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AI-driven discovery of hypoglycemic quorum sensing peptides from the human gut microbiome
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Supplementary Figures
[image: Extended Data Fig. 1]
Extended Data Fig. 1∣Comparison of quorum‑sensing systems in Gram‑positive and Gram‑negative bacteria. Quorum sensing (QS) in Gram‑positive bacteria commonly employs autoinducing peptides (AIPs) with diverse architectures (left). Four canonical systems are highlighted: a, Agr system. In Staphylococcus aureus, the pro‑peptide AgrD is processed and secreted by AgrB. The mature AIP (often cyclic with a thiolactone ring) is sensed by the membrane‑bound histidine kinase AgrC, which activates the response regulator AgrA to control QS‑dependent gene expression. b, Fsr system. In Enterococcus faecalis, the gelatinase biosynthesis‑activating pheromone (GBAP) is processed by FsrB and sensed by FsrC. c, ComX system. In Bacillus subtilis, the extracellular modified peptide ComX is processed and secreted via a dedicated transporter and sensed by a membrane-bound histidine kinase (ComP). d, Rap–Phr / RNPP-type systems. Also, in B. subtilis, Phr pro-peptides are processed to short peptides, exported, and re-imported by the Opp oligopeptide permease. Once inside the cell, mature Phr peptides bind directly to their cognate Rap phosphatases, inducing a conformational change that blocks Rap activity. In contrast, Gram‑negative bacteria produce diffusible N‑acyl homoserine lactones (AHLs) via LuxI‑family synthases, which bind directly to cytosolic LuxR receptors (right). The table summarizes key differences between AIP‑based (Gram‑positive) and AHL‑based (Gram‑negative) QS systems, including signal molecule, biosynthesis & processing, and signal perception. This comparison highlights the evolutionary divergence in bacterial cell‑cell communication strategies.
.

[image: Extended Data Fig. 2]
Extended Data Fig. 2∣cQSPs inhibit α-glucosidase. a, Changes in the radius of gyration (Rg) of Acarbose, cQSP_1089, cQSP_1105, and cQSP_1119 in the binding complexes with sucrase-isomaltase (SI) During 100 ns molecular dynamics simulations. b, Calculated RMSF values for Cα Atoms of SI in binding complexes with Acarbose, cQSP_1089, cQSP_1105, and cQSP_1119. 

[image: Extended Data Fig. (4-1)]
Extended Data Fig. 3∣Scrambled peptides show no inhibition of α-glucosidase activity in vitro. Scrambled peptides: GPVTVVSSLILG (1-GPV) and GTSLVVPLVSIG (2-GTS).

[image: Extended Data Fig. 4]
Extended Data Fig. 4∣GIVL binds to α-glucosidase. a, Interaction of amino acid residues with α-glucosidase at the binding site. The side chains of the residues involved in the specific binding to α-glucosidase sucrase-isomaltase (SI) are shown in a zoomed-in view. The red and blue cartoon structures represent the peptide and α-glucosidase, respectively. The blue dashed lines represent possible hydrogen bonding. The residues Gly (c), Val5 (d) and Pro6 (e) play a key role in the interaction of GIVL and SI. Compared to the atom interaction at the GIVL interface (b), the complex with the mutated peptide contains more non-ideal hydrogen bonds (purple), electrostatic clashes (red) and fewer ideal hydrogen bonds (yellow). 

[image: Extended Data Fig. 5]
Extended Data Fig. 5∣GIVL inhibits α-glucosidase. a, Fluorescence spectra of α-glucosidase in the presence of GIVL at different concentrations (pH 6.8, T = 298 K, λex = 280 nm). c (α-glucosidase) = 2.2 μM, c (GIVL) = 0, 1.32, 2.63, 5.26, 9.64, 19.28 and 38.55 μM for curves a → g, respectively. b, Circular Dichroism (CD) spectra of α-glucosidase in the presence of increasing amounts of GIVL. c(α-glucosidase) = 4.0 μM, the molar ratios of GIVL to α-glucosidase were 0:1(a), 3:1(b), 6:1(c), 12:1(d), respectively. c, FT-IR spectra of α-glucosidase with GIVL. c (α-glucosidase) = 3.0 μM. d, Biacore analysis indicated that GIVL bound to α-glucosidase with a dissociation constant at micromolar levels. e, Lineweaver–Burk plots for kinetic analysis of α-glucosidase inhibition by GIVL. c (α-glucosidase) = 2.2 μM. The secondary plots of slope and Y-intercept vs. GIVL are in the inset.

[image: Extended Data Fig. (6-1)]
Extended Data Fig. 6∣Scrambled peptides do not exhibit small-intestinal brush-border enrichment observed for GIVL in FITC localization assays. Scrambled peptides: GPVTVVSSLILG (1-GPV) and GTSLVVPLVSIG (2-GTS). Cell nuclei were stained with DAPI (blue). Swiss rolls (scale bars: 2000 mm).

[image: Extended Data Fig. (6)]
Extended Data Fig. 7∣Pharmacological distribution of GIVL in other major organs. Confocal images of sections from the heart, liver, spleen, lung and kidney of specific-pathogen-free (SPF) mice, four hours after oral administration of GIVL revealing no fluorescence. Scale bars: 100 µm.

[image: Extended Data Fig. (7)]
Extended Data Fig. 8∣Time-dependent distribution of FITC-labeled GIVL in the mouse small intestine. Fluorescence signal distribution in small-intestinal tissues was examined by confocal microscopy at the indicated time points (2, 8, 10, 12, 14, 16, 18, and 20 h) after oral administration of FITC–GIVL. Cell nuclei were stained with DAPI (blue). Swiss rolls (scale bars: 1000 mm).

[image: Extended Data Fig. 9]
Extended Data Fig. 9∣Safety evaluation of GIVL in vivo. a, Effect of long-term oral GIVL administration on body weight changes in mice. b, Effect of long-term oral GIVL administration on food intake in mice. Data are expressed as the mean ± SD. Statistical differences (ns for P > 0.05, *P < 0.05, **P < 0.01, and ***P < 0.001) were analyzed using one-way ANOVA.

[image: Extended Data Fig. (9)]
Extended Data Fig. 10∣GIVL treatment ameliorates tissue changes in T2D mice.
Representative image of H&E staining of sections of epididymal fat, liver, kidney, spleen, and heart across different treatment groups. GIVL treatment counteracts changes in adipose tissue, liver and kidney, and no significant abnormalities were observed in spleen and heart organs in all groups. Scale bar: 100 μm.

[image: Extended Data Fig. 11]
Extended Data Fig. 11∣GIVL treatment ameliorates tissue damage and lipid metabolism disorders in T2D mice. a-b, Comparison of mouse plasma alanine aminotransferase (ALT) (a) and aspartate aminotransferase (AST) (b) levels among different intervention groups. c-d, Plasma high-density lipoprotein cholesterol (HDLC) (c) and triglyceride (TG) (d) levels. e, Intestinal wall thickness. f, Number of goblet cells. g, GIVL treatment improves the homeostasis model assessment (HOMA)-insulin resistance (IR) index. h-i, Plasma low-density lipoprotein cholesterol (LDLC) (h) and total cholesterol (TC) (i) levels. (j) Villus height. (k-l) Lipopolysaccharide (LPS) (k) and interleukin-6 (IL-6) (l) levels. One-way ANOVA was used to analyze statistical differences, *P < 0.05, **P < 0.01, and ***P < 0.001; “ns” indicates the difference was not significant. Data were presented as the mean ± standard deviation. 

[image: Extended Data Fig. 12]
Extended Data Fig. 12∣GIVL treatment alters the gut microbiota. a, Differences were observed in relative species abundance at the phylum level. b, Relative abundance of the gut bacteria at the order level among different groups. 

[image: Extended Data Fig. (13)]
Extended Data Fig. 13∣LEfSe analysis identifies microbial biomarkers characterizing the significant differences between treatment groups.

[image: Extended Data Fig. 14]
Extended Data Fig. 14∣Generation of QSPs deletion mutants and complementary strains. a-c, Successful deletion and integration at the agrBD locus were determined by amplifying DNA using primers flanking the region of deletion and insertion. The expected PCR products are shown in the ethidium-bromide-stained agarose gel. d, Calibration curve of GIVL standard by LC-HRMS. e, Synthesis of GIVL in cell cultures correlated with time and bacterial concentration. GIVL concentration of wild-type C. tyrobutyricum gradually increased with OD increasing to a threshold of 3.8 and then accelerated its increase to a maximum of 46.20 ± 11.96 μg/L at 80 h. Data are the mean ± standard deviation.

[image: Extended Data Fig. 14]
Extended Data Fig. 15∣Sporulation assay results of C. tyrobutyricum ΔagrD strain for liquid cultures with GIVL supplementation.

[image: Extended Data Fig. 16]
Extended Data Fig. 16∣GIVL treatment affects biofilm and SCFAs production of F. rodentium in vitro. a, Effects of GIVL supplementation on biofilm formation in F. rodentium in vitro. GIVL treatment significantly increased total SCFAs levels (b) and butyrate production (c) in F. rodentium.

[image: ]Extended Data Fig. 17∣Proposed hypoglycemic mechanism of GIVL. GIVL first inhibits SI activity in the small intestine, thereby impeding the enzymatic hydrolysis and ensuing absorption of monosaccharides and thereby increasing carbohydrate flux to the distal gut (left). This altered nutrient landscape then favors SCFA-associated bacteria (e.g., F. rodentium), thereby promoting SCFA production and engagement of the SCFA-GLP-1 axis. Together, these effects ultimately contribute to a synergistic and sustained improvement in host glycemic homeostasis (right).



Supplementary Tables
Supplementary Table 5∣Comparison of secondary structure contents between the three peptide‑SI complexes and the acarbose‑SI complex.
	Complex
	Random coil
	Alpha helix
	Beta sheet

	cQSP_1089-SI
	86
	23
	67

	cQSP_1105-SI
	85
	23
	67

	cQSP_1119-SI
	88
	23
	70

	Acarbose-SI
	93
	23
	71



Supplementary Table 6∣The binding free energy and binding interface analysis for the three peptide‑SI and acarbose‑SI complexe.
	ID
	iptm score
	ranking score
	dG_separated score
	Total score
	Binding energy (kcal/mol)

	cQSP_1089
	0.67
	0.73
	-53.929
	-5821.37
	-23.43 ± 2.96

	cQSP_1105
	0.66
	0.73
	-35.623
	-5800.37
	-23.92 ± 5.54

	cQSP_1119
	0.66
	0.72
	-42.125
	-5778.07
	-54.66 ± 1.38

	Acarbose
	/
	/
	/
	/
	-3.38 ± 1.24




Supplementary Table 7∣Activity validation of cQSP_1089 and scrambled peptides.
	ID
	Sequence
	IC50 values of α-glucosidase (μM)
	Hemolysis IC50 (μM)
	HC50 to IC50 ratio

	cQSP_1089
	GIVLVPTSLVSG
	3.27
	n.d.
	>5356.73

	1-GPV
	GPVTVVSSLILG
	Non-effective
	n.d.
	/

	2-GTS
	GTSLVVPLVSIG
	Non-effective
	970.12
	/




Supplementary Table 8∣Binding free energy and binding interface analysis of the SI-GIVL complex.
	Mutation site
	iptm score
	ranking score
	dG_separated score
	Total score
	yellow (Good hydrogen bonds)
	red (Electrostatic clashes)

	WT
	0.67
	0.73
	-53.929
	-5821.37
	14
	12

	G1A
	0.65
	0.72
	-34.735
	-5848.47
	3
	1

	I2A
	0.65
	0.72
	-56.472
	-5835.09
	9
	0

	V3A
	0.66
	0.72
	-48.364
	-5829.93
	8
	1

	L4A
	0.65
	0.71
	-30.964
	-5738.54
	8
	4

	V5A
	0.67
	0.73
	-34.516
	-5834.61
	5
	0

	P6A
	0.66
	0.72
	-26.509
	-5796.49
	3
	2

	T7A
	0.65
	0.71
	-50.362
	-5831.66
	7
	1

	S8A
	0.65
	0.71
	-34.665
	-5808.56
	7
	0

	L9A
	0.63
	0.70
	-37.681
	-5784.78
	6
	1

	V10A
	0.64
	0.70
	-39.201
	-5791.29
	8
	0

	S11A
	0.67
	0.73
	-41.415
	-5808.80
	5
	0

	G12A
	0.68
	0.74
	-48.277
	-5810.56
	9
	1



Supplementary Table 9∣Physiological and biochemical parameters change after the intervention in different groups.
	
	NCD
	HFD
	HFD+LG
	HFD+HG
	HFD+Acar

	LPS (EU mL-1)
	1.47 ± 0.16
	2.08 ± 0.16
	1.86 ± 0.38
	1.67 ± 0.06
	1.58 ± 0.16

	Villus height (μm)
	275.53 ± 16.18
	158.32 ± 38.64
	168.40 ± 28.03
	245.68 ± 16.05
	212.15 ± 28.78

	Intestinal wall thickness (μm)
	81.07 ± 9.27
	35.35 ± 6.00
	51.48 ± 9.05
	62.30 ± 6.93
	67.62 ± 7.19

	Goblet cells (piece) 
	12.67 ± 2.25
	5.67 ± 1.03
	9.33 ± 2.16
	10.17 ± 1.47
	11.50 ± 1.64

	FBG (mmol L-1)
	4.20 ± 0.99
	8.95 ± 2.93
	5.59 ± 0.72
	4.60 ± 0.90
	6.45 ± 1.08

	FINS (mIU L-1)
	3.85 ± 3.80
	12.21 ± 6.67
	7.73 ± 2.37
	3.60 ± 2.33
	5.48 ± 2.90

	HOMA-IR (mIU·mol L-2)
	0.78± 0.93
	4.85 ± 2.85
	1.92 ± 0.63
	0.81 ± 0.70
	1.50 ± 0.74

	OGTT_0 h (mmol·L-1) 
	4.26 ± 0.97
	8.10 ± 3.29
	5.41 ± 1.16
	4.28 ± 1.20
	6.58 ± 2.26

	OGTT_0.5 h (mmol·L-1)
	11.79 ± 1.64
	33.10 ± 0.40
	31.39 ± 2.15
	29.88 ± 2.17
	30.38 ± 3.15

	OGTT_1 h (mmol·L-1)
	7.53 ± 1.43
	30.85 ± 2.81
	25.54 ± 1.83
	26.41 ± 1.97
	25.51 ± 3.71

	OGTT_1.5 h (mmol·L-1)
	6.59 ± 1.03
	24.78 ± 3.18
	21.38± 2.52
	20.50 ± 2.63
	19.73± 4.14

	OGTT_2 h (mmol·L-1)
	5.60 ± 0.67
	21.54 ± 3.19
	18.86 ± 2.88
	15.09 ± 1.73
	14.64 ± 3.59

	OGTT_Glucose_AUC (mmol·L-1 ·min-1)
	924.94 ± 51.38
	3106.31 ± 220.46
	2713.13 ± 191.88
	2594.06 ± 96.92
	2586.56 ±330.05

	ITT_0 h (mmol·L-1) 
	7.58 ± 1.10
	19.95 ± 4.63
	14.13 ± 5.86
	11.13 ± 3.27
	12.68 ± 4.65

	ITT_0.5 h (mmol·L-1) 
	6.25 ± 1.10
	16.83 ± 5.76
	11.82 ± 6.08
	8.83 ± 3.31
	10.97 ± 5.11

	ITT_1 h (mmol·L-1) 
	6.37 ± 1.00
	15.87 ± 5.97
	10.30 ± 3.92
	6.23 ± 1.89
	8.60 ± 4.59

	ITT_1.5 h (mmol·L-1) 
	7.03 ± 1.25
	18.82 ± 7.06
	11.98 ± 4.24
	8.17 ± 3.64
	9.98 ± 5.82

	ITT_2 h (mmol·L-1) 
	7.58 ± 1.58
	20.53 ± 6.69
	13.97 ± 5.93
	8.93 ± 3.36
	11.30 ± 6.18

	ITT_Insulin_AUC
 (mmol·L-1 ·min-1 )
	817.00 ± 118.38
	2152.75 ± 677.83
	1444.50 ± 570.34
	998.00 ± 356.27
	1246.25 ± 621.96

	ALT (U L-1)
	66.38 ± 19.73
	119.58 ± 11.33
	92.95 ± 10.67
	85.46 ± 12.80
	77.52 ± 23.56

	AST (U L-1)
	137.19 ± 16.03
	189.14 ± 6.73
	156.60 ± 5.93
	153.78 ± 15.32
	153.89 ± 15.67

	GLP-1(pmol L-1)
	3.02 ± 1.61
	0.48 ± 0.39
	1.09 ± 0.46
	2.32 ± 1.72
	1.56 ± 1.45

	IL-6 (pg mL-1)
	28.03 ± 5.84
	91.79 ± 35.47
	55.88 ± 35.78
	28.69 ± 11.53
	38.42 ± 22.82

	LDLC (mmol·L-1)
	0.12 ± 0.07
	0.42 ± 0.32
	0.26 ± 0.18
	0.14± 0.06
	0.24 ± 0.19

	HDLC (mmol·L-1)
	5.31 ± 1.20
	2.27 ± 0.54
	4.99 ± 0.42
	5.58 ± 0.88
	4.35 ± 1.72

	TG (mmol·L-1)
	1.07 ± 0.24
	1.68 ± 0.49
	1.29 ± 0.24
	1.06± 0.24
	1.13 ± 0.27

	TC (mmol·L-1)
	2.10 ± 0.32
	5.08 ± 1.03
	4.90 ± 1.05
	4.03 ± 0.91
	3.99 ± 1.07


The data are shown as the mean ± S.E.M. NCD, Normal mice treated with normal chow diet; HFD, T2D mice treated with 0.5% CMC-Na; HFD+LG, T2D mice treated with 50 mg/kg GIVL; HFD+HG, T2D mice treated with 200 mg/kg GIVL; HFD+Acar, T2D mice treated with 20 mg/kg acarbose. LPS, Lipopolysaccharide; FBG, Fasting blood glucose; FINS, Fasting insulin; HOMA-IR= (Fasting insulin × Fasting glucose)/22.5, homeostasis model assessment index for assessing insulin resistance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; GLP-1, Glucagon-like peptide-1; TG, Triglyceride; TC, Total cholesterol; IL-6, Interleukin-6.


Supplementary Table 10∣Quality control statistics of metagenomic sequencing data of samples in this study.
	Sample
	Group
	Total Raw Reads (M)
	Total Clean Reads (M)
	Total Clean Bases (Gb)
	Clean Reads Q20 (%)
	Clean Reads Q30 (%)
	Clean Reads Ratio (%)

	B66
	HFD+Acar
	41.93
	32.7
	4.9
	98.78
	95.72
	77.99

	B95
	HFD+Acar
	46.5
	36.42
	5.46
	98.59
	95.12
	78.34

	B99
	HFD+Acar
	44.52
	34.74
	5.21
	98.72
	95.56
	78.03

	B71
	HFD+HG
	43.81
	34.81
	5.22
	98.59
	95.12
	79.45

	B72
	HFD+HG
	44.16
	32.8
	4.92
	98.72
	95.52
	74.27

	B98
	HFD+HG
	42.76
	34.32
	5.15
	98.51
	94.89
	80.25

	A35
	HFD
	44
	35.05
	5.26
	98.58
	95.09
	79.65

	A61
	HFD
	42.82
	33.58
	5.04
	98.78
	95.66
	78.41

	B75
	HFD
	45.68
	36.05
	5.41
	98.53
	94.94
	78.92

	A56
	NCD
	44.38
	35.67
	5.35
	98.33
	94.33
	80.37

	B3
	NCD
	44.58
	34.51
	5.18
	98.64
	95.22
	77.4

	B7
	NCD
	41.69
	33.07
	4.96
	98.66
	95.23
	79.31



Supplementary Table 11∣Relative abundance of SCFA-producing bacterial taxa enriched in GIVL-treated mice compared with HFD-fed mice.
	Taxon
	HFD (%)
	HFD+LG (%)
	HFD+HG (%)

	Lachnospiraceae bacterium
	0.44
	0.94
	2.24

	Bifidobacterium pseudolongum
	5.97
	5.84
	8.96

	Limosilactobacillus reuteri
	0.08
	0.08
	0.48

	Lactobacillus johnsonii
	0.17
	0.19
	0.43

	Lactobacillus taiwanensis
	0.04
	0.04
	0.22



Supplementary Table 12∣The gene encoding for agrBD in C. tyrobutyricum.
	Strains/Plasmids
	Genes
	Proteins

	C. tyrobutyricum
	CTK_C12140
	Cyclic lactone autoinducer peptide

	
	CTK_C12160
	Accessory gene regulator B family protein


The responsible agrBD genes were predicted from the C. tyrobutyricum genome by comparing other gram-positive bacteria's agrBD genes. 


Supplementary Table 13∣Bacterial plasmids used in this study.
	Plasmids
	Relevant characteristic
	Sources

	pMTL82151
	pBP1 ori, CmR, ColE1 ori, TraJ
	

	pMTL82151-leader-38agrD
	pMTL82151 derivative; Type I-B CRISPR genome editing plasmid containing the lactose inducible promoter and terminator sequences, the synthetic CRISPR array possessed a 38 nt spacer1 (5’-ATGAAAATGATAGGTTCCTTAGCATTATTTTTAGGGGG-3’) targeting the agrD gene, and two homology arms (~0.5 kb each) for agrD deletion
	This work

	pMTL82151-leader-38agrB
	Same as pMTL82151-leader-38agrD, except that the 38-nt spacer1 was replaced with the 38-nt spacer2 (5’-TGCAAAAACCTATTGGGGATGTTTTATTATGAGTTTTA-3’)
	This work

	pMTL82151-Pthl-agrD
	pMTL82151 derivative; plasmid-based agrD gene complementary driven by the thl gene promoter
	This work



Supplementary Table 14∣Primers used in this study.
	Primers (pair)
	Sequence

	agrD deletion using the endogenous Type I-B CRISPR-Cas system

	Leader
	5’-TTATCAGGAAACAGCTATGAGCGGCCGCTTATATACTTGGTTTATTTACTTGATTATTT-3’
5’-AATAATGCTAAGGAACCTATCATTTTCATATTTAAATACATCTCATGTTAAGGTTCAAC-3’

	38-nt spacer1 + terminator
	5’-GTTGAACCTTAACATGAGATGTATTTAAATATAAAAAAATTGTAGATAAATTTTATAAAATAGTTTT-3’
5’-TTTTTGTGAGGGAATTGAGCTCATAAAAAAATTGTAGATAAAACTATTTTATAAAATTT-3’
5’-GATAGGTTCCTTAGCATTATTTTTAGGGGGGTTGAACCTTAACATGAGATGTATTT-3’
5’-TTTTTGTGAGGGAATTGAGCTCATAAAAAAATTGTAGATAAAACTATTTTATAAAATTT-3’

	Homology arms (~0.5 kb each)
	5’-CTACAATTTTTTTATGAGCTCAATTCCCTCACAAAAATAAAATTTAG-3’
5’-TGGAGAAGCCTAAACTAAGGTACCTTTAACATCCTCCCCATAATTTTA-3’
5’-ATTATGGGGAGGATGTTAAAGGATCCTTAGTTTAGGATTATCCATAGATATAT-3’
5’-TCTCCATGGACGCGTGACGTCAAATATAATCATTACGATAAATATCTGAAG-3’

	agrB deletion using the endogenous Type I-B CRISPR-Cas system

	Leader
	5’-TTATCAGGAAACAGCTATGAGCGGCCGCTTATATACTTGGTTTATTTACTTGATTATTT-3’
5’-TAATAAAACATCCCCAATAGGTTTTTGCAATTTAAATACATCTCATGTTAAGGTTCAAC-3’

	38-nt spacer1 + terminator
	5’-GTTGAACCTTAACATGAGATGTATTTAAATATAAAAAAATTGTAGATAAATTTTATAAAATAGTTTT-3’
5’-TAGTATCTGAAATTCCGAGCTCATAAAAAAATTGTAGATAAAACTATTTTATAAAATTT-3’
5’-CCTATTGGGGATGTTTTATTATGAGTTTTAGTTGAACCTTAACATGAGATGTATTT-3’
5’-TAGTATCTGAAATTCCGAGCTCATAAAAAAATTGTAGATAAAACTATTTTATAAAATTT-3’

	Homology arms (~0.5 kb each)

	5’-CTACAATTTTTTTATGAGCTCGGAATTTCAGATACTATTCATTCATC-3’
5’-TTTTTATATAATAATATAGGTACCCGGTTTTTTGATTCCTTTACTTTAAATTCAA-3’
5’-AAAGTAAAGGAATCAAAAAAGGAGTCTATATTATTATATAAAAAGCTTAAAATAAAC-3’
5’-TCTCCATGGACGCGTGACGTCCCTTGTCAAACCCTCCTTTATTAG-3’

	 ΔagrD-agrD complementation

	agrD
	5’-GGAGGAATAGTCATGGACGTCATGAAATTTTTAAAAAGTTCTTTAACA-3’
5’-TGCATGTCTGCAGGCCTCGAGTTACTTTAATAACTCATCAGGGCATTT-3’



Supplementary Table 15∣Genes deleted in this study.
	Genes
	Deleted Sequence

	ΔagrD
(CTK_C12140)
	ATGAAATTTTTAAAAAGTTCTTTAACAAAAAAATCAATGAAAATGATAGGTTCCTTAGCATTATTTTTAGGGGGAATAGTGTTAGTACCAACATCGCTTGTTAGTGGACATCAACCAAAATGCCCTGATGAGTTATTAAAGTAA

	ΔagrB
(CTK_C12160)
	ATGAAAAATTTTATATCTCATCTAGTAGAAAAAATTTCTAAATCAAATCCTGAATTTTCAGATTTACAGTTAAAGAAAATGGAATATGGATTAACTTGTATTTTCGATGAGATTACAAAATTAATTCCTTATTATATAATATTTTGGATATTTTCTATTCAAAAATATTATATAATTGCTTTAATATTCTTTTGTCCTATTAGGCTATTTTCAGGTGGTTATCATGCAAAAACCTATTGGGGATGTTTTATTATGAGTTTTATTATATTTTCTACAATTATTATTGTTGGAAAATATTTAATAATTAATGTTAGTATTTTATCAATACTATTAATTATGTCTTTTATTTGTATTTGTATATTTTCACCTGTAGATAATGTTAACAGGCCAATCAAGAGCAGCGAACGTAAAAAGCAGCTTAATAAGTATTCAATAGTTATTACATTTATACTAATTGTAATTTGTTATTTTATTCCTAATAAAGTTTTAACTACTGCTGTTATATCAATTTTAAGTGCTACAATAATGATGATGATTGGAAAATTAAATATATAA
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