regulating inosine flux into glycolysis and TCA cycle. The
absence of transketolase (TKT), a metabolic enzyme in non-oxidative PPP, promoted de novo
inosine biosynthesis from glucose, and prevented the pentose of inosine from entering glycolysis
and TCA cycle, resulting in accumulation of ribose-5-phosphate (R5P) and inosine. Moreover,
inosine activated the PKA-CREB signaling pathway to enhance mitochondrial function in
hepatocytes, in a UCP1-independent way. Lipidomic analysis revealed an inverse correlation
between levels of phosphatidylcholine (PC) and TKT protein in the liver. Accordingly, TKT
deficiency promoted mitochondrial function in hepatocytes by increasing PC synthesis. We further
demonstrated that inosine promoted PC synthesis in hepatocytes by upregulating the CDP-choline
pathway. Inhibiting PKA activity or feeding mice with a low-choline diet to suppress PC synthesis
eliminated TKT-dependent alterations in hepatic mitochondrial function. In summary, our study
has not only identified the critical role of TKT in modulating the intracellular level of inosine, but
also revealed the mechanism by which extracellular inosine regulates mitochondrial activity in
hepatocytes.

KEY WORDS: transketolase, mitochondrial function, inosine, phosphatidylcholine.
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Time-resolved metabolite and lipid profiling depicts macrophage
continuum with apoptotic and ferroptotic heterogeneity along foam

cell formation

Ling Lin'?, Yiwen Wang', Liang Qiao'"
1. Department of Chemistry, Fudan University, Shanghai 200441, China
2. Department of Cardiology, Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital,
Fudan University, Shanghai 200032, China

ABSTRACT:

Atherosclerosis is a chronic inflammatory disease driven by the maladaptive lipid metabolism and
inflammatory response of macrophages. In the progression of atherosclerosis, macrophages work
as a lipid scavenger and immune regulator by dynamic lipid and metabolic reprogramming in
response to the microenvironment. Nevertheless, we are only starting to characterize the function
of the heterogeneity in metabolite and lipid compositions. Herein, we developed a
four-dimensional micro-manipulation platform for single-cell sample preparation, and observed
the macrophage heterogeneity along foam cell formation via a single-cell time-resolved metabolite
and lipid profiling. By integrating bulk metabolomic and lipidomic data with single-cell
metabolomic and lipidomic data, we were surprised to uncover that macrophages have different
fate outcomes during the late foam cell formation process. Some foam cells were more prone to
apoptosis, while others are more susceptible to ferroptosis, suggesting heterogeneity in cell fate
determination could have important implications for understanding atherosclerosis progression.
Single-cell transcriptome sequencing was further performed on late-stage foam cells derived from
both THP-1 and peripheral blood mononuclear cells, jointly confirming the divergent cell fates
toward apoptosis or ferroptosis. Lastly, we validated the heterogeneity of late-stage foam cell
differentiation through a series of in vitro experiments, including caspase activity assay and lipid
peroxidation assay. In summary, single-cell multi-omics depict the molecular choreography that
dictates the cell death in late atherosclerosis.

KEY WORDS: Single-cell analysis; Metabolomics; Lipidomics; Foam cell; Ferroptosis.
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Glutamine synthetase limits -catenin-mutated liver cancer growth by

maintaining nitrogen homeostasis and suppressing mTORC1
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ABSTRACT: Glutamine synthetase (GS) catalyzes de novo synthesis of glutamine that facilitates
cancer cell growth. In the liver, GS functions to remove ammonia waste next to the urea cycle. As
dysregulated urea cycle is implicated in cancer development, the impact of GS’ ammonia
clearance function has not been explored in cancer. Here we show that, oncogenic activation of
-catenin leads to decreased urea cycle and elevated ammonia waste burden. While  -catenin
induces the expression of GS, which is thought to be cancer-promoting, surprisingly, genetic
ablation of hepatic GS accelerates the onset of liver tumors in several mouse models that involve
b-catenin activation. Mechanistically, GS ablation exacerbates hyperammonemia and facilitates
the production of glutamate-derived alanine, which subsequently stimulates mTORCI.
Pharmacological and genetic inhibition of mMTORCI and glutamic-pyruvic transaminase (alanine
transaminase) suppresses tumorigenesis facilitated by GS ablation. While HCC patients, especially
those with CTNNB1 mutations, have an overall defective urea cycle and increased expression of
GS, there exists a subset of patients with low GS expression that is associated with mTORCI
hyperactivation. Therefore, GS-mediated ammonia clearance serves as a tumor-suppressing

mechanism in livers that harbor -catenin activation mutations and a compromised urea cycle!:2.
KEY WORDS: Glutamine synthetase; -Catenin; liver cancer; ammonia; mTORCI1
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Analysis of RNA modifications in breast cancer tissues by hydrophilic

interaction liquid chromatography-tandem mass spectrometry

Xiujuan Hong!, Yiqiu Hu!, Dongyan Xu!, Cheng Guo'-**
1. Cancer Institute (Key Laboratory of Cancer Prevention and Intervention, China National
Ministry of Education), The Second Affiliated Hospital, Zhejiang University School of Medicine,
Hangzhou 310009, China
2. Cancer Center, Zhejiang University, Hangzhou 310058, China

ABSTRACT: Breast cancer (BC) has become a major disease affecting life due to its high
morbidity and mortality!>. RNA methylation modification is recognized to participate in cancer
initiation and progression’. However, information on the content of RNA modifications in breast
cancer tissues is still limited and analysis of different types of RNA modifications is lacking.
Herein, we develop a hydrophilic interaction liquid chromatography-tandem mass spectrometry
(HILIC-MS/MS) method that can simultaneously analyze 35 RNA methylation modifications.
Using this method, we could detect 23 and 7 modifications in total RNA and mRNA, respectively.
Compared with normal tissues, we found a total of 13 modifications significantly increased and 2
modifications significantly decreased in total RNA of breast cancer tissues. In mRNA, 1
modification was significantly increased, while 3 modifications were significantly decreased. Our
study revealed, for the first time, the changes in total RNA and mRNA modifications in breast
cancer tissues and adjacent normal tissues. These significant changes in RNA epigenetic
modifications suggest that they may serve as indicators of breast cancer. In particular, changes in
modifications on mRNA will help to better study the regulatory roles of RNA epigenetic

modifications in breast cancer.
KEY WORDS: HILIC-MS/MS, Breast cancer, RNA modifications, mRNA, Methylation
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Neurodevelopmental Effect of Deltamethrin Exposure on
Hypothalamic Neurogenesis in Zebrafish (Danio rerio): A Lipidomics

Perspective

Jun Zeng!”*, Jingwen Hao!, Longhua Gao'
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ABSTRACT: As one of the pyrethroid pesticides, deltamethrin (DM) can accumulate through the
food chain and be difficult to degrade. Because of its low toxicity and long-lasting environmental
durability, DM has gained popularity as a pest control medication, but this extensive use has also
resulted in unexpected environmental issues. Despite an increasing number of findings indicating
DM neurotoxicity to organisms, the effects and mechanisms of DM action on the developing brain
remain largely unclear, particularly for the potentially susceptible stage of prenatal period, as well
as under environmental concentrations. Given that DM-induced estrogenic endocrine-disrupting
effects have been reported to affect the neuroendocrine functions and behaviors, and estrogen
synthesis and release are regulated by the hypothalamic-pituitary-gonadal (HPG) axis, in this
study, zebrafish embryos were studied as the model organism and exposed to DM just before
(10-16 hpf), at the onset of (16-24 hpf), at the peak of (24-36 hpf) hypothalamic neurogenesis and
across 10-120 hpf (i.e., chronic exposure) with four different dosage levels (0, 1, 100, and 250
nM). To gain a better understanding of the developmental neurotoxicity upon DM exposure, a
combined analysis of the neurodevelopmental phenotypes (incl. the total distance traveled, the
average movement speeds of zebrafish larvae, and the number of apoptotic cells in the central
nervous system) and non-targeted lipidome profiling was carried out. DM exposure at the peak of
(24-36 hpf) hypothalamic neurogenesis resulted in considerable changes in both the neurotoxicity
phenotypes and lipidome metabolism. The lipidome changes produced by 10-16 hpf exposure are
also noticeable, highlighting the early stage's susceptibility to DM exposure. We discovered that
developmental neurotoxicity had a dose-dependent pattern and was more pronounced at medium
and high doses. As the major lipid categories associated with remodeling by DM treatment were
significantly altered in the low-dose group, indicating the sensitivity of metabolic disturbance in
response to DM exposure, it is crucial to take into account the disruption caused by low-dose DM
at relevant environmental concentrations. The significant disturbance of ceramide,
phosphatidylglycerol, cardiolipin, and fatty acid metabolic pathways, is implicated in the link
between neurodevelopmental effect of DM exposure and the increased risk of mitochondrial
damage.

KEY WORDS: Deltamethrin, neurogenesis, zebrafish embryos, lipidomics
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Identification of Metabolite Interference Is Necessary for Accurate

LC-MS Metabolomics Analysis
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ABSTRACT: Targeted metabolomics has been broadly used for metabolite measurement due to
its good quantitative linearity and simple metabolite annotation workflow. However, metabolite
interference, the phenomenon that one metabolite generates a peak in another metabolite’s MRM
setting (Q1/Q3) with close retention time (RT), may lead to inaccurate metabolite annotation and
quantification. Besides isomeric metabolites having the same precursor and product ions that may
interfere with each other, we found other metabolite interferences as the results of inadequate mass
resolution of triple-quadruple mass spectrometry and in-source fragmentation of metabolite ions.
Characterizing the targeted metabolomics data using 334 metabolite standards revealed that about
75% of the metabolites generated measurable signal in at least one other metabolite’s MRM
setting. Different chromatography can resolve 65~85% of these interfering signals among
standards. Metabolite interference analysis combined with manual inspection of cell lysate and
serum data suggested about 10% out of ~180 annotated metabolites were mis-annotated or
mis-quantified. These results highlight a thorough investigation of metabolite interference is

necessary for accurate metabolite measurement in targeted metabolomics.

KEY WORDS: Metabolite Interference, LC-MS, Targeted metabolomics
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Functional Metabolomics Reveal the Central Role of Pentose
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ABSTRACT: Among of the Multi-omics, the functional metabolomics is a powerful technique
for understanding biological systems by measuring the abundance of metabolites, however, data
interpretation is often complicated by a lack of dynamic information. The innovation targeted
metabolomics combine multi-methods were developed to improve the analytical performance by
considering peak shape, separation and metabolite coverage of central carbon metabolism, energy
metabolism, nucleic acid metabolism and amino acid to cover over hundreds of metabolites using
UHPLC/Q-TOF systems in body fluids, tissue or cultured cell line of biological origin. We apply
the solution for the research of the bone marrow-derived macrophages (BMDMs) reveal the
pentose phosphate pathway that T cells enter the apoptotic process after failing to pass the
selection, which would stress the thymus's crowded environment if the dead cells were not
efficiently removed. Thymic-resident macrophages (TMes), a rare population that only represents
0.1% of total cells in the thymus organ, play an essential role in removing apoptotic thymocytes
and maintaining thymus homeostasis. However, it remains unclear how thymic-resident
macrophages can efficiently and continuously phagocytose apoptotic thymocytes under hypoxic
conditions. We picture the overall metabolic networking of the thymic-resident macrophages and
particularly highlight the central role of the pentose phosphate pathway. Many datasets show the
good limits of detection with multi-methods and cover whole target metabolites to satisfy the
metabolomics and fluxomic research of biologist. The initial result has showed the benefit for the
sensitivity and separation for the low-level metabolites from multi-methods that the modifier was
added to sample to get the good sensitivity with sugar phosphate metabolites, routinely. The
thymic-resident macrophages rely on the pentose phosphate pathway to overcome the oxidative
stress brought by phagocytosing apoptotic thymocytes. Our study underlines the importance of the
pentose phosphate pathway in the efferocytotic macrophages and sets up a milestone in
understanding the rare but essential population.

KEY WORDS: Functional metabolomics; Pentose Phosphate Pathway; Resident Thymic
Macrophages (TMos)
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HM metabolite quantification for Neonatal Inherited Disorders

Screening Combined with Whole Genome Sequencing Analysis
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ABSTRACT: Background: The application of whole genome sequencing (WGS) has aided in the
diagnosis of neonatal inherited diseases, offering a more effective and precise diagnosis based on
public databases'. However, because of the diverse mutations and complex data interpretation,
there were occasional inconsistencies between WGS diagnoses and phenotypes?, let alone newly
discovered mutations classified as variants of uncertain significance (VUS)?. To further clarify the
various types of clinical mutations, we introduce the HM metabolite quantification method with
wide coverage, high sensitivity and high throughput, which is a widely-targeted metabolomics
technology, into newborn screening. The HM metabolite quantification kit provides a
comprehensive analysis of the primary metabolic pathways in the human body. This study aims to
interpret the metabolic disturbances in both positive patients and carriers of neonatal inherited
metabolic diseases, as determined by WGS analysis. Additionally, we will explore the
comprehensive annotation in the metabolic dimension for suspected mutations found by WGS.
Methods: The dried blood spot (DBS) is a widely-used sample type for newborn screening in
China, which is benefit for collecting little sample volume, with easily transported and storage*. In
this study, we will initially develop a widely targeted metabolomics technology based on DBS
samples. During the sample pre-processing, we enhanced quantification sensitivity by optimizing
the experiment conditions and modulating standard curves. Our sample pool involved over 2,000
individuals from five different metabolic disease groups, including positive, carrier, and negative
groups identified and defined by WGS among 20,000 participants. We analyzed the integration of
metabolites and WGS data by mapping global metabolomic pathways.

Results: The HM metabolite quantification method developed in this study can quantify more than
2,000 metabolites in one detection, including more than 700 small molecule metabolites and more
than 1,600 lipids, covering the core metabolic pathways of common inherited metabolic diseases.
At present, the technique can effectively detect the marker metabolites in the single gene mutation
of phenylketonuria (PAH), glucose-6-phosphate dehydrogenase deficiency (G6PD), Fabre’s
disease (GLA), Wilson's disease (ATP7B), glycogen storage disease type 1Xd (PHKA1) and
glycogen storage disease type II (GAA), etc. When quantifying DBS samples using our
technology developed in this study, the coefficient of variation (CV) within or between
experiments was less than 30%, while all liquid types were able to disperse uniformly on the
blood collection paper. Moreover, we realized a fully automated workflow on the LH-200 Liquid
Handler and increased the overall efficiency of sample pre-processing by more than three times
with high throughput. Overall, more than 200 positive samples, 400 carrier samples and 1300
negative samples will be detected by automated pre-processing in tandem with LC-MS/MS
targeted metabolomics technology, and different mutations of five groups of inherited metabolic
diseases will be interpreted.
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ABSTRACT: Traditionally, a relatively big urine volume (e.g. 500 pL) is used in NMR-based
human metabolomics, which is not feasible for studies with limited/precious samples. Although
urine may be diluted before conventional high-throughput metabolomics analysis, the
comprehensive effect of urine dilution on metabolic profiles is unknown. Here, for the first time,
we systematically investigated the effect of urine dilution on 'H NMR metabolic profiles, by
evaluating signal detectability, integration, signal to noise ratio (SNR), chemical shifts (3) and its
variation, and overlaps of 47 metabolites in 10 volunteers. We observed significant linear changes
along with increased dilution, including decreased integration and SNR, altered 5, decreased
inter-sample variation of §, and increased separation between overlapped signals, e.g., lactate and
threonine, B-D-glucose and an unassigned signal, histidine and 3-methylhistidine. We further
tested the 40% dilution level (i.e., employing 300 pL urine) in an epidemiological study
containing 1018 pregnant women from the Tongji-Shuangliu Birth Cohort, showing acceptable
detectability and chemical shift variability for most of the 47 metabolites profiled. It indicated that
mild (e.g., 40%) dilution of human urine can largely preserve the high-abundance metabolites
profiled, reduce inter-sample chemical shift variations and increase separations of overlapped
signals, which is an improvement of routine sample preparation methods in NMR-based
metabolomics and is applicable for studies with limited urine volumes, including large-scale
epidemiological studies.
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ABSTRACT: Although various metabolomic methods have been reported in recent years,
simultaneous detection of hydrophilic and hydrophobic metabolites in a single analysis remains a
technical challenge. In this study, based on the combination of hydrophilic interaction liquid
chromatography (HILIC) and reversed phase liquid chromatography (RPLC), an online
two-dimensional liquid chromatography/triple quadrupole mass spectrometry method
(2D-LC/TQMS) was developed for the simultaneous analysis of hydrophilic and hydrophobic
metabolites of various biological samples. The method can measure 417 biologically important
metabolites (e.g., amino acids and peptides, pyrimidines, purines, monosaccharides, fatty acids
and conjugates, organic dicarboxylic acids, and others) with logP values ranging from —10.3 to
21.9. The metabolites are involved in a variety of metabolic pathways (e.g., purine metabolism,
pyrimidine metabolism, tyrosine metabolism, galactose metabolism, gluconeogenesis, and TCA
cycle). The developed method has good intra- and inter-day reproducibility (RSD of retention time
<2%, RSD of peak area <30%), good linearity (R?> > 0.9) and wide linear range (from 0.0025
pg/mL to 5 pg/mL). The applicability of the method was tested using different biological samples
(i.e., plasma, serum, urine, fecal, seminal plasma and liver) and it was found that 208 (out of 417)
identical metabolites were detected in all biological samples. Furthermore, the metabolomic
method was applied to a case/control study of urinary of bladder cancer. Thirty differential
metabolites were identified that were involved in carbohydrate and amino acid metabolism.

KEY WORDS: Two-dimensional liquid chromatography; Triple quadrupole mass spectrometry;
Targeted metabolomics; Biological sample; Bladder cancer
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Target metabolomics using liquid chromatography and tandem mass spectrometry (LC MS/MS) at
multiple reaction monitoring (MRM) mode enables simultaneous quantification of hundreds
metabolites!!. The MRM data for quantifying over a thousand transitions in samples at large scale
is impossible to be manually handling, and a software to automatically deal with the flood data is
badly needed. We have developed a software termed as HMQuant, therefore, to treat target
metabolomics that functions with automating peak picking, information integration of MS/MS
signals, and concentration calculation. Meanwhile, HMQuant can work with a series analysis for
data quality control such as correction of peak area bias, retention time shift, and machine stability.
Besides, it generates a comprehensive report that includes data analysis graphs, information tables,
statistics summaries, and data annotations. Specifically, with concerns of influent factors onto
retention times like LC conditions, flow rate variations and temperature fluctuations, HMQuant
uses a linear interpolation algorithm for correction of retention time?). The treatment of increased
drift on retention time makes linear interpolation with smaller calibration errors as compared to
linear fitting (p < 0.05) and provides higher accuracy in detection window. In addition, this
software utilizes KEGG database to generate metabolite ratios in pathways and to offer an overall
insight for the quantified metabolites®). For instance, HMQuant produced 1,027 new biological
features once 700 metabolites derived from HM700 kit were identified and quantified.
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FEAL T A W TR AL, SEIL T SRR TR B, FE I ZREE . ISR AR AT AR Hh 43 ) S
T 0.31%- 0.72%F1 1.64%[) R ARG R 22, 7EAERAPE RIS 55 2% 07 TEE R 1 A (1) CCS Tl
TH. HAh, AINCCS2 iERILH SA N F & (DTIMS. TWIMS F1 TIMS) (1 3%
P AL AR S WAHRME (RSS) AERIMAL 5 (MPV) ZE& 5L 1 ALICCS2
K 1 IR0 R0 RO AR 2R () PO ANt o o B VE RN S5 I RER 254 v FE AR DL AR A 11
DS AR IBAR IR /0N 2 UL L B sy P o A e R AR R0 R X 138 2 , 3K R 8 g FI0IN 5 SR 11 I FH 4 it
2%, 2, ACCS2 523K IM-MS FOR N H I E BT 55 UR, AINCCS2 s 22 Aol T2 np
{E http://allccs.zhulab.cn/4 3% V5 7] .
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UV A S B AR R T 2 Fh Z R AR R L, AR s BN R 556 5 FhIhfg, Wndfitag
B2 WBEN KT RAESHET . 20 PR T AL, S atan B A 41k
45k, JRE KEGG. REACTOME 4584 FE S8 1 K& O AN IE AR OB, H 2 A
ATy SR ki 52 A 30, AT AR AR G P 28 AR IR AS SE 8 o 8T o il g AT 2 2 R R S EL T 0 A i &
Gurp CENAI R FAR I AT, B, GNPS!. NetID? fil MetDNA2 3. 4RT, XL8iEHD
TAEREAR AR AR & Ot FE . Rk 2 I U 3R B, ARSRAE AU I FA
N6} T A R AL 7 O E T, (R, R AR AN AR A K FLAR M I N AT A T AR i
PR28 IR FE P2 A8,k — 20 AR AU SXe A B 34 52 il 1 A

H T3 T 1H 5B S2 56 10 5 20 b 21 R 2 R BLAR B R B o T+ ST 0 F B s
YR VERE DRV ERE « B T L R A R @ TR 28 2% 21 55 . AR & AR 38 E T ToLill s B2 1Y) v 7 2
K, B GR350 AT LA SE B30 UE o 7R T SLI0 Mt e F B rh, oM S (AR 4
OB WS i N —, (HX R AR B E G, LARIR Z WA % 5 15 34k
i, MRS, AERE N TCVE I 107 AR . R R RN ER AR 4 BOR B H 2 O IR IE
BRI AU A AN AR S B ) B A TV . ERT, AR R 2 B8 R R P O A
WIHAT 50T o 22 )R MR . OB 2O L H50H DR B0 1R AR S AR S A S AR U s I 1) K B A
SR S

FERGSE RN RN B S2 6 v, AW R AR FOAR I e N 4 S 35Ut P2 4 v B o 1 TR o 2R
FRicisX, FOARGIZE A (MID) o AR SRR =908 % A M) MID. A
M, I RS EA R ARSI RIS MID AR, B CAHENRT o AR RN . T
XAHERE, AR T —Fhri, B MIDnet, it 4 R e A7 RS BAQ I 22 ok 2 i) ok
SR S SN 4 o X R V2 R E — IR SIS P R IR 0 AR A LA R AR DG AR R B . 7
203T Zifa, FRATAHEE 7 — MEARIRB AR N 4, A5 841 MbRic i & &N AR JnAt
W 470 A CRIRI AR B RN o AP FRATR I T — L6 5 2 I ORI R AH O 1R BT A
SN, AR X 285 K T A AR 7S .
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FHE: LT I00ME il — o vl 5 0 =l R 1) AR 2 2 B e I PRATE L3R AL T X6/ o0 AR 4
VI AT € B i, FEImREE S h RA EEAEH . ARG A 2 R R EAE R
A HAERT FIRFAETR L, AN R A AU vl DAE A Wbs S AT IR R S o JE T A AR
IR V2 Wi T 50 & — MR R ST SR ISR, (R AAEERIPR . 2Tk, A TAEFR
T — PR o O R AR I AR AR AR A IR R o 2 EE R T BRI T, &R
Metlmage (Anal. Chem., 2023, 95, 6533-6541) , LASZILFE T 2R 2 B9 12 87 . Metlmage
T S A [ A 4 2 e S A AR MR, SRS K B 43 G /N 1 B E T e
AT BRILZAN, N T ERRIRERREEB T S HE R, ASER 7T BYbE 50
FEE TG00 1 S JEAT IR HR R , 008 )5 1) Pl e B 2B T RSP 22 3 T ST T B e N 2 TR
SN TR (AD BEA R 3HT YSRGS i i Wi R s — oy RAE R 2
IE GRS T SRR TR, BRI RT DO BG5S I AR S A DR

N T BE Metlmage TEIG RS EI IR, A TAEE—NEEERRAME (ESCC) A
BN (n=1104) FIZR T 3T AL I ESCC it i sy . %0 e i AU ENA 7 A0 S i M, A
Ry 85%, HrmthN 92%, SZIRFHRHMEZ T (AUC) 4 0.95. i#—H 1],
IR AR ANE ESCC [ REB B dd s th RIAFIFURINERE . IeAh, ASCNHZ AL ALK
AR VEEAT 7O, T A SR OR B 1 A6 T R RO 0 B AL, BB A R A X OB I
Bt (R AEAR WA AT S 5, 30 RESH AL (K2 W R B AT IR B, AERH 1% AT AR IR« -
FF7 o SRR FT A A A 4115 B AT AT 4B 0 P B2 R AL 1 37 R, i i mT
PR PR R 2 SRR AR T T AR I R BT 7 1R 8 A 1
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o AR M HoARE H R A€ [FIAL R B (Stable-isotope tracing) Sk, i il H AR K

B AR (RO 2R AR AU A Hh PR A v, 0 7 368 3 0 A 19X 8 AR 1 [ 3 A SR v BAR
W& R AR S BN A A U o Dy 1 X A Ak AR 2L R AT A THT AR AL B 25 20 #T
A A R B I L ETT¥E MetDNA Mg A EARERIEIRMER, KRBT
ETRERMEARCHIERL AR RAZERAR MetTracer. ZHARHALUNR A 1, JBEE
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FEA L FH - S 3 2 [ 5 15 0 R £ A ) AR 2L 2 o T 9 R, 2 L i 2 2R AL
PIZHZA T FRAT 50 ) 4 5 31 390 AMFI 597 A Fe g R s ic AR o 381 2 AN i 1) fibm e 2
FERI BRI it — 0 R PEHAE R T F 5 2 O S BRI AR A, s A SR AR
AT AR A T BB A A T T F B #E—2DHh, IRATAE MetTracer JEAE 1 J§ 7 3%
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Derivatization of N-Acyl Glycines by 3-Nitrophenylhydrazine for
Targeted Metabolomics Analysis and Their Application to the Study

of Diabetes Progression in Mice

Li Xiang', Yi Ru!, Jingchun Shi', Li Wang?, Hongzhi Zhao', Yu Huang?", Zongwei Cai'-"
1. State Key Laboratory of Environmental and Biological Analysis, Department of Chemistry,
Hong Kong Baptist University, Hong Kong 999077, China
2. Department of Biomedical Sciences, City University of Hong Kong, Hong Kong 999077, China

ABSTRACT: N-Acyl glycines (NAGlys) are an important class of metabolites in the
detoxification system of the human body. They have been used in the diagnosis of several
metabolic diseases. Liquid chromatography—mass spectrometry (LC—MS) is the most frequently
used NAGlys detection platform. Here, we describe a simple and sensitive method of NAGlys
detection by LC—MS in plasma and urine samples. This approach is based on the use of a
derivatization reagent, 3-nitrophenylhydrazine. The reaction is quick in aqueous solution, and no
quenching step is needed. To expand the coverage of NAGlys when standards are not available,
NAGlys were first identified based on high-resolution LC—MS. Quantification was subsequently
carried out on triple quadrupole LC—MS. This approach allowed a much broader measurement of
NAGlys (41 NAGlys in total), especially when authentic standards are unavailable.
Comprehensive analysis of NAGlys with this new method was applied in plasma and urine
samples of db/db diabetic and non-diabetic db/m+ control mice. The majority of detected NAGlys
were altered with high differentiation ability in plasma and urine samples from diabetic and
non-diabetic mice. These identified NAGlys hold the potential to be diagnostic biomarkers for
type II diabetes and diabetic complications.

KEY WORDS: N-acyl glycines, LC-MS, 3-nitrophenylhydrazine, db/db, plasma, urine
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JRERAEIIEA T, ARE 758N B PR EE . B RSk pe
R AR A AR (CCS) HT IR IS E, AR s ettt 2 —HEMNEE . T,
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Adipocyte Senescence Induces Microvascular Endothelial Progeria

and Functional Disorder

ianhui Tai', Jing Zhang?, Baibing Mi?, Jing Shi', Xiaoli Hui', Huan Chen', Jing Xu', Wei Cui!*
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ABSTRACT: Diabetic kidney disease (DKD) is a world-wide health burden. Obesity and
dyslipidemia are risk factors for DKD, but the specific mechanisms are not fully understood.
3T3-L1 cells were induced to differentiate to young and senescent adipocytes. HMEC-1 cells were
cultured in the conditioned medium from young, senescent adipocytes and control medium. The
senescent state was tested by immunofluorescence detection of Y H2AX and SA- B -Galactosidase
staining. The expression level of senescence-associated secretory phenotype (SASP), ICAM-1,
IRS1, JUN, H3K4me2 and H3K4me3 were detected by qPCR and western blot. Lipid
peroxidation indices were also detected. Differential gene expression (DGE) of ageing kidney and
early diabetic nephropathy on Gene Expression Omnibus (GEO) were analyzed bioinformatically.
Among SASP, SCT1 was upregulated in induced senescent HMEC-1 cells, while most
inflammatory factors were downregulated. However, induced young HMEC-1 cells exhibited the
contrary. IRS1 was unchanged in induced senescent HMEC-1 cells while downregulated in
induced young cells. JUN and H3K4me3 were higher in induced young HMEC-1 cells compared
with induced senescent ones. PPI network and enrichment analyses indicated IL6-SOCS3-IRS1 to
be the core signaling pathway that mediated the senescent state and early metabolic changes. Our
data provides direct evidence that the SASP of aging adipocytes can transmit aging and lead to

dysfunction of microcirculation endothelial cells, which may be related to epigenetic regulation.
KEY WORDS: senescence, 3T3-L1 cell, SASP, diabetic kidney disease
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a HMEC-1 cells treated with young AC-CM, senescent AC-CM and control medium. Sene,
senescent. b Immunoblotting for H3K4me2 and H3K4me3 in HMEC-1 cells. Quantitative

analysis was also shown. *P<C0.05.
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NMR-based Metabolomic Analysis of the Protection of Taurine
Against Ferroptosis-induced Damage in C2C12 myoblasts
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Xiamen, 361024, China.

Abstract: Ferroptosis is a non-apoptotic form of programmed cell death caused by the
accumulation of lipid peroxides and reactive oxygen species in an iron-dependent manner.
Previous studies have shown that ferroptosis can decrease the viability of C2C12 myoblasts and
their capacity to differentiate into myogenic cells, leading to damage on skeletal muscle health.
Compared to molecular biology, fewer changes in the endogenous environment caused by
ferroptosis have been identified. Adequate knowledge of the endogenous changes in
ferroptosis-injured myoblasts is helpful to understand the biological implications and mechanisms
of ferroptosis at metabolic level, as well as to investigate the potential of endogenous small
molecules on anti-ferroptosis. Our research showed that ferroptosis-injured myoblasts had
decreased levels of partial REDOX metabolites including taurine. Supplementation with
exogenous taurine could restore the viability of damaged cells, increase GSH levels, reduce MDA
and ROS, and improve myogenic differentiation capacity. NMR-based metabolomic analysis
revealed that taurine could protect myoblasts from ferroptosis by regulating histidine metabolism,
glutathione metabolism, and D-glutamine and D-glutamate metabolism. We found that taurine
could reduce the abnormal levels of HO-1 in ferroptosis-injured myoblasts, which was on duty of
catabolizing heme and releasing Fe?". Consistently, our observation that intracellular Fe?*
accumulation was significantly reduced after taurine supplementation. The results showed that
taurine can increase REDOX substrate levels by regulating cellular metabolism and reduce
intracellular iron overload by controlling HO-1 levels, thereby alleviating damages caused by
ferroptosis in myoblasts. Our research suggests that taurine might be a potential inhibitor of
ferroptosis on protecting skeletal muscle from ferroptosis-induced damage. This study sheds lights
on the molecular mechanisms underlying the protective effect of taurine against
ferroptosis-induced damage in C2C12 myoblasts.

KEY WORDS: Taurine; Ferroptosis; Metabolomics; Iron Accumulation (Fe?"); C2C12

myoblasts.
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HHEUL S WA EER 40% 0L b, fYUER KRS, SaeR R &GS s HEX.
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PR 3808 0B B L Z2 4 1R 72 B A KR 2 3 SORIG PR S AN » T4k, WA
Bl AIE BR T DA ) e R 2 B G 5, el A TR SRR, ESRERIE R AR (R, H TR R
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Facile synthesis of spherical covalent organic frameworks for
enrichment and quantification of aryl organophosphate esters in

mouse serum and tissues
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ABSTRACT: Here, an imine-linked-based spherical covalent organic framework was prepared at
room temperature. The as-synthesized spherical covalent organic framework served as an
adsorbent in dispersive solid phase extraction, by its virtue of great surface area (1542.68 m? g),
regular distribution of pore size (2.95 nm), and excellent stability. Therefore, a simple and
high-efficiency dispersive solid phase extraction method based on a spherical covalent organic
framework coupled with HPLC-MS/MS was established to determine aryl organophosphate esters
in biological samples. This approach displayed favorable linearity in the range of 10.0-1000.0 ng
L (r> 0.9989), high enrichment factors (13.4-25.7 folds) with low limits of detection (0.2-5.0 ng
L"). Moreover, it could effectively eliminate complex matrix interference to accurately extract
seven aryl organophosphate esters from mouse serum and tissue samples with spiked recoveries of
82.0-117.4%. The as-synthesized spherical covalent organic framework has been successfully
applied in sample preparation. The dispersive solid phase extraction-HPLC-MS/MS method based
on a spherical covalent organic framework has potential application to study the pollutant’s

metabolism in vivo.

KEY WORDS: Aryl organophosphate esters; Covalent organic frameworks; Dispersive solid
phase extraction; Biological samples; Quantification
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ABSTRACT: Myocardial infarction (MI) is a fatal manifestation of coronary heart disease, and
its underlying mechanism is still largely unknown. Lipid levels and composition alterations
predict the risk of MI complications. Glycerophospholipids (GPLs) are important bioactive lipids
and play a crucial role in the development of cardiovascular diseases. However, the metabolic
changes in the GPLs profile during post-MI injury remain unknown.

In the current study, we constructed a classic MI model by ligating the left anterior descending
branch and assessed the alterations in both plasma and myocardial GPLs profiles during the
reparative phase post-MI by liquid chromatography—tandem mass spectrometry analysis.

We found that myocardial GPLs, but not plasma GPLs, were markedly changed after MI injury.
Importantly, MI injury is associated with decreased phosphatidylserine (PS) levels. Consistently,
the expression of phosphatidylserine synthase 1 (PSS1), which catalyzes the formation of PS from
its substrate phosphatidylcholine, was significantly reduced in heart tissues after MI injury.
Furthermore, oxygen-glucose deprivation (OGD) inhibited PSS1 expression and reduced PS levels
in primary neonatal rat cardiomyocytes, while overexpression of PSS1 restored the inhibition of
PSS1 and the reduction in PS levels caused by OGD. Moreover, overexpression of PSSI
abrogated, whereas knockdown of PSS1 aggravated, OGD-induced cardiomyocyte apoptosis. Our
findings revealed that GPLs metabolism was involved in the reparative phase post-MI, and cardiac
decreased PS levels, resulting from inhibition of PSS1, are important contributor to the reparative
phase post-MI. PSS1 overexpression represents a promising therapeutic strategy to attenuate MI

injury.

KEY WORDS: myocardial infarction, metabonomics, glycerophospholipids, phosphatidylserine,
phosphatidylserine synthase 1
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Lactate induces skeletal muscle fiber-type switch and metabolism

remodeling via Ca>*-NAFTC1 pathway
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ABSTRACT: Lactate is not only the metabolite of lactobacillus in intestinal tract, but only the
production of glycolysis in skeletal muscle. Various benefits of lactate on skeletal muscle were
demonstrated over the years, however it’s still not clear the mechanism of lactate in switching
skeletal muscle fiber-type. In this study, we observed that lactate administration could improve the
ability of anti-fatigue, especially in trained mice. We further found that lactate elevated the
expression of MYHC I, MYHC Ila and Myoglobin while reduced the level of MYHC IIb in vivo
and in vitro, indicating lactate could induce the transformation of skeletal muscle fiber-type from
glycolytic to oxidative. Besides, lactate could also enhance the activities of HK, LDHB, IDH,
SDM and MDH and regulate the transcription of metabolic enzymes in skeletal muscle.
NMR-based metabonomics study shown lactate changed the metabolic pattern of C2C12
myotubes obviously. And we found that lactate administration facilitated the utilization of itself in
myotubes by promoted the expression of MCT1 and CD147 which were regarded as the lactate
metabolic related proteins. Interestingly, we noticed lactate increased the cellular content of Ca®*
and the nuclear translocation of NFATC1, while BAPTA-AM inhibited the effects of lactate on the
translocation of NFATC1 and expression of myosin heavy chain, but with no influence on the
lactate metabolic related proteins. Our study showed that lactate can remodel skeletal muscle
metabolism through facilitating the utilization of itself and induce the transformation of skeletal
muscle fiber-type via the Ca*>*-NFATC1 pathway. This finding reveals that lactate possesses the
potential acting as a kind of sports supplements and provided new insight on the effects of lactate

in exercise.

KEY WORDS: lactate; fiber-types switch; Ca>*-NAFTCI1 pathway; metabolism reprogram.
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Hydrogen Sulfide associated persulfidation orchestrates homocystine

metabolism and ferroptosis in NSCLC

Hualei Zheng, Huidi Chen, Xilin Li, Min Shen, Junjia Liu, Yongyou Zhang*
(School of Life Sciences, Xiamen University, Xiamen, Fujian 361102, China.
Email (Dr. Yongyou Zhang): yongyouzhang@xmu.edu.cn)

Abstract: Ferroptosis is a new form of regulated cell death triggered by the iron-dependent
peroxidation of phospholipids, associated with various redox reaction and cellular metabolism,
and shows great potential for cancer therapy. Hydrogen sulfide (H2S), an endogenous metabolite
of the transsulfuration pathway, is closely associated with ferroptosis. However, the molecular
mechanisms by which HS regulates ferroptosis remain largely elusive. In this study, we defined
exogenous H»S as a regulator for ferroptosis and systematically characterized its regulatory role in
non-small cell lung cancer (NSCLC). We demonstrate that HoS increases the sensitivity of NSCLC
to ferroptosis both in vitro and in vivo. Mechanistically, we found that H»S persulfidated cysteine
residues of S-adenosyl homocysteine hydrolase (SAHH), thereby inhibiting the activity of SAHH
and decreasing homocysteine level. The decreased homocysteine inhibits the transsulfuration
pathway and decreases levels of cysteine and glutathione under the condition of cysteine depletion,
which ultimately contributed to ferroptosis. Thus, our findings reveal that H,S directly regulates
homocystine metabolism and dedicates the response of NSCLC to ferroptosis, and highlights a
candidate therapeutic target to improve the ferroptosis-based antitumor therapies.
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The purine metabolite inosine monophosphate accelerates

myelopoiesis and acute pancreatitis progression
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ABSTRACT:Type 2 diabetes mellitus (T2DM is not only an independent risk factor for acute
pancreatitis (AP) but also correlates with AP severity. We previously reported that diabetic db/db
mice at the age of 18 weeks old were featured with excessive myeloid cell expansion. In an
established murine AP model induced by caerulein, injection of diabetic db/db bone marrow cells
(BMCs) aggravated disease severity compared with injectin of wild-type BMCs. In the study, we
interrogated the role of metabolites that result from the altered metabolic state in T2DM, and
investigated whether the identified metabolites could also modulate the proliferation of myeloid
progenitor cells, resulting in  myelopoiesis and strengthened inflammation in AP. By FACS
analysis, we identified the increased frequency and proliferation of granulocyte/monocyte
progenitors (GMPs) in BM of 24-week aged db/db mice than those at 8 weeks old. Using
targeted metabolomics, we identifyied an increase in inosine monophosphate in FACS-sorted
GMP cells of diabetic db/db mice. We demonstrated that IMP treatment stimulated cKit
expression, ribosomal S6 activation, GMPs proliferation, and Gr- 17 granulocyte production in
vitro. IMP also activated pAkt in non-GMP cells. /n vivo, administration of IMP-treated BMCs
accelerated the severity of AP. This effect was abolished in the presence of a pAkt inhibitor.
Accordingly, the results of targeted metabolomics revealed that plasma levels of guanosine
monophosphate were significantly higher in diabetic patients with AP. Taken together, these
findings provide a potential therapeutic target for the control of vascular complications in
diabetes.

KEY WORDS: inosine monophosphate, granulocyte/monocyte progenitors, acute pancreatitis,
type 2 diabetes mellitus, targeted metabolomics
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TNNI3 and MYBPC3 variants promote metabolic disorders in HCM
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ABSTRACT:

Background Hypertrophic cardiomyopathy (HCM) is a common inherited cardiovascular disease
with heterogeneous clinical presentations. Important insights into the genetic landscape of HCM
have enhanced our understanding of the molecular pathogenesis, empowered gene-based
diagnostic testing to identify at-risk individuals. However, the metabolic alterations and their
function in HCM are unknown.

Methods The experimental group consisted of 45 patients with hypertrophic cardiomyopathy from
the First People's Hospital of Yunnan Province, of which 8 were from two families, and the control
group consisted of 137 patients from the Health Management Center. Among them, 23 were from
individuals with normal phenotypes in both families. The clinical information of HCM patients
and plasma samples from all populations mentioned above was collected and analyzed. The
whole-exon sequencing (WES) was applied for screening variant in all HCM patients and two
family members and the results were validated by Sanger sequencing technology. Non-targeted
metabolomics of plasma metabolites in all populations using ultra high-performance liquid
chromatography high-resolution mass spectrometry (UPLC-HRMS).

Results Age, gender, and BMI were adjusted through propensity score matching (PSM), resulting
in a total of 26 control group members and 26 patients with HCM being matched. Non-targeted
metabolomics reveled the metabolic alteration and the increased free fatty acid concentration in
HCM. The similar results were also observed in comparisons between familial hypertrophic
cardiomyopathy (FHCM) cases and normal individuals within the family. Mutation variants were
identified in a total of 13 samples, including 4 sporadic cases, 8 FHCM cases, and 1 individual
with normal phenotype in family A. To further evaluate the relationship between gene mutations
and metabolites, 22 controls and 22 patients with sporadic hypertrophic cardiomyopathy (SHCM)
were matched. 13, 30 and 15 differential expression metabolites were analyzed between the no
variant group and the Control group, the no variant group and HCM with TNNI3, and the no
variant group and HCM with MYBPC3 group, respectively. Compared with no mutation, TNNI3
and MYBPC3 mutations presented similar amino acid and lipid metabolism characteristics, but
some metabolites showed differences.

Conclusion The significant metabolic disorder, especially lipid metabolism, occur in
hypertrophic cardiomyopathy, and there are also differences in metabolites among different
mutated genes. The results of this study also improve our understanding of HCM, which can
provide valuable suggestions for medical diagnosis and intervention.

KEYWORDS: Hypertrophic cardiomyopathy, whole-exon sequencing, ultra high-performance
liquid chromatography high-resolution mass spectrometry, metabolomics
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ABSTRACT:

Objectives: To systemically profile metabolic alterations and establish diagnosis model for
primary Sjogren's Syndrome (pSS), and discover potential biomarker metabolites relating with
disease activity.

Methods: Fecal samples of 135 participants, including 93 pSS and 42 healthy controls (HCs),
were analyzed by high-resolution chromatography-mass spectrometry- based metabolomics.
LASSO was used for variable selection, and then the diagnosis model was established by logistic
regression (LR) analysis. The support vector machine (SVM) and random forest (RF) were
performed to evaluate the diagnostic model. Moreover, the diagnostic model was validated by an
independent cohort (30 pSS vs. 10 HCs). The partial correlation analysis was performed to reveal
the relationships between metabolites and clinical indexes in pSS.

Results: 156 fecal metabolites were found significantly altered in pSS patients when compared
with HCs. A panel consisting of MG (0:0/14:0/0:0), LysoPE (14:0/0:0), sphinganine and
octadecanamide could differentiate pSS from HCs, with an AUC of 0.990 for the discovery cohort
and 0.997 for the test cohort. Moreover, the combination of arachidoyl ethanolamide,
indole-3-propionic acid, N-acetylglucosamine, and coprostanol showed satisfactory diagnostic
performance for distinguishing high-activity group from low-activity group with the AUC value of
0.818 in the discovery cohort and 0.781 in the test cohort. The partial correlation differed greatly
both in the number and strength of the correlations for the high-activity and low-activity groups.
Conclusion: Fecal metabolic signatures in the pSS and those relating with different disease
activity may provide useful information in understanding the molecular mechanisms and deliver

valuable biomarkers for the clinical diagnosis of pSS.

KEY WORDS: primary Sjogren's Syndrome, Metabolomics, Diagnostic Marker, Disease activity,
ESSDALI score

REFERENCES

1.LulJ, GuoY, Lu, et al. Rheumatology (Oxford). 2021, 60, 1252-59.

2. Trujillo-Vargas CM, Schaefer L, Alam J, Pflugfelder SC, Britton RA, de Paiva CS, Ocul Surf.
2020, 18, 335-44.

3. Van der Meulen TA, Harmsen H, Vila AV, J Autoimmun. 2019, 97, 77-87.

120
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gut-to-brain metabolic signaling
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ABSTRACT: The field of nutritional psychiatry has generated enormous data supporting the role
of dietary patterns in depression and other mental illnesses. Chronic exposure to a high-fat diet
(HFD) has been regarded as a common risk factor for depressive behavior, but the underlying
mechanism is still unclear. Here, we show that HFD bidirectionally modulates social behavior in
mice via gut microbial metabolites. Short-term HFD exposure (3 weeks) protects against repeated
social defeat (RSD) stress-induced social avoidance, which switches to an exacerbating effect in
the long term (15 weeks). The gut microbiota temporally shaped by the HFD is causally linked to
the differential social avoidance behavior via fecal microbiota transplantation. Alloprevotella,
Bacteroides, and Alistipes were identified as potential functional bacteria, which may act on
hypothalamic oxytocin. To mediate the behavioral outcome. Mechanistically, bacteria-triggered
metabolomic changes involving histidine and bile acid metabolites in the hippocampal, mPFC,
and hypothalamus correlate with social behavior. Overall, this study reveals that the gut
microbiota modulates host metabolism and social behavior susceptibility in mice.

KEYWORDS: high-fat diet; depression; metabolic signal; gut microbiota; gut-brain axis
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ABSTRACT: Metabolic flux (the rate of the metabolic reaction) is indispensable to reflect the
dynamics of metabolic networks, which can tell researchers changes in the metabolic fluxes after
metabolic network is disturbed. On the one hand, limited by technology, only part of the
extracellular fluxes can be measured, such as extracellular acidification rate (ECAR) and oxygen
consumption rate (OCR). On the other hand, there are many computational methods to solve
metabolic fluxes, including metabolic flux analysis (MFA) method which is a powerful method.
Based on MFA method, we propose a framework, in which we constructed the metabolic network
and models to simulate mass isotopomer distribution (MID) at the steady state or the non-steady
state. By minimizing the difference between simulated MID and experimental MID which
obtained from published literatures, we can solve metabolic fluxes in the metabolic network.
These calculations of fluxes will provide insight into metabolic mechanism behind the changes in
physiological function. And the framework to explore mechanism of metabolic pathways is very
efficient for the analysis of metabolite isotope tracer data.

KEY WORDS: metabolic flux analysis, metabolic network, mass isotopomer distribution
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Role of eicosanoid related metabolites in heart failure
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ABSTRACT: Heart failure (HF) is a growing health problem worldwide, with nearly 50% of
5-year mortality and hospital readmission rates. Identifying novel factors common to individuals
at a higher risk of adverse outcomes may reveal potential targets for interventions and improve life
quality. The eicosanoid related epoxyeicosatrienoic acids (EETs), which exert multiple
endogenous protective effects, are hydrolyzed into less active dihydroxyeicosatrienoic acids
(DHETs) by soluble epoxide hydrolase (sEH). However, commercial drugs related to sEH or she
are not yet in clinical use. Here we enrolled 500 patients with different subtypes of HF
(HFpEF/HFrEF) and 500 healthy controls between February 2010 and March 2016. Eight types of
sEH-related eicosanoids were measured according to target metabolomics, and their correlation
with clinical endpoints was also analyzed. The primary endpoint was cardiac mortality, and the
secondary endpoint was a composite of cardiac events, including heart failure (HF) readmission,
cardiogenic hospitalization, and all-cause mortality. Furthermore, the effect of sEH inhibitors on
cardiac diastolic function in different subtypes of HF was investigated in vivo and in vitro. Our
study found different mechanism involved in the disease progression of two types of HF. We also
demonstrated two novel sEH inhibitors that were identified as promising therapeutic strategy to

improve cardiac function.
KEY WORDS: Heart Failure; eicosanoid; epoxyeicosatrienoic acids; translational research.
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ABSTRACT: In mammals, the liver is the only organ that can regenerate itself, yet the exact
mechanism has not been fully elucidated. To reveal the metabolic change at different phases in
liver regeneration, we analyze the endogenous metabolites in the plasma of C57BL/6J mice at
various periods (initiation, progression, and termination phase) following a 2/3 partial
hepatectomy (PHx) using an LC-QTOF/MS-based metabolomics approach. Compound
identification, multivariate and univariate data analysis and pathway analysis were performed
subsequently. The residual liver proliferated in the first three days and had about 90% of its initial
weight by the seventh day. Total bile acids in the serum increased considerably at 36 h and
decreased to normal after seven days. The results of PCA and PLS-DA showed that PHx caused a
significant metabolic shift at 36h after 2/3 PHx that was reversed during the liver regeneration
phase. Further pathway analysis found arginine metabolism, cysteine and methionine metabolism,
tryptophan metabolism, steroid hormone biosynthesis, purine and pyrimidine metabolism were the
most influenced pathways. Machine learning algorithms including "glm", "lda", "knn",
"logitboost","rpart", "rf", "svmRadial", "nb", and "nnet" were used for classification between
different phases. In summary, several amino acid metabolic pathways and steroid metabolism
underwent dynamic changes during liver regeneration. A random forest method consisting of five
metabolites can accurately distinguish different phases during liver regeneration.

KEY WORDS: Metabolomics; Random forest; Liver regeneration; Partial hepatectomy
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regulation of lipid dysfunction of nonalcoholic fatty liver disease
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ABSTRACT: Nonalcoholic fatty liver disease (NAFLD) has developed into the most common
chronic liver disease and can lead to liver cancer. Currently, the diagnosis and therapy of NAFLD
is minimal. Traditional Chinese medicines (TCMs) have remarkable therapeutic effects on
NAFLD ['2, Our laboratory developed a novel prescription denoted "Eight Zhes Decoction" (EZD)
based on many years of practice in TCM clinical treatment of NAFLD, and this decoction has
achieved good clinical efficacy against NAFLD. The pharmacodynamic material basis and
mechanism were investigated using a strategy integrating lipidomics, network pharmacology and
pharmacokinetics. EZD could attenuate the degrees of collagen deposition and steatosis in the
livers of nonalcoholic steatofibrosis model mice. Glycerophospholipid metabolism, arachidonic
acid metabolism, glycerolipid metabolism and linoleic acid metabolism with PLA2G4A and
CYP450 as the core targets and 12,13-EpOME, 12(S)-HETE, LTB4, PGE2, PCs and TGs as the
main lipids were found to be involved in the treatment of NAFLD by EZD. Importantly,
naringenin, artemetin, canadine, and bicuculline were identified as the active ingredients of EZD
against NAFLD; in particular, naringenin reduces PC consumption by inhibiting the expression of
PLA2G4A and thus promotes sufficient synthesis of very-low-density lipoprotein to transport
excess TGs in the liver. This research provides valuable data and theoretical support for applying
EZD against NAFLD.

KEYWORDS: Eight Zhes Decoction; nonalcoholic fatty liver disease; lipidomics; network
pharmacology; pharmacokinetics.
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ABSTRACT: Purine intermediates play important roles in physiological function!' and
participate in the kidney disorders*3], while a targeted quantification of the metabolic alterations
in the purine metabolism in acute kidney injury (AKI) individuals has not been conducted. In the
study, a novel, rapid and sensitive LC-MS method for simultaneous quantification of 16 purine
metabolites was developed using hydrophilic interaction separation mode in human plasma and
urine. The developed method was validated as selective, sensitive, stable and precise by using
charcoal-stripped plasma and urine as blank matrix. The method provided a wider coverage of
purine metabolites and completed good separation of interfering compounds of nucleosides,
deoxynucleosides and their corresponding nucleobases without derivatization, which was
time-saving and labor-saving for the large-scale analysis. Furthermore, the method was
successfully applied to plasma and urine samples of hospitalized patients without and with AKI.
The results revealed that purine metabolism was greatly disturbed in the AKI patients, with a
dramatic increase of nucleosides (adenosine, guanosine and inosine) and deoxynucleosides
(2'-deoxyadenosine) in plasma and decreased levels of nucleobases (guanine, xanthine and
hypoxanthine), nucleosides (adenosine and guanosine), deoxynucleosides (2'-deoxyadenosine and
2'-deoxyinosine) and nucleotides (cAMP) in the urine, which might associate with body
inflammatory response and energy metabolism disturbancel®'!l. Besides, compared to urinary
purine metabolites, metabolites in plasma showed a stronger correlation with kidney function,
which correlated positively with Scr and negatively with eGFR. Among them, deoxyadenosine,
adenosine and guanosine represented the strongest correlation. Additionally, the ROC analysis
demonstrated general prediction accuracy of purine metabolites, except for deoxyadenosine in
plasma (AUC = 0.904). The novel method can facilitate the quantitative analysis of purine
metabolites in biological fluids, and exhibit great prospects in providing more information on how
purine metabolic alterations in plasma and urine participate in the occurrence of AKI, which

helped to understand the complex pathogenesis of AKI.
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ABSTRACT: Ulcerative colitis (UC) is a chronic inflammatory bowel disease closely related to
the imbalance of gut microbiota and intestinal homeostasis.!'! However, the progress in exploring
its pathogenesis and finding effective prevention and treatments is still not ideal. A new form of
Se@Albumin complex nanoparticles (Se@HS) with significant antioxidant properties and
anti-inflammatory activity was developed, (! but its mechanism of action on UC has not been
clarified. In this work, the intervention effect of Se@HS on UC, and its potential mechanism were
investigated.

Our results showed that Se@HS can obviously alleviate the symptoms of UC in mouse
model: improving the weight loss of mice, alleviating the degree of diarrhea and hematochezia in
mice, and reducing the inflammatory damage of colon tissue. Compared to the dextran sodium
sulfate (DSS) induced colitis group, The expression of cytokine TNF- a, and claudin-2 decreased,
while the expression of IL-10 and claudin-1 increased in Se@HS treated group (P<0.05); The 16S
rRNA sequencing of gut microbiome showed that the diversity of intestinal microbiota in the
model group mice decreased, and supplementation of Se@HS could significantly enhance the
diversity of intestinal microbiota (P<0.05); In the DSS-induced colitis group, the abundance of
Verrucomicrobia at the phylum level was reduced, and the abundance of Dubosiella newyorkensis,
Akkermansia muciniphila (AKK), Lactobacillus and Vibrio butyricus at the genus level were
reduced. After Se@HS intervention, the relative abundance of the above bacterial communities
were increased, with the increase in AKK bacteria being more significant in the high-dose group
(P<0.01). Colonic tissue metabolomics suggest that significant changes of arginine and proline
metabolism, purine metabolism and unsaturated fatty acid biosynthesis were occurred after
Se@HS intervention. Furthermore, there was a certain correlation with changes in gut microbiota.
It is worth noting that our study found that AKK bacteria were significantly positively correlated
with purine metabolites and unsaturated fatty acids.

In summary, Se@HS can significantly alleviate DSS-induced UC in mice, and intestinal
microbiota and metabolic remodeling may plays an important role in Se@HS ameliorating acute
colitis in mice. Specifically, it is of note that AKK bacteria were critically involved in intestinal
metabolic reactions, thereby improving the intestinal mucosal barrier function after Se@HS

intervention.

KEY WORDS: Se@Albumin nanoparticles, Colitis, Akkermansia muciniphila, Metabolomics,

Inosine
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a Centre for Chinese Herbal Medicine Drug Development, Hong Kong Baptist University, Hong
Kong 999077, China
b School of Chinese Medicine, Hong Kong Baptist University, Hong Kong 999077, China
c State Key Laboratory of Environmental and Biological Analysis, Department of Chemistry,
Hong Kong Baptist University, Hong Kong 999077, China

Abstract:

Constipation affects more than 14% of the population worldwide. The related pathogenesis is
complex. Single component/formula medicines currently dominate the market; however, they
normally have side effects (abdominal pain, diarrhea, etc.). Compound Traditional Chinese
Medicine (TCM) is promising for constipation due to its multiple-component-multiple-target
properties. Given the complexity of both TCM and constipation, it is likely that no single
analytical method can reveal the relationships among the components, efficacy and mechanisms.
Therefore, we developed an integrated analytical strategy based on metabolomics and network
pharmacology to decipher the mechanisms of compound CDD-2101, a manufactured version of a
time-tested Chinese herbal formula for constipation.

We found that CDD-2101 alleviated constipation in a loperamide-induced acute constipation mice
model without adverse effects. Metabolomics identified 33 metabolites related to bile acid
secretion, steroid hormone biosynthesis, glycerophospholipid metabolism, and linoleic acid
metabolism. Fecal phytochemistry identified 17 prototype and four metabolite-type ingredients.
We used network pharmacology to predict the pathways by which these metabolites might interact.
Four key targets (RXRA, CYP1A1, CYP1A2, and PLA2G4) were found, that corresponded to the
four main active components (rhein, hesperetin, albiflorin, and magnolol) of the formula.
Molecular docking showed high affinities between targets and active components. Comparison
with Senna, the first-line Western treatment for constipation and a single-formula natural medicine,
revealed similarities (rhein, RXRA, etc.) but suggested its single-component nature compromised
its efficacy.

In conclusion, this study reveals the "multi-component-multi-target-multi-pathway" mechanisms
of CDD-2101 against constipation. Our work provides a novel method to explore active

compounds and pharmacological mechanisms in natural medicine development.

Keywords: Metabolomics, network pharmacology, constipation, natural medicine
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Specific triacylglycerol, diacylglycerol,and lyso-phosphatidylcholine

species for the prediction of type 2 diabetes

Xiuli Su', Chloe YY Cheung??, Junda Zhong??, Yi Ru', Carol HY Fong??, Chi-Ho Lee??, Yan
Liu??, Cynthia KY Cheung??3, Karen SL Lam?>*, Aimin Xu?3*, Zongwei Cai'"
1. State Key Laboratory of Environmental and Biological Analysis, Hong Kong Baptist University,
Hong Kong 999077, China;
2. Department of Medicine, The University of Hong Kong, Hong Kong 999077, China;
3. State Key Laboratory of Pharmaceutical Biotechnology, The University of Hong Kong, Hong
Kong 999077, China

ABSTRACT: The pathophysiology of type 2 diabetes (T2D) involves bioactive lipids that affect
insulin secretion and sensitivity!> 2. To identify new lipid species correlated with incident T2D, we
conducted a nested case-control study within a long-term prospective Chinese community-based
cohort (median follow-up: 16 years). Untargeted lipidomics analysis was performed on plasma
samples obtained from 196 incident T2D cases and 196 age- and sex-matched non-T2D controls,
who were selected from the Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS),
followed by targeted lipidomics to verify potential predictive lipid species identified by Boruta
analysis. The study found that after adjusting for triacylglycerol/high-density lipoprotein
(TG/HDL) ratio, body mass index (BMI) and prediabetes, four triacylglycerol (TG) species (TG
12:0 18:2 22:6, TG 49:0, TG 16:0_11:1 18:2 and TG 51:1) and one diacylglycerol (DG) species
(DG 18:2 22:6) were independently associated with increased risk of T2D, while four
lyso-phosphatidylcholine (LPC) species (LPC O-16:0, LPC P-16:0, LPC O-18:0 and LPC 18:1)
were independently correlated with decreased risk of T2D. Adding the selected lipid species to the
clinical prediction model (TG/HDL ratio, BMI and prediabetes) improved the area under the
receiver operating characteristics curve (AUROC) by 3.8%. Functional studies revealed that two
of the LPC species (LPC O-18:0 and LPC O-16:0) noticeably increased glucose-induced insulin
secretion, while neither of the DG 18:2 22:6 or TG 12:0_18:2 22:6 had any impact. Therefore,
decreased levels of LPC O-16:0 and LPC O-18:0 may contribute to the development of T2D by

reducing insulin secretion.
KEY WORDS: Type 2 diabetes; metabolomics; insulin resistance; prediction.
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Study on the Catabolism of Neophaseic Acid in 9'-hydroxylation
Pathway of Abscisic Acid based on Chemical Labeling-Assisted

UHPLC-HRMS

Yin Xiaoming'#, Bai Ya-Li'*, Ye Tiantian'*, Feng Yu-Qi'*
! Department of Chemistry, Wuhan University, Wuhan 430072, P.R. China

ABSTRACT: Abscisic acid (ABA) is a phytohormone with a sesquiterpenoid structure that plays
critical roles in numerous plant physiological processesl. ABA catabolism is an important
pathway for ABA inactivation and homeostasis maintenance. However, the current understanding
of the ABA catabolic pathway is limited. In this study, a screening and identification strategy for
ABA catabolites was established based on ultrahigh-performance liquid chromatography coupled
with high-resolution mass spectrometry assisted by chemical isotope labeling (CIL-UPLC-HRMS).
In this strategy, a pair of isotope reagents N,N-2-dimethylaminoethylamine (DMED) and
d4-DMED were used as labeling reagents to label the carboxyl groups in ABA and its catabolites.
Furthermore, using our strategy, ABA, t-ABA, and 18 ABA catabolites were identified from seven
plant samples. Of the identified catabolites, a new downstream catabolite of neophaseic acid
(neoPA) in ABA 9'-hydroxyl pathway was identified as epi-neodihydrophaseic acid (epi-neoDPA)
by comparing its accurate mass, retention time, and MS® spectra with those of our chemically
synthesized epi-neoDPA. In addition, combining CIL-UPLC-HRMS and RNA-Seq techniques, a
new reductase responsible for converting neoPA into epi-neoDPA in Arabidopsis was identified
and named as neoPA reductase 1 (NeoPARI1). Site-directed mutation experiment suggested that
Tyr163 in the conserved motif of NeoPAR1 was crucial for the reductase activity of NeoPARI.
Finally, phenotypic analysis revealed that NeoPAR1 may play an important role in seed
germination. Our findings contribute to ABA catabolic network improvement. The
CIL-UPLC-HRMS method proposed in this study would provide a new strategy for the screening
and identification of unknown catabolites of ABA and other plant hormones.

KEY WORDS: abscisic acid catabolism, epi-neoDPA, neoPA reductase, chemical isotope
labeling, liquid chromatography-mass spectrometry
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Integrated metabolomics analysis of the effect of PPARS agonist
GWS501516 on catabolism of BCAAs and carboxylic acids in diabetic

mice

Li Xiang, Juan Nie, Jingchun Shi, Zongwei Cai*, Yu Huang*

Abstract: The peroxisome proliferator-activated receptor (PPARS) agonists are reported to
improve insulin sensitivity, reduce glucose levels, and alleviate dysfunctional lipid metabolism in
animal models of type 2 diabetes mellitus. However, the underlying mechanisms remain
incompletely understood. Metabolism plays an essential role in the biological system. Monitoring
of metabolic changes in response to disease conditions or drug treatment is critical for better
understanding of the pathophysiological mechanisms. In this study, metabolic profiling analysis by
gas chromatography-mass spectrometry integrated with targeted analysis by liquid
chromatography-mass spectrometry was carried out in plasma samples of db/db diabetic mice
after six-week treatment of PPARS agonist GW501516. GW501516 treatment significantly altered
levels of metabolites, such as branched-chain amino acids (BCAAs), BCAA metabolites
(3-hydroxyisobutyric acid and 3-hydroxyisovaleric acid), long-chain fatty acids, uric acid and
ketone bodies (3-hydroxybutyric acid and 2-hydroxybutyric acid) which are all associated with the
impaired systemic insulin sensitivity. The present results indicate the beneficial effect of PPARS
agonist in alleviating insulin resistance of diabetic mice by favorably modulating metabolic profile,
thus providing valuable information in understanding the therapeutic potential of PPARS agonists

in correcting metabolic dysfunction in diabetes.
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Physiochemical responses of C.elegans under exposure to lanthanum

and cerium affected by bacterial metabolism
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The increasing demand for rare earth elements (REEs) in modern applications has drawn
significant attention. REEs can be introduced into the environment through REE-containing
fertilizers, abandoned REE-rich equipment, and mining, persisting and impacting soil quality,
nutrient cycles, and plant growth. Scientists have raised concerns about REEs entering the food
chain from the environment and eventually accumulating in organisms. Decades of experimental
evidence have shown that these effects include inhibited growth, impaired liver function, and
alterations in children's intelligence quotients. However, there exists a paucity of research that has
elucidated the metabolic-level biological impacts of REEs. In our study, Caenorhabditis elegans
(C. elegans) was used as a model organism to investigate physiological and inherent metabolic
changes under exposure to different concentrations of REEs. The diet bacteria of nematodes play a
key role in their life and development. Therefore, we investigated the influence of bacterial
activity on the nematodes' response to REE exposure. We observed a concentration-dependent
accumulation of REEs in nematodes, which consequently led to a reduction in lifespan and
alterations in body length. Exposure to a mixed solution of REEs, in comparison to a single REE
solution, resulted in greater toxicity toward nematodes. The metabolic results showed that the
above changes were closely related to REE-induced amino acid metabolism disorder, membrane
disturbance, DNA damage, and oxidative stress. Of note, the presence of living bacteria elicits
REE effects in C. elegans. These findings highlight the potential intrinsic metabolic changes
occurring in nematodes under REE exposure. Our study raises awareness of the exposure risks
associated with REEs, provides valuable insight into the metabolic-level biological impacts of
REEs and contributes to the development of effective mitigation strategies to reduce potential

risks to human health.

Keywords: Rare earth element; NMR spectroscopy; Metabolomics; C. elegans; Bacterial activity
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Comprehensive metabolomic and lipidomic alterations in response to
heat stress during seed germination and seedling growth of

Arabidopsis

Wenjuan Qian!, Yuxuan Zhu'!, Qinsheng Chen!, Shuiyao Wang!, Longlong Chen', Ting Liu?,
Huiru Tang'*, Hongyan Yao!*
1. State Key Laboratory of Genetic Engineering, School of Life Sciences, Human Phenome
Institute, Metabonomics and Systems Biology Laboratory at Shanghai International Centre for
Molecular Phenomics, Zhongshan Hospital, Fudan University, Shanghai, China
2. SCIEX, Analytical Instrument Trading Co., Ltd, Shanghai, China

ABSTRACT: Temperature affects seed germination and seedling growth, which is a critical and
complex stage in plant life cycle. However, comprehensive metabolic basis on temperature
implicating seed germination and seedling growth remains less known. Here, we applied the
high-throughput untargeted metabolomic and advanced shotgun lipidomic approaches to profile
the Arabidopsis 182 metabolites and 149 lipids under moderate (22°C, 28°C) and extreme high
(34°C, 40°C) temperatures. Our results showed that a typical feature of the metabolism related to
organic acids/derivates and amines was obviously enriched at the moderate temperature, which
was implicated in many cellular responses towards tricarboxylic acid cycle (TCA), carbohydrates
and amino acids metabolism, peptide biosynthesis, phenylpropanoid biosynthesis and indole
3-acetate (IAA) biosynthetic pathway. Whereas, under extreme high temperatures, there was no
seed germination, but 148 out of total 182 metabolites were highly enriched, involving in the
galactose metabolism, fatty acid degradation, tryptophan/phenylalanine metabolism, and shikimic
acid-mediated pathways especially including alkaloids metabolism and
glucosinolate/flavone/flavonol biosynthesis. Phosphatidylcholine (PC) and
phosphatidylethanolamine (PE) also exhibited the gradually increased tendency from moderate
temperatures to extreme high temperatures; whereas phosphatidylserine (PS), phosphatidic acid
(PA), phosphatidylglycerol (PG), monogalactosyldiacylglycerol (MGDG),
digalactosyldiacylglycerol (DGDG) and sulfoquinovosyldiacylglycerol (SQDG) were contrary to
decrease. Another typical feature of the distinguished metabolites between 22°C and 28°C, the
TCA, disaccharides, nucleotides, polypeptides, SQDG and the biosynthesis of fatty acids and
glucobrassicin-mediated IAA were obviously decreased at 28°C, while amino acids, trisaccharides,
PE, PC, PA, PS, MGDG, DGDG and diacylglycerol (DAG) preferred to enrich at 28°C, which
characterized the alteration of metabolites and lipids during fast seedling growth. Taking together,
our results provided the comprehensive metabolites phenotyping, revealed the characteristics of
metabolites necessary for seed germination and/or seedling growth under different temperatures,
and provided insights into the different metabolic regulation of metabolites and lipid homeostasis

for seed germination and seedling growth.

KEY WORDS: seed germination, seedling growth, heat stress, Arabidopsis, phenotyping.
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Fisetin Alleviates Aging of C2C12 Myoblasts

through Regulating Redox Metabolism and Energy Metabolism

Yue Zhang', Donghai Lin""
Key Laboratory for Chemical Biology of Fujian Province, MOE Key Laboratory of
Spectrochemical Analysis and Instrumentation, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, China

ABSTRACT: Fisetin (3,3',4',7-tetrahydroxyflavone), a natural flavanol compound abundantly
present in fruits and vegetables, exhibits a range of biological activities, including anti-tumor,
anti-inflammatory, and antioxidant effects. This study investigated the potential of fisetin to
prevent D-galactose-induced cellular senescence in C2C12 myoblasts. The results showed that
fisetin treatment significantly decreased the expression of senescence markers such as p16, p53,
and SA-B-gal, and profoundly increased the proliferation and differentiation abilities of myoblasts.
NMR-based metabolomic analysis revealed significant changes in metabolites involved in redox
metabolism and energy metabolism, including glutathione, taurine, arginine, glucose, lactate, and
pyruvate. Transcriptomic analysis also showed similar results. These findings suggest that fisetin
may protect against myoblast ageing by regulating redox metabolism and energy metabolism. This
study is useful for exploring the potential of fisetin application against cellular senescence in
myoblasts.

KEY WORDS: Fisetin; C2C12 Myoblasts; Cellular senescence; NMR-based metabonomics.
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Multi-omics reveals changes in astrocyte fatty acid metabolism

during early stages of Alzheimer's disease
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Alzheimer's disease (AD) is a devastating neurodegenerative disorder originating from the
overproduction and spreading of amyloid-beta peptides followed by the emergence of
hyperphosphorylated tau oligomers. An increasing body of evidence highlights the role of
astrocytes in the initiation, progression, and pathology of AD. The dynamics of cell-type-specific
gene expression and metabolic features during various stages of AD pathological progression
remain to be fully elucidated. To better understand the factors associated with AD, we conducted
RNA-seq analyses on astrocytes freshly isolated from both wild-type and APP-PS1 mouse brains
at five time points that represent different stages of AD progression. Singular value decomposition
analysis indicated that the critical onset of AD is at six months of age, during which abnormal
changes in fatty acid metabolism are evident at both the transcriptomic and proteomic levels. To
delve deeper into the relationship between dysregulated fatty acid metabolism in astrocytes and
early stages of AD progression, we employed spatially resolved metabolomics using MALDI 2
Tims-Tof flex imaging mass spectrometry, identifying specific metabolites that change during the
early phases of AD. Additionally, our single-cell data analysis from human subjects at the Allen
Brain Institute revealed a significant downregulation in fatty acid metabolism during the early
stages of AD. These findings underscore that the reprogramming of fatty acid metabolism in
astrocytes is a key characteristic of early Alzheimer's disease progression.

Key words: Alzheimer’s disease, astrocyte, transcriptomics, proteomics, metabolism
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Serum Metabolome Profiling of Endurance and Resistance Exercise
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Purpose: The alterations in the metabolome following exercise at specific intensity can serve as
molecular indicators of exercise-induced changes and provide insights into metabolic
characteristics and exercise performance assessment. However, there is a lack of research
investigating the molecular responses in untrained individuals exercising at the recommended
intensities and how these molecular changes may translate into practical applications. Hence, we
focused on untrained individuals and implemented a time-resolved sampling approach to
comprehensively depict the metabolic profiles following endurance exercise (EE) and resistance
exercise (RE), aiming to provide practical recommendations for exercise prescription.

Method: Fifteen male participants with no prior exercise experience were recruited. Prior to the
exercise interventions, the participants underwent tests to determine their VOzmax and their
one-repetition maximum (1-RM) for the squat and bench press. Following the guidelines provided
by the American College of Sports Medicine, the treadmill running intensity was set at 75% of
their VO2max, and the RE intensity was set at 65% of their 1-RM. The study employed a crossover
experimental design, where each participant underwent both endurance exercise and resistance
exercise in a randomized order, with a minimum of 7 days between the two sessions. All exercise
sessions were conducted in the morning, with the participants in a fasted state. Throughout the
study, a total of 150 venous blood samples were collected from each participant at various time
points, including pre-exercise, immediate post-exercise, 15th minute, 30th minute, and 60th
minute post-exercise. The collected samples were subjected to non-targeted metabolomics analysis
using LC-MS/MS.

Results: The study demonstrated that both EE and RE significantly activated and enhanced
energy metabolism process, particularly during exercise. Metabolites associated with purine
metabolism, including uric acid, xanthine, and 5'-phosphoribosylamine, exhibited a significant
increase immediately after exercise and remained elevated up to 60 minutes post-exercise. A
significant increase till 60 minutes in oleic was observed immediately after EE, indicating the
utilization of lipids as the energy substrates. Our study revealed a sustained decrease in
2-hydroxybutyrate levels after 15 minutes of EE, while in contrast, it exhibited a persistent
increase after RE. We also observed a significant increase in cysteine levels following RE.
Conclusion: Multi-time point sampling of metabolomics revealed distinct features in energy
metabolism reactions in response to EE and RE. EE is inclined to enhance fatty acid oxidation and
lipolysis, while RE predominantly relies on non-fat energy sources, resulting in a relatively minor
impact on lipid metabolism.

Key Words: Serum Metabolome; Endurance Exercise; Resistance Exercise; Men
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Developing a synthesis and quantification method for the analysis of
a-keto-0-(NG,NG-dimethylguanidino) valeric acid by using

UPLC-MS/MS
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ABSTRACT: Dimethylguanidino valeric acid (DMGV) is a product of the metabolism of
asymmetric dimethylarginine (ADMA) by the liver enzyme alanine-glyoxylate aminotransferase 2
(AGXT2)". Untargeted metabolomics-based epidemiological studies have shown that DMGV is an
independent biomarker of several metabolic diseases, such as non-alcoholic fatty liver disease,
cardiovascular disease and type 2 diabetes®3. In addition, the levels of DMGV in circulation were
found to be closely related to lifestyle including dietary intake and physical activity*. However,
due to the lack of commercial standards for DMGYV, current studies are based on relative
quantification of DMGYV levels by untargeted metabolomics, which lacks precision and absolute
quantification. Moreover, previous reports regarding DMGV were conducted in European and
American populations, due to the huge difference in genetic backgrounds and lifestyles, its
distribution in Chinese remain largely unknown.

So far, we have successfully synthesized the DMGV standard by optimizing the method
developed by Poirier et al.’. The synthesized DMGV (purity>90%) has been verified using
high-resolution mass spectrometry, '"H nuclear magnetic resonance spectroscopy, and HPLC
(Figure 1A-D). We have established a quantitative method using liquid chromatography-tandem
mass spectrometry (LC-MS) with excellent linearity (R?> > 0.99) within the range of 1.6-200nM,
high sensitivity (LOD: 0.4nM, LOQ: 1.6nM), precision (1.1% at LOQ), and accuracy (10% at
LOQ). This analytical method has been applied to measure the levels of DMGV in plasma
samples from a Chinese cohort (n=626). Females were found to have lower concentration of
DMGYV than males, suggesting that there is a gender difference in DMGYV metabolism (Figure 1E).
We will further apply this method to explore the correlations between DMGYV levels and the risk
of diabetes in Chinese population and investigate its potential molecular mechanism underlying
disease progression.

KEY WORDS: DMGYV, LC-MS/MS, absolute quantification, disorder of metabolism.
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Figure 1. A. 'H nuclear magnetic resonance spectroscopy of DMGV; B. Liquid phase
chromatography of DMGV;; C. Positive ESI-MS spectrum of DMGV; D. ESI-MS? spectrum of
DMGYV; E. Distribution of circulating DMGYV from a Chinese cohort
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From Integrin Structures to Explore: What Does the Future of

Structural Biology Look Like?

Chun-ying Gu!, Ting-ting Wang', Jia-fu Liu!*
!'School of Basic Medical Sciences, Harbin Medical University-Daqing, Daqing, 163319, China

ABSTRACT: Integrins transmit signals between their extracellular ligands and the intracellular
cytoskeleton through bidirectional signaling across cell membrane. At the ligand-binding BI
domain, the al/al’-helix changes from a bent to a straightened a-helical conformation upon
integrin headpiece opening. The binding of the cytosolic protein ligands to both the
membrane-proximal (MP) and membrane-distal (MD) regions of the integrin cytoplasmic tail (CT)
triggers the inside-out signaling. How conformational signals initiated from one end of the integrin
are transmitted to the other end remains elusive for structural biology to explore.

We demonstrated that a conserved glycine at the al/a1’ junction is critical for maintaining the
bent conformation of the al/al’-helix in the resting state. Mutations that facilitate al/al’-helix
unbending rendered integrin constitutively active. However, mutations that block the al/a1’-helix
unbending abolished soluble ligand binding upon either outside or inside stimuli. Studies also
showed that B-integrin CTs have common binding sites for regulatory proteins like talin and
kindlin. In contrast, a-integrin CTs are only highly conserved at the MP regions, whereas the MD
regions vary substantially both in sequence and length. We examined the role of allb, aV and aL
integrin CT MD regions in the regulation of integrin activation. We report that the a-integrin CT
MD region helps maintain integrin in the resting state and is indispensable in talin- and
kindlin-induced integrin conformational change and ligand binding. The proper length and proper
amino acids are important for the a-integrin CT MD region to exert its effect on integrin
activation.

X-ray, NMR, and EM are the traditional methods of structural biology. However, a
deep-learning approach, AF2, brings a serious shock to this field recently. We will have to think
about: What Does the Future of Structural Biology Look Like?

Key Words: integrin, structural biology, NMR, X-ray, EM, Af2
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HS=SPME-GC-MS Untargeted Analysis of Normal Rat Organs Ex
Vivo: Differential VOC Discrimination and Fingerprint VOC
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ABSTRACT: The investigation of volatile organic compounds (VOCs) in human metabolites has
been a topic of interest as it holds the potential for the development of non-invasive technologies
to screen for organ lesions in vivo. However, it remains unclear whether VOCs differ among
healthy organs. Consequently, a study was conducted to analyze VOCs in ex vivo organ tissues
obtained from 16 Wistar rats, comprising twelve different organs. The VOCs released from each
organ tissue were detected by headspace solid-phase microextraction-gas chromatography-mass
spectrometry (HS-SPME-GC-MS) technique. In the untargeted analysis of 147 chromatographic
peaks, the differential volatiles of rat organs were explored based on the Mann-Whitney U test and
fold change (FC>2.0) compared with other organs. It was found that there were differential VOCs
in seven organs. A discussion on the possible metabolic pathways and related biomarkers of organ
differential VOCs was conducted. Based on the orthogonal partial least squares discriminant
analysis (OPLS-DA) and receiver operating characteristic curve (ROC), we found that differential
VOCs in the liver, cecum, spleen and kidney can be used as the unique identification of the
corresponding organ. In this study, differential VOCs of organs in rats were systematically
reported for the first time. Profiles of VOCs produced by healthy organs can serve as a reference
or baseline that may indicate the presence of disease or abnormalities in the organ’s function.
Differential VOCs can be used as the fingerprint of organs, and future integration with metabolic
research may contribute to the development of healthcare.

KEY WORDS: Rat organ tissue * Volatolomics * Volatile organic compounds ¢ Untargeted
analysis * Headspace solid-phase microextraction-gas chromatography-mass spectrometry

154



GC-MS FEFE [ 73 W 5 BT A R B SR 2 2544 P IR A p S R Z R

# VOCs

JE 546
I RHEEBE S AL RHE AT FU R £ R P

155



HARIR 5



KB B0 i AR R BT IT R B AR PR R (3 ST

FhEL 12, AR 12, kRS, MGG, BLEE 12, 74, BREGHE L2, IR - BN
,ﬁz 1%

1A B RO R 2 i g SR 2 E R R 5206 =, JEE 100081

2. R R R R d SRR YRGS RA b, 6T, 100081

3T K2, JE5 100091

4. [E FAEF BRI ERBHEEE R AT, dERT 100061

WE: KIS T DO LR B A AR RE R o A2 27 RE S WA W4 52 el a5
HI i BT A 0 1) B A B AR A R, St T da s HLAR AR P2 ) B B A 2
MFE,  HAT S 3 T U R R SRR T AL O, A e 7 1 2 R #E A AN
LR e (RO 2 22 0 A i, N B iz sh i e AR 4 22wk e b, @A 544
J8 T B B R0 SRR RN B 2 8] (AR ORYE e i, RIS 18 B ROR S DI R AR Y, S+
BRI R IE AT RIS A PTRLIZ B R E IR A . 45 RRW], KT Riash 1%
IE A B FEIRICHIERS . = FRIRIAIA LS5 R 7 R SE AR SQ A B 55, B I
IS UELE I 40 NMEMbREMEIZ BN AT G K A R 1AL, L LPE 18:2. AC10:2.
AC18:1 il 3-HIBA iz 31 J5 424k 5 BMI A& UIAE o< S8 sl i s s e 1 35
5 RIB s o KRR RNAE S VI O B1xt b AT e | T, A7 1 & Taaharfs i ik
TR S5, IS BIETMAR BFM%A WHFR 4 4018 3l € 2 IR .

£i b, AW B s EAGIRLE S LA SR QSR AR, KB RAIE 518 3)
fi FEGE BEAR R IACRAE AR 5, M AT s s i AR I BN 4%, I DA i 37 3
IBHMAERTIMBAL,  ITia s (et (i B ME R R SR AL At

Regr: KU AEsh Rl SRl BahdCR

e £ BTN

1.Hu, L., et al., FUNCTIONAL METABOLOMICS DECIPHER BIOCHEMICAL FUNCTIONS
AND ASSOCIATED MECHANISMS UNDERLIE SMALL-MOLECULE METABOLISM. John
Wiley & Sons, Ltd, 2020.

2.Lu, J., et al.,, Autonomous climbing: An effective exercise mode with beneficial outcomes of
aerobic exercise and resistance training. Life sciences, 2021(265-).

3.Wewege, M.A., et al., The Effect of Resistance Training in Healthy Adults on Body Fat

Percentage, Fat Mass and Visceral Fat: A Systematic Review and Meta-Analysis. Sports Medicine,
2021(24).

157



Integration of microbiomics and metabolomics for screening and
validation of antidepressant active ingredients of Atractylodes

macrocephala Koidz. based on Chinese medicine “jianpi” theory

Xiaoyi Chen'?, Yunhao Zhao'?, Zhenning Wu', Xuemei Qin">3, Junsheng Tian!23"
1. Modern Research Center for Traditional Chinese Medicine of Shanxi University, Taiyuan
030006;
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Taiyuan 030006

Background Atractylodes macrocephala Koidz. (AM) is regarded as the first effective medicine
for “jian pi”, and it can enhance the effect of “jian pi” after being stir-fried in the soil. The theory
of “jian pi” in traditional Chinese medicine is mainly related to gastrointestinal disorders.
However, the traditional Chinese medicine theory has not been scientifically verified. Purpose
Metabolomics technology was utilized to screen for substances exerting "jian pi" effects after AM
soil frying. Combining microbiomics and fecal metabolomics to elucidate the antidepressant
mechanism of AM based on the traditional Chinese medicine "Jian pi" theory from the perspective
of host-gut flora interaction. Methods Differential metabolite analyses of AM, AM fried with
wheat bran and AM fried with earth were performed using LC-MS to screen for substances that
enhance the spleen-enhancing effects of AM after earth-frying. Depressed mouse models were
established by fecal transplants and intervened with atractylenolide Il and paroxetine, and the
antidepressant effects of the drugs were evaluated using behavioral tests. freshly expelled mouse
feces were collected for 16S rRNA sequencing and metabolomics analysis. Results
Atractylenolide II content was significantly increased after earth frying of AM. Depression-like
behavior after CSDS fecal transplantation in mice is significantly improved by 20 mg-kg!
Atractylenolide Il and paroxetine. Sequencing analysis of the intestinal flora showed that the
intestinal flora richness was significantly improved by 20 mg-kg' Atractylenolide II, and the
metabolic pathways regulated by the differential flora were mainly enriched in amino acid
metabolism. Metabolomics results showed that the metabolic disorders in fecal transplant
depressed mice were significantly modulated by 20 mg-kg' Atractylenolide II, and enrichment
analysis revealed that it was mainly related to amino acid metabolism. Conclusion Atractylenolide
1l is a key substance in the “jian pi” effects of AM. The substance exerts its “jian pi” effect by
regulating the disruption of amino acid metabolism after the interaction between the bacteria and
the host, thus producing an antidepressant effect.

Key words: Atractylodes macrocephala Koidz., Atractylenolide II, Metabolomics, Microbiome,
Host-gut microbiota interactions
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High resolution mass spectrometry-based lipidomics reveals the lipid
metabolism biomarkers of coronary heart disease and its

comorbidities
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ABSTRACT: Introduction: Coronary heart disease (CHD) and its comorbidities seriously
threaten human health. Disorders of metabolism, especially lipid metabolism, are a common cause
of CHD and its comorbidities. However, insufficiency of metabolite annotation and issues in
quantitation accuracy occur in conventional tandem mass spectrometry because of the many types
of lipid metabolites in biological matrices, large concentration differences, and diversification of
isomers. Objectives: (1) To solve the problem of inaccurate annotation in mass spectrometry
(MS)-based lipidomics caused by insufficient secondary mass spectra obtained by conventional
mass spectrometry. (2) To solve the problem of inaccurate quantification of MS-based lipidomics,
which causes difficulty in differentiating lipid isomers by means of extracted ion chromatogram.
Methods: Ultra-performance liquid chromatography—high resolution mass spectrometry
(UPLC-HRMS) in data-independent acquisition (DIA) mode was applied to collect abundant
MS/MS data, which provided valuable information for the annotation of lipid metabolites. For the
lipid isomers which could not be completely separated by chromatography, parallel reaction
monitoring (PRM) mode was used to separate them from MS/MS. Through multivariate statistical
analysis, 80 plasma samples were divided into 4 groups according to CHD and its comorbidities.
Results: A total of 223 plasma lipid metabolites were annotated, and 116 of them were identified
for their fatty acyl chain composition and location. In addition, 152 lipid metabolites in the plasma
of patients with CHD comorbidities were quantitatively analyzed. Multivariate statistical analysis
results showed that the metabolism of sphingolipids and glycerophospholipids in patients with
related diseases was disordered. Conclusion: In our study, the data obtained through DIA mode
significantly promoted the quality and quantity of MS/MS, and PRM scanning mode can
accurately quantify the lipid isomers. This study provides a novel insight that helps in
high-throughput characterization of the lipid metabolites of plasma. The results of this study also
improve our understanding of CHD and its comorbidities, which can provide valuable suggestions

for medical intervention.

KEY WORDS: Data-Independent Acquisition, Parallel Response Monitoring, Coronary Heart
Disease, Lipidomics, UPLC-HRMS
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The purine metabolite inosine monophosphate accelerates

myelopoiesis and acute pancreatitis progression
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ABSTRACT:

Type 2 diabetes mellitus (T2DM) is not only an independent risk factor for acute pancreatitis (AP)
but also correlates with AP severity. We previously reported that diabetic db/db mice at the age of
18 weeks old were featured with excessive myeloid cell expansion. In an established murine AP
model induced by caerulein, injection of diabetic db/db bone marrow cells (BMCs) aggravated
disease severity compared with injectin of wild-type BMCs. In the study, we interrogated the role
of metabolites that result from the altered metabolic state in T2DM, and investigated whether the
identified metabolites could also modulate the proliferation of myeloid progenitor cells, resulting
in myelopoiesis and strengthened inflammation in AP. By FACS analysis, we identified the
increased frequency and proliferation of granulocyte/monocyte progenitors (GMPs) in BM of
24-week aged db/db mice than those at 8 weeks old. Using targeted metabolomics, we identifyied
an increase in inosine monophosphate (Bird, #125) in FACS-sorted GMP cells of diabetic db/db
mice. We demonstrated that IMP treatment stimulated cKit expression, ribosomal S6 activation,
GMPs proliferation, and Gr- 1+ granulocyte production in vitro. IMP also activated pAkt in
non-GMP cells. In vivo, administration of IMP-treated BMCs accelerated the severity of AP. This
effect was abolished in the presence of a pAkt inhibitor. Accordingly, the results of targeted
metabolomics revealed that plasma levels of guanosine monophosphate were significantly higher
in diabetic patients with AP. Taken together, these findings provide a potential therapeutic target
for the control of vascular complications in diabetes.

KEY WORDS: inosine monophosphate, granulocyte/monocyte progenitors, acute pancreatitis,
type 2 diabetes mellitus, targeted metabolomics
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Urinary metabolomics identified metabolic disturbance associated

with polycystic ovary syndrome
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ABSTRACT: Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder.
Nevertheless, its accurate mechanisms remain unclear ' 2. Metabolomics is a powerful technique
to identify small molecules that could be used to discover pathogenesis and therapeutical targets of
disease 3*. In the present study, a urinary untargeted metabolomics combined with targeted
quantification analysis was performed to uncover metabolic disturbance associated with PCOS. A
total of thirty-eight metabolites were obtained between PCOS patients and healthy controls, which
were mainly involved in lipids (39.5%), organic acids and derivatives (23.7%), and organic
oxygen compounds (18.4%). Based on enrichment analysis, fourteen metabolic pathways were
found to be perturbed in PCOS, particularly glycerophospholipid metabolism and tryptophan
metabolism. Targeted quantification profiling of tryptophan metabolism demonstrated that seven
compounds (tryptophan, kynurenine, kynurenic acid, quinolinic acid, xanthurenic acid,
3-hydroxyanthranilic acid and 3-hydroxykynurenine) were up-regulated in PCOS. And these
tryptophan-kynurenine metabolites showed significant correlations with PCOS clinical features,
such as positively associated with testosterone, free androgen index, and the ratio of luteinizing
hormone to follicle stimulating hormone. Thus, this study disclosed urinary metabolome changes
associated with PCOS, and might provide new insights into PCOS pathogenesis elucidation and
therapeutical target development.

KEY WORDS: Polycystic ovary syndrome; Untargeted metabolomics; Targeted quantification
analysis; Glycerophospholipid metabolism; Tryptophan-kynurenine metabolism
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ABSTRACT:

Background

Metabolic-associated fatty liver disease (MAFLD) is one of the most common chronic liver
diseases worldwide. MAFLD is a spectrum of liver diseases ranging from fatty liver to
non-alcoholic steatohepatitis (NASH), which can lead to cirrhosis and hepatocellular carcinoma.
Dysregulation of cholesterol synthesis pathway results in excess cholesterol accumulation in the
liver, subsequently leading to hepatic inflammation and injury. In contrast, desmosterol, one of the
most important precursor molecules for cholesterol synthesis, has been shown to prevent hepatic
steatosis and inflammation. In this study, we aimed to investigate the correlation of plasma
cholesterol and desmosterol levels with risk factors of NASH, and search for potential biomarkers
for diagnosing NASH.

Methods

The cross-sectional study included 539 T2DM patients and 103 healthy controls, of which 144
subjects were selected for determining plasma cholesterol and desmosterol levels using the
method of gas chromatography mass spectrometry. The t-test, Mann—Whitney U-test, and the
chi-square test were used to compare differences in continuous variables, or categorical variables,
respectively. Logistic regression analysis was performed to determine the independent protective
or hazardous factors of T2DM with MAFLD. The receiver operating characteristic curve (ROC)
was used to evaluate the ability of plasma desmosterol levels to predict MAFLD.

Results

MAFLD was detected in 278 of 539 patients with T2DM. The results of the demographic and
clinical characteristics of the patients showed that significant differences in ALT, AST, FBG,
HbAlc, TC, TG, HDL-C, LDL-C between T2DM with or without MAFLD groups. In an in-depth
analysis, univariate logistic regression analysis showed that BMI, waist circumference, TG,
LDL-C were associated with MAFLD in the subgroups. The results of the ROC analysis showed
plasma desmosterol was a relatively better predictor of MAFLD than plasma cholesterol.
Conclusions

Plasma desmosterol level was positively correlated with risk factors of MAFLD in T2DM patients.
Our data indicate that desmosterol may serve as a plasma biomarker for MAFLD development in
patients with T2DM.
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Figure 1A: Calcein staining of cells before and after Sng/ml TGF-B1 and TNF-a induction. B:
PCA scores of 'H metabolic profile data of HCC1806 cells before and after 5Sng/ml TGF-B1 and
TNF-a induction. (R?X=0.958, Q*=0.787). C: Changes of taurine in HCC1806 cells before and
after Sng/ml TGF-B1 and TNF-o induction. D: Serum taurine changes in patients with
non-metastatic and metastatic breast cancer. (**P < 0.01, ***P < 0.001)
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Figure 1A: Venn maps of molecular subtypes biomarkers; B: Cluster heat map of differential
metabolites; C: ROC curves for combined biomarkers.
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Unlocking the hidden potential: enhancing the utilization of stems
and leaves through metabolite analysis and toxicity assessment of

various parts of Aconitum carmichaelii

Yinlin Zhou!, Can Qu', Tianzhe Chu',Cheng Peng, Yuzhu Tan'*
I State Key Laboratory of Southwestern Chinese Medicine Resources, Pharmacy College,
Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China
*Corresponding authors. E-mail address: tanyuzhu@cdutcm.edu.cn (Y. Z. Tan)

ABSTRACT: In this study, UHPLC-Q-Orbitrap MS/MS-based plant metabolomics was employed
to analyze metabolites of the different parts of Aconitum carmichaelii. The cardiotoxicity and
hepatotoxicity of the extracts from different parts of Aconitum carmichaelii were also investigated
using zebrafish as animal model. Toxicity markers were subsequently identified by correlating
toxicity with metabolites. The results revealed that a total of 113 alkaloids were identified from the
extracts of various parts of Aconitum carmichaelii, with 64 different metabolites in stems and
leaves compared to daughter root (Fuzi), and 21 different metabolites in stems and leaves
compared to mother root (Wutou). The content of aporphine alkaloids in the stems and leaves of
Aconitum carmichaelii is higher than that in the medicinal parts, while the content of the
diester-diterpenoid alkaloids is lower. Additionally, the medicinal parts of Aconitum carmichaelii
exhibited cardiotoxicity and hepatotoxicity, while the stems and leaves have no obvious toxicity.
Finally, through correlation analysis and animal experimental verification, mesaconitine,
deoxyaconitine, and hypaconitine were used as toxicity markers. In conclusion, given the low
toxicity of the stems and leaves and the potential efficacy of aporphine alkaloids, the stems and
leaves of Aconitum carmichaelii hold promise as a valuable medicinal resource warranting further

development.
KEY WORDS: Aconitum carmichaelii; stems and leaves; toxicity markers; aporphine alkaloids
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Comprehensive Metabolomic Characterization of Atrial fibrillation

Chengcan Lu
Department of Pharmacy, The Affiliated Jiangning Hospital with Nanjing Medical University,
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ABSTRACT:

BACKGROUND The pathogenesis and diagnostic biomarkers for diseases can be discovered by
metabolomic profiling of human fluids. Specific characterization of atrial fibrillation (AF)
subtypes with metabolomics, especially in the early stages, may facilitate effective and targeted
treatment.

OBJECTIVES To assess the diagnostic value of metabolomics-based biomarkers in different
types of AF by investigating disturbed metabolic pathways.

METHODS A cohort of 363 patients was enrolled, including a discovery set and a validation set.
Patients underwent electrocardiogram for suspected AF. Groups were divided as follows: healthy
individuals (Control), suspected AF (Sus-AF), first diagnosed AF (Fir-AF), paroxysmal AF
(Par-AF), persistent AF (Per-AF), and AF causing cardiogenic ischemic stroke (Car-AF). Serum
metabolomic profiles were determined by liquid chromatography—quadrupole time-of-flight mass
spectrometry (LC-QTOF-MS) and gas chromatography-mass spectrometry (GC-MS).
Metabolomic variables were analyzed in combination with clinical information to identify relevant
diagnostic biomarkers.

RESULTS 16 cross-comparisons were performed to characterize metabolic disturbances. We
focused on comparisons of all types of AF (All-AFs) and Car-AF versus Control, All-AFs versus
Car-AF, Par-AF versus Control, and Par-AF versus Per-AF. 117 and 96 metabolites were identified
by GC/MS and LC/MS, respectively. The essential altered metabolic pathways during AF
progression included D-glutamine and D-glutamate metabolism, glycerophospholipid metabolism,
etc. For differential diagnosis, specific metabolomics-based biomarkers provided areas under the
curve of 0.8237 to 0.9890 in the discovery phase and predictive values of 78.8% to 90.2% in the
validation phase.

CONCLUSIONS Serum metabolomics is powerful for characterizing metabolic disturbances.
Differences in small-molecule metabolites may reflect underlying AF and serve as biomarkers for
AF early-onset, differential diagnosis, and progression.

KEY WORDS: atrial fibrillation, metabolomics, diagnostic model, risk factors, biomarker.

REFERENCES

1. L. Staerk, J. Sherer, D. Ko, E. Benjamin, R. Helm H. Circ. Res., 2017, 120, 1501-1517.
2. G. Hindricks, T. Potpara, N. Dagres, et al. Eur. Heart. J., 2021, 42, 373-498.

3. S. Gore-Panter, J. Rennison, D. Van Wagoner. Circ. Arrhythm. Electrophysiol., 2017, 10,
¢005636.

4. L. Lind, S. Salihovic, J. Sundstrom, et al. J. Am. Heart. Assoc., 2021, 10, e017579.

5. W. Seo, G. Jo, M. Shin, K. Oh. Arterioscler. Thromb. Vasc. Biol., 2018, 38, 2245-2253.

171



KFEEA T BSR4

MilEs T DA 12
1 W K= S 5eke, =, 572025
2 BEMNEEZESLRE, =i, 572025

*H{E1E#: E-mail: luojie@yzwlab.cn

TEYE RS LY, EAKKEERE =4 RE AU, LLOE A B AR PR 5L
B . KFE (Oryza sativa L.) R BEERAREIEY M A HEY, HAmKBARUH
HIBH FE K 22 45 A 78 X o 2 2R 1) 40 A b X6 T 7K FRE AN A6 iy JB 1 AR U 3= B i 3h 25 A8 A T
T FH AR o A 5T FRUAR s AR Sl 97 FHBA K 63 78 75 B AR i A AN [RI 21 23 )
FEah, BEATZ AR M A AL 2RI, A 825 R i B I B AT . 45 G AL AN ]
— I I e S A B A T KRR AT I 428 X 4% (Rice Metabolic Regulation Network, RMRN) .
FIFHX AN AR A, 0 50 BT At F PR R B ST I SR 258 1R AR AR, 40 il =R 2 AT
e SR DR 1A D9 W VE AT 10 R Joi 2 AR R RO T 0 245, DA SRR 90 2H 2 57 1 G O L 1B ARl 397 )
H AU A R o IX IR ST R B, X A A AN A i S A 2L AN A s 2 R B
G AT AT DL s B A B MR ) v s 4 A X B AN TR SN SO K R A A
HE Pz B B A 3 S, R BV ok Dy KRS 73 it o 5 R Ao ot e 55 8 4R A 1
J7%, RN Z A 7t SR mE o n] Ry HoAd VRt 5 (R 0 1

S5 3R
1. Yang C, Shen S, Zhou S, Li Y, Mao Y, Zhou J, Shi Y, An L, Zhou Q, Peng W, Lyu Y, Liu X,

Chen W, Wang S, Qu L, Liu X, Fernie AR, Luo J*. Rice metabolic regulatory network spanning
the entire life cycle. Mol Plant, 2022, 15: 258-275

172



ET NMR iEIEH 4 1) B R A 2R 24

FOMAE !, AR, IR, BAESE2 E4k ), WY, ke

L EITRFER TR R, B EE
2. R AR B A 7 B AR AE S A I BOR BT TR, o A

FT NMR (1R 2H 0] DAAR A RS g ¥ T 5 S Fe U I, T X B e AT AR R 2
Yot g B RRARERIRE- ] R, T AEIRE S 2 A KRS, H— 4 NMR 1% K7
FIEIEE S, W RECIER AT R B (R B R RS ] o
XA NMR REALEE, B PFIS, —FORERA T, 1207 1R A AR E i R AE
WIS S e . R B i, B R [ A AR RIS, X —4E NMR
B AT 43 BORR 2 NI HEAT V5 S B I BRI AL, 2 J5 P45 A 2 JUG T A 7 VR Sl I
BRI X I, SR1, TR A pH EAN S TR FE I 22 53 2 S 80U AL & D 7E S TR R b
B R IETEEAS, FEI0 E NMR A B AR TR A 06 B R, ORI R R P A 3
B 2 HA 3O 2 1 Sk P it 0 V3 S R M 470 o o () S W] SE RN HE R, 2 S 1R 43 BT s SR 7™ B R

ASCHREH —Fh I T R4 1 NMR Bis b2 vk . w5, T el @ muty, @i
FOARE T A 2 RV Ak T B . R 98 DL GBI A S G S B, BEJS, 2T R — R g
Z 1) TR B AN AR (1% J5 D) R e 1 2L 53 W T, K s 1 5 0 i 3R AT DT E ol il 0 T2 5% 55
() AT S A 7 T P0G (R A S RS AT B0, DT I B T AR 4R s v 1 A o i B AT 10 o
o T i TR PR AKCE TGRSR A8 28 R B AT B F B A, IR R
B EE %510 T O B — Ak A B v T R A e B U A S D U AT L A, R
FRAR T v V6 T AR U A AR R B AN T I A0 5 A T AT A0 it e e MLV A% i . RIS, T
SR AR A 0 Ve B AR AL R0 A o U B e 4005 1 7 RO AR K AR BE B/ 1 1 06 7 3% (1) 5
BATUAFGERAES (1 4E, 3EM 7)) W=FAZR CGREF. FIE. H1 NBIHZ 5%
MATATVEREAT TAE SR, FRAE B THEBL. JLRER . REARSE 22 MRy, MA/RET 219
ANRANE , I ANOVA 52500 AR 2R RN S it b 71206 BT il &
FME 5% 50 NMR H0E 70 M 7 i23b 47 0 b, B ARG b A 22 RSD B AT Q2 fBH (GRAEAR
RITRINEE 77D 2 VA0, & SRME T LA 2008 S i S L S 3 B o 4 Al 4 R (s, HLaT LA
TR 2 (02 TR B o T 077245 B ARG B =R [FAE 03 1) 25 00 50l 2 i
FFAEAY A FRIAR Y, 0 25 SR 1 FioR . BT I S5 A AR T R 25 YU LN 0.17+0.17 &
0.32+0.26, BT A TN E ZAFE T4

RE#E: NMR; AU e, A AR T

Predict (y.)
PR

Predict (y.)
ol = f ol
Predict (y.)
o 2 @

10 20 25
Sample Index

10 5 20 2
Sample Index

10 15 20 25
Sample Index

B 1 ASE SR A RO B (A) 419 (B) #H; (C) e

S 3R
1. Hatzakis E. Compr Rev Food Sci F, 2019, 18:189-220.
2. Nagana G. A., Raftery D. Adv Exp Med Biol, 2021, 1280:19-37.

173



FUERBHAZE R C-RROAGFEERRB SEE R

Realg ', P, RDETL R
1. LG AR R 25 K22 et A
2. DY NIRZE 4G BEBE PR AR O 701 R 48 BTV R 22 ol

C-RIX_MTFEER (C-PYCs) & —KEA MG MM I EYE RS, 257
i T EY S, Flaise. Heeg—FEACH TR HEAEAR . B, SifE. g4 A
THBRERI Th 24 1-4]. 124 91k, C-PYCs fEAKR N BIAREIRFAE LA S AR AR P03 1 2 TA] R 5% &
P ANIEHE o AW 90 R FH R v 200 € vl v v 55 PR DO B A AT IR ) 28 T 5 1 ) AR U 4H 2
(UPLC-ESI- QTOF-MS) , H5t#fi& 5 ) = C-PYCs meranzin /K &%) (MH).
isomeranzin (ISM)#1 meranzin (MER) (’JACHIRFE, S 35858 1 52 P AR . X LeAXi
Yk, 10 4SkRHE MH, 22 AkRHE ISM, 20 KREKRE MER. X% C-PYCs (3 ZARHHE
BARRREM, WA, ZHEL, DESPERERE . N-OBE R R E & RS & . MH
R KA FRIZ K T ISM AT MER,  7E MLM H{H 27.1%LL %7 HLM K 8.7%. BF5EK
PR EIR . ZWE MR . 40 bR BR AR I A -7 2 BB TR 2% &) & C-PYCs HIEZE 11
WA=, HhmE R o] LS 2 MA FY R A& RIEREER, FIRERE T 250
AR AT AL B a2 . BRI, FRATTHENN 45 & R TWI/2 C-PYCs I B A £ R A= i MEAC
Y. bAh, EHANMEEZERE P450 (CYP) &R CYP1AL. CYP2B6. CYP 3A4 fll CYP 3AS
& 5B 0 £ EAWIEE. BE— B EIE I E R, X=F C-PYC BRI BT
RV, {H2 ISM AT MER [RBCRES & T MH, 8] 235 PR E MR 41 RAW264.7 HiE 2 b
(LPS) iS40 4 E K 7 1 KT [5]. S bFTiR, =Fh C-PYCs FARBIFFIER B, Ik
TRFEBE T RERL C-PYCs AT A AE MpiE

Kegim: RWHY:, C-REHECE, G, iR

e £ BTN

1. WX. Tan, Y. Li, Y. Wang, Z.J. Zhang, T. Wang, Q. Zhou, X.Y. Wang. Biomed. Pharmacother.
2017, 90, 244-252.

2. Y.F. Bai, S.W. Wang, X.X. Wang, Y.Y. Weng, X.Y. Fan, H. Sheng, X.T. Zhu, L.J. Lou, F. Zhang.
The flavonoid-rich Quzhou Fructus aurantii extract modulates gut microbiota and prevents obesity
in high-fat diet-fed mice. Nutr. Diabetes 2019, 9, 30.

3. Y.T. Huang, G.F. Wang, C.F. Chen, C.C. Chen, C.Y. Hong, M.C. Yang. Fructus aurantii reduced
portal pressure in portal hypertensive rats. Life Sci. 1995, 57, 2011-2020.

4. Y.J. Zhang, W. Huang, X. Huang, Y. Wang, Z. Wang, C. Wang, B.W. Zhong, C.X. Sheng, B.
Wang, S.F. Zhang. Fructus aurantii induced antidepressant effect via its monoaminergic
mechanism and prokinetic action in rat. Phytomedicine 2012, 19, 1101-1107.

5.Y. Cheng, X. Ma, Q. Zhao, C. Wang, D. Yan, F. Li. Molecules 2021, 26, 6558.

174



A comprehensive strategy for prediction and quality evaluation
of standardized planting herbs based on plant metabolomics
coupled with extreme learning machine: Astragali Radix as an

example

Chenyue Li', Yangbin Lv!, Wei Gao', Keji Mao?, Weiguang Shan', Shenggiang Tong!, Xiaolin
Xing?, Feijun Qiu?, Zhengyan Xia**, Chu Chu!*
1. College of Pharmaceutical Science, Zhejiang University of Technology, 310000, China;
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sqtong@zjut.edu.cn; chuchu@zjut.edu.cn

2. College of Computer Science and Technology, Zhejiang University of Technology, 310000,
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3. Zhejiang Xinguang Pharmaceutical Co., Ltd., 312000, China; 739578021(@qq.com;
906469949@qq.com

4. School of Medicine, Zhejiang University City College, 310000, China; xiazy(@zucc.edu.cn

ABSTRACT: Standardizing the planting process is an effective way to control the quality
stability of plant resource with food/pharmaceutical uses, which are susceptible to external
environmental factors (e.g. moisture, soil, etc.)!. However, how to scientifically and
comprehensively assess the effects of standardized planting on plant quality and quickly determine
unknown samples has not been addressed. In this study, an efficient strategy using
UHPLC-ESI-Q-TOF-MS based on plant metabolomics combined with extreme learning machine
has been developed for the efficient distinguishing and predicting Astragali Radix (AR) after
standardized planting. Moreover, a comprehensive multi-index scoring method has been
developed for the comprehensive evaluation of the quality of AR. The results confirmed that AR
after standardized planting was significantly differentiated, in which the content of 43 differential
metabolites was more stable. An extreme learning machine model (ELM) was established based
on LC-MS data, and the accuracy could reach more than 90% in predicting unknown planting
samples. As expected, higher total scores which indicating a much better quality were obtained
after standardized planting of AR. This is the first report describing the change in chemical profile
and quality evaluation of standardized planting AR. A dual system for evaluating the impact of
standardized planting on the quality of plant resources was established, which will significantly
contribute to innovation in the quality evaluation of medicinal herbs with supporting the selection
of optimal planting conditions.

KEY WORDS: Astragali Radix (AR), extreme learning machine (ELM), plant metabolomics,
quality evaluation, standardized planting.
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Study on the mechanism of Chinese classical formula Qingxin Lianzi
Yin Decoction on Diabetic nephropathy based on metabolomics and

network pharmacology

Wenya Gao,Yanyan Zhou, Xiaolu Wei, Hongjie Wang, Baolin Bian, Nan Si*, Haiyu Zhao*
Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing
100700, China

ABSTRACT: Diabetic nephropathy (DN) was one of the most significant microvascular
complications associated with diabetes mellitus. Qingxin Lianzi Yin Decoction (QXLZY) was a
traditional Chinese classical formula, suitable for chronic urinary system diseases, and had good
clinical efficacy in neurasthenia and early DN. This study aimed to establish the index component
content determination method of QXLZY and explore the mechanism of QXLZY on DN by
metabolomics and network pharmacology studies. Methods: The content determination methods
of QXLZY were established with calycosin-7-O-B-D-glucoside, acteoside, baicalin and
glycyrrhizic acid as index components. Db/db mice were used to observe the biochemical indices
and histopathological changes in the kidney to evaluate the pharmacological effects of QXLZY on
DN. Untargeted metabolomics studies were performed to investigate by UHPLC-LTQ-Orbitrap
MS on urine, serum, and kidney samples. The key targets and pathways were analyzed by network
pharmacology. For the pathways enriched by untargeted metabolomics, targeted metabolomics by
UHPLC-QQQ-MS/MS was performed in urine, serum, and kidney samples for validation. A
“compound-reaction-enzyme-gene” interaction network was constructed. The effect of QXLZY
on the improvement in DN from the perspective of in vivo metabolism of small molecules was
described. Results: A method of the simultaneous determination of multiple index components in
QXLZY was established, which passed the comprehensive methodological verification. It was
simple, feasible, and scientific. QXLZY could improve the degree of histopathological damage to
the kidney and remarkably ameliorate the level of urinary microalbumin/creatinine ratio. The
pathways related to amino acid metabolism were focused by untargeted metabolomics in db/db
mice, suggesting metabolic dysfunction in this pathway. Treatment with QXLZY could reverse
metabolite abnormalities, and influence the energy metabolism and amino acid metabolism
pathways. Through network pharmacology analysis, the effect pathways were related to lipid and
amino acid metabolism and signal transduction. It affected the endocrine system and immune
system. Db/db mice were screened for a series of endogenous metabolites. Amino acid
metabolism was disturbed in db/db mice, which could be callback by QXLZY, such as quinolinic
acid, arginine, and asparagine. This is the first attempt to elucidate the mechanism of the effect of
QXLZY on DN using metabolomics and network pharmacology. Conclusion: In conclusion, this
research provided useful information and evidence in support of the clinical use of QXLZY for the
treatment of DN.
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Dietary synbiotic ameliorates constipation through the modulation of

gut microbiota and its metabolic function

Hui-Hui Su!, Ping-Jun Zhang', Jun-Sheng Huang', Zhan-Dong Yang?*
1. Institute of Biological and Medical Engineering, Guangdong Academy of Sciences, Guangzhou,
510316, China
2. Guangzhou National Laboratory, Guangzhou International Bio Island, Guangzhou 510005,
China

ABSTRACT: The purpose of this study is to investigate the mitigatory effect of a novel synbiotic
(SBT) on constipation from the perspective of gut microbiome and metabolome. Here, intake of
SBT effectively attenuated diphenoxylate induced constipation, recuperated colonic epithelial
integrity and increased serum levels of gastrointestinal excitatory neurotransmitters (P substance,
vasoactive intestinal peptide, motilin, gastrin and serotonin). 16S rRNA sequencing showed that
SBT intake rehabilitated the composition and functionality of gut microbiota. Relative abundances
of short-chain fatty acids (SCFAs)-producing bacteria including Lactobacillus, Faecalibaculum
and Bifidobacterium were elevated by administration of SBT. The gas chromatography-mass
spectrometry analysis confirmed that fecal concentrations of propionate and butyrate were
significantly increased in the rats intervened with SBT. In addition, SBT ingestion reduced the
relative levels of opportunistic pathogens, such as Oscillibacter, Parasutterella and Parabacteroides.
Microbial functional prediction showed that the relative abundances of lipopolysaccharide (LPS)
biosynthesis and arachidonic acid metabolism were downregulated with SBT administration,
which were in accordance with the serum metabolomics results. Furthermore, serum levels of LPS,
tumour necrosis factor alpha and interleukin 6 were significantly decreased, indicating that SBT
supplementation suppressed inflammatory responses. Therefore, this study demonstrated that
consumption of SBT ameliorated constipation possibly by regulating gut microbiota, promoting
the SCFAs production and inhibiting inflammatory responses in rats. Our study also indicated that
SBT may provide a novel alternative strategy for the treatment of constipation clinically in future.

KEY WORDS: Constipation, Synbiotic, Gut microbiota, Short-chain fatty acids, Inflammatory

response, Metabolomics
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SEEXA RV B S Bl A B A 0 B 22
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FEE: R JU I 2 A AL R AN R B2 R e PR AR e 52 22 57, SR AURH i o R

(GC-MS) XJHRZM Z AN EE 5 (Leymus chinensis) WIARMALIEATIE . 4R EIR
SERLEI AR RN B G BURBEAR MBS, R R V6 50 2 [ b 28 0 AR R 2
M5 EMGKEEERPNE TS, AlVATERE . SRR AT SR 2 & e 2 8 m, H = A i 208y
FH2FREW, HER. 2RI RN SRR R 2 2 B E 520, £k
FEERIE T, AR ST A VLR & B W E G, AR AT IRAFLIR 3 P A HLIR,
DA K ST AN H b Dy 25 22 AR, TCA 183 . SRR —RACH 2 2 B 3& 7 18
R EERRI A T, WIVAVERE . 2RI BRI A LR & B B E N, Wbk, RES
P FLURBEAUILEE 4 Mo s venl, DLACBEIR N o35 2 AR, T IRARE . WaEiE, RAE
RN S IR A 52 B 2 U0 7E =y IR FE BRI E N, A WL AN B S sl & B 150, 28 TR
FERRIR . FTEIR . FATRRIR . ARIR. SERBRANN IR 7 PN, LARCH N 22 2% AR
WY, CRETRFN IR TCA IFFFI C5-3C 8% —uARI 32 B R 5 m . ik gh IR0,
S BANEL W 8 3 AR 38 A AN [, T ELAE e S [E] R R AS R FE R, 2 REUAS
(7 A e S F 5 s A AL IR AN (L Wi [ 0 B 428 B A0 Ao e S v A 2 26 P d F 2
B TSR BRAE S 5 AN R R F ER A e AR T BRI 2 5 et EAun
TCA TEIAH CE TR 5 SRR ACH7E 25 2 Ehis i N 3432 3 & 5g e, 1 W Be B B 5
ey J87 2 R ER BRI (1) E BB AR —

SR ATEIERE . EURER. AR AHLER. AERO

178


mailto:Yang674@nenu.edu.cn（闫阁）
mailto:Mucs821@nenu.edu.cn（穆春生）

	Sulfonylation Sites of Nucleobases, Nucleosides a
	1. M Chang, Q Wang, X Liu, X Shi, G Xu, Facile syn
	3. T Xu, H Li, D Feng, P Dou, X Shi, C Hu, G Xu，Li
	4. D Feng, H Li, T Xu, F Zheng, C Hu, X Shi, G Xu，
	The purine metabolite inosine monophosphate accele
	基于代谢组学技术的蒙药京大戟成分炮制转化机理研究
	KEY WORDS: Purine metabolites; HILIC; LC-MS/MS; Ac
	The purine metabolite inosine monophosphate accel

