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Supplementary Figure S1. Ampicillin and amoxicillin treatment altered the gut microbial interactions and functions. (A) Ampicillin and amoxicillin-induced differentiated antibiotic resistance gene abundance of humanized microbiome mice with feces and hematopoietic stem cells from CRC patients. The tool Resistance Gene Identifier (RGI) in Comprehensive Antibiotic Resistance Database (CARD) was used to compare the sequences of non-redundant genes for each group. The abscissa is the type of antibiotic resistance and the ordinate is the relative content of the corresponding resistance genes. (B) Circle diagram of CARD antibiotic resistance gene composition. The right half circle of the outer circle shows the samples grouping, and the left half circle shows the annotated resistance gene type, whose scale is the proportion of abundance. The ribbon stripe in the inner circle connects resistance genes and sample groups to reveal the functional composition of resistance genes. The ribbon width represents the distribution proportion. (C) Correlation analysis of differentiated functional genes after ampicillin and amoxicillin treatment. The 80 functional genes with the highest abundance were screened. According to the abundance and changes of each differentiated functional gene, spearman algorithm was used for correlation analysis and statistical test. Correlation value for greater than 0.5 and p value less than 0.05 were identified, and the correlation network diagram was drawn based on R. (D) Gene ontology (GO) categories of differentially expressed target genes after ampicillin and amoxicillin treatment. For the root structure of the inverted tree with gradually deepening biological functions, their nodes are divided into: (1) Cellular Component: subcellular structure, location and macromolecular complex; (2) Molecular Function: the function of individual genes and gene products; (3) Biological Process: the biological process of the product encoded by a gene participates. (E, F) KEGG pathway enrichment analysis based on the significantly altered gut microbial functional pathways after ampicillin (E) or amoxicillin (F) treatment. The name of each KEGG pathway is shown on the left, and the corresponding P value is shown on the right. P values were determined using two-sided Fisher’s exact tests with Benjamini-Hochberg correction for multiple testing.
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Supplementary Figure S2. Enrichment of gut microbial metabolites after ampicillin or amoxicillin treatment. (A) Correlation analysis of metabolites in samples differences within groups with metabolites differences between groups. The square of Spearman Rank Correlation (r2) was used to evaluate the biological repeat correlation. The closer r2 is to 1, the stronger for correlation of duplicate samples. (B) Differential metabolic KEGG enrichment network plot of ampicillin and amoxicillin treatment. The light yellow nodes in the plot are pathways and the small nodes connected to them are specific metabolites annotation. The shade of color indicates the difference multiplicity taking the value of log2.The plot shows up to 5 pathways. (C, D) Differential metabolic correlation plots after ampicillin (C) or amoxicillin (D) treatment. Correlations between individual metabolites were analyzed by calculating the Pearson correlation coefficients between two metabolites. The hierarchical clustering was based on the Euclidean distance method. The significance statistical test was also performed for metabolites correlation analysis, and the significance level of p-value ≤ 0.05 was chosen as the threshold of significant correlation. The highest correlation is 1, a complete positive correlation (red); the lowest correlation is -1, a complete negative correlation (blue). The part without color indicates that the significance of the calculated correlation is below the significance threshold, and the colored key and circle size indicate the strength of the correlation (r value). The figure shows the correlations of the Top 20 differential metabolites from smallest to largest p-value by t-test. (E, F) Heatmap produced by hierarchical clustering of differentiated metabolites after ampicillin (E) and amoxicillin treatment (F) as compared with the control group. Each copy number was transformed as log2 ratios per gene (blue, decrease; red, increase). Quantification values of metabolite z-score were normalized after hierarchical clustering (fold change > 2, FDR < 0.001).  
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Supplementary Figure S3. Single-cell atlas of D-Neopterin-induced immunohematology response. (A) Distribution of cell information violins in each sample after filtering, where each point represents one cell. (1) nGene plot: distribution of the number of genes detected in individual cells of each sample after filtering; (2) nUMI plot: distribution of nUMI detected in individual cells of each sample after filtering; (3) percent.mt plot: distribution of the percentage of mitochondrial gene expression in individual cells of each sample after filtering. (B) Ampicillin and amoxicillin treatment altered the gut microbial interactions and UMAP clustering of single cell data with Seurat. Cells are clustered in 2 dimensions using the UMAP dimensionality reduction technique and annotated by cluster label. (C) PCA scatter plots of D-Neopterin treatment as compared with the control group. The integrated data were downscaled using the PCA method, and the top 20 features were selected for subsequent analysis based on elbow plots as well as JackStraw plots to select the appropriate principal components. (D) Bubble diagram of Reactome enrichment analysis of differentially expressed genes in different clusters. Each circle in the graph represents a Reactome pathway, the horizontal coordinate indicates the pathway name, and the vertical coordinate is GeneRatio. The color of the circle represents the p-value. The smaller the p-value, the more reliable the enrichment of differentially expressed genes in the pathway. The size of the circle indicates the number of enriched genes in the pathway. (E) Bubbles of different cluster maker genes (top2) after D-Neopterin treatment. Horizontal coordinates are maker gene names and vertical coordinates are cluster names; the darker the bubble color, the higher level of the maker gene expressed in that cluster. The size of the bubble represents the ratio of the maker gene expression level in the subpopulation to the sum of its expression level in all cells. The larger the bubble is, the higher the expression ratio accounts for. (F) Transcription factor binding site (TFBS) sequence feature map of the D-Neopterin treatment. The abscissa is the relative position of the base in the motif, and the ordinate is the sequence conservation of the base at that position; the height of the base signal represents the relative frequency of the base at that position.
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Supplementary Figure S4. Uncropped western blotting gels.

Supplementary Tables
Supplementary Table S1. Reagents and Materials
	Reagent or Resource
	Source
	Identifier

	Antibodies

	Rabbit monoclonal anti- IGF2BP1 antibody
	Abcam
	Cat# ab290736

	Rabbit monoclonal anti-ARG1 antibody
	Cell Signaling Technology
	Cat# 93668S

	Mouse monoclonal anti-β-actin antibody
	Sigma-Aldrich
	Cat# A5441

	Rabbit monoclonal [Y122] anti-p38 beta + p38 alpha antibody
	Abcam
	Cat# ab32142

	Rabbit monoclonal anti- p38 (phospho T180 + Y182) antibody
	Abcam
	Cat# ab195049

	Rabbit monoclonal anti-RPS6 antibody
	Abcam
	Cat# ab225676

	Rabbit monoclonal anti-RPS6 (phospho S240 + S244) antibody
	Abcam
	Cat# ab76003

	Rabbit monoclonal Anti-ERK1 (Phospho T202 + Y204) + ERK2 (Phospho T185 + Y187) antibody 
	Abcam
	Cat# ab278538

	Rabbit polyclonal anti- ERK1/2 antibody
	Abcam
	Cat# ab196883

	Rabbit polyclonal Anti-AKT1 + AKT2 + AKT3 (phospho S472 + S473 + S474) antibody
	Abcam
	Cat# ab192623

	Rabbit polyclonal anti- Anti-AKT1 + AKT2 + AKT3 antibody
	Abcam
	Cat# ab179463

	Chemicals and Reagents

	Ravoxertinib
	MCE
	Cat# 1453848-26-4

	poly-L-lysine/laminin
	Merck
	Cat# 25988-63-0

	DMEM
	GIBCO
	Cat# 11965-092

	Fetal bovine serum
	GIBCO
	Cat# 10099-141

	HBSS
	Invitrogen
	Cat# 14175103

	Rho-Kinase-IN-1
	MCE
	Cat# 1035094-83-7

	BSA
	Sigma-Aldrich
	Cat# B2064

	β-Mercaptoethanol (BME)
	Merck
	Cat# 60-24-2

	Penicillin-streptomycin, liquid
	Invitrogen
	Cat# 15140122

	RIPA
	BioVision
	Cat# 2114-500

	LightCycler 480 SYBR Green
	Roche
	Cat# 4887352001

	FastQuant RT Super Mix Tiangen
	Biotech
	Cat# KR108

	ECL Western Blotting Substrate
	Bio-rad
	Cat# 1705060

	TRIzol
	Invitrogen
	15596018

	Critical Commercial Assays

	Quant One Step qRT-PCR
	Tiangen
	Cat# FP303-01

	Quant-iT PicoGreen dsDNA Assay Kit
	Invitrogen
	P11495

	Chromium Single Cell 30 Reagent Kits v3
	10X Genomics 
	PN-1000092

	Software and Algorithms

	SPSS 17.0 software
	IBM
	https://www.ibm.co
m/account/reg/

	GraphPad. Prism. v6.01
	GraphPad Prism
	https://www.graph
pad.com/

	7500 Real Time PCR System
	Applied Biosystems
	N/A

	ImageJ
	NIH
	https://imagej.nih.gov/ij/



Supplementary Table S2. Primers for RT-qPCR assay
	Genes
	Forward (5'-3') primer
	Reward (5'-3') primer

	Igf2bp1
	CTGGAGGTTCGACGTGAAG
	TCCTGGCAGAAATAGGCTTTC

	Arg1
	CAGTTTCCATTCATCTTCCAAGG
	CATCACCGTCGAGTCAGC

	Gapdh
	ACTCCAAGGCCACTTATCACC
	ATTGTTACCAACTGGGACGAA
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