WGS analysis and Functional Studies Illustrate Promising Gene-signatures for Probiotic Attributes and Molecular-targeted Therapeutic Prospects of Lactiplantibacillus plantarum LP-ARP2 
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CBM  Carbohydrate-Binding Molecule CBM48 (2), CBM50 (2) Involved in binding to complex carbohydrate like
starch and hydrolysis

GH Glycoside Hydrolases GH4 (2), GH5 (2), GH9 (2), GH13 (9), GH20 (1),  Involved in the hydrolysis of glycosidic bond in

GH26 (1), GH29 (1), GH31 (5), GH32 (1), GH37  complex carbohydrates and glycoconjugates
(3), GH38 (2), GH65 (6), GH77 (1), GH101 (1)

GT Glycocyl Tranferases GT1 (10), GT2 (10), GT4 (15), GT5 (5), GT26 (1), Involved in synthesizing glycosidic bonds in
GT28 (1), GT35 (1), GT51 (2) carbohydrates, glycoconjugates and other compounds
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Supplementary Figure. S1
Carbohydrate-activated enzymes (CAZymes) detected in the genome of LP-ARP2. (A) different classes and families of CAZymes and the number of genes encoding the corresponding CAZymes. (B) The distribution of cazymes in the genome of LP-ARP2
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Supplementary Figure. S2
Effect of prebiotics on the growth of LP-ARP2. Acidification profile of LP-ARP2 in MRS basal media supplemented with 1% FOS, maltodextrin, and inulin after 12, 24, 24, and 72 h of incubation
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Supplementary Figure. S3
Determination of minimum inhibitory percentage (MIP) of LP-ARP2-derived CFS for Methicillin-resistant Staphylococcus aureus (MRSA) (A) To determine the MIP, MRSA was grown in different percentages of LP-ARP2 CFS. (B) To determine the viability of MRSA, from each well of the pathogen cultured in LP-ARP2 CFS, spotting was performed and checked whether the effect was bactericidal or bacteriostatic. All the data were represented as mean ± SD of three replicates
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Supplementary Figure. S4 Functional enrichment analysis of metabolites and the human target network. Biological processes (gene ontology) enrichment analysis reveals the enrichment of neurotransmitter (GABA, serotonin) receptor activity-related pathways associated with the LP-ARP2-secreted metabolites and their human targets
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Supplementary Figure. S5 Functional enrichment analysis of metabolites and the human target network. KEGG pathways enrichment analysis reveals the enrichment of neuroactive ligand-receptor activity-related pathways associated with the LP-ARP2-secreted metabolites and their human targets
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Supplementary Figure. S6 Functional enrichment analysis of metabolites and the human target network. Disease-gene associations (DISEASES) enrichment analysis shows the prevalence of cognitive, psychotic, and other neurological disorders associated with the LP-ARP2-secreted metabolites and their human targets
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Supplementary Figure. S7 DisGeNET identified human protein targets and Alzheimer’s disease-associated targets that could be influenced by LP-ARP2-secreted metabolites in targeting Alzheimer’s disease
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Supplementary Figure. S8 Functional enrichment of metabolites and Alzheimer's Disease-associated human targets. KEGG pathway enrichment analysis of metabolites and Alzheimer's Disease-associated human targets network shows important pathways that could be targeted by LP-ARP2-secreted metabolites to alleviate the disease conditions
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Supplementary Figure. S9 Functional enrichment of metabolites and Alzheimer's Disease-associated human targets. Biological process (gene ontology) enrichment analysis of metabolites and Alzheimer's Disease-associated human targets network shows important biological processes that could be targeted by LP-ARP2-secreted metabolites to alleviate the disease conditions
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Supplementary Figure. S10 Functional enrichment of metabolites and Alzheimer's Disease-associated human targets. Cellular component (gene ontology) enrichment analysis of metabolites and Alzheimer's Disease-associated human targets network shows important cellular processes that could be targeted by LP-ARP2-secreted metabolites to alleviate the disease conditions
Supplementary Tables
Supplementary Table S1
Complete genomic feature of LP-ARP2
	Strain
	LP-ARP2

	Genome length (bp)
	3212397 

	GC content (%)
	44.55

	Total number of genes
	3077

	Coding genes
	3006

	tRNA number of the assembled genome
	61

	rRNA number of the assembled genome
	9

	tmRNA number of the assembled genome
	1

	CRISPR-Cas array
	3 CRISPR and 5 Cas-associated arrays

	Prophage (intact region)
	0

	Antibiotic acquired genes
	NONE


Supplementary Table S2
Overall assembly summary
	Sample name
	Raw data
	Data after AT (Gb)
	Read quality before AT
	Read quality after AT
	GC% before AT
	GC% after AT
	Coverage (>=30x)
	Depth

	ARP-2
	1.34
	0.84
	37.23
	37.18
	45.08
	44.02
	99.98%
	234.19


Data after AT (Gb): Data after Adapter Trimming

Read quality before AT: Read quality before Adapter Trimming

Read quality after AT: Read quality after Adapter Trimming

GC% before AT: GC% before Adapter Trimming

GC% after AT: GC% after Adapter Trimming

Coverage (%): The percentage of mapped sites (>= 1x)

Depth: Average mapping depth

Supplementary Table S3
Predicted prophage regions within the genome of LP-ARP2
	Category
	Subcategory
	Subsystem
	Role

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins
	Phage major tail protein

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins
	Phage tail length tape-measure protein

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins
	Phage tail assembly

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage replication
	DNA polymerase III alpha subunit (EC 2.7.7.7)

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage replication
	DNA replication protein, phage-associated

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage replication
	DNA helicase, phage-associated

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage capsid proteins
	Phage major capsid protein



	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage capsid proteins
	Phage capsid and scaffold

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins 2
	Phage tail length tape-measure protein

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins 2
	Phage tail assembly

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage tail proteins 2
	Phage major tail protein

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage introns
	HNH homing endonuclease

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage packaging machinery
	Phage portal protein

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage packaging machinery
	Phage terminase, large subunit

	Phages, Prophages, Transposable elements, Plasmids
	Phages, Prophages
	Phage packaging machinery
	Phage terminase small subunit


Supplementary Table S4
CRISPR-Cas arrays in the LP-ARP2 genome

	Element

	CRISPR Id / Cas Type

	Start

	End

	Spacer /
Gene

	Repeat consensus / cas genes


	CRISPR
	NQNE01000013_1_1
	221075
	221160
	1
	TAAGAAACTTAAAGTGTCTTATT

	Cas cluster
	CAS
	8564
	9916
	2
	cas3_TypeI, cas3_TypeI



Supplementary Table S5
Antibiotic resistance gene family, drug class, and resistance mechanism of LP-ARP2
	RGI criteria
	ARO term
	Detection criteria
	AMR gene family
	Drug class
	 Resistance mechanism
	% Identity of Matching region
	% Length of Reference Sequence

	Strict
	vanY gene in vanB cluster
	protein homolog model
	glycopeptide resistance gene cluster, vanY
	glycopeptide antibiotic
	antibiotic target alteration
	31.93

	95.90



Supplementary Table S6
Overview of the KEGG pathways detected in the LP-ARP2 genome

	KEGG category
	KEGG Functional Class
	Mapped Objects

	Metabolism
	Carbohydrate metabolism
	220

	Metabolism
	Energy metabolism
	65

	Metabolism
	Lipid metabolism
	42

	Metabolism
	Nucleotide metabolism
	60

	Metabolism
	Amino acid metabolism
	134

	Metabolism
	Metabolism of other amino acids
	34

	Metabolism
	Glycan biosynthesis and metabolism
	47

	Metabolism
	Metabolism of cofactors and vitamins
	79

	Metabolism
	Metabolism of terpenoids and polyketides
	17

	Metabolism
	Biosynthesis of other secondary metabolites
	53

	Metabolism
	Xenobiotics biodegradation and metabolism
	22

	Genetic Information Processing
	Transcription
	6

	Genetic Information Processing
	Translation
	76

	Genetic Information Processing
	Folding, sorting and degradation
	31

	Genetic Information Processing
	Replication and repair
	68

	Environmental Information Processing
	Membrane transport
	113

	Environmental Information Processing
	Signal transduction
	56

	Environmental Information Processing
	Signalling molecules and interaction
	1

	Cellular Processes
	Transport and catabolism
	5

	Cellular Processes
	Cell growth and death
	13

	Cellular Processes
	Cellular community - prokaryotes
	45

	Cellular Processes
	Cell motility
	4

	Organismal Systems
	Immune system
	1

	Organismal Systems
	Endocrine system
	14

	Organismal Systems
	Digestive system
	10

	Organismal Systems
	Nervous system
	3

	Organismal Systems
	Aging
	7

	Organismal Systems
	Environmental adaptation
	2

	Human Diseases
	Cancer
	10

	Human Diseases
	Infectious disease: viral
	2

	Human Diseases
	Infectious disease: bacterial
	13

	Human Diseases
	Infectious disease: parasitic
	1

	Human Diseases
	Immune disease
	1

	Human Diseases
	Neurodegenerative disease
	7

	Human Diseases
	Cardiovascular disease
	9

	Human Diseases
	Endocrine and metabolic disease
	5

	Human Diseases
	Drug resistance: antimicrobial
	22

	Human Diseases
	Drug resistance: antineoplastic
	5


Supplementary Table S7
Functions of the relevant genes obtained from the LP-ARP2 genome
	Preferred_name (genes)
	Feature

	yugI, uspA, usp6, hrcA, ctsR, dnaK, dnaJ, grpE, groL, groS, hslO, hslU, hslV, clpX, clpL, clpP, clpC, clpE, clpB, clpC, cspA, cspC, yhcA, lmrA, yfiC, mscL, nnrD, hspX,hsp3, hsp1, htpX, uvrB, uvrA, uvrA2
	Stress tolerance

	atpA, atpB, atpC, atpD, atpE, atpF, atpG, atpH, plsC, pyk, asp2, asp23, recR, pgmB, murG, recO
	Acid tolerance

	ppaC, cfa, glnA, oppA, oppB, oppC, oppD, oppF, opuCA, opuCB, opuCC, opuCD, proV, proWX, gor, mleP, glnP, ecsB, comA, glnQ, natB, mntH, tcyB, hrtB, deva, aatB, fhuC, znuB, glnPH2 
	Bile tolerance

	lspA, eno, srtA, celA, celB, celC, celD, celE
	Adhesion

	dltD, dltC, dltB dltA, dltX
	Immunomodulation

	veg, luxS
	Biofilm formation

	trxA, trxB, tpx, ndh, npr, nox, gshR1, nrdH, katA, msrA, msrB, yfeX, yjbH, gshF, btuE, gor, yphJ
	Antioxidant

	ackA, nagA, acyP, pta, mvk, adhE, pdhC, pdhB, pdhA, lpdA, fabH, fabK, fabD, fabF, fabI, accB, accC2, accD, accA, sfcA, eda, poxB, patB, malY, ldhA, dapA, dapE, dapB, dapD, gabD
	SCFA biosynthesis

	mdh, der, serA, pdxB, xfp, ldhD, ldh, ldhA
	Fermentation

	nrdG, pflA, hprK, glcU, rfbP, pts4ABC, pts10A, pts10B, pts13C, pts14C, pts15B, pts15C, pts20B, pts23A, pts23C, pts29C, pts30ABC, pts36A, pts36C, ptsH, ptsI, ptsG, ptsP, ptsN, manA, manL, many, manN, dhaA, dhak, dhal, dhaM, dhaT, srlA, srlB, srlE, srlM, mtlA, mtlD, mtlF, mtlR
	Sugar transport

	galM, kguE, hicD1, gabD, malZ, manA, gntK, gntP, mnaA, nagA, gpmA, rpiA, ugpC, ugpA, ugpE, ugpB, galU, pgk, tpiA, larA, larB, larC, larE, chbC, pgl, galR, galT, galE, galK, lacL, lacM, rafA, lacS, galM, galR, pgmB, gcvH, bgl, rpe, gnd, zwf, kguE, pgi, aspA, murA, budA, prsA, glmU, pbg6, bglH, pbg10, aglB, arbB, gph, murE, murA, murQ, rbsK, rbsU, rbsD, suhB, yktA, murA, glyA, tal, treP, mall, araD, ulaA, ulaB, scrK, gpsA, galU, rafA, araA, araB, araP, murB, glmM, glmS, nagB, pgmB, accA, accD
	Carbohydrate metabolism

	dapG, glxK, patB, gabD, asnA, asnS, azoR, ackA, proC, thrB, gpmA, rpiA, gap, pgk, tpiA, pta, gpmA, pgm6, asnB, asnS, asnA, glxR, pipD, pip, gcvH, bgl, adhE, adhB, glnA, rpe, metE, dapE, gnd, purA, purB, zwf, ilvE, prsA, tkt, lpdA, pdhA, pdhB, pdhC, murI, ytsP, ddl, glyA, tal, metG, murD, mtnE, msrA, msrB, alr, murF, pepN, glmS, glmM, carA, carB, metK, hisK, hisB, argG, argH, metI, metN, metI, thrE, azlD, azlC
	Amino acid metabolism

	ytmP, adk, ribD, ribE, ribBA, ribH, thiN, ribT, ribF, thiM, thiD, thiE, thiI, rsgA, nudF, iscS, folC, ycsE, yitU, folA, pdxK, pdxB, birA, fabI, fabZ, fabH, fabF, nadD
	Vitamin metabolism

	gpsA, ltaS, glpQ1, glpQ, glpQ3, plsX, plsY, plsC, cdsA, glpK, glxR, lacL, lacM, rafA, tagD, mgs, accB, accC2, accD, accA
	Lipid metabolism


Supplementary Table S8
Identified genes within the T3PKS secondary metabolite biosynthetic gene clusters with antiSMASH
	Region
	Name
	Category
	Function
	*Score
	**E-value

	2.1
	T3PKS: Chal_sti_synt_N

SMCOG1043: hydroxymethylglutaryl-CoA synthase 
	Biosynthetic
	Cholesterol biosynthesis
	501.8
	2.1e-152

	2.1
	SMCOG1072: Dehydrogenase
	Biosynthetic additional
	Biosynthesis of isoprenoids
	329.6
	2.3e-100

	
	SMCOG1123:Polyprenol-monophosphomannose synthase ppm1
	
	Transfer of mannose from GDP-mannose to lipid acceptors
	238
	2.7e-72

	
	SMCOG1001:Short-chain dehydrogenase/reductase SDR
	
	Metabolism and redox sensing
	179.2
	1.6e-54

	2.1
	SMCOG1020:Major facilitator transporter
	Transport related genes
	Transport of molecules across the membrane
	82.6
	4.5e-25

	8.1
	Terpene: phytoene_synt
	Biosynthetic
	Antioxidant properties
	
	

	8.1
	SMCOG1111:GCN5-related N-acyltransferase
	
	Metabolism and detoxification
	83.7
	2.4e-25

	
	SMCOG1222:Dehydrogenase
	Biosynthetic additional
	Metabolsim
	377.8
	1.7e-114

	
	SMCOG1175:Pyridine nucleotide-disulfide oxidoreductase
	
	Oxidative stress response
	334.7
	1.1e-101

	
	SMCOG1266:Hydrogen peroxide sensitive repressor
	Regulatory genes
	Oxidative stress response
	127.1
	7.6e-39

	10.1
	Cyclic-lactone-autoinducer: AgrB
	Biosynthetic
	Quorum sensing
	
	

	10.1
	SMCOG1175:pyridine nucleotide-disulfide oxidoreductase
	Biosynthetic additional
	Oxidative stress response
	125.7
	3e-38

	
	SMCOG1055:Pyruvate oxidase/decarboxylase
	
	ATP production
	471.6
	5.8e-143


*Score and **E-value: Indicates the quality of match between the LP-ARP2 gene sequences with the reference sequences in the database

Supplementary Table S9
Antibiotic susceptibility of the LP-ARP2 strain determined by the disk diffusion method
	Mode of action
	Antibiotics
	Results

	
	
	LP-ARP2

	Protein Synthesis Inhibitors
	Erythromycin (15 μg)
	S*

	
	Gentamicin (10 μg)
	R***

	
	Chloramphenicol (30 μg)
	S

	
	Tetracycline (30 µg)
	S

	
	Clindamycin (2 µg)
	S

	Cell wall synthesis inhibitors
	Penicillin (10 μg)
	S

	
	Amoxicillin/Clavulanic acid (20/10 μg)
	S

	
	Vancomycin (30 μg)
	R

	
	Cephalothin (30 μg)
	R


	
	Ampicillin (10 μg)
	S


· Zone diameter (mm) Interpretive Criteria: ≥20 = S* (Susceptible); 15-19 = I** (Intermediate); ≤14 = R*** (Resistant) [CLSI guideline] [24]

· The result is presented from three individual biological replicates
Supplementary Table S10
Hemolytic and DNase activity of LP-ARP2
	Strains
	Haemolytic Activity
	DNase Activity

	
	α
	β
	γ
	

	E. coli ATCC 25922
	+
	-
	-
	NA

	S. aureus ATCC 25923
	-
	+
	-
	+

	L. acidophilus DDS1
	-
	-
	+
	-

	LP-ARP2
	-
	-
	+
	-


· L. acidophilus DDS1, a widely used probiotic in clinical studies, is considered a reference strain.

· The result is presented from three individual biological replicates

Supplementary Table S11
Gene ontology enrichment analysis of LP-ARP2-derived metabolites and Alzheimer’s disease target network
	Intersecting genes
	Term name

	APP|Dihydroxyacetone|MPO|TNF|CLU|CYP2D6|IL6R|IGFBP3|MAOB|GSTT1|KLC1|Glycine|PPP3R1|Alpha-Ketoglutaric Acid|Alanine|MTHFR|EIF2S1|ESR1|ESR2|NFE2L2|D-Aspartic Acid|SPRED2|ALDH2|ADAMTS1|CASP3|NOS1|Citric Acid|APOA4|Acetate|F2|IL1A|IL1B|CRH|MAPT|Pyruvic Acid|D-Glucose|GRN|TOMM40|GSTP1|PON2|PON1|LRP8
	neurogenesis

	EPO|ENO1|MPO|ADAM17|EPHA1|Alanine|MTHFR|EIF2S1|D-Aspartic Acid|SPRED2|CASP3|NOS1|PARP1|Acetate|IL1A|PPARG|GAPDH|TOMM40|PON1
	reactive oxygen species metabolic process

	APP|MPO|TNF|Alpha-Ketoglutaric Acid|Alanine|MTHFR|BCL2|NFE2L2|Oxalic Acid|IDE|Betaine|NEFM|Citric Acid|PPARG|MAPT|TOMM40|LRP8|INS
	neuron apoptotic process

	TNF|MAOB|GSTM3|GRIN2B|SLC2A4|NOS1|APOA4|F2|IL1B|CRH|Pyruvic Acid|GSTP1
	amyloid-beta binding

	APP|ENO1|CYP19A1|D-Galactose|Alanine|Serotonin|MTHFR|EIF2S1|NFE2L2|IDE|D-Aspartic Acid|CASP7|CASP3|PARP1|IL1A|PPARG|GAPDH|TLR4|TOMM40|Butyric Acid
	response to oxidative stress

	MPO|ADAM17|Alanine|MTHFR|EIF2S1|SPRED2|CASP3|NOS1|PARP1|Acetate|IL1A|PPARG|TOMM40|PON1
	regulation of reactive oxygen species metabolic process

	APP|MPO|CLU|IGF1R|A2M|ESR1|IDE|NOS1|IL1A
	cellular response to amyloid-beta

	Dihydroxyacetone|ABAT|CLU|GLUL|CYP19A1|A2M|BDNF|MTHFR|NEFM|NOS1|Acetate|GAPDH|D-Glucose|PON2
	HIF-1 signaling pathway

	APP|MPO|IL6R|MAOB|Glycine|PPP3R1|Alpha-Ketoglutaric Acid|GSTM3|ESR1|GRIN2B|ALDH2|Betaine|CASP3|APOA4|Acetate|IL1A|PPARG|MAPT|Pyruvic Acid|GRN
	regulation of trans-synaptic signaling

	APP|NCF2|MPO|ICAM1|IL6R|MAOB|Glycine|PPP3R1|Alpha-Ketoglutaric Acid|GSTM3|ESR1|GRIN2B|ACHE|ALDH2|Betaine|CASP3|APOA4|Acetate|IL1A|PPARG|MAPT|Pyruvic Acid|GRN
	trans-synaptic signaling

	APP|NCF2|MPO|ICAM1|IL6R|MAOB|Glycine|PPP3R1|Alpha-Ketoglutaric Acid|GSTM3|ESR1|GRIN2B|ACHE|ALDH2|Betaine|CASP3|APOA4|Acetate|IL1A|PPARG|MAPT|Pyruvic Acid|GRN
	synaptic signaling

	APP|NCF2|MPO|ICAM1|IL6R|MAOB|Glycine|PPP3R1|Alpha-Ketoglutaric Acid|GSTM3|ESR1|GRIN2B|ALDH2|Betaine|CASP3|APOA4|Acetate|IL1A|PPARG|MAPT|Pyruvic Acid|GRN
	anterograde trans-synaptic signaling

	ADAM17|EIF2S1|SPRED2|CASP3|NOS1|PARP1|PPARG|TOMM40|PON1
	positive regulation of reactive oxygen species metabolic process
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