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This research was supported in part by U S. Governnent funds (U S. Public
Heat h Service grant nunbers A138436 and Al 44231), and the U S. Governnent
may therefore have certain rights in the invention. BACKGROUND OF THE
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most seribus manifestation of pneumococcal infection is bacteremia, which can be
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. opsonophagocytosis) 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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distribution of cell surface choline-binding proteins, including CbpA, which acts to promote

adherence and colonization (Rosenow et al., 1997). During carriage in an infant rat model,
there is selection for pneumococcal variants which exhibit the T, rather than O, phenotype
(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 significanily affects
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a gas about 16% or not greater than about 0.1%). The pneumococcus can be an orgamsm of the

genus Streptococcus, such as an organism of the species Strepfococcus 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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The invention includes a method of assessing whether a test compound is

useful for alleviating a pneumococcal infection in an animal. This method comprises
comparing

(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



The degree of phosphorylation of CpsD can, for exanple, be assessed by
assessing the nunber of phosphorylated tyrosine residues present in CpsD
or by assessing the fraction of CpsD having at |east one phosphoryl ated
tyrosine residue. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1, conprising
Figures IAi-1Avi and 1Bi-1Bvi, is a series of images which indicate the

ef fect of environnental oxygen and carbon di oxi de concentratio -03)4

14/ 10/ 2004 col ony nor phol ogy and capsul e size, as assessed usi #gfb{%

Quel | ung ¢ hol 18 @nd 1Biii)
< trad cﬂ»’@di’tarent b @fg}s@cag‘ﬂ Hi@%s Ls@éssed,ﬂu'lgstlﬁ@ubﬂung]r@ioélolev B ANt s of
a type 6 bgle:llﬁls,ol%lt bBlMFlé 1Biidwnd ranspagent: (Figunes ll’ag,aer\Sl]Mi ement ed
wi t h cat ajmse 0 res
(AL LA V*B*‘% e e R g T

i ncr eas e dagansupplemedtied withecatatase ﬁmlﬁamunrat Q'POgmﬂexsatﬂnésphcnd: ébndxtikﬁis I(Flganed | Bv),

and under r 0 si ng..an increased .carbon dioxide
concent ra{@oﬂxt ?E @“S)(S’l“i"gerl ?S%Birgf ¢qnditions cqpprising megyrga;ﬁeagar#)ﬂnt he
i mages i ndibxigelt@ehtAitioh (Figures 1 &iiVi A aBiiz el 18) hd UnbérGuGerobit d3osdiissed
i 1lum nation, and are shown at_a nmagnification of 56x. Capsular material in

the i magetOmByismg;ayincreasqdrarhen dioxids eongentratipn dguras 1 A, 1 A, EBEL Apd 4BYidact i on

and type gflefies inthéHhdodlntFig@Bs ART RviShuy G t 4000x.
Figure 2, conpr |n3| ng I—gsgurelgﬁgA-ZD |ls a qltig%htzg(tl %l{aﬁrqﬁgr%a%%gt\fhdl ch depi ct

the ef f ecillymistationyand arershown fat @mygaﬁcamnd o£&6>boﬁap$u1raxmd3rlehnctmmagbs ian and
opacity on CPS cLio uni t ote| ba
assessed %g&% ¥§l LB %v'é%héﬁy Q‘ﬁ 5? ?cgg 2’,59 p %‘i"ec%n ‘S%{?«f“a Di )

and tr ansqrasievin dthingaghificatidl of 2Bii, 2C | , and 2Dii) variants of isolates

of the fo pneunpcoccal types (vari ant 6B in Figures 2Ai and 2Aii; variant
6A in {199%5 2Bi and ZB|| variant 18C in Figures 2CG and 2Ci; variant

9v|nFlgures 2D 3ghreADbdmhpri &R wAtezr?@gﬁ &et@égﬁfgrag inqhaégia) or

stationary phase (st ppI ed bars) al ox car
concent r ah¢ Qﬁ@m’r Ww@@wrm o¥¥geniand gmhphélox@somemwuaod owa:sty plienatypei ned

I n sodic I rs and

S exprgésnggp | vé&E §p€qglt goat% b%a%l%%fﬁ%&@%a@ﬁl @% gAY pr(?)f ?% &g

i ndi cat es(Figuats ZAh; 2Biy 2Ci, amd 210k) dnd tmtspgem\(l?lgurbs |2Ah1h23n ,Q0i1) ahd 2Dii) Waiatrs

repres entotI 1so?ates oatr{h I‘ou} f’)\rl(l)euisn% occa types)w i I 1n Flgures 2Ai and 2Aii; variant 6A n
Figures 2Bi and 2Bii; variant 18C in Figures 2Ci and 2Cii; variant 9V in Figures 2Di and

2Dii) were grown to mid-log phase (solid bars) or stationary phase (stippled bars) at oxygen
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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also been discovered by the inventor that CPS production in Streptococcus pneumoniae is

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



and ot her inmunogeni c preparations), methods for alleviating pneunococcal

I nfections, and nethods of identifying agents useful for alleviating
pneunococcal infections. Definitions As used herein, each of the follow ng
terms has the meaning associated with it in this section. 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 granmmatical object of the article. By way of %
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Description It has been discovered that production of capsul ar

pol ysacchBeécdgng(nCPS) by pneurmococci is influenced by the presence and
in the cells
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gene properties sim neunococcl, suc e Semen s Speci es
(e.g. St ﬂwipbmumeeaagalﬁddtougb)hesdmbsmmmmmhaﬂedsmg gﬂturesrm“ such as

St aphyl o IS aur eus Kl epsi el | neu and e act erj.ohnsonii,
andpo¥gan LRIOCRG R %ﬁ%‘h@f@?ﬂ oloéﬁnfs?‘s ‘@Eﬁb bl?[: @F‘h? ity,
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pneuroni ag, it can be any known or hereafter.discovered variant thereof,
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conjunction with any known net hod cul turing pneunococci, or with any

met hod hePhsaptyRic siailagity, gerptynie Sml@ﬂé‘a%b%rm gueermams of these. (When the)
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thereof, including variants characterized by the identity of their CPS, such as one of variants
6A, 6B, 18C, and 9V.

These observations can be used in conjunction with any known method of
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 in 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



I ncludes a nethod of increasing the yield of CPS obtained by culturing a
pneunococcus according to a known nethod. The inproved nethod invol ves
decreasi ng the oxygen content of the nediumin or on which the
pneunococcus is maintained, relative to the oxygen content which normally
occurs in the nmediumduring culture of the pneunbcoccus. For exanple, it is
common to culture pneunpbcoccus on a gel atinous or sem -solid nediumor in a
liquid medium wherein the mediumis maintained in contact wi tIA/¥0/3004, e
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by adding such as salt to the medium.

The invention includes 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



by addi ng such as salt to the nmedium The invention includes nethods of

I ncreasi ng CPS production by pneunococci by increasing the carbon dioxide
content of the mediumin which the pneunpbcocci are naintained, by

i ncreasing the carbon di oxi de content of a gas which contacts that nedium
by decreasing the oxygen content of that nmedium by decreasing the oxygen
content of a gas which contacts that nedium or any conbinatio Pf t hese.
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passed through or over a copper co or nesh, using
CPS production can also be enhanced by selecting an appropriate

pneumococcal variant and form as the inoculum used to seed the medium for which the
oxygen content, carbon dioxide content, or both, is modulated. 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 préduction.

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,

-9.



met hods known in the art. O course, simlar nmethods can be used for
preparation of solid, gelatinous, and sem -solid nedia having a desired
gas content. CPS production can al so be enhanced by sel ecting an
appropriate pneunococcal variant and formas the inoculumused to seed the
medi um for which the oxygen content, carbon dioxide content, or both, is
nodul ated. It is understood that different variants of pneunoc %i can
generate structurally distinct CPS. The met hods descri bed heréaﬁ 204he

q L | g .
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t ranspar ent Tg form wherein the opaque formis generally characterized
by produd™Pm8Yr4ht er amount of CPS. Thus CPS production can be further
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infection by a pnedﬁ}baé Eﬁ‘bgl.scwg'égél@gg‘cﬁﬁ%‘ PX¥Fn (eptent 10 theerviroament,

enabl e pngidfRses ‘Eﬁémﬁ&o@éa‘l‘ 4PS prathibtich, HRFDY HRFedsihgahe iRLeptibRitPof deMBNS) |,
met hods of inhibiting CPS production can be used to alleviate pneunococcal
i nf ect i orRePRogAEHIthe inppngRysiewc Aimilashe it bpybesn dissaveredirpt desteesibgithear i si ng
ther efr O BarildidkiaAlbnRéie B the YinoRthedtebidhsts FRAARCol AP LHS pradIEHIIDN! &
(particularly pneunococcal pneunoni at) , bacterema, sepsis, meningitis
bacteri al endocar difnegmocaseal énfesivns aud thei side effects gidenopplications canebd ul i ti s,
and vi sc ?Jlﬁlrira]\?eg%&?ﬁaﬁﬁﬁm‘ irlré anha%ﬁnﬁ SRflctdl RHR¥EGSH iSmPe?Ii@J@CcBSf%gt' Dgh 4 B& oxygen
content in the environmne ecreases pneunococca productt oA, t her eby
| ncreasi ngvingea sspereambsphietic toncedtratibe of rygemDAliamatively, thecoxygenseasicry at then
Simlarl yditelotf thre]aeﬁslfecl:)t?o%ncag Ibse (1:noc\1/reearseedd (e.tghg)t' pr%gl%ﬁnegapsulren gx)}ggg or sterilized air directly

to an infection site {e.g. a visceral abscess involving a pneumococcus} located within an

animal body), relative to the normal oxygen tension at 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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carbon di oxi de content in the environnment decreases pneurnococcal CPS
producti on. Pneunococcal infections and their side effects and
conplications can be alleviated by naintaining an animal afflicted with
such an infection in contact with a gas having a super-atnospheric
concentration of oxygen. Alternatively, the oxygen tension at the site of
the infection can be increased (e.g. by providing pure oxygen qr, sterilized
air directly to an infection site (e.g. a visceral abscess indéﬂiﬁﬁ84a
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past the $ischptiblette attackibyrthe dndmglistimnomeisydt@nt i on i s the | ungs, carbon

di oxi de tension canybe reduced increasi nq .the, respiration rat.e, either
by vol untary action Of Y orbg’tc}ugﬁﬁmg?’ogsr?stjiafs%ﬁ'%ﬁ We‘F%‘.Dadf’sqﬁgﬁ“Ra“’g‘tlsm
ventil at oinhiud tor efyiie l :mbimealmsqilwdm_ﬁan dxﬁd@&t();o%sl_a dsﬂsswil iddwheRd a tég descri bed
in greater detail in the exanple, increase ’S productjon in pneunopcocci
is correl%&n&?"ﬁﬂﬁ‘?‘“l figs%woswiﬁi%m%ﬁtlg‘én@eaﬁuo{/sﬁm% Ul degree of
phosphor Y%&hhﬁeo&ﬁl den$ MeRiatBintd infhO@piednco Bf ME tdsheaniind B, SEfikRelBur
enhanced by agents  which increase_expression of cpsD, increase the degree
of phosphRfeierably Kentimllya the ahpense phthe tesheppenoyad.y A %eem!&pﬁ thetestCPS can be
i nhi bited pgg,lr i hihi ' Loapi bi t
phosphor yTég%{I{Og%&g{) %Op D@girll‘?uma%%ebte 38 e[s){?g;% %gsre y @gﬁngﬁtﬁggggﬂﬁ%ﬂcg?ed
CpsD, or eablsin the piserceiand absencelod she testconpounds Sdtermdtively, the dayekefsxprgssion

producti o f ' occi, j.nvol L0 an _inf | i n.an ani mal can
render t h{;)]% s%ﬁ%ger#ggdo@g@g%o% ﬁrgglécél e B'([% F%‘I eerkho QUEES Q(%%l% oﬁmenal 'S | nmune
system corresponding protein) or the degree of phosphorylation of CpsD (assessed by measuring

either the number of phosphorylated tyrosine residues present in CpsD or the fraction of
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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limted S whi ch are
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Capsul ar e@ubymad@lkmme;itra@«proé' oxygen, dmgd that anaerobic growth conditions such as may

occur in pneumonia influence the ability of O-form pneumococci to increase expression of

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, énd 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-
corﬁponent 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).

Ouantitation of CPS

O- and T-form pneumococcal variants were grown in the semi-synthetic
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nasopharyngeal swab sanple was collected frompatients in whom a
presunptive clinical diagnosis of pneunococcal neningitis had been made.
This sanple was plated imediately onto both 5% sheep's bl ood agar and
tryptic soy agar containing 5000 units of catal ase, and the plates were

i ncubated at 37C in an air atnosphere containing 5% CQ2. Cerebi9§Bhha!
fluid (CSF) sanples were al so plated on both bl ood agar and transparent

pl ates, as were cultured patient blood sanples in which pneunbcocci were
observed follow ng standard aerobic incubation for up to 48 hours.
Initially, medium wsmidnng phasethhds 0-8Honfoplahaursiat whish titne thecals asee iMgar wer e

Cont L0, 2y AT e P B A SRS, L "
nor phol ogy ‘phésphsttduffered daling (PBS); sonlicated for hiee. 10-setandiinteivailat 0AJ, bad ences
SRR XA IR G IR e ALY R
Encapsul at edreaafl im P48RGAGM nfef StIRAALIREA6HY, a¥\BdsEribBRAGR A MRSt 998). for
natural transformation as described (Wiser et al., 1999). Mitations in
t WO- 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) sodimh

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 phosphatase. 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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conponent signal transduction systens (TCSTSs) were transforned into strain
P303 by selection of colonies fromnedi um conprising erythronycin (1
mcrogramper mlliliter). Encapsul ated transformants were screened for

al tered col ony norphol ogy, and expression of CPS confirnmed by the Quell ung
reaction using type-specific antisera (obtained from Statens

Serum nstitut, Copenhagen, Denmark). Quellung Reaction Pneundcoggghoos
capsul es were visualized in bacteria grown to md-log phase in

sem -synt heti c nmedi um under various conditions. For the Quellung reaction,
an equal volunme of culture and a conposition conprising type 6 anti-serum
and 1 % ( winwan veluéspee rogal leklihdargirdeinvedcdntratiort. he St at ens Serumi nsti t ut

( Copenhagen, wer e m xed on a glass slide for one mnute, as
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intervals at 0C, and stored C. A capture ELI I'5A techni que was used to
det ermi ne q@adnmasheésn BBS @rgdentp edjusitthe eelhdensibrauch thabda, TRderAlze| ect ed

dit
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Betwoen | cadh o hOUBLPRSHLREe e tﬁ’?@%vs@erv@’i%%rwm Wrmém%? Tris
buf fer (conps tescriged(@Wanietali p9glepr Tris, 150 nmillinolar 0.05%Brij T™

35, and 0.02% (w v) sodium azide). Br| ] TM 35 (pol yoxyet hyI en | aur vyl
et her Cl2H25( OCH2CH2) 230H) Imraung g‘ Fastiomsghysingamenslingt ﬁ}“ﬁ?@%’f romtype

6B, 6A, 18Cd@§1g19a‘t/edmﬁ'¢ma%'&%&1ddﬁ%? InAWaltHERD WIA FRARGERLbRDE PRo0RRI Was
purchased fromthe Anerican Type Tissue Collection (Rockville, MD) for use

as a st andari§BPamEer (Ward gt aail Bp)cand reastivity efblofted Sa@eleéc\tlfé'dhmsmh@?dbronocl onal
B

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 ¢ps4D gene, and was amplified by PCR using primers having
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and HASP 33 (which binds specifically with type 9V CPS), and were used at a
concentration determned in pilot experinents. Binding of nonocl onal

anti bodi es and CPS was detected using antisera which reacts specifically
wi th nouse I gMand which is conjugated with al kaline phosphatase. This
reagent was used as described (Kimand Wiser, 1998). Total cellular
protein determnation was carried out with sonicated cell ext{g§§sossi N9
the m cro-bicinchoninic acid kit according to the nmanufacturer’s

directions (Pierce Chem cal Co., Rockford, IL). The anount of CPS in the
supernatant fraction was based on protein concentration in the

correspondi e follbwingsequentes: fraction (i.e. in order to normalize CPS
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conjugated wth al kaline phosphatase as described (Kimet al.; 1999).

Loadi ng of apgerandiensoymed ool £. watistris DiSop skotad RNA was extisstedifrosed by
| mmunobl of g ffcoltiPl) drd Tevaiaia of S 1307 \pRA B o gggxbhgfe%ﬁ HyBfdsoyant i sera

rai sed agai e pneunococci (\ani 199
medium under atmospheric and anaerobic conditions.

The results of the experiments presented in this Example are now
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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Northern Analysis Total RNA was isolated fromO and T variants of strain
P303 cells grown to md-l1og phase in sem -synthetic nmedi um under

at nospheri ¢ and anaerobic conditions and purified as described (Wyand et
al ., 2000). Follow ng separation of RNA on a formam de gel, ethidium

brom de stai ned RNA was phot ographed and the inmage was digitized for
conmparison with RNA size narkers. The RNA was transferred to g /fghBsane
usi ng the VacuGeneTM XL System according to the manufacturer's

i nstructions (Pharnmacia LKB Bi ot echnol ogy, Uppsal a, Sweden). The nenbrane
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was digested using restriction endonuc{ eases BanHl and ECoRlI, and then
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now descri bed. = Sel ection for Phenotypic Variants in Hunans
like phenotype derived from among the predominately T-like population in the

nasopharynx in natural bacteremic infection.
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),4,18,19 511 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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In order to test whether selection occurs for different pneunococcal
phenotypes in carriage and bacterem a in humans, paired isolates of the
sanme serotype were obtained fromthe nasopharynx and bl ood of patients who
exhibited signs of sepsis. It was necessary to obtain paired isol ates,
owng to strain-to-strain heterogeneity in colony norphology unrelated to
opacity. Pneunpbcoccus could not be isolated fromthe nasophary;ygo/ggg
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partlcularly marked for the O variant, as shown in Figure 1A.

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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Nasophar ynxBl ood/ CSF' +- N A2 TT71(4), 4, 18,19 511 021(2) 101 0OTO
T0101(4),4(2),6,12,15, 22 514 14/10/2004 Notes: 14/19 invasive isolates
wer e obtained fromcerebrospinal fluid rather than blood. Z N A neans
clinical status not available. Effect of Oxygen on Anpbunts of CPS Host and
bacterial factors that could pronote selection of 0 vari ants duri ng
infection and T variants during carriage were investigated. 3@@@/2004

hypot hesi zed that | ower oxygen tension of the sort that vvoul d

encountered in consolidated lung would pronmote a transition to fromthe T
to the O phenotype. Gowh of a type 6A clinical isolate, P303, in reduced
concentrations of oxylreeifesrfiavisemsntal gxysenand sarbordioxide spncaniEasion
switching f i ons (|n
t he presence o gﬁede?uea%}gttaggé%gﬂ%%%g%%o wc]%?@on g g 39?&%Eg\l;§ver
associ at ed wi indicated In Figute@ (Kithzt ajarl 998)d Therammountsoafi QPSqlﬂrlelglmn phtotadgy that
was partlc ke A.., Because
pneunobcocci Eélfi l‘J"rér i as(lﬁgeg%dh%g%ﬁ} mgé;%lflggsd%&ceba here lgtgé ofthCPS t han
t hose exhi bt:dilbmgsdrfaee aiei)h&fwiﬂy@sulmtvolmﬁe Qﬂmlcdknhtédw&ml\ésdaﬁﬁtlont he
greater colo Si ze ass ted with t f.orm was a re I ncreased
producti on g%?ﬁ?%“&]’i‘f’ &”F@‘f“g(rﬁﬁcﬂf"éfngwltgc‘il@@éﬁ af’?]are?na?l caé‘?du‘ﬂl es, the
refractil e 7as1e mf OQB&BWtéMGiﬂMnbd%ﬁhaﬁé omtmﬁw%hm;grmmﬂb&eai usi ng
the Quel | ung reactlon and t antisera, as shown in ure 1B. This

zone was | afi§ERSEIAMQUAE %cﬂﬁ?ﬁs%i‘te%pgﬁnW@HHéﬁl to t&ﬁa'efPBBPES%H@ tGromth | n the
presence of (dQ%rEHbER vghﬁff a&&m%@&dhfanﬁmtgef,%m%ho%fcd ha

phenotype in the presence of oxygen or growt e T variant ‘under any
of the condafi%ife wmqum&thf Bspmueﬁdsmmrdw&&mdudmncmﬂmast when

t he bacter| i‘ﬂ?@ . of

capsul ar eri ae1r (‘:ngiﬁr no r%ﬁﬂ?@gﬁ (g:?r?d?i'baroun (E)An?ggn%ﬁség 0
pneunococci undélnﬂm anegrobit comliﬂdmtimtlhctpk&sem:hlolf‘lt)% G@z, thelevariahomdé 20 synt hesi ze
inereased ayant LS Cbs. Siiitafiduts Weré Shed 18hg 5324 1% tates obtained

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

Table IIT
Characteristics of Pneumococci Grown Under Various Conditions
Colony Morphology’
O-form T-form
O,(%)| 21 16 {<0.1] 21 16 | <0.1
CO,(%) | <0.1 3 10 | <0.1 3 10

Average Colony Area (mm’)* 3.53 [ 742 ] 169 | 1.02 | 5.15 | 123
Volume Occupied by a Single Cell, 364 1 685 ]|63.5| UD | 462 | 10.6

including Capsule(um®)’ '
Capsular Polysaccharide 126 | 221 | 997 | 354 | 194 | 34.2

(ng/pg total protein)®
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oxygen tension, higher carbon dioxide tension, or both pronotes increased
CPS production. -20 14/10/2004 The effect of environnental oxygen and
carbon di oxi de concentration was assessed quantitatively using an assay
devel oped for neasuring anounts of CPS, as indicated in Figure 2 (Kim et
al ., 1998). The amounts of CPS per mlligramof total cellular protein, as
assessed using the capture ELI SA described herein, correl ated T@Q&QO&@Iony
surface area and with capsul ar vol unme val ues cal cul ated based on
visualization of zones using the Quellung reaction and with col ony surface
area, as indicated in Table Ill. Oformbacteria at either md-1og phase
or st ati onar YopRand Tyagenthokthy same epe 6Aslinisaldealatanount s of cel | - associat ed

CPS conpare T- | f e 0.t 6A variant
under anaer gﬂ*%cté'%ﬁ%ﬁ g[rlé g%sga %g@ﬁ%‘%?‘és?egﬁ@gﬁ%fw%&ﬁs&ﬁmé‘aﬁ%z STPIFCR. £ ol d
ri se in the thpavetage pf déterGiBitiononiadeuking-thraeaingtt well ishiGtepcoldtizsi on i n t he

ame cells il tured under atnospheric, condit|qns. ared to T varjants

;r own underﬂ?ef?‘évglﬁgf‘earr%ﬁ?ssg 8‘68?!1%9 Ratept f%@%ﬁ@é‘é%&#‘%%w a"th_e 0

vari ant nmadehe2@Brmila f&ghegoltime bf £5beri&il Rilpasid) BS@/6)E WAE VahRE téiréseft thsi ng O
unrel ated clipnical isolates (i.e. using

d T isolates obtajned, fromtwo- ur NI
? ;pes IGE andv¥ags ‘?fa ‘JFE?HPE‘aV‘P‘}SrP%tg?"ﬁ(E‘E@?‘P%%lé%‘“ﬁfdlmhm@de corespamd Onder
Vari ous Condisty 1CoUDN ¥nd¥h¢ hBO] M?f@@p&ﬂ%é%%&%ﬁ%et&%{%@ <0.1 21 16

<0.1 C02(% <0. I310<0. 1310 Average Col ony Area 43.537. 4 91.025. 1512. 3
SThese values are based on capture ELISA assessment of organisms grown in liquid

culture at mid-log phase. Values are the mean of two separate determinations.

Production of CPS in culture supernatant was assessed for type 18C
pneumococci after growth to stationary phase. The observation that a greater amount
of polysaccharide was produced in the culture supernatant of the O-form variant as the
concentration of oxygen was decreased and as the concentration of carbon dioxide was
increased indicates that increased CPS production was attributable to increased
synthesis of CPS by cells under decreased oxygen/increased carbon dioxide conditions,
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 fhan 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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Vol unme Cccupied by a Single Cell, 3.646.8563.5UD4.6210.6 including

Capsul e(pLM3) 5 Capsul ar Pol ysacchari de 12622199735.419.434.2 (ng/gg total
protein)6 -21 14/10/2004 'For 0 and T variants of the sane type 6A clinical
i sol ate. 4These val ues are based on col onies observed after 16 hours
growt h. Values represent the average of determ nations nade using three
single well isolated colonies. 'These values are based on capsy&q&aggierial
reveal ed using the Quellung reaction and the forrmula for the volune of
spherical ellipsoid, V=(n/6)LW2. Values represent the average of

determ nations for three diplococcal fornms divided by two to correspond to
a singl e celsignaltyanedugtiemsysteufor sensingand fransdpcing oxygen teasion/praserse vais

det ect abl e. : . . S ne 0
or gani o of e, HRESy SERBARREInERRbIIE TLE B BRFRIEBIOR, rean o
t wo separ at sigdgttensduction systmsHourdlio theqgenarhe 6PStypa 3 dsdldtelofwereper nat ant was

assessed for_type 18 ne ocgl_aft ro tgtionary phase. The
observati on tr?ﬂsﬁ)m}f d‘%&i? ’P'i,g%lfﬁ °s°8¥’°‘§{?|hg§‘8\§@%a>§8®- aésc%ﬂ%ﬁced in the
cul ture supaarbatisginutatioidia réspbavefeaiddtorctivimolseubd RercGRINCERIWERE 7 @OnsBuctdXygen
was decreased and as the concentrati on of carbgn dioxide was increased

i ndi cates t haboripgmutations tﬂ%&%ﬁ?wwe&tﬁﬁeﬁ&‘%aﬂ%wwmﬁéreasgd .
synt hesi s ohosbR tEsQédiﬁFBOS’,Qﬁer@%Eﬁ@éff&t9%%%%&%2@23%09%&% di-oxi de

conditions, rather than being attributable to decreased rel ease of CPS
from cel | s @#rsule formationsas@ssessed yaing theQuellurgireactionoin experanends wovich thons. A

type 9V iso ] . | . v At ;s of CPS
vt attri bural eppryEiidb Bkt Tt liiEa Rart MBRRYY 0 70y
bact eri a gr dwhtheeffsttaf onygenyis mhdisted throughe PCIES; atthough ohe ¥f these dystamdi oxi de

cxh D11 00 15 b AL, R RSB BB BP0 (1
of oxygen. This confTheigehes ihad lotuseknowii gE€be tequiitddfor expaésbion of ORS wedd bon
01 de e O e SR 020 Y LR Abpd 351 Sheciich Tl 1
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
cpsB, 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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Changes in CPS Production Correlate wth Changes in cpsD/ CpsD The next
phase of the study addressed the nmechani sm by which the effect of oxygen
on CPS production is nediated. Involvenent of a two-conponent -22

14/ 10/ 2004 signal transduction systemfor sensing and transduci ng oxygen
tensi on/ presence was exam ned. Previously described marked nutations in 11
of the 12 of two-conponent signal transduction systens found iﬂlb/agogenome
of a type 3 isolate of were transforned into strain P303, as described
(Throup et al., 2000). 10 constructs harboring nutations in response

regul ator honol ogues were nmade, as were 7 constructs harboring nutations
in histidiné2R) 30d s B e quirrg forexpressipn ofithe preumacaenal cdpswioudjues
tested in P f . 'y 0 si.ze or,..zqne of
capsul e for ftra i%e%l Ql%e@ as éﬂslgteo? %@ﬁ%%r%%hﬂe%cz??}%gsgsgé)lena%%lh%rﬁéml cn"heté%elsfi ment s
i n whi ch t hénvadeddlis chaan tengthoegulativdend expoet af thecextracediular polysacEhdriler esul t

I ndi cated t . 1L g nl ik that .t effect of ox I s nedi at ed

t hr ough a T@%‘éa&?ﬂ foﬁ%?)ég%c'%%m(%a%ﬁés@gyét?‘é%on ?tr"i‘?t @%Sneum)coccus coul d
not be exam ned becauleE!dodi, Wb ardaghe tdvetsibldsutesivsptordhtionia tg8eigs in a

| ocus known to,b reg%i red f§§ %%r%f%i)q%g of gC)lgs were exam ned next. Since
the ef fect 63“85?338}? £t 2k dRt)s Ao antibgdehich is designated AG100f nul tipl e
types, ge ne_avtﬁanﬁﬂdsvs@sciﬁm?gmdi BHoSPHRBatbd BRSSIMNEESdER Wk dedad dEﬁﬁm‘EPSt

| i kel y candi dates. Anpng the genes in the capsule loci, only the tirst

four, cpsA- By Westem aualyssthatphesphondated yrosise igipresent wrthe pyqumocosaunndl | i et
al ., 1999). %?%ﬁﬁ ' tﬁ%ﬂﬁ : ' | nd to
have | arge g%%agggp assg{sasyez(fqgfi t ewﬁgf%ﬁf;@%g{a%ﬁ&%ﬁﬁ%‘?om
under at nos [Shldhisatexofithé typo 04 isclate. Adingid tedd ofith€aithe size wakalseidendt al . |
1970). Unli NDCOLC t ested,..type 3.strains failed
to show an Eﬁ‘g?éeézflslgﬁla% P ﬁgl%g f§§ﬁbféccg¥§§?g§ﬂa$meg&ﬁﬁse§u%hw‘m t ur ed
under anaer abseat framnik typoR pneunsicaddi ehitlohdvea thinested GhsD). Teseur ed under

at nospheric ondi.tiona_ tgg%ed og?,thi S obiaervation, differences in cpsA-D
bet ween t he °PSpYAtSns ndicatgd thap Cpgl) jsphosnhgpydatable at afurosingiresidye. Burbirogs of

cpsA, encodievidestefthtt 3510 vak E&ngﬁiihgtbmﬁll\{iﬂéiﬁl%é?ﬁd}ﬂllateﬁ'iﬁosiﬁpﬁﬁidué‘snc‘)di ng a
protei n of unknown function, are present in the type 3 capsulation |ocus

(Genbank ac#88&piaincd by comparmg;strajns D3R (aneion;engapyalpted mranikand RGxdediraiy CpsC

in having a 7504 base pair deletion spanning ¢ps24-H, of which only 4-D are common to

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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serotype 2 pneunococci is highly conserved in the type 3 capsul ation | ocus,
but the predicted CpsD in serotype 3 pneunpcocci is truncated foll ow ng
am no acid 69 (of -23 14/10/2004 226). CpsC and CpsD are required for
expression of the pneunococcal capsule and together are honol ogous to a
single protein (Wc) expressed in Escherichia coli that is involved in

chain Iength regulation and export of the extracellular pol ysa%:/ %E?‘?
desi gnated colanic acid (Mrona et al., 1999; Stevenson et al. . In
E. coli, Wc undergoes reversible autophosphorylation at a tyr 03| ne
residue (Vincent et al., 1999). A nonoclonal antibody which is designated

4GLO  whi ch 46l AdeacipeprofeinisinplCpdG. Ht whotheteforg conclided fha Epsi2 prosein dues was
used to deteg %H&sa% %ﬁg‘h@d}%\ Slsxélrgw% 2.% R §m850\&@st ed tyrosine is

present in t e pneu ngl e approximately 26 kD, the
predi ct ed 5| ze of Cpslmeemtpﬁge'ethtumderwatmhecomexittahbnysﬁtoasgmfanﬂhabbype 6A

i sol at d. of |
Sores of. DieaORRaR by BB B PR SRS, TOel o SRl s
absent fromtlid® ahd TormspTehe WEOSA pndutticottalidylaterietighiie PP 3 wiisihad These

observationi I ndicated that CposD I's pho;phoryl at abI e (ﬂt a tyr05| ne residue.
Further evPBREHEeWR pader yareps gauceptratings of prygeudraban digride wrtsadnisted| at ed

tyrosine res shi&mivalés d&ﬁ&ﬁhﬂf&a@nﬁwﬁ%?ﬁ%dtaﬂ aidiyad E&‘fné?ﬁ@ an@sﬁ}hotyrosme- |

non-encapsul ated mutant) and R6x rain having a base” pair
del eti on spmiﬁ@lewmmtlbvdwmw Theirgsults of these experiroents are skawiein t ypes;

| annel | i 31 corrected
in some expe rrent 29%)9 tﬁ%ﬁlsw%xh%ﬁﬁz{ﬁﬁggwgvaggﬁﬁg@ﬁ%}ﬁé tal ned from

ei ther the (toppeinzhe p)@@:npawfmxyg@t r'lanere\msrwrbngltgmmrthn extiact q,htahczll an
encapsul at eqr strain thlly eﬁ@kép"? 31} 2 ca Li| e! n th@ §3qu é‘?

geneti c back mh%)prqg(érn?e ST " §° se%'g{vn\'ﬂ: YR R E?pl % R6X
tra ?sf or gantl oﬂ?tg'urdf manerewwﬁo ipparentiéffdeoolfydifferehces ﬂiﬁ((:jdrb’diﬂhaxlﬂfténilgﬂnz f or mant
confirned t e |on otein cor onding_to thi an
requires on °5’f (ﬂi P’saﬁll?‘{ﬁ‘fj‘rtedgﬁ’r{'ﬁﬁﬁsﬂéﬂéi“qeﬁg 4aidi %%upafl?r | ocus and
an intact cepdifidnstesidd (okjgehad. 19810219 ARrtatdvaldidide <034 to 'i@%?tréééﬁvi@)'; otein

i S not I|kel¥ to be CpsA or B based on size. There are on

conser vat | v@ ﬁ\ﬁaﬁﬂb‘@mvﬂﬂt%ﬂﬁgewﬁﬁt%@ iyaxign avas faiptel Syn@}rgeu¥téwevm| ch none
i nvol ve id&ﬁ usﬁI;E BtteAGiR| AR (G drd &%Sﬁlhé/@thglatpgsfng pfl&‘f)h&%‘?ioﬁ strain

I ndi cat ed t ha
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 anacrobically in the presence of 10% carbon dioxide. The RNA was probed using a
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-24 14/ 10/ 2004 4Gl0-reactive protein is not CpsC. It was therefore

concl uded that CpsD protein conprises a phosphoryl atable tyrosine residue
i n the pneunbcoccus. The effect of growth under various concentrations of
oxygen and carbon dioxide on tyrosi ne phosphorylation of CpsD was

exam ned. Lysates of whole cells of the O and T forns of the type 6A
pneunococcal isol ate designated P303 which had been grown undgk Q?@
concentrations of oxygen and carbon di oxi de were adjusted to @2 al ent
density and exam ned by Western anal ysis using the phosphotyrosine-

speci fic nmonocl onal antjbody 4Gl0. The results of these experinents are
shown in Frigasdiragment of epsDe Quantitaiive differensss in ranscrptionak ashvibp¥erenas

det ected i ng&B@nifled/sy és@ékgln§99ﬂ¥U?zdtlethﬁdW -RBAEEFroBE witk Y. Pin niRRACM@S No
reactivity with the ‘extrac btained from an approximately equal nunber of

cel | s gr ownadingtimgdhsse aplugs foptheitotal amauatioff RNApriesentin gte lwbgduzethm as§yer e was
no apparent m%ttpx%c triQle %E&ﬁxgésrﬁ;{‘?eg@nﬁﬁ?t%ﬁﬁp _ygl:r? ?&r@&&a‘?@ﬁ 55’&‘% %Ib?t% aﬁ 1to

10% as indicated byt anes
condi tions bﬁ'&tedﬂ(edzwj;ef\cpsbt:hnﬁédpuoﬂmwm @&Dbaaudnsnnbdbatqcx 4fadto 10%,

reactivity of t n cel | tra of t var i s faint.
S lar 1 oot PG TR Pl SR i Ortfh S8l i e Bitptord SapRarL RS

concl uded t hadsctipticiai ngulah@mhpw hafemnes é o&bﬂpph&o@ﬁfeeﬁbﬁdmméo&ﬁam ty
phenotype and re n th prese gen. Difference in

i T e
tyrosi ne phospho%?"&’t‘ﬁ &l‘Pba‘T'?%‘Efl ‘?‘ﬁ tiogrifisaccount for

decreased elSél{eQ&f HANCHND fegiatel CPS I%P(%&HI?&P C@drrél:ihoh %tv\%ﬁ afReace oxygen.
Nei t her 0 nor pneunobcocci grown anaerobi cal | y express phosphoryl at ed

tyrosi ne; h@bm@d in the degrse phiarrsing phesphovylationof Cosl anddiffereneasiieCBRces in the
d f IME$

d??]t g?egcessfg?év}\g)g’%u éﬁ@l d?ﬁﬁa{]\%@%ﬁg&? to S%gf ereﬁ%s [ n&??‘ie | evel
of transcri bm@mwwpmmmhacidewbmc shhiladthasetymspmrautvphbwhenymmgom in

glngﬂ;rgcgccl?&%l{"fedfl# lﬁjélg‘&h'gﬁm "t‘ﬁ é{ghgrfﬁlagtband i é%f]‘gﬁstp?ons or

anaer obi cal kxtracellilirepolysecchiide cofanikQfid: acrmwml hasdade 1deim9 aild9vas probed
using a - 25similarity over 188 of 229 amino acids to Wzc. CpsD of serotype 23f pneumococcus
contains an unusual carboxyl-terminal amino acid sequence (YGSYGNYGNY
GKNKK; SEQ ID NO: 3) which contains 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. Itis 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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14/ 10/ 2004 cl oned fragnent of cpsD. Quantitative differences in
transcriptional activity were determ ned by assessing hybridization of

radi o- | abel ed probe with cpsD in nRNA and adjusting these values for the
total anmount of RNA present in the hybridization assay m xture. These
experinments denonstrated that oxygen concentration had no substanti al
effect on the |l evel of cpsD transcription. However, cpsD was t@gw@')béfed at
a 3.4-fold greater level in T-formcells, relative to O-form STt was
therefore concluded that transcriptional regulation of cpsD determ nes the
opacity phenotype of pneunpcocci. Wthout w shing to be bound by any
particul ar TespeRsy tyeoleeonacityyphenptype and exygemnctension isproposed> Fheguodel es CPS
production. ; elam -di g | D.:khe. ree of

Py osi ne phasaniss uakieBiciE} RRAH bf LS LE o SIAHMERISEREHER, 00 O por
this theoryCpsD.is believed that CpsD functions as a tyrosi ne kinase,

based in part on its am.0o acid.sequence simlarity to a tyrosine

aut ophospﬁoryl ating @R‘ﬁﬁeﬂ‘}eﬁg‘ﬁe‘g%ﬁ& ?‘Ef?f‘?’lé‘df?]%&‘\g& si"KvogYF i"® | ength

CPez3ED has 300 dont 1LY ane A0 e Ity over iR af 356 amine 201 ds 1
s as oidenti and 49% simlari over, . 0 amno acids to

\9\2 c. CpsD offCSOURS %@c ivly ighrrepuatsof Q?ém&aﬁeﬁ%edé}houm%mumocow

car boxyl - t eqiiddahachbi® Sordtichs SRPAE REM tha¥ SEAPEDNAPulatbhNEKepsPE@hdR NO 3)

whi ch contains a repetitive feature ((YGX)4 i ncluding tyrosine residues.

Thi s car boxyprcousts fersignificanbpropartioh pf EP2 expressionaesulatipneasesendilevel of aci d

sequence he | ; | . L nder of
b Tt 1o TLHERE fYolOR finB) HOAS Eon NP & HoSpHof il Nt iSRS
pneunococcalkesidiesromEpsR. Bhdsphdrylatitnl ef CpsDx dffectsanlyathe Oi ayiantfanti néqaiires
carboxyl -term nal portion a t rain e, sequence varjatjon
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Cterm nusIO {th aot;?gs,i n,re- ich repetitive feat reu lla,nret al ., 1999).
Inability t%@?ﬁ%‘i"s&ta@t“&‘typ‘ﬁé{ﬂﬁb‘@eﬁ 1 shyroging Fﬂml%b"“a‘“ﬁ‘ﬁ?s&f MSn in cpsD
while mai nh@%dﬂiive%ghi&ﬁ)@béd\ﬂit&%bfﬁ:sb,%cﬁﬁﬁﬁﬁﬂb Horylated ¢psD @bcredsss f ur t her

e

evi dence of t | mportance 0O is.gene in S ‘and capsul e production. The

fol | owi ng msyethesigrof ChRSadenacEabiq ennditions;| As ¢ rrsulbress §PSds maehy Orvarigms
14/ 10/ 2004

under aerobic conditions than under anaerobic growth conditions. Relatively low CPS
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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response to colony opacity phenotype and oxygen tension is proposed. The
nodel involves transcriptional regulation of cpsD and post-transl ati onal
nodi fication of CpsD. CpsD is a negative regulatory factor which act on
genes involved in biosynthesis of pneunococcal type-specific CPS.
Rel atively |l ow cpsD transcription accounts for the relatively high anmunts
of CPS expressed in O-type pneunpbcocci under anaerobic conditigq ¢$art
fromtranscriptional regulation of cpsD, which accounts for a i@ﬁp cant
proportion of CPS expression regulation, a second |level of regulationis
i nvol ved, namely phosphoryl ati on or autophosphorylation of tyrosine
resi due(s) omp@panbin fapiditating thel abilityof encapSpledbhttens ® adaptyto theadifferiny | ant  and
requires growt -0hi ndi t.ions. Detectability of CpsD which is
phosphor yl atrée)@ﬁ%{n%&g%g“g&%fr&eﬁaﬁ@’r"gesﬂ}lﬂ'é‘ residues only in the 0 variant may
bﬁ duﬁ toI i ncreased p‘heai@hﬁiwsef@eﬁy!pai&u phﬁ?ﬂamn&ﬁmm@bliéﬁfbﬁégﬁége .
phosphoryl ati on jncreases the . negative reguylatory activity o sD, suc
that phosphdfifitis dgre 950@831@&?5%“{’%?2@(’?(58?%‘%?“@8 under aer obi c
conditions. As a resulWhile!this fvefton s BEAiRY0sEd With réRlefice PRI fiGier obi ¢
conditions than under anaerobic growmh conditions. Relatively |ow CPS
product i on icmbediments, K isappaenicthat othey embedimenfs and casiatiansf thig inventienyaa
tyrosine p i | Si i i ression
I%e%ehgé&ﬂﬁam&@sﬁﬁem%%{t itk Héﬁ%r%tﬂusﬁ &d}%g&&%ﬁ@@g@

of cpsD in T-form pneunococci. previ een descri as

i nproved gr @hthe invention. Theappesied clhimsiincludaall sush einbodiamentstand equivdlémct of

i ncr eased ngi 0Q%)hesis resulting in larger colony size(Mdde, 1978).

Honol ogues o %%s with even greater simlarity to Wec are present in many
other species of bacteria that express surface polysaccharides. Exanples of
such species include Streptococcus agal acti ae, Staphyl ococcus aureus,

Kl ebsi el | a pneunoni ae, and Aci net obacterjohnsonii. Since capsules and their
size are critical determnants of virulence, the ability to regul ate
anounts of CPS based on transcriptional and post-translation nodification
of this class of gene/protein may be -27 14/10/2004 inportant in
facilitating the ability of encapsul ated bacteria to adapt to the differing
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requi rements of col onization and infection. The disclosure of every patent,
patent application, and publication cited herein is hereby incorporated
herein by reference in its entirety. Wile this invention has been

di sclosed with reference to specific enbodinments, it is apparent that

ot her enbodi nents and variations of this invention can be devised by
others skilled in the art w thout departing fromthe true spirig/1gpdogcope
of the invention. The appended clains include all such enbodi nents and

equi val ent variations. 14/10/2004 Wphat is claimed is: 1. A nethod
of produci ng capsul ar pol ysacchari de from a pneunococcus, said nethod
conpri si nWhetis alannedjisan opaque vari ant of the pneunbcoccus and nmmi ntai ning

sai d opaque variant, of the pneunpcoccus i.n a.qgrowh diumin contact with
a gas having an oxyb&n@ﬁm@ﬁl&r U6 Faulinmabiecbatde B9 2 RIGUEIORIHEd

optional I gid ﬁ@ﬂ%ﬂ!c&n?ﬂsi&%%ﬁiﬂiﬁ@aﬂ qRE QFaR df ARMEhAbcRELY &REChari de. 2.
The nmethod of claiml, erein said gas has an oxygen concentration not

great er tthaintaaijog said opadue Variantd tgepreuthogpcass i agowthimeadain irsedngact with

pneunococcus, ,i.s. an_organi smof, .th nus ., St ococcus. .4...The net hod of
laim s, ahe e iliatad Bt S frmion T e FiParmatr S Sojenfas

St r ept ocogumisispipeTRiM@te pPodutbecapstiappol9fachaid® 4, wherein said
pneunpbcoccus is a variant of the speclies Streptococcus pneunoni ae sel ected
fromthe group consisting of variants 6A, 6B, 18C, and 9V. 6. The net hod

carbon di o do. 7, T ReRo I i, PR TRl ) oS B RAGRbARR

pneunococe greates ahah abeth@d%conpri si ng, obtai ni ng an opaque variant of the
pneunococcus and naintaining said opaque variant of the pneunobcoccus in a
growh mediumin contact with a gas having a carbon di oxi de concentration

greater than about $H%nheSRtHod'SE dgith PRIARERShM pneumococcus is an organism of

the genus Streptococcus.

4. The method of claim 3, wherein said pneumococcus is an organism of

the species Streptococcus pneumoniae.

5. The method of claim 4, wherein said pneumococcus is a variant of the

species Streptococcus pneumoniae selected from the group consisting of variants 6A, 6B,
18C, and 9V.

6. The method of claim 1, wherein said gas has a super atmospheric

concentration of carbon dioxide.

7. A method of producing capsular polysaccharide from a pneumococcus,
said method comprising, obtaining an opaque variant of the pneumococcus and
maintaining said opaque variant of the pneumococcus in a growth medium in contact with
a gas having a carbon dioxide concentration greater than about 5%, said method optionally

comprising isolating the produced capsular polysaccharide.

8. The method of claim 7, wherein said gas has a carbon dioxide

concentration of at least about 10%.

-29.



conprising isolating the produced capsul ar pol ysaccharide. 8. The nmethod of
claim?7, wherein said gas has a carbon di oxide concentration of at |east
about 10% -29 14/10/2004 9. The nmethod of claim7, wherein said gas has a
sub- at nospheric concentration of oxygen. 10. The nethod of claim9,
wherein said gas has an oxygen concentration not greater than about 0.1 %
11. A nmethod of alleviating a pneunpbcoccal infection in an ani gghgrbbs

met hod conprising maintaining the aninmal in contact wwth a gas having a

super - atnospheric e i on_af 40 . h | ai m 11,
wherein the |ungs oi%ee&é{r}l’l%brg?daa&é 7f‘r§’¥%rt%gll Sﬁitggasﬁﬁggo& 5@?08%{1%% t he gas.
13. The nehbafratibnof axypehl, wherein the gas has an oxygen concentration of
at | east about 25% 14. The nmethod of claim 13, wherein the gas has an

oxygen concentration of at |east about 50% 15. The nethod of claim 14,

wherein the gas |s fHREAUA OCIAM S VKR Said bs hal 4 SELAPLoRLnEHR™ 11,

wherein the infection is selecte e group cons I'ng of pneunoni a,
bact er em mot gemapsitlsan dodt k. ngitis. 17. A nethod of maki ng an i mrunogenic
preparation for admnistration to an animal at risk for developing a

pneunococcal infection, the nmethod conprising the steps of: a) obtaining

an opaque variant of} AR $TREQGAHT a PleufcBEal Mol 3 &h ARAANEHYAr | ant
of the pneunpbcoccus in a growth nedium having an oxygen content |ower than

t he same medpdgompusing haintaidingtthe arimahinecontashpithatgas baving h sapegas havi ng an
oxygen co c%ntrationé S t%ﬁp 19%} and -30 14/10/2004 c) isolating
capsul ar %3ﬁ@§§@8ﬁ3??8‘ iﬁ%) ol %y the cells fromthe cells;

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.

17. A method of making an immunogenic preparation for administration to
an animal at risk for developing a pneumococcal infection, the method comprising the
steps of:

a) obtaining an opaque variant of the pneumococcus;
b) maintaining said opaque variant of the pneumococcus in a growth medium
having an oxygen content lower than the same medium equilibrated at the same

temperature with a gas having an oxygen concentration less than 16%; and
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wher eby the isol ated pol ysaccharide constitutes the inmunogenic
preparation. 18. The nmethod of claim 17, wherein said gas has an oxygen
concentration not greater than about 0.1 % 19. The method of claim 17,
wherein said gas has a super atnospheric concentration of carbon dioxide.
20. A nethod of producing capsul ar pol ysaccharide froma pneunococcus,
sai d nmet hod conprising obtaining an opaque variant of the pneumpgooous and
mai nt ai ni ng sai d opaque vari ant of the pneunococcus in a growth nedi um

wherein the ¢ rﬂBﬁtiﬂ%Q@FﬁE{: g@ggﬁ@%:pggd&fed %gitﬁ’e SIS Woth HEdLin I's greater

than the concentratio e 1n the sane growt h nmédi um

equi | i br avhetelat the hevlatedrpolly savplearateconstititel the imgpamogenip preparagioh% car bon

di oxide. 21. A nethod of produci ng pneunococcal polysaccharide, said nethod
conpri sing obtaining an opaque variant of a pneunococcus and maintaini ng

sai d pneumpcoccus {g) The MeMEdofM BT, R s M cAXNASR o%?gérﬁwnc&ﬁmbnt han
the same nediumequilibrated at the sane tenperature w a gas which has

an oxygennat@matartthasfabous0d %22, The net hod of claim 21, wherein said gas has
an oxygen concentration not greater than about 0.1 % 23. The net hod of
claim 21, wherein said growth nediumis substantially devoid of oxygen.

24. The nethod of cl®AiMRe2dethod\6ff RAith BRwheHi® Wil ghiEkHsWBupasatmoSpheon
di oxi de content which is greater than the same nmedium equilibrated at the

sane t engseeenttationgf carbpwdiexideai r. - 31 14/ 10/ 2004 25. The nethod of claim
24, wherein said growh nediumis saturated with carbon dioxide. 26. The
nmet hod of claim 24, wherein said growh nedium conprises a carbonate or
bi carbonate salt. 270. Ametiodad pedduaimgeapsulay pohahdvharide fremta mreumovsudus,s

useful for alleviating . a pneynococcal infection in an animl, the nethod
conpri si nﬁii(@@ﬁ%ﬁflpﬂﬁlp%ﬁlgg @g@?rggg @ opaque variant of the pneumococcus and

maintaining said opaque variant of the pneumococcus in a growth medium, wherein the
carbon dioxide concentration of said growth medium is greater than the concentration of
carbon dioxide in the same growth medium equilibrated at the same temperature with a

gas comprising 5% carbon dioxide.

21. A method of producing pneumococcal polysaccharide, said method
comprising obtaining an opaque variant of a pneumococcus and maintaining said
pneumococcus in a growth medium having an oxygen content lower than the same
medium equilibrated at the same temperature with a gas which has an oxygen content of

16%.

22. The method of claim 21, wherein said gas has an oxygen concentration

not greater than about 0.1%.

23. The method of claim 21, wherein said growth medium is substantially

devoid of oxygen.
24. The method of claim 21, wherein said growth medium has a carbon

dioxide content which is greater than the same medium equilibrated at the same

temperature with normal air.
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phosphoryl ati on of CpsD in pneunococcal cells maintained in the presence of
the test conpound and the degree of phosphorylation of CposD in the sane
type of cells maintained in the absence of the test conpound, wherein if

t he degree of phosphorylation of CpsDin the cells maintained in the
presence of the test conpound is | ess than the degree of phosphoryl ation
of CpsDin the cells maintained in the absence of the test conpgypdoodhen
the test conpound is useful for alleviating the infection. 28. The net hod

of claim 27, wherei4xt . Pﬂp : ' ' ed by
assessing the nunbe%s'glri&gﬁlﬂeg%cﬁ%rc%a ed%‘?{%%g%%a%&ehg&stﬁ u%s&%%e%éﬁ?él&%ﬁ&l@sD
29. The nmtrbuaddiotidel ai m 27, wherein the degree of phosphorylation of CpsD
i s assessed by assessing the fraction of CpsD having at |east one

phosphoryl ated tyrosine residue.
26. The method of claim 24, wherein said growth medium comprises a

carbonate or bicarbonate salt.

27. 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.

28. The method of claim 27, wherein the degree of phosphorylation of
CpsD is assessed by assessing the number of phosphorylated tyrosine residues present in
CpsD.

29. The method of claim 27, 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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