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amino	acids	[19].	In	C.	botulinum	ATCC	3502,	Cody	positively	demonstrated	Bont's	expression	and	connected	to	the	promoter	of	GTP-dependent	operan	ntnH-Bonta	[20].	In	addition,	it	was	found	that	the	SPO0A	spore	regulator	positively	regulates	the	synthesis	of	BONT	in	type	E	C.	botulinum,	which	is	part	of	group	II	of	C.	botulinum	and	lacks	BOTR.
The	SPO0A	binds	to	the	promoter	of	Operon	Bont/E	and	enhances	its	transcript	[21].	The	SPO0A	is	expressed	in	the	exponential	growth	phase	of	C.	botulinum	and	begins	the	cascade	of	alternative	sigma	factors	involved	in	the	spulation	[22].	However,	SPO0A	targets	several	hundred	other	genes	and	has	pleiotropic	effects	[23].	In	addition,	the
mutation	frequency	decline	gene	(MFD),	which	encodes	a	repair	factor	coupled	to	transcription,	alsoPleepic	effects:	Increases	the	expression	of	toxin	A	and	toxin	toxin	Genes	in	C.	difficile	[24].	These	Cody,	Spo0A	and	MFD	genes	are	stored	in	the	C.	tetani	genome.	Genomic	analysis	of	the	strain	C.	tetani	E88	reveals	the	presence	of	numerous	slutty
regulating	genes,	some	of	them	are	homologous	to	regulatory	genes	in	other	chlorstridia	or	bacteria.	The	aim	of	this	study	was	to	determine	the	role	of	the	12	slutty	regulatory	systems	in	the	synthesis	of	tents,	nine	two-component	systems	and	global	regulators	Cody,	Spo0a	and	Mfd.Genome	Sequencing	of	the	E88	strain	showed	that	the	large	plasmid
containing	tents	also	Ports	of	regulatory	elements:	TETR	Located	immediately	upstream	of	the	tent,	a	two-component	system	(TCS)	(CTC_RS13805/CTC_RS13810,	previously	called	CTP21/CTP22)	homologous	in	systems	in	other	Gram-positive	bacteria,	including	C.	botulina	and	bacilue	sp.	additional	slutty	sigma	factors	[9].	In	addition,	refined
genomic	analysis	showed	that	the	E88	strain	chromosome	has	30	TCSs	based	on	the	preserved	histidine	kinase	motifs	as	part	of	the	SHK	and	a	Rec	of	the	receptor	domain	as	part	of	the	adjacent	RR.	Most	of	the	30	TCSs	belong	to	the	OMPR	family	(External	Membrane	Protein	Regulation)	(19	TCSs),	two	to	(lithic	gene	regulator/alginate	biosynthesis
regulator)	Lytr/Algr,	two	a	(reductor	nitrate)	NARL,	two	for	(factor	for	inversion	stimulation)	FIS,	one	for	(L-arabinose	gene	regulator)	ARAC,	one	for	(catabolic	purine	gene	regulator)	PUCR,	one	for	Lysr	(lysine	synthesis	regulator)	and	one	for	XRE	(((((Profage	Bacillus	subtilis)	PBSX	repressor)	Families	(Table	1).	All	30	TCSs,	except	for	a	homology
with	TCSs	whores	in	other	species	of	Clostridia.	Among	them,	19	TCSs	are	homologous	to	related	genes	in	the	C.	botulinum	strain	hall	(identity	level	¥	45%)	(Table	1).	It	has	been	demonstrated	previously	that	five	TCSs	in	the	tension	hall	positively	regulate	the	synthesis	of	botulinum	neurotoxin	(BONT)Two	of	them	are	homologous	for	C.	tetani	TCSS,
i.e.	CLC0661/CLC0663	of	C.	botulinum	withThe	protein	identity	for	CTC_RS02080/CTC_RS02085	of	C.	tetani	and	CLC0410/CLC0411	shows	68%	protein	identity	for	CTC_RS10030/CTC_RS10035	(Table	1).	Another	study	identified	a	TCS	(CB00786/CB00787)	in	the	strain	of	C.	botulinum	ATCC3502,	which	negatively	regulates	the	expression	of	the
BONT	gene	[26].	This	TCS	shares	a	significant	identity	with	a	TCS	of	C.	tetani	(CTC_RS07310/CTC_RS07315).	The	C.	tetani	CN655	C.	tetani	genome	[10]	shares	the	same	TCs	genes	as	the	E88	strain.	As	we	have	already	characterized	tetr	in	the	CN655	strain,	a	strain	that	is	more	easily	transformable	compared	to	other	strains	of	C.	tetani	under	the
applied	conditions,	the	CN655	strain	was	selected	for	additional	genetic	investigations,	including	the	analysis	of	nine	TCs,	MFD,	SPO0A	and	Cody	genes.	Res,	breathing;	BAC,	bacitracin;	Vir,	virulence;	Spa,	subtiline	gene;	Van,	vancomycin;	GTC,	gramicidine	transcript;	Arc,	aerobic	breathing	control;	Pho,	phosphate;	FEU,	fertile	pickup;	DCU,
dicarboxylate	pickup;	Sin,	inhibition	of	sporesporulation;	EU,	use	of	ethanolamine;	ATO,	acetoacetyl-coenzyme	to	transferase.	Plasmids	who	were	able	to	generate	anti-sensus	mRNA	from	nine	TCs	genes,	as	well	as	from	MFD,	Spo0A	and	Cody,	were	built	in	analogy	for	the	construction	of	PMRP306,	which	was	previously	used	in	research	in	the
research	previously	tetr	investigation	into	C.	tetani	and	regulatory	genes	in	C.	botulinum	[13,14].	The	DNA	segments	for	anti-sense	mRNA	production	were	designed,	located	in	the	RR	gene	of	three	TCSs	(CTC_RS04785,	CTC_RS10155	and	CTC_RS07315)	and	in	the	shk	gene	in	six	other	TCSS	(CTC_RS13810,	CTC_R	Mesa	2).	Although	the	growth
kinetic	of	the	CN655	that	houses	the	empty	vector	PAT18	(CN655/PAT18)	was	slightly	smaller	than	that	of	the	WT	CN655	during	the	exponential	growth	phase	and	the	start	of	the	stationary	phase,	the	total	tent	production	was	slightly	higher	(additional	material	figure	S1	).	marartsom	marartsom	TW	556NC	otnauq	81TAP/556NC	Growth	and
production	of	toxins	from	72	to	144	h	(extra	material	figure	s1.)	no	difference	was	observed	in	bacterial	size	and	microscopic	morphology	between	anti-sensus	strains	CN655	and	CN655/PAT18.	directing	mfd,	p1472	directing	spo0a	and	P1418	directed	to	cody,)	showed	similar	growth	kinetic	compared	to	the	CN655/PAT18	control	strain	(figure	1.)
however,	the	growth	of	CN655/P1307	strains	directing	CTC_RS13810,	CN655/P1309	directing	CTC_RS04705,	singatinatimatinatimatinatimatinatimatinating	C5/PENTAT	C50/P155	c50/C555/P155	Strain/C555	Finict/C555/P155	Strain/C555	Finict/C50/P155	c55555,	C555/P135	ctc	(C555/P135	C50/C50/P135	c555,	cn655/p1312	target	CTC_RS	(12-48
h,)	but	the	five	anti-sensus	strains	reached	a	biomass	similar	to	that	monitored	by	OD600nm	than	that	of	other	anti-sensus	strains	at	72-144	h	(Figure	1.)	the	reticulated	immunosorbent	test	(elisa)	in	the	culture	overnadante	was	reduced	in	three	anti-sensus	strains	CN655	(CN655/P130	on	the	other	hand,	the	CN655/P1310,	which	targets
CTC_RS04785,	showed	a	moderate	decrease	(about	25%)	in	the	secreted	tent.	the	cody	anti-sensus	strain	(CN655/P1418)	showed	a	significantly	lower	barge	level	(50%	to	65%)	in	the	culture	supernatant	in	the	first	56	h	of	culture	and	a	less	pronounced	effect	(20%	to	25%)	at	the	end	of	the	growth	phase	(Figure	2a.)	the	anti-sensus	strains
CN655/P1308,	CN655/P13,	CN655/P13,and	CN655/p1472	had	no	significant	difference	in	the	production	of	extracellular	TeNT	compared	to	CN655/pAT18	(S1).	The	total	amounts	of	TeNT	produced	(i.e.,	TeNT	in	the	supernatant	of	culture	and	intracellular	TeNT	at	the	end	of	culture	growth)	were	significantly	decreased	in	CN655/p1307,
CN655/p1314	and	CN655/p1418,	while	no	significant	difference	was	observed	in	CN655/p1310	(Figure	3A).	In	contrast,	extracellular	and	total	TNT	concentrations	were	significantly	increased	in	CN655/p1419	aiming	at	CTC_RS07315	(Figure	2B	and	Figure	3B).	The	anti-Sense	strain	CN655/p1311	aimed	at	the	CTC_RS05750	presented	an	increase	in
the	extracellular	TeNT	within	the	first	48	h	of	culture,	but	the	total	amount	of	TeNT	at	the	end	of	the	culture	was	not	significantly	different	from	the	control	voltage	(Figure	2,	Supplementary	Material	Figure	S2).	The	total	production	of	TeNT	was	not	significantly	different	from	that	of	the	CN655/pAT18	control	line	in	CN655/p1308,	CN655/p1309,
CN655/p1312,	CN655/p13131313,	CN655/p1480	and	CN655/p1472	(Susplementary	Materials	Figure	S3).	The	transcriptional	levels	of	tent	and	tetR	were	monitored	by	qRT-PCR	in	8,	24,	32	and	48	h	of	culture,	which	corresponded	to	the	exponential	growth	phase	(8	h)	and	the	initial	stage	of	stationary	growth	(12–48	h)	(Figure	1).	The	limit	of	these
analyses	is	based	on	the	consideration	that	copy	numbers	of	recombinant	plasmids	are	similar	in	recombinant	strains.	Among	the	TCS	investigated	by	the	anti-sented	RNA,	CN655/p1307	and	CN655/p1314	presented	a	significant	reduction	in	the	transcript	of	the	tent	and	TTR	during	the	growth	phase	of	24	to	48	h	and	only	a	moderate	effect	in	the
exponential	growth	phase	of	8	h	(Figure	4).	A	marked	reduced	tetR	transcription	was	observed	in	CN655/p1310	at	the	early	stationary	growth	stage	of	8	h	and	24-32	h,	while	the	transcript	of	the	tent	was	not	mu	mu	uortsom	1131p/556NC	esnes-itna	epritse	a	,etsartnoc	mE	.)4	arugiF(	adizuder	in	the	transcript	of	the	tent	and	tetrament	in	the
exponential	growth	phase	of	8	h	and	in	lesser	extent	in	the	stationary	growth	phase	of	24	48	h	(Figure	4).	The	anti-sensus	strain	CN655/P1419	also	exhibited	an	increase	in	the	transcription	level	of	the	barracks	in	the	exponential	growth	phase	of	8	hours	and	48	h	of	culture,	but	a	decreased	transcription	of	tetr	within	the	24-32	h	of	early	stationary
growth	phase,	although	for	a	lesser	extent	than	in	CN655/P1307	and	CN655/P1314	(Figure	4).	This	suggests	that	CTC_	RS07315	(directed	in	CN655/P1419)	controls	the	transcript	of	the	tent	regardless	of	tetr.	The	transcriptional	levels	of	tent	and	tetr	were	not	significantly	different	in	CN655/p1308	and	Suplemer	CN655/P1309	compared	to	the
CN65555555	(Supplyyy	(CN655/P1309	Figure	S4)	control	lineage.	Despite	a	slightly	reduced	transcript	of	TETR	in	CN655/P1312	and	CN655/P1313	during	the	early	stationary	growth	phase	of	24	-	32	h	(Figure	4),	no	significant	alteration	of	the	transcript	of	the	tent	was	observed	in	these	strains	(additional	materials	Figure	S3).	The	anti-sensus
tension	in	which	Cody	was	directed	(CN655/P1418)	showed	a	decrease	in	the	transcription	of	the	barrack	in	the	culture	of	8	48	hours	and	a	moderate	decrease	in	the	transcript	of	TETR	(Figure	4).	To	identify	the	mode	of	action	of	the	positive	and	negative	regulators	of	the	transcript	of	the	tent	gene,	we	investigate	its	possible	direct	interaction	with
tent	and/or	tetr	genes,	testing	the	connection	of	regulators	to	tent	and	tetr	promoters.	As	shown	in	Figure	5,	the	CTC_	RS07315	(directed	in	CN655/P1419)	RR	specifically	connected	to	the	tent	and	tetr	promoters	(ptent,	ptetr).	The	RR	CTC_RS04785	(directed	in	CN655/P1310)	caused	a	change	in	PTENT	mobility,	but	not	in	PTETR,	despite	the
significant	decrease	in	TETR	transcription.	On	the	other	hand,	no	specific	connection	to	PTENT	or	PTETR	was	observed	with	theof	CTC_RS10155,	CTC_RS13805	and	CTC_RS05745,	although	they	have	influenced	the	synthesis	and	transcription	of	the	tent.	How	to	How	toelectrophoretic	change	was	not	observed	with	SHK,	such	as	CTC_RS04710.	Also,
CodY	connected	to	Ptent,	but	not	to	PtetR.	As	a	positive	control,	TetR,	which	was	found	to	positively	regulate	the	tent,	was	used	[13].	Since	two	TCSs	(CTC_RS05745/CTC_RS05750	and	CTC_RS10030/CTC_RS10035)	encoded	in	the	genome	C.	tetani	are	wholly	engaged	in	control	of	phosphate	absorption	and/or	metabolism,	as	judged	of	their
homologies	with	previously	characterized	TCSs,	we	have	verified	the	effect	of	inorganic	phosphate	(PNTi)	in	culture.	Therefore,	TGY	(trpticase/glucose/east	extract)	culture	medium	containing	less	than	2	mM	Pi	was	complemented	with	10	to	60	mM	Pi.	C.	tetani	growth	was	similar	in	TGY	complemented	with	10	and	20	mM	Pi	than	in	the	TGY	control
medium,	but	was	slightly	decreased	when	supplemented	with	40	and	60	mM	Pi	(Figure	6).	The	extracellular	and	total	TeNT	production	was	increased	in	TGY	containing	40	or	60	mM	Pi,	while	no	significant	difference	in	TeNT	production	was	observed	in	TGY	complemented	with	10	or	20	mM	Pi.	The	highest	level	of	TeNT	production	occurred	when	C.
tetani	was	cultivated	in	TGY	with	40	mM	Pi	(at	least	twice	as	extracellular	TeNT	compared	to	the	TGY	control	medium)	(Figure	6).	The	expression	of	the	tent	was	increased	in	the	TGY	medium	containing	10	or	20	mM	Pi,	and	to	a	greater	extent	when	supplemented	with	40	or	60	mM	Pi	(Figure	6D).	The	kinetic	expression	of	the	augmented	tent	in	TGY
complemented	with	Pi	is	similar	to	that	of	the	TGY	control	medium,	occurring	at	the	end	of	the	exponential	and	beginning	of	the	stationary	growth	phases.	The	expression	of	the	tetR	was	also	increased	in	cultures	supplemented	with	Pi,	but	mainly	within	a	short	time	between	24	and	32	h	of	culture	(Figure	6E).	This	suggests	that	the	regulation	of
TeNT	expression	by	inorganic	phosphate	is	independent	of	tetR.	High	CO2	concentrations	(70%)	were	found	to	increase	the	expression	of	of	BoNT	in	C.	botulinum	group	II	in	contrast	to	group	I	strains,	where	CO2	has	no	significant	stimulatory	effect	[27,28].	CO2	also	increases	the	toxin	production	in	other	bacteria	such	as	Bacillus	anthracis,
Staphylococcus	aureus	and	Vibrio	cholerae	[27].	However,	the	mechanism	of	the	stimulatory	effect	of	CO2	is	not	well	defined.	Since	C.	tetani	is	phylogenetically	related	to	C.	botulinum	[29],	we	tested	the	influence	of	carbonate	as	a	nutritional	requirement	for	TeNT	synthesis.	For	that,	the	TGY	medium	was	supplemented	with	various	Na2CO3
concentrations,	and	addition	of	50	or	100	mM	Na2CO3	did	not	modify	the	growth	of	C.	tetani	CN655	(data	not	shown).	We	observed	a	significant	stimulatory	effect	on	TeNT	synthesis	in	TGY	medium	supplemented	with	100	mM	Na2CO3	(Figure	7).	No	synergistic	or	cumulative	effect	was	detected	between	the	addition	of	carbonate	and	Pi	(Figure	7).
The	pH	at	72	h	of	culture	was	slightly	higher	(pH	7.6)	in	TGY	supplemented	with	100	mM	Na2CO3	compared	to	control	TGY	(pH	7.0)	or	TGY	with	50	mM	Na2CO3	(pH	7.3).	However,	the	pH	in	TGY	cultures	supplemented	with	40	mM	Pi	or	100	mM	Na2CO3/40	mM	Pi	was	not	significantly	modified	(pH	7.0	and	7.4,	respectively),	suggesting	that	the	role
of	Pi	and	Na2CO3	on	TeNT	synthesis	were	not	pH-dependent.Since	the	TCS	CTC_RS05745/CTC_RS05750	seemed	to	be	involved	in	TeNT	secretion	without	controlling	the	synthesis	level	of	toxin	(see	above	and	Figure	2),	we	investigated	the	morphology	of	the	strain	CN655/p1311	in	comparison	to	the	wt	CN655	by	electron	microscopy	(Figure	8).
Electron	microscopic	analysis	of	wt	CN655	and	strain	CN655/p1311	showed	a	marked	alteration	of	the	bacterial	wall	of	the	mutant	strain	(Figure	8).	In	the	wt	CN655	strain,	the	layers	forming	the	bacterial	wall	are	well	organized.	In	contrast,	in	strain	CN655/p1311,	the	bacterial	wall	appeared	disorganized	and	an	abundantly	detected	diffuse	material



surrounded	the	bacteria.	The	altered	bacterial	,revewoH	.noitcudorp	TNeT	tneu101qesbus	dna	noisserpxe	Rtet-tnet	eht	decneulfni	55101SR_CTC/05101SR_CTC	50831_CT	eht	eht	eht	eht	et	t	et	t	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	t	e	r	e	r	e	r	e	r	e	r	e	t	e	r	e	r	e	r	e	r	e	r	e	t	e	r	e	r	e	t	e	t	e	t	e	r	e	r	e	r	e	r	e	t	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r
e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	e	r	TNecklötttt.	transcription	were	not	decreased	in	the	exponential	growth	phase	despite	a	reduction	of	TeNT	production.
This	might	result	from	a	delayed	effect	of	the	RNA	anti-sense	system	and/or	of	unproductive	RNA	hybridized	with	the	anti-sense	RNA.	They	seem	to	indirectly	control	the	expression	of	tent	and	tetR,	since	the	respective	RRs	bound	neither	to	Ptent	nor	PtetR.The	TCS	CTC_RS13810/CT_RS13805	is	the	only	TCS	located	on	the	large	tetR-tent	operon-
containing	plasmid,	and	it	is	encoded	about	25	kb	upstream	of	tent.	The	CTC_RS13805	RR	belongs	to	the	OmpR	family	(Table	1)	and	shares	91%	amino	acid	identity	with	a	RR	of	Clostridium	lundense	but	has	no	homolog	in	other	clostridia	or	bacteria.	The	chromosomally	encoded	RR	CTC_RS10155	is	related	to	the	LytR/AlgR	family	of	regulators	and	is
putatively	involved	in	autolysis.	This	TCS	has	homologs	in	C.	botulinum	and	other	clostridia.	However,	the	TCS	homolog	in	C.	botulinum	has	no	influence	on	BoNT	production	[25].The	C.	botulinum	TCS	CBO0786/CBO0787	was	previously	found	to	repress	BoNT	synthesis	[26].	This	TCS	has	a	homolog	in	C.	tetani	(CTC_RS07310/CTC_RS07315)	with	a
58%	identity	at	the	amino	acid	level	of	the	RR,	and	it	is	predicted	to	be	involved	in	cell	division.	This	C.	tetani	RR	was	also	found	to	repress	TeNT	synthesis.	Indeed,	secreted	and	total	TeNT	levels	were	increased	in	the	anti-sense	strain	(CN655/p1419).	Interestingly,	the	RR	CTC_RS07315	bound	to	Ptent	and	PtetR,	resulting	in	a	significant	decrease	in
tent	expression	at	the	stationary	growth	phase	and	a	moderate	impairment	of	tetR	transcription	at	late	exponential	and	early	stationary	growth	phases.	This	suggests	that	the	negative	effect	on	tent	transcription	results	from	a	direct	interaction	with	Ptent,	possibly	independent	of	tetR	since	the	effect	on	tetR	transcription	was	weak.	The	mode	of	action
of	CTC_RS07315	RR	is	likely	similar	to	that	of	CBO0786,	which	binds	to	the	ntnh-bont/A	and	ha	operon	promoters	in	C.	.C	ni	seneg	741	slortnoc	RriV-SriV	.snegnirfrep	.C	fo	RriV	rotcaf	ecneluriv	eht	htiw	ytitnedi	dica	onima	%43	a	sah	RR	58740SR_CTC	,RtetP	htiw	ton	tub	tnetP	htiw	detcaretni	RR	58740SR_CTC	tiebla	,devresbo	saw	noisserpxe	tnet	ni
esaerced	thgils	a	ylno	,	revewoH	.noisserpxe	Rtet	ni	esaerced	dekram	a	dna	TNeT	ralullecartxe	fo	tnuoma	eht	ni	esaerced	thgils	a	detibihxe	,detegrat	saw	RR	58740SR_CTC	hcihw	ni	,0131p/556NC	niarts	esnes-itna	ehT.]52[	sisehtnys	TNoB	fo	lortnoc	eht	ni	devlovni	eb	ot	dnuof	ton	saw	)sRR	gnidnopserroc	eht	neewteb	ytitnedi	dica	onima	%37(
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aus		Ã	aigolana	mE	.]02[	A/tnoB	esetnÃs	a	etnemavitisop	alortnoc	negatively	regulates	production	ofA	and	toxin	B,	while	in	other	strains,	Spo0A	does	not	affect	the	production	of	toxins	[53]	.in	C.	difficile,	the	MFD	protein	is	involved	in	the	repair	of	excision	and	the	elongation	of	the	transcription	of	nucleotides.	This	protein	has	been	identified	as	a
positive	regulator	of	toxin	synthesis	A	and	toxin	B.	MFD	possibly	prevents	the	inhibitory	effect	of	Cody	and	CCPA	(A	carbon	catabolite	protein)	by	inhibiting	its	connection	to	the	promoters	of	the	toxin	gene	[24].	The	MFD	is	kept	in	C.	tetani.	However,	it	did	not	have	an	impact	on	the	synthesis	of	tents	under	the	conditions	tested.	In	contrast	to	C.
difficile,	the	stem	synthesis	is	not	suppressed	by	rapidly	fermentable	carbohydrates	[54].	Whenever	numerous	regulatory	genes	are	kept	in	Clostridia,	they	have	distinct	pleiotropic	effects	in	each	species.	Our	data	indicates	that	C.	tetani	maintains	exclusive	regulatory	pathways	to	control	the	synthesis	of	tents,	possibly	as	an	adaptation	to	specific
nutrients	and/or	environmental	conditions.	Regulatory	components	of	the	network.	As	some	TCSs	are	involved	in	IP	capture	and/or	metabolism,	we	test	the	influence	of	the	PI.	We	observed	that	an	ideal	concentration	of	PI	around	40	mM	significantly	increased	the	transcript	of	the	tent	and	subsequent	tent	production.	In	C.	perfringens,	the
concentrations	of	20	to	50	mM	of	Pi	increase	the	spulation	and	the	production	of	enterotoxin	of	C.	perfringens,	whose	gene	expression	depends	on	spulation.	The	PI	induces	the	expression	of	Spo0A	and	subsequent	spulation	[55.56].	However,	we	do	not	observe	the	impact	of	Pi	supplementation	on	the	CN655	spur	in	the	TGY	medium.	Pi	also	increased
the	production	of	toxins	in	Bacillus	thuringiensis	[57].	PI	is	a	key	element	in	bacterial	metabolism;	Notably,	it	is	incorporated	into	the	transcriptional	regulatory	proteins,	and	the	IP	homeostasis	has	a	critical	adaptive	role	in	bacterial	virulenceFor	example,	the	availability	of	the	PI	controls	motility,	biofilm	formation,	colonization,	virulence	factors
induction,	such	as	phospholipases	in	aeruginous	Pseudomonas,	colonization	factor	and	synthesis	of	toxins	in	vibrio	cholerae,	enteropatogenic	and	enterohemorrhia	-escreichia	coli	(revision	[58	years].	In	Bacillus	anthracis,	Pi's	hunger	increases	spore	germination,	the	invasion	of	macrophages	and	the	secretion	of	toxins	[59].	It	can	be	speculated	that
the	availability	of	the	PI	can	also	facilitate	the	colonization	of	the	wound	by	C.	tetani	and	the	production	of	in	situ	tent.	The	Pi	mechanism	in	control	of	the	transcript	of	the	tent	is	not	yet	known.	It	is	possibly	mediated	by	TCs	as	CTC_RS05745/CTC_RS05750	and	CTC_RS10030/CTC_RS10035,	which	are	involved	in	phosphate	pickup.	In	fact,	the
corresponding	anti-sensus	strains	(CN655/P1311	and	CN655/P1313)	cultivated	in	TGY	supplemented	with	PI	(40	mM)	showed	slightly	increased	extracellular	tent	compared	to	the	culture	in	TGY	(additional	materials	Figure	S6).	However,	these	two	TCSs	may	have	pleiotropic	effects	and	indirectly	control	the	synthesis	of	tents,	since	they	are
homologous	to	Phop/Phor	TCs,	which	was	found	to	control	various	pathways	of	metabolism,	such	as	homeostasis	redox	and	the	adaptation	to	acid	pH	in	Mycobacterium,	as	well	as	the	main	and	secondary	pathways	of	metabolism	under	phosphate	limitation	[60,61].	High	concentration	CO2	(70%)	in	the	gas	phase	stimulates	the	expression	of	the	BONT
gene	and	the	production	of	BONT,	despite	a	reduced	growth	rate	of	strains	of	group	II	of	C.	botulinum,	in	which	the	BOTR	regulatory	gene	is	missing.	The	CO2	action	mode	is	still	speculative:	it	should	dissolve	and	increase	the	concentration	of	bicarbonate	in	the	middle	of	TGY	culture	and	subsequently	to	increase	the	carboxylation	reactions	[62].	It
was	found	that	increased	concentrations	of	bicarbonate	increase	the	production	of	toxins	in	C.	difficile,	possibly	through	o	o	,seµÃ§Ãidnoc	sasson	mE	.]36[	anitoib	ed	etnedneped	o£Ã§Ãalixobrac	Tent's	not	increased	in	TGY	TGY	containing	100	mm	Na2CO3	independently	of	pH,	while	no	significant	differences	were	observed	with	the	supplementation
of	50	mm	Na2CO3.	Carbonate	involvement	in	carboxilation	reactions	is	more	probable	responsibly	by	the	regular	effects	on	the	tent	so	than	the	effect	of	carbonate	cap.	In	conclusion,	Tentani's	tent	is	under	the	control	of	a	complex	network	of	regulatory	elements,	including	TCSS	and	metabolism	regulators,	as	tested	by	the	anti-sense	RNA	system.
However,	it	is	necessary	a	more	direct	approach	to	the	exclusion	of	putative	target	regulatory	genes	to	confirm	regular	function	over	the	tent	of	these	genes.	C.	Tetani	and	C.	Botulinum	are	related	scalers	that	synthesize	powerful	neurotoxins	regulated,	and	their	genomes	contain	numerous	TCS	(30	in	C.	tetani	and	39	in	C.	Botulinum	A	[25.35]).
Interestingly,	although	most	TCSS	genes	are	homologists	in	both	spories,	C.	tetani	and	C.	Botulinum	mainly	use	distinct	SCS	sets	in	the	regularity	of	toxin	samples.	Among	the	nine	RRs	investigated	in	C.	Tetani,	only	one	system	(CTC_RS07315	in	C.	tetani	and	the	CBO0786	homolog	in	C.	Botulinum)	has	a	similar	function	in	both	samples,	ie,	serves	as
a	regulator	negative	toxin	sample	[26].	Four	other	RRS	modulate	the	tent	(one	acting	as	negative	and	three	as	positive	regulators),	while	its	homologous	counterparts	in	C.	Botulinum	the	no	effect	on	toxin	producing	[25].	In	addition,	two	TCSS,	which	positively	control	the	production	of	bont	in	C.	Botulinum,	so	homologs	in	C.	tetani	that	do	not	impact
on	the	tent.	We	suggest	that	C.	Tetani	has	adapted	to	the	somosis	to	try	to	nutritional	and	environmental	requirements.	In	fact,	C.	tetani	preferably	uses	spectable	metabnlic	paths	[35].	Notably,	ed	ed	socifÃcepse	sotruc	soedÃtpep	e	inatet	.C	arap	socitÃrc	sotartsbus	o£Ãs	sodic¡Ãonima	e	digestion	is	essential	for	the	synthesis	try	[32.35].	here,	we	also
found	that	pi	and	carbonate	are	additional	nutritional	requirements	for	the	production	of	try.	Thus,	the	synthesis	of	try	is	dependent	on	a	complex	network	of	regulation	linked	to	the	metabolism	of	c.	tetani,	in	which	carbohydrates	and	pi	are	important	elements.	a	better	understanding	of	the	regulation	of	fin	synthesis	and	the	underlying	environmental
factors	is	necessary	to	optimize	the	production	of	toxins	per	c.	tetani	for	the	production	of	vaccines.	Although	tetanus	is	rare	in	the	developed	world,	it	is	still	an	important	cause	of	deaths	in	many	underdeveloped	countries,	with	34,000	neonatal	tetanus	deaths	estimated	in	2015	[64].	tentative	immunization	is	an	efficient	method	of	prevention	of
tetanus,	and	thus	a	96%	reduction	of	this	disease	has	been	achieved	since	1988	[64].	the	availability	of	a	cheap	and	efficient	tetanus	vaccine	is	an	important	factor	for	the	eradication	of	this	disease.	unraveling	the	regulation	of	the	synthesis	tries	constitutes	the	basis	for	the	construction	of	hyperproductive	strains.	the	recombinant	strains	used	in	this
study	are	presented	in	Table	2.	escherichia	coli	strains	were	cultivated	in	the	broth	of	Luria-Bertani	(lb)	and	in	the	broth	of	c.	tetani	CN655	in	the	broth	of	tgy	(ph	7.5)	containing	tripticase	peptone	(bd	biosciences;	30	g/L),	yeast	extract	(bacto	yeast	extract,	bd	biosciences;	20	g/L),	glucose	(5	g/h	c.	tetani	was	cultivated	in	tgy	with	different
concentrations	of	inorganic	phosphate	(pi)	by	the	addition	of	Na2HPO4,	and/or	with	sodium	carbonate	na2co3	(merck,	guyancourt,	frança.)	the	growth	kinetics	of	CN655	c.	tetani	strains	in	the	middle	tgy	period	culture	complemented	with	erythromicin	(5	μg/mL)	were	monitoredThe	genes	studied	containing	the	region	of	the	place	of	link	to	the
ribosome	(RBS)	were	amplified	by	PCR	and	inserted	in	the	reverse	orientation	in	Pat18,	as	already	described	in	reference	[14].	DNA	segments	for	anti-sensus	mRNA	production	were	designed	in	the	RR	of	three	CTs,	in	the	SHK	gene	of	six	CTs,	as	well	as	in	three	regulatory	genes	(Cody,	Spo0A	and	MFD)	(Table	2).	The	CN655	genome	DNA	PCR
products	contain	a	3	TM	NCOI	site	and	a	5	€	PSTI	site	and	were	cloned	in	PMRP306,	a	derivative	of	Pat19	containing	the	promoter	of	the	iota	toxin	gene,	the	NCOI-PSTI	cloning	sites	and	the	3â	TM	part	of	the	iota	toxin	gene	[14].	The	resultant	anti-sense	RNA	plasmids	were	transformed	into	CN655	by	electroporation.	The	recombinant	plasmids	were
prepared	in	Escherichia	coli	Top10	strain	(Dam+,	Dcm+)	and	electroporated	into	C.	tetani	CN655,	with	an	efficiency	of	25â¢¢50	transformants	per	1	Î1⁄4g	DNA.	Curiously,	no	transformer	was	obtained	from	plasmids	prepared	in	E.	coli	BL21	(dam+,	dcmâμ)	or	c2925	(dam	,	dcmâ'),	indicating	that	C.	tetani	cn655	contains	a	functional	dcmylase	that
harms	the	transformation	of	non-DCM-metilado	DNA.at	8,	24,	32,	48,	56,	72,	and	144	h.	The	cells	were	collected	at	10000	rpm	for	10	min	to	4	°	C,	and	the	overnadants	corresponding	to	the	extracellular	toxin	were	filtered	(0.22	°m)	and	stored	at	20	°	C.	For	the	intracellular	toxin	test,	the	granules	were	washed	twice	with	distilled	water	and	two
osmotic	lysms	were	stored	with	TGY	containing	20	mg/ml	Posses	of	microtitular	plates	(Nunc	Maxisorp;	Nunc,	Roskilde,	Denmark)	were	coated100	μl	of	equine	anti-tetan	serum	(Sanofi)	FA193727)	in	0.05	M	carbonate	buffer	pH	9.5	and	incubated	at	4	Ã°ÂC	overnight.	Plates	were	washed	3	times	with	phosphate	buffered	saline	(PBS)-Tween20	0.1%
with	an	automatic	plate	washer	(BioTek,	Washer	120,	BioTek	France,	Colmar,	France).	After	blocking	with	20	mg/ml	BSA	in	carbonate	buffer	during	30	minutes	under	agitation,	three	washes	were	performed,	and	100	ÃµÂl/well	of	serial	two-fold	dilutions	in	PBS-Tween20	0.1%-BSA	1%	(PBS-T-BSA)	of	samples	were	added.	The	plates	were	incubated
for	1	h	at	room	temperature	with	shaking.	Tetanus	toxin	(Sanofi	Pasteur,	Marcy	l¢ÃÂÂEtoile,	France)	was	used	as	standard.	After	three	washes,	the	plates	were	incubated	with	100	Ã¼ÂL/well	of	rabbit	anti-tetanus	serum	(1:6400;	Sanofi	Pasteur	nÃ°Â	7078)	for	1	h	at	room	temperature,	then	with	100	ÃµÂl	of	goat	anti-rabbit	Ig	peroxidase-linked
(1:4000,	111-035-006,	Jackson	Immunoresearch)	for	1	h	at	room	temperature	in	PBS-T-BSA.	For	detection,	100	ÃµÂL	of	1	mg/mL	ortho-phenylene-diamine	(OPD,	Sigma)	in	citrate	buffer	(0.05	M,	pH	4.5	containing	0.06%	H2O2)	was	used.	The	color	development	was	stopped	after	8	min	by	adding	50	ÃµÂL	3	M	HCl.	The	absorbance	was	read	on	a
microplate	reader	(Biorad,	model	680)	at	490	and	655	nm.	Total	RNA	from	C.	tetani	strains	were	extracted	at	8,	24,	32	and	48	h	of	growth.	After	centrifugation	at	4000	rpm	for	15	min	at	4	Ã°ÂC,	the	culture	pellet	was	mechanically	disrupted	in	the	presence	of	silica	beads	(Lysing	Matrix	B,	MP	Biomedicals,	Illkirch,	France)	and	buffer	RLT	(MP
Biomedicals)	by	shaking	with	a	FastPrep	apparatus	(MP	Biomedicals),	and	RNA	total	extracted	using	RNeasy	mini	kit	(Qiagen,	Courtaboeuf,	France),	according	to	the	manufacturer¢ÃÂÂs	instructions.	The	RNA	preparations	were	stored	at	¢ÃÂÂ80	Ã°ÂC.	A	DNAse	treatment	with	TURBO	DNase	(Ambion,	Thermoscietific,	Les	Ulis,	France	was
performed	following	the	manufacturer¢ÃÂÂs	instructions.	The	absence	of	DNA	contamination	on	RNA	extracts	was	checked	by	real-time	PCR	targeting	targeting	tent.	Total	RNA	amount	was	monitored	with	NanoDrop	ND-100	Spectrophotometer.	cDNAs	were	then	synthesized	from	1	ÃµÂg	of	total	RNA	with	random	primers	(pDN6	5	ÃµÂg/ÃµÂL,
Roche,	Meylan	France)	and	RNase	OUT¢ÃÂ¢Â	Recombinant	Ribonuclease	Inhibitor	(Invitrogen,	ThermoFischer,	Les	Ulis,	France)	and	with	M-MLV	Reverse	Tanscriptase	kit	(Invitrogen),	according	to	the	manufacturer¢ÃÂÂs	instructions.	RT-PCR	was	performed	in	25	ÃµÂl	reaction	volume	containing	30	ng	of	cDNAs,	12.5	ÃµÂL	of	SYBR	Green
Supermix	(Bio-Rad,	2ÃÂ;	1.25	U	iTaq	DNA	polymerase,	0.4	mM	each	dNTP,	6	mM	MgCl2,	20	nM	fluorescein,	SYBR	Green	I)	and	500	nM	gene-specific	primers	(Table	3)	in	an	iQ	iCycler	apparatus	(Bio-Rad).	The	reaction	was	subjected	to	denaturation	at	95	Ã°ÂC	for	3	min	followed	by	40	cycles	of	denaturation	at	95	Ã°ÂC	for	10	s,	annealing/elongation
at	61.7	Ã°ÂC	for	30	s	for	rpoB	and	tent	genes	and	65.1	Ã°ÂC	for	gyrA	and	tetR	genes.	Then,	a	dissociation	stage	of	65	to	95	Ã°ÂC	with	a	heating	rate	of	0.5	Ã°ÂC	per	10	s	was	performed	to	establish	a	melting	curve	to	confirm	the	specificity	of	the	RT-PCR	reaction	for	each	primer	pair.The	relative	cDNA	quantity	of	each	sample	was	determined	with
the	threshold	cycle	[ÃÂÃÂCT]	method	(Analysis	of	Relative	Gene	Expression	Data	Using	Real-Time	Quantitative	PCR	and	the	2ÃÂÃÂCT	method).	cDNA	quantity	of	the	tent	and	tetR	gene	was	normalized	to	the	quantity	of	cDNA	of	the	rpoB	and	gyrA	gene.The	genes	ctc_p21,	ctc_01979,	ctc_1421,	ctc_00935,	codY	and	tetR	were	PCR-amplified	from	the
genome	of	C.	tetani	CN655,	with	primers	(Table	3),	adding	a	BamHI	site	at	the	5¢ÃÂÂend	and	an	EcoRI	at	the	3¢ÃÂÂ	end.	PCR	products	were	digested	with	appropriate	restriction	enzymes	and	the	resulting	products	were	cloned	into	a	pCR2.1	vector	and	subcloned	into	pET28a	(Novagen,	Merck,	Guyancourt,	France)	for	the	expression	of	N-terminal
6-histidine	proteins.	The	resulting	constructions	were	transformed	in	E.	coli	BL21DE3,	according	to	the	?	nworg	erew	senolc	,snietorp	tnanibmocer	fo	noisserpxe	ecudni	ot	,ylfeirb	for	30	min.	The	transferred	DNAs	were	linked	to	membranes	with	UV	light.	The	Biotin-Labered	DNAs	were	detected	with	the	Emsa	Lightshift	Chemiluminescent	kit	(Pierce,
Thermofischer,	Les	Ulis,	France)	according	to	the	manufacturer's	specifications.	The	18	h	culture	bactons	were	mixed	V/V	with	a	fixed	solution	containing	5%	glutararaldean	(GA)	at	0.2	m	phem	pH	7.2	(60	mm	tubes,	25	mm	hepes,	10	mm	EGTA,	2	mm	mgcl2)	and	incubated	to	1	h.	The	samples	were	washed	twice	in	PBs	before	performing	a	high
pressure	(>	2000	bar)	freezing	in	1-hexadecan	using	a	Bal-Tec	HPM	010	(Leica).	The	replacement	of	the	freezer	was	made	with	2%	OSO4	and	0.5%	uranil	acetate	in	acetone	followed	by	several	steps:	-90	°	C	to	42	h,	heated	at	©	-30	°	C	(5	°	C	/	h),	incubation	to	12	h,	heated	at	©	0	°	C	(10	°	C	/	h)	and	incubation	to	1	h.	Then	the	samples	were	washed
with	acetone	on	the	ice	and	incubated	with	the	increase	in	the	low	viscosity	-embarrassed	Momia	kit	(EMS	Ref.	14300)	/	Mixture	Deaceton	(1:	4)	to	3	h,	1:	1	at	night,	3:	1	During	the	day,	9:	1	at	night,	Spurr	resin	for	day	and	at	night.	The	samples	were	placed	on	pure	spurr	-infiltrated	flat	tubes	before	polymerization	at	60	°	C	to	48	h.	The	sections	(60-
70	nm)	were	obtained	from	an	ultramicrotome	FC6/UC6	(Leica,	Wetzlar,	Germany),	transferred	in	200	formal	and	carbon-coated	and	carbon-covered	copper	grids	(CF-200-Cu50,	Microscopy	Delta).	The	samples	were	stained	with	4%	Uranyl	acetate	and	contacted	with	lead	citrate.	The	images	were	recorded	with	Tecnai	Spirit	120	kV	(with	a	Mara
Eagle	4K	X	4K	assembled	at	the	bottom,	Thermo	Fisher	Scientific,	Waltham,	MA,	USA).	For	scanning	electron	microscopy	(without),	the	dehydrated	samples	with	ethanol	were	dried	with	CO2,	and	then	sprayed	with	a	20	nm	gold	paater	with	a	Gatan	Ion	bundle	coater	and	were	examined	with	an	electron	microscrease	field	emission	scan	JEOL	JSM
6700	F	operating	in	7	Kv.	The	images	were	acquired	with	the	upper	SE	SE	detectortsael	ta	fo	MES	Â±Ã	seulav	naem	era	ataD	.91TAp/556NC	ot	derapmoc	noisserpxe	Rtet	ni	ecnereffid	tnacifingis	on	dewohs	9031p/556NC	dna	8031p/556NC	)B(	.91TAp/556NC	ot	derapmoc	noisserpxe	tnet	ni	ecnereffid	tnacifingis	on	dewohs	3131p/	556NC	dna
2131p/556NC	,9031p/556NC	,8031p/556NC	)A(	.ecnereffid	tnacifingis	on	gniwohs	sniarts	esnes-itna	556NC	dna	81TAp/556NC	ni	Rtet	)B(	dna	tnet	)A(	fo	noisserpxE	:4S	erugiF	.serutluc	tnednepedni	eerht	tsael	ta	fo	MES	Â±Ã	seulav	naem	era	ataD	.81TAp/556NC	ot	derapmoc	slevel	TNeT	latot	ni	ecnereffid	tnacifingis	on	dewohs	3131p/556NC	dna
2131p/556NC	,1131p/556NC	,0131p/556NC	,9031p/556NC	,8031/556NC	.ecnereffid	tnacifingis	on	gniwohs	sniarts	esnes-itna	556NC	dna	)rotcev	ytpme(	81TAp/556NC	yb	decudorp	)TNeT(	nixot	sunatet	latoT	:3S	erugiF	.serutluc	tnednepedni	eerht	tsael	ta	fo	MES	Â±Ã	seulav	naem	era	ataD	.81TAp/556NC	ot	derapmoc	TNeT	fo	slevel	ralullecartxe	ni
ecnerefffid	tnacifingis	on	dewohs	0841p/556NC	DNA	2741P/556NC,	3131p/556nc,	2131p/556nc,	9031	p/556NC	,8031p/556NC	.ecnereffid	tnacifingis	on	gniwohs	sniarts	esnes-itna	556NC	dna	)rotcev	ytpme(	81TAp/556NC	yb	decudorp	)TNeT(	nixot	sunatet	ralullecartxE	:2S	erugiF	.serutluc	tnednepedni	eerht	tsael	ta	fo	MES	Â±Ã	seulav	naem	era	ataD
,tw	556NC	dna	81TAp/556NC	htob	ni	ralimis	erew	noitcudorp	TNeT	latot	dna	scitenik	htworg	,h	441	ot	27	morf	esahp	yranoitats	eht	nI	.rehgih	ylthgils	saw	)B(	TNeT	fo	noitcudorp	latot	eht	tub	,h	65	tsrif	eht	gnirud	tw	556NC	Fo	Taht	Naht	Rewol	YLTHGILS	SAW	81TAP/556NC	FO)	A	(Scitenik	HTWORG	.81TAP/556NC	DNA	TW	556NC	NI
NOITCUDORP)	TNET	(Nixot	Sunatet	DNA	Scitenik	HTWORG:	1S	Erugif:	1S/823/2166-270.	IPDM.WWW	//:	SPTTH	TA	ENILNO	ELBALIAVA	ERA	GNIWOLOF	EHT	.00,0	-²â5(	editoelcuNremirPeneg	od	aicnªÃ¼Ãqes	ad	ocip³ÃT	.ASME	sotnemirepxe	arap	Rtet	e	adnet	ed	sarotomorp	seµÃiger	e	acietorp	o£Ãsserpxe	,RCP-TRq	arap	sodasu	sremirP	.3
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