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met hods 5 of treating Streptococcus pneunoni ae di sease using vacci nes
containing proteins fromthe polyhistidine triad famly of proteins, and in
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par t i cUl€aMEnbESHY thesevasidees ANE dPIMNPILRIG RPN gl obe with different
20 dom nant serotypes { Dagan 1992 }. In addition, one may expect that the
use of Backgrpwerdspecific vaccines could allow at termthe positive

sel ection of non-vaccine serotypes { Nunes 2008, Singleton 2007 }. An

al t er naStratoapquusaeteumymbeds oneeofdeedEaging rdausks \oidafiestsud hadrbidéty geid
comon pneunococcal antigens. Anong nultiple candidates, the Pht protein

fanpl y.méramgtinithtabodd® rd3BolSiBIS forld datgBCRSEHtIm OP TeLE&Ss BIEIaS! Hitisones,
being wel | - tonserved across the pneunococcal species { Hanel 2004, Zhang
2001 }’mg&g, pneumonia, bacteremia and meningitis { Hausdorff 2005, McCullers 2001 }.
The emergence of antibiotic-resistant strains of this micro-organism has further
underlined the need for providing effective prophylactic vaccination { Lynch, 11l 2005,
Bridy-Pappas 2005 }.

15 Current vaccines are composed of epidemiologically dominant serotype-
based selections of pneumococcal capsular polysaccharides, conjugated or not to a
carrier protein { Dagan 2004, Fedson 2004, Mbelle 1999, Smart 1987 }. However,
the vaccine formulations do not cover all serotypes of this micro-organism, which
might particularly be of relevance in certain regions of the globe with different

20 dominant serotypes { Dagan 1992 }. In addition, one may expect that the use of
serotype-specific vaccines could allow at term the positive selection of non-vaccine
serotypes { Nunes 2008, Singleton 2007 }.

An alternative approach involves the development of vaccines that target
common pneumococcal antigens. Among multiple candidates, the Pht protein family,

25 restricted to the genus Streptococcus, comprises promising ones, being well-

conserved across the pneumococcal species { Hamel 2004, Zhang 2001 }, and

1



WO 2011/ 110570PCT/ EP2011/ 053485 being anti body targets in infected

i ndi vidual s and protective upon challenge in inmunized mce { Beghetto 2006
}. Oigi nebl2gi/tibs7s protein famly was i ndependently reporterdoipsides ee
groups, and three separate denom nations were used: Pht (for pneunobcoccal

hi sti di ne tria danou. 200 P r occal histidi ne 5 .
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characterized by a histidine triad nmotif, HxxHxH, repeated five to six
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t hese prot eins has yet to be determned. Results from antl bodg | abel i ng and
f1 ow c\REOWENESS ekt m%ﬂl@%rsd@fnﬁﬂ%tf@fé‘ﬂ%d“&\@ape@%équﬁf'b%‘# oPBMmdBYFe1 E}?’@osed
on the surface of the encapsul ated bacterium{ Hamel 2004 }, which is in
agr eendhtBuRNpA/B¥H-1 ‘r)edarmi/ﬁ’limblé (BYHrat-@) rileatt stragetup ®By8 togsey uﬁneetidqgﬁyl,

nmut agenesi s, 20 it has been suggested that PhtA PhtB, and PhtD are

i nvol veghd PhtEIBYHPBE tHdt divérgeb arere theHawse 3tHE? grotemd, hshswihgrdigiup to

i ndi cati on about their biological function. Among their putative roles,

neyhr al t I tter
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| am ni n _adhesi on 2011/ PCT/ /0534 5 otein Spel | er ber
1399} NageaRE AP IR HEPTE BRI EVebes Proteion g%@%aw%{qw@mﬁ@mﬁhﬁber
of histidine residues in the histidine trlads it has been suggested that
t he Phtlnﬁﬁcbolélvﬁth AeUrpler Qﬂ/@lﬁeéeﬁtusiram%%m@vm frAdamai 200 hdHamat2@84 2001

}. More specifically, sonme studies highlighted a |ink between the Pht
fam |y @Gguhrayi?007, $Vizedeead, 208dc Bhang@00d }si t es have been found in the
upstreamregi ons of the pht genes, AdcR being described as a transcription

fagqgor that megneathes potBatialnhdertahcBanivaachBlson lagamsttdesiBuronibbether yst al

structure of a portion of PhtA reveal ed the presence of zinc ions bound to

a hi stigh gl TR Lk @o%hghazg/em&béfdfe%@ﬁt%d}Fgeslbn fﬁorﬂg;m.ph&ge

wever, er zinc scavengi ng or transport unc ion
rlglp(r;)t égésllng an\évn 5\/&/1ec§yt§rlnggryr@)&p%el’{mgntgyger%oﬁsqut%”%%% Hhé Pr?tr pro gl%%' grréal
exposed on the surface of the encapsulated bacterium { Hamel 2004 }, which is in
agreement with their relevance as vaccine target. By signature-tagged mutagenesis,
20 it has been suggested that PhtA, PhtB, and PhtD are involved in lung-specific
virulence { Hava 2002 }, without further indication about their biological function.
Among their putative roles, neutralization of the complement factor C3b has been
suggested { Hostetter 1999, Ogunniyi 2009 }, which implies that they would interfere

with phagocytosis. Besides that, a role in adherence is also suspected. Indeed, a

25 genetic link between phtD and Imb, the latter encoding a putative laminin adhesion



| nportant aspects that need to be addressed for vaccine candi dates are
their |l evel of expression and associ ated regul ation, their occurrence as
wel | as tweiwiigaogrence variability. Therefore, we have adurerIci@dsidese
different aspects with regard to the Pht proteins. 15 St rept ococcus

pneunoni ae .elicits different disease states exhjbif] dj fferent
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pneunoni ae is 20 also an inportant pathogen in otitis media infections. S
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There is a need to devel op better pneunpbcoccal vaccines which are able to
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agai nst a particular form of pneunococcal disease.
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conpr i S18Ne KO0St e Fusthesarei Becrysigl atrpeiarenet auperdian §f Ritfe@veatedatisunt of
the Pht X protein to a human patient. In a second aspect of the invention

t her e igepemad dizinamonapound)tna histisiniriad domeinpRitsildigh uwnidiffier2(sul. ilical |y
effective anount of an isolated PhtX protein for use in 10 the treatnent or

pr eventis oot @fecr, RowepeQaaEtbsr RiNEWTRANEAGING Ndreednsporzethel fanttien of those
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level of expression and associated regulation, their occurrence as well as their
sequence variability. Therefore, we have addressed these different aspects with
regard to the Pht proteins.
15
Streptococcus pneumoniae elicits different disease states exhibiting different
pathologies depending on the site at which the pneumococcal population expands.
Septicaemia occurs where the S. pneumoniae enters to blood steam, whereas
pneumonia occurs where S. pneumoniae multiplies in the lung. S. pneumoniae is
20 also an important pathogen in otitis media infections. S. pneumoniae can also enter
the cerebrospinal fluid to cause meningitis.
There is a need to develop better pneumococcal vaccines which are able to
target specific pneumococcal diseases and provide optimal protection against a

particular form of pneumococcal disease.



effective anmount of an isolated PhtX protein in the manufacture of a

medi canent for the treatnent or prevention of a Streptococcus pneunopni ae

i nf ecti orwoterigitns7ohe Strept ococcus pneunoni ae i nfecti ORCOM®EPRIII/053¥8R hunman
patient in an environnment where the concentration of Zn2+ and/or I\/h2+ IS

sufficiently |l ow to uprequ t he ession of at |.easi, one PhtX
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Organi zation of the pht genes in Streptococcus pneunoni ae serotype 4 strain
Tl GRA. FZEUHWDIQ@lrlfBQtlQJBV‘%BCﬁTﬂ Ko Snemecusy smnpueorrac mieairepceitiaian ng
upstreamregi ons of the pht genes. (a) phtE gene, (b) phtA gene, (c) phtB
gene, (efvironegenehereeiheyf congenmtionhef - " 252" agnid/ot Vin gisosistfigieatly low to
doubl e-underlined, transcription start sites are indicated by a bol df ace

letter @ndgtiae &Mérb@kprésﬁéh optattaltetayte dneDPHOXEpRIEIAT NB $hé eStrépldsdc@fse
underlined, and open reading 5 franmes are represent ed by arrows indicating

thegdir e f r

o S fihiah, ORI N TLBECh AR PUMAREIRIIS Bt
nunber s AY5 d e nd AY5 99 0 (b and c). Figure 3.

Rho- mc?éB‘eWg‘ tﬁ?@%@(&ﬁ t(5’?r? ﬁamnrf%ﬁ@#“ 'sequences of the pht and ptsl 10
genes. (a) phtE, (b) phtB, (c) phtD, (d) phtA and (e) pstl genes. Stop
codons are underlined in boldface, term nator regions are underlined, and
sequences underlined with a discontinuous line indicate the hairpin region
of the lhex seoadaspe@pafintheaademigort theme s prevideg aasiemmeadodgsniarcoovaosition
indicating the direction of transcription over a series of bol dface

| et t er ssconpridiieg a cFHaaﬁfmcaelutfm:}a|||yreﬂetctai{/<43@usno(utmlﬂbFalG*gtﬁlatelaluwr&at1><! protsih dot usomon 15
doubly underlined) presents 78%identity with the first 481 bp of the phtE

gene.  HAwaMSdmenh & hrbhdition! QPaC%f%b?oc%&Yl@%né‘dlﬁé‘mge Qﬁﬂébtugﬁ%éréﬁﬂ”ﬁieat Ion.

The nunbers correspond to sequence positions in CGen Bank accessi on nunbers
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Cor r es pURIC: ey GasRETaIaH08 PH: Re0ReMi b S igrube RUats sRTedHcE) thene

RT- PCR products shown in lanes 1 to 8 were generated using primnmer pairs

t hat f@@ke%ﬁ@rh@fabheaetsmaht?@pr@gmm&@@ﬁeﬂeaww&ww&wae The | ength
of each

15 In a third aspect of the invention there is provided a use of a pharmaceutically
effective amount of an isolated PhtX protein in the manufacture of a medicament for
the treatment or prevention of a Streptococcus pneumoniae infection wherein the
Streptococcus pneumoniae infection occurs in a human patient in an environment
where the concentration of Zn?** and/or Mn?* is sufficiently low to upregulate the

20 expression of at least one PhtX protein in the Streptococcus pneumoniae.

FIGURE LEGENDS
Figure 1. Organization of the pht genes in Streptococcus pneumoniae serotype 4
strain TIGR4.
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25predi cted RT-PCR product is indicated in parentheses. WO

2011/ 110570PCT/ EP2011/ 053485 Figure 5. SDS-PAGE i nmunobl otting of bacteri al
extract s.wlnviyiRbg7d anti body was used to probe extractsptr@mredathesiaks ABDE-
quadruple nutant (A), the PhtE- nutant (B), PhtD nutant (C), PhtB- nutant

D t and the w e strains. Th Ition of the
(i 11 or drioupnd. Bloraelel confiinbarunbisa Hoorht Peuhi ObTiest GAE GRISS (Bl k 1 s
on the left side of the picture. Figure 6. G owmh curves of 4/ CDC w | d-type
st rai n R4 geme, efpftBganem(dinsgene NB) e geneg.ajhe The agdovikhregionseareof t he

w | d-type, PhtD-deficient and Pht quadruple 10 nutant were al so determ ned
i n M5 widubleundetined] trdmscrip?iof statt Idited)are Mifieatedoy a lbdidfase letterfaiti-thz00
i.IM(d). Each figure depicts the results of one experinent representative

of t hr egmiddi QW1 £ plitatWeribesonss Ibﬂ%d.ﬁgrlsltéswsyaeélluhuéﬁmew BRd @peni feaidg TPEN
30 iIM "a zinc 5 chel ator. Next, s were probed with anti-PhtB/D (a),

anti HH%né? a]rf-:'ar%@ de{é?ﬁ% %>Y( é?rov\gr m?jmaltlng 3"’8 lors B¢ t2AsEAStd T bver a

antl bO I €S uor - conj ugdt goa antl -nouse secondary

ant i body befqgre f tometr As controls,.cells
tere | REEREEAARe BT ﬁﬂ@eé%ﬁmbs“v%f? éﬂfr?ﬁsafﬁ SRR RS S As
plots of the different condltlons are shown

in GenBank accession numbers AY569979 (a, d and e) and AY569980 (b and c).

Figure 3. Rho-independent transcription terminator sequences of the pht and pts/
10 genes. (a) phtE, (b) phtB, (c) phtD, (d) phtA and (e) pstl genes. Stop codons are
underlined in boldface, terminator regions are underlined, and sequences underlined
with a discontinuous line indicate the hairpin region of the terminators. Open reading
frames are represented by arrows indicating the direction of transcription over a
series of boldface letters. In (a), the region in italics (phtF gene; putative start codon
15 doubly underlined) presents 78% identity with the first 481 bp of the phtE gene.
However, underlined stop codons prevent significant gene translation. The numbers
correspond to sequence positions in GenBank accession numbers AY569979 (a and

c) and AY569980 (b, d and e).

20 Figure 4. RT-PCR analyses of the pht transcripts. (a) 1% agarose gel showing the
RT-PCR products with template RNA from cells grown to mid-log growth phase.
Lanes 1 to 8 correspond to regions 1 to 8 in the schematic representation in (b). The
RT-PCR products shown in lanes 1 to 8 were generated using primer pairs that
flanked the corresponding regions depicted in the scheme. The length of each

25 predicted RT-PCR product is indicated in parentheses.



Figure 8. Western blot analysis. Wole-cell extracts were submtted to
SDS- PAGE fol l owed by i nmunoblotting. Nine different strains were probed

wi th a povpebomabs7anti Pht D (a), and 8 with a pol ycl onal pamtEr2iihinEs485H) .

Mol ecul ar mass marker is shown. WD 2011/110570PCT/ EP2011/ 053485 Fi gure 9.
Si gnal sequences conparison of PhtX famly nenbers. The shaded areas
identify am no acids which are conserved in at least 2/3 PhtX famly
menbers. Figure 10. Mce survival upon lethal S. pneunobni ae intranasal
chal | eriﬁgurm&esteafmgrlﬁurwnm&ngrﬁﬁhﬁcz@rmal\/ﬁmachso%taahtwamlbdd!vmas
Pht A, PhtB, PhtE or 5 A502 alone (control) before they were challenged with
t he tynpeed/ @3pheuaxicants dlons thaiRntABDE iqeibidoglle anatans €4), ke ePHEEr muganout
with the logrank test, conpared with control: PhtD, p=0.0126; PhtA,
p=0.01QB;), PRt r’riQfEéhtof@ﬁ PHiBt Enuténp(lﬁp?’ﬁhtﬁl:'rﬁl:lfaﬁt ki), Andithedyild-ex sFpfter

i muni zat| on. A.) Mce were inmmunized 10 system cal I)y w th A502-"adj uvant ed

Coph  FaRfhs. g’fr&g;ﬁ&%t@ RMtﬁépcg}ff%F‘erft r\‘-‘9'7’1’t” éﬁ&is |é“|ﬁ&1 f'?e%labhyth‘@‘ Pght and

LT- adj uvante cases, ood was takKen on (?ay 42,
and the | eve S of s ific anti es re rreasured by ELI SA. Figure 12.

M ce sUPQEGHIET Mass I@ﬁh'ﬁlo df &fd?n ftgg ¢H%hasal chal l enge. Mce were 15
i muni zed with A502- adj uvant ed CbpA, PspA PhtD or A502 al one (control)
before they were challenged with the type 2/D39 (A), type 3/43 (B), or type
4/ CDC (C) pneunococcal strains. Statistical analyses were carried out with
t he | odrigoke e Growth epavesdofvd/CD @ ovildriype strajn @bg & htedicED0 mutkstsAn MS

p=0. 0001; PhtD, p=0.0009. (B) CbpA, p=0.885; PspA, p=0.184; PhtD, p=0.027.

(O Cbnﬁedlpﬁﬂ(ﬁ)Zﬁ"hePQMth ReEdves B 1126 MldRype <PhiBQkficiengune 1Rnt Mmug
efficacy in a S pneunoni ae naso-pharyngeal colonization nodel. Balb/c mce

wenq | 2k @MM hey
wer@ i wfé%lqugs r élégagféj%eﬁ @ﬁg gﬂ’fﬁﬁ@ﬁ%ﬁw&@@m train. Ba I'E/Izari al
(c), or Fe** 200 uM (d). Each figure depicts the results of one experiment

representative of three.

Figure 7. WU2 bacterial cells were cultured with or without TPEN 30 uM, a zinc
15 chelator. Next, cells were probed with anti-PhtB/D (a), anti-PhtE (b), anti-PhtD/E (c),
or anti-type 3 polysaccharide (d) antibodies followed by AlexaFluor-conjugated goat
anti-mouse secondary antibody before they were analyzed by flow cytometry. As
controls, cells were incubated with the secondary conjugate antibody.
Representative FACS plots of the different conditions are shown.
20
Figure 8. Western blot analysis. Whole-cell extracts were submitted to SDS-PAGE
followed by immunoblotting. Nine different strains were probed with a polyclonal anti-

PhtD (a), and 8 with a polyclonal anti-PhtE (b). Molecular mass marker is shown.



25 col onies were counted in nasal washings at day 2 and at day 6

post -chal | enge, and WD 2011/110570PCT/ EP2011/ 053485 expressed as 10910
mean cfu.wBach/daed7or epresents a nouse. Bl ack horizont al poarr2anesgeonetric
nmeans. Dashed line indicates limt of detection (at 0.84). Statistical

anal yses wer arried out per day wth A. Al signifjcant differences,
conparﬁ'ﬁgwe -%&ﬂaﬂérﬂgl@ Ssmﬂ.”s%k@f.@ﬁl&/@@n@@”&%ﬁiﬁ%é%& K qFur e
14. Vaccine efficacy in a S pneunoni ae naso-pharyngeal col onization nodel.
Bal b/ c iger¥ywstieoiagdsiviied arg cansenvadin ebleast E@pli\%/t ly reERer®r LT al one
(Control), before they were intranasally challenged with either the 21D39
(A, tHagarEDa. R)e sunviviahepoBleZg . Qnqumenmiae aucaiasal chalfengBabties i al

col onies were 10 counted in nasal washings at day 2 and at day 6

post - chakber@sup ansteaxihgsises with AS01AdiRaRtd PhilEamAdPhts gPtiteSet s a
nouse. r‘(Dashed IFi) nes indicate limt of dgﬁgcti on (at 0.84). Black horizontal

bar & ar e QPO (o615 BtorSHALy Sk Phalhiel Bt R £p6ais BleOiooetal 12y

with A rgnifican rences, “compar h™ control, are shown.

ol Pt B ST Al ol B B 0
i muni zed with A502-adjuvanted PhtD or with A502 only (Cirl before they
wer e cHaNtehJdHDwWeER-A116; Rﬁ%r%ﬁcbm/o@iiRMBeRFOQ@ﬁ;@Q?Qé,mccaI strain.

Lungs were taken at day 3, 4 or 5 post-challenge, and bacterial |oad was
eval uated 20by col ony counting (cfu). Each dot represents a nouse. Dashed
line indicates |imt of detection (at 2). Black horizontal bars are

geomnet rkiguneansAnfibediglevsRsaftsziimmanieiond Ay MiceANEMAPTraveizet he three days,
foll owed by Tuckey-HSD: p<0.0001. Detail ed Description
10  systemically with AS02-adjuvanted CbpA, PspA, or PhtD. B) Mice were immunized
intra-nasally with LT-adjuvanted CbpA, PspA or PhtD. In both cases, blood was

taken on day 42, and the levels of specific antibodies were measured by ELISA.

Figure 12. Mice survival upon lethal S. pneumoniae intranasal challenge. Mice were
15  immunized with AS02-adjuvanted CbpA, PspA, PhtD or AS02 alone (control) before
they were challenged with the type 2/D39 (A), type 3/43 (B), or type 4/CDC (C)
pneumococcal strains. Statistical analyses were carried out with the logrank test,
compared with control: (A) CbpA, p=0.0002; PspA, p=0.0001; PhtD, p=0.0009. (B)
CbpA, p=0.885; PspA, p=0.184; PhtD, p=0.027. (C) CbpA, p=0.825; PspA, p=0.538;

20 PhtD, p<0.0001.

Figure13. Vaccine efficacy in a S. pneumoniae naso-pharyngeal colonization model.
Balb/c mice were immunized with PhtD, PhtA, PhtB, PhtE, or LT alone (Ctrl), before
they were intranasally challenged with the 2/D39 pneumococcal strain. Bacterial

25 colonies were counted in nasal washings at day 2 and at day 6 post-challenge, and



WO 2011/ 110570PCT/ EP2011/ 053485 The invention provides a nethod of treating
or preventing Streptococcus pneunoni ae infection wherein the Streptococcus
pneunoni agoi2nfieadbs7on occurs in an environnent where thepcompentiosissodn of
Zn2+ and/or M2+ is sufficiently low to upregulate the expression of at

| east one Pht rotein in the Streptococcus, 5 pneu iae; conprising the
step ofe@&ﬁﬁﬁ@%m B%e%ﬁ{hrrg@ébt QL ApPRESERtSR %egM&QSFC’P IbIBFth
protein to a human patient. Zn2+ and M2+ are present in a human body in
bot h f rafe geemeisameans: Pashedling inieatesdinvhofidetectiputal .34 o Btatistiasl such as
al bumin and nakes up the majority of 10 these ions. On the other hand, a

smal |  aamalygesoferer carida dut per dda2with ANOYRe Wl significaht differedees wom@Eered! ood,
| ynph, interstitial fluid or cerebrospinal fluid. The term "bound"” rel ates

to i onsyihe6tral! Srel sHBWA Y ASPOS] 7 @bt WignFidahet ei ns such as al bum n. The
term"free" relates to ions which are not tightly associated with proteins

sucg as albumn. Such free ions are nore available for uptake by S
pneunoni ae. In an 15 enbodi nent, the nethod of the invention provides a

met hod Ipf trggt \/ng or preventi 2\:? St rgﬁt Qcoccus neum)nilael i nf ?{.cti on wherein
the stredBHbRdCcug Hhe CH& Art-dEIUOPCIYRE (RSO S FPGRIFEHP 'wher e t he
free concentration of Zn2+ and/or M2+ is sufficiently |ow to upregul ate

t he ex rﬁ’@%’i Balse miee M@é%!mEEWé“ZIﬁﬁ‘t\X'”b?S*ﬂ%ﬁ @OPA. PRRASY fg@btpoi?@e@tﬁé-r
pneunoni ae. In an enbodi ment, the nmethod of the invention provides 20 a

met hod aléne (@antrely befonertbey mearadntGanassily cheterggeheilineitheether?/BSOi (v, wher ei n
the Streptococcus pneunoni ae infection occurs in an environnent where the

bound ahd/4eCDU @), cothecsB/GDC ¢0) FﬁeerlﬁBtto@cfwl/stréirM%ttérﬁal sofoniex wetd y | ow to
upregul ate the expression of at |east one PhtX protein in the Streptococcus

PnagMonigfted WLt Wabh an?qﬂfy@;tgﬁﬁ%%éGéy’»gﬁgbs@ch%f?&née‘%ra!ﬁb:é?ﬂ%éés@o%%'y | ow

to upregul ate the expression o east Pht X protein r the purposes
of the LoONn,. it ] t v f + of: + (bound
and/ or I#)&é(zﬁ'féla& cfg) E?%@E&%ﬁ%ﬁé%ﬁ%t&' rﬂ§ﬂ%§l @é§h(;.e§n@él?sn'n§ﬁg{eelérﬂlyi;il ent
positiop of a b such that the | evel of expression of at |east
e PhiORtRs s etah O ) SBIaEK Liata AN L Dpoais AEaREY R S e S O GRS Ehan  t he
| evel of expression of PhtX in S. pneunoni ae found in the equival ent
conpar twienietcasried pet pedgayuwide AN e Allsigitificard skiffgrenees icempared Vit dual wi t h
average Zn2+ or M2+ | evels); or
control, are shown. * p<0.05; ** p<0.01; *** p<0.001, ns: not significant.
15
Figure 15. Vaccine efficacy in a S. pneumoniae lung colonization model. CBA/J
mice were immunized with AS02-adjuvanted PhtD or with AS02 only (Ctrl), before
they were challenged with the moderately virulent 19F/2737 pneumococcal strain.
Lungs were taken at day 3, 4 or 5 post-challenge, and bacterial load was evaluated
20 by colony counting (cfu). Each dot represents a mouse. Dashed line indicates limit of

detection (at 2). Black horizontal bars are geometric means. The groups were

compared with ANOVAZ2 over the three days, followed by Tuckey-HSD: p<0.0001.

Detailed Description




b) lower than that found in regions of high Zn2+ availability of the body
such that 10 the level of expression of at |east one PhtX protein in S
pneunoni agopoasand7oi n that | ocation, is higher than thepcewrkolofosaspressi on
of PhtX in S. pneunoniae found in the region of high Zn2+ avai lability of

t he bo n. the same indi vi dual I n enbodi nent, | evel of bound
Zn2+ i gﬁ}eedlmef@atlon npw@%oa. fRethod; 1 |tr&¢§n915>r fpr?v%ﬁmzn freRIoPReitSed.
Situation a) may be achi eved through a decrease in the overall |evels of

Zn2+ arRiieskmavtiae infaetianwhergindhe srirapfoerscus onecim@vee infectioieoscurgrie@moni ae
infection occurring at a site which has conparatively |low | evels of Zn2+
and/ or dvhvirenme20AviRbreXtie ebatentration wentdr’* aind/dre Mri’Stis dsuféicienilyadowata |y of
proteins. The PhtX protein is optionally the full length protein but may be

a fragmgpe ?@Eté hRe pé%ﬁr@'séloﬁr of &t I RESER/IneOPhitXSp@fciRT Olreitie COFBHioEbAELIAL
Ieast one fragment or full Iength PhtX protein. The PhtX protein expressed

I t
e W : a“éhHr?a@ﬁ*gitﬂﬁ%n%tebiaﬁp rRREHFTY, o R Fac i, T8RS T
WO 2011/110 CT/ 2% /05 485 a fragnent of aPhtX protein or a fusion
pr ot ei 1) §|i1?15% Pr&&L 'ogh BUBIEMP |e<5‘1te| n or fragnent thereof. In an

enbodi nment , the Pht X protein is selected fromthe group consisting of PhtA,
5Pht B, Pht D and PhtE. In an enbodi ment, the PhtX protein is PhtD. The
present invention relates to nenbers of the polyhistidine triad famly
(Pht) pfnd+ednd Mihi2-agreptesent if asiwnapbodgiindotihéeecind DhendPifvrs. Baud Pht D
or PhtE proteins may have an am no acid sequence sharing 80% 85% 90%
95% 980298PMMN2+1( BOWM telprdteins yudtas sinatipnged dhaikasogedhé 604137105

or WD 00/39299 (e.g. with am no acid sequence 1-838 or 21 838 of SEQ I D NG
4 qh Weh894 LD He Bd) hand, a small amount of free Zn2+ or Mn2+ is present in
body fluids such as blood, lymph, interstitial fluid or cerebrospinal fluid. The term
“bound” relates to ions which are tightly associated with proteins such as albumin.
The term “free” relates to ions which are not tightly associated with proteins such as
albumin. Such free ions are more available for uptake by S. pneumoniae. In an
15 embodiment, the method of the invention provides a method of treating or preventing
Streptococcus pneumoniae infection wherein the Streptococcus pneumoniae
infection occurs in an environment where the free concentration of Zn?* and/or Mn?*
is sufficiently low to upregulate the expression of at least one PhtX protein in the
Streptococcus pneumoniae. In an embodiment, the method of the invention provides
20 a method of treating or preventing Streptococcus pneumoniae infection wherein the
Streptococcus pneumoniae infection occurs in an environment where the bound

and/or free concentration of Zn*" andfor Mn?* is sufficiently low to upregulate the

expression of at least one PhtX protein in the Streptococcus pneumoniae.



The Pht (Poly H stidine Triad) famly conprises proteins PhtA PhtB, PhtD,
and PhtE. 15The famly is characterized by a |ipidation sequence, two
domai ns swpaoat\osy a proline-rich region and several rcstEpPdoin®si4ss ads,
possi bly involved in netal or nucl eoside binding or enzymatic activity,

(3-5) coai ed coil a conse N-t erm nus an a het eneous, C
term nﬁ thedeqn wfé@gﬂﬁ’yﬁwmprw[% %PXFEfﬁéﬁ'Hﬁé&?é %%Qﬁéﬁght%o?fﬁ f&yous
protei ns have al so been found in other Streptococci and 20Nei sseria. It is
under stfepdhe woviRaass, ot g inveatioer igsPReam that the lavel ¢f Ze2erandopMidi ns
havi ng sequences disclosed in the citations above or below as well as

nat ur al(bguod @ndformige)dd man- made) variants thereof that have a sequence
honol ogy that is at |east 90% i dentical to the referenced proteins.

Optional | y) 'Ibwbﬁth%tn ﬂh@aééua%ﬂfbuﬁerﬁ trﬁ?@éq@l(/al@ht b6sisibn Hf WHHEEM beal, sudh Wth
regards to the PhtX prote| ns, PhtA is disclosed in WO 98/18930, and i's aI SO

referred to o t p

tri gd fam | ;ﬁgﬁ Bpgy%‘ie%g%l%ns?%%ﬂa %%tglhg ﬂ;@ﬁ_%@é’h ﬂt% ng’@%f osed in
WO 00/ 37105, and |s ferred to S ted above l.so.is a
protein frofERER &m?ihq o e Ry B | 5081 AP REErRER T R EeR S
signal notif. PhtB is disclosed in WO 00/37105, and is also referred to
Sp036B. AnotREUMTRIHER fogRd ﬂﬂwéhq)ﬁﬂB'VﬁbﬁﬂtIC)‘Pm%arirﬂ%mOQf thegbady Hgdeonepest i de,
as disclosed in WO 00/17370. This protein also is from WO

2011/ 110570 ROMERDS I iLe Oib 3B divinkugd alityhaetragée da2t-rarddn2-atevels)aod has t he

type I'l LXXC signal motif. For exanple, an immunologically functional

equi val enb) ilswehehapr iaefoundoifedionel cishgh Zn2WavaBagiB s thé bdat/Buchungat e
(approximately 79kD) is disclosed in W99/ 15675 which is al so considered a

merper of t hge kel (‘316é‘SEdr¥SS|5’HbEa't fodfdt 6%@%& drBteWﬂ‘pé‘?’Bﬁ@@m@H%e' &re@éﬁtf erred
to as BVH 3. Wiere any Pht protein is referred to herein, I's meant that
in that location, is higher than the Ilevel of expression of PhtX in S.
pneumoniae found in the region of high Zn2+ availability of the body in the
same individual.
In an embodiment, the level of bound Zn2+ is reduced. In an embodiment, the level
15 of free Zn2+ is reduced.
Situation a) may be achieved through a decrease in the overall levels of Zn2+

and/or Mn2+ whereas situation b) may be achieved by the S. pneumoniae infection

occurring at a site which has comparatively low levels of Zn2+ and/or Mn2+ .

20 A PhtX protein is a member of the histidine triad family of proteins. The PhtX protein
is optionally the full length protein but may be a fragment of the protein or a fragment
or fusion protein comprising at least one fragment or full length PhtX protein. The
PhtX protein expressed in S. pneumoniae will be a full length protein, however the

PhtX protein administered to a human patient is optionally a full length PhtX protein,

10



i mmunogeni ¢ fragnents or fusions thereof of the Pht protein can be used.
For exanple, a reference to Pht X includes i mmunogenic fragnments or fusions
t her eof fwormamyofat protein. A reference to PhtD or PhirBriEP2@th®83485
reference to PhtDE or PhtBE fusions as found, for exanple, in WO0198334. 10

The met hod of treat t or .use of the invention pay involve ,

admi ni & fragﬁnén% B?Gt fRIPEeIN QHétfHS'PHtF}EOlEﬁ‘%PQMP,”SH‘Q%/ @tdeﬁ%trﬁn%}’pf)ﬁ@(ﬁﬁt”x
protein or a fusion protein containing at least 1 or 2 fragnment(s) of PhtX
pr ot ei ¥ fragheent theeagpient s of Pht proteins are used (separately or as part
of a fusion protein), each fragment optionally contains 150one or nore
histidine triad notif(s) and/or coiled coil regions of such pol ypeptides. A
histidine triad nmotif is the portion of polypeptide that has the sequence

HXXHXH [Whay entdddimBhE theliPX518tein [i§ sBikcéd ﬂ@nﬁﬂ?@'g%d}ﬁborﬁé]@ﬂm bfPhEAne. A

coiled coil regionis a region predicted by "Coils™ algorithmULupus, A et

al GLOYNRSPHEANCAGIIAE. HLAT enthifimeht) AL PRBPBHNERN B8, OF each fragment

i ncl'udes onhe or nore rdine tria as we as at |east one coiled
coil region. In an enbodi nent, the or each fragnent contains exactly or at
|l east 2, 3, 4 or 5 histidine triad notifs (optionally, wth native Pht
sequence between the 2 or nore triads, or intra-triad sequence that is nore
t han 50Fhespresgot ingentigprelatesdo r@empgrq efdheiroirhistislinge Hiad f@@‘"ﬁd@@%coccal

intra-turj S j ' e i I D
N4 SR TOE Fysio BB el e PR ST PRD SR PHRE dhoisk )
cont Si maagkave Ir?y\ amina:tadicbgedqu?qc&%fmr’]rin@ 80| 85"/&;90%,@{)?98%, 99%a0rh

e [ t,a Pht protein disclqgse rein | t th protein
w0t rOtp dentig B s@ouprae Aagioserar i PO/ B8 ordfigidbsafdidut h ¢ he
si gnal \REPhiiR, 6ERTscRBABS 9-848 812 NB3BUrEEQUDNOSA B WO)Q0/ TRV for
naturally occurring variants of Pht proteln and I mmunogeni c fragnments of
30 Pht ntb)ein (e.g. fragnents as descri bed above or pol ypeptides
conprising at |east 15, 20, 30, 40, 50, 125, 150, 175, 200, 250, 300, 350,
400, 450 or 500 contiguous amno acids froman am no acid sequence in

W00/ 3HLSPLESEFRIY Ridddne Trifd) Brflly coMprles\ BRSO PRI (R, PRIDGnEPhtE. 6. 8,
10 or 14) wherein said polypeptide is capable of eliciting an i mune
r edponsEnestasrilytis shpeacterdaad byrplipidedion seayesae.dwordomains separated by a
proline-rich region and several histidine triads, possibly involved in metal or
nucleoside binding or enzymatic activity, (3-5) coiled-coil regions, a conserved N-
terminus and a heterogeneous C terminus. It is present in all strains of pneumococci
tested. Homologous proteins have also been found in other Streptococci and
20 Neisseria. Itis understood, however, that the terms Pht A, B, D, and E refer to
proteins having sequences disclosed in the citations above or below as well as
naturally-occurring (and man-made) variants thereof that have a sequence homology
that is at least 90% identical to the referenced proteins. Optionally it is at least 95%
identical or at least 97% identical.
25
With regards to the PhtX proteins, PhtA is disclosed in WO 98/18930, and is also
referred to Sp36. As noted above, it is a protein from the polyhistidine triad family
and has the type Il signal motif of LXXC. PhtD is disclosed in WO 00/37105, and is
also referred to Sp036D. As noted above, it also is a protein from the polyhistidine
30 triad family and has the type Il LXXC signal motif. PhtB is disclosed in WO
00/3710%5, and is also referred to Sp036B. Another member of the PhtB family is the
C3-Degrading Polypeptide, as disclosed in WO 00/17370. This protein also is from

11



WD 2011/ 110570PCT/ EP2011/ 053485 W00/ 37105 or W00/ 39299. In an enbodi ment,
the Pht X protein is a fragnent described in WO 09/12588, for exanple those
conpri si myoanicansnsti ng of the sequences of SEQ | D NO pRI/ER2@in/0434851 n

particular, the term"PhtD' as used herein includes the full length protein

wi th the signal, sequence attached, the ture full length protein with the
o1 gnal B POIdeteE TERIABY 8 AR 1 EF deGCIRE ol o Exguiste. ar
natural ihﬁntﬂ&ﬂ&ggi&él@gfém%ﬁbﬁ%te?u‘RfaI@rWiPtr?é‘Erdt i BiLSEIoEéGW%SS”TE?ﬁﬁ D
(e.g. fragnments as described above or pol ypeptides conprising at |east 15
or 20 cdoRhiltronsateniappradindtely rekb pisRtis@osed mo\WINO%Hdba7 S etpiciniseal$san

an i mnESRe AdBeaREL Pl T B EBTl” B Seaariesed 1 ERREEA Ao 37105
o1 W000LRIRAPc( 52 BYFSEOWIRABny P pRIAN RHI0E 58 nSE | Doyl VO

00/ 39299 for PhtD). Al forms of PhtD mentioned above can be used in the
pr esentimmQgani;iragments emfusigbhsdheieef obthe Het prateintcas e wsas. ne@hod of

treatne p | [ i . ' | ] ood of
the parantbe BRI R iTFEgBharm BRSHFE) AT NStk ey bifed! or

bact ﬁr afgzlim @gy_lFPhtlprtot@it’QgAi ré?gén&/cl:é t;ue I\ljlimail\r/l Fu*gtBtibélzédl\jf&fﬁél\?Aéﬁgélbt% ggtm&\ ogg 0ZR/12+
in the blood is less than n N n n n n p p
300pM Pubsvusmnsns feops fos epRinpi dMV apRB334.10pM as measured from bl ood
sepgm The |evel of Zn2+ nay be nmeasured by preparing a serumsanple froma
bl ood sanpl e using standard procedures and anal ysi ng the sanpl e using

gr aphi tEhd mnettsoceofibsainisn oe usp ed the mivehtior ey ihGElvaA admibigtratiomgf tkeom c
absor pt,i @ S e&ﬁﬂgscopr for exanpl e bﬁg usi ng a Vista AX- CCP 25 simul t aneous
[ op- AEdUL raekh BREK BoteI adlreQiieRicr TBRITER RIS LR ATIOR PIRIRE SRSIAGNG 11 co
or 0. 1raeaan 2 FBghosp BEPRLCRRERS' it fAgpents of Pt drafips ard 5 %)
as néamaeelc(seDanat@y@o@Ssﬂarﬂorﬁa fsion Exm&inmfém’z‘ﬂadmgﬁttmti’onélly contains

15 one or more histidine triad motif(s) and/or coiled coil regions of such polypeptides. A

histidine triad motif is the portion of polypeptide that has the sequence HxxHxH
where H is histidine and x is an amino acid other than histidine. A coiled coil region is
a region predicted by “Coils” algorithm Lupus, A et al (1991) Science 252; 1162-
1164. In an embodiment the or each fragment includes one or more histidine triad

20 motif as well as at least one coiled coil region. In an embodiment, the or each
fragment contains exactly or at least 2, 3, 4 or 5 histidine triad motifs (optionally, with
native Pht sequence between the 2 or more triads, or intra-triad sequence that is
more than 50, 60, 70, 80, 90 or 100 % identical to a native pneumococcal intra-triad
Pht sequence — e.g. the intra-triad sequence shown in SEQ ID NO: 4 of WO

25 00/37105 for PhtD). In an embodiment, the or each fragment contains exactly or at
least 2, 3 or 4 coiled coil regions. In an embodiment a Pht protein disclosed herein
includes the full length protein with the signal sequence attached, the mature full
length protein with the signal peptide (for example 20 amino acids at N-terminus)
removed, naturally occurring variants of Pht protein and immunogenic fragments of

30 Pht protein (e.g. fragments as described above or polypeptides comprising at least
15, 20, 30, 40, 50, 125, 150, 175, 200, 250, 300, 350, 400, 450 or 500 contiguous
amino acids from an amino acid sequence in WO00/37105 (SEQ ID NOs 4, 6, 8 or
10) or WO00/39299 (SEQ ID NOs 2, 4, 6, 8, 10 or 14) wherein said polypeptide is

capable of eliciting an immune response specific for said amino acid sequence in

12



WO 2011/ 110570PCT/ EP2011/ 053485 neasured by preparing a serumsanple froma
bl ood sanpl e usi ng standard procedures and anal ysi ng the sanpl e using

gr aphi t e wonnacaosbsor bance spectrophot oneter (G- AAS) ecTBP2m3/088Rt OM C
absorption spectroscopy for exanple by using a Vista AX-COD sinultaneous

Lo o R T 008280 P BemBop et hA PRk Pl @ Saomesa 2nu
L0 700ab158090K0 3PPMoe2 R HI9E Mho FOB 0 A0Ror 2RALAQRMIRS  10PM s

measured from bl ood serum 2+ may be neasur by preparing a
ser um ssmopkeacés ohBaChbIbD:Lapdret.usi ng 10 st andard procedures and anal ysi ng
the sanpl e using atom c absorption spectroscopy for exanple by using a
Vi sta AX- COD si nul taneous | CP- AES spectroneter. In an enbodi ment of the

i ”V§“t 'Iﬁg)arﬁd‘lﬁarbﬂ#é‘@rﬁh”@hftﬂ)eﬁs QQQG%QFélﬁtm&@déétH@T%ﬁ Iérﬁ“gth Eb@ot?e% \Mtﬁ(ﬂﬁ’ei s less
than 5 , 0 1ng/ 1 or |ess 5, 12, 10,

8. 5 3ignal segueocesattacfzed;rthé)nlatune\ziuéléem@asmo@m wrtbrth@)rsmal @@namﬁ (fohe | evel

tsi ng SRR QO AR R SRR 2 STk RelhaM Seko bR S cor ot on
spect r qaDpynd Pimexegehie fizignusrite of Rhib $é.9. ﬁéfgﬁﬁ@@ia@‘dbéM@bd@’oﬁES
spectroneter. 20 In an enbodi nent of the invention, the nethod of treatnent

or pr e\RAlYResides caMRsiging aldeash b aHAD SONHIWRMSHEMING asies freryadthtPraMBat i ent ,

| QUK Soblend] DR POSEANRRIISO2 S W RBRUTIEI P PodhPIBRRL! (e

20, 10 of@l|cmngranhmmgmdxgeamnl$emcmd fblr smrda?rﬁBthlmohacmﬂ séqvey® inl n an

5013 1 WerpEEaE PO MO GNEIRS TS aSERLID RS 4 Suh S bl sbor 0B NGy, 5. 3

or 14/ kg éﬁ\/\/@@éﬁﬁg‘?@ i6PPhh) O ARHG I Sbf Pﬁﬂﬁ?‘%ntl@% 42male antdtrudRyplthel Zn2+
1

or M2+ is measured froma tissue sanple in case the concentration of
Zn2+ (qresarpt+pventiorhe | ung tissue is |ess than 20, 15, 10, 5, 2 or 1i.tg/g

00, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5 0or O.1i.IMas 5 neasured
fra lung tissue. Simlarly, the level of ions in the tissue sanple can be

rreasured by atom c absorption spectroscopy for exanple by using a Vista
AX- coD I8jangmeadiment abihe\ryegiaict theraetged of treatment or prevention is"aimed at

S. pneumoniae growing in the blood of the patient, for example for treatment or
prevention of septicemia or bacteraemia. In an embodiment, the level of the free
concentration of Zn2+ in the blood is less than 10nM, 7nM, 5nM, 3nM, 2nM, 1nM,
20 700pM, 500pM, 300pM, 200pM 100pM, 70pM, 50pM, 30pM, 20pM or 10pM as
measured from blood serum. The level of Zn2+ may be measured by preparing a
serum sample from a blood sample using standard procedures and analysing the
sample using graphite furnace absorbance spectrophotometer (GF-AAS) or by
using atomic absorption spectroscopy for example by using a Vista AX-CCD

25 simultaneous ICP-AES spectrometer.

In an embodiment of the invention, the bound and free concentration of Zn2+ in the
blood is less than 5, 3, 2, 1, 0.5, 0.3, 0.2 or 0.1mg/l or less than 20, 18, 15, 12, 10,

8,5,3,2,1,0.50r 0.1uM as measured from blood serum. The level of Zn2+ may be

13



In an enbodi ment, the S. pneunoniae infection occurs in the a conpartnent
of the 10 ear, for exanple the mddle ear, for exanple as an otitis nedia
i nf ecti orwolzniianosnbodi nent, the | evel of Zn2+ and/ or Me2t/EPpottijos34ss ddl e
ear is less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or

0.1i1IM In an epbodi nent, the Stre t ococcus pn i ae |nfect|on 0 curs in
the merlggayed Eg RT&PaERAND| TS %%Qi?n‘éﬁ?"tni & %Mtsﬁmpellﬂﬁ"&% HhBE@rent

the concentration of Zn2+ in the cerebrospinal fluid is less than 1.5, 1,
0.75, (recequres @ndo. analywngr thessampler Usng 7@apbie 4omaces absortanpel. | n
an enbodi ment, the concentration of M2+ in the cerebrospinal fluid is |ess
t han 2.§$1ecﬂopﬁoibméteor(GF.-AASI) ororl egsusihgnatobyic 2&hsatptiar speltro@€opyn fam
enbodi ment of the invention, the human patient has decreased |evel (s) of

Zn2+ andieh Opé/'b% ﬁ’%;ﬁﬁﬁ%rmm%rrﬁﬂﬁé}%ué I@)FaAESﬁé'tSH&ﬂ’onﬁét@Pd test. WO
2011/ 110570PCT/ EP2011/ 053485 By "decreased |evel ( is neant that the

Ievgl of Zn2+ and/or M2+ as neasured by broncheal Iavage or blood test is
| ess than that of an average human. In an enbodi nent of the invention, the

h t t b t h Pht X.is Zn2 d/ 2+ def t.
That i 90 o emacpunest 6ER yfialito Tieired Sohegarandh S @indh i 44 bl By
30, 20, 10 5 or 1% of the usual level for that body fluid, for exarrple
bl ood dessifanctrdr 6l REM. A, EnNnirlls {PQRM) SPORMa308pMneAPEM 100RMe .

In an enbodi ment, the human patient is stressed. The stressed patient has
| ower IM,sSQpMzBDﬁI\/hnZDpM avhPBpMnas heeasodgd ffoon bdoednskesumnn Thadebéloofd,
interstitial fluid, 10cerebrospinal fluid and/or |ynph. In an enbodi nent,

the hurmn2pahagie ﬂﬂéésur@deby prgdarada werMmgarpieetrsmi 8 Libed kamplél usirigo
previous infection with a bacterial strain, for exanple a S. pneunoni ae, N

”er’lbng'étérﬁ’da?d 'ﬂ)rob@(ﬁuﬁé@”%% ahalhgYshe Ss?ﬁ'?ﬂ&'er Mg %mlg' fd‘ds%%étfbn SOUD

A streptococcus, Goup B streptococtus and catatrhali's straim

previ °%%ejc?rbg&%§ '8P LRarfBle! WRUshd® & MURE CARSERS 's%ultgrﬁee&Jé 9ep-aES

spectrometer.

In an embodiment of the invention, the bound and free concentration of Mn2+ in the
15 Dblood is less than 5, 3, 2, 1, 0.5, 0.3, 0.2 or 0.1mg/l or less than 20, 18, 15, 12, 10,
8,5,3,2,1,0.5,0.2 or 0.1uM as measured from blood serum. The level of Mn2+
may be measured by preparing a serum sample from a blood sample using standard
procedures and analysing the sample using atomic absorption spectroscopy for
example by using a Vista AX-CCD simultaneous ICP-AES spectrometer.
20
In an embodiment of the invention, the method of treatment or prevention is aimed
at S. pneumoniae growing in the lung of the patient, for example the treatment or
prevention of pneumonia. In an embodiment, the free concentration of Zn2+ in the
lung is less than 300, 200, 100, 80, 50, 20, 10, 5, 3 or 1ug/kg as measured from a

25 Dbronchial lavage. In an embodiment, the free concentration of Mn2+ in the lung is
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In an enbodi ment, the adm nistration of PhtX, for exanple PhtD, is for the
treatnent or prevention of Streptococcus pneunoniae infection in the form

of sceptiweeanialoizact eraem a, nmeningitis, otitis medi a ecrmreanoss4as 20 The
Pht X protein nmay al so be benefi ci aIIy combined with further antigens in the
met hod or use of the invention. ined, it is nmeant that the

i munod@ss §1afosfb 00, 4R0 c&@pﬁps%@ HP |5 &fortheglbg 86 &neasured Mo eHiranehal

foll owi ng conbi nations, either as carrier proteins or as free proteins or a
m Xt ur davdgd. r@ptﬁwmallyFthe Evehpf €n2itrord4na+dsmheéasatredrirarh & issysr samplesinas set
out hereinafter, both proteins may be used as carrier proteins, or both

pr ot ei NghieRcaRe tAEasERitenRatidr o ZpRet @r Mn2-0y inbklehiuAgtiseae NE e8eNthars2garri er
and as free protein, or one may be present as a carrier protein and a free

pr ot ei o] r agpl eI 5pyo as a
free grégﬁeq%f %EFJ eé]/ﬁ’aorJ %06) ?@@2{ d)gfs(jba%c%a?roce?bbrgb?éﬁhbg‘%ngr ot er as
a free protei V\hereaconb ion of thre roteins .is given, simlar
posSi bi ?@1‘%@86 Blungdisiiea IrB' Ve o8 (RN Ogtﬁnsafrb”}%PSW%?@@H'et gan\gt D +
NR1xR2, PhtD + NR1xR2- Sp91Ctermchineric or fusion proteins, PhtD + Ply,
Pht D + repasiged it GomieehaQrioPHRIBCFOPSRRY, foplexamplaiRyRNg BHYiata+AX-CCD
NR1IXR2- Sp91Cterm chinmeric or fusion proteins, PhtA + Ply, PhtA + Spl28,
Pht A + disiahanébusAICP-RES spdRirdR@eter Pht D, R1IxR2 + Pht AL Optionally, NRIXR2
(or R1xR2) is from CopA or PspC. Optionally it is from ChpA. O her

conmbi nations include 3 protein conbinations such as PhtD + NRIxR2 + Ply,
and Pht A + NRIxR2 + PhtD. In one enbodi ment, the vaccine 10 corrposi tion

compri §as;figf, !d frhé&t, 'Prﬂf@*ynﬁ%%rﬁé’éj ROAROBC R BELRS SClpa EBP Fis- In

a further errb Iment; accl ne corrp05| tion conprises de OXI

and Ph or ree te ns , the
ot e o RO e Bl h&%@ﬂ@? Peas%rﬁ@ ; %@GnBFE/%iWFCgb anéﬁ
det oxi fi ed pneunol ysi n. an enbodi ne t h
i nvent iYAbQEEENS, the |@mfrﬁt2+o@ﬁdfpr Mﬁt2|3 'rdﬁi%mlcid'@&aﬁﬂfelﬂi»ﬁltp@n ﬁ”OQnaO@t
| east one S. pneunoni ae capsul at saccharide, preferably conjugated to a
carri er15f,d0@i 80, 20, 5 @et |1, 015 0t es@riuM.nventi on provi des an i nmunogeni c
conposition conprising a Pht X protein and at least 4, 5, 6, 7, 8, 9, 10, 12
,14 1,5, 16, 17,18 or 20 S. 20 pneunoni ae capsul ar sacchari de conjugates
cont ai ni ng saccharides fromdifferent

In an embodiment, the Streptococcus pneumoniae infection occurs in the meninges,

15 for example as a meningitis infection. In an embodiment the concentration of Zn2+ in
the cerebrospinal fluid is less than 1.5, 1, 0.75, 0.5, 0.25 or 0.1uM or less than 100,
75, 50, 40 , 25, or 10ug/L. In an embodiment, the concentration of Mn2+ in the
cerebrospinal fluid is less than 2.5, 2, 1.5, 1 or 0.5ug/L or less than 50, 25, 10 or
5nM.

20

In an embodiment of the invention, the human patient has decreased level(s) of

Zn2+ and/or Mn2+ as measured by broncheal lavage and/or blood test.

15



S. pneunoni ae serotypes. In such an enbodi nent, at |east one saccharide is
conjugated to a PhtX protein such as PhtD or fusion protein thereof and the
I Mmmunogernwo 20nmpoest i on i s capable of eliciting an effe®CIEP201M0E3I85
response against PhtX, for exanple PhtD. In a further aspect of the

o' 10, Bhp"deciases [eVglISh 7 IsyncaRt 99t 1e [RELRLANE aodiRrua? - SxeRashiss

conj ugates containi ng saccharides fromdifferent S. pneunoni ae serotypes
and a Fhtopebealilavageoer bivatiee! ipless thendhatr@@rcavarage Auawated prot ei n.
30l n an enbodi nent, the inmunogeni c conposition of the invention conprises
pneunol ysi n. The pneunnlysin Is preferably detoxified, for exanple by
chem cal treatnent or by nutation of at |east one amno acid. WO

2011/ 11A%AEBOERER bf BR3tientide, tﬁémﬁﬁn batyertttb % tfégté@wmnrmw idemaan

| munogeni ¢ conposition containing a pharnmaceutically acceptabl e exci pl ent

andigor /&%H?Q(@){eﬂggﬁ? THHWQQE@”J\eAﬁel%‘P%?Sr'atd{og&smﬂ%tué‘?es%rtﬁﬁﬁ dBBV?Bt on

may be Juvan partlcul ar en in for use in an e

e 4G o 5055 AL RIRR h RER

phosphate or alum but may aI SO be ot her metal salts such as those of
cal ci urRloPRh§aRAN lﬁﬁrebﬁ%ﬁ'ﬂﬂ flaidninterptitipldluad Qlenehial éav@gei onal |y sel ected to
be a preferential inducer of a THL type of

In an embodiment, the human patient is stressed. The stressed patient has lower

levels of Zn2+ and/or Mn2+ in the body, for example in the blood, interstitial fluid,
10  cerebrospinal fluid and/or lymph.

In an embodiment, the human patient has lower Zn2+ and/or Mn2+ levels in the

body due to previous infection with a bacterial strain, for example a S. pneumoniae,

N. meningitidis, H. influenzae, S. aureus, S. epidermidis, C. difficile, Group A

streptococcus, Group B streptococcus and/or M. catarrhalis strain. The previous

15 infection is optionally a chronic bacterial infection.

In an embodiment, the administration of PhtX, for example PhtD, is for the treatment
or prevention of Streptococcus pneumoniae infection in the form of scepticaemia,
bacteraemia, meningitis, otitis media or pneumonia.
20
The PhtX protein may also be beneficially combined with further antigens in the
method or use of the invention. By combined, it is meant that the immunogenic
composition comprises all of the proteins from within the following combinations,
either as carrier proteins or as free proteins or a mixture of the two. For example, in
25 acombination of two proteins as set out hereinafter, both proteins may be used as
carrier proteins, or both proteins may be present as free proteins, or both may be
present as carrier and as free protein, or one may be present as a carrier protein and

a free protein whilst the other is present only as a carrier protein or only as a free
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response. Such high | evels of Thl-type cytokines tend to favour the

i nduction of cell nediated i nmune responses to a given antigen, whilst high
| evel s ofwohBtympeocyt oki nes tend to favour the inducti eoTeP2éwansssas | mmune
responses to the antigen 15The distinction of Thl and Th2 type inmune
response i s not absolyte. In reality. an indivi uaI wil | ﬁgort an i mmune

r espondAOHL.CH Qe 19a¥ egenlsah@ich el RIAHR ARALNS OfeL asra Pre dsPieHhant | y
Th2. Houygued o &hdﬁtﬁﬁ@g@ﬂ%lﬁ@is %Ddﬁ%\?m@??e%@mfl@@bkis s of cytokines

in terms of that descri In murine ones y Mosmann and
Cof f marC@rbgwabions inclurle, dmrﬂa@ﬁbhiun;teckn Pr(tDQBBIRTRRQ :HMIBdF NRAxXB@H| s:

ot oper Sk hinShe b ERVSH bRIBRCPAI O AL shPb BRI {HBEA o

Thlsty%toesmaﬁe%me r@mmgapﬁg\ wNFwFt@sxpmdmw @Hlnﬁérldé\em'si&ﬁ y and IL-2

cyt oki nes by ¥*Jj|¢)‘é her cytokines often directly associated with
.|.I

the i ncm‘@teilmﬁ] R)“ftAT'hEly, Spikte R4 poRsad, B hdisphy, &rf + R, cel | s,

Such ke i OB, NETRE BRI REPERCRES A PHEEL RoBlodlly

pr onot gs &ropi CHOA. r@melrycofﬁblnertmeomade l:;qtruc&n chhivardtiopshicklad PiDd+ A or a
derivative thereof (or_detoxified |i general - see for instance

vwzooslfﬂﬁ‘r’g%? + By and hin yNB1gB20- BEEJZP a{rbgn%mb&%"ﬁﬁﬂbﬂw VRGaNY A (3D MPL)

f it
( ?rfo)nop ospho ’f&‘?'ﬂgf'%&id&gxﬁ o?fﬁﬁ%ﬁyﬂe- gacy?jﬁegﬁ{r?oér)\g%%srb roryI lipid
A, tf)gqirbtmnsm tcrlha mnﬁwrermbcaﬁruenrf rthmvaad:me(cbm;?dsnnmmepmmaomf;pdosphat e
or al um num r oxi -in-water e Sio Il n such conbi nati ons,
it | gorP AT RO CEG R B 85 ey e el A EMBOPUTENsthict ur s,
al | ow Ngrithalist Bf Slotéifs Rk ¥ A &%éﬁ@.ﬁ?&&fﬁﬁb@@é&#&zﬁ%@5 of

antigenic and 1 munosti nul atory signals.” Studi és have shown that 3D-MPL is
abl e t orfawmdigsin eimnhemembodinentrtheometiad oyusd obineahventaususdseal ant i gen

T I t. al. 16: 708-14; EP, 689454- 5 A h d

&y dBemaeriunalian SR istaied pAS sl ankBL ST G 1§ BrgURICHiAE a saponi n
deri vatdg X)@uld?%é&d:f%ﬂo%r ovefehbly eaRjLBatddon PEarde? bratgm. 3D- MPL as di scl osed in
WO 94/ 00 or a |less react ogeni'c conposition where the 21 is quenched

wi th chol ester oI as di scl osed in WD 96/ 33739. A particularly potent

et or o, 8B Hhe BResey Blvehftn Bivips s 1o BRbehRERRRERSion RofPridke ' "
i mmunogePRhtX pmwmsartd aneadt t3, @), Byocompra sles1,8, $&ponirg ovdd sh nay be

@21. The formul ation may al so conprise an oil in water enul sion and
t o@Qphaf?’lﬂ“”(@/@ﬁ@Gﬁ@%@b%cmﬁéﬁmnﬁ{%e%@téﬁmgaﬁﬁ?%”deS from different

S. pneumoniae serotypes. In such an embodiment, at least one saccharide is
conjugated to a PhtX protein such as PhtD or fusion protein thereof and the
immunogenic composition is capable of eliciting an effective immune response
against PhtX, for example PhtD. In a further aspect of the invention, the

25 immunogenic composition comprises at least 4, 5,6, 7, 8, 9, 10, 12, 14, 15, 16, 17,
18 or 20 S. pneumoniae capsular saccharide conjugates containing saccharides
from different S. pneumoniae serotypes and a PhtX protein, for example PhtD as a

free or unconjugated protein.
30 In an embodiment, the immunogenic composition of the invention comprises

pneumolysin. The pneumolysin is preferably detoxified, for example by chemical
treatment or by mutation of at least one amino acid.
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ol i gonucl eoti des (WD 96/ 02555) and ot her i munonodul at ory ol i gonucl eoti des
(W0226757 and W03507822)are al so preferential inducers of a THL response
15and ar eweuntiahbzof or use in the present invention. O PCIEPe@EIAF348FTUI SiON
adjuvants per se have been suggested to be useful as adjuvant conpositions

(EP O 8438 al so c natiaons of oil in water enulsions and ot her
active preseRb W%@%%ﬁ"@éﬂr% e%é”é@ﬁmﬂ%@é"qQﬁmD‘A%Eﬁ’rﬂ\EQ”W@@/ 17210;

VO 20 SHARALAMORILZORE oNLRA MAbHn Bikginiol | enul sion adj uvan s

have b descri suc In ol stons (US 5,422,109; EP 0 480
982 B2) and water in oil in water enulsions (US 5,424, 067; EP 0 480 981 B).
Al'l of I ch form ai

on St ens &}i nvp t cu Wﬂen I ncprporating
tocol o) THes B GRTIE PRREOSTRRS i BT aach o BRton &y e BAENeRBERT on- 251 n
an gmbagiri@iarly Wh%n%ﬂen@@bl'fér* @k o &5 e!d'é‘FISF@@‘E@Ianbh LR V6 R USEh FfERE)
further conpri'ses an enul sifier such VWEEN 80 and/or a sterol such as

chol estrapsllationsarSwiabtaiadipmantstineluge lanetumyiun sl such gl alymaiumi n- wat er

Caual e 8osPO8 BsEGEABr TR e spholstor AR, vBE pRaro pB e B RABALET S bot n

squal ergicargt thbpbaf carurhenabhesioth, @phicaid.y an emul sifier (or surfactant)
such as Tween 80. A sterol (e.g. chol esterol) may also be included. The

met hod of producing oil in water enulsions is well known to the nman skilled
i nqphe ; | Yo ' I ining oil
ond0e v e ER e PPlioba et R 16 HRbL g el ARuLetol 3Rl 582 R

PBS{ g\/\EEBBiéhsen Sod:hmlgm]rieviler d’\éneetypg rc}:lytmknw*ﬂehadtto davausiting iructiongécelter, it
wou e G to a man skilled in the art t ri sing passing
the i ADES B EBURR BHRATSES G A SR ABUGHT Wit B apdS RO TN Hbe

noMDGL TS IBNd t0\@lIRRe GhdddiaH! o nuFbal kimuh89eSIBHSES i€ ﬁ’éhﬁ dif ocess

in 5mc l'ur diser (ML10S M crofl uidics nmachine 50 passes, for
a period of

15  The distinction of Th1 and Th2-type immune response is not absolute. In reality an
individual will support an immune response which is described as being
predominantly Th1 or predominantly Th2. However, it is often convenient to
consider the families of cytokines in terms of that described in murine CD4 +ve T cell
clones by Mosmann and Coffman (Mosmann, T.R. and Coffman, R.L. (1989) TH1

20 and TH2 cells: different patterns of lymphokine secretion lead to different functional
properties. (Annual Review of Immunology, 7, p145-173). Traditionally, Th1-type
responses are associated with the production of the INF-y and IL-2 cytokines by T-
lymphocytes. Other cytokines often directly associated with the induction of Th1-
type immune responses are not produced by T-cells, such as IL-12. In contrast,

25 Th2-type responses are associated with the secretion of Il-4, IL-5, IL-6, IL-10.
Suitable adjuvant systems which promote a predominantly Th1 response include:
Monophosphoryl lipid A or a derivative thereof (or detoxified lipid A in general — see
for instance W0O2005107798), particularly 3-de-O-acylated monophosphoryl lipid A
(3D-MPL) (for its preparation see GB 2220211 A); and a combination of

30 monophosphoryl lipid A, optionally 3-de-O-acylated monophosphoryl lipid A, together
with either an aluminum salt (for instance aluminum phosphate or aluminum
hydroxide) or an oil-in-water emulsion. In such combinations, antigen and 3D-MPL

are contained in the same particulate structures, allowing for more efficient delivery

18



2 mnutes at maxi num pressure input of 6 bar (output pressure of about 850
bar)) could be adapted by the man skilled in the art to produce smaller or
| ar ger vowormesi/abds7enul sion. The adaptation coul d be achiperab2dxy/0538% i ne

experinmentation conprising the measurenent of the resul tant enul sion unti I

a preparatlon was lOachieved with oil dropl et r . aneter.
an oi | Qf@njigeeic @ﬁﬁ'@ﬂ%’ﬁos tpdaiary sighg! Serﬁiﬁg'ﬁ'ﬁ notﬁgtaébrﬂgg '%queous
carrier

a1 | no. URLS AR ERREE iy REKoGEch? E%%’*%Wﬁ?ﬁsteﬂ%e el e
enul si aai. Haecﬂ@()tﬂ%jn%V@8+@55EPF%9454|=B1:]|:on, may be in the range of

substantially 30-600nm optionally substantially around 30-500nm i n
di aneter, and optionally substantially 150-500nmin diameter, and in

par ki C%@énﬁ&%&d ehidlved BIEEESTHDM3tiBR @5 drREnEdhdBPbAN | WA%‘n@td on
spectroscopy. In %%Qs rega\r/d 80% of thle oi | dr (?)Wnets A I9nber shoul d be

Wi t hin &awnrra@@r@gatlvapparcblﬁalalrly the cembiinaiionovh@na1 @pﬁh&Dr Fly agslisslaseshing5% 20

amount St SFRET a3 A e dSHFlosBhE Hidelidy Fir B, e dF ob ARRRL BT

i nvent lcw@st@rotrgswsuosymauhlwo 96/8B%39 apgsarttulbrp Fotsrit-adf et fotniudatidifo oi |
(of the total dose volune), such as squal ene; and when present, from2 to

10% al pROIYIBESERaT o3D-MRk anddacenherebinan eilin waieasmulsigatis described in
po'mox)W@‘M%ﬁ’?%éoﬁr?bh@%rﬁ%b%'eﬂ?{rﬁ)m‘ﬂ? 'J‘%g:b:d ég?ﬁm{bggfst@b'a%oﬂ oridly 25(e. 0.

squal ene) -tocophero as’this
provi demnapnmsea sapdnie, whichshaybeAAS2hLltss fdrmulatbmqhayalsﬁmnﬁﬂse)an %man 85

vant dgae eRusemany loeioheso S S D  hrig Bt G pomain:
cont ai 1y gonkgkbt |éé§£\/1/02g6ﬁév\%ﬁgj9§§d the‘?%hﬁJr%rr‘néd{ﬁét%P%lfﬁ:d’mﬁ?e?ﬁfdgj Ed in WO

95/ 17210, WD 99/ 112 /12565 whi ch di scl ose enul si on adj uvants
based dW@Qi&%EﬁVean@W@GBWé&Zﬂ areaaldo‘pmfereraml inguceomal & yf Hlorespbased wi t h

g munpesti mul ﬁp quﬁs &d/o Thus in an enbodi nent of the
pr d2entd] Q/r«?rﬁq't@ © 1N &S5dP dVaRteSE W&”P% Vrenti on may additionally conprise
further inmmunostimulants, such as LPS or derivatives thereof, and/or

saponi ns. Exanpl es of further immunostimulants are described herein and in
Oil in water emulsion adjuvants per se have been suggested to be useful as adjuvant

compositions (EP 0 399 843B), also combinations of oil in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 95/17210; WO

20 98/56414; WO 99/12565; WO 99/11241). Other oil emulsion adjuvants have been
described, such as water in oil emulsions (US 5,422,109;EP 0 480 982 B2) and
water in oil in water emulsions (US 5,424,067;EP 0 480 981 B). All of which form oil
emulsion systems (in particular when incorporating tocols) to form adjuvants and
compositions of the present invention.

25
In an embodiment, the oil emulsion (for instance oil in water emulsions) further
comprises an emulsifier such as TWEEN 80 and/or a sterol such as cholesterol.
In an embodiment, the oil emulsion (optionally oil-in-water emulsion) comprises a
metabolisible, non-toxic oil, such as squalane, squalene or a tocopherol such as

30 alpha tocopherol (and optionally both squalene and alpha tocopherol) and optionally
an emulsifier (or surfactant) such as Tween 80. A sterol (e.g. cholesterol) may also
be included.
The method of producing oil in water emulsions is well known to the man skilled in
the art. Commonly, the method comprises mixing the tocol-containing oil phase with
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"Vacci ne Design - The Subunit and Adjuvant Approach" 1995, Pharnmaceuti cal
5Bi ot echnol ogy, Volune 6, Eds. Powell, MF., and Newran, MJ., Plenum
Press, NewwoYorikiiesvd London, | SBN 0- 306-44867- X. The vaceCmEPpri@pss48s i ons
cont ai ni ng i nmunogeni ¢ conpositions of the present invention nmay be used to

Dt o 8 S BT PR PUEE LT by ok o Hhrsousesin vsin

ot ape [ OD0gefiizBThly WO deBt Fh i viifed PEe B BGHeHod cdiberising 1
mucosalpassimgninetmixtureriwiae thhaugir alsyahgersaedieywould el swtabte/forgeni t ouri nary
tracts._|ntranasal grgew adm ni,stration of yaccines. far the treatnent of
peuroi1AQ9eTERNG SHIEYRIMES G dauids Rayall. 18 cinuBTicalonpLatessar i age of
pnegrmq%%mﬁ@ﬁ@eb@gggg MAETORG Idid&ein¥ cRINGY AT Humt GYU50 gééﬁéyﬁirlawgn%ﬂidt{) gf:t ion

at its earliest s . Al'though the vaccine of the invention my
adni ni & BrirWeaat maximgmepressere iDpupoife has(aulutdrEsskle aflaboub850 bar))

st ancOu B AebRREDY e BhasHistdTnd paBrofed el rldd Fpulmé!
separ at¢flemulgiont Mthesadapthiiom colild be?acitlevekls r&dtiney exderingshtatiorst rat i on of
the any bacterial protein conmponent of the vaccine for optinmal coordination

of the GOMRIRNG tepmieasarament of dag eesuliapt emuIsION HBHa PraparedmWAsni strati on,
th‘%oopt%c‘?mi Jed With ?%WJ%Q{S.&QM?I?Q%@F&P&i?Fnét@r.a”y or all of the different
n addi o a single

adm™ni strations. I on route of adm nistration, 2

di f f er dntanr @ilihesatet eatlision stheadili ard emyldifterished]d Fein axaopkous sacighar i des or
saccharjde 25 conjugates ma¥ be adni ni stered hM f(_)or ”??qn and bacteri al

pr ot ei N SBJUSRYSEHITIRT S8R5 TonexaspPippphoshale gutre Sa'Rg- vacci nes of the

I nvention may be administered IMfor primng doses and IN for booster
doses. The content of protein antigens in the vaccine will typically
be in the rakuesize bdlg oBdmétsrialing withBothiei sfable.ail. iniwatehemuisigre ate - 254.

I:OI1 ISOWi onp%o%gllsi/ Peistsitﬁgn %ar%&:irgrﬁtringy be in the range of substantially 30-600nm,
optionally substantially around 30-500nm in diameter, and optionally substantially
150-500nm in diameter, and in particular about 150 nm in diameter as measured by
photon correlation spectroscopy. In this regard, 80% of the oil droplets by number
should be within the ranges, optionally more than 90% and optionally more than 95%

20 of the oil droplets by number are within the defined size ranges. The amounts of the
components present in the oil emulsions of the present invention are conventionally
in the range of from 0.5-20% or 2 to 10% oil (of the total dose volume), such as
squalene; and when present, from 2 to 10% alpha tocopherol; and from 0.3 to 3%
surfactant, such as polyoxyethylene sorbitan monooleate. Optionally the ratio of oll

25 (e.g. squalene): tocol (e.g. a-tocopherol) is equal or less than 1 as this provides a
more stable emulsion. An emulsifier, such as Tween80 or Span 85 may also be
present at a level of about 1%. In some cases it may be advantageous that the

vaccines of the present invention will further contain a stabiliser.

30 Examples of emulsion systems are described in WO 95/17210, WO 99/11241 and
WO 99/12565 which disclose emulsion adjuvants based on squalene, a-tocopherol,

and TWEEN 80, optionally formulated with the immunostimulants QS21 and/or 3D-
MPL.
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subj ects may receive one or several booster imunizations adequately
spaced. WO 2011/110570PCT/ EP2011/ 053485 Vacci ne preparation is generally
descri bedwonoMaacsime Design ("The subunit and adjuvant appmrach/bsi4ess
Powell MF. & Newran M J.) (1995) Plenum Press New York). Encapsul ation

wthin liposones |s described by Fullerton, US Patent 4,235, 877. 5 The
vacci netfI N e ng‘f‘cnt(%E%Qf%ﬁe@ﬁg‘v(%%'?'ﬁethﬁr@é‘fﬁmioﬁ : 'ﬂ“i"sﬂt'%wa(yg st or ed
in sol ‘Edo‘?t'ibr%rllg'céﬁﬁgls'e'féﬁﬁer ihﬂnéﬁoﬁm?@l%hf?j%hc%%@%ﬁb%é%tlv%s'tH&%’f,L' zed

in the presenc sugar acting as an anorphous |yoprotectant, such as
sucr osegndlon sagioenins eExghplessed furisemioseynoaiinidaetsareldescolksed hereiam@and in

enbodi ngnt , . t sol utiton.is lyophilijzed,in the pr n of a sugar acting
25 an aVaeERBUEeT s pr sk EHR Y SBT A G PRI 1O BrAGiar oved care
st rgCt BigtetHhBIoRy, YbMFhé'8, BHs NPORNEN, AU.F. TARI NeOFRas MY, RlehlidrsPaissi ne

bul ki ng agent alTows for shortenlnggfreeze-drylng cycles, in the presence

of hi giNewYorls enddandan; BYBN Bx30pié866iX.such mi xtures for use in

15l yophi li sati on of the imrunogeni c conpositions or vaccines of the
i nvention include sucrose/glycine, trehal ose/glycine, glucose/glycine,

Mannos v yaddiee preparas@isatomainihg ivvnuesgéraeompokitions e &oprisennni t ol

gl ucose/ manni tol, mannose/ mannitol and maltose/ mannjtol. Typically The

nol ar riBY§TBioNfMeK detugeddleryetact entreat 8 mpnMehav$certivke tojintectiongby 1: 4, 1: 5
or 4 4: 6. e ' i&g’ﬁq f i ' ' conprise the
Iyg)éhi |T§§@%’§ﬁg‘?@2@%t%ﬁ§8§§@:¥. edeo\étI %&E%E@Vﬁ%@éﬁgﬁ?ﬁﬁﬁ% agents and
m Xt ur ednoihisttatibné insaynig cliglerinectiam viauthehetramostulde (IM)pioltraperiton@phadPg of

i ncr easi ng t he

s por yriragag I b RERneeURy S CRyar Ryt g M4dosat AOBIM e AR, D6r 255
?g'EyG;ﬂogré%nrﬁsn@%y,%gpswa%ﬁy, beRRoH A BB RIS arsaG (RS JphiNRiAYbSBE 9! ycol
vaccines for the treatment of pneumonia or otitis media is possible (as
15 nasopharyngeal carriage of pneumococci can be more effectively prevented, thus
attenuating infection at its earliest stage). Although the vaccine of the invention may
be administered as a single dose, components thereof may also be co-administered
together at the same time or at different times (for instance pneumococcal
saccharide conjugates could be administered separately, at the same time or 1-2
20 weeks after the administration of the any bacterial protein component of the vaccine
for optimal coordination of the immune responses with respect to each other). For
co-administration, the optional Th1 adjuvant may be present in any or all of the
different administrations. In addition to a single route of administration, 2 different
routes of administration may be used. For example, saccharides or saccharide
25 conjugates may be administered IM (or ID) and bacterial proteins may be
administered IN (or ID). In addition, the vaccines of the invention may be

administered IM for priming doses and IN for booster doses.
The content of protein antigens in the vaccine will typically be in the range 1-100ug,

30 optionally 5-50ug, e.g. in the range 5 - 25ug. Following an initial vaccination,

subjects may receive one or several booster immunizations adequately spaced.
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exanpl e having a nol ecul ar wei ght between 1500 and 6000 and dextran.

Al t hough the i nmunogeni ¢ conpositions of the present invention may be

adm ni st ewedotayr1esty route, adm nistration of the descri lped/pra@aiossss i nt o
the skin (1D 30 fornms one enbodi nent of the present invention. Human skin

Coer ] Bt BbGertiaras Sanect hsaserioRidn SacaBrpesias (T hesBuntanted t he
derm s, i i g S 0 1 have
%digwm_ g@trcsétrhn é?d@lbbﬁbéﬁ_l\hhﬁ?& NQWHLaﬁ‘PI@I.J%&M%Z%mWﬁW@% W

shown t I nj I on a vaccine into the ski in particular the

der m s,Yark).nbheapesulahon withindiposep@sse desdriilodd by udédon, W Patent

2011/ 114825@%’ / EP2011/ 053485 be associated with a nunber of additional
advant a CIhtradermal vaccination with the vacci nes descri bed herein
forgs an optional feature of the present invention. The conventi onal

techni que of intradermal injection, the "mantoux procedure", 5conprises
steps of cleaning the skin, and then stretching wwth one hand, and with the

msert YRR PR AR EaERsTion IR B pieRShERERR s fEaBFES '
i nser t ad solltient@nysihitded. héh seedidimehpwes ediuaiod i lyobhpizeadyaizced whi | st
providing a sl |ght pressure to elevate it under the skin. The liquid is

then i rijreseRee oleAySURHRCING AEREBMPTRNGUSIYRProSta, SUCh@wHSUSHOShe skin
S“ﬁbacetreﬁa%ée?}@‘?@cq@?é, S %Wo%%%{t(%@ r %fcté{ée. Iﬁ‘?ﬁcgn?odpd%%ﬂt,rtﬁé%wt%n idevi ces
ically er [ qui SS

t hat are speci esigned 1o admnis agent’s Tnto or acro
t he skilyogtavadoiedhe ¢essarideast, afsagaeaating as bheanderyphoas |ydgsociectzad, amd s\O
99/ 34850 and EgbéL092.444, .al so thcgg et ind' ectiRn de]'vi.ces descr.j f or
exanpl Y/KNG B9GP BrOviciRG iMprgyed caks sigPlurgsush selvgine opgianmigh The,  us

5, 993, gtﬁlr@seﬁ& éﬁ?é@»s?é‘i%e bkt rﬁ%ﬂomﬁs’%ﬁsﬂ%rﬂ%ﬁe@%-@rgﬁé’cgélés, HS
5,893, 397, US 5, 466, 220, US 57339, 163, US 5, 312,335, US 5,503, 627, US

5, 064, 46 presergess(igb Salt cascenteaoNs E&ampsesioi7aghgiktures far 926 880, US

4, %:0 ﬂ?gphihvé\%t%%/o 7trzgllsmranrl]frimgenic compositions or vaccines of the invention include
sucrose/glycine, trehalose/glycine, glucose/glycine, mannose/glycine,
maltose/glycine, sucrose/mannitol/ trehalose/mannitol, glucose/mannitol,
mannose/mannitol and maltose/mannitol. Typically The molar ratio of the two
constituents is optionally 1:1, 1:2, 1:3, 1:4, 1:5 or 1:6. Immunogenic compositions of

20 the invention optionally comprise the lyophilisation reagents described above.

The above stabilising agents and mixtures of stabilising agents can further include a
polymer capable of increasing the glass transition temperature (Tg’) of the
formulation, such as poly(vinyl-pyrrolidone) (PVP), hydroxyethyl starch or dextran, or

25 apolymer acting as a crystalline bulking agent such as polyethylene glycol (PEG) for
example having a molecular weight between 1500 and 6000 and dextran.

Although the immunogenic compositions of the present invention may be
administered by any route, administration of the described vaccines into the skin (ID)
30 forms one embodiment of the present invention. Human skin comprises an outer
“horny” cuticle, called the stratum corneum, which overlays the epidermis.
Underneath this epidermis is a layer called the dermis, which in turn overlays the
subcutaneous tissue. Researchers have shown that injection of a vaccine into the

skin, and in particular the dermis, stimulates an immune response, which may also
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WO 97/ 13537. Alternative nmethods of intradernmal adm nistration of the
vacci ne 20preparations nmay include conventional syringes and needl es, or
devi ces dweignedos7or ballistic delivery of solid vacci nesT(ire»1985228961), or
transdermal patches (WD 97/48440; WD 98/ 28037); or applied to the surface
of the skin (transdermal or trans ne us del i V\D 8/ 20734 ;

98/ 280FH assESIaiRd Witk FEur wﬁa@éﬁ 2] FRRIESe! g ”@zﬁﬁ??'%@”w ein are

int e“dﬁﬁe%c&lbés IRKEM&d ﬁertoe?n rr@‘)é ﬁ’érﬁeﬁ f&at P?é bft%ﬁt%@er‘m fﬂ?erﬁtib% terns

"consisting o "consi st SIStS 0 respective I'n every
i nst ance. 30Enbodi nents herein relatlng to "vaccine conpos!tlons of the

comos T ReBk A BRPA GACE i il K. % HhgfiBul Broddilpacoen
2018/ 1%7&%@E/ﬁé’é§éﬂél%ﬁﬁh§5thé|s|klrf %ﬁ@ﬁﬁé‘ﬁ%t‘reﬂihu@%ﬂﬁbnénﬁdoc@hd%ﬁh et ed

within this Eatent specification are incorporated by reference herein. In
order thevel o a@arrwemugmnﬁ@qlet@%étgamga)fﬁ@mmguamrdsHn@meﬂdlg\m ngedganpl es
are, fo and

are set 5fort e ex es p ses of i.llustr n only

e ot it oh BN A npRER s Rl B R BeSeinds iRkl L baRelly

manner thE4RRRIeE’ lowered and further advanced whilst providing a slight pressure to
elevate it under the skin. The liquid is then injected very slowly thereby forming a

10  bleb or bump on the skin surface, followed by slow withdrawal of the needle.

More recently, devices that are specifically designed to administer liquid agents into
or across the skin have been described, for example the devices described in WO
99/34850 and EP 1092444, also the jet injection devices described for example in

15 WO 01/13977; US 5,480,381, US 5,599,302, US 5,334,144, US 5,993,412, US
5,649,912, US 5,569,189, US 5,704,911, US 5,383,851, US 5,893,397, US
5,466,220, US 5,339,163, US 5,312,335, US 5,503,627, US 5,064,413, US 5,520,
639, US 4,596,556, US 4,790,824, US 4,941,880, US 4,940,460, WO 97/37705 and
WO 97/13537. Alternative methods of intradermal administration of the vaccine

20 preparations may include conventional syringes and needles, or devices designed
for ballistic delivery of solid vaccines (WO 99/27961), or transdermal patches (WO
97/48440; WO 98/28037); or applied to the surface of the skin (transdermal or
transcutaneous delivery WO 98/20734 ; WO 98/28037).

25
The terms “comprising”, “comprise” and “comprises” herein are intended by the
inventors to be optionally substitutable with the terms “consisting of”, “consist of” and

“consists of”, respectively, in every instance.
30 Embodiments herein relating to “vaccine compositions” of the invention are also

applicable to embodiments relating to “immunogenic compositions” of the invention,

and vice versa.
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Met hods Animals 10 OF1 and CBA/J fenmale mce used in this study were
purchased from Charles River |aboratories (Lyon, France). Balb/c mce were
from Har Iwo 20Honet7p The Net herlands). Al experinments ardTAPI@EYHS53HET e
performed at G axoSm thKline Biologicals (GSK, R xensart, Bel gium in
accordance with the B%ﬁgl an _nati onal gwl del i.nes faor anj ) Pel’l ment ati on.

15 Bact/el [ei¢reaceaonpalai apalieations Gisdi mrhéhlsméergﬁpgpwcw%sg Svas ki ndly

prOV| defedordeF ol FR1drMREY RERIiMY of Adel aide, Australia). The strains 4/CDC
6B/ CDwaere ogt a]lc ned fromthe Center for Disease Control and Prevention

(CDC) and the 19F12737 strain fromthe American type culture 20 collection
ATCC 3/ 4 Y. k B ital,
Uni ver dnipSerthafinBivertigliiel he BeRer yidermatal R oG AaRPRs T8t n 2001

} wgs kfbﬂﬁll smaw&xﬂa&é&xmé%ﬁawp&&eg ol ilustrbdbh %nh}n 'aMGre@é hyt t9Eo@nstled
Medi ci ne, Boston WJ2 strain was Kindly 25 provided by David

E Bril eéas |(f‘lJJﬁﬂ9éhQs$QqDe(ﬂf tme ygntioatn |y Miengeam  Bi rmi ngham Al abama, USA) .

The ty Hal n was obtained fromthe CDC (Center for Disease Control &
Pr event 2011/ 110570PCT/ EP2011/ 053485 Pneunococci were

routineMé q g in Todd-Hewitt broth (THB, Difco) with 0.5% (wv) yeast
ext r actMgth 8 )/002. \When appropriate, erythromnmycin and/ or
spectinonycin (Sigma-A drich, Bornem Belgiun was added at a concentration
of 0.2 AMmags0 4/ ml; respectively.

10 OF1 and CBA/J female mice used in this study were purchased from Charles River
laboratories (Lyon, France). Balb/c mice were from Harlan (Horst, The Netherlands).
All experiments and assays were performed at GlaxoSmithKline Biologicals (GSK,
Rixensart, Belgium) in accordance with the Belgian national guidelines for animal
experimentation.

15
Bacterial strains and culture conditions.
The strain 2/D39 was kindly provided by JC Paton (University of Adelaide, Australia).
The strains 4/CDC and 6B/CDC were obtained from the Center for Disease Control
and Prevention (CDC), and the 19F/2737 strain from the American type culture

20 collection (ATCC). The strain 3/43 was provided by E Yourassowski (Brugmann

Hospital, University of Brussel, Belgium).

S. pneumoniae strain TIGR4 { Tettelin 2001 } was kindly provided by Andrew Camilli
(Tufts University School of Medicine, Boston, MA, USA). The WU2 strain was kindly
25 provided by David E Briles (University of Alabama at Birmingham, Birmingham,
Alabama, USA). The type 4 strain was obtained from the CDC (Center for Disease

Control & Prevention).
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5Escherichia coli DH5a and JMLO9 strains (G bco BRL, Life Technol ogy) were
grown in Luria-Bertani broth (LBT, Difco) with or without 1.5% (W V)

Bact o- agawo(2biffaey7oat 37C for 16 h. When appropriate, ePgriEPRONMOS3ISDr
spectinonycin was added to the gr owt h msdi um at a concentration of 100

4/ m . For t study on Pht oc ence, h neu coccal
10 nol ecul ar” ¥PMBRIRG Senk ? 'I'@I\V?Ei\l)m S[{qdéji H@W'tt’,@r‘?ﬁgoﬁiﬂg’s&hﬁ%“ﬁ vi ded
by TJ Mtchell (Scotland), 6 by RE Gertz (USA), 2 by AB Brueggemann ( UK)
and 9 B% {wivinyeest Rxisart ah 37y ﬁﬁ‘mazuwh@mlap@mmﬂie( ATYHTOM YR iaysher 15
CbpA (or PspC) was a truncated reconbi nant protein, as described in

Br ookesspéastihemyein (Bigdha-Aldfielst BB‘rr&am,Gelgﬁﬁﬁwfd‘séladdé@%)a cencehtyatipnosf ded
by JC Paton. The protein was constructed fromthe sequence of the D39

strain @Q%n@eifﬂﬁg@rﬁlh bgt,\péwade A. PspA (clade 2) and PsaA are reconbi nant
proteins origina mthe 2/ D39 straln Ogunnl yi et al Infect. |nmun.

anafysi s RS e Y

or Mni Purification Kit (Q agen Benelux, Venlo, The Netherlands). PCR

pr oductgsowsr i puriafBestanii brath KeBZ5Qiaglivelh RCRVIteUtf 1| &% | (wvKBacknagaNA
digests were purified on 1 (:)/0 (wv) agarose WO

2011/ 1305COPGET/ BP0 Idr 06348V Iym approywidtide efpthoumadin Gl sfedtinaatyicom weist

(Q agen). Restriction and ligation enzymes were obtai ned from New Engl and

Bi OLabSacfo\é’éjstbthé%m\}v%@@fﬂJ’m 565 GoHBntrdith SRaD C%g/ﬁhl.gh Fidelity System

(Roche, Mannhei m~ Germany) was used for each P reaction of these studies.
Al'l conmercial ro cts used under,_ co d| ans. 5 recommended by the
suppl T ers. o SRt col e B e, oo el B e G o RErH nat or
8uen0| ng Kit on an A&'VB i ed Bi os st ens automat ed DNA seq uencer (rodel
8) (meFcHisa anidaiol nPWtorkF( ER) sEping, 3Eaisolgteg WeSSqué’H@@ a%Tszes
were perfornmed with the MacVector V6.5 software (Oxford Ml ecul ar Ltd.
Madi soriYlitehrelk (Reotteodpré NYIRE .Qertz (USA), 2 by AB Brueggemann (UK) and 9 were

from the American Type Culture Collection (ATCC).

Antigens

15 CbpA (or PspC) was a truncated recombinant protein, as described in Brookes-
Walter et al J. Infect.Dis. 67; 6533-6542 (1999), kindly provided by JC Paton. The
protein was constructed from the sequence of the D39 strain and belongs thus to
clade A. PspA (clade 2) and PsaA are recombinant proteins originating from the
2/D39 strain Ogunniyi et al Infect. Immun. 68; 3028-3033 (2000), both provided by

20 JC Paton.

DNA treatment and analysis.
Escherichia coli plasmid DNA was obtained using Plasmid Midi or Mini Purification
Kit (Qiagen Benelux, Venlo, The Netherlands). PCR products were purified with the

25 QIlAquick PCR Purification Kit and DNA digests were purified on 1% (w/v) agarose
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10 software (Informax), and sequences conpared to the avail able S
pneunoni ae Tl GR4 genone sequence (ww.tigr.org ) { Peterson 2001 }. S
pneunoni agogenommdxroDNA extracti on. Chronosonmal DNA fr ompeamP2@i1t 0683485 Was
obt ai ned by harvesting confluent overnight 15 growh fromone or two

heaV|Iy |nocul Qod a | ate t.0 m_ of . TE (10 Tris-HCl; 5 nM
EDTA; | psgig t %ﬁh‘g ‘g&ﬁ%ﬁeg%rxgg Zﬂto@)'ﬁ%%”)cﬁﬂsﬂ'qt'@@e@ﬁq‘ @E\A atONESREHRRS at
maxi rral speed in a mcrocentrlfuge and the pellet was resuspended in 75 pl
of TE. V&el obigingdsramr BewbEaighant @os@t@ﬁ:dﬁ\ieﬁbur@dmeusa@nof glgiupn). ofhe

| ysozynme (100 ng/m ) and 20 pl of proteinase K (20 ng/m) and incubation at

37C, 4%Expandtldigh Ri@leMyedyst&qRachef MayehsinbuGernafyovadused SoHedch PBRB. O;
0.14 MNaCl; 0.1 Msodiumcitrate; 1 mM EDTA, pH 8.0; 0.1% (w v) sodium

deoxyc h@béﬁi&) oFaghedd ded drixd AIP%&%@%léIOBr&fbc‘t@ WéreS udéd I @sdert esmatiGhd!r €.

At the end of this incubation period ammoni um acetate (7.5 mV

pH Z. 7) mn@%@ t%fth%ré{gn%lllayssate and |ncubat ed 10 mnutes on ice. The

Vi scous was ext’ract tw ce with 25phenol /chl orof orm i soanyl (25:24:1)

and precipi in isopr hoI WO 2011/ 110570RCT/ EP2011/.053485
Fesult ng” DR fkeciea?h fRY ﬁa&" w/whih%mp B TULOp SHURNERISE pi TE
containing 0.6 pl RNaseA (10 ny . DNA suspensi ons were stored at 4C RNA

i sol at i%h.ars Arilied MWﬁs@Pmeﬂr BN neaavsnseti (Mrdsin31 0@m(ARPigs i cal
density at 600 nm (0D600) of 0.01 in THY to different OD600 to eval uate
gene exposysems lac, orksiarribt, Gfk,dWBA). Fanien ceemnal yesoyereQstred3with thee | og,
0D600=0.9; stationary, 0D600=1 .2). Cells were centrifuged and resuspended
i n RNaggaéVeeod Nigs5 @Tmar@r(@ﬁmn%%dmw Ltdl, MerisoryeormiheaeéctorngTE@d um
deoxycholate m , and incubated at room 10terrperature for 10 mn. After

I nqgbatdpRvarENInfoPRhaR],! 8Rd VEsqRPIEST E&ApMD té NBe available S. pneumoniae

TIGR4 genome sequence (www.tigr.org ) { Peterson 2001 }.

S. pneumoniae genomic DNA extraction.
Chromosomal DNA from each strain was obtained by harvesting confluent overnight
15 growth from one or two heavily inoculated blood agar plates into 1 ml of TE (10 mM
Tris-HCIl; 5 mM EDTA; pH 7.8). The bacterial suspension was centrifuged for 5
minutes at maximal speed in a microcentrifuge and the pellet was resuspended in 75
ul of TE. Cell lysates were obtained by sequential addition of 20 pl of lysozyme (100
mg/ml) and 20 pl of proteinase K (20 mg/ml) and incubation at 37°C, 45 minutes.
20 Then, 500 pl of lysis buffer (10 mM Tris-HCI, pH 8.0; 0.14 M NaCl; 0.1 M sodium
citrate; 1 mM EDTA, pH 8.0; 0.1% (w/v) sodium deoxycholate) was added and
incubated for 10 minutes at room temperature. At the end of this incubation period,
250 pl of ammonium acetate (7.5 mM, pH 7.7) was added to crude lysate and
incubated 10 minutes on ice. The viscous DNA was extracted twice with

25 phenol/chloroform/isoamyl (25:24:1) and precipitated in isopropyl alcohol. The
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Q AGEN RNeasy M ni Kit follow ng manufacturer's instructions. Contam nating
genom ¢ DNA was elimnated by incubating RNA sanples with 1 unit of DNase |
per pg ofwBNMifaos7a h at 37 C, followed by DNase inacti vatrigppomiosdas2. 5 mvi
EDTA for 10 min at 65 C. Total RNA was quantified using the Ri bogreen(r)

RNA Quantification Kit 15(Ml ecul Pr obe f ol | owi ng manuf acturer!

ot rudBUHEG BNA wes daSHAY IGar B 6Y) EBaROLRIO FARUERENdRtD Trathbh Thsed t o
identify transcription starts was adapted from Ranasi nghe & Hobbs {

Ranasi regméainggd).f ul BiNasieAy(10amgimheld Nédpsusipengionsrwerestaredetd 6% t he pht E
gene 20 was used to synthesize the first-strand conpl enentary DNA (cDNA)
fromtotal RNA with the Superscript Il reverse transcriptase (Invitrogen),
foll owi ng nmanufacturer's instructions. RNase A was then added for 1 h at
room t eRRArigbMrient 0 generate blunt 3' ends on the cDNA-RNA hybrid. The
hybrid was inserted into EcoRV-di gested pKS plasm d (Stratagene) using T4

DNA.| i . g . e ;
RS SR8 RLPCUBE L ARVES Mm@ ] o Br7 3h AR ey S0 ©
2011/1 ORCT/ ERP20.1 489. . pri and pKS-specific T7 pronoter.priner.
SequendUthon o FOTpRST DR AIREtTiomDhms o eV Gh et RAERErry of Afrelt base.
Transcriptional termnator identification. 5 Termnator identification was
per f or rgrdwtis iphaistb ged¥ig dogsiOD Sequsnixe Aog) VD s nekegtiorensi©D 181 1R).
(Genetics Conputer Goup) bas€d’on the method 8t Brendel & Trif&Rov {

Br endel

84 1. RT-PCR 10 RT-PCR st udi were perfo as follows. RNA (2

gy waOf I WereGRATHGR? 57 Tas e et NASE Ty (T L ah Ean ATHES ForBM o
3'-end gene-specific reverse primer and 20 units,of RNaseQut in a total
vol une IgdoZybhed! ml Thend eV emnge sbdans cdegtyicoolateaet i omandasndubited aatr iredmout by
adding 5 mMdithiothreitol, 1 mMdNTP, 15 units of Thernoscript reverse
trapscripRipsStutd A¥F HOOERM) AftEX ifcNALBUNIFIGAR! BolRYbhSWadSbrformed with the

QIAGEN RNeasy Mini Kit following manufacturer’s instructions. Contaminating

genomic DNA was eliminated by incubating RNA samples with 1 unit of DNase | per

ug of RNA for 1 h at 37 °C, followed by DNase inactivation with 2.5 mM EDTA for 10

min at 65 °C. Total RNA was quantified using the Ribogreen® RNA Quantification Kit

15  (Molecular Probes) following manufacturer’s instructions.

-rapid amplification of cDNA end (RACE).
The method used to identify transcription starts was adapted from Ranasinghe &
Hobbs { Ranasinghe 1998 }. Briefly, a primer specific for the 3’ end of the phtE gene
20 was used to synthesize the first-strand complementary DNA (cDNA) from total RNA
with the Superscript Il reverse transcriptase (Invitrogen), following manufacturer’s
instructions. RNase A was then added for 1 h at room temperature to generate blunt
3’ ends on the cDNA-RNA hybrid. The hybrid was inserted into EcoRV-digested pKS
plasmid (Stratagene) using T4 DNA ligase (incubation overnight, 16 °C). A PCR

25 reaction was set up to amplify the 5’ end using another reverse 3’ end-specific phtE
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15 RNase-free sterile water to a volune of 20 pl. The reverse transcription
m xture was incubated at 56-58 C for 1 hour, foll owed by reverse

transcri pyveeldaonsouration for 5 mn at 85 C. The RNA scamp2@n/o5iaes

RNA- cDNA hybri ds was degraded by incubating the reverse transcription
solution at 37 with 1 unit of RNase H. ction was
carri edPrinemhand BP{% {fsml'ﬁgoremqt%rr Rnes: é%{%‘%ef% p'ﬁﬁ@‘ﬁ&a%c U9 nmer s
and the 3' gene-specific reverse primers used for the reverse transcription
react i oMag pedompned tnigenttyriberit’rk@seens), 0.2 nmM dNTP, Taq DNA pol yner ase
reaction buffer, 2.5 units of Taq DNA pol ynerase (Anersham Bi osci ences) and
sterile water to a volunme of 50 pl. The PCR cycle consisted of initial
denaturation at 94 Cfor 5 mn, followed by 25-30 cycles of denaturation at

94 25 CriafkcribtiorRd! EeminabPRRtifcatAIn. 55 C (phtE, phtD) or 63 C (phtB, D, A
for 15-30 sec WO 2011/ 110570PCT/ EP2011/ 053485 and extension at 72 C for 1

anﬁerﬁﬂﬁ%’tb?%&qtﬁ%aﬂoﬁ'ﬁ% F&%&fo‘?%‘dogelﬁbeﬁeawg r% Ifl %et?ﬂgnc@ Iz\na sis

negatl ve control COI’TpOSGd (0] tho everse transcri 1on rea tl on was

D1 oductAReDE \EEpanaby (Gneliss CA EnGraLe fatepRils ShfBPEaT CRRge

5vi sual | zed by et hidiumbrom de staining. Preparation of Pht nutants.

Mut at or& JaNevS Bengett984 t-uct ed from the pGEM T vect or (Promega Benel ux,
Lei den, the Netherlands) that replicates in E.coli but not in S

pneurmni ae. They 10 contain reconbi nant zones that correspond to the
upstream and downstream regi ons of the pht genes to be deleted, anplified
by PCRRFWERuUNdIi ng an anti bi otic-resi stance gene (prinmers and restriction
sites used to contruct the nutator vectors can be given on request). To

Pr q@par ex1IMcuddaie!\GerBnbe %Q%W&W@”RNN g@ nﬁ@?]fv@éi fiftk diiaketof 5

resi stance genes had to %e use in order to c letion in 15 the two

Fesi ot lﬁﬂ@ét&één & %tﬁ*gﬁépﬁ?ﬁngﬂ?%* 895”3%?@%?3@@%'{'0’3%&%%@%9 i
Spect | /e of RNEEEhEAN g iiay i) ofahey ThErPerag ot bRan § Sapn
plasm d (kindly provided by J Paton) was used. 20 Clonin

per f or e ithemrgriried ownby &ldiegl b &M adithiothigitoh fheMi ¢N7§Pen1t5g¢@ﬁ§t®fuct ed
pl asm ds and plated on LB agar with the respective anti biotics.

Tr ansf oFhextriosoripf r&versel transdriptasa s(indtralék )neasX cedNAedynthesisy baffan dardd
nmet hods with 0a0l2-treated cells { Hanahan 1985 }. WO

2035/ 11Q44986EcERML M348 volume of 20 ul. The reverse transcription mixture was

incubated at 56-58 °C for 1 hour, followed by reverse transcriptase denaturation for 5

min at 85 °C. The RNA strand on the RNA-cDNA hybrids was degraded by

incubating the reverse transcription solution at 37 °C for 20 min with 1 unit of RNase

H. The PCR reaction was carried with 2 pul cDNA using different 5’ gene-specific

20 forward primers and the 3’ gene-specific reverse primers used for the reverse

transcription reaction (0.5 pM final concentrations), 0.2 mM dNTP, Tag DNA

polymerase reaction buffer, 2.5 units of Tag DNA polymerase (Amersham

Biosciences) and sterile water to a volume of 50 yl. The PCR cycle consisted of

initial denaturation at 94 °C for 5 min, followed by 25-30 cycles of denaturation at 94

25 °C for 15-30 sec, annealing at 55 °C (phtE, phtD) or 63 °C (phtB, D, A) for 15-30 sec
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The 4/ CDC S. pneunoni ae strain was prepared for transformati on by two
successive growi ng steps, before resuspension in CTM nedium (10 g/l

Casam no woi2dsiy11657g/ | tryptone; 5 g/l NaCL; 10 g/| yeastcempre@ains3«®s4 M
K2HPO4; 20% gl ucose; 30 ng/m glutam ne; 1% BSA, 0.1 M CaCL2; pH 7.8)
aliquoting, and freezing .in 15%5 glycerol. Thos | i quots were u for

Fr anst RLENBRSIOR /2 Lad AGTNeoPTICQRPIBssoby FoMal e eion SR AbGE af wias
added to induce conpetence, and the bacteria were incubated at 37C.

Di f f er dat &7 nwipofAnpegaipiee conlkelncomposed afs RNthvifouti neyetse dpnsaiiRfion
conpetence. After addition of 1 i.tg of nmutator vector, cells were

i ncubatredctidn 32€ diso c3odustad tavexblusieaBNAgcorftamirated inyth@ RNA pagpatrationunder
5% 002. At last, 10 bacteria were plated on bl ood agar with the appropriate
anti bi @ECRS préfiictd Neerduadprited anty, &) PRgdPobe Kels bledtrdphBiesid aimef or med

with the plasmd that brings PhtA B deficiency by using the sanme protocol

as gesqi'&qiqe&%&veqhid%blﬁ eaé}gin tern blot analysis. 15Heat-killed

bact’eri al suspensi ons were obtal ned by harvesting the confluent overni ght
growh from5 heavily inocul ated bl ood agar plates into 1 ml of sterile PBS
(0.14 MNaCl, 2.7 nMKCI, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH 7.2), and an

i ncubation step at _56C for 45 m nutes. Then, sanple buffer (60 MM Trizna
base, 18EPArAHPNSBLITBGAMS.v) gl ycerol, 0,01% (w' v) bronophenol bl ue, 2%
(v/v) J3- 20 mercaptoethanol) was added to the heat-killed suspensions.

Pr epar dllui@ter wect®rdovéred coostrictad nioms the i MFligeectat (Reormegan Bereddxi n a
m crocentrifuge for 2 mnutes and separated by SDS-pol yacryl am de gel

el ect r dpideresthe KSDHRSriBAGE) thast dpticatebad Byoliarmmot it Sagnvlinoh®ed They
Proteins were el ectrophoretically transferred from acryl am de gels onto

1990 e Sl 8 o BN R, 52 g BaC oAb

ant i moRBNPa e o Gel'Es 1B bR mdbRE LR Hrishhitnardh afiigéye” oot

Enzyme- 1 abel | ed bands . were visualjzed with a NBT/BCIP substrate system 5
our T iy SeSREIE 95 GnIHerS BMErEoEHPl Sltetsdt pyeonNbahe TUAeT daors

correspondi ng Pht D- and Pht quadrupl e-deficient nmutants were cul tured under
di f f er 3®N H6n@ivENOAB EEAUEsh. deplpsepaie dre suedreptentht-deficient muiarii v |y
defined synthetic medium (MS){ SICARD 1964 }. MS nedi um was suppl enmented by
i ncr eadifigrenbmoébivtiatresisanek, gexidsehadito el ysedvim?erderad@-conftefe , deletibn inl0or
Zn2+. Optical density at 600 nmwas nonitored during |og-phase and at
st abi onpeytwh asifereReSutit flobes eomoypraEehnd IdcusheneahiBY. | Ah tathromycin
resistance gene (ermB), amplified from a derivative of the pJDC9 vector, was
selected for the phtD/phtE locus. For the phtA/phtB locus, a spectinomycin
resistance gene (aad(9) gene), purified from the pR350 plasmid (kindly provided by J
Paton) was used.
20
Cloning was performed in DH5a or JM109 E. coli strains, with the different
constructed plasmids and plated on LB agar with the respective antibiotics.

Transformation of E. coli with plasmid DNA was carried out by standard methods with

CaCly-treated cells { Hanahan 1985 }.
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Wld-type W2 strain was cultured with or without the Zn-specific chel ator
N,NN,N,- tetrakis(2-pyridylnethyl) ethylenediamne (TPEN) to observe the
ef fect ofweiooi/degbeti on on Pht expression at the RNA (lpgTEP2HTR)3485d
protein (by flow cytonetry) 15l evels. Flow cytone try WJ2 bacteria were

rown in THB + 0.5% yeast extract at .37C, 8% 002, to | og- phase.
A Cernati vol e HEROLE Sncuindnas rall abas ProRaredtiE dransonea TR Y 1 or

20 centrifugation, bacterial pellets were resuspended in a solution

cont ai riUegESSIvE -GPAWIRG 3Pl PRIME Desuspens®n My €10V madium (e gl Casamino

pol ysacchari de nonocl onal anti bodies as control. After 2 h at 4C, the

sol ut i catidsyes g/l asmptond; U gd Nable;, baglleydaat eprbtiet0sd We ke HREH@9% igltddSeBSA 2%
before they were incubated for 1 h at roomtenperature in A exaFl uorT™M

(Mol euﬂ(ﬁfngﬁhp?mammﬂhw@sw, WP GHT I 5; PRHP B) BHE0OGR Yarfré&ARY ih ASVO
2011/ 110570PCTI EP2011/ 053485 PBS- BSA 2% After washing, cells were fixed in

PBSs; | ol e Rl ATAANE:dACS: T3 RIGIorP AP 1 fing TRSPTF

sl
sur uor escence was reco . antitativé reverse-transcri ptase PCR 5

Tot al 0 9 in gro toan OD. -0.5 (md-|oq) rified

iai g ChGABEDR Gor b e Ehatseadteded indutie porBeiareR: e B diAcs P

Ri boG eenTM RNA Assay Kit [§.I nvitrogen). Sanples (1 g%ﬂ were processed tw ce
with 1.wergl ineebaied NN E- Lifereptdiste ppintmagss talkan »nl Satang72@Emimh o
reacti on was stopped by the addition of 1 pl of DNase STOP foll owed by

i ncubatoptimisercohipetemcaatAfedr &ddifiorr of 1 1A of rmaathr oektoryvasligeres dicetbatesd ng
the SuperScriptTM |1 Reverse Transcriptase (Invitrogen), Random Priners

(I'nvi t ragerp @m@oﬂﬁmmkmgﬁékiﬁg{aﬁ%gw@y 83 benrddiesse, LARePEYPCA L ranEga) -

Real -tine PCR was carried out in reaction vol ume using the TagVanTm

p
0B TR iy BOPR  OBY ST PR ERAILAEE B e

OW Ng prrmers re used:

GGGAAATA! fqQrward), T GAA TCAC (reverse n
T ACCAATBEET P TN 62 ST S EERSIPGOERARA T P T JPaLBHjGS FHAB
TGACTGCGITCCTCCTTCTG g reverse), CGITTAATCICTTCITTTGT (probe).

deficiency by using the same protocol as described above.

SDS-PAGE and Western blot analysis.

15 Heat-killed bacterial suspensions were obtained by harvesting the confluent
overnight growth from 5 heavily inoculated blood agar plates into 1 ml of sterile PBS
(0.14 M NaCl, 2.7 mM KCI, 10 mM NazHPO,4, 1.8 mM KH,PO,, pH 7.2), and an
incubation step at 56°C for 45 minutes. Then, sample buffer (60 mM Trizma base,
1% (w/v) SDS, 10% (v/v) glycerol, 0,01% (w/v) bromophenol blue, 2% (v/v) B-

20 mercaptoethanol) was added to the heat-killed suspensions. Preparations were
boiled for 5 minutes, centrifuged at maximum speed in a microcentrifuge for 2
minutes and separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) as
described by Laemmli { Laemmli 1970 }. Proteins were electrophoretically transferred
from acrylamide gels onto nitrocellulose membranes (Bio-Rad, Richmond, CA), as

25 described { Towbin 1979 }. Membranes were probed with a mouse polyclonal

30



Al'l assays were done in duplicate (fromculture to g-PCR) and the relative
gene 20transcription was anal yzed by the 2- AAcT net hod (Livak & Schm ttgen,
2001 )usiwQ20ywiBozs i nternal control and growth in THB acome2@s/osaBs br at or .
Det erm nati on of Pht occurrence In order to select representative
strains of S. pneuynoni ae, the population structure 25 was anal ysed .

accor dierﬂj'bpgytr g'ée ﬁgém?a’@ﬁ@tis»ﬁewsg QY& AfigHoBse Méﬁo(‘w%f?({ Koo%'gé“”%
2011/ 110570PCT/ EP2011/ 053485 Sequence TyPe; www. ml stnet). Based on M.ST

i sol at eohesghaiase RrpegasTBenglXor Enzyme-labelied geandsemerel etisuatizad awittF@ each
group, a representative strain was selected for occurrence anal ysis, which
was carMBEMBOIRsubstiaéssystenbl otti ng on whol e bacterial extracts with
anti-Pht D pol ycl onal antibodies (cross-reactive with A, B and 5 D) or
anti-PhtE, and by PCR on pneunpbcoccal genom c DNA using prinmers specific
for Pht A, B, D or E. DNA sequencing for PhtD conservation anal ysis DNA of

107 ekM_ST - tralng -anmplified using PhtD specific 10
ol i Sonﬁﬁl@gj?%gé@g} ?’n’é’?s@?ﬁ@?l L

sequences were aligned by Custal X program

ent | 19/ IR AEHRR SERE. P GoRbsPauPoRat s RUR: BoroebiaRtes T
Exanple 1 15 Characteri zation of the pht genes Genom c organi zation of the
pht gerfggtants were cultured under different conditions of ion depletion or Supplementation
in a chemically defined synthetic medium (MS) SICARD 1964 }. MS medium was
supplemented by increasing concentrations of, alternatively, Mn*", Fe?*, Fe*", Cu?*,
10  or Zn**. Optical density at 600 nm was monitored during log-phase and at stationary
phase. Results were compared with those of wild-type.
Wild-type WU2 strain was cultured with or without the Zn-specific chelator N,N,N',N',-
tetrakis(2-pyridylmethyl) ethylenediamine (TPEN) to observe the effect of zinc

depletion on Pht expression at the RNA (by RT-PCR) and protein (by flow cytometry)

15 levels.

Flow cytometry

WU2 bacteria were grown in THB + 0.5% yeast extract at 37°C, 8% COz, up to log-

phase. Alternatively, TPEN 30 uM, a zinc chelator, was added to the medium. After
20 centrifugation, bacterial pellets were resuspended in a solution containing anti-PhtE,

anti-PhtB/D, anti PhtD/E or anti-type 3 polysaccharide monoclonal antibodies as

control. After 2 h at 4°C; the solutions were centrifuged, the bacterial pellets were

washed in PBS-BSA 2% before they were incubated for 1 h at room temperature in

AlexaFluor™ (Molecular Probes)-conjugated goat anti-mouse secondary antibody in
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In a previous work, DNA sequencing of overlapping clones froma S.
pneunoni ae strain 5P64 genomc |library { Hanel 2004 } and PCR anal yses

al | oned deduotiwans7of the genom c organi zati on of the phrcygaresi1assiss heir
nei ghbouring genes in this type 20 6B strain. The phtA and phtB genes, as

nal y S ROSTBEA ! SeitenG. Ballviersy ooy P det rEBIesbOe 9-25Hians od

that the two gene tandens were | ocated about 161 kbp apart in the S
pneunorfiAeSENasigwas pergnmethihe medige abaidacs fleereseenenwaasecafdadi cal to
the one observed in the 5P64 strain (Figure 1). The sane pht gene

organi zati on was 25al so found in the 4/CDC strain and in the WJ2 strain,
with the exception that phtA is WO 2011/110570PCT/ EP2011/ 053485 m ssing in

t he | atQganttdmierdveisahansdriptPesipegri ng of the pht genes surroundings on
the TIGR4 strain DNA confi rrred the latter observation (data not shown).

op, Sancl a2 h0) &ﬂ%ﬁﬁaﬁmﬁéﬁﬂeﬂfﬁﬁ?‘ by‘f‘%@“’% fﬁvvwﬁgﬁﬁﬁ%%ﬁ@r e,
L D Ao B DA IR

genes, coding for |am nin-binding proteins acceSS| on # AAK34689 { Ferretti
2001 } RSRdy pRIDIEMEOgep Siarep!Ba r( EEQDQ’G}’G rREepesady BVige witlys!-p dé 21feBQA bp
upstream of the phtD gene (Figure 1). This gene 10 product was al so

r ecent |gNdserineeraiNasge flSrofoiegd )l for 38 dnideaicdi BedThes reactiBCGvas stoppedt @y the ke
zinc-binding protein { Loisel 2008 }. A 1392-bp ORF, l|ocated 142 bp

upst r easddifort be 11 mbofgB Neisb BPOPfollcwee oy Micubatio®tei MO phigsenes e . Gafst-
sequence simlarity with the Bacillus subtilis netabolite transporter YfnA

pr ﬁge' Tt 8BN A2 Wis é‘t)edaﬂgmglthé IQusdrBehigr Y Be ?rs% Fraddripgasgm no
aci d pernease of S. pyogenes 15 ccessi on # AAK33157) Ferretti 2001,

Kunst CS..: t
oht e (ihetas, RERGHE ﬁr@s?%ﬁﬂwir@%sz?éﬁ# bl sb e K U%ﬁ%ag%pe ).
This s | so sho % i tity with th A B a enes. . On the
ot A pBONER G e, ek e §§%ma¥ Cﬁr@%%w?ﬁg%%@@aﬂ%a@ 3SIRQ ari ty
with the Strept ococcus salivarius ptsl gene éaccesm on nunber P30299)
Gagnon theopagMamd's PCot &tasel Reapastis Uk tArrliedoBiosietepra) Aagedesclibed vethe) .
This gene presented a frameshift in the TIGR4 strain that we sequenced
conpar edahufattueept slThgendoliostingl i pritnees whaae genobes sequencasédcceysBon #
AAK75285) . No functional ORF was |ocated i mediately downstream of both
geng PaBGEAKRRTAGCGAAGTGGTCAAG  (forward), GGAATCGGAGAAGGCTTCAC
(reverse) and TTACCAATCGCCTCTTC (probe); phtD,
CCCATGCGGACAATATTCG (forward), TGACTGCGTTCCTGCTTCTG (reverse),
CGTTTAATCTCTTCTTTTGT (probe).
All assays were done in duplicate (from culture to g-PCR) and the relative gene

20 transcription was analyzed by the 2*“°T method (Livak & Schmittgen, 2001)using

gyrB as internal control and growth in THB alone as calibrator.

Determination of Pht occurrence
In order to select representative strains of S. pneumoniae, the population structure

25 was analysed according to the strain genotype as determined by MLST (Multi-Locus
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WO 2011/ 110570PCT/ EP2011/ 053485 Exanple 2 Transcri ptional organization of
pht genes. The genom c organi zati on of pht genes suggested that the tandem
genes m ghD 2be/meondi nately transcri bed. Further studi epCumpeott/ossiss
performed to exanmne this 5 hypothesis. First, putative pronmoters and

ri boso bi ndi sites of nes, we entlf d. The on .t he
phtE g Uancs ecN\‘éNW(H@ﬁ{)"‘?‘i)gg %061’\&$ '%ql%\tﬁ FIYRIEN 35%95&% P whi ch
the pronoter region was deduced. The transcription start site (-Fl) was
found talond lingagesd weee bastesminest riearmeath t grouPhtaE repeasenéativen siair wasi t e,
downstream of typical S. pneunpniae -10 and -35 RNA pol ynerase 10 binding

sites {seluted Saockad@nke @amnadlysiss wheetmavat carried oabloge Vibegteinmgotingeor Whgler e
2a). Simlar sequence organi zation was found upstream of the phtA, phtB and

yfnA genrserid ety Wﬁhtehﬂl PRES BBRRIcRGI BHill@édléQ (@ffo@@%gétﬁ/e( WitBUK eB2hd ¢ and
e). However, due to the close proximty of nb gene (7 bp), no pronoter

seqgen f e ce
dosti a2) SEENERERE, %‘ﬁ@%@%&é&%@%&?i@@% “’EP A BE TR ine S SRA
upstre ene (Figure 2d). Ri bosone blndlng sites were observed
5 to 7%BthB§B§égﬁT5$ all start codons. Transcription ternination sites of

pht and adj acent genes were also identified. Conputer analysis of predicted
MRNA secondary structures suggested the presence of stem| oop
termnator-like structures at the 3' ends of genes. Hairpin structures
20coul dONArsequienhingabe Bhtl? ednservetienanglyes of di ssociation (AG of - 9.4, -
27.0, - 16.8, -1 and - 21.6 kcal nol for phtB, phtD, phtA and ptsl

respecthDMal yYof a97daVesTgeastiey thrgingetvigl PCRFam Fbﬁfe@t using (FrAB&pelcifitur ner
1988 }(Figure 3). In fact, the termnator identified for the phtD gene was
I dgft i GligohQclBEIORBIN&RROTHED 0FYsdduentbSwereaIRhks by ClustalX program and

the identity was calculated by the Superneedle program (percentage of identity is

100 x (number of identities/length of shortest sequence).

Example 1
15 Characterization of the pht genes
Genomic organization of the pht genes.
In a previous work, DNA sequencing of overlapping clones from a S. pneumoniae
strain SP64 genomic library { Hamel 2004 } and PCR analyses allowed deduction of
the genomic organization of the pht genes and their neighbouring genes in this type
20 6B strain. The phtA and phtB genes, as well as the PhtD and the PhtE genes, were
organized as a pair. BLAST analyses on the TIGR web site (www.tigr.org) { Peterson
2001 } indicated that the two gene tandems were located about 161 kbp apart in the
S. pneumoniae TIGR4 genome and that the genomic organization was identical to
the one observed in the SP64 strain (Figure 1). The same pht gene organization was

25 also found in the 4/CDC strain and in the WU2 strain, with the exception that phtA is
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for ORF 5P1003, which corresponds to the phtD gene honolog (ww.tigr.org ).
No 25transcription termnators were identified by the TIGR group for the
ot her phtwonroid@120481/ 110570PCT/ EP2011/ 053485 surroundi ngcgampesii/ops4ebabl y
reflecting differences in algorithms used by both studies. Mst hairpins

ended with a stretch of T residues typi cal i rokaryoti c
T o o hiSBIGrn B i ter Gt POReEUMDe SpokbheRE ol fa R Gente ALEBCORRGE o770 bp

downstream of stop codons (Fl gure 3). Interestin the phtE term nator -1
5 sequdhed IGR4 sfrain NA earirmeg| the laker ol@%eal’ueupm%wab"ptcsdsm&)r Adgitional t s

stop codon and of the phtF gene, the latter ORF containing in-frane stop
codons gradysistiempnistrated tas patA and (dfitB were ZEpardiedtsr th Hbp pwherzpsepities wer e
identified downstream of yfnA and Inb genes. The genoni c organi zation

suggestal phtt vidteEsgsathéddBy PZ09 bpf indthedMPGRE dPaifORRAGE dvadf chbsery oA,
| mb, phtD, phtE and phtF genes. Nevertheless, the 5 -RACE (Figure 2a) and

tergin ification (Figure 3a) indi cated that phtE was the first
gen? tﬁgﬁé%'lr\ﬂgg{i on a bicistroni c nessage, corrposed of phtE and phtF genes,

8 P e oo e BB R SSBRRL

obtained with 15priner pair specific to the regi on between genes phtD and
pht E (IQrQHPeMa@nq ﬁlesmﬁpto%@ﬁ'cﬁﬁpn@ef‘?%m%’ﬂi'}& ifehalemiginrRIRAINGo Pref@sst r eam
of phtD (Figure 3c). As shown in Figure 4a (lanes 1 to 3), RT-PCR
anpl i f i(adcedsson ¢hiANS34689A {t bepettiD200/br e @ndr AADSIFE6 étSmII.erthrgoﬂgﬁﬂa 2008 }
have denonstrated that this phtD transcript al so encodes, in addition to

yfnA, Irebpectivepht Wast lbeatedo7 ggnepstipainr eRthe2Phid @%n@cqﬁ?‘uﬁeha) Tieisigened ved
in the biogenesis of cytochrone ¢ and spr0904 that displays simlarity with

t hiygr ect%bl?@t) was”ta%roe$ééé?ﬂlll¥ydehBﬁnrﬁda(iédi‘téé | AGEAIPNaRE GedtiibRb! ‘é§ B ORBEer

upstream o gene (Figure 2d) suggested transcrl ptional coupling of
b o Rk B8Py rangcnrold ﬁ%'m?s;g%p@ﬁ&s. {5650 i g
suggeStuep%tr%%nP ?”r?e ?mb(glzeln%uﬁomo oga,mcdode% fgr a protein presenting 64% sequence
similarity with the Bacillus subtilis metabolite transporter YfnA protein (accession #
D69814) and 81 % similarity with a putative amino acid permease of S. pyogenes
15 (accession # AAK33157) { Ferretti 2001, Kunst 1997 }. A sequence presenting 79%
identity with the first 481 bp of phtE (proposed phtfF) was found 226 bp after the phtE
stop codon (Figure 1). This sequence also shows 72% identity with the phtA, B and
D genes.
On the phtA-phtB tandem side, a 1332-bp ORF, presenting 73% sequence
20 similarity with the Streptococcus salivarius ptsl gene (accession number P30299) {
Gagnon 1992 }, was located 253 bp upstream of the phtA gene (Figure 1). This gene
presented a frameshift in the TIGR4 strain that we sequenced compared to the pts/
gene found in the whole genome sequence (accession # AAK75285). No functional
ORF was located immediately downstream of both gene pairs.

25
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WO 2011/ 110570PCT/ EP2011/ 053485 term nator sites identification (Figure 3b
and d). Analysis of the transcriptional organization of phtA and phtB by
RT- PCR r eweabadi1es7pht B- speci fi c anplicon with pht B- specipCir®rpotioessss (Fi gure
4a, lane 7). No anplification product was obtained by RT-PCR with priners
anplifying the region between phtA and phtB (Figure 4a, |ane 58),

i ndi catéwgn%ler%)noci stroni c organi zation of the phtA and phtB genes.

Term nator site identification (Figure 3e) indicated that ptsl is

t r anscringeacragionahergsaizatioof ®htessage, which al so confirmed that phtAis
not part of a polycistronic transcript. Exanple 3 Construction and use of
Pht nutEre gedémicharganizationadfi mnt geneshsugyested that The tandemtgenést Might Plet 13-,
Pht D-, PhtE-, and the quadruple nutant Pht ABDE- were constructed. To assess

the accdgorginaly tthehdcpipeabimahepnstubiite 9RME MhuisDNArfefméd etomekaminstthal ns
was purified and the reconbi nant regi ons were sequenced (data not shown).

F“”sherrf@b‘f"nestié?q:i%f,t gﬁttaa?ivé‘%’rSmB S r%PFi?é‘éd ?fdgﬂcgi@ts‘?@s%ﬂ}yiﬁz’qgnjeé wer,

i mmunobl’otting, usih nousé pol ycl onal ~an ant| bo gure . Al
four Pht isotyp re recognized b hi s antj body., However.. Pht E bands
were | AnRRERY CORRT PARACT NN gfidht RLE U GRIRNBEN T HEa RO rPt HE ¢ hr ce
ot hers. The influence of various ions on bacterial growth 20 The growt h of
t he Phtiras&EPtion starhtfiem whishdhgniomaier jegier mass adueedve i HRORSTRIpar ed
to that of the wild-type strain and of the different Pht single nutants

( Fi gur estaéd)siteVirdn wéare fomrdl torbadecatedpde asee dipsireanupf tloe PO0OE itrandlaifonFe2+,
Zn2+, or M2+, the growh of the wild-type and of the PhtD-deficient nutant
was sl igghit| siteanadwmstaseed ¢fgtypidah S.apaeymoNBeal-00ean@6-363RNA. . pdlymerrde ast ,

t he behavi or of the 25quadruple nutant was striking. While the addition of
20Q0i - Idvh@hg e {IMoMRBoA™M900 1 and upstream of a ribosome binding site (Figure 2a).
Similar sequence organization was found upstream of the phtA, phtB and yfnA
genes, indicating the presence of putative promoters (Figure 2b, ¢ and e). However,
due to the close proximity of the Imb gene (7 bp), no promoter sequence was
identified for the phtD gene. On the other hand, a sequence identical to the —35
15  sequences of the other pht genes was located upstream of the Imb gene (Figure 2d).
Ribosome binding sites were observed 5 to 7 bp upstream of all start codons.
Transcription termination sites of pht and adjacent genes were also identified.
Computer analysis of predicted mRNA secondary structures suggested the presence

of stem-loop terminator-like structures at the 3’ ends of genes. Hairpin structures

20 could form with calculated free energies of dissociation (AG) of — 9.4, — 27.0, — 16.8,

and — 21.6 kcal mol_1 for phtB, phtD, phtA, and ptsl respectively, as determined by
the method of Turner et al. (1988) { Turner 1988 }(Figure 3). In fact, the terminator
identified for the phtD gene was identical to the one reported by the TIGR web site
for ORF SP1003, which corresponds to the phtD gene homolog (www.tigr.org ). No

25 transcription terminators were identified by the TIGR group for the other pht or
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WO 2011/ 110570PCT/ EP2011/ 053485 i nduced a 25.3 % i ncrease of growmh (Figure
6d), the sanme concentration of Zn2+ or M2+ restored the growh capacity of
t he quadrwpl2eirmabvant (Figure 6b,c). This represents up POTEP2B1863485r ease
in growmh rate, conpared to that obtained in M5 al one. However, this

recovery of growh rate s, del ayed, only visible after overnight 5

| PoubatSLEIPUTT Goriger GYBHERY IIECUNg | SYTETRaaEs i (HGORPIS: Usgd: BYopoth
culture. The addition of My2+ did not restore growth conpletely at 200 pM
as di d studiesoMagi2hairging esided aithi acsteeise o Tgresidues asetypically Sndi ied
when 1 ng / m of My2+ was added to M5 (data not shown). The addition of
hi gh cqrokaryotit transcabticbuzrmivietotsok Roséatwerg 1373 i pad aveternfotatet sithiai7ds
(data not shown). 10 Exanple 4 The effect of zinc depletion on pht

expr esgippoiirddne & ito heddsrer (Fidehe Ve RAgedtihgyt hﬂeCPhlEl_rt‘érrﬁﬁféité'rm t he
expression |l evel of the Pht proteins was 1ncreased, as determ ned by flow
cytonetry experinents f7Fi gure 7a,b,c). As a control, no shift in nmean

f I udr e SESNEBCRAACH setfetfahmal hwas locaied { §BE bR qayymsireadhar it2180RRdMBdy i n
t he sanme conditions of zinc depletion (Figure 7d). At the RNA |evel, we
coul d ranukal ke pHiFRIeRCHhe gitardORE- gasitainingcinefsapei siop ivedpns Breventivgritspt i on
| evel in the condition of zinc depletion (data not shown). In addition,

g- RT- PGRarsskqtion (Figure 3sr HoperrhinatardeadsiengesriRisfe fdentified diowrstneath of yfnA
pneunococcal isolate (D39 strain) grown either in THB or THB+ 25 pM TPEN.
The cowﬁy@é@ég_of chel ator added to the nedia was sub-optinmal, as
determned with prelimnary experinents, neaning that TPEN did not prevent

arouth (as OHRLHURSIBRoaHREMAPRGE5EEY ' RB: BAFE bl BB of AP BEbALE 2!

10 composed of the yinA, Imb, phtD, phtE and phtF genes. Nevertheless, the 5-RACE
(Figure 2a) and terminator identification (Figure 3a) indicated that phtE was the first
gene transcribed on a bicistronic message, composed of phtE and phtF genes,
which was confirmed by RT-PCR. The regions phtE to phtF were amplified by RT-
PCR (Figure 4a, lanes 4 and 6), whereas no amplification product was obtained with

15  primer pair specific to the region between genes phtD and phtE (Figure 4a, lane 5),
indicating transcriptional termination downstream of phtD (Figure 3c).

As shown in Figure 4a (lanes 1 to 3), RT-PCR amplified the regions yfnA to
phtD. Moreover, Loisel et al. { Loisel 2008 } have demonstrated that this phtD
transcript also encodes, in addition to yfnA, Imb and phtD, the two genes upstream

20 yinA (ccdA that is involved in the biogenesis of cytochrome ¢ and spr0904 that
displays similarity with thioredoxine). Interestingly, the identification of a putative
promoter upstream of the Imb gene (Figure 2d) suggested transcriptional coupling of
the phtD and Imb genes.

Results obtained for phtB and phtA genes showed that they were transcribed as

25 monocistronic MRNAs, as was suggested by promoter (Figure 2b and c¢) and
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del ayed it (data not shown). The addition of TPEN to the mediumresulted in
a 4.84- 25 fold increase in phtD nRNA expression | evel. Conpl enentation of
THB+TPEN wt2b1 1402011/ 110570PCT/ EP2011/ 053485 25 pM of Z2us®P20iessnsed t he
pht D nRNA expression to a level simlar to t he one observed in nedi um al one

suggestl ng, t hat armn al | |ons hat hel at ed by, T Zn, Nh, Cd,
Co, Nitediinaigy, s Nicat '9'ﬂe( Sy 6r B tg)onAB%’ﬁSe%[) tg sirérﬂlsqu&?@r‘?' 5

Exanpl e 5 Pht occurrence in pneunbcoccus In total, 74 strains
(i ncl udirggnizationvieri p#A and REIR SYsRTRGER) renepled avefyBrapeciie. amplieon svihet of
representative strains, 18 clonal l|lineages were 10 represented, 46 strains
(61% v;bhtB-Q)'écdicfpbriunem (FJureed angad 7)o Nohemplifiegtion prodoed wgscubrbained,byll and
23), 56 different ST were present, anong which the nore represented were

81, 90,RTPER Wfh pA®éraBplififhd 4 Rddieh BelwedBhd afll iireB ¢Pigussuat yprRs were
present anong which the noré represented were 19F, 6B, 3, and 23F (47% of

all gstr r R t E,
Pt B ar ,E@%tﬂﬁ%@fﬁ%}sﬁ%%%%}wﬂﬂi@?ﬁ 8 AR Tl dET g
Flftyfour the d to car t he four enes in
Chei 1 gURoBRUGSA o {FibiRone) Midsati) Gal Srlls Sfariohie .y & GnoBieRt

Pht D, we could detect PhtD | n all strains. Likew se, the ot her Phts were
found B)e$SAA ¥BIICH alsaganfiraed thatrhifqds pakRart of apoﬂmtyo%trapggrﬁgct ive
genes. Notably, due to the highest genetic divergence, PhtE was better

det ect dckample 3 pol ycl onal anti body specifically raised against it (Figure
8). Sone peculiar Phts were found, such as a PhtE of a | ower size (10-kDa

smal | er§ongtraction|aridease an®Pmatamsen snmal l er size (20-kDa less) in 8
strains. Likew se, 4 strains were found to produce a truncated Pht A (Figure

8) 4 oWhi 6hg/BBREiI24BSN @p}héjﬁ%tgd by 25PCR Interestingly, these 4 strains
al so expressed the 20-kDa-truncated PhtE. At
The mutants PhtA", PhtB", PhtD", PhtE’, and the quadruple mutant PhtABDE" were
constructed. To assess the accuracy of the recombination, the genomic DNA of the
mutant strains was purified and the recombinant regions were sequenced (data not
shown). Furthermore, the mutants were phenotypically characterized by
15 immunoblotting, using a mouse polyclonal anti-PhtD antibody (Figure 5). All four Pht

isotypes were recognized by this antibody. However, PhtE bands were fainter,

confirming the greatest divergence of this Pht from the three others.

The influence of various ions on bacterial growth

20 The growth of the Pht quadruple mutant was dramatically decreased in MS medium,
compared to that of the wild-type strain and of the different Pht single mutants
(Figure 6a). When the medium was supplemented with up to 200 uM of Fe**, Zn**, or
Mn*, the growth of the wild-type and of the PhtD-deficient mutant was slightly
ameliorated (growth rate vs MS alone: 96-130 %). In contrast, the behavior of the

25 quadruple mutant was striking. While the addition of 200 uM of Fe* to MS only
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WO 2011/ 110570PCT/ EP2011/ 053485 | east, sequencing of the pht A/ B | ocus of
pht B negative strains has reveal ed that the only gene present in this |ocus
was an hywoidiipabsween eit her pht A and phtB or pht A and pbrBrg@nms34ss
Interestingly, sequence anal ysis has denonstrated that the signal sequence

5 encode es was s ecific for each Pht famly nenbers ndeed,
t he spé@&?%j gl}gﬁé%)q o JHAGRP @ SFO"étthl'fﬂgbrrﬁrﬁq yeePRyBe Qﬂ”PPBVa%R” Pfeégt ?h one

position 1,0 t he signal sequence of another Pht fam |y nenber gsee table 1).
Next, iMnwasesiotegme growtiaapanitnofwhet eadrupk smotant b ighigecbs) wlbis t he
Pht expression profile and the isolate genotype/serotype. In the strains
anal yzeadpresentslOpeo@3/pbAncrbasddn diBwindatél compaad@ o lostsatstamddt ineM$ Pht s,
and all serotype 3, 9, 19F and 22F isolates | acked PhtA or carried a

smal | erg|Gihé AHoe@et tHis Pé&&/@w 8t gtovith r@@twggael\éyga GﬁIQQﬁé{@@ aﬁf&l d%trmght

expression profile, the follow hg features coul'd be determ ned

10- kDa- elh

105 5 PRI 0 Oy LP $E15 0P 383, e
20- kDa- t t ht d 8 | a t all t,0 th
R N X
19F, 14). At last, strains |acking Pht A were observed in dlffereQ; cl onal
i neage@t Sl"ﬁ‘é%ﬂréﬁf@as%dﬁ EPWEN rater wereebipined when phing Al el y Y@swas

identified. 20 Exanple 6 PhtD conservation In the Pht occurrence st udy,
Pht D weadddedutndVISddbta potestewin)aifbe @dalitionpefeiigiv concantrations of Cu®* was toxic

for wild-type and mutant strains (data not shown).
10 Example 4
The effect of zinc depletion on pht expression
When the zinc chelator TPEN was added to the culture medium, the expression level
of the Pht proteins was increased, as determined by flow cytometry experiments
(Figure 7a,b,c). As a control, no shift in mean fluorescence was observed with anti-
15 type 3 polysaccharide antibody in the same conditions of zinc depletion (Figure 7d).
At the RNA level, we could measure, by RT-PCR, up to 25-fold increase in the phtE

transcription level in the condition of zinc depletion (data not shown).

In addition, g-RT-PCR experiments were performed using mRNA purified from
20 pneumococcal isolate (D39 strain) grown either in THB or THB+ 25 yM TPEN. The
concentration of chelator added to the media was sub-optimal, as determined with
preliminary experiments, meaning that TPEN did not prevent growth (as observed
when TPEN concentration was high enough to chelate all ions in the media) but
delayed it (data not shown). The addition of TPEN to the medium resulted in a 4.84-

25 fold increase in phtD mRNA expression level. Complementation of THB+TPEN with
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strains tested, which designates it as the best vaccine candi date anong the
Pht famly. In this respect, it was found essential to determ ne the | evel
of sequerwe 20AQ120481/ 110570PCT/ EP2011/ 053485 conser vat i @0T@EPROIY/053485
pneunococcal strains. For that, DNA sequencing was carried out. Fromthe

anal ysis of, 1 train ed o classification), it was determ ned
hat T 15 PULGE RSOibred heoIib: TENA SxBreane 5 as VoS nibado dhe o

mol ecul ar 5 mass of around 100 kDa. PhtD was found to be highly conserved
anong tabksened ¥t medigntaleneguggesting hat areen@ Al dons dmtagandba chetgieddry a
truncated protein (strain 4/75). The proline-rich region contained 13-15
pr ol i neBPENI(Zal Mns OhiCts Nij Guy Mgy, 1ICa) 173, hasithe rhajot3mpact omes)D ekprassih
stretches of variability <4 amno acids were found in the sequence of PhtD.
10 Di squgggi on The Pht proteins are prom sing candidates to be incorporated
in a vaccine agai nst pneunococcal infectious diseases. In that respect, it
appgared crucial to investigate how the expression of these proteins is
regul ated, in order to better define their role in pneunobcoccal
pathoggﬁgsiﬁ.5%5GEnone anal ysis showed that the four gene honol ogues are
arranged‘@MP'Pahdem The presence of a fifth nenber, though truncated, of
the pht _gene famly, downstream of the phtE gene was al so evi denced,

conf i r fiHPACHE A HT RBEWHOGOFHRUSi ous study { Adanmou 2001 }. It seems that
this truncation is conserved since the sane organi zati on was found in the
S. pneunoni ae st rlai iotds 7denvains( Gudedingon3 APMEN VAKESIMtAYude Istrakisnsw@@01 } .
Qur study showed that the tandem organi zati on of the pht genes does not
investigated. In this set of representative strains, 18 clonal lineages were
10 represented, 46 strains (61%) with 27 different ST belonged to the 3 major clonal
groups (1, 11 and 23), 56 different ST were present, among which the more
represented were 81, 90, 124, 156, 162 and 199 (22 strains), and 27 different
serotypes were present among which the more represented were 19F, 6B, 3, and
23F (47% of all strains).
15 By PCR on genomic DNA, we found the genes for PhtD, PhtE, PhtB and PhtA
in 100%, 97%, 81%, and 62% of the strains, respectively. Fifty-four percent of the
strains were found to carry the four pht genes in their genome. On immunoblots with
polyclonal antibodies raised against PhtD, we could detect PhtD in all strains.
Likewise, the other Phts were found by immunoblotting in all strains that carry their
20 respective genes. Notably, due to the highest genetic divergence, PhtE was better
detected with a polyclonal antibody specifically raised against it (Figure 8). Some
peculiar Phts were found, such as a PhtE of a lower size (10-kDa smaller) in 6
isolates, and of an even smaller size (20-kDa less) in 8 strains. Likewise, 4 strains

were found to produce a truncated PhtA (Figure 8), which gene was not detected by

25 PCR. Interestingly, these 4 strains also expressed the 20-kDa-truncated PhtE. At
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correlate with a pht bicistronic transcription. None of these genes were
co- transcribed with their related pht nei ghbor, under the conditions
tested. Rwvormiierosnd term nator anal yses correl ated wel pPCmiEPRo10B5BS | Onal
RT- PCR studi es. W evidenced 25 that the phtB, phtA and phtE genes all
possess individual putativ onot er WD 2011/ 110570PCT/ EP2011/ 053485
Phat - mirash pandsiiaing obiie, PaBICunag Bl AOGRE: S raiEs hasreveaRai gl Beop
codons. On the other hand, a peculiarity of the phtD gene was observed.

| ndeed,ony gpremsesentiadhisdeeis weedn hykyid belweaeasy eigrarmhif andeplfB @ Pk er s,
but no transcription termnators, were identified for Inb and yfnA genes,
two gerasl plaageesupst ream of 5 phtD, which tended to indicate that those
genes are organized in an operon system This corroborates the recent

finding thatnhed) A LRNRE & fefyhis Mad dethafstRed QARab i SiIhbPSEeqdce t h
the 4 genes upstrédﬂy{g%oi sel 2008|}. Nevert hel ess, the falctii';th thg(?ua

pr ogot i jof 1 f y ; i ady t ot rit i on
Ty 5t 10080, L Qs Weas St for, Boch Pt RERARIRImbors, hged Il D1
of different 10 | ength may_b roduced. I n addition, .an adcR bindjng site
was. | dEHECHCGHOTRISEAUERFS O 2t Ry dnEmPer &ittey atagas 1 SR PRETDS V'€ i ch
tend to say that a zinc-regulated bicistronic transcript with Inb and phtD
may al sIOn8liseauenss ehaneibepBbhfafuiyyasmierisedtade 1dut hors. St udi es by

Spel l erberg et al. { Spellerberg 1999 } showed that the group B

st r ept ococcadllextGBSyad atienmpiad ics dewrmiren whethsrdinks tdanabe emedevheteqir hduct 15
presents 67 % sequence simlarity with the first 225 (phtE) and first 228

(pht A, mittdxpreskion pR)filemnachadselateogemdtypgearotpi@duchs stratnessalgred: all
AF062533). A conparabl e genom ¢ arrangenent was al so observed in the group

A gpr epg&ggﬁeai,_z(,%@e@%ﬂen# ﬁs&&@é%&*e@%&iﬁe 4ﬁﬂrﬁt%h§h? dit séfr%%%r g,pgsed

that co-t scription of I'nmb and phtD mg indicate a functio i nk,
witht r C i i.hvaql v i pneunococcal adhesi on and
i nvasi gﬁgégﬁég?ﬁ%@g@% '§9&1‘0[ Pﬁ@l Bﬁ?éeﬁf'égtq %’gal'% %@fb‘e that the phtD gene can
be transcribed as a pplycistroni ssage Wi th se two of her genes, yfnA
ond | noauag RalgnBa” T AT ik ST a0 yPa e d erereseRA; I LT 11 o6
respectively. Indeed, YfnA in S pneunoniae { Hoskins 2001 }, and the

honol odelewipgdeaiungs reulg.besdetermined; the 10-kDa-truncated PhtE was found mainly

in the genotype ST 199 group. The serotypes of these strains are 19F, 19A, 15A, 1
15 and 6A. The 20-kDa-truncated PhtE was observed in 8 isolates that all belonged to
the same clonal lineage (group 1), but carrying different serotypes (9, 19A, 19F, 14).
At last, strains lacking PhtA were observed in different clonal lineages. Therefore, no

major link between lack of PhtA and genotype was identified.

20 Example 6
PhtD conservation
In the Pht occurrence study, PhtD was found to be present among all pneumococcal
strains tested, which designates it as the best vaccine candidate among the Pht

family. In this respect, it was found essential to determine the level of sequence
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25 Yamanoto 1997 }, S. pyogenes { Ferretti 2001 }, and S. nutans { Ajdic
2002 } are WD 2011/110570PCT/ EP2011/ 053485 t hought to be am no-acid
transpor twopiwmosrer s of the superfam |y of perneases. AsTiEP241h@5148D
protein, it has been described as an ABC transporter-l i ke zinc-binding

r ot ei Loi sel 2008 and a putative |amnin- di n rotein
gpel | ercﬁ’gﬁﬁr"fé@@ ?}mo'i‘%%%@&‘mqqgcgalp§t6@'8?n'a:ﬁ%Eh?r{s 8§gm'F%rW@$ £8igd h an

adhesin famly known as Lral, 5 found initially in oraI streptococci {
Jenki ng®A. 1994 }, but since then discovered in ot her streptococci and
genera { Cockayne 1998 }. It was suggested that Lral-like proteins are

i nvol vettomthenenglgsisrafzed4 etmaint (baswah oepMLBd] ¢lassiliyat&in) eiptwasodetermimed: hei r
subsequent invasion into the bl oodstream{ Elsner 2002 }. It is not clear

why yf nhat {Héblen%ﬂ@' oP D A/ Ric@SE&WeRNCEB 1 Bn@N8SB &hifo-2RIseMith @momé@néﬂ bl e
hypot hesis is 0 that those three proteins are required at the same nonent

of khe HAcd 6f lAbufy 4084 il ¥as! Alln rto%@‘?ﬁrihlyﬁgﬁsé%ﬁa%}ﬁ%% Whe et

necessarily bél ng assocl a e| r unc e} wever eterm nation

of the role f t he Pht rotelnsm vesrreclu orthls eng

assoc atias Sped Bdconblr sl 8biaetrs BREE et bRbek bRuddREeon

proteins_are indicative of interchangeable roles. It mght also be that the

15 prot¥f ak KaPElSeniGharegiomQongise ﬁr%l@rprelmﬁquoaibstsgwﬁs(ln dgptsriasand,

at the same tinme, exert distinct activities, even at different devel opnment

phases afly tihel 3)|ar©t|iee$)l.| mitéd siretchkes of weriab\i{ity sbaaimedcida warmioond ot theng

wth protein extracts fromthe various Pht-deficient nmutants that we have

pr oduceskguende bpPakOwW t hat there is no conpensation for gene | oss by

i ncreasing the |l evel of expression of the remai ning 20 Pht gene products.

Thiyp f gfiskugsitfs al so described recently at the RNA Ievel, by using RT-PCR
Qgunni yi 2009 }. As already nentioned, all Pht prot ei ns share

NSt di1e, B SRR 48, P HOPR AR ok AgRle SR BNa0E, B0Bkckie pRGHEL 0

these notifs mgh I nvol.ved in zi 25bi ndj n specially to nerate
Cont or HAtSGRAISS #@?ﬁﬁtwﬁ SqHRES I Al FeSRedha hiBRReaRY SrLicial Yo investigate
2011/ 110570PCT/ EP2011/ 053485 2003 1. The sane authors al so hypot hesi zed

t hat a hawhe expressioadfdhese eroteims l§d’@gd|at6d:|ul&@r@ﬂ?fetoe&ﬁit%sﬁ?ﬂf@ﬁ toeirtrale Pht
proteins and favor Streptococcus colonization and invasion. In this

cont extin preunarcoceal paihogemesis.ments in which wild-type and Phtdeficient
strains were cultured under different conditions of ion depletion and 5

suppl enent at@@ﬁbmé“ar@el?élglsmiwé‘d/ﬂﬁéteﬂﬂecfdmdgéﬁé hhdlod ésea?élfbrranged in
Pht D-deficient strains ' grew nore slowy than in rich LB nedium Dbut al nost

no gro%@?é‘rfn the Sraadhub g i ﬂﬁ}dﬂﬁére@ﬁou deghc g Bﬁ F' bHethﬁm?‘a”' el

medi u ri kingly, when n2 or s partlcu rliy
oncentrations—in the ra wth of the

huadr ufiSnATRAR Yolle 2E7E dhie fvdsh A EVigeneRd, epnlfmih it fbig®ln o

previous study { Adamou 2001 }. It seems that this truncation is conserved since the
same organization was found in the S. pneumoniae strain R6 genome (accession #
20 AAK99714) { Hoskins 2001 }.

Our study showed that the tandem organization of the pht genes does not
correlate with a pht bicistronic transcription. None of these genes were co-
transcribed with their related pht neighbor, under the conditions tested. Promoter and
terminator analyses correlated well with traditional RT-PCR studies. We evidenced

25 that the phtB, phtA and phtE genes all possess individual putative promoters and
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10 type. However, our results show that the growmh of the quadrupl e nutant
was del ayed, as conpared with the wld-type. These observati ons,

besi des cwofwrmmiiogyot he requirenent of Zn2+ and Mh2+ f or phamresiiakisgs ow h,
argue for a critical role of the Pht famly in Zn2+ and M2+ uptake. The
fact, as we e observed, that Zn2+deprivation i nduces de novo synt hesis
of 15 ts%ﬁé{}ﬁé NSRRI PreR@RlY \2NAS $0M A{IRE e CQIRERPNG 18I SiPp GPHAS i ght
rel ati on between Pht and Zn2+. This regulation is likely to occur through
AdcR pr@neine ofmer hegdil at peculianity it Hiee pMtD enmevadm robservachdivdeedpunoat | ve
bi nding sites for AdcR protein have been found upstream of the phtA, phtB,
and phtgfogmibers waanidenfifigch@-bifibe got Rhépe nstedd, Raromtae 20 Gdit ino Biandcnigtionf
AdcR, induced in conditions of high Zn2+ concentrations, 20 inhibits the

t r anscrteghin@forsf wehe idieHiaed Yoenb ahg d\ﬁﬁnged@_@s:auo Jenas doéRed upstrea/ oect
zinc starvation conditions, hence reduction in intracellular concentration

of khi t al I ; [ Saf eld v, t; 0 2001
. Gon e Rior ERERL A e ok GerdR R orodhZRR n cn dperth i Re T 0 1
was recgntl bli.shed that .the.additi of zinc in culture mediumelicits
P pr ol cORBBrE e yreons et Siaatlda ke tdteSid b Ao B HPhE:
distinct in the sense that, in the present work WO

2011/ 1 RYStEIPEIDethen MihotheadmenescuRRieane ihise! 2008 h Nevertheless.tbaifast whil e
Ogunniyi et al. added zinc to a zinc-poor nedium It is reasonable to

est i mattbat Aarorioterpwed udentdied for ndelilaadelor iimbantiskhtess thab dkhnsasiptivrt May a

gi ven range of zinc concentration. Also, the high zinc concentration

ef f ect sstotsatr thede bipcalipns)iwhicketmahng tREUphHiDN-coR@Ang trdreseepidgof diffdrent

i ncreased Pht expression, may have little in vivo rel evance since free zinc

covl@elnnéﬁéthgﬂéY %Faé[abaeéfdhim AdaRioPUBR B ARREbINAIR M Wab %mwgg utpﬁkr@aw&l

Dintilhac’ et a ntilhac 1997a } concluded™ n their stu at, besides

Psa, d rihe - ~hyP + > +

por meade IECe T ERE SObBE PaliP B0 T e R PRy R AERbRRERET:
Zn2+ and . 10 Mh2+. The Pht proteins or the | am nin-bjnding protein would
Zppear HIGSESRERSEEPt R dMPiand RADSTPYAR) SHSL HNCl BetPPen SHEOEHEREH: | ve
of a different role for the Phts. Indeed, the fact that wld-type and

Pht D- dedther edthoss.r Siuskesvby Spellesberg gt el {i Breailetbatg 1888 lushowed Heatatheence
of Zn2+ and M2+ is intriguing. In addition, the observation that the

quadr ugjreumB atneptgcoutd (GRS )r/edcgenke v@ cortrandetitzad withra gafe witoskh@eduels 15
added to the minimal nediumis also intriguing. These observations could be

expbai NRdséhts\87 90864 HaTcet Iatiafityew it the Fifst PBS(pek) asd ARt R28NGHMI 20htD

scavengers, with the function to store and concentrate those dival ent

cation gt I GicE : ; r hit o
R e R G A M i G e
ions stored .previously wthin, the Pht otejns 20 when bacteria in a
(i cher RSB STATOSRERLTES Bie QERENFE & PE. SfRucA SiEronecALiGAS
store those iogns when placed in favorable conditions, and then could not

gr ow waSHoRR {iFersit 2008 di- Fvrth@helh wasRronoskA Xhal\epdranggertion ok 4pRe£d: o

m nimal medi um sone tinme was needed before the ions could be caught by the
speci f ihtRemight pedicatese Junttimralisiokt wih thadatter gemel produat ateinguinieineadchint he
culture nmedium 25w thout help from Pht proteins. This m ght explain the
debay meedesbdoecal dghesion and invasion { Panina 2003 }.

It is interesting to note that the phtD gene can be transcribed as a
polycistronic message with those two other genes, yfnA and Imb, that may be
involved in transport and specific binding activities, respectively. Indeed, YfnA in S
pneumoniae { Hoskins 2001 }, and the homologous proteins in B. subtilis {

25 Yamamoto 1997 }, S. pyogenes { Ferretti 2001 }, and S. mutans { Ajdic 2002 } are
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WO 2011/ 110570PCT/ EP2011/ 053485 quadrupl e Pht nutant to start growing in
such conditions. Mreover, a possible scavenging role for the Pht proteins
i S consi swenbimitbdvot he presence of five to six cation-bipodirrgoidesasns. Thi s
specul ative mschani smof storage, if confirmed, could be considered as 5 a
means for the bacteri umto regul ate zinc an robably r anese
honmeost!BQr@Nt t AMinehacit il SPPHErsa FeLTHBST éﬁég% SHP@"fé@ré]aﬁ’? PEIMeasks: As

el ements. However, they are potentially harnful to the bacterium when in
excess,topbeaduse mrﬁéeyn néyhasobeen @e&cmlbe%taﬁean ABGdranspagtectke Zinwobisdingr sone
critical enzynmes. Therefore, it is essential for the bacteria to regulate
nmet al hprowds {doisel 2008 vandug pesdtivehiatmitinHsindisgt greteimi{rSpeaileebdr@ 0999 he Pht
famly. Such a regulatory systemwould all ow S pneunoniae to survive when

faci ng Ih@@ed ety protEifl c%?ﬁbﬁQFH’fBQtsﬁn|Iérﬂfes%m|neadh§§|rﬂ%rhm¢ kh&Wwhi Ll ages
of the colonization process in human nasopharynx { Bunker” 1984 Har | yk

199%} Y ht be
oxplai 2Rl FLOERIRDIoPLUEhRIE, 04 BIOT SREE i Biecpltet o
menber ta exert their fu artl pert thi

ot at emifer RATSEEE Elipelt s dskauiRnisst'y. ufl ladeSHBRRL Ldiien: ough
the Lral famly of proteins, a critical feature for virulence { Dintil hac
1997b, FASIRMNS\ErE devolverbé }the IcelaizAtiononl humana Pty Syostsentaseesi iandot her
contexts that lam nin binds Zn2+ to pronote high affinity binding between

| ani ni rthaeincsubsatuént invagiongnior tteeblosd§tréams{ kished200Bandl ispadhglear 2my2002} .
Therefore, we nmay hypot hesize that Lnb needs PhtD to assure the presence of

Zn2+whegfrinA Nimis; reeRiushier srel sssooiated inhare bperimagieterni Odiengalisiblehteypotisdsis isssues.
The regul ation of zinc honmeostasis by the Phts may al so explain why these

Pr el Rghee AR AERAN BHLAL LR difte bahidirohhief tr@Baétbiﬂglt@Jd&r 101999

Qgunni yi , 9 98 /1 the cl eavage of y ‘fact or in

B

2011/ 110570PCT/ EP2011/ 5 envj.r nt ht thus contribute to
Con | RS, Ha st delara o T ol OF et fotians Hydikdive same

further. Therefore, by targeting the Pht protein famly, the i mrune
syst emqm f@mﬁbwgemr@lqoas@mthrt 3/V60Q6nt ﬁ@%@teetﬁabsmlagtt@sdoeiwgens@raons
whi ch appear to be

species Pht proteins are indicative of interchangeable roles. It might also be that the

15 proteins share similar functions through their homologous regions and, at the same

time, exert distinct activities, even at different development phases of the bacterium.

The results we have obtained in immunoblotting with protein extracts from the

various Pht-deficient mutants that we have produced tend to show that there is no

compensation for gene loss by increasing the level of expression of the remaining

20 Pht gene products. This feature was also described recently at the RNA level, by
using RT-PCR { Ogunniyi 2009 }.

As already mentioned, all Pht proteins share histidine triad motifs { Adamou

2001, Hamel 2004, Zhang 2001 }, thought to be involved in metal binding.

Interestingly, it has been speculated that these motifs might be involved in zinc

25 binding, especially to generate conformationally functional Pht proteins { Panina
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5 crucial for the invasion process. Consequently, our results confirmthe
Pht proteins as genui ne vacci ne candi dat es agai nst pneunococcal infections.
The di ff ewenb1wmosyer s of the Pht fam |y have al ready beeoraraduuasmds f or
their potential to be used as pneunpbcoccal vaccine antigens { Adanou 2001,

Hanmel 2004, unni yi 2007, Zhang 2001 After their discovery, Pht Pht B
hna Phi00ih e SR atas SfRaTPoties s Aty FiBC Hreicer Suendisat foticn
subset of pneunococcal isolates { Adanou 2001 % Pht D was found to be the
Pht prdoeuce theaexpiessionoftthe Mhitaerateins pndiferen otiepiagoreuspelanizationianst i on
was efficient against a | esser nunber of the strains tested. This is in

i ne wihvaditre eshis tcontdxtf e paerendbusexpgrimehts @ whichs wilbetype tarad PRIt A i s
expressed in 62% of pneunopcoccal strains, while PhtDis present in 100%

Al t hougfefieigf estdins | Werel uleiesH iuﬂwdéf'odﬁ*ﬁe\:’éﬂt_eéonéih@nspoc?ﬁ%ﬂ adepi®tiorPrg t o

elicit cross-protection is not known since it was eval uated against a

singl e i A { - 2007 k. Sl dit
n 1Ry ety I At Sne b MG, Aty BT DR et e

m ght not be optimal . K Abaout . PhtE, this praotein is found i 7% of th

ot o ndreYORE SRy tBaR Hictat PvaeBiin B st de SiRan el PénaGasiee:
this Pht 20 shares only 32%of identity with the three other Phts,, and its
C-t er miPRirdgdigiant roui@ngyas phskivegddnitee ARRivanedien. sHkingly, WAeE-Sphe@ific.
The region of PhtE common with the other Phts is not accessible to

ant i bodVied Wag\dmided, 200 thisHaselpazi@dany visitde eft momcePhatiynginetientange af |
strains tested, with an am no-acid sequence hi ghly conserved anong

pneunocaEe00 Ml thleSgrodeen $hd Etxjiaammé Afftaneaas irgstoyedupho RRbAolfngildht B,

represents a better option. anple 7 Imuni zation with Pht proteins
conper o] | ' CRGC t hal,.Lntr I e
rodd) RE° LSRR ofr JeIE SoBACHRT REF Sholfl SFnbrbenR, pfifigh! i
famly j{n a use pneunococcal i ntranasal challenge, OF1 female mce
(four-\/de%?(%ed;})a&;cqqg%ﬁg?vﬂ&b ev%':lcg'&pﬁwni zed intramuscularly (i.m) at day O
and 14 with 1 pg of PhtD, PhtA PhtB, or PhtE , formulated,with the AS02
Adj uvant Syskhaset oRkaenaipnss besiges aondrminoniiet repuisamest oh Zeuppn@dmt éor wi t h
3-0-desacyl-4' - nonophosphoryl lipid A (MPL) 10 and 21 (Garcon et al

Expert HReterialgrowtresargue faBa7@ical o )of tidehtdhméyiinedrd” wadeMnf] eptake. wi t h
A502 only. At day 28, the mce were challenged intranasally with the type

3/ 43 prEMETERRC 88 lwe haaé obstBied: ftbal AnS@eptivatidwbindakes WenBsve egnthéers dor 10
days after the challenge. In other experinents, vaccination with 1 pg of

PhyB “ﬁ?ﬂﬁ]‘ﬁg@%f &k Wik r?ﬁﬁhﬂy R Ofurther %?Quﬁn@ﬂfjgo}lguﬁﬁor‘?fa f@%el dn BEEWERRNS

were f ted wth the Adjuvant System A5 consisting of alumnumsalts

i 222 e e VS aedBH w0 R0 M Byel ek Rraeftat re90ales o oo
S pnodi LIIBYBLS Peespse e dses) Purgie nge 128106 A prsin nave”

been found upstream of the phtA, phtB, and phtE genes, and of the Imb-phtD operon
{ Panina 2003 }. Binding of AdcR, induced in conditions of high Zn?* concentrations,
20 inhibits the transcription of the genes under its dependence. Upon direct or indirect
zinc starvation conditions, hence reduction in intracellular concentration of this metal,
repression by AdcR is relieved { Brenot 2007, Claverys 2001 }. Conversely to that
and to what we have observed in the present study, it was recently published that
the addition of zinc in culture medium elicits Pht production { Ogunniyi 2009 }.

25 However, the two methods used were distinct in the sense that, in the present work,
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20type 3/43 (105 cfu) in 50 pl. The nortality was recorded for 10 days
after the challenge. Survival data were analyzed with the | ogrank test
(Mant el - Hensmei1)s70 The results indicate that vacci nat ipom/erith/ossssher of
the Pht proteins allowed the survival of approximtely 60% of mce, while
only 20% of the aninpls survived in the 25control group (Figure 10). WD
2011/ 1 IR HRETIERO (R0 11983 B3 NEriICH, RSB W I S inAh el ol HERT GHRfER 2of
animals were vaccinated with three different pneunpbcoccal antigens, PspA,
CbpA, dgirc-paer prestiwnnltds reagorrite teuestipnate diail Rhtproductione isesegerated in tehe
hunoral response was eval uated and the aninmals were challenged with three
di f f er ebdll-gihvepediovagcwithst raginent nengeeek zinef tencdrimtioastAlSo ntheninigit izore M ce
survival was recorded for all antigen/strain conbinations. The resulting

level s d@fnc@ﬁirbﬁ’é}dieﬂ‘ﬁec%_ro%séﬁiédg%l'@ggﬁﬁﬁiﬁ'@t AIF] G ehniiA>00Y/acabagihho Wi th
1 pg of PhtD elicited higher antibody titers than vaccination wth 10 pg of

CbpA or; r t I ps.0 i Ln LN - I

| et hal 'QE’S’P%%SEK& #‘)‘?{eﬁsgé% [5Q§y slﬁ‘é'r(\g% nlﬁﬁ? r{gm I cr%[éa%ggé a%fgcbs p@go%ﬁg‘?nat e,
was simlar %0@ t he t.%&e{ l[ﬁar@:q?ené tvvith around 70% of survival (figure
12A) . DYFEPEALYY B! N tHE ATy RO YEELBWenced when ot her strains
were used. |Indeed, vaccination with PhtD all owed 60% and 80% of mce to
survive t he l8hi99%ngitilac et eé BPinjilbak 198€a4) conckidedi instheiespslyt tRasi v 1n
contrast, CbpA and PspA afforded no or very weak protection against the

t ype- 3 basilesiPshaldsenbed asritt BBEatypetvs” tresmealse, and iAgienaatARCte Zaf'f or d
protection against the three strains. Exanple 8 Inmunization wth Pht

pr ot ei rserpleakec bSthifdc Bangeortest sifoul@ rexistp b pebleaso rhasyorgeg! bath| f zid on 20
A nasopharyngeal col onisation assay was used to assess the ability of

| N %b?@ﬁh@%tr&btém B e lélrrrﬁHfﬁUtBinefn' tArdtdIR Shcuild ?%gtéléf‘bs thHdidated 'Ry e

shown a |ink between nasopharyl geal col Onisation an I's nmedi a. Bogaert

ot 2L R s e b st e b e IR P e BB
medi a. thgdfea%? tr?gtel\f\/rﬁg?t%gaénddiﬁ?B%eefYc\:jielr!t Qt?éingcv(\:/grre Véjb}eh?gtgrow in minimal
medium in the absence of Zn?* and Mn? is intriguing. In addition, the observation
that the quadruple mutant growth was rescued with a delay when Zn** or Mn** was
15 added to the minimal medium is also intriguing. These observations could be
explained if we consider that the Pht proteins act as Zn%" and Mn?* scavengers, with
the function to store and concentrate those divalent cations. When wild-type and
PhtD-deficient mutant strains were put into minimal medium, they were able to start
growing immediately thanks to the ions stored previously within the Pht proteins
20 when bacteria were in a richer medium. In contrast, the quadruple Pht-mutants were
not able to store those ions when placed in favorable conditions, and then could not
grow when put in poor medium. When Zn*" or Mn** were added in excess to minimal
medium, some time was needed before the ions could be caught by the specific
metal permeases, because they had to find them at random in the culture medium,

25 without help from Pht proteins. This might explain the delay needed for the
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25pr oceedi ng and/ or concurrent nasopharyngeal colonisation with the

honol ogous WO 2011/ 110570PCT/ EP2011/ 053485 strain (Gey et al J. Infect.
Dis. 142;w02811938701980), Syrjanea et al Paedi atr. | nfeeCI/HPeEL1/0334824;

801- 806 (2005)) Bal b/c mce (four-weeks old; n=10/group) were imuni zed at
days 0, 14 ar1 5t hﬁol ntranasal route W|th ko) Iﬁ)g b{{ Pht D, Pht A, ,DhtB
or Pht i tam clart P OBINeE. I B rapdife ORERYEN a3, 0gsible

adj uvant (except |n the last inmunization). Another experinent with the
sane prsseyengingsioleden BieaRbt posiedssis @mstenbwmhntmonwenng Phive i@ Sk ChpA,
PsaA, and PspA. Control mice were injected with LT alone. At day 42, mce
wer e cladtibadgedingmiongaiasal |y with 7x104cfu of type 6B/ CDC strain, type 10
4/ CDC, or type 2/ D39. The chal |l enges were perforned using a snall bacteri al

i nocul um volu@ sgéé’ulain)e nRaHafidnlof %ﬁ&r@@éeﬁ cbﬂﬂﬁné@%&ﬁ—‘@i bleNcdtiddredamhi ngs
collected 2 and days after the challenge. Nasal washings were obtai ned by

fl Ug hi i Next ,
oS TRl FEPcl 45 08l ot £k sonmmbel b
tinmes i wit.t 15Broth. Fromthis ont o fco T™M

Bl ood e isaRE e aREebanes deressenhal Bees SRatirie HadBlSh Msyictand
gentanycin (3 pg/m). The Petri dish was tilted to spread the sanple and
the colRieRtialasMid indha bagtesivre WhenduBXEeTh Rosarse JIRY ReY PROIPEe Wikl ony
countings data, after nornalization, were conpared with ANOVA, followed by
t he Durnibet elpmnts eswonia@toramvsomascrﬁi@ahdnzyrges.fThm“aforez'm IS esaardted $ort he

protective activity of vaccination agai nst naso-pharyngeal carriage, Balb/c

m ce Wahe bagteHy wea@dgunits anstabhdmevbiaBist BAddid Eaggedt thhit thRy iettee msaihebler e
they were challenged via the sane route with the 2/D39 strain. As can be

seqp | offthgubsk f]a?nnya'SdBRUSr}eQUI'aYoryasg;lé'télﬁtw&deﬁlFoK)v @"?Pe%oﬁ’}éte'ftoa&u@f\@w y

significant protection 25agai nst l enge with the type 2 strain

e S g ik o S B A L A B
Pht D | ncoﬁohrglgat%%dprlocessh mshl%gg%rasgghgr%x?gurfkaeﬁ |S3§4\Aﬁgrl§/:kh?§89}

The existence of polycistronic transcripts with PhtD might be explained by the
requirement of Zn®* or Mn?* for Lmb, an Lral family member, and YfnA, to exert their
15  function. To partly support this statement, it has been suggested that Mn?" is
required for adhesion through the Lral family of proteins, a critical feature for
virulence { Dintilhac 1997b, Papp-Wallace 2006 }. In addition, it has been
demonstrated in other contexts that laminin binds Zn** to promote high affinity
binding between laminin and laminin binding proteins { Ancsin 1996, Bandyopadhyay
20 2002 }. Therefore, we may hypothesize that Lmb needs PhtD to assure the presence
of Zn**when Lmb encounters laminin, which enhance binding to the host tissues.
The regulation of zinc homeostasis by the Phts may also explain why these proteins
have been associated with the inhibition of C3b (Hostetter, 1999 41 /id; Ogunniyi,
2009 98 /id). Indeed, the cleavage of C3b by factor | in the presence of factor H is

25 regulated by zinc { Blom 2003 }. By controlling zinc concentration in the bacterial
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for further experinents, consisting in conparing PhtD with other
pneunococcal proteins. Therefore, mce were imuni zed with different
pneunococwel2oantioggens, 5i ncl udi ng Pht D, and wer e subseqreemtepyoiasdsbenged
with a type 2, atype 4 or a type 6B strain. As was observed after systemc
I mmuni zation, the eljicited hunoral responses after intra-nasal ipnmunization
wer e arﬁnvaeﬁmethee%ts (Piegu Sfm}r.'btﬁgg? F&B IQL@!OFUB@Q%? FEPYBAtaNGGRy
antibody titers than PspA and PhtD. However, the |evel of protection 10
af f or dedhiply nepga tagaiineastigatedcivai@ernonol ogous 21D39 strain was simlar to
that of PspA and PhtD (figure 14A). Wen the type4/ CDC was used for the
chal | enge, Odltleyefonauibyz targetingvthé Pht Rrotein dapilgl ¢oé inireuaai systemagaynst
naso- pharyngeal col oni zation, whereas imunization with CbpA, PsaA or PspA

was notimpledbl il eddityiligh B itREUd Sl o f9terd bRE Usk pRt mmicrit%?bbgu&@ bEAB) -
Finally, challenge with type 6B/ CDC did not evidence any difference in

pr okect | : - e ' - [ | wth
CopR K Reblor ¥ ARG pEOrsy CUsUBRAT, AlTeBM g IR PRTHRRER ™

t hat respect. . At daX. 6W§ost.-ch?al I enﬁleﬁt t here was no %tc?tisté%al 'ffetr ence
bet weerfSal9eNY 5L YECCRGWEPRAIdALES, 98T RISHIIACRGGh 'BIeIRRS  d0 AUTargRt ph¢ b
reveal ed that the mgjority of 20ani mals were protected against

naso- pHEETRGERPT sl Bt FARrIY dlavarriraasytbasnee ayied fabineirsraientalite e used

concl usi on was probably only due to the presence of two outliers. In

concl usssopne@mpboeee acsinenagtigens §Adaabde 2001atHaonel 200k Pgonriyt 2667,
against the three strains in this nodel of naso-pharyngeal col onization. 25

Exanpl eZzrang2e011/ Aleb tRRCHIStBYod/1/FHHA4PhtB mmdnPAED wate Bxaliled Roptretiect s
m ce agai nst S. pneunoni ae | ung col oni zati on The nodel was adapted from

Briybes fiiitilto brotelt ffite agamst H8&inset % phBumfiBatal i§6Btel { Adamou 2001 }.

PhtD was found to be the Pht protein that affords the broadest protection, while PhtA
immunization was efficient against a lesser number of the strains tested. This is in
line with the results of the present study, where it is shown that PhtA is expressed in
62% of pneumococcal strains, while PhtD is present in 100%. Although successfully
15 used in two studies, the potential for PhtB to elicit cross-protection is not known
since it was evaluated against a single strain only { Adamou 2001, Zhang 2001 }.
However, since we found it in 81% of the strains, one may expect that its inter-strain
coverage might not be optimal. About PhtE, this protein is found in 97% of the
strains, which might be indicative of a broad cross-protection. However, this Pht
20 shares only 32% of identity with the three other Phts, and its C-terminal part, the
most immunogenic and conserved one, is PhtE-specific. The region of PhtE common
with the other Phts is not accessible to antibodies { Adamou 2001, Hamel 2004 }.
Therefore, PhtD, present in all strains tested, with an amino-acid sequence highly
conserved among pneumococci and also demonstrating cross-reactivity with PhtA

25 and PhtB, represents a better option.
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femal e mce (four-weeks old; 30/group) were inmmunized i.m at day 0, 14 and
28 with 3 pg of PhtD adjuvanted with ASO2. At day 42, the mce were

chal | engesto2ontmesvasal |y with 2x107 cfu/50 pl of S. pnercwmra@1b9FHEL737.
Control mce were injected with adjuvant only. Bacterial |oad was neasured
by colony counting in lungs collected 3, 4 and 5 days post-chal |l enge. All
col ony countings data, after nornmalization, were conpared w th ANOVA,

foll owed by the Dunnett post-test when ANOVA was found significant. 10CBA/J
m ce, &xXAMBle7susceptible to pneunpcoccal infections, were vaccinated with
Pht D before they were challenged with a noderately virulent 19F bacteri al

st r ai n./nfsoamizatiqor with Uit pabledsscdrderst preteatidndh imanoo$e pnéomatoges lethal a

wi t hout generalized sepsis. After the chall enge, the nunber of |iving

bact eriiﬁtrgﬁagg;@hby@g% Mdgceval uated at day 3, 4 and 5. 151t was shown t hat
vaccination with PhtD reduced the bacterial load in the lungs to a great

g]i‘t g”t fd@&ﬁué!?e%eﬁﬁ?@ecti&ﬁ affd §ftﬁ’@ Héggdn{rg\;%ﬁ%é Ehgférn%ly]iﬁa% molBg efficacy

ht D vaccrnation was particulariy evi en anal'yzi’ng the nunber of
non- col oni zed ni ¢ '

. . S NC p,to 80%of vaccinated m ce remain free of
bact or iR Eupapaos B A ABLe g i S ten AR TE Gy poEoid S5
20Ref erences 1 Adamou JE, Heinrichs JH Erwin AL, et al. ldentification and
char act@neAEMynzed indrafanagularinginy) st den8ansc bt with Tore O PRI+ FREA. ar e
protective against sepsis. Infect. Imun. 69(2), 949-958 (2001). 252 Ajdic
D, M SHmBwWetr PRt atayhiuilate®iyithetheah SO0ZAduvant Sysient thad fcoBsistspofoarmoitirs nut ans
UA159, a cariogenic dental pathogen. Proc. Natl. Acad. Sci. U S. A 99(22),

14434- 18P erR$I3n suM@eﬂ@kﬁéd%m@;ﬂéﬁ?@@ll%&ﬂaﬁ&&ﬁmmi@AJﬁMPLIQ si | evsky
R Lamnin interactions inportant for basenent nenbrane assenbly are

pcaggt ‘Zeé;wft)%&%éﬂ "(gasa:’f‘l«gt?htsggﬁ’l' I%ﬁpg%rtgl)?'b@.”‘i/é‘éanéé BC753-7807(2bO KL CoRtéPaRATalsI- Bi ol .

were injected with AS02 only. At day 28, the mice were challenged intranasally with
the type 3/43 pneumococcal strain (10° cfu in 50 pl). Mortality was recorded for 10
days after the challenge.
In other experiments, vaccination with 1 ug of PhtD was compared with 10 ug of

15 PspA and 10 ug of CbpA. All antigens were formulated with the Adjuvant System
AS04, consisting of aluminum salts with MPL (Garcon et al Expert Rev. Vaccines 6;
723-739 (2007). The i.m. immunizations occurred at day 0, 14 and 28. Control
animals were vaccinated with adjuvant only. At day 42, the mice were challenged
intranasally with S. pneumoniae type 4/CDC (5x10° cfu), type 2/D39 (2x10° cfu), or

20 type 3/43 (10° cfu) in 50 pl. The mortality was recorded for 10 days after the

challenge. Survival data were analyzed with the logrank test (Mantel-Haenszel).

The results indicate that vaccination with either of the Pht proteins allowed the
survival of approximately 60% of mice, while only 20% of the animals survived in the

25  control group (Figure 10).
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4 Bandyopadhyay K, Karmakar S, Ghosh A, Das PK. High affinity binding
S5between lamnin and lam nin binding protein of Leishmania is stinulated by
zi nc and weayoimmaaei7ee | am nin zinc-finger |ike sequencespcEmp201d/05880chem
269(6), 1622-1629 (2002). 5 Beghetto E, Gargano N, Ricci S, et aI
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(2006) . 6 Blom AM Kask L, Rarresh B, Hllarp A Effects of zinc on factor |
cof act afifferent pneym@ﬁomabtlgan&ﬁmﬁot@nﬂ and ong pwtein. of Ape Pht Broihem

Bi ophys. 418(2), 108-118 (2003). 7 Brendel V, Trifonov EN. A

conput arardlgAHtDhirhé @xtdrt sif itheg h poioeditrespornseokvas wobiuatebaed thenahioras Nucl ei ¢
Acids Res. 12(10), 4411-4427 (1984). 8 Brenot A, Weston BF, Caparon Ma A
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stress and netal honeostasis in Streptococcus pyogenes . crob| ol .

63 ARRAS,

Isgélm% %%e%ggéé%\zal%psﬂaeégﬁom aer% & Iéﬁ)tgl Hgﬁw %@npﬁ?ﬂ%ﬁ hogen

di d d t t

0S5 S o0 B0 B ST BB B TR BB VAR AL o
of zinc land copper status of healthy elderly people using netabolic bal ance
st udi esVighd Sehtbnelisitegigharastipedy dbne éfh@ri a@%rrh%tlomwh JO 19 PCORGL r

40(5), 1096-1102 25(1984).
or PspA. Nevertheless, the level of protection against intra-nasal lethal challenge

with the 2/D39 strain, from which CbpA and PspA originate, was similar for the three
10 antigens, with around 70% of survival (figure 12A). Differences between the antigens
were evidenced when other strains were used. Indeed, vaccination with PhtD
allowed 60% and 80% of mice to survive the challenge with the 3/43 and the 4/CDC
strains, respectively. In contrast, CbpA and PspA afforded no or very weak
protection against the type-3 and -4 challenges. PhtD was thus the only antigen able

15  to afford protection against the three strains.

Example 8
Immunization with Pht proteins protects mice against S. pneumoniae
nasopharyngeal colonization

20 A nasopharyngeal colonisation assay was used to assess the ability of immunization
against PhtD to prevent otitis media. Several studies have shown a link between
nasopharylgeal colonisation and otitis media. Bogaert et al Lancet Infect. Dis. 4(3);
144-154 (2004) showed that colonisation rates tend to be higher during respiratory
tract infection and otitis media. Indeed pneumococcal disease will not occur without

25 proceeding and/or concurrent nasopharyngeal colonisation with the homologous
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11 A averys J-P. A new famly of high-affinity ABC manganese and zinc
permeases. Res. Mcrobiol. 152(3-4), 231-243 (2001). 12 Cockayne A, Hill
PJ, PowelwolBli/11878hop K, Sins C, WIlians P. Ml ecul ar pCcirapeong/osf4ss
32-kil odalton |ipoprotein component of a novel iron-regul ated

30St aphyl ococcus epi derm dis ABC transporter. |nfect. | n.. 66(8),
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Epi dem ol ogy of invasive chil dhood pneunococcal infections in Israel. The
| sr ael iDipedli 24,803 -8 {205.a and Meningitis G oup. JAVA 268(23), 3328-3332
(1992). 3514 Dagan R, Kayhty H Wiorinmaa T, et al. Tolerability and

I mmunogeni city of an el even valent m xed carrier Streptococcus pneunoni ae
capsul ar pol ysacchari de-di phtheria toxoid or tetanus protein conjugate

vacei negaip/clindl (LraeNselachi=1 08hauY) werBaintirized Bl asfs %Di Sand 28343 2) ,

91-98 (2004). 15 Dintil hac oing G G anade averys J-P.

Comaet : . auer

it Bt o B B 4oL AL g BB PR TR, BB e rfe A 20 o
tati BC, net.al : | . bi.ol ., 25(4 727- 739, (,[1997a). 16
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genetic transformation in Streptococcus pneunpni ae, encodes an ABC

t r ans pdPPEFMANt Withathgaeae PEOtPeql dpehnckile and osagericansisied khferpparing
streptococcal adhesins. Res. Mcrobiol. 148(2), 119-131 (1997b).
PhtD with CbpA, PsaA, and PspA. Control mice were injected with LT alone. At day
42, mice were challenged intranasally with 7x10? cfu of type 6B/CDC strain, type
10  4/CDC, or type 2/D39. The challenges were performed using a small bacterial
inoculum volume (10 pl). Bacterial colonies were counted in nasal washings
collected 2 and 6 days after the challenge. Nasal washings were obtained by
flushing 500 ul of PBS inside the nasal cavity of anaesthetized mice. Next, to count
the bacterial colonies, 100 ul of nasal washing was diluted ten times in Todd Hewitt
15  Broth. From this, 10 pl was plated onto Difco™ Blood Agar base supplemented with
definibrated, sterile sheep blood and gentamycin (3 pg/ml). The Petri dish was tilted
to spread the sample and the colonies were enumerated after incubation overnight at
37°C. All colony countings data, after normalization, were compared with ANOVA,
followed by the Dunnett post-test when ANOVA was found significant.
20
To assess the protective activity of vaccination against naso-pharyngeal carriage,
Balb/c mice were immunized intranasally with the different Pht proteins before they
were challenged via the same route with the 2/D39 strain. As can be seen in figure

13, although only vaccination with PhtD or PhtE afforded significant protection

25 against the challenge with the type 2 strain, all members of the Pht family were able
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intra-nasal immunization were antigen-dependent (figure 11B). Particularly, CbpA

elicited lower antibody titers than PspA and PhtD. However, the level of protection

10 afforded by CbpA against the clade-homologous 2/D39 strain was similar to that of
PspA and PhtD (figure 14A).
When the type4/CDC was used for the challenge, only immunization with PhtD could
protect the animals against naso-pharyngeal colonization, whereas immunization
with CbpA, PsaA or PspA was not statistically distinguishable from the LT control

15  (figure 14B). Finally, challenge with type 6B/CDC did not evidence any difference in
protection at day 2 post-challenge whether the animals were immunized with CbpA,
PspA or PhtD (figure 14C). Only PsaA seemed to be less efficient in that respect. At
day 6 post-challenge, there was no statistical difference between all groups.
However, a careful examination of the results for PhtD revealed that the majority of

20 animals were protected against naso-pharyngeal colonization and that the
unfavorable statistical conclusion was probably only due to the presence of two
outliers. In conclusion, PhtD was the only antigen able to afford some protection

against the three strains in this model of naso-pharyngeal colonization.
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(2001). 3527 Hostetter MK Qpsonic and nonopsonic interactions of C3 with
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Jenki nson HF. Cell surface protein receptors in oral streptococci. FEMS

M cr obifemmald atite (fddi(wBeks dDRB-304Gro(pPHé)e inBuA R/ 1A Gt ()Y BP20d. 28053485 29
Kunst F, Ogasawara N, Mbszer |, et al. The conplete genome sequence of the

gr am pagitt BYR éfamitgradjm@ﬁéu WithsASORL A day 4ﬁlatwrﬁucé%r@6:517a)|en§é@ 256
(1997) 30 Laemm i UK C eavage of structural proteins during the assenbly
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Loi sel acq a new pneum)coccal
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11, Zhanel GG Escal ation of antim crobial resistance am)ng St rept ococcus
pneunorficdectedhi4 @ad Pslaysmest-chalense. Adaaiony FrPings data.taftelr e
normalization, were compared with ANOVA, followed by the Dunnett post-test when
ANOVA was found significant.
10 CBA/J mice, a strain susceptible to pneumococcal infections, were vaccinated with
PhtD before they were challenged with a moderately virulent 19F bacterial strain.
Such a protocol allows for the induction of a focal pneumonia without generalized
sepsis. After the challenge, the number of living bacteria in the lungs was evaluated
atday 3, 4 and 5.
15 It was shown that vaccination with PhtD reduced the bacterial load in the lungs to a
great extent (more than 95%), as compared with placebo (Figure 15a). The efficacy
of PhtD vaccination was particularly evident when analyzing the number of non-
colonized mice, since up to 80% of vaccinated mice remained free of bacteria at day

5, as compared with 10% in the control group (Figure 15b).
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WO 2011/ 110570PCT/ EP2011/ 053485 Clainms 1. A nethod of treating or
preventing a Streptococcus pneunoni ae infection wherein the Streptococcus
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the Pht X praedmenias Rhifuhigtidingttriagdomain a navel geciieding felde GERSHEelbf ¢l ai m
1 wherei n ©Bf8(24ht X3p3-6860120@5)%el ected fromthe group consisting of PhtA,
Pht B, PhtD and PhtE. 3. The nethod of claim1l wherein the PhtX protein is
Pht D. 134. Rusenherdhbll Geurbily Regulaibrcsequeances 3nvdieekimthelromotioptancloccus
pnebnoni ae témfisatioroaof BNAutransaniphibnodnné.. RéheGemeth6d, 3T9-8b3i(M@A9Wwher ei n t he
free concentration of Zn2+ in the blood is |ess than 10nM 1nM 100pM or
10pM as 46eSICARD AMhmMAbiavodyrstbeticme2iiuré. fof Dplosddead poeuaicmiae,andhes ei n t he
bound and fusedocthecstody af repiprotaldrahisformation &tlthedmig lbess Gévagticd 50, 1ng/ 1
or less than-20{1ded)as neasured from bl ood serum 257. The nethod of claim
4 wherein the free concentration of M2+ in the blood is
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| ess than 10nM 1nM 100pM or 10pM as neasured from bl ood serum WO

2011/ 110570PCT/ EP2011/ 053485 8. The nethod of claim4 wherein the bound and
free concwotwatiiestoof Mi2+ in the blood is | ess than 2 ecTrgdil/oss4ss ess
than 20i.1 M as neasured from bl ood serum 59. The nethod of any one of
claim1-3 wherein the Streptococcus pneunoni ae infection occurs in a |lung.
10. Thé"'REP$od of claim 9 wherein the free concentration of Zn2+ in the
lung is | ess than 300, 200, 100, 50 or 104/kg as nmeasured from a bronchi al
10l avage. 11. The nethod of claim9 wherein the free concentration of M2+
inthe lung is less than 300, 200, 100, 50 or 104/kg as neasured from a
bronchi al 1.aAagethoti5ofl Zrealihg areprexéntihg cd aSiredlovberusi pnétvaon@ec erieéctan on of
Zn2+ in the lung tissue is less than 20, 15, 10, 5, 2 or 1 i.tg/g or 300,

200, 150, 100wh&@in 3 Strepficdcblidpriseponifs iffeeir BBEUrki i St endifdimenihe
met hod of any one of clainms 1-3 wherein the Streptococcus pneunoni ae

i nfection oc i 1. d 14 T Zﬂeath 2¢lai hekn -t he

con?entrati o(rwiﬁ) ezﬂkéif'fgr? 'Eg ﬁcﬁ]ﬂda&\oé _(e)];lr tz?]s Iess&rt ann éSoéUfé‘gSWé@"" 00,

50, 20, 10, 5uprégul%tte RieSéxpOr'eési% oqajf'lela'\ét one PhtX protein in the Streptococcus
pneumoniae; comprising the step of administering a pharmaceutically

effective amount of the PhtX protein to a human patient.

10 2. The method of treatment of claim 1 wherein the PhtX protein is selected from
the group consisting of PhtA, PhtB, PhtD and PhtE.
3. The method of claim 1 wherein the PhtX protein is PhtD.

15 4. The method of any one of claims 1-3 wherein the Streptococcus pneumoniae

infection occurs in blood.

5. The method of claim 4 wherein the free concentration of Zn2+ in the blood is

less than 10nM, 1nM, 100pM or 10pM as measured from blood serum.

20
6. The method of claim 4 wherein the bound and free concentration of Zn2+ in
the blood is less than 2 or 1mg/l or less than 20uM as measured from blood
serum.
25 7. The method of claim 4 wherein the free concentration of Mn2+ in the blood is

less than 10nM, 1nM, 100pM or 10pM as measured from blood serum.
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25 15. The method of claim 13 wherein the concentration of M2+ in the
m ddl e ear is |l ess than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2
or 0.1i 1Mvo\W12Qds76110570PCT/ EP2011/ 053485 16. The net hedT@r2@nysase of
clainms 1-3 wherein the Streptococcus pneunoni ae infection occurs in the

meni nges. 17. The thod of clai erein_the concentrati of Zn2+
in the 5cébroalsted g?pf%'ra @’heé%@nbﬁi}?ui‘%a” re@ cpgcepirat '0@0‘2&1 TR

or less than 100, 75, 50" 25, or 104/L. 18. The nethod of claim 16 or 17
wherein the dbadiond itless then RozAngll tohdessethabratlydil malméasiirddifron bfxodt han
2.5, 2, 1.5, 1 or 0.54/L or less than 50, 25, 1010 or 5nM 19. The

nmet hod of anysdgpgecedi ng cl ai m wherein the human pati ent has decreased

| evel s of Zn2+ and/or M2+ as neasured by bronchial |avage 15and/or bl ood
serumtest. 20. The net hod of any precedi ng claimwherein the human pati ent
IS én2+ argl/ 1k 0

V\/ner§e| n tg uerraMr&rﬂ)%cﬂ en fgléir?acﬂ QW‘%& 916 %R@Q%Cplég%g%gg@gh ng

|s %P
cl ai m wherein man pate{ err1] has multiple bacterial infections.

mIec(faon occurs'in a lu E’;

10. The method of claim 9 wherein the free concentration of Zn2+ in the lung is

less than 300, 200, 100, 50 or 10ug/kg as measured from a bronchial

10 lavage.

11. The method of claim 9 wherein the free concentration of Mn2+ in the lung is

less than 300, 200, 100, 50 or 10ug/kg as measured from a bronchial

lavage.
15
12. The method of claim 9 wherein the concentration of Zn2+ in the lung tissue
is less than 20, 15, 10, 5, 2 or 1 ug/g or 300, 200, 150, 100, 50, 20 or 10uM
as measured from lung tissue.
20 13. The method of any one of claims 1-3 wherein the Streptococcus
pneumoniae infection occurs in a middle ear.
14. The method of claim 13 wherein the concentration of Zn2+ in the middle ear
is less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or 0.1uM.
25

15. The method of claim 13 wherein the concentration of Mn2+ in the middle ear

is less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or 0.1uM.
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2523. The method of any preceding clai mwherein the human patient has a
chronic bacterial infection. 24. The nethod of claim 23 wherein the chronic
bact eri alwonbaetioem i s pneunococcal infection. WO PCT/EP2011/053485

2011/ 110570PCT/ EP2011/ 053485 25. The nethod of any precedi ng claimwherein

t he Streptocaccus euponj ae infectipn is scepticaem. a,, bacferaem a,

moni ngi 1 518-0{114 | SEHRRH 20ty ophclfonPh. CIBI. 14h WheRHIHGEIR cOEBRBERFI%n
conprising a pharmaceutically effective amount of an isolated PhtX protein
for use in tHhHeaueen/aeifeetioneecuatn B¢ BENHTISSr ept ococcus pneunoni ae

i nfection wherein the Streptococcus pneunoni ae infection occurs in a human
patient in an environnment where the free 10concentration of Zn2+ and/or

M2+ i's suff.iThentleshddovort elaipr eigulahereimehex poasshttationd @it Zn@astin othe Pht X
protein in the Streptococcus pneunoni ae. 27. The imunogeni ¢ conposition of

(|::>|h?§m %ﬁt ‘é’her ;[r%bttat?%girglmﬂéid)rsqggé s 138! £.76 6 500 35'6r 87 QMR oF W8S §dN9 Of

100, 75, 50, , 25, or 10ug/L.

18. The method of claim 16 or 17 wherein the concentration of Mn2+ in the
cerebrospinal fluid is less than 2.5, 2, 1.5, 1 or 0.5ug/L or less than 50, 25,

10 10 or 5nM.

19. The method of any preceding claim wherein the human patient has
decreased levels of Zn2+ and/or Mn2+ as measured by bronchial lavage

15 and/or blood serum test.

20. The method of any preceding claim wherein the human patient is Zn2+

and/or Mn2+ deficient.
20 21. The method of any preceding claim wherein the human patient is stressed.
22. The method of any preceding claim wherein the human patient has multiple
bacterial infections.

25 23. The method of any preceding claim wherein the human patient has a chronic

bacterial infection.

24. The method of claim 23 wherein the chronic bacterial infection is

pneumococcal infection.
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28. The i nmunogeni c conposition of claim26 wherein the PhtX protein is

Pht D. 29. The i munogeni ¢ conposition of any one of clains 26-28
wher ei n twe 28iwrapi7ococcus pneunoni ae i nfecti on occurs i rChErPeei1/08£8s5 The

i mrunogeni ¢ conposition of claim?29 wherein the free concentration of Zn2+
in the blood is |l ess than 10nM 1nM 100pM or 10pM as neasured from bl ood
serum 2531. The i nmunogeni ¢ conposition of claim29 wherein the bound and
free concedttr g gretaed Q%QWMHGQ%B”%IC&W Wheneis the REBPIDCEECUHGNEUHON(ASS s
than 20i.1 M as neasured from bl ood serum WO 2011/ 110570PCT/ EP2011/ 053485
32. The i munotgstioe densespticaemiafl daaiera@diahemenimgitise fotiie coedienterati on
of Mh2+ in the blood is less than 10nM 1nM 100pM or 10pM as neasured from
bl ood serum G#bmdiig. i nunogeni ¢ conposition of claim29 wherein the bound
and free concentration of M2+ in the blood is |less than 2 or 1ng/1 or |ess
thag 20i .1 M as neasured from bl ood serum 34. The i munogenic

conmposi ti %_Olf\ré aFMmﬂHSgQﬁicC'cﬂh%sﬁ%n?’?tog@t%s?ﬁhd; %m%%&&%&%ﬁ%%@?ﬂve

pneum)ni ae rntrection octcurs 1n'a | ung. nogeni c CcoO I'on of

claim 34 wherein the concentration of. Zn2+ in the lung is |ess than 300,
200, 100, 50 So4eAAY Boateh EhbERrReiTRs e dhlk uraiikige Pratenigh Ofe
i nmunogeni ¢ conposition of claim 34 wherein the caoncentration of Zn2+ in
the lung tissAECRIGCOEES RIMpUMOTae {nfectiqn wherein dhe Sirepipcoecadgnermgniagso,
100, 50, 20 or 10i.IMas neasured fromlung tissue
infection occurs in a human patient in an environment where the free
10 concentration of Zn* andfor Mn* is sufficiently low to upregulate the

expression of at least one PhtX protein in the Streptococcus pneumoniae.

27. The immunogenic composition of claim 26 wherein the PhtX protein is
selected from the group consisting of PhtA, PhtB, PhtD and PhtE.
15

28. The immunogenic composition of claim 26 wherein the PhtX protein is PhtD.

29. The immunogenic composition of any one of claims 26-28 wherein the
Streptococcus pneumoniae infection occurs in blood.

20
30. The immunogenic composition of claim 29 wherein the free concentration of

Zn2+ in the blood is less than 10nM, 1nM, 100pM or 10pM as measured

from blood serum.

25 31. The immunogenic composition of claim 29 wherein the bound and free
concentration of Zn2+ in the blood is less than 2 or 1mg/l or less than 20uM

as measured from blood serum.
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20 37. The imunogeni c conposition of claim 34 wherein the concentration of
M2+ in the lung is |l ess than 300, 200, 100, 50 or 104/kg as neasured from
a bronchiwb 2bayageo 2538. The i mmunogeni ¢ conposi ti on ofPcamp2@nesaBs cl ai s
26- 30 wherein the Streptococcus pneunoni ae infection occurs in a mddle
ear. WD 2011/110570PCT/ EP2011/ 053485, 39, e | nmynggepi ¢ conposi ti on, of

cl ai m 38 vzgf?er 161 "DRE NeGRRIE ORGP LT Qﬁféﬂgignw W@'Wﬁq@dﬂ@e&%c RIrgtirsok han
300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or 0.1li1M 540. The

i mrunogeni ¢ ddngvsnttherpleed ds iess tanot0rdd, Wbt i GO or céindd @sr aaciasurest  Mh2+
inthe mddle ear is |l ess than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1,
0.5, 0.2 or Ordnbwbod serum. 41. The i mmunogeni ¢ conposition of any one of
claims 1-3 wherein the 10Streptococcus pneunoni ae infection occurs in the
meni nges. 42. The inmunogeni ¢ conposition of claim4l wherein the

congent r atgpnigd _ir%%+ndg%nﬁdﬂ%oﬁﬁfo%hro%sem¢éin{ P9 thnefeih e ;aBaﬁd lary fee 0. 75,
0.5, 0.25 or O0.1i.IMor less than 100, 75, 50" 25, or 104/L. 15 43. The

i mrunogeni ¢ conposj tj.on l.aim41l, or, 42 wherein the concentrati f M2+
T edenr cor R ERlrblaN of 2l th Th bidia #3638 5 4ot Mgficpr &L IR BPufil o)
t han 50, 25, 10 or 5nM

as measured from blood serum.

34. The immunogenic composition of any one of claims 26-33 wherein the

10 Streptococcus pneumoniae infection occurs in a lung.

35. The immunogenic composition of claim 34 wherein the concentration of
Zn2+ in the lung is less than 300, 200, 100, 50 or 10ug/kg as measured from
a bronchial lavage.
15
36.' The immunogenic composition of claim 34 wherein the concentration of
Zn2+ in the lung tissue is less than 20, 15, 10, 5, 2 or 1 ug/g or 300, 200,
150, 100, 50, 20 or 10uM as measured from lung tissue

20

37. The immunogenic composition of claim 34 wherein the concentration of
Mn2+ in the lung is less than 300, 200, 100, 50 or 10ug/kg as measured
from a bronchial lavage.
25 38. The immunogenic composition of any one of claims 26-30 wherein the

Streptococcus pneumoniae infection occurs in a middle ear.

61



20 44. The i mmunogeni ¢ conposition of any one of clains 26-43
wherein the human patient has decreased | evels of Zn2+ and/or M2+ as
measur ed wy 2brionestoal | avage and/ or bl ood test. 2545. TireTiEPRUNOSEBS C
conposition of any one of clains 26-44 wherein the human patient is Zn2+

and/ or M2+ deficient. WD 2011/110570PCT/ EP2011/ 053485 46. The i nmunogeni c
conposi ti ?,’f?.g'?hedﬁryrw{pg@plcdcgmpgsgt@n_ @g%'rﬁﬂ@r §8nWPﬁ[¥'%L}%§nC%q ﬁtt'of‘sOfO
stressed. 47. The i mmunogeni ¢ conposition of any one of clains

26- 46 wher ei Zn2te iBHDednidgle: eamis [ss than BSB,I 20Bhath®riof), S0nkecflPohs?2, 8. The
i munogeni ¢ conposition of any one of clains 26-47 wherein the human
patient has a9.6hp@ndrcp.bakkerial infection. 1049. The i nmunogenic
conposition of claim48 wherein the chronic bacterial infection is
pneunococcal infection. 50. The i nmunogeni c conposition of any one of

cl ai’éms 26'44)9 'W@eefrﬁf-nrl‘m ggnétéoqﬁbgﬁﬁ)&r? Up cf%ﬁ‘r?lu@é’%ir%% \iNHIalee% itr‘i’é1 cbﬁcentration
scepti caema, bacteraenia,
of Mn2+ in the middle ear is less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1,

0.5, 0.2 or 0.1uM.

41. The immunogenic composition of any one of claims 1-3 wherein the

10 Streptococcus pneumoniae infection occurs in the meninges.

42. The immunogenic composition of claim 41 wherein the concentration of
Zn2+ in the cerebrospinal fluid is less than 1.5, 1, 0.75, 0.5, 0.25 or 0.1uM or
less than 100, 75, 50, , 25, or 10ug/L.

15
43. The immunogenic composition of claim 41 or 42 wherein the concentration

of Mn2+ in the cerebrospinal fluid is less than 2.5, 2, 1.5, 1 or 0.5ug/L or less

than 50, 25, 10 or 5nM.

20
44. The immunogenic composition of any one of claims 26-43 wherein the

human patient has decreased levels of Zn2+ and/or Mn2+ as measured by

bronchial lavage and/or blood test.

25 45. The immunogenic composition of any one of claims 26-44 wherein the

human patient is Zn2+ and/or Mn2+ deficient.
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15nmeningitis, otitis nedia or pneunonia. 51. A use of a pharmaceutically
effective anount of an isolated PhtX protein in the manufacture of a

medi canernwofor/tibeot r eat ment or prevention of a Strept oeoT@EPIIPOSIBONI ae

i nfection wherein the Streptococcus pneunoniae 20 infection occurs in a
human patient_in_an environnment where the concen]} tion of Zn2+ and/or M2+

h
i s suffici%ht1RE IBHUDIEHICGAMRPEIIPAe Ux@MeLeR 6RIMP 4G5z} eiphthe

protein in the Streptococcus pneunoni ae. 52. The use of claimb51
wher ei n t he HFHtMappeatientisisteseg¢@ct ed from the group 25consi sting of Pht A
Pht B, PhtD and PhtE. 53. The use of claim51 wherein the PhtX protein is
Pht D. 63 WD 2011/ 110570PCT/ EP2011/ 053485 54. The use of any one of clains

51- 53 whergi, I tihemBiurRigled kO e HoBNIBUNOGI agy idifecof i (MinC 28446 Whebpéinothe
55. The use of claim54 wherein the free concentration of Zn2+ in the bl ood

is gless tham&ﬁqg@/&a&ﬁh{l hé@&ﬂmg%géﬁg%ﬁiﬁfé@@ﬁg_r ed from bl ood serum 56.

The use of clal erein th and free concentration of Zn2+ in the
blood is less than 2 or 1ng/l or less than 20i.IM as neasured from bl ood

serum 10 R7._The use of claimb54 wherein the free, concentration .of , M2+ in
the bl ood 4% The dmRiedesiaeomias o smay bosnPECaiBacbdr Mheteid) it
serum 58. The use of claim54 wherein the bound and free concentration

of M2+ in 1514iBampglentkag @ sgranighactepal mfagtionor | ess than 20, 15, 10, 8,
5 or 2i.IMas neasured from bl ood serum

10 49. The immunogenic composition of claim 48 wherein the chronic bacterial

infection is pneumococcal infection.

50. The immunogenic composition of any one of claims 26-49 wherein the
Streptococcus pneumoniae infection is scepticaemia, bacteraemia,

15 meningitis, otitis media or pneumonia.

51. A use of a pharmaceutically effective amount of an isolated PhtX protein in

the manufacture of a medicament for the treatment or prevention of a
Streptococcus pneumoniae infection wherein the Streptococcus pneumoniae

20 infection occurs in a human patient in an environment where the
concentration of Zn* and/or Mn?*" is sufficiently low to upregulate the

expression of at least one PhtX protein in the Streptococcus pneumoniae.

52. The use of claim 51 wherein the PhtX protein is selected from the group

25 consisting of PhtA, PhtB, PhtD and PhtE.

53. The use of claim 51 wherein the PhtX protein is PhtD.
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59. The use of any one of clains 51-58 wherein the Streptococcus pneunoni ae
infection occurs in a lung. 20 60. The use of claim59 wherein the

concent r avoamwoftoZn2+ in the lung is | ess than 300, 200pCciG®201305385 104/ kg
as neasured froma bronchial |avage. 61. The use of claim59 wherein the

concentration_of Zn2+ in the ng tj e |s 25l ess than 20, 15, 10,.5, 2 or
T g or - S0, TS Shany aie OB L BTSN HE SURHIEACHS BREVIREIAE seue.
62. The use of claim59 wherein the concentration of M2+ in the lung is

| ess than 300nfeztion otoors iBdlerd.104/ kg as measured from a bronchial | avage.

WO 2011/ 110570PCT/ EP2011/ 053485 63. The use of any one of clainms 51-58
wherein the Streptococcus pneunoni ae infection occurs in a mddle ear. 564.

The use of55:| Hhanue8 oftutdial 84 titteremnentre@idonbedtrat@ilaf ZA2+ he the dbae @ar i s
| ess than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or 0.1p.M 65.

Theguse of cliai ydames it L j Qdl e ear is
I esg t han 30(},@5%@ 150, II1@'\6I lTlg(())i?mzo, &é\ﬁ%&?ﬁ%ﬁu{é@%béﬁ Blgoglesoér?b@?lp' M 10

66. The use of any one of clainms 51- 58 wherein the Streptococcus

pneuron| a%é. n1the<-:'C b'sé) Bf 8I%1‘|3r%1I r5§t \;\/frwlerter?ne thréet?cl)unr%e 8nd free concentration of Zn2+ in the

blood is less than 2 or 1mg/l or less than 20uM as measured from blood

serum.

10
57. The use of claim 54 wherein the free concentration of Mn2+ in the blood is

less than 10nM, 1nM, 100pM or 10pM as measured from blood serum.

58. The use of claim 54 wherein the bound and free concentration of Mn2+ in
15 the blood is less than 2 or 1mg/l or less than 20, 15, 10, 8, 5 or 2uM as

measured from blood serum.

59. The use of any one of claims 51-58 wherein the Streptococcus pneumoniae
infection occurs in a lung.

20
60. The use of claim 59 wherein the concentration of Zn2+ in the lung is less

than 300, 200, 100, 50 or 10ug/kg as measured from a bronchial lavage.

61. The use of claim 59 wherein the concentration of Zn2+ in the lung tissue is
25 less than 20, 15, 10, 5, 2 or 1 ug/g or 300, 200, 150, 100, 50, 20 or 10uM as

measured from lung tissue.

62. The use of claim 59 wherein the concentration of Mn2+ in the lung is less

than 300, 200, 100, 50 or 10ug/kg as measured from a bronchial lavage.
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67. The use of claim66 wherein the concentration of Zn2+ in the
cerebrospinal 15fluid is less than 1.5, 1, 0.75, 0.5, 0.25 or O.1li.IMor

| ess t harw®dQ011/1d857050" 25, or 104/ L. 68. The use of elaiEPe@6/ 0634867
wherein the concentration of M2+ in the cerebrospinal fluid is less than
2.5, 2, 1.5, 1 or 0.54/L or less than 50, 25, 2010 or 5nM 69. The use

of any one of_clains 51-68 wherein the human patient has decreased | evels
of zn2+ arfll-ofhaHse chanyaseicdains bl B¥cwharein fmglepsqsres PRPEHANASSt .
70. The use of any one of clains 51-69 wherein the human patient is Zn2+
and/ or Mh2+ defactiorccursWo 2Middle €8670PCT/ EP2011/ 053485 71. The use of any
one of clains 51-70 wherein the human patient is stressed. 72. The use of
any one of clainms 51-71 wherein the hunan patient has nultiple bacteri al

i nfgcti onsgq. STHSusd B clf® 63 whldYeiANRe YonebRiraforPdf ZR2WNRr ieMmidafe BHARN
patient has a chronic bacterial infection.

less than 300, 200, 150, 100, 50, 20, 10, 5, 2, 1, 0.5, 0.2 or 0.1uM.

65. The use of claim 63 wherein the concentration of Mn2+ in the middle ear is
less than 300, 200, 150, 100, 50, 20, 10, 5,2, 1, 0.5, 0.2 or 0.1uM.

10
66. The use of any one of claims 51-58 wherein the Streptococcus pneumoniae

infection occurs in the meninges.

67. The use of claim 66 wherein the concentration of Zn2+ in the cerebrospinal
15 fluid is less than 1.5, 1, 0.75, 0.5, 0.25 or 0.1uM or less than 100, 75, 50, ,

25, or 10ug/L.

68. The use of claim 66 or 67 wherein the concentration of Mn2+ in the
cerebrospinal fluid is less than 2.5, 2, 1.5, 1 or 0.5ug/L or less than 50, 25,

20 10 or 5nM.

69. The use of any one of claims 51-68 wherein the human patient has
decreased levels of Zn2+ and/or Mn2+ as measured by bronchial lavage

25 and/or blood test.

70. The use of any one of claims 51-69 wherein the human patient is Zn2+

and/or Mn2+ deficient.
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74. The use of claim 73 wherein the chronic bacterial infection is
pneunococcal 10i nfection. 75. The use of any one of clainms 51-74 wherein
t he Strepwoeoricues7pneunoni ae i nfection is scepticaem a, PoOaaPeo1amR348;5
meningitis, otitis media or pneunonia. 15

71. The use of any one of claims 51-70 wherein the human patient is stressed.

72. The use of any one of claims 51-71 wherein the human patient has multiple

bacterial infections.

5

73. The use of any one of claims 51-72 wherein the human patient has a chronic
bacterial infection.

74. The use of claim 73 wherein the chronic bacterial infection is pneumococcal

10 infection.

75. The use of any one of claims 51-74 wherein the Streptococcus pneumoniae
infection is scepticaemia, bacteraemia, meningitis, otitis media or
pneumonia.

15
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