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- complicated by sepsis, meningitis, or both. Bacteremia in adults is usually a complication of

pneumonia (Raz et -al., 1997).

The ability of the pneumococcus to resist the major mechanism of clearance of
the organism from the bloodstream (i.e. opsonophagoqytosis) requires expression of the
major virulence factor of the organism, which is a polysaccharide capsule (Avery et al., 1931;
Watson et al., 1990). Pneumococci are capable of synthesizing no fewer than 90 structurally
unique capsular polysaccharides (CPSs).

Pneumococcal CPS exhibits anti-phagocytic properties and inhibits adherence
to host cells, a critical step in carriage (i.e. spread of the organism from one infected, but not
necessarily symptomatic, individual to another) and possibly later aspects in the pathogenesis
of disease (Ring et al., 1998). Similar findings in other encapsulated species (e.g.
Haemophilus influenzae, Neisseria meningitidis, Streptococcus pyogenes, and Streptococcus
agalactiae) has led to an appreciation of how amounts of CPS must be temporally varied to
allow both adhesive interactions with host cells and resistance to humoral immunity
(Hammerschmidt et al., 1996; Levin et al., 1998; Schrager et al., 1996; Sellin et al., 1995; St.
Geme III et al., 1991).
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(Weiser et al., 1994). These observations suggests that pneumococci vary between a form

(i.e. the T-form) which exhibits greater adherence and carriage, and a non-adherent form (i.e.
the O-form) which is better adapted to survival in invasive infection.

Identification of the CPSs expressed by a pneumococcus forms the basis of
serotyping, a diagnostic procedure used for differentiating S. pneumoniae variants. Because
different variants can exhibit different physiological properties (e.g. susceptibility to anti-
microbial agents or characteristic rate of onset or progression of pneumonia), ability to
differentiate pneumococcal variants is medically advantageous. Furthermore, because the
ability of the human (or other vertebrate) immune system to recognize and attack
pneumococcal variants depends on its ability to specifically recognize the CPS of each

variant, ability to obtain pneumococcal variant-specific CPS significantly affects
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genus Streptococcus, such as an organism of the species Streptococcus pneumoniae (e.g. one

of S. pneumoniae variants 6A, 6B, 18C, and 9V). In another aspect, the improvement

comprises maintaining a gas having a super-atmospheric concentration (e.g. at least about 3%

or 10%) of carbon dioxide in contact with the growth medium. In a third aspect, the

improvement comprises maintaining a gas having both a super-atmospheric concentration of

carbon dioxide and a sub-atmospheric concentration of oxygen in contact with the growth

medium. In still another aspect, the improvement comprises maintaining the carbon dioxide

concentration of the growth medium at a level at least equal to the concentration of carbon

dioxide in the same growth medium equilibrated at the same temperature with a gas

comprising 5% carbon dioxide.

The invention also relates to a method of alleviating a pneumococcal infection

in an animal. This method comprises maintaining the animal (e.g. at least the lungs of the

animal) in contact with a gas having a super-atmospheric concentration (e.g. 25%, 50%, or
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(a) the degree of phosphorylation of CpsD in pneumococcal cells maintained in the
presence of the test compound and
(b) the degree of phosphorylation of CpsD in the same type of cells maintained in the
absence of the test compound.
If the degree of phosphorylation of CpsD in the cells maintained in the presence of the test
compound is less than the degree of phosphorylation of CpsD in the cells maintained in the
absence of the test compound, then the test compound is useful for alleviating the infection.
The degree of phosphorylation of CpsD can, for example, be assessed by assessing the
number of phosphorylated tyrosine residues present in CpsD or by assessing the fraction of

CpsD having at least one phosphorylated tyrosine residue.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1, comprising Figures 1Ai-1Avi and 1Bi-1Bvi, is a series of images

which indicate the effect of environmental oxygen and carbon dioxide concentration on
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and carbon dioxide concentrations indicated above the graphs. CPS production was
determined in sonicated cell pellets and in culture supernatants (hatched bars), and is
expressed relative to the quantity of total cellular protein. "*" indicates that this variant did
not grow under this condition. Values represent the mean of two separate experiments in
duplicate.

Figure 3, comprising Figures 3A and 3B, is a pair of images which depict the
effects of environmental oxygen and carbon dioxide concentration and opacity phenotype on
tyrosine phosphorylation of CpsD in Western analysis. Whole cell lysates of O (lanes 1-4)
and T (lanes 5-8) forms of pneumococcal variant P303 were removed after growth on solid
medium and adjusted to equal density. The image in Figure 3A depicts proteins in these
samples which were separated by SDS-PAGE, transferred to a membrane, and
immunoblotted with a monoclonal antibody designated 4G10, which binds specifically with

phosphorylated tyrosine. The image in Figure 3B depicts duplicate membranes which were
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they are maintained. It has also been discovered by the inventor that CPS

production in Streptococcus pneunoniae is nodul ated by the presence of
CpsD protein and by DETARED DESERIBTIONAF FIBIINVENTION of this protein.
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section
modulated by the presence of CpsD protein and by the post-translational modification of this

protein. Based on these discoveries, the present invention includes methods for modulating
CPS production by pneumococci (e.g. for use in production of anti-pneumococcal vaccines
and other immunogenic preparations), methods for alleviating pneumococcal infections, and

methods of identifying agents useful for alleviating pneumococcal infections.

Definitions

As used herein, each of the following terms has the meaning associated with it
in this section.

The articles "a" and "an" are used herein to refer to one or to more than one
(i.e. to at least one) of the grammatical object of the article. By way of example, "an
element" means one element or more than one element.

"Normal" air refers to a gas having approximately the average content of the

atmosphere at a selected location, without regard to the humidity (i'.e. on a dry basis). The



The articles "a" and "an" are used herein to refer to one or to nore than
one (i.e. to at |east one) of the grammatical object of the article. By
way of ewadpl/eg903 an el enent” means one el enment or nore thanusegselzenent .
"Normal " air refers to a gas having approxi mately the average content of

the atnosphere at sel ected | ocation, w thout regard (o the 1 dity
(i.e. GYeRSE Pﬂ}ntﬁatsqf?‘)q atmogphege 1@bBHY BioDl3 B0 Duddt Pos eavgﬁ%g-@glébm ent of
the at MSPBEEO. 15, ARONE K8%adBe21%021 1% Ar, and | ess than 0.04% each of
C02, H2, He, N@,zkr,’aﬁdége. Dgscription It has been di scovered that
production of capsul ar pol ysaccharide (CPS) by pneunococci is influenced
by the Eresence and concentration of oxygen and carbon di oxi de present in
the cer¥sd ironment. In particular, production of CPS increases as the

oxygen 1¢puseh dRtovdi& theIYoBRAHBRNYT calfEIR PSESaccRARIBUTIES) By Phedhistoatisio

increases as the carbon dioxide content of the environnment increases.
Al t houghfle¢nsedby Bearessneornl doagentisien ofexieen and garbon dipxéde pesensirtbgt ococcus
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capsul e"gene properti srmt pneufrococcl, su ococcus

speci esenyRofment Jetieped OANIioAPEICPS dldeherehses as thercathonajistiiat@demofdri sns
such as Staphyl gcoccus aureus,  Klebsiella, pneunoni ae, and

Aci net GBNEORIPFHARCTEAES. | Alhepehrthessiobprvalions Rawsdrenimadeismeslipres ofi il arity,
genot ypé i m.lari t : r : ani sm
a'St Y fepRicBod phbltnorlc, t60 ban oo R aplicd B cheionic Fhieh KR cafftle S8R0
var i antcapsiiegarfpropenti¢sisimiigr togmieandeocch) suchcis ether Sthepspcodvas spkendsi(e.g. of their
CPS, such as one of variants 6A 6‘5’3,ﬂ 2}2)% and 9vV. T eS(ﬁ observati ons can
be usedTRIAEHMSAEEIEHIY PIPSTEIRAPSHAtFOTERTIEY SUCR af PIEPAHECISIMIREERE CI , or
with aw:eyﬁéz%egﬁ%ﬁ%} &id fﬂ&»{&b&ﬁ%ijomomﬂgah%ﬁg%ﬁ(s% wWeieh eggit | f  desired)

producti on of y pneunococci cultured by such nethods. The invention

i ncl udgghenotypicisovilasity, genotypss siyilahiy, ¢ kath toonCpSmets of thess. Byhentheuri ng a
pneunococcus .agcording to a known nmethod. .The %gBrov t hod .i nvol.ves

d
decr easJ BTN WRPLERCUS ISR IEE: 1f 0 Birelty KROWR gty 1o vpig Variaht

pPNeunDGREEHS inctudifd VWrAinfiQMaracRliaéd Methedddniiey O5igie CPS) BilchNs ondldf Ohridhey mal |y
occurs in the nmediumduring culture of the pneunbcoccus. For exanmple, it is
conmon @ GBullBGr @ddhéunococcus on a gel ati nous or semi-solid nediumor in a

'( L?“L? he?\?mdisgms . ‘éﬁhﬁe%?étgkgﬂl‘ﬁoﬂ?gin%@ dséd AL RIASHWith £9HnBh nidchdly &¢ | tered
culturing pneumococci, or with any method hereafter developed, to increase (or decrease, if
desired) production of CPS by pneumococci cultured by such methods. The invention
includes a method of increasing the yield of CPS obtained by culturing a pneumococcus
according to a known method. The improved method involves decreasing the oxygen content
of the medium 1n or on which the pneufnococcus is maintained, relative to the oxygen content
which normally occurs in the medium during culture of the pneumococcus. For example, it is
common to culture pneumococcus on a gelatinous or semi-solid medium or in a liquid
medium, wherein the medium is maintained in contact with filtered (or otherwise sterilized)
normal air.

Production of CPS by pneumococci can be increased by decreasing (on a dry
basis) the oxygen content of the gas with which the medium is maintained in contact. The
degree to which the oxygen content is decreased is not critical, but, generally speaking, the
greater the decrease in oxygen content is, the greater the increased yield of CPS will be. The

oxygen content of the gas is preferably <16%, or is decreased to the point that the gas is



normal air. Production of CPS by pneunbcocci can be increased by decreasing
(on a dry basis) the oxygen content of the gas with which the nmediumis
mai nt ai nadobnesvant act. The degree to which the oxygen coprCEOBII/SB44tecr eased
is not critical, but, generally speaking, the greater the decrease in

oxygen content is, the greater the incr easedall eld of CPS W || be. The
oxygen substariialy nagrpkic §ag- sush thasitconigims <0186(0.br Thesmaaesr dn 8dictithe t he poi nt
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such 1 rap T cdfenf of e g g sy KEP AR orRiliEh B Bl T SHATRERET ot o
t he gasoxygerlesmtean o€ theigas belowcthe bk ygen cofienvefirioamtl aieinebude flukhing dheodultyrd he
oxygen co of th as bel ow t he oxygen content of nornal cl ud
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| nter m 4k @atihy ¢ he%@fr&fibﬁgleh)fom@ﬁt %PEJ(ME'SJ Mﬂtu}% ‘H%sé call B8 flighedneitt e
desire oxyge cont ent or exanple, a culture vessel can be flushed with a
gas mi xgas nexmongmiisig muutl%Nz%m 0,1 8% 0P% G ot Oith 0D 2durgrcomiptifing
mxturesg})ré;g ié%g% 95% Ar and 5%C02. Production of CPS by pneunpcocci can
al so be 92i ncreasing the carbon dioxide content of the gas with
whi ch the nmedi umm@gad@tiohdf @PSAHY SiREmBBEIITBLLASI befinCreasl Bt idtiResng the
contacted. The degree to which the carbon di oxide content of the gas is
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culture nediumis saturated with car bon di_oxi dgl A%Pdl scussed abo;élg§ t he
desi r ecFoBignbisnthe gresser de wercpesdryield of Eé’ Fetibey & c59* PR fyeantent oEE€e| i n
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di oxi d ternatively, car n 10 |de ca prowddtot e
medi um dwtureroedipariasdtagted with bobat diovide biAs alidsussad abea, thei desived ¢reboredi um or

by addi uch as sa ot um. The inve i ncl udes .net f
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i ncreasing the carbon di oxi de content of a gas whi c% contacts that nedium

by decrprasidedytoithe medingeby onsarpenatingfa carbemateeod bigarbamgtedel ietadhegediva oloxygen
content of a gas, whi ontacts that nmedium or any conbination of these.

I n one Htﬁg%%‘h?“"mt%%&z‘?’é‘ﬂ%ontent of the medium (or of a gas in
contact Wl th t he TRAhWhtios &htludes methods of increasing CPS production by

pneumococci by increasing the carbon dioxide content of the medium in which the
pneumococci are maintained, by increasing the carbon dioxide content of a gas which
contacts that medium, by decreasing the oxygen content of that medium, by decreasing the
oxygen content of a gas which contacts that medium, or any combination of these. In one
embodiment, the O,/CO, content of the medium (or of a gas in contact with the medium) can
be adjusted so as to maximize the yield of pneumococcal cells during one phase, and then can
be re-adjusted to maximize production of CPS during a second phase.

Decreasing the oxygen content of the gas which contacts the medium causes a
decrease in the oxygen content of the medium on or in which the pneumococcus is
maintained, owing to equilibration of dissolved and non-dissolved gas. Changing the carbon
dioxide content of the gas has a similar effect. The rapidity with which the gas dissolved in

the medium and non-dissolved gas equilibrate depends on a number of factors known in the



be adjusted so as to maximze the yield of pneunococcal cells during one
phase, and then can be re-adjusted to maxim ze production of CPS during a
second phvweael/ePexreasi ng t he oxygen content of the gas whpPchusamisact s t he
medi um causes a decrease in the oxygen content of the mediumon or in
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as con ef medi um can
be i nf Im@ReEeselYo pleparethé ﬁ&dluﬁﬁ eFbricRamplparbstantislly®dictobic llfupnd eediumh ean
substantially anaerobic_liquid nmediumcan . be nade by preparl ng a,liquid
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mediumin an o ree atno as In a c osed cont al through
whi ch acr@taaadgphster; sutn a3fin ox;oge:hcdmtaamer th@egh whpﬂasss}ehdyﬁmamploésxygensﬁwet abl e

oxygen-free ase i nclud on, on.mxed with 5-10%
ni t r ogs lsd%a néi"@BW{lﬁ Eﬂ% eo?xy%ﬁn -figp ggsfﬁdn@% PUji aheen AT} %}“’fﬁ ‘Ejgh degr ee
of anaey o), ¢ch Y pird rﬁ%égehe&!r dohfdonibmdtior ¥r N, A€ aﬁawnwﬁ&@a%@emghch passes

over the nmedi‘Umas it cools can be passed through or over a h ed copper
coi | ordegees lof angsrotycityistdaesios ([@;d\m Q. b, e exygendfeegas mdich prissas|oFer thet hods
can be usged for par t|on SOl i solid nedia
havi ng "EdiR e i 0pRER B paed Iedfen troy et e Eiber &5 paREm MG by

sel ect ifighéty kXBRNARhAIE OPOREDSIAtRA nevids aid benskdfforF preparatibreof spidyl um
used to seed the nmedium for whi ch the oxygen content, carbon di oxide

cont entgelaginowsp and sgmi-sobidunedizbaving a desirgd gay QM- t hat di fferent variants
f hod
of pneunococci Caébsﬁlﬁf&g{la o%%h T HG e ﬂh&%e%@%%l?%tglgct I%(?R;r fiafPt NOAS

descri bed herein ca e used to enhance si ng any
pneunogaewabeocadlivaritnt and fosn ad the ifeeolun esedridsest the ehedhah forawhiclptheunococci

exhi b toxgéenl (%%?ént tc"fa?bo%hd%'ﬁﬁ%’ crz)on(%erft Oorrrlr)%th 1S mogulated It is understood that different
variants of pneumococci can generate structurally distinct CPS. The methods described
herein can be used to enhance CPS production using any pneumococcal variant. It is
furthermore understood that many pneumococci exhibit at least two phenotypic forms. These
forms can include an opaque (O) form and a transparent (T) form, wherein the opaque form is
generally characterized by producing a greater amount of CPS. Thus CPS production can be
further enhanced by selecting, as an inoculum, a form of a variant of a pneumococcus
characterized by greater CPS production.

CPS produced using one or more of the methods described herein can be used

(alone or in combination with other pneumococcal CPS species) to make pneumococcal
vaccines and other immunogenic preparations using methods known in the art. Such methods

generally involve separating the CPS from pneumococcal cells, optionally killing remaining

pneumococcal cells, and combining the CPS with a pharmaceutically acceptable carrier (and,



forms can include an opaque (0) formand a transparent (T) form wherein
the opaque formis generally characterized by produci ng a greater anpunt
of CPS. Waos1/8P& producti on can be further enhanced by spCRUSIIMGB442as an

i noculum a formof a variant of a pneunbcoccus characterized by greater
CPS production. CPS produced.using.one or nore of .the nethods described
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usi ng net hods "known in thé art. Such nethods generally involve separating
t he CP$ntumeacqeneunococcal cells, optionally killing remaining pneunococcal
cells, and conbingng the CPS w t har.maceuti cal | v accept.abl arrier
(and, -9 WO 01/ 63%)?58“519@?)3%8&90_6%‘% %&F[l%‘ﬁegﬁf)f?&gﬁpﬁ%%? %lg? &a 8adj uvant).
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enhanci ng the i mmune response of the animal _to infection by a
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or oduct P HRESSHE aARE T i) (R chEb S BT B TRrAE rolde pREkRbie 20,
Pneunogpartiallaily peainhcoscal pnehmatajpbactatinia) sepaisi sienmgitisdraeterialngndobardiiscan be
alleviated in this manner inc|ud neunqyni a articularly pneunococcal
pneunprfaytocessel xudai e P s, _C%ﬁpﬁd’ggi"ésc_ﬁr&g?@ﬁsé?&e_ndocardi tis,

strept ococcal exqglzis'ﬁégn RRESVERY ﬂlhﬁne&@s‘iﬁ%&ﬂetdﬁ crfdhtetk pE@E@hviehiag&rses. |t
has been di scovered that 1ncreasing the oxygen %ontent I'n the environnment
decr easiesrepsee pnasngwatal CPS podaition) thereby ereisingithe susasitibglity loé the .

een aresuvesbe’ ot TemBresaRRy ot Borpenaneired MR ate 1 "
envi r oRARRh diBEdEH Bt RN RGPS HRInt GEPcREOPHIIMRDBecaPTP8REAREsh. | nfections
and their side effects and conplications can be alleviated by maintaining
an ani mal af f | i ctRagumpedrcalinfectensi anfldhair Hde pHectpandeamplications cgadbe having a
super - at,nos ric.concentrati f n. {. ive en

ons! o BTS@RE wipigREHE ] Biind bl WIS Ryl RIPRUA P uack MR FRICT o g
pure OXygiaR aGup&tfiobpleeid cahdenttaticiCéflokygéd ANerndfivdy,ithdiosiden tdBiod. at the

vi sceral abscess involving a pneumpcoccus} |ocated within an .aninmal body),
rel at i v pbthepafeptinmenn boieressed &ngiyrprayidingauss pxygepor sitliags Ar dfpedly ¢ he

body 34 b€ ideSctiolSitk 'ﬁ@%.sa fscétal a%§Te‘§§ &Qoﬂ%?@ﬁ%&ﬁ?&hf&ﬂﬁmwdﬂ'}ithiﬁ hg nor nmal
oxygen tension is that of nornmal air. euhococcal pneunopnia can be
al | evi ahanhllbydyy, celattiertg tize sarmiabexgtgem sqpkieniac the site. For example, when the body

site is the lungs (e.g. as with pneumococcal pneumonia), the normal oxygen tension is that of
normal air. Pneumococcal pneumonia can be alleviated by providing a supra-atmospheric
concentration of oxygen to the patients lungs using, for example, a respirator or a standard
oxygen mask. '

Pneumococcal infections and their side effects and complications can also be
alleviated by decreasing the carbon dioxide tension at the site of infection in an animal below
the carbon dioxide tension that normally occurs at such infection sites, and preferably below
the carbon dioxide tension that normally occurs at that body site, even in the absence of
pneumococcal infection. Decreasing the carbon dioxide tension at an internal body site other
than the lungs can involve providing a flow of sterile gas through, over, or past the body site.
When the site of infection is the lungs, carbon dioxide tension can be reduced by increasing
the respiration rate, either by voluntary action of the patient or artificially (e.g. using a

ventilator or respiration-quickening drugs).
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concentration of oxygen to the patients lungs using, for exanple, a
respirator or a standard oxygen nmask. Pneunococcal infections and their
si de ef f axd91/68903 conpl i cations can al so be alleviated byrdrus@asiszg t he
carbon dioxide tension at the site of infection in an animal below the
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|

i nhi bi tseecepiiblgde attackiryi the anipel'pimyne syt e expression of cpsD, i nhi bit
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each ofprefesbly wtentiatly, in thnshsemead ¢ testalonypoand Aadirectéffastiof theti¢se pr esence

of the test ¢ d and,. se at el t referably id ical l i.n the
absencéoﬁpomgggg% péB‘ﬁi?Bﬁﬁ&ig‘ ¢ %ﬁs?%ﬁ(?g%ﬁsgﬁngo © §u?te°§1taﬂéc:8rr?8§ﬁeﬁlabyon CPS
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| evel off cosip(@sessethby measmpiapptadistes etieither thexouespogdipe N Or b of eit her
th ' t h j j f
bhos G STRd Ao R BF (s BereB 3 PG BRRRLARART o Mhesbicell BY By 0
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CpsD having at least one phosphorylated tyrosine residue) is assessed, and correlated with

inhibition or enhancement of CPS production, as discussed above.
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Bacterial Strain and Gowth Conditions
CPS and evade immune clearance.

The materials and methods used in the experiments presented in this Example

are now described. N
Bacterial Strain and Growth Conditions

Strains of S. pneumoniae used in this study are described in Table I and
included previously described O and T variants of clinical isolates P303 (type 6A), P324
(type 6B), P68 (type 18C) and P10 (type 9V), as described (Kim et al., 1998; Weiser et al.,
1994). Bacteria were grown in non-sealed vessels in a semi-synthetic (C+Y medium, pH 8.0)
or tryptic soy medium without shaking at 37°C, as described (Tomasz, 1964). Broth cultures
were plated onto standard tryptic soy agar (TSA) plates containing 1% (w/v) agar, onto which
5000 units of catalase (obtained from Worthington Biochemical, Freehold, NJ) was spread.
Inoculated media were incubated at 37°C in a candle extinction jar unless otherwise specified.

Colony morphology was determined on this TSA medium under magnification and oblique,

transmitted illumination, as described (Weiser et al., 1994).
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nasopharyngeal swab sample was collected from patients in whom a presumptive
clinical diagnosis of pneumococcal meningitis had been made. This ;ample was plated
immediately onto both 5% sheep's blood agar and tryptic soy agar containing 5000
units of catalase, and the plates were incubated at 37°C in an air atmosphere containing
5% CO, . Cerebrospinal fluid (CSF) samples were also plated on both blood agar and
transparent plates, as were cultured patient blood samples in which pneumococci were
observed following standard aerobic incubation for up to 48 hours. Initially, isolates
which exhibited typical morphology on blood agar were confirmed as being
pneumococci by Gram stain and Quellung reaction. All isolates were stored at -80°C in
bacterial preservers, émd colony morphology was determined as described herein.
Statistical differences between rates of T and O phenotypes in nasopharyngeal and
invasive site cultures were examined using Fisher’s Exact Test.

Genetic Transformation

Encapsulated and non-encapsulated pneumococci were made competent

for natural transformation as described (Weiser et al., 1999). Mutations in two-
corhponent signal transduction systems (TCSTSs) were transformed into strain P303 by
selection of colonies from medium comprising erythromycin (1 microgram per
milliliter). Encapsulated transformants were screened for altered colony morphology,
and expression of CPS confirmed by the Quellung reaction using type-specific antisera
(obtained from Statens Seruminstitut, Copenhagen, Denmark).

Quellung Reaction

Pneumococcal capsules were visualized in bacteria grown to mid-log
phase in semi-synthetic medium under various conditions. For the Quellung reaction,
an equal volume of culture and a composition comprising type 6 anti-serum and 1%
(w/v) methylene blue obtained from the Statens Seruminstitut (Copenhagen, Denmark)
were mixed on a glass slide for one minute, as described (Neufeld, 1902).

Quantitation of CPS

O- and T-form pneumococcal variants were grown in the semi-synthetic
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medium to mid-log phase (4,, = 0.3) or for 16 hours (at which time the cells were in
the stationary phase). Cells were harvested by centrifugation at 2000 x g, washed in
phosphate-buffered saline (PBS), sonicated for three 10-second intervals at 0°C, and
stored at -20°C. A capture ELISA technique was used to determine quantities of CPS
present in variants grown under selected conditions, as described (Kim et al., 1998).
Type-specific rabbit anti-serum (obtained from Statens Seruminstitut, Copenhagen,
Denmark) was used at a dilution of 1:5,000 in 0.05 molar Na,CO, (pH 9.6), and was
fixed overnight at room temperature to the walls of wells in microtiter plates. Between
each incubation step, the plate was washed five times with Tris buffer (comprising 10
millimolar Tris, 150 millimolar NaCl, 0.05% Brij™ 35, and 0.02% (w/v) sodium
azide). Brij™ 35 (polyoxyethylene(23) lauryl ether C,,H,,(OCH,CH,),,OH) is a
detergent. Purified CPS obtained from type 6B, 6A, 18C or 9V pneumococci was used
at a known concentration, and was purchased from the American Type Tissue
Collection (Rockville, MD) for use as a standard. CPS in sonicated cell samples was
detected using monoclonal antibodies designated HASP 4 (which binds specifically
with type 6A and 6B CPSs), HASP 22 (which binds specifically with type 18C CPS),
and HASP 33 (which binds specifically with type 9V CPS), and were used at a
concentration determined in pilot experiments. Binding of monoclonal antibodies and
CPS was detected using antisera which reacts specifically with mouse IgM and which
is conjugated with alkaline phosﬁhatase. This reagent was used as described (Kim and
Weiser, 1998). Total cellular protein determination was carried out with sonicated cell
extracts using the micro-bicinchoninic acid kit according to the manufacturer’s
directions (Pierce Chemical Co., Rockford, IL). The amount of CPS in the supernatant
fraction was based on protein concentration in the corresponding cell sonicate fraction
(i.e. in order to normalize CPS content on a per-unit-protein basis).

The capture ELISA method used to compare amounts of total teichoic
acid in cell sonicates has been described (Kim et al., 1998). All experiments were

performed in duplicate, and repeated at least three times. Results are expressed as
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bacteria ghbdEscrbrd(Wam stal., 1996).

Immunoblotting was performed using a monoclonal antibody
designated 4G10 (Upstate Biotechnology Inc., Waltham, MA) at a dilution of 1:2000 in
TSBP buffer (Wani et al., 1996), and reactivity of blotted samples with this antibody
was detected using mouse IgG anti-sera conjugated with alkaline phosphatase as
described (Kim et al., 1999). Loading of approximately equal numbers of bacteria was
confirmed by immunoblotting of duplicate membranes using previously described
antisera raised against whole pneumococci (Wani et al., 1996).

Northern Analysis

Total RNA was isolated from O and T variants of strain P303 cells
grown to mid-log phase in semi-synthetic medium under atmospheric and anaerobic |
conditions and purified as described (Weyand et al., 2000). Following separation of
RNA on a formamide gel, ethidium bromide stained RNA was photographed and the
image was digitized for comparison with RNA size markers. The RNA was transferred
to a membrane using the VacuGene™ XL System according to the manufacturer’s
instructions (Pharmacia LKB Biotechnology, Uppsala, Sweden). The membrane was
pre-hybridized in a solution comprising 0.5 molar NaPO, at pH 7.2, 1.5 millimolar
EDTA, and 7% (w/v) SDS for 15 minutes at 65°C. The probe was prepared from an
internal fragment of the cps4D gene, and was amplified by PCR using primers having

-17 -



phase in sem -synthetic medi umunder various conditions. For the Quellung
reaction, an equal volune of culture and a conposition conprising type 6
anti-ser woaneds (w v) nethylene bl ue obtained from t hePSr/asemns442

Serum nstitut (Copenhagen, Denmark) were mi xed on a glass slide for one
m nute, as described (Neufeld, 1902). Quantitation of CPS 0- and T-form
pneunococcal variants were grown in the sem -synthetic -15 WO 01/ 68903
PCT/ US01/ 08442 nediumto md-1og phase (A620 = 0.3) or for 16 hours (at
which tinme the cells were in the stationary phase). Cells were harvested
by centri f dgabllowingtse@BMOesx g, washed in phosphate-buffered saline (PBS),

capt ur e ELPSRARAATINS TACAMEATA GalatinstcqiincATAARG HSEO R coent i1
vari ants gneyy4pgler selected conditions, as described (Kimet al., 1998).

Type-specific fabbit anti-serum (obtained from Statens Seruninstitut,
Copenhagen’-COSIGRATLCCIae TISET G T A GEAAGAJIG@A CGS; BHQ TR NO0BH nol ar
Na2CO3 (pH_ 9,6 an s,..fixed overnight.at.,roomtenperature.to the walls
of vl 1 51 A st DR Spiapned Fonty el bl TR S B e fed i ot v
washed fi vehbigBRuotkls uEﬁ&ingrb il Bitith6OfP Gefiorie Rddearth.| ThePCRIprédics, 150
mllimlar NaC, 0.05%Bri|j 35, and O 02%§w/v) sodium azide). BrijTM 35

(pol yoxyet W5 digsstodyising rsiriction sadonuelepsas d)FrgBi)anddhen cleraddpigent .
Purified | / . [ sed at
o known conc oty SR E o eRRuch arkiits B pRy 1S T AREG Hlontfinet S0

Col | ect i onstrépaadoctdllsequeitds. This weer ams @osdtanttd frbm fASCY by susettiomt efdhe el |
sanpl es was, detected usi.ng ponocl onal i i es desi gnat ed SP 4 (which
bi nds specPiEgdeq kangmyein fesistagge a%?aetbe@afn&h‘gﬁ,g (Fhegpagia, piia Wedsal

speci 11 cal info Yggg@t bR ATkl owARR AP AR dtRbGR RIDATCRAPgI | cally -
wth type , and were used at a concentration determned in pil ot
exper i nent MorBsaglil 888)oTheopotd fragihertwasbustrted irdo BamtPSnddoRedested usi ng

ti whi ch t ifically wit | d whj ' j ugat ed
Bth el kal PO dpAREE ot Fecq LadimPriEs 1ol 8 Nos R Bl mang
Veei ser, 1988dumobeta@l Ocald T aanky St stlath EEIBRIHWAES M 10pGhaS@iH tr@flicedy W t h

soni cated cel|l extracts using the mcro-bicinchoninic acid kit according
to t he manuofedvmunrder gtmespheres dngrpna¢mobisrcondiigbsi cal Co., Rockford, IL). The

amount of CPS in therguperpal ARt o d-ACHE 00 YRS ASAY AR BT E hEw
n C ete racti o

concentration in the correspondi e ni ca
described.

Selection for Phenotypic Variants in Humans

In order to test whether selection occurs for different pneumococcal
phenotypes in carriage and bacteremia in humans, paired isolates of the same serotype
were obtained from the nasopharynx and blood of patients who exhibited signs of
sepsis. It was necessary to obtain paired isolates, owing to strain-to-strain
heterogeneity in colony morphology unrelated to opacity. Pneumococcus could not be
isolated from the nasopharynx of bacteremic patients once antibiotic treatment had
been initiated. Cultures of the nasopharynx and blood were therefore obtained
substantially simultaneously. This limitation required that the study be carried out in a
geographic location having a high incidence of pneumococcal bacteremia, in order that

a sufficient numbers of paired isolates could be obtained.
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Table II

Opacity Phenotype of Isolates Obtained from

Human Carriage and Invasive Infections

Colony Phenotype HIV Status
No. of Patients Types (No.)
Nasopharynx | Blood/CSF' + | - | N/A?
T T 7 1(4),4,18,19 1 1
0 0 2 1(2) 1|0 1
0 T 0 '
T 0 10 1(4),4(2),6,12,15,22 | 5 | 1 4
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geogr aphi caﬁs8%iﬁ&eg3vﬁﬁhaa§/}}1n%%° %i%eéﬁg@ﬁlgf%gﬁégag?fogﬁg co%@gﬁhgﬁ‘gé erema, in
order that parficslifly hatesdtfontheigevaiaat, apsiovarini Eiglratids coul d be obt ai ned.

Because pneumococci exhibiting the O phenotype express greater

amounts of CPS than those exhibiting the T phenotype, it was considered possible that
the greater colony size associated with the O form was a result of increased production
of this material (Kim et al., 1998). In initial studies, the refractile zone of CPS
surrounding bacterial colonies was visualized using the Quellung reaction and type 6
antisera, as shown in Figure 1B. This zone was larger for the O variant grown under
anaerobic conditions in the presence of 10% carbon dioxide, compared to either growth
of the same phenotype in the presence of oxygen or growth of the T variant under any
of the conditions tested including the absence of oxygen. In contrast, when the bacteria
were cultured under atmospheric conditions, a zone of capsular material could not be
detected around colonies of T-form pneumococci. This result confirmed the ability of
the O form to synthesize increased quantities of CPS, and indicated that reduced
oxygen tension, higher carbon dioxide tension, or both promotes increased CPS

production.
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-18 WO 01/ 68903 PCT/ US01/ 08442 Bl ood and nasopharynx isol ates were obtai ned
from1l9 adult patients in Blantyre, Malawi, and were only considered as
paired i obat/eso3 f the isolates were subsequently shown poOTHIS010f8442he samne
type by the Quellung reaction using type specific antisera. The nmgjority
of the paired isolates were type 1, the nost common type in this |ocation,
as indicated in Table Il. The majority of patients also tested positive for
infection with the human inmunodeficiency virus, which is believed to
account for the high incidence of invasive pneunncoccal di sease anong
these patients. O 1§h@aﬁf¢%afenvsr@nmee@1 onyzgepagd@arm diogiderqqacentigtienot ype in
t he nasopha /() | ood. O
the ten pal re F s\(l)ﬁlgltlaeng?%tlr&gl\x/nuggﬁ hdeegr%% obg‘ fOQ a%g%dél?:si 5@% ned

fromthe tuindichRq inBigardll gCiat eta] 19%)1 Tlmdmdmﬂts%f caPSrpmenf[hgmkeoftpiaenot ype
in the nasopharynx (P<0.001)., This denonstrates that in generg there is a
sel ecti on tAlulgipeeisinyps Q?S‘iﬁéerq usitgsthe gapturedd ISAdescribeddiesincopelatsdwithe bl ood

f - k
O a nore 9010111){ ﬁgfa[ap (31%95%@ Q’ltﬂ%&#gﬁ% "U‘?‘g% @dgg%?:g%%@g t?a%?&rbﬁ' @fsﬁh}’zaﬁo ' e

popul ation'in nasopharynx in natu ection. Table
Opaci ty Phefuaingpesing theSleliing re@bticr aveldwith colony-surtace @ay asagéicatnd i nvasi ve

| nf ' | P No. .of P HI V )y
NS ophar yREF JuOCE pat(Eis ateiPe Byt P Bl b ST e RIRS 91 papbiied
T0101(4) , 4réleafedldnouhds of2fll-adsbcIMedAdP S 8HParBEtd nglfogﬁ‘lﬂ@adﬂﬁhﬁs Growf{ 19

i nvasi ve isol ates were obtained fromcerebrospinal fluid rather than
bl ood. 2 Nofthaéhtype 6Aivarigatl underanasrohistcoadidions bl the pasemtofdﬂ%&@gewsgdi

Crar:.)lugf,]tss()f a %§f0ll_&)1$lge I%rh(lje ctfl?a% 1y Of%Pg gr%tdl% EOQI%%HIGCP 0I 8P§p1'0 uctlo SE|tﬁgt ion of 0

same cells cultured under atmospheric conditions. Compared to T variants grown
under the anaerobic conditions in the presence of 10% CO,, the O variant made 29
times as much CPS. Similar results were obtained using O and T isolates obtained

from two unrelated clinical isolates (i.e. using types 6B and 18C).

Table III
Characteristics of Pneumococci Grown Under Various Conditions
Colony Morphology®
O-form T-form

O,%)| 21 | 16 [<01| 21 | 16 |<0.1
CoO%) | <01 | 3 | 10 |<01| 3 | 10

Average Colony Area (mm?)* 353|742 ] 169 | 1.02 | 5.15 | 12.3
Volume Occupied by a Single Cell, 364 | 685 |63.5]| UD | 462 | 10.6
including Capsule(um®)’ '
Capsular Polysaccharide 126 | 221 | 997 | 354 | 194 | 342
(ng/pg total protein)®
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during infection and T variants during carriage were investigated. It was
hypot hesi zed that | ower oxygen tension of the sort that woul d be
encount eved oi/e89ednsol i dated lung would pronote a transitpPonusa/dsseem the T
to the O phenotype. Gowh of a type 6A clinical isolate, P303, in reduced
concentrations of oxygen had no effect on the rate of spontaneous
swtching fromthe T- to the O-form G owh under anaerobic conditions (in
the presence of an el evated concentration of carbon di oxide), however, was
associated with a shift to a |larger and nore nucoi d col ony norphol ogy t hat
was parti cHpr@lapd Favakients ob thetsameQypesiA ghivicaldsolathown in Figure | A. Because

pneunococcuexhi bi ting,the 0 enotype e e reat er unts of S t han
Phose exhi TRy TERL opttd B DRERR R e RGP sBhECESu, PYIRUS Rpettne
greater cokipwefdgeof das@sinaidd nddelusing@hfee sl Welbisalate@dsldni&f 1 ncreased
production_ of this material (Kimet al., 1998). In initial studies, the

refract | e Bhsie velnerpe based opirpsulay malena revaaled sivgithe Quellung reaetionsed usi ng
the Quellug HAGHIBINEIHUAR Sphaftal Sfiblid F-GDGYE AT EHESreddid shel ' S
or the P nder nae 8 Ii

zone was | arger r variant. grown robi c con rons 1n the
presence ohvétfé efatebomimhitions fbe threedipiocedcd foraistdiddedbpivtdito wirespendtane

phenotype in. the presence of oxygen or growth of the T variant under any
of the conais’cqggerﬁ’? Zgﬁﬂdn?%ltm?‘%@n?Wrrecaﬁﬁ‘élérrfééteﬂ?l%‘i?ﬁ?éﬁ.ete?tﬁb]@ontrast, when

t he bacter 5’ﬁ1es¥‘@|£l§e§éfle Bh’{e@%nléﬁﬂt‘ﬁfe BE 1505 BEdshfenCOHMLAAi SRS gro%mziﬁf"lglrugnf

capsular material could not be detected around cofonies”of T-

pneunococcculturhiasmide kgl phaseo ¥ aluesete tHeanedni dfitwy sefarate detefnihetionst 0 synt hesi ze
i ncreased quantities of CPS, and indicated that reduced oxygen tension,
hi gher carbon di oxi de tension, or both pronotes increased CPS production.

-20 WO 01/ 68903 PCT/ pRlilicRSH4LCHS & afliues fupematiny Wad RitBRER Fordyyd egC and
carbon di oxi de concentration was assessed quantitatively using an assay

devel oped PaRuRcQseirafiapgramtytn satismasnshase.aEhg ehservatienthaha Bregter ampunki m et
al ., 1998) f rom i gram of total el lular pratein, as
assessed ugf%@%aﬁgﬁ%@tﬁ?ﬁ# rﬁu?gﬁ&&gg S‘r“.&‘Hga@%eé‘?aé‘i‘“r% ,ogc@gr(?'g?% gﬁnﬁtfp‘%&ecol ony

surface ar esncangativnt df ox PN & de¢fdabiiPanidads YRS conatbtttioh od cidse dioxide was
visual i zation of,  zones using the el lung reactign and with col ony surface

area, as i Here@aekidicates hapinereased CES prrdvrtienwat #tiibaiabls tonaerepsed- | og phase
oo o S (LI SRR Sl bndian 1 o
rather than being attributable to decreased release of CPS from cells under increased
oxygen/decreased carbon dioxide conditions. A type 9V isolate was used to determine
whether increased synthesis of CPS was attributable by decreased oxygen or increased
carbon dioxide. Type 9V bacteria grown to stationary phase in the presence of 10%
carbon dioxide exhibited 12-fold greater CPS production in the absence of oxygen than
the same cells grown in the presence of 10% carbon dioxide and in the presence of

oxygen. This confirmed that the oxygen tension, rather than carbon dioxide tension, is

the predominant environmental factor affecting the degree of CPS production.

Changes in CPS Production Correlate with Changes in ¢psD/CpsD
The next phase of the study addressed the mechanism by which the

effect of oxygen on CPS production is mediated. Involvement of a two-component
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of the 0 type 6A variant under anaerobic conditions in the presence of 10%
CO2 caused a 7.9-fold rise in the quantity of CPS produced, conpared to
CPS prodweoboesdd t he sane cells cultured under atnosphepCT/Us@msi42 ons.
Conmpared to T variants grown under the anaerobic conditions in the
presence of 10% C021 the O variant nmade 29 tinmes as nmuch CPS. Siml ar
results were obtained using O and T isolates obtained fromtwo unrel ated
clinical isolates (i.e. using types 6B and 18C). Table Il Characteristics
of Pneunpbcocci G own Under Various Conditions Col ony Morphol ogy

O f or nTT- f osignd) Waggdetion Gystan foraensing argl ttanGhring exygeB 1hsPniBe@ney wasnge

Col Al m? 537.421,691..025. 1.51,2. Vol i b Si | Cel |,
Y g Qe U o PO R R o D
126221997 3§igfial rafisthcBon BgtdrhOfound a theigehicthd1dfa typd 33143 /06 8RE3

PCT/ US01/ 08442 'For O and T variants of the sane t%gg 6A clinical isolate.
AThese val tassfermeddntostramPI03) adeseritsddEhspup ehal, 20006 Hipnstreggtowt h.  Val ues

opresent bALARR O AN PSSR B SRR,
usi ng t he harbblingmutatians indristadink kinasefhomoldgue$. oFortdaeh wHthertd midta spheri cal
el lipsoid, hé/nzlc()l%/gggs%g\sytéd i\1/1a1|’3%%,sthléagepvl;%sn%néffe'[cp (()an increased colony size or zone of

capsule formation, as assessed using the Quellung reaction, in experiments in which the

cells were grown under anaerobic conditions. This result indicated that it is unlikely

that the effect of oxygen is mediated through a TCSTS, although one of these systems

in the pneumococcus could not be examined because the gehes appear to be essential.

The genes in a locus known to be required for expression of CPS were
examined next. Since the effect of oxygen on amounts of CPS was observed in strains
of multiple types, genes conserved among different types were considered the most
likely candidates. Among the genes in the capsule loci, only the first four, cpsA4-D, are
common to pneumococci of different types (Iannelli et al., 1999). Type 3 pneumococci
are known to form mucoid colonies and to have large capsules, as assessed by the
Quellung reaction, when grown under atmospheric conditions, as indicated in Table I
(Knecht et al., 1970). Unlike all other pneumococcal types tested, type 3 strains failed
to show an increase in the sizes of colonies or capsules when cultured under anaerobic
conditions, relative to the sizes when cultured under atmospheric conditions. Based on
this observation, differences in ¢ps4-D between the type 3 and loci of other types was
determined.

Homologs of ¢psA, encoding a putative transcriptional attenuator, and
¢psB, encoding a protein of unknown function, are present in the type 3 capsulation
locus (Genbank accession no. Z47210; Arrecubieta, 1995). The gene encoding CpsC in
serotype 2 pneumococci is highly conserved in the type 3 capsulation locus, but the

predicted CpsD in serotype 3 pneumococci is truncated following amino acid 69 (of
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average of determ nations for three diplococcal forns divided by two to
correspond to a single cell. "UD' neans that a zone of capsular materi al
was not daevevtsabd e. 6These val ues are based on capture ELPSKUsssB3€TENt Of
organisnms grown in liquid culture at md-1og phase. Values are the nean of
two separate determ nations. Production of CPS in culture supernatant was
assessed for type 18C pneunococci after growh to stationary phase. The
observation that a greater amount of polysaccharide was produced in the
cul ture supernatant of the O-formvariant as the concentration of oxygen
was decr eaddf)- drpsCoandi CpsDoarn cevined foreaprsssiomohiba pdewroadecalaspsuleandeas ed

i ndi cat es at,. l.ncreased CP roducti.on s,attributable to, incjeased
synt hesi s g ge@féa{?yho(r:neﬁ?%oua ﬁ%gts méfeé@rr%tgge@@%)(%%rﬁsfﬁg}Eﬁcz'éﬁc@ﬁfﬁéﬁmz %oxi de
condi ti ons involwddHg chiil dhgbeicaglatibh kndexpakl of theex@aesIRAGGDysat@agtige of CPS
fromcells under jncreased oxygen/decreased carbon di oxi de conditions. A
type 9V i sdragrateheolaeacd gMeEnachphd 999ndeYrason Al e 42%)- synt hesi s of CPS

was attributable by gdegr saﬁwz‘ﬁaggag@aeg{evwfbﬁ@aﬁ Cgsg@rgg.g;gﬁw' chsir}gype oV

bacteria grown to stationary p n the prese car I oxi de
exhi bi ted i1&idwl(Vimpesadtat., (998).pAcdaeiclonal amibbiewhirhdsndesigfatadd@GEn t han the

sanme cells gr i,n th esence of 10% carbon diQxide and_ i n the presence
of oxygen MV@“%WF'E Y"Hglpﬁ?%Pg‘oﬁ’gﬁfﬁfgqus%ieﬂa‘}esr‘%‘l%fad {9 dgtersingon

di oxi de t eRgivpésterh Anall 41§ tHat mﬁmme@fgsrnenmgéﬁ il fetpRAbubisRehd Ng the

degree of CPS production. Changes’in Production Correlate with Changes
i n cpsD/ Cpsibgirrhand of epprbriswtaly 26 kD, theydsdictadisies s £Apshevasgubsent mmwlimte whi ch

the effect 0X n S. duction.is i ated.. | nvol yenent. of a

t wo- g:orrpon8?11?&8?%%%6%%0?8%/‘%%@%@%? ﬂﬁeﬁﬁlgls SW%&&(‘?tSF%msyfst em f or
sensi ng anevholeadetidiisatRbf e/ gBEs GBNSCOMPIR SRAASuNASn tEX sfipasht wis evi ousl y
descri bed nmarked nutations in 11 of the 12 of two-conponent signal

transduct i abseayBemiihe typaddnewmpenscifevhichchaye agrunggied €pslahb| Bhaseof wer e

t ransf or ned..| . in. B , . i hroup et al... 2000),. 10

Const 1 uct < Soieliight Ittt c AB KBREEhstunl Ao By Eindtesiapiter s e g,
as were 7 evidsiceubitsiGlidavdzaecopaizing @psDphsvingla phosphékylitedkiyisie: residgmsogues.
For each of the 17 nmutant _honplogues tested in P303, there was no effect
on i ncr eas&@s EBRHIF) by comparng sfFAnP39 (@A mentcacanskiziadimapfant) and Rex L #rinsi ng

e LB B RO 5B B IE LD 5 U s e
other types; Iannelli et al., 1999). The mutation in R6x-type pneumococci was
corrected in some experiments by transforming the bacteria using DNA obtained from
either the (type 2) D39 parent strain or a type 3 strain to yield an encapsulated strain
with either type 3 or 2 capsule in the D39 type 2 genetic background.
Failure of 4G10 to react with R6x and the type 3 R6x transformant and
reaction of the antibody with the type 2 R6x transformant confirmed that expression of
the protein corresponding to this band requires one of the first four common genes in
the capsulation locus and an intact copy of ¢psD. It was determined that the 4G10
reactive protein is not likely to be CpsA or B based on size. There are only 15

conservative amino acid changes between type 2 and 3 CpsC, of which none involve

tyrosine. The lack of the 4G10 reactive band in the type 3 strain indicated that the
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that the effect of oxygen is nediated through a TCSTS, although one of
these systens in the pneunbcoccus could not be exam ned because the genes
appear towdel/esential. The genes in a |ocus known to be Peryusoies4420r
expression of CPS were exam ned next. Since the effect of oxygen on
amounts of CPS was observed in strains of nultiple types, genes conserved

anong different types were considered the nost |ikely candi dates. Anong
the genes in the capsule loci, only the first four, cpsA-D, are conmmon to
pneunococci of different types (lannelli et al., 1999 Type 3 pneunpcocci

are known #61 Oﬁcamm pritedn eorad fipe€. dnwas therefore 0¢Im1'gbdd s §ipsBeprotem assessed

by the Quell ctlo de h ic conditions, as
i ndi cat ed |°cr)1m %1 hl?%%t\é@%ewggl res%g"? th%l.% %gﬁc}ls ot her pneum)coccal

types tested, type 3Tht Eﬁbcﬂ%fgﬁjv&tﬁdndérazaﬁb@snéoalaentfmbﬁasmxygeﬁh@dsarbens of
col oni es or_capsul es when cultured under anaerobic conditions, relative to

the sizes RiRgHen yiRsEY phagrberdatipnsyiersDov eonaminesh L yspiss efwhele cells af
observati 091&(?55& ‘i‘&ﬁﬁﬁ@%h@@%ﬁ O@eﬁﬁ%\lﬂ\@&m lfs&gleng 1 paﬁsoi Qhichfaqot her

types was erm ne CpsSA, enco afrve
transcri pt besmegrowhtunderatagious emﬂentamsﬁs ofoygen and earbomdiek'ralemferel adjnsredh

function, are in.the t ul ati 0 | ocus ( nb nk accession
no. 2472101 % $aY Y?g«?r%fianmméf&mﬁs E& CSLFIR Bt }ﬁjs esjagthephogphiotirosiae-)

pneunmpcocci ecﬁﬁ&hgﬁworﬁ%ﬁﬁ;ou?dam tfh@résﬁﬁ?o@th@i@éc?leﬁﬁlbﬁ’t@ ateddeon iRUt the
predi cted sD in serotype 3 pneunococci is truncated follow ng am no acid

69 (of -23Fgorel/ a8sioglepand oBbe Qi m&prC@B@aandte@pé@ﬁxeé)wmtred for

expression _of th Neunonco ul e and t re hom] ogoys to a
ool e proBBrR PERRRRF BCSBieefn el Frele i) Ml Bf S DRTRHGERIC, P
chai n | eng&dns £0appaddiatedNshuakmiber OF célitrewh aasebbivlB/, apPRidicatdah drede
desi gnated col anic_acid (Mrona et al., 1999 Stevenson et al., 1996). In

E. coli, WefHignee dodhereavas mmappeerwi%ptrﬂfsdpﬁ@rﬁweétm earbem digxidgrtension

resi due (Vinece t i esi gnat ed
4G10 whic %’?\%%%sb?é 1913?%&\1,)\?{%[}@%2 ory gt“e‘ﬁqﬁ%mom (ri\j(;ndrgs]?dues was
used to det@aiditicis tedisd Mﬁyg@rm Erad yWOSantihatbophbamimmﬂmtedOWr Eactivtyl S

present in the pneupococcus e band of approximtely 26 kD, the
predi ct ed of e aetlb@pys\tsthmgeweeeﬁ&ﬂvmt@va%v 1 é‘f’@é“g*fw?lﬁe type 6A

i sol ate. Aoﬁt'aﬂx%%sﬁlg%ﬁue%tr&lﬂé E&ﬁ?tt&k@f@re%ﬁclﬁhé@th% sh{é ph JEylafibl
| ysates of the types 6B, 18C, and 9V strains used study, but was

of CpsD is affected by opacity phenotype and requires growth in the presence of
oxygen.

Difference in tyrosine phosphorylation can affect the activity of CpsD
and account for decreased expression of CPS in O pneumococci in the presence of
oxygen. Neither O nor T pneumococci grown anaerobically express phosphorylated
tyrosine; however the two phenotypic forms exhibit large differences in the degree of
CPS production.

Northern analysis was used to determine if differences between O and T
variants were due to differences in the level of transcription of ¢psD. The results of
these experiments are shown in Figure 4. Total cellular RNA was obtained from O
and T forms of pneumococcal strain P303 grown either under atmospheric conditions

or anaerobically in the presence of 10% carbon dioxide. The RNA was probed using a
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absent fromthe type 3 pneunococci (which have a truncated CpsD). These
observations indicated that CpsD is phosphoryl atable at a tyrosine residue.
Further wveobdesrc® that 4GLO0 was recogni zi ng CpsD havi ng ap@hoswinsiizl at ed
tyrosi ne residues was obtained by conparing strains D39 (an .

non- encapsul ated nmutant) and R6x (a strain having a 7504 base pair

del eti on spanning cps2A-H, of which only A-D are common to other types;

| annel I'i et al., 1999). The nutation in R6x-type pneunbcocci was corrected
in sone experinents by transfornm ng the bacteria using DNA obtained from

ei t her t heclpngdEagmentod cpsd) Quanditative qlifderences ihanscaptiqiahaqtiyityjware an

encapsul at . Al L | . r ¥ Pﬁ%l 2
genetic ba@‘ﬁ%’?’%‘ﬁ%&y Eéa@%:%suthtggi}}gp 8%&&%&?%&?@&8%1%@?%”%&&%6)%? he y%)eéﬂg R6x

t r ansf or maadjusting théseavatues foralie totud amotintuf®N Aiptdsenthia the/ipbridida6en tssapsf or mant
confirmed that expression of the protein corresponding to . this band
requires offextite. (Ihess expepments demgpstted faatyepn consentEaiioa nad mPSHOTIHURE and
an intact ) & de : ; otein
'S ot 11 KGPRY oRindBYRofbhe BB EAT IS eeh Ype ) Wous WA b6 REL S METORS

conser vat i greataniemel iadi-formhats erslatiet tne@forny palls2 lawak theilgfwCcontfludeditbdt none

i nvol ve tyrosi.ne. The ck of 4Gl0 reactive band in the type 3 strain
i oat eq el BRulaE0R of bl eSS P sRaR T ARV RD of i o
not CpsC. It wawitHdat Rishing t6 BB ebutEsl ddiadarGRad tREy Of Bpersipitises a
phosphoryl at abl e tyrosi ne residue in the pneunococcus. The effect of growh

under var i brlisvedthebhpsd regylaiesdiP oRipgustionn Caureplasion betyesridifderercesyr osi ne

h h | at i ] 8 f he 0 and
P orms. of QIR T EEREIHRT oA Aoy B R Chtapl Bkt Ml crd 12,0 Doen

gr own undeprodadticdUsippar thidtheatyl oS believed Yige ICp3Ddutaions as atygusiaekineses
adjusted to an equivalent density and exam ned by Western gnal ysis using
t he phosphbrs§d BsPaskon Esamino;ac1dssAlRICe SHMlaghy 19 bositgiaptophogPhogylaling of

these expeg|,UpRLs LS SRS irf%]ﬁlg:h grpél?airg len?thsﬂsglghﬁorpﬂa%})@grtto?ﬂleex pect ed

size for CpsD was detected 1nt vari an wn int presence of
oxygen. Thextecelhdammlysaediaride tolami abidt Kips23ED het 3W3b ideinfigdandf493n an

approxi mat el y. equal n of cell r r qbi cal | as indicated in

e 1 "or e gffisver T4PaF22:Caraitf acid N, CRRB S Bpedpr Pinuathentn car bon
di oxi de t egstkffs ad A¥LSIGarbok §l-tbRAnaPdninB Acfdadegébrlly (YOS YGRPYGNSY i n | anes 2-4
of Figure 3. Under all conditions tested (oxygen <0.1 %to 21 % and carbon

di oxi de <OGEKNKKSEQID NQeHowhivh cgntains a repetitive feature (YGX), including

tyrosine residues. This carboxyl-terminal region exhibits considerably greater amino

acid sequence heterogeneity among pneumococcal variants than the remainder of
CpsD. It is believed that the variability in CPS production among pneumococcal
strains is attributable to the variability of this carboxyl-terminal portion among the
strains, the sequence variation affecting the phosphorylat-ability of the protein. A
number of other bacterial protein kinases have been identified and these have in
common a C-terminus with a tyrosine-rich repetitive feature (Ilan et al., 1999).
Inability to generate a pneumococcal strain harboring a mutation in ¢psD while
maintaining the ability of the strain to produce CPS is further evidence of the
importance of this gene in CPS and capsule production.

The following model of a mechanism for regulating CPS production in
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of the antibody with cell extracts of the T variant was faint. Simlar
results were obtained using other strains. It was therefore concluded that
tyrosi ne whosgiros yl ati on of CpsD is affected by opacity poEuvstygses2and
requires growmh in the presence of oxygen. Difference in tyrosine
phosphoryl ati on can affect the activity of CpsD and account for decreased
expression of CPS in O pneunococci in the presence of oxygen. Neither 0O
nor T pneunobcocci grown anaerobically express phosphorylated tyrosine;
however the two phenotypic forns exhibit [arge differences in the degree of
CPS pr oductdspensetpeelney apagtiyiphenatyneandioxggen ensen srprppaseif The fodelences
between 0 and, T .vari.ants.were due.to differe in |
Cransori pt s rERierPRbRy NEBRAS oo M EFERTn al P8alRE R o 1
Figure 4. t@] cellular RNA was obtained fromO and T forns of
pneunococcal strain P303 grown either under atnospheric conditions or
anaerobi cal Iy in t heCpplddemaegagve 1qgudatary hastorgviygh ae ongeaesiEolvad ihr obed

using a -2§: - )844; : .
Quanti tat | DS P G SRl AN R I gD EliStpton o 1y
assessi ng hydonndifarathe edlatofely laigh amloais lo€ CPRreapressedtil OstypP phenmdddéciand
adjusting these values for the total anount .of RNA present jin t.gl{la
hybri di zat MY r qaaerobic o WI@:_ ”é?ﬂ%ﬁ@ﬁﬂﬂ‘f"é“@é‘#&‘?gt 5PE WHER oxygen
concentrat h%uﬂ@%ﬂ“@siétﬂhé&ﬁ%}dﬁhioﬁtf & exPRedsdf rbiBionOh s6ddR level of

transcription. However, cpsD was transcribed at a 3.4-qu d greater |evel
i n T-form cegulagion issinyoived, namely- phospharglatien off autephwsphveylafion ef yoostieuded t hat

pneunbcoecT P e LA s Ao 8 SRR Ry DL CL A AP PRIyt

oper ati on, gfowl sndd¥QkioBiesbntiitdhs. CDSlectaBillity @ﬁ@?slfRﬁicﬂﬁQﬁthEh@@lat@iﬂ el ation
0

bet ween di fferences. observed in the degree t yrosi ne phosphoryl ati on of
CpsD and dPR€ ermpredsrosine grsluep pplyun thesd vauppanay herdus te ecseaged | t i s bel i eved

t hat CpsD I.0NS .a.t i N . i itg.amno acid
sequence spgn%é%tlg%yacﬁ gltglqybgﬁnqncgcogét g;’ﬁoosgb o?)gﬁ' é)trﬂﬁg&{ }élr?iz)e@?reé@s tﬁ% E. coli

whi ch is i nygtiveegulatarhactivityesfThsDy, egel thht phioshodyletef @psDafectdases

extracel | ul ar, pol ysaccharide col anic acid. Cps23FD has. 30% i dentity and 49%
si mi | ari tySWRgsisIHd-Tot unsishacrabig Gondifions. &5 agesultdgss S lox 1s t%(SV ts

E’?{gggogig‘ai@de; GO3bR! ARdiRBnd YT URHerGRAAHIE lzrdvith ToRditioA RQaddIf Icveapsnce

production in T-form pneumococci, even in the absence of appreciable tyrosine
phosphorylation of CpsD, is attributable to increased expression of ¢psD in T-form
pneumococci.

What had previously been described as improved growth under
anaerobic condition, may in fact be an effect of increased CPS synthesis resulting in
larger colony size(Modde, 1978).

Homologues of CpsD with even greater similarity to Wzc are present in
many other species of bacteria that express surface polysaccharides. Examples of such
species include Streptococcus agalactiae, Staphylococcus aureus, Klebsiella
pneumoniae, and Acinetobacter johnsonii. Since capsules and their size are critical
determinants of virulence, the ability to regulate amounts of CPS based on

transcriptional and post-translation modification of this class of gene/protein may be
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GKNKK; SEQ I D NO 3) which contains a repetitive feature (YGX)4 including
tyrosi ne residues. This carboxyl-term nal region exhibits considerably
greater amdnnes9axi d sequence heterogeneity anong pneunpcoBCBUSWMZISH4Nt s t han
the remainder of CpsD. It is believed that the variability in CPS
producti on anong pneunococcal strains is attributable to the variability
of this carboxyl-termnal portion anong the strains, the sequence
variation affecting the phosphorylat-ability of the protein. A nunber of
ot her bacterial protein kinases have been identified and these have in
common a Cimpentdnt irs fagilitdting thy algbtyrd-encaplsulated dacteris & ddapt tortbe diffeanget al .,
1999). Pnabili%% {ofg nera%e a pneunococcal strain harboring a mutation in
cpsD whi | e CIRFHFRE S ngH%‘%bﬁﬂﬂP ‘®™the strain to produce CPS is further
evi dence of the inpahtaReRs@te ofbisry patest, F_ﬁteﬁPaggﬁaﬁioﬁgmlﬁmeamwon- The
foll ow ng nodel of a mechanism for regulating CPS production in -26 WO

01/ 68903 Phwriyss herpby ancomaspied bereindyosfesenge ap e eatirefyhenot ype and oxygen
tension is proposed. | L .t | | requl.ation of cpsD
and post-transl ationa ﬁyﬁ?ﬁﬁﬁ%¥?§§&5%%ﬁé%%ﬁgaﬁéé rF§R%c%gﬁ§¥%€% regul atory
fact or whi embadiments, (a1 aFparany cHav ettler émbddients bhd sarfatiohs phHhisiacatoalcan
type-speciLic CPS., Re ati¥§%% | ow cpsD transcription accounts for the

rel ati vel y PRAgHseRoihers skillepin g grtauthoyt depaging fhem thedtiwiiiicand saorfer
anaer obl ¢_epielihvéiisy. ARhSpehiRIUARRIAARALI ARA enlbRAM RS 1Y QfuivaRED. whi ch
accounts for a significant proportion of CPS expression regulation, a
second | evedrigfonsr egul ation is involved, nanely phosphorylation or

aut ophosphoryl ati on of tyrosine residue(s) on CpsD. Phosphoryl ation of
CpsD affects only the O variant and requires growth under aerobic
conditions. Detectability of CpsD which is phosphorylated at one or nore
tyrosine residues only in the 0 variant nmay be due to increased

phosphat ase activity in T pneunococci. Tyrosine phosphorylation increases
the negative regulatory activity of CpsD, such that phosphoryl ated CpsD
decreases synthesis of CPS under aerobic conditions. As a result, |ess CPS
is made by O variants under aerobic conditions than under anaerobic growh
conditions. Relatively low CPS production in T-form pneunococci, even in

t he absence of appreciable tyrosine phosphorylation of CpsD, is
attributable to increased expression of cpsDin T-form
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pneunococci . What had previously been described as inproved grow h under
anaerobic condition, may in fact be an effect of increased CPS synthesis
resul ti ngvoni/ed9e3 ger col ony si ze(Mdde, 1978). Honol oguesrOTf/US#B442 t h even
greater simlarity to Wec are present in many other species of bacteria

t hat express surface pol ysaccharides. Exanples of such species include
Streptococcus agal acti ae, Staphyl ococcus aureus, Klebsiella pneunoni ae, and
Aci net obact erj ohnsonii. Since capsules and their size are critical

determ nants of virulence, the ability to regulate anounts of CPS based on
transcriptional and post-translation nodification of this class of

gene/ protein nmay be -27 WO 01/ 68903 L US01/ 08442 inportant in
facilitating the ability of encapsul acteria to adapt to the differing
requi r emeniviiafik cdhediszati on and i nfection. The disclosure of every patent,
patent application, and publication cited herein is hereby incorporated
herein by reference }nlnamedadiof progucipg capsulanpslysaegharidediiohas been

di scl osed th reference. to. 8 ific enbodi ent arent that

ot her errbo‘()\g\4 et &:cgg §y "}ﬁ! “%ﬁfsie %?eufrh()lcgc‘iugven O%th(%erﬁf “ﬁB’gthevi sed by

ot hers skiimp2élventent b@npﬁémgmfahmihmg aas havifig b sabratthesphéritecdpertidtioand scope
of the invention. The appended cl ains include all such enbodi nents and

equi val entOXyggh Insgangaes withthearopgomediper) UsOl / 08442 CLAI MS What i s cl ai med
is: 1. In a nmethod of producing capsul ar pol ysaccharide froma

pneunococcus by maintaining the pneunbcoccus in a growh nmedium the

i mprovenent conpri sihgThainmiravemaeny oficlgias 1 wakéraim the gashaatimospgeer i C
concentration of . m\;gen in conb i th the growth nmedium 2. The

i npr ovenerfONEINUEIGN APaETeRRkhan Adg 68%5 has an oxygen concentration not
greater than about 16% 3. The inprovenent of claim2, wherein the gas has

an oxygen concentration not greater than about 0. 1%
3. The improvement of claim 2, wherein the gas has an oxygen

concentration not greater than about 0.1%.

4. The improvement of claim 1, wherein the pneumococcus is an

organism of the genus Streptococcus.

5. The improvement of claim 4, wherein the pneumococcus is an

organism of the species Streptococcus pneumoniae.

6. The improvement of claim 5, wherein the pneumococcus is a variant
of the species Streptococcus pneumoniae selected from the group consisting of variants

6A, 6B, 18C, and 9V.

7. In a method of producing capsular polysaccharide from a
pneumococcus by maintaining the pneumococcus in a growth medium, the
improvement comprising maintaining a gas having a super-atmospheric concentration

of carbon dioxide in contact with the growth medium.
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4. The inprovenment of claim1l1l, wherein the pneunpbcoccus is an organi sm of
the genus Streptococcus. 5. The inprovenent of claim4, wherein the
pneunocooeosl/6®oan organi sm of the speci es StreptococcusPonvEsmmsiee. 6.
The i nprovenment of claimb5, wherein the pneunococcus is a variant of the
speci es Streptococcus pneunoni ae sel ected fromthe group consisting of
variants 6A, 6B, 18C, and 9V. 7. In a nethod of producing capsul ar
pol ysaccharide froma pneunbcoccus by maintaining the pneunbcoccus in a
growm h medium the inprovenent conprising maintaining a gas having a
super - at nospheri ¢ concentrati on of carbon dioxide in contact with the
grow h nedium -29 [ 68903 PCT/ 1/08442 8. .The i nprovenent.. claim
O Mherein the gas his 1B SIPBITIG 8L LR Te s RESht PEEr Mg PR ARsEe apout
3% 9. ThecdnapiteiRa®Tat Rastabait3e8, wherein the gas has a carbon di oxi de
concentration of at |east about 10% 10. The inprovenent of claim?7,
wherein the gas has a sub-atnospheric concentration of oxygen. 11. A
met hod of alleviatin i cthQn.: | [ t et hod
conpri sing mai nt ai ni g‘g%ﬁ@%?&ng%ﬁ?)hc%g%?é%%%tﬁeggsgg% a}:%\k}?orrllg&gmggger-
at nospher | @oncarteiohroftat leastabowrdP@en. 12. The net hod of claim 11, wherein
the lungs of the aninal are namintained in contact with the gas. 13. The
nmet hod of claim 11, wherein the gas has an oxygen concentration of at
lleast about 25% 14. 17 hg R Mnﬁﬁt&ﬂc?diﬂ?’ﬂ%vhe\“é]ﬁ'&%dg‘as%@aQfoiatﬂﬁ)%pﬁé}icoxyge”
concentration of at |east about 50% 15. The net hod” of claim 14, wherein
t he gas i scawbtrgtaionioflokygepur e oxygen. 16. The nethod of claim 11, wherein
the infection is selected fromthe group consisting of pneunonia,
bacterem a, sepsis, and nmeningitis.

11. A method of alleviating a pneumococcal infection in an animal, the

method comprising maintaining the animal in contact with a gas having a super-

atmospheric concentration of oxygen.

12. The method of claim 11, wherein the lungs of the animal are

maintained in contact with the gas.

13. The method of claim 11, wherein the gas has an oxygen

concentration of at least about 25%.

14. The method of claim 13, wherein the gas has an oxygen

concentration of at least about 50%.

15. The method of claim 14, wherein the gas is substantially pure

oxygen.

16. The method of claim 11, wherein the infection is selected from the

group consisting of pneumonia, bacteremia, sepsis, and meningitis.

-30-



-30 WO 01/ 68903 PCT/ USO1/ 08442 17. A method of making an inmunogenic
preparation for admnistration to an animal at risk for devel oping a
pneunocooe@b1/6s¥hect i on, the method conpri sing nmai nt ai ni ngpETVERsEMIBOLCal
cells in a growt h nedi um havi ng an oxygen content |ower than the sane

medi um equi | i brated at the sane tenperature with normal air; and isolating
capsul ar pol ysacchari de produced by the cells fromthe cells, whereby the
i sol at ed pol ysaccharide constitutes the i mMmunogenic preparation. 18. In a
met hod of producing capsul ar pol ysaccharide froma pneunococcus b

mai nt ai ni ng the pneu%c@éﬁﬁlﬁ@({) of Taalgn ot WRBEEERC Preparationfppydimipistration

conpri si ng | ht:al ni .QX] . 1 - h

rodt um at - TLififtsCl R aRloBRR, AprRihIEok ARG hEellod sieBEAE. Moc
the sane grow maimsinihg pguinbeducaltcetls ot a gloevtls mediuhehpan@inioxygen thntentgas
conprising, 5% carbon dioxide. 19. A nethod of producin neunpcoccal

pol ysacchalQW& thanfhe saime,mgdiuapegnlibrated althe same Imgrains B AEAWs in a

growth medi Um hiyj e 2 QI I8 sa kAR Hrod RUB by kRAGIS ons BEReE i)

equilibrated at t rature th normal air. 20. The rrethgd of
claim 19, tiedsdated pblysavebianide dopstgtutes therimnainogenid prepathtioh. oxygen. 21. The
met hod of claim19, wherein the nmedium has a carbon di oxide content which
is greater than the sanme nediumequilibrated at the sanme tenperature wth

normal air. 22. The ngt npgngthoqlﬁg,m&&;n%ggg{?gt gcoiRddd oS sat ur at ed

w th carbon dioxide. -31 WO 01/68903 P 442 23. The nethod of
claim 21, phameioaceusdyrmainiaininghemngenococcusdngaiowvth medibmghebonat e sal t.
24. A net hod_of assessing. whet.her . i r

21T evi ati ROk AR SRR R R i e R R IR o ontaBOH e i lgrowtn,
conpari ng hiegivsest £Rvélfat passdelnelrty ltied donberdfatib 8 Ecdrborpdidnidede draameel | s

mai ntained in the . i .
growth medium equilibrated at the same temperature with a gas comprising 5% carbon

dioxide.

19. A method of producing pneumococcal polysaccharide, the method
comprising maintaining pneumococcal cells in a growth medium having an oxygen
content lower than the same medium equilibrated at the same temperature with normal

air.

20. The method of claim 19, wherein the medium is substantially

devoid of oxygen.

21. The method of claim 19, wherein the medium has a carbon dioxide
content which is greater than the same medium equilibrated at the same temperature

with normal air.

22. The method of claim 21, wherein the medium is saturated with

carbon dioxide.
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presence of the test conpound and the degree of phosphorylation of CpsD in
the sane type of cells naintained in the absence of the test conpound,
wher ei n iWobhessaegr ee of phosphorylation of CpsD in the ceCT/@somismai ned in
the presence of the test conpound is | ess than the degree of

phosphoryl ation of CosD in the cells maintained in the absence of the test
conpound, then the test conpound is useful for alleviating the infection.
25. The nmethod of claim 24, wherein the degree of phosphoryl ation of CpsD

I s assessed by assessing_ the nunbe horyl ated tyrosi ne residues
present in CpsD. 262 T% Gial@lzér}‘fﬁ?%m%&eéiqﬁnf%@ma?ﬁraee of

phosphoryl %Bﬂb@ﬂat@%rb%ﬁ% zﬁés‘ﬁ sessed by assessing the fraction of CpsD
havi ng at | east one phosphorylated tyrosine residue.

24. A method of assessing whether a test compound is useful for

alleviating a pneumococcal infection in an animal, the method comprising comparing

the degree of phosphorylation of CpsD in pneumococcal cells maintained in the
presence of the test compound and

the degree of phosphorylation of CpsD in the same type of cells maintained in
the absence of the test compound,
wherein if the degree of phosphorylation of CpsD in the cells maintained in the
presence of the test compound is less than the degree of phosphorylation of CpsD in the
cells maintained in the absence of the test compound, then the test compound is useful

for alleviating the infection.

25. The method of claim 24, wherein the degree of phosphorylation of
CpsD is assessed by assessing the number of phosphorylated tyrosine residues present
in CpsD.

26. The method of claim 24, wherein the degree of phosphorylation of

CpsD is assessed by assessing the fraction of CpsD having at least one phosphorylated

tyrosine residue.
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