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Abses cerchn dapat tenad: pada sk una berapapun namsn yang
peling [amen satacs uma 4 samps 8 tehun Penyvebab abses cerebn adalsh
embalisan karena penyalal jantung kongenstal dengan shive dan kanan ke kan
(terutama tetralogs Fallot). menmgatis, obts media loons dan mastosdatis, infeka
janngan lunak dan muka atau kulit kepala selubtis orbota mbskn gpp, luka
tembus kepala, status imunodefinenn, daninfekn shunt venmbulo-pentopeum ©

Abses serebn adalady infeks intraserebral fokal yang muncul sshagm
area serebnts lokal dam berkembang menyad kompualan pus yang dikelilbng oleh
kapsul yang bervaskulansasm bak Abses serebn senng tenjad: berkatan dengan
malforman jateng kongemital dean depst muncul nysta pada zast lahar atau
bermansfestan pada una dewasa Dua komplikan pada susonan saraf pusat yang
paling semus yang berkmtan dengss penyvakit jastusg bewsan (PIE) adalah
trambans serebral dim abses serebn ?

Abses sershn dapat berasal dan' (1) penyebaran lmgrung dan infekn
jmngsa pon-neural di selotamya sepert mpumbs paranasal, obbs media,
mastoaditis atau infekn pgp. (7) peayebaran hematogesn dan tempat infekn yvang
jauh sepert endokardites, infekn pary, infekn gastroantestmal, (3) alobat trauma
kepala atan indakan pembedahan yang menysbabkan infekn langsung pada otak

Pasten dengan PIB manotk {dengan nght-to-left shunt) memublia
remko yang leboh tngg untuk mendenta abszs serebn dimana PJB sanotuk
merupakan [aktor remko pada 12,2-8%.4% dan selwruh kasus serebn Studs dan
Menon et & melaporkan bahwa dan T3 pamen abres serebn, snam diantaranys
(3%a) memiliks PIE nanotik dan kerelurchannyas merupakan pendenita Tetralog of
Fallot *

Cranial Nerve VII Palsy as the First Sign
of Cephalic Tetanus After an Earthquake

FE-NTAK-DILT MAS

sustahmed righes

siidied parriorbatal and

fromial scalp albrs-

st causcd by [l
ing cement durieg e January 12,
3010, casthquake in Haitk, Twvlve
alays Limer, hor developed weakmes ol
ther righi siche oF his face, Hir peorivedd
local wnimid care s mirsvenous ces
lazobin sxlium. O plyesical oo
meatiern, hie Funda vl B
worthage and an bodaiod righil-sadkd
aransal nemve VI palsy. He repormed
padn im his jew; hiwryver, be hadd a
noomal maege of metion. Compusel
tomography of the head sovealod na
skull or prw fraciuses. One day sher
aliva haggye from the Bospital he noted
dillouly in opeming bis mouly and
new numbnes on the righs ide ol kis
lace. HMis sympioms worsened over T
alays. He was ovaluaiod af another
haoeguinal, where & gasimic Feedimg nulhe
wan plaxmil Bevar o his mabslty o
apers bk mouthe On resdmibsion 1o
ke honpigal a prw crantal perve W
rabey, @ mew wsbale oranial merve
pabsy, and a persistend cranal nerve
Vil palsy were noved {all migha-
kol b i aabeditiom fos Erisengs aned neck
righdiny. s voioe was cofi; he expe:
renced Irequent lele-sided facial
spucsms (Flgere 11 Tetanus o
ok, Betanus vmune globsalin R0
U imprammscolardyy, and imimave
nos e ironklicals phangphaie wers
given. A sedond compuncd tomes
irapih o the heald sharawad no ahmior-
malities. Rewales of cerebrospinal (il
Ik wiire pairsl The paticed ws-
dberwent wamgical exploravon anid die

bridemeni of kis wonnds thai re-
vealed no persmient imfeciion. He
mever pegpaind imtubagion. Chaer 16
oy, by ariamnus, neck rgdiey, and
befisckbod Bl spasma prsoboed . and
he was abde 1 diimk a ligqued die
ihrough a straw A resicdaal cranial
merve Wil paley pessisied X1 days af:
tee hoapital discbarge (Hgues 3

CONMENT

Tenanus ks inaressinghy wnoommon in
dievekopsal conmrries i B0 imimis-
nizasion programs. in developing
womiritries, hamavet, Leliears Feisaains
a significani hesih peoblem Tarbs
epakis can crvale sl -combammmatsd
wripslz (B in an underammunized
repalation cin brad B0 numcioss
wanes ol netanus. Physiclara working
in s By repii shassdd b aracane of all
clinical presenusmions of wwlamgs. Ces
rhalic irkanus noa legm iof Realizral
necanus characienned by trissms plos
pearalysr ol §or more cranisl nesves,
wiith cramial merve Vil most (e

guienthy irvotved. The pughoplhyadied-
argy of cranial nerve paralysis m e

pEalic 1etanus is sill wadlear,”
Likewne, wivy paresis may persis for
wecks alter resodutkon Gl spasist i

ilsa ko oo knowdedge,
dgunjEels severth cranbal nerve julvy
inangaral in the evolwion of ce-
jrhali ictisms hin bedm repotial in
il & onbaer gmses **

Tawld alirerom, M, MPH
Afall Fpirnng, MR, MPH

Aaithor .ﬂ.mlhli-pnv.mpnlmml-ul
Ieermal Medicing, Manional ™Naval

Wedical Cenger (T Glogsonk, and
Department of Newrology, Ma-
tienal Maval Medical Center (Dr
Erseiee ], Babeesida, Marylanid.
Correspandenoe: Dy Cleeson, B0
Wisgoitein Ave, Dethesla, MO 1088
sl gleesornEmad] £om)
Aaithor Comribuvions; Sraly con-
ot anel g Gobeonaon anid Brierane
Acguistiros of dara: Gleeson and
Eiienm, Amalvsis and intrepreiainm
of dhanr (G leweson and Exienine. Pajr-
ing of i manusripd: Glocson asd
Frienine, Crinal Foviie of phe shirs-
waiipd b i tand indrflealual von-
eenl Gleesen and Eviemne. Sy -
peevishom Gloeson snid Etienne
Finamcial Disclossre: None re-
el

Disclaimeer: The views expeessed
W this article are those ol the
authars amd do mor necessarily
mellect the official policy ar posi-
tion ol the Depanment ol 1he
Ny, Deparimant of Delorse, nor
the LS governmsent

1. Coch M Frocees AT, Maedel AL Teona 19
e o E e B J Bearws BN
ATT-4T,

T M J ercama | o TagTues el jriRETg e
Bof ppaing J Perorsl M oy Py buiry | 5%
LE0 [ i]

1 Basrsd CL Frriged S (T Ssirrw HA. Rarmibemis-
ol = B pamajerd of wrern bfamn, B )
ot O T | -4

A Tokdaieps KD Songled I Misla B @ Cr
Pl g e BT e r i i e |
Tramcte| B bl bowrvin | it 200 1 3400
TET

TR RED) AR F LB Y, i [ah 4] AFE 5

BT LB RO . e

CEE B ymprican Sirdica]l Seseriasion VA righis spsnrsed



Table 1. Sedecied [:l-:-n'ru-;:'rapl'-rr. I'.I'l-.1r.:.-|:1-:-r|-51|r.*. of Pregnant Wormen l|'l|':l1-|:| H-:t-:'-rn'-a-l:l.Td-:lp Beuringg Pregrancy by Vaccination Stahes Recorded in the
Vaccine Safety Datalek S es From Lraaary 1, 2007, Through Mosember 15, 20713

M. {35
Teme nce Prige Tefanes-Conlaning Vaccinalion, §
' g R [Cankral)
Wanihle I;l'- s 4811} I_Ill L] Bil"ﬁ'] in= 14 !lﬂ F Wl
‘Wabermal age, mean {range), y TS (15-49) W07 (14-49) T 28.8 (14-88) =001
t ioliment prioe 10 HEIRANCY, e (range), ma &9 .8 (0.0-99.9) LA (DO L0 5) 1.9 (h.0-73.8) <. 041
eslEtional a0 o1 Tdap, meean (rasge], wk B {1-29] B0 1K) & [1-805 . [H¥]
bfequale prena s care® 3623 {75) T3 (73} 10542 (F3) 1
T VL CINES i pregnandy 3012 (G2} L6119 che) 2994 (&3) i3
Matemnal Lomor ted iy ™ 3HE 29 L350 ( 50) 4194 [ 11) Nl
Fregeuny © o i abon’ 514 {5 2) 5230 (57 FoiEs (%3] rd
Fredr bELamils vaoCine Tdap”® 4547 (94} B511 §B5) 7 (17) <. 001
Adioreation: Tohsm, tetares, depSheely, Srefl oyl perfinas rreairaegrrass, Tl o e e e Bing ol el muanaspeE el
* B il o ke e s preniaial anE Bk of Ketee ek AdetnaTy POy trpemnegs. Chpotydiamiecs, premature rephure of memisanes,
of Provanad Care Uil ation indes: amnicniti. amteparhum hemoirfuge. placental sbrupton. plaoenta presia,

o ST GO iy L
E Preserce of Fypertension in pregnancy, diabetes, candarvasolar deerue, T i
o 35ihma e wAh neen-Tis tet e Vet [, [FaFes SpP e il DRt

BoeSa - il Maivdh ] Bt B ipidecs. St SOl errEurllrg, S|
=T Jl.':.'-r-!ll'.lllu-:-:rﬁ'.l'ﬁ:l.w:-n':.ll'. Il'l:l.i‘:w:-:u'_'-i'.'|..|!I|I-:I|'|H||'.|'-r|-..1-

s wlgal i - E I
Hiial
1 e mia
Farbe=rrs LE owilleaesy. " 1= i ol i i
ey b L gy o
Ihb." B Liveiess sl o P o Rasd Lk sy ol e D ivoeen Lpladia wl el feal
L ssmia
" i A . ! jimA Dipralale anl ooyt g b gl Wgaarmp] Frrssaais Anidbaalls in laizas; =l
bt o fom mrmimii el =iy | ]|-|-' tmibag e
1
L&
LT S
[ T [P pe—
[
Llaaberdy e | g =d 1
[T
il
= i
1
Finm S T
s
i
=
1 o
1
A e L wowilTgy. "
| k. P icler Lsiades ol Froclicm Brgerdeny Wabrrmal 5o el oo (L resyg
O e o e TR A e e L T e
! 1
[’
L [ S ——
o b Ly LE owrilemrs ®
[}
1R L sl Lalessia 5 os cansl e Lieeeiy 7o will o Live Bafk leks rmal
Pl Lmrvas, | nimasl Sdgies, [84 5. JiiE
Torre =i
i
! 1

P gl

1 b oo+ OFID DEFa Seppldi) « &

MAKAKA A, BREEN S, BINAGWAHO A. Universal Saa Coverage in Rwanda: a report of innovations to increase registration with community -based health insurance. Lancet. 2012; 380: S7.Article - Google Scholar - USAID. Saa%de insurance profile: Rwanda. Cure of African strategy. 2016: 8 - 11. Lu C, Chin B, Lewandowski JL, et al. Towards universal
coverage of Saad®de: a rating of Rwanda Mutuelles in its first eight years. Plos one. 2012; 7 (6): 1-16. Organization of the world of the world (WHO). Tracking the universal coverage of health: first global monitoring report. 2015. Available: [Accessed April 18, 2020]. YATES R. To bury the Bamako initiative | Chatham house. Arrange: [accessed July 31,
2019] .pfeiffer J, Chapman R. Perspectives anthropological on the adjustment structure and publicity. Annu Rev Anthropol. 2010; 39: 149-65.Acticle-Google Scholar 'obeng-andoom F, Bockarie B. The Poil Economy of Varus Ebola Disease. SOC. 2018; 48: 19-35.Article-Google Scholar-Chukwuma A, Ekhator-Mobayode UE. Armed conflict and use of
maternal health care: evidencies of the Boko Haram insurgency in the nigon. SOC SCI Med. 2019; 226: 104 - 12. Google Scholar Arthula Roberts MJ, Hsiao WC, Reich Mr. Disagreeing the universal coverage cube: placing the heritage in the image. Healing system reform. 2015; 1: 22 - 7. Google Scholar 'Norheim Actura. Perspective is: five
unacceptable compensation. Int ] Heal Policy Manag. 2015; 4: 711-4. Google Scholar Feldstein LR, marat S, Gacic-Dobo M, et al. Global routine vaccination coverage, 2016. Pre -control centers. 2017; 66: 1252 - 5. Google Scholar Neal S, AA, Carter S, et al. Care of universal health and heritage: heritage: maternal health based on an analysis of
demographic data and domestic research. int j equity health. 2015; 14: 1 - 12. google arthalic scromel economic community of states of western Africa (ecewas.) earlywas of relance. available: . int/ [accessed on July 31, 2019]. perspectives of the world population 2019. available: [accessed on July 31, 2019]. World Health Organization, World Bank.
tracking universal health coverage: 2017 global monitoring report. genebra: world health organization; 2017. google scholara unicef. cluster surveys of multiple incidators (microphones.) available: [access on July 12, 2019]. the dhs program. Quality information to plan, monitor and improve population, health and nutrition programs. available:
[accessed July 12, 2019] .hanciaglu a, arnold f. meditating coverage on mnch: tracking health progress for women and children by praying domestic research of dhs and mics. plos med. 2013; 10 (5): 1-8.hosseinpoor air, schlotheuber a, nambiar d, et al. health equity avalment toolkit plus (heat plus:) software to explore and compare health inequalities
praying loaded data sets. health action of glob. 2018; 11: 20 - 30. google scholar article - wariri o, edem b, nkereuwem and, et al. tracking coverage, abandonment and multidimensional action gaps in immunization systems in western Africa, 2000-2017. bmj glob heal. 2019; 4: 1 10.hosseinpoor air, bergen n, schlotheuber a, et al. state of inequality in
the immunization coverage of diphtheria-tetanus-pertussis in low and middle income countries: a multicountry study of family health research. lancet glob heal. 2016; 4: E617 26. google articleKruk ME, Galea S, Prescott M, et al. Financing and use of maternal health services in developing countries. development. Policy Plan.
2007;22:303¢AAA10.ArticleA A Google ScholarA A Ooms G, Van Damme W, Baker BK, et al. The ¢AAAdiagonal¢AAA approach to Global Fund financing: a cure for the broader malaise of health systems? Glob Health. 2008;4:1¢AAA7 ArticleA A Google ScholarA A Marmot M, Friel S, Bell R, et al. Closing the gap in a generation: health equity through
action on the social determinants of health. Lancet. 2008;372:1661¢AAA9.ArticleA A Google ScholarA A Gavi The Vaccine Alliance. Vaccine goal indicators. Available: [accessed 31 July 2019].Government of Sierra Leone. Free healthcare services for pregnant and lactating women and young children in Sierra Leone. 2009. Available: [accessed 18 April
2020].Witter S, Brikci N, Harris T, et al. The free healthcare initiative in Sierra Leone: evaluating a health system reform, 2010-2015. Int ] Health Plann Manag. 2018;33:434¢AAA48.National Health Insurance Scheme. NHIS Mandates and Achievements 1997¢AAA2007. Abuja: National Health Insurance Scheme, 2007. Available: [accessed 18 April
2020).0noka CA, Onwujekwe OE, Uzochukwu BS, et al. Promoting universal financial protection: constraints and enabling factors in scaling-up coverage with social health insurance in Nigeria. Heal Res Policy Syst. 2013;11:1.ArticleA A Google ScholarA A World Health Organization. The Abuja Declaration and the Plan of Action. Abuja: World Health
Organization, 2000. Availabe: jsessionid=5669A4B18FD265C14C1B2459FCF491B5?sequence=1 [accessed 18 April 2020].Page 2Skilled Birth AttendanceDTP3 CoverageA ARural-UrbanMaternal EducationWealth QuintileRegional DifferenceMedianRural- UrbanMaternal EducationWealth QuintileRegional DifferenceMedianGrand MedianBenin (MICS
erbop od sitniuq e sacir siam serehlum san sa§Anairc uo serehlum me arutreboc( azeuqir ed litniuQ ;)of£A§Aacude mes sairjAdnuces se£Am sartuo ed anretam ofA§Aacude moc seEAm me arutreboc( anretam of£A§AacudE ;)onabru larur on arutreboc( onabru-larur :somertxe siod ertne a§Anerefid a atneserper arugif A HCAEA )8( 54.9259.9 )4( 9.91 )5(
9.6 )6(31)7(3,464 )5( 93 )21( 7,86 )ht11( 6,14 )31( 4.05 )41/3102 SHD( OGOT )°A1( 51 .2154.7 )dn2( 1.31 )4( 5.6 )5( 4.8 )°A3( 8.0'1.61 )°A2( 12 )°A1( 4.71 )°A2( 8.41 )°A2( 2.11 )7102 SCIM( enoeL arreiS )9( 53.2350.7 )11( 6.83 )dn2( 9,1 )4( 9.7 )8( 2,62.54 )8( 65 )9( 85 )6( 3.03 )8( 4,43 )7102 SHD( lagene$S )41( 359.25 )31( 7.25 )41( 1.35 )41( 9.46 )41(
5.521.85 )ht41( 7.76 )ht41( 1.27 )21( 5.84 )7( 2.43 )71/6102 SCIM( air©AgiN )21( 57.2451.42 )01( 8.43 )9( 6.32 )ht01 ( 7.42 )21( 4.125.06 )ht21( 7,66 )11( 2.95 )ht31( 7.05 )41( 8.16 )2102 SHD( REGIN )11( 9.9358.13 )41( 5.95)21( 4,63 )21( 3,72 )11(1.511.05)11( 8.16 )01( 6.85)01( 6.14 )01( 2.83 )5102 SCIM( ilaM )°A3( 7.0255.71 )9( 5,92 )8( 5.12 )7(
6.31 )2A1(1.91.9 5.12 )°A1( 9.91 )5( 8.54 )°A1( 5.21 )4( 1.32 )3102 SHD( air©AbiL )01( 53.437.51 )7( 62 )ht7( 9.51 )8( 5.51 )9( 4.755.25 )6( )5.25 )8( 7.65 )41( 6.25 )ht11( 7.24 )4102 SCIM( uassiB © AniuG )31( 5.444.83 )ht21( 3,34 )31( 7.54 )31( 5,33 )31( 1.3255.75)31( 1.76 )31( 5.07 )9( 3.93 )21( 84 )6102 ©AniuG ad ahciciM )2A2( 58.8150.6 )2A3( 61
)8A3( 5,4 )°A3( 6.7 )4( 7.0'51.53 )°A3( 8,23 )4(6,04)8(5.73 )2A3( 7.12)7102 SCIM( anaG )5( 51.328.5 ')5( 4,02 )°A1( 3.7' )°A1( 7.4"' )°A2( 9.6'7.53)9(18,75) 9A3( 7.63)5(9.52)9( 7.43 )3102 SHD( aibm¢AG )7( 8.8256.42 )8( 6,72 )11( 03 )9( 7.12 )01( 8.859.23 )4( 53 )6( 3,64 )4 ( 6.22 )5( 9.03 )6102 SCIM( eriOv'D et£AC )4( 8,0252.5 )°A1( 7,5 )6( 5.9 )°A2(
8,4)5(4.252.04 )01( 7,06 )7( 7,64 ) )°A7( 7( 8,33 )°A6( 1.23 )0102 SHD( osaF anikruB )6( 5.4242 )ht6( 32 )ht01( 92 )ht11( 52 )6( 9.36.52 )7( 35 )°A2( 3.03 )3( 9,02 )°A1( odacifitnedi iof ovitagen rodaluger mU .otnemartet od e adnet ad ofA§Aircsnart a malumitse etnemateridni euq sovitisop serodaluger siod odniulcni ,acarrab ed o£A§Audorp a matefa
seled s2Art ,sodatset sSCT evon so ertnE .sadahcef seic© Apse sartuo me sanixot ed o£A§Audorp an sodivlovne sodanoicaler soir*Ataluger sotnemele moc aigolomoh aus me esab moc sodanoiceles marof euq ,sadnet ed esetnAs an serodaluger 21 ed otcapmi o somagitsevni ,iugA .)sSCT( setnenopmoc siod ed sametsis 03 odniulcni ,sovitatup serodaluger
721 ed siam acifidoc inatet .C ed amoneg o ,0ssid m©AIA .adnet ad ovitisop rodaluger mu omoc odacifitnedi etnemroiretna iof euq ovitanretla amgis rotaf mu acifidoc ,adnet ad etnatnom a etnemataidemi odazilacol ,)onat©At od rodaluger eneg( rtet eneg O .saidrat 01r|An01catse e laicnenopxe otnemicserc ed sesaf san etnemlapicnirp osserpxe ©A
)adnet( adnet ad eneg o ,otaf eD .adatnemaluger arienam ed adnet a azitetnis inatet .C .acimAuq ofA§Aavitani e o£A§Aacifirup etneugesbus e inatet .C ed ofA§Aatnemref rop oditbo ,adnet ad edi3Axot o moc ofA§Aanicav alep etnemetneicife adiriuqda ©A ofA§Aneverp A .acitsjApse aisilarap rop adaziretcarac )onat©At( lataf sezev satium acigAloruen
a§Aneod amu rop leviAsnopseR ©A euq ,)avitatnet( onatet anixot a ,etnetop anixotoruen amu zudorp inatet muidirtsolC 0202 ed oiam ed 51 :odacilbup/0202 ed oiam ed 8 :otieca/0202 ed oiam ed 6 :odasiver/0202 ed lirba ed 02 :odibeceR 82305021snixot/0933.01/gro.iod//:sptth ;823 ,)5( 21 ,0202 sanixoT .adatnerfne res eved aicn2Adnopserroc a meuq
a acramaniD ,suhraA 0008 ,suhraA ed edadisrevinU ,anicidemoiB ed otnematrapeD ,siraP 42757 ,ruetsaP otutitsnl ,aruturtsartlU eiregamioiB ecivreS te eigolonhceT a§AnarF ad edadinu ,elioT'L ycraM 08296 ,ruetsaP-ifonaS .tcaB )ed®Aas ed e a01f|Argomed asiugseP( SHD e )serodacidni_ solp1t1°Am ed retsulc ed asiugsep( senoforcim me esab moc
,serotuA :etnoF )ohnepmesed rohlem ed ofAiger an ohnepmesed rohlem ed ofAiger an arutreboc( lanoiger a§AnerefiD sortuo sortuo sioD .otnemartet e adnet ed serotomorp so moc egaretni arap sianicav sonegAtna sortuo moc odanibmoc ©A TNeT edi3Axot o ,onat©At ed acifAcepse o£A§Aneverp arap ocin®A onegAtna ed anicav amu omoc osu od
m®©Ala ,euq ratlasser elaV .onat©At o artnoc etneicife otium 0£A§Aneyerp ed adidem amu ©A TNeT edi*Axot on adaesab of£A§Aanicav A .14,3[ )alucAsev oa adaicossa anarbmem ed anAetorp~( 2PMAV anAetorp )aimecilg A levAsnes rotaf ed o£A§Aaxif ed apANetorp ed rotpecer( ERANS od acitAloetorp megavilc a erbos )ocirAtubonima-amm¢Ag OdlCIA(
ABAG ,enicylg( serossimsnartoruen ed o£A§Aarebil a aieuqolb e soir3Atibini snoruenretni me artne TNeT o ,adiuges mE .lartnec osovren ametsis o arap adarg3Arter amrof ed odatropsnart ©A TNeT O .snoruenserotom me artne e ,]2[ seralucsumoruen sepA§Anuj san soneg3Adin etnemacificepse ecehnocer TNeT .setnadnucric sodicet son odarebil ©A e
laicnenopxe otnemicserc ed esaf ad lanif on odazitetnis © A TNeT .sosorcen sodicet me saib®Areana sepA§Aidnoc me ecserc inatet .C e otanimreg soropsE .atreba adiref amu ed s©Avarta omsinagro mu me rartne medop inatet soropse .C .]1[ )TNeT( onatet od anixot a ,etnetop anixotoruen amu azitetnis euq acib3Areana etsah ed amrof me air©Atcab e
soropse odnamrof ,ovitisop-marG etneibma mu ©A inatet muidirtsolC .eliciffid muidirtsolC uo munilutob muidirtsolC me sanixot ed o£A§Audorp ad elortnoc on sodivlovne seleugad sotnitsid etnemalpma ofAs euq serodaluger ed axelpmoc eder amu ed elortnoc o bos ijAtse TNeT ed esetnAs a euq martsom sodad sossoN .TNeT ed o£A§Audorp a
malortnoc euq siatneibma serotaf so ertne of£Atse otanobrac o e ocin¢Agroni otafsof o euq somirbocsed ,0ssid m©AIA .acarrab ad rotomorp o moc odnigaretni TNeT ed esetnAs a etnemavitisop alortnoc JofA§Aatum ed aicn2Auqerf ed o£A§Aanilcni( dfM AND ed oraper ed anAetorp a uo )0 esaf ofA§Aaluropse( AQopS ofAn sam )Y )norepo adizudni
aniniyoced( Aicd ed elortnoc( YdoC ,ossid m©AIA .ocarf osrevni otiefe mu met ortuo e ,TNeT ed ralulecartxe levAn o etnemacarf atnemua e acarrab ad rotomorp oa agil es :odaredom otiefe mu uortsom against other infectious diseases [5]. Industrial TeNT a raluger e siatneibma sepA§A1dnoc setnerefid me sa§Anadum s A ossecus moc rednopser araP
.sanixot ed o£A§Audorp a rarohlem arap soirjAssecen o£As otnemaluger etse malortnoc euq siatneibma serotaf sod o£A§Aanimreted e inatet .C me TNeT esetnAs ad soir*Ataluger somsinacem sod otnemicehnoc rohlem mU .adidneerpmoc lam ©A adnia TNeT esetnAs a eger euq air®Ataluger eder a ,otnatne oN .]61,51[ laidirtsolc anixot ad eneg od
sesetnis malortnoc euq esaremilop ANR amgis serotaf ed 07 amgis ailAmaf ad opurgbus mu a )A eneg elbicudni-VU( AivU snegnirfrep muidirtsolC e )rodaluger nixot eliciffid muidirtsolC( )RexT uo( RdcT eliciffid muidirtsolC a mecnetrep RtoB e RteT .]41[ D e C ,B ,A munilutob muidirtsolC me )TNoB( acinAlutob anixotoruen ad esetnAs a alortnoc euq
)acinAlutob anixot ed rodaluger( RtoB arap suogolomoh ©A RteT O .]31[ acarrab ad ofA§Aircsnart a etnemavitisop aluger euq ovitanretla amgis rotaf mu arap acarrab ed sogid3Ac ed etnatnom a sanepa )Jonat©At ed sanixot ed oir*Ataluger eneg ,Rtet( odavresnoc eneg mU .]21,11,01[ adavresnoc etnematla © A oedAmsalp rop adacifidoc acarrab a euq
marartsom e sodaicneuqes marof inatet .C ed sianoicida sapec ed samoneg sO .bk 47 ed TNeT ofA§Aacifidoc ed oedAmsalp mu e bM 8,2 etnemadamixorpa ed omossomorc mu m©Atnoc amoneg O .]9[ 3002 me adanimreted iof )88E( inatet .C acin®Agixot apec amu ed amoneg od atelpmoc aicn2Auqes ariemirp A .]18,7[ inatet .C me oedAmsalp ednarg_
mu me odazilacol .Atse )tnet( TNeT eneg O .]6[ sogracne e soiem setnerefid moc airav anixot ad otnemidner o ,missA .sodacifitnedi etnemlaicrap ofAs TNeT ed otnemidner otla mu me matluser euq sodlclenlma omoc siat ,siaicnesse soid © Am setnenopmoc sO .odalortnoc etnematirtse etneibma mu bos ocir otnemicserc ed oiem mu me adazilaer ©A
siop ,sanicav ed o£A§Audorp an oxelpmoc e ocitArc ossap mu ©A inatet .C o£A§Aatnemref A .anilamrof moc odavitani e arutluc ed setnanrepus ed odAartxe o£Atne ©A TNeT .inatet .C socinAlc sodalosi ed o£A§Aatnemref alep oditbo ©A many bacteria use a complex regulatory network involvingTypes of molecules, including RNA, DNA, protein and
metabolites. Among them are global regulators, such as two-component systems (TCs) and Cody, to detect the relevant environmental signals [17,18]. The TCSs are ubiquitous among bacteria. They consist of a chinidine kinase (SHK) sensor connected to the membrane or the cytosolic sensor (SHK) that detects a stimulus and its response regulator to
the cytoplasmic cognate (RR) that measures the cellular response. After a specific stimulation, the autophosphosphollyl SHK in a retained histidine residue. The phosphoryl group is then transferred from histidine to a retained aspartate residue in the RR, which after phosphorylation is able to control the expression of its target genes [18]. Depending
on the availability of nutrients, bacteria need to adjust their gene expression. The global regulator that Cody has shown to be an important regulatory link between metabolism and virulence factor synthesis in many bacteria Gram-positives for G + C drops. Cody shows the affinity enhanced by its DNA target when linked to GTP and/or branched chain
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 SPOOA 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 SPOOA binds to the promoter of Operon Bont/E and enhances its transcript [21]. The SPOOA is expressed in the exponential growth phase of C. botulinum and begins the cascade of alternative sigma factors involved in the spulation [22]. However, SPOOA 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, Spo0OA 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, SpoOa 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/CLCO0663 of C. botulinum withThe protein identity for CTC_RS02080/CTC_RS02085 of C. tetani and CL.C0410/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, SPOOA 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, Spo0OA 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 spoOa 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 ¢55555, C555/P135 ctc (C555/P135 C50/C50/P135 ¢555, 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 BoONT 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 Na2C0O3/40 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 tneulOlgesbus dna noisserpxe Rtet-tnet eht decneulfni 55101SR CTC/05101SR CTC 50831 CT eht eht ehtehtettetterererererererererereretererererereterererereretereretetetererereretererererererererererererer
ererererererererererererererererererererererererererererererererererererererererererererererererererererererererererererererererererererer TNecklotttt. 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/CB0O0787 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
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a alortnoc AOOPS O .anixoT e rteT/RTOB ed esetnAS ,AOopS ertne ofA§Aaretni amu etsixe es leviAnoitseuq A .munilutob .C e inatet .C ed I opurg od anixotoruen ed seneg ed sotnemapurga so moc etsartnoc me ,RTET uo RTOB ed sogol*Amoh m©Atnoc o£An e munilutob .C ed seneg ed retsulc o euq ratlasser elaV .]J05[ etnoB ed rotomorp oa o£A§Aagil
ad s©Avarta E munilutob .C me tnoB ed esetnAs an ovitisop otcapmi ues moc etsartnoc me ,acarrab ad esetnAs a ralortnoc arap adartnocne iof o£An AOOPS a ,iugA .]94[ mucilytuboteca muidirtsolC omoc ,siatneibma sair©Atcab me ofA§Aaluropse/esen2Agotnevlos e esen2Agodica ed saiv sa ertne acort an odivlovne jAtse AOOPS o ,olpmexe roP .184[
siatneibma sepA§Aidnoc s A 0£A§Aatpada an sodivlovne so etnemlapicnirp ,seneg sortuo sosoremuN aluger m©Abmat 0£A§Aaluropse ed sapate sariemirp sa ralortnoc arap odacifitnedi etnemlaicini iof euq ertsem rodaluger mu ©A m©Abmat AOOPSA soc1fAcepse setneirtun ed edadilibinopsid ad ofA§Aasnes ad s©Avarta acarrab ad esetnAs a
ralortnoc edop ale ,]91[ emof A 0£A§Aatpada an latnemadnuf lepap mu ahnepmesed ydoC omoC .inatet .C me sanixot ed o£A§Audorp e omsilobatem ertne of£A§Aaretni a adnia atropus ossl .adnet ad etneugesbus esetnAs A e acarrab ad adaromirpa ofA§Aircsnart A e ,rteTP a o£An sam ,TNETP a es- uogil inatet .C ed ydoC ,munilutob .C me edadivita
aus A aigolana mE .]02[ A/tnoB esetnAs a etnemavitisop alortnoc negatively regulates production ofA and toxin B, while in other strains, Spo0OA 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 SpoOA 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 ,sepA§Aidnoc sasson mE .]36[ anitoib ed etnedneped ofA§Aalixobrac 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 socifAcepse sotruc soedAtpep e inatet .C arap socitArc sotartsbus o£As sodicjAonima 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 (Ib) 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, franca.) the growth kinetics of CN655 c. tetani strains in the middle tgy period culture complemented with erythromicin (5 ng/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, SpoOA 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 3@ 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 25a4¢¢50 transformants per 1 11/4g DNA. Curiously, no transformer was obtained from plasmids prepared in E. coli BL21 (dam+, dcmayp) or c2925 (dam , dcma'), 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 pl of equine anti-tetan serum (Sanofi) FA193727) in 0.05 M carbonate buffer pH 9.5 and incubated at 4 A°AC 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 ApAl/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 1¢AAAEtoile, France) was used as standard. After three washes, the plates were incubated with 100 Av4AL/well of rabbit anti-tetanus serum (1:6400; Sanofi Pasteur nA°A 7078) for 1 h at room temperature, then with 100 ApAl 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 ApAL of 1 mg/mL ortho-phenylene-diamine (OPD, Sigma) in citrate buffer (0.05 M, pH 4.5 containing 0.06% H202) was used. The color development was stopped after 8 min by adding 50 ApAL 3 M HCI. 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 A°AC, 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¢AAAs instructions. The RNA preparations were stored at ¢AAA80 A°AC. A DNAse treatment with TURBO DNase (Ambion, Thermoscietific, Les Ulis, France was
performed following the manufacturerq;AAAs 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 ApAg of total RNA with random primers (pDN6 5 ApAg/ApAL,
Roche, Meylan France) and RNase OUT¢AA¢A Recombinant Ribonuclease Inhibitor (Invitrogen, ThermoFischer, Les Ulis, France) and with M-MLV Reverse Tanscriptase kit (Invitrogen), according to the manufacturer¢AAAs instructions. RT-PCR was performed in 25 ApAl reaction volume containing 30 ng of cDNAs, 12.5 ApAL of SYBR Green
Supermix (Bio-Rad, 2AA; 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 A°AC for 3 min followed by 40 cycles of denaturation at 95 A°AC for 10 s, annealing/elongation
at 61.7 A°AC for 30 s for rpoB and tent genes and 65.1 A°AC for gyrA and tetR genes. Then, a dissociation stage of 65 to 95 A°AC with a heating rate of 0.5 A°AC 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 [AAAACT] method (Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2AAAACT 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¢AAAend and an EcoRI at the 3¢AAA 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% OS0O4 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 A+A 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 A+A 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 A+A 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 A+A 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 nl .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: 15/823/2166-270. IPDM.WWW //: SPTTH TA ENILNO ELBALIAVA ERA GNIWOLOF EHT .00,0 -2a5( editoelcuNremirPeneg od aicn2A%Aqges ad ocip?AT .ASME sotnemirepxe arap Rtet e adnet ed sarotomorp sepAlger e acietorp o£Asserpxe RCP-TRq arap sodasu sremirP .3
ordauQ .ASME sotnemirepxe arap Rtet e adnet ed sarotomorp sepAiger e acietorp ofAsserpxe ,RCP-TRq arap sodasu sremirP .3 ordauQ SEDADIVITCA .)/0.4/yb/esnecil/gro.snommocevitaerc//:ptth( .)/0.4/yb/esnecil/gro.snommocevitaerc//:ptth( )YB CC( noitubirttA snommoC evitaerC a§Anecil ad sepA§Aidnoc e somret son otreba osseca ed ogitra ed
otirtsid mu ©A ogitra etsE .a§AAuS ,aielisaB ,IPDM odaicneciL. .serotua solep 0202 © A TATACTAATGTATATATTAATGATTTTTTTGC )MT -4 5 moc adacram anitoib( r-4632p 613ctttttttaagttttaagtttaagtttatgaC Jadacram anitoiB
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