Probiotic characteristics, whole-genome sequence analysis of Bacillus with high collagenase production and its fermentation hydrolysis of cowhide
Shijie Liuab, Qian Dingab, Yueyu Baic, Lijun Zhaoab*, Miaoyun Liab**, Jong-Hoon Leed, Yijing Dingab, Yaodi Zhuab, Yanxia Liuab, Lingxia Sunab, Yangyang Maab, Gaiming Zhaoab, Dong Liangab
[bookmark: _GoBack]a College of Food Science and Technology, Henan Agricultural University, Zhengzhou, 450002, P.R. China
b Sauce braised and prefabricated products modern production school enterprise research and development center, Henan Agricultural University, Zhengzhou, 450002, P.R. China 
c School of Agricultural Sciences, Zhengzhou University, Zhengzhou, 450002, P.R. China
d Department of Food Science and Biotechnology, Kyonggi University, Suwon 16227, Republic of Korea 
* Corresponding author. Tel.: 86-371-63558150; E-mail:zhaolj2014@126.com
** Corresponding author. Tel.: 86-371-63558150; E-mail: limy7476@126.com

[image: 图2 酶活]
Fig. S1 Collagenase activity in the culture supernatants of the nine strains isolated from two fermented foods
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Fig. S2 COG annotation classification statistics. (A), B. spizizenii HA3, (B), B. velezensis HA5, (C), B. safensis HA7; (D), B. velezensis HA8.


Table S1 Results of the antimicrobial susceptibility tests for strains 
HA3, HA5, HA7 and HA8
	Class
	Name
	Degree of sensitivity

	
	
	HA3
	HA5
	HA7
	HA8

	Beta-lactam
	Ampicillin (AMP)
	S
	S
	S
	S

	
	Penicillin (PEN)
	S
	S
	S
	S

	
	Cefradine (CTR)
	I
	S
	S
	S

	Macrolide
	Erythromycin (E)
	I
	S
	S
	S

	Tetracycline
	Tetracycline (TET)
	S
	S
	S
	S

	Aminoglycosides
	Gentamicin (GEN)
	S
	S
	S
	S

	Lincomycin
	Clinamycin (MY)
	S
	I
	S
	I

	Chloramphenicol
	Chloramphenicol(C)
	S
	S
	S
	S

	Fluoroquinolones
	Ciprofloxacin (CIP)
	I
	S
	S
	S

	Sulfonamides
	Sulfamethoxazole(SXT)
	S
	S
	S
	S

	Peptide antibiotic
	Vancomycin(Van)
	S
	S
	S
	S


Note: "S" indicates susceptibility, "I" indicates intermediate susceptibility, and "R" indicates resistance.


Table S2 Basic characteristics of the whole genome of four strains
	Strains
	Size (Mb)
	Scaffold
	GC%
	CDS
	16SrRNA
	23S rRNA
	5Sr RNA
	tRNA
	SRNA

	HA3
	4048416
	17
	43.68
	4053
	1
	0
	6
	83
	93

	HA5
	4183037
	35
	45.62
	4140
	1
	1
	9
	84
	84

	HA7
	3714516
	14
	41.61
	3695
	0
	0
	5
	62
	82

	HA8
	4122232
	33
	45.64
	4156
	0
	1
	8
	83
	85




Table S3 Prediction results of drug resistance genes in the genomes of four strains
	Sample Name
	Gene ID
	ARO Name
	Drug Class
	Resistance Mechanism
	Identity(%)
	Coverage(%)

	B. spizizenii HA3
	gene3715
	tmrB
	nucleoside antibiotic
	reduced permeability to antibiotic
	98.5
	100

	
	gene3777
	mphK
	macrolide antibiotic
	antibiotic inactivation
	97.7
	100

	
	gene3762
	lmrB
	lincosamide antibiotic
	antibiotic efflux
	99.4
	100

	
	gene0460
	aadK
	aminoglycoside antibiotic
	antibiotic inactivation
	97.5
	100

	
	gene3176
	Bacillus subtilis mprF
	peptide antibiotic
	antibiotic target alteration
	99.9
	100

	
	gene0480
	blt
	disinfecting agents and antiseptics;fluoroquinolone antibiotic
	antibiotic efflux
	99.8
	100

	
	gene0748
	bmr
	disinfecting agents and antiseptics;fluoroquinolone antibiotic;nucleoside antibiotic;phenicol antibiotic
	antibiotic efflux
	99.2
	100

	
	gene2677
	ykkC
	aminoglycoside antibiotic;phenicol antibiotic;tetracycline antibiotic
	antibiotic efflux
	100
	100

	B. velezensis HA5
	gene3576
	Enterococcus faecium EF-Tu mutants conferring resistance to GE2270A
	elfamycin antibiotic
	antibiotic target alteration
	90.1
	99.5

	
	gene3676
	clbA
	lincosamide antibiotic;oxazolidinone antibiotic;phenicol antibiotic;pleuromutilin antibiotic;streptogramin A antibiotic;streptogramin antibiotic
	antibiotic target alteration
	97.7
	100

	
	gene3570
	Bacillus subtilis rpoB mutants conferring resistance to rifampin
	peptide antibiotic;rifamycin antibiotic
	antibiotic target alteration;antibiotic target replacement
	98.3
	100

	B. safensis HA7
	gene0329
	Bacillus pumilus cat86
	phenicol antibiotic
	antibiotic inactivation
	92.7
	100

	
	gene3622
	Bacillus subtilis rpoB mutants conferring resistance to rifampin
	peptide antibiotic;rifamycin antibiotic
	antibiotic target alteration;antibiotic target replacement
	96.1
	100

	B. velezensis HA8
	gene4004
	Enterococcus faecium EF-Tu mutants conferring resistance to GE2270A
	elfamycin antibiotic
	antibiotic target alteration
	90.1
	99.2

	
	gene4010
	Bacillus subtilis rpoB mutants conferring resistance to rifampin
	peptide antibiotic;rifamycin antibiotic
	antibiotic target alteration;antibiotic target replacement
	98.3
	99.9

	
	gene3419
	clbA
	lincosamide antibiotic;oxazolidinone antibiotic;phenicol antibiotic;pleuromutilin antibiotic;streptogramin A antibiotic;streptogramin antibiotic
	antibiotic target alteration
	97.7
	99.7




Table S4 Annotation Details of Carbohydrate Active Enzymes
	Species
	Auxiliary
Activities
	Carbohydrate-Binding
Modules
	Carbohydrate
Esterases
	Glycoside
Hydrolases
	Glycosyl
Transferases
	Polysaccharide
Lyases

	B. spizizenii HA3
	7
	3
	28
	53
	49
	8

	B. velezensis HA5
	10
	2
	31
	45
	43
	3

	B. safensis HA7
	9
	2
	37
	36
	35
	2

	B. velezensis HA8
	9
	3
	30
	46
	42
	3




Table S5 The secondary metabolite synthesis gene clusters in the gene sequences of four kinds of Bacillus
	Sample Name
	Location
	Type
	MIBiG accession
	Similar  Cluster
	Similarity
(%)
	Gene No.

	B. spizizenii HA3
	Scaffold2
	NRPS
	BGC0000309
	bacillibactin
	100
	40

	
	Scaffold2
	sactipeptide
	BGC0000602
	subtilosin A
	100
	19

	
	Scaffold2
	other
	BGC0001184
	bacilysin
	100
	39

	
	Scaffold3
	NRPS
	BGC0001089
	bacillaene
	100
	47

	
	Scaffold6
	lanthipeptide-class-i
	BGC0000560
	subtilomycin
	100
	21

	B. velezensis
HA5
	Scaffold1
	other
	BGC0001184
	bacilysin
	100
	43

	
	Scaffold2
	transAT-PKS
	BGC0000181
	macrolactin H
	100
	42

	
	Scaffold3
	transAT-PKS
	BGC0000176
	difficidin
	100
	39

	
	Scaffold9
	NRPS
	BGC0000309
	bacillibactin
	100
	45

	B. safensis
HA7
	Scaffold3
	NRPS
	BGC0000381
	lichenysin
	92
	40

	B. velezensis
HA8
	Scaffold1
	other
	BGC0001184
	bacilysin
	100
	42

	
	Scaffold2
	transAT-PKS
	BGC0000181
	macrolactin H
	100
	42

	
	Scaffold12
	RiPP-like
	BGC0000309
	bacillibactin
	100
	46
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