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gram negative diplococcus. Al though the pathogen primarily infects nucous
menbranes, it is capable of invading tissues and evading host defenses. N
gonorrhoeae is the causative agent of a spectrum of sequel ae. These range
from 20 asynptomati c nucosal infection to significant disease syndronmes in
both men and wonen. The nore serious of such syndrones include, for
exanpl e, dissem nated gonococcal infection ("DA@") in nmen and wonen, as
well as salpingitis or pelvic inflammtory disease ("PID') 25 in wonen.
Either salpingitis or PID may thensel ves WO 01/ 32692 PCT/ USOQ 29749 2

| ead to | ong-term sequel ae, including ectopic pregnancy and infertility.

Q her inportant sequel ae, sometimes requiring surgical intervention,

i ncl ude recurr entPEFTAPRMNIMIGS @H’lrQQNS@REED\ﬂQNOQQCML Eiyspazeumm pelvic s
adhesi ons and ot 28 ANL i JHENMS that in the
United States, the direct and |nd|rect costs of treatlng PID and

associ ated ectopi ¢ pregnapgynditss P& IdF k¥e rnvENTION

5 The present invention relates to peptide

mimics of conserved epitopes of Neisseria gomorrhoeae,
which epitopes are not found on human blood group
antigens. This invention also relates to methods and
compositions using such peptide mimics for the

10 prophylaxis of gonorrheal infections.

BACKGROUND OF THE INVENTION

The sexually transmitted disease, gonorrhea,
poses a worldwide risk as one of the most commonly
reported communicable diseases. Gonorrhea is caused by

15 the bacterium Neisseria gonorrhoeae, a gram negative
diplococcus. Although the pathogen primarily infects
mucous membranes, it is capable of invading tissues and
evading host defenses. N. gonorrhoeae is the causative
agent of a spectrum of sequelae. These range from

20 asymptomatic mucosal infection to significant disease
syndromes in both men and women. The more serious of
such syndromes include, for example, disseminated
gonococcal infection (*DGI") in men and women, as well
as salpingitis or pelvic inflammatory disease ("PID")

25 in women. Either salpingitis or PID may themselves



totaled 2.6 billion dollars in 1984 (53). The total io direct costs were
estimated to be 2.18 billion dollars in 1990, with indirect costs of 1.54

billion do/d@hksez Assum ng constant inflation and inci s of PID,
the total cost of this disease is projected to reach 8%E/iaﬁol %@dol lars in

the year 2000 (9). 15 Despite public health efforts to control gonococcal

I nfections and the availability of effective antibiotic therapies in the °
United States, there are approximtelby 315,000 cases of gonorrhea reported
annually to the Centers for Disease Control ("CDC') 20 (12). A substanti al
proportion of all cases of gonorrhea occur in asynptomatically infected

i ndi vi dual s Weedake iors-degmceepielapst inmindingescipRin pregnameunity (6).
The i ncreasi ngidprayareiigeyof odidd hinpdiarde veghi@Die Stdonietamdas conpl i cat ed

treatnent 25 r%fqutj_ggnérhn%ﬁ?&ircgf Ht%rv%&tios@,) 'iSPlFﬁ?n%é ae has nultiple

virul ence factors, ace caonponent’s s. pathqogen play an
i nport ant r ol i@ fERtAPRa T RGLIE PLYdCi AR AysReSeuntd IReLVdAi | e provi di ng
potenti al % aragiaesibone drke ohbst DBFlemnatery eepddsa, Gonococcal infections

elicit local and systgmygshyay alse2Rsh &ElUHAakni fRAINGeEPONSES tO
several conpagnents i | Qi

ch .are exhjhited as surface _.expgsed_antigens of the
bacterium parerEdt a&r1S PrrFe 2 rlf‘hl’(’eﬁ)rcc’ftﬁr °gr5feﬁptﬁnp fﬂﬁl "), opacity
associ at ed Wen@1AS2GORRETLYSHNIE pr4gnascy mngt ahferifilityas”) or protein
I1's, R or potheed 2Jd bilaiehn |lddloaks ghsacekasedes (THOBSEH1 (7). Pili, Opa,

Por -~ and L5 gtg.al éoégg%?étéﬁiimﬁté&.t@&@ée'}t ﬁ%pbfﬁji | qpaghon of the host

and all display consi d e, s variation on their_surface exposed regions
(26, 45, 4670 FRAR0; itk ARGLTeAterost? £ &R B HHER HellgBRococcal surface
conponent s haseumhisy tapnsypot higsdstion and incidence rates of PID,

the total cost of this disease is projected to reach 8
billion dollars in the year 2000 (9).

15 Despite public health efforts to control
gonococcal infections and the availability of effective
antibiotic therapies in the United States, there are
approximately 315,000 cases of gonorrhea reported
annually to the Centers for Disease Control ("CDC")

20 (12). A substantial proportion of all cases of
gonorrhea occur in asymptomatically infected
individuals who are the source of most new cases within
a community (6). The increasing prevalence of
antibiotic-resistant strains has complicated treatment

25 of the infection (10, 11, 52}. _

N. gonorrhoeae has multiple virulence
factors. The surface components of this pathogen play
an important role in attaching to and invading host
cells, while providing potential targets for the host

30 immune response. Gonococcal infections elicit local
and systemic humoral and cellular immune responses to
several components which are exhibited as surface
exposed antigens of the bacterium, particularly pili,
porin ("Por") or protein I ("PI"), opacity associated



regarding tissue specificity at different sites and the organisnms
potential for reinfection and continued io virulence. In both synptomatic
and asynptonmti c atients, gonococcal infections have been shown to
stinulate i O3 | evel s of anti-gonococcal serum i mRSAGEI¥BUPi ns. The
peri pheral hunoral response is 3s predomnately 1gG (nostly subclass 1gG&3),
wth | esser amounts of IgMand IgA (13). Quantitatively, the antibody
response is primarily directed against the pili, Opa proteins and LCS.
Local antibodies are present in genital “secretions, but in reduced amounts
20 (48), and may be directed against different antigenic targets than
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t hose agai nst pRtli LOSorreandl Gplicarehowghtpachueststemdetted with N
gonarrhoeae MayYnghe¥en ¥F 8RéE i MY ah€SPANFE spDayidnsgaseasiecal antigens, N.

gonorrhoeae j sgl at ed. i ] i ) ,nfegtion (DA) are
Posi stant (o ¢ Ratbaciel B A sdhicite LR BARER (o8 5 (') and
of most convaléicenth&sdphrd-FRS 1PRe%s- @i YRSiaSiqR® ©phenot ype, terned
stabl e serum r gshstadtea cutfRide coaponanabhevé Hedrganyssniesesvade | ocal

def enses, pene&;%;fdi ¢9she DAYk £15; 3Nd di SHEITRR! 81 WA shliec Rk oodst ream
WO 01/ 32692 PCT/US00129749 4 lfp n_subcuyl ture man OI§tra| %s of gonococci
become phenot yBFeartSt SeReFFIN/E tg°&.’-ﬁ’1#§°'b%/°fi\|ﬁ§ o¥ SHMFH sensitive (38).
These orgamossnyizvkenar.med serum sensitive ("SS") or unstably
serumresistant. Such szgrgsiy SyepesmdicedHe dpnpsnhaied from women with
Severe nanifes%ggiéHE%,ogohggégcaﬁn £fgggybkgnh§¥e been shown to
stimulate increased levels of anti-gonococcal serum
immunoglobulins., The peripheral humoral response is
15 predominately IgG (mostly subclass IgG3), with lesser
amounts of IgM and IgA (13). Quantitatively, the
antibody response is primarily directed against the
pili, Opa proteins and LOS. Local antibodies are
present in genital secretions, but in reduced amounts
20 (48), and may be directed against different antigenic
targets than those in serum (27). The predominant
class of antibodies present in secretions is alsc IgG
{mostly IgG3) and not secretory IgA ("sIgA") (7).
Antibodies against LOS are present as well, but in
25 lesser amounts than those against pili, Por and Opa.
Although patients infected with N. gonorrhoeae may show
an antibody response to many gonococcal antigens,
N. gonorrhoeae isolated from patients with disseminated
infection (DGI)} are resistant to the bactericidal
30 action of normal human serum ("NHS") and of most
convalescent sera (38). This serum-resistant
phenotype, termed stable serum resistance {"SR"}, may
enable the organism to evade local defenses, penetrate
mucosal barriers and disseminate via the bloodstream.



clinically evident PID. Acute salpingitis, the pathol ogic counterpart of
PID (caused by SS gonococci), rarely progresses to bacteremc illness or
DA . This__io suggests that the intense |ocal inflammtory response,

gener at edMRAP18¥9% onococci, may serve to contain the i REBUBIBH4™Nd prevent
bacterem a, although at the cost of damaging the |local tissues. SS
gonococci generate significantly greater anmounts of the conpl enent derived
i 5 chenptactic peptide, Coa, than do SR gonococci (16). This may be
responsi bl e for the pol ynor phonucl eaf * Teukocyte ("PNN') nedi at ed

I nfl ammat ory response that is produced by SS gonococci. The devel opnment of
anti biotic-resistant Z@Qdﬂ I’sabaﬁlﬁjrel)l_mﬁﬁ(&’ﬁ’ﬁﬂ(ﬁ&eof r@&d@&ggr ed control of
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components FFVEFSt ﬂ%mpf;ﬁsrrr&ﬁéﬁn %;Pﬁﬁ%slqé}ra%ﬁﬁ‘éﬂt?%nal vacci nes have
been unsuccessfigicpbbravddent PR+ Agutgegalpingakiabithiey. Pilus vaccines
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of damaging the local tissues. 8S gonococci generate
significantly greater amounts of the complement derived

15 chemotactic peptide, CS5a, than do SR gonoccocci (16).
This may be responsible for the polymorphonuclear
leukocyte ("PMN") mediated inflammatory response that
is produced by SS gonococci. '

The development of antibiotic-resistant

20 strains of N. gonorrhoeae, has rendered control of this
infection increasingly difficult. The potential to
undertreat gonococcal infection has accelerated the
need for an anti-gonococcal vaccine. The prevention of
gonococcal infection, particularly the severe

25 complications of PID, has been the goal of many
investigators. Ongoing attempts to develop an
effective anti-gonococcal vaccine, however, have been
plagued with several difficulties.

Attempts to use individual surface components

30 of the pathogen as targets for conventional vaccines
have been unsuccessful because of their antigenic
variability. Pilus vaccines have been protective only
against infection with the homologous strain (used to
make the pilus wvaccine) and Por vaccination has been



target for nobst vaccine strategies. Al though the vaccine candi dates have
provoked anti body responses, the antibodi es and i nmune responses pr oduced

have not adly protective. 10 LOS is an inporta ce
det er m nant @P”Bﬂ% gonor r hoeae. Consi derabl e evi dence SE%H??'“[" ﬁﬂe rol e of

LGOS as a major target of bactericidal antibody directed to the surface of
N. gonorrhoeae (2, 16, 18, 37, 47). Antibodies to LOS have several

i mportant is functions: bactericidal activity, conplenent activation
through the classical or alternative ~compl ement pathways (2), and opsonic
activity (16). Additionally, LOS has been shown to be the nost effective

ﬁonoroccal anéhﬂﬂbée%lsifﬁﬂU&,%nalﬁuﬁlﬁxtainoeﬂﬁéeﬁﬁxe&lﬁhnbﬂﬁh&}reagaonsmFg .
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role of LOS as a major target of bactericidal antibeody
directed to the surface of N. gonorrhceae (2, 16, 18,
37, 47). Antibodies to LOS have several important

15 functions: bactericidal activity, complement
activation through the classical or alternative
complement pathways (2), and opsonic activity (16}.
Additionally, LOS has been shown to be the most
effective gomococcal antigen to induce a functiomal

20 antibody response to homologous and heterologous
gonococci (51}.

The monoclonal antibody {"mab") 2C7 (30},
detects a 1LOS derived oligosaccharide ("0S") epitope
that appears to be widely conserved and expressed

25 amongst clinical isolates of gonococci. Typically,
saccharides are T-cell independent antigens. When
administered alone as immunocgens, they generally elicit
only a primary antibody response. In addition,
oligosaccharides are small (<10 saccharide units) (19),

30 and would likely require additional biochemical
derivatization to render them immunogenic. The use of
such oligosaccharides as vaccine candidates, therefore,
is limited in several respects.



subsequent|ly used as an inmunogen to elicit an anti- idiotypic antibody
(Ab2) which nmay be an internal image of the original epitope on the

pat hogen. méqs redicted by the Jerne "network"” theory 10 (23), inmunization
with an am Y3t ypic antibody (Ab2) that is direct edCAESPHIMIaNt i gen
conbining sites of primary antibody (Abl), may elicit a hunoral imune
response specific for the nomnal antigen. The resulting
anti-anti-idiotypic antibody (or Ab3) éhoul di5react with the original
primary antigen. If the primary antigen is an oligosaccharide (and
therefore expected to give a T-cell independent inmmune response), then

I mruni zation with Ab2 (htermalotieage elptieralinmiys faye beexit a T-cell
dependent respoiRfea £20risd1a% BaeRiAlA™MAE] I atid ofeBAL &P i .- idiotope of
mAb 2C7 elicits anéi -LOS antibodies in ?85; gﬁ;ﬁ‘% rabbits r,?’ﬁ;at together with

conpl enent  ar¥EBREPE 1 oF FHOFEF Yo ftks t 8t *BetRMPPom ani mal s

i mruni zed wi tf tiFitergati on dihet pprieogan icendhe aprasugsdsupfhe t s
opsonophagec g isulyir har@ibodNsakP0)can be hasi Aledoah@en shown that |
synthetic PRI ARNO] oM J0dThe 2 NARABLANS QLD guafdinding Lo a
specific antibody directed to the nomnaF antigen can alsqg elicit an

i mune r esponsEotyRLAsERtiRedofRA) whighaRRY Réh apodnteynals ipagghe need

exi sts for arofaghet onsgifndl fepitope orpreeecpétimygenf. gonorrhea targeted to the
prevention of gonococgal,,3RliPLEGI Y She@Betid Gl @BykNatn be associ at ed.
with debilitafing and chraonic pelvic pain,. 01/,32692, PCT/ US00/ 29749 7
infertility a&?&r}écf‘%‘i“?:liﬁté‘é’ﬁ‘aﬁﬁh (afzfpt#hb%yplicnﬁﬁﬂ%% objective is to

prevent transi®3di shabefis firegked rmgainsEopntigemcomnbérinaitsisesnpt omati ¢
host to an &ferbnaty i dABibodgexalsd) ,Ccaagoelicithias hufiolbdlp GmimdAt
response specific fot the nominal antigen. The
resulting anti-anti-idiotypic antibody (or Ab3) should
1s react with the original primary antigen. If the
primary antigen is an oligosaccharide (and therefore

expected to give a T-cell independent immune response),
then immunization with Ab2 (the protein eguivalent) may
elicit a T-cell dependent response..

20 It has been demonstrated that an anti-
idiotope of mab 2C7 elicits anti-LOS antibodies in mice
and rabbits that together with complement are
bactericidal for gonococci, and that serum from animals
immunized with this anti-idiotypic antibody also

25 supports opsonophagocytosis by human PMNs (20).

It has also been shown that synthetic
peptides which mimic a nominal antigen through binding
to a specific antibody directed to the nominal antigen
can also elicit an immune response against the nominal

30 antigen (29, 24, 54). '

The need exists for an agent useful for the
prevention of gonorrhea targeted to the prevention of
gonococcal salpingitis, an infection that may be
associated with debilitating and chronic pelvic pain,



S because a substantial fraction of all cases of gonorrhea in both nen and
wonen are asynptomatic, and asynptonmatically infected, sexually active
persons are y, 59}2 |y the maj or source of nobst new i nfections. Accordingly,

a gonococcal (\E/)a]c e that only attenuates io the severi PGT/HSNRYADHt omat i ¢

gonorrhea could result in a higher ratio of asynptomatic/synptomatic cases
and as a result, such a vaccine mght pronote the spread of gonorrhea,
unless it also prevents transni ssion (_471)_. SUMVARY OF THE I NVENTION is The
present invention generally solves the "problens referred to above by
providing peptide mimcs of wdely conserved oligosacchari de epitopes of

N. gonorrhoeae ivffeeti bty aod gutepeatpreynhnopn(4dioodangrioup anti gens. Al so

provided are ”%BBQéa torobggcﬂ\gduglw eH@pEfan%m%El&? Jxcegeding to this

i nvention. The g e mimcs J‘Ln%cor his 1nvention are useful in
met hods and COH‘ES PFBATOPORR FTHECHTO N ﬁﬁmmmaﬁlcg%%t} MP0BRe i nfecti ons.
25 BRI EF DESCRbPh&OK «GF ifEndRSWIAIC dRisgute 1Tisirows ampttaacn bl ot anal ysi s

of ‘the bind ngephust\Yy 2hstihthalCpldctabaNgs. alih@ageyese uni que E. coli
cl ones ( PEP1-PEP7 rredl a ﬁont ai ni ng 100

g/m anmpicilli ﬁ°n%§ﬁ%het%éﬁ%%%ﬁ‘&ﬁc%’b‘y\%gmggp?ﬁ%s sfmgl:g‘ﬁa Wit &f Bact eri al
| ysates from egghpmaticatlviafeqred sezpatby antd Ve cRRIGPISNEES 14%
SDS- PAGE gel s. pAbbatlelt@et hj10668t&s dfhRopt Qiedi ARL¥Er (BH=32692

PCT/ US00129749,, eftr ggq_tH 0 I r menbranes
using a Biorad efectﬁkoréet%%%rggéﬁg valel i Bn? P'lc:)trl{a";3 idgéH%%cul es CA).

ar.at us
The nmenbranks WBFSPTFHET o tWPW%YQng e feRE Y oXPr ant i body
(B). A 5 negat highetf omeithef asiytiphotatiicddymptor2Cicnasses eddass a

result, such a vaccine might promote the spread of
gonorrhea, unless it also prevents transmission (41).

SUMMARY OF THE TNVENTION

15 The present invention generally solves the
problems referred to above by providing peptide mimics
of widely conserved oligosaccharide epitopes of
N. gonorrhoeae which are not present in human blood
group antigens. Also provided are methods for

20 producing the peptide mimics according to this
invention.

The peptide mimics according to this
invention are useful in methods and compositions for
the prophylaxis of N. gonorrhoeae infections.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a Western blot analysis of the
binding of mAb 2C7 to E. celi clones. The seven unique
E. coli clones (PEP1-PEP7) [SEQ ID NOS:1-7] were grown
in IMC media containing 100 pg/ml ampicillin, and then
30 induced to express fusion proteins. Bacterial lysates
from each of the clones were piepared and loaded onto
14% SDS-PAGE gels. After electrophoresis, the proteins



control [SEQ ID NGO 9]. Figure 2 shows the peptide m m c sequences derived
fromthe seven E.coli clones that bind to mAb® 2C7. 10 Figure 3 shows FACS
anal ysis of mAb 2C7 binding to E. coli clones expressin eEt ide mmc

fusi ons. WOOM¥EN c| ones were grown in I MC nedia cont a'l"gﬁ"?ﬂﬂ %88 j zg/ n

anpicillin, and then induced to -express fusion proteins. The bacteri al .
cells were is fixed with it parafornmal dehyde before staining with mdb 2C7,
foll owed by FITC conjugated anti-nmouse IgG A negative clone that did not
bind mAb 2C7 was used as a control T8EQ ID NO 9]. The nunber bel ow the E.
coli clones represents the nmedian fluorescent intensity in 20 the ;

popul ?L' ons ME% @%A}Qfmrgé\bct@%msgfmth%dznt-"ﬁtiémsfeiioalbmk:a:réfe nu?itoe[ :n
parent hesi s shows the percentage .o e .ce | e_pqpul ation (tota
popul ati on =“$1B83 %lﬁgaﬂrﬁf%%ﬁgﬁgr??ﬁ kﬁrﬁpgﬁe%faprg%gagag binding 25 to
LOS by E. col(BickahedleaxplesiHg pEheimpmbiraspgriere propgfj witlbnes were
grown in | MCrigBdp@r Cnt sk naméti k¥Qorkgbkin ampibody i (B) .angd then induced to
express fusiaon rot ej cql.i l.S; [ e A 2C7 for 30
nin. before I“Sgaglve CIggeL&atc?éLtdegggl%tn\gﬁ %%’J%tgsa?ls}% %orgﬁ‘te) t hat did

'ng onto
not bi nd rrAbCQE‘?ngs[sﬁ’@eElDa%o‘ag] «control [SEQ ID NO 9]. The data represent
means from at |east Ziguperi rdrws thepddptiatie miohics)seaRERtes| ones showed

Uhe mexi mum bt hid 10RO End ARG sDEDE N chdsLEbe (5600 £bSRQ 1D N0 1]
PEP7, PEP3, P4, PEP2, PEP6, and is Wc) 01/32692 PCT/ US00/ 29749 - 9

PEPS showed P&4pective decreases in inhibition of binding [SEQ ID NOS: 7,
3, 4, 2, wand 5, respaourge} \ghowsFFRES arRlyadasof MibrC7on of mAb 2C7

bi ndi ng binding to E.coli clones expressing peptide mimic

fusions. E. coli clones were grown in IMC media
containing 100 pg/ml ampicillin, and then induced to
express fusion proteins. The bacterial cells were

15 fixed with 1% paraformaldehyde before staining with mAb
2C7, followed by FITC-conjugated anti-mouse IgG. A
negative clone that did not bind mAb 2C7 was used as a
control [SEQ ID NO:9]. The number below the E. coli
clones represents the median fluorescent intensity in

20 the populations that bind to mAb 2C7 compared to the
control; the number in parenthesis shows the percentage
of the cells in the population (total population =
100%) .

Figure 4 shows inhibition of mAb 2C7 binding

25 to LOS by E. coli clones expressing peptide fusions.
E. coli clones were grown in IMC media containing 100
pg/ml ampicillin, and then induced to express fusion
proteins. E. coli cells were incubated with mAb 2C7
for 30 min. before loading onto LOS coated plates. A

30 negative clone that did not bind mAb 2C7 was used as a
control ([SEQ ID NO:9]. The data represent means from
at least 2 experiments (duplicate wells). PEP1 clones
showed the maximum inhibition of mAb 2C7 binding to LOS
(66%) [SEQ ID NO:1]. PEP7, PEP3, PEP4, PEP2, PEP6, and




to LOS by a peptide conprising the consensus sequence s (DE G.F) (SEQ ID
NG 81. The data represent neans SE from 3 experinents (duplicate wells).
Peptide PEPI. inhibited the binding of mAb 2C7 to LOS in a dose responsive
manner . Fi gMP®M8%hows binding of mAb 2C7 to the i.0 mRGYYI¥IHBti gen
peptide ("MAP') MAP1. Figure 7 shows inhibition of mAb 2C7 binding to LCS
by multiple antigen peptides. Figure 8 shows octa- MAP1-i nduced 1gG anti-LCS
anti body responses in mce. (A Eight mce received a is dose of 50 Ag of
Ccta- MAPI enul sified in Freund' s adjuvaht on day O and again on day 21. (B)
Four mce were immunized with purified LOS as a positive control. Mce

wer e i mmuni zed pebk hselfdie e B dtideSadictiddh@nt id GnniBk t 86n Wi el at ed oct a- MAP
control peptide (D) as, 20 negative contréls Fltgtge 9 shcvv% ggﬁ anti-LOS
anti body resp&iBeLny nSER 1P fi’zed Mcé’ Fg@ i TS At bddy responses
(mean SE) are shown fofFighte rf chops nigthidingon afi mabs2€hiirgkngbi t ed no
rgaspons?a). i5 !‘Eiogtédw bkpasbeyﬁideQGogﬁfisib@Stﬁét&&Myxspé&smmes i nSrE;asponder
mce only. Anti eSRANS 1S, def j.ne 45 n

greater t han® dgg—jg?%)g/[%%a(gnf%éﬁglébp#e]e g\gggl%%ge%gé{:antl -sl(_gﬁl evel s).

M ce were i muikeed vixpsrinentappirplicase peifld s PSptids RFEHt al one or

unrel at ed oct aiMABbDd thk Ppaptindecf dald etvetb IS ant &-dd3® ant i body | evel s

were plotted a t.9 _concentration over tine. Figure 11 shows |gM
Ant i - LCB anti bagPortas raineh

01152602 PCTI USOD! 20740 FLa876i % FIGKE S 0RSES. TESherPElnte 18] uvant ol one o
unrel at ed oxt amiviiglonenbigeemeptéde Bl MAP! EMARIG ant i -

Figure 7 shows inhibition of mAb 2C7 binding
to LOS by multiple antigen peptides.

Figure 8 shows octa-MAPl-induced IgG anti-LOS
antibody responses in mice. (A) Eight mice received a

15 dose of 50 ug of Octa-MAP1 emulsified in Freund's
adjuvant on day 0 and again on day 21. (B) Four mice
were immunized with purified LOS as a positive control.
Mice were immunized with either Freund's adjuvant (C)
or an unrelated octa-MAP control peptide (D) as

20 negative controls.

Figure 9 shows IgG anti-LOS antibody
responses in all immunized mice. IgG anti-LOS antibody
responses (mean i SE) are shown for all mice (including
animals that exhibited no response).

25 Figure 10 shows IgG anti-LOS antibody
responses in responder mice only. Antibody response
was defined as IgG anti-LOS {mean x SE) greater than
0.4 pug/ml (4 fold above baseline IgG anti-LOS levels).
Mice were immunized with Octa-MAPl, LOS, Freund's

30 adjuvant alone or unrelated octa-MAP control peptide.
Elicited IgG anti-LOS antibody levels were plotted as a
function of concentration over time.

Figure 11 shows IgM anti-LOS antibody
responses in responder mice only. Mice were immunized



LGS antibody levels were plotted as a function of concentration over tine.
5 Figure 12 shows survival of gonorrhoeae strain 15253 and its | gtG nutant

(2C7 epit tive) exposed to nouse inmune serum ,#go dobde P! Of serum
in 150 fglll%e0 B{%Qfl reaction volunme] plus added human C(%?Y’Fp né%? from nor nal

human donor serum (giving a to final human conpl enment concentration of 17%
by wvolune]). A bactericidal assay was perfornmed using (A) mAb 2C7 m ce
agai nst strain 15253 (positive control) . and strain 15253 | gtG (negative
control) (4). 25 g/m of mAb 2C7 (100 pl in 150j1 of total volume of is
reaction m xture) nediated 100% killing of strain 15253, and no killing of
strain 15253 WigthGOcEBYMARN n&PS , ninesedd &r i YYass! adPn9Phpuse sera, nean
concentrati onunreflakg& ééliai—m@sc@rm:iolloﬂléptihé‘- g/mh):léedlgd; tackill either

strain. (C |.n e [ g th Ccta- MAP] .
(contai ni ng ?%%Eiﬁi%%flﬁq'% ée eg E&g%%ﬁ%odf@%g% from bl eeds taken
bet ween weekfe’>°1"‘7*'3‘311 fagmegz%w I ling (8% survival) of strain 15253,
whereas stsain 15253 |pidnreunyi steshsfl shiryivdD)of Senombeden from a single

mouse | mMuni z8d Wint isb6% 2 (EQM A lfasd - &%ﬁ/eght% 'r&@a@ﬁ% LGS

ant i bodi es, oI ed from bl eeds taken be e howed no
G11ing of stDHATeRs58 TRBROITHAS FoAED Loik LD AT S5 4FPott (13306
survival). Sixed e‘lrﬂ:eéal meact ten weltel npbes iagdedohwman anti gens (E)
Freund's adj LBb?f@:lleﬁlEﬂﬂefﬁﬁl atmﬁﬁ) mmaal abesk eramMiGi-enf mol pepti de did

not kill It S i e Conpl ement source
wi t hout adti bé(;l l( &g{é‘&&% rdp%g{sg}'x &%F%é’gé%%%/fugoo/ 949 -~~- survival
(no killing) %P“@”al P PRessricidall ggsay,was periogeed WMSIRE (Ab kil ling)
for the | gt Guritt 207 wice Hgad383t strain 15253 (positive control)

and strain 15253 lgtG (negative control) (4). 25 pug/ml
of mAb 2C7 (100 pl in 150 pl of total volume of

15 reaction mixture) mediated 100% killing of strain
15253, and no killing of strain 15253 IgtG. (B) Normal
mouse serum (pool of 20 mouse sera, mean concentration

of IgG anti-LOS antibody, 0.1 pg/ml) failed to kill
either strain. (C) Serum taken from a single mouse

20 immunized with Octa-MAP1 (containing 5.05 pg/ml of IgG
anti-LOS antibody, pooled from bleeds taken between
weeks 7-11) showed 92% killing (8% survival) of strain
15253, whereas strain 15253 1lgtG survived fully. (D)
Serum taken from a single mouse immunized with LOS

25 (containing 21.98 pg/ml of IgG anti-LOS antibodies,
pooled from bleeds taken between weeks 7-11) showed no
killing of strain 15253 (179% survival) and strain
15253 1lgtG (133% survival). Single mice immunized with
negative control antigens (E) Freund's adjuvant alone

a0 or (F) unrelated octa-MAP control peptide did not kill
either strain. Figure 12 controls included the

Complement source without antibody (137.9% + 1.0%



Figure 13 shows a plot of 1gG anti-LOS 5 anti body concentration versus
killing of N. gonorrhoeae strain 15253. 1gG anti-LOS antibody levels from
each of th o1 '&g i mmuni zed with Ccta-MAPL are plotted versus percent
bacterial ki |§3. Mouse sera containing 1.38, 2.50 andPG&I/¥0IM  of
anti-LOS io anti bodi es showed 31, 74 and 92 %killing respectively of
strain 15253. Killing by mAb 2C7 is shown at 5 separate LOS anti body
concentrations as a positive control. DETAI LED DESCRI PTI ON OF THE

| NVENTION is Definitions As used hereil# - an "anti body" is an intact

i mrunogl obul i n nol ecul e conprising two each of i nmmunogl obulin |ight and

heavy chai ns. Accordingly, ..antihodies inclu inta | ogl obul i ns of
types I gA, 20 ISE(S:’E?%E, Jn?égﬁlf?lgﬁg(ggrmsfeﬁr lgsP%u 3t'yfﬁée?‘}si Jf er eo?), wher ei n

the light chai i4.8% skevivehuteylkdblirm ey bee IftG ppezntk@mfpa or | anbda. As
used herein, "ngepegjonal antibodies” are nonospecific antibodi es produced

initially by a single 0 of antibody form el As used herein,
"i mmunopr ophyl acti cal | y%Slgﬁee&%‘§§§pw%eéaﬁg‘°¥h%£aﬁ({]lngltﬂéésl nduce in a normal
i ndi vi dual &n PREERRAY CopeRBEralirh| vexavs kblping oft V. sgerppsdPradt for sone

period of tinesegaimsys238. N IgpaaE L RERant Ibedyt i1errel MELb 33602 _
PCT/ US00/ 297490f1glaré§§ ﬂggd.%@de ;ﬁqﬁbhggjmﬁg?eapﬂ%@r or cyclic

chain of am no acids, usual at | east 4 an than 50 am no acids in
length. As useaeﬁ%?%iﬂ?,rce’ﬁ‘ép‘%/ﬁc&érm’m’&m?@%ns Mpusg BBTRi de whi ch exhibits
an i munol ogi cabneatnigdy .3$) pdisogait of .ickeug/dl lodr aheitdat of a known
epi t ope. 10 antibodies showed 31, 74 and 92 % killing respectively

of strain 15253. Killing by mAb 2C7 is shown at 5

separate LOS antibody concentrations as a positive

control.

DETAILED DESCRIPTION OF THE TNVENTION

15 Definitions

As used herein, an "antibody“ is an intact
immunoglobulin molecule comprising two each of
immunoglobulin light and heavy chains. Accordingly,
antibodies include intact immunoglobulins of types'IgA,

20 IgG, IgE, IgD, IgM (as well as subtypes thereof),
wherein the light chains of the immunoglobulin may be
of types kappa or lambda.

As used herein, "monoclonal antibodies® are
monospecific antibodies produced initially by a single

25 clone of antibody forming cells.

As used herein, "immunoprophylactically
effective" means the ability to induce in a normal
individual an immune response sufficient to protect
said patient for some period of time against

30 N. gonorrhoeae infection.



PEPTIDE MM CS AND THEIR USE I N COWPOSI TI ONS AND METHODS ACCORDI NG TO THI' S
I NVENTI ON The present invention is directed to peptide 1o nmimcs that

I munospeghbifady Y react with an antibody directed topcrnsspargsgdoved

ol i gosacchar| e epi tope of N. gonorrhoeae, which oligosaccharide epitope is
not present in human bl ood group antigens. Such peptide mmcs can be .
used in a manner simlar to the anti 1s idiotypic antibodi es described, for
exanple in United States patents 5.-446.784 and 6, 099, 839 (both
incorporated herein by reference), as a surrogate antigen to elicit a T

cel | -dependent i mune resgonse agai nst _an oligosacchari de epitope of N

gonorrhoeae. 20 The p@Ft PEed hshed tnayPeRF 198 B2 d 1083 uPF nf ect ed
i ndi vi dual s teycilhdudeia speamiricc alcmaneusuaéswonselehsrteet eddagai nst

gonococcal onrgagi 0%, o Qﬁhl,§ adig@dr hgglég-gtd, oI | gosacchar| de antigen. Such

an i nmune response can | ac ,pharacter in 25 that it
woul d prevent an infedfi Bﬁeéwg’tyﬁed%‘(hep%/ gﬁifmcbemeé")?psosed to the

gonococcal s opgahiden wirichepkiitiday ﬁnglm‘s‘mq}-qsllicgbs%f&éW&dVde antigen. A-

random pept i @anhii kg 3rorARY HmiScreesethabaged RAowntddiedpebi ndi ng
specificity in order to 30 identify candidate peptide mmcs. The

technology for such scrgertpf mEutcROWRD! PudOSREOINSKi |l in the art. In
one approach, eomeIHiaTORS METHODAT weseol THIS EnveEwtioN | agel | a may
be used to identify peptides that WO 01/32692 PCT/US(c)an9749 13 bind to
a conserved ol i gosacc/Faei presgitt dpreption iFoRdreperchdo REPERde

ol i gosaccgr hdpiepi t1Re infuispecEE&DLy | redtttneiciblandngibofy ant i gens. For
examp e, bl L5 L9 Iy 6L, IR 8y 380S0 Dok i GanD dat e 5 pept 1 de

m m cs. Bindi be characierize west.ern ng, fI ow cytonmetric
anal ysi s or .N. gonorrhoeae, which oligosaccharide epitope is

present in human blood group antigens. Such peptlde
mimics can be used in a manner similar to the anti-

15 idiotypic antibodies described, for example in United
States patents 5,476,784 and 6,099,839 (both
incorporated herein by reference), as a surrogate
antigen to elicit a T cell-dependent immune response
against an oligosaccharide epitope of N. gonorrhoeae.

20 The peptide mimic may be administered to
uninfected individuals to induce a specific immune
response directed against gonococcal organisms or cells
bearing said oligosaccharide antigen. Such an immune
response can be immunoprophylactic in character, in

25 that it would prevent an infection should the recipient
be exposed to the gonococcal organism or cells bearing
said oligosaccharide antigen.

A random peptide library may be screened
based on antibody binding specificity in order to

30 identify candidate peptide mimics. The'technology for
such screening is known to those of skill in the art,
In one approach, a random peptide library expressed on
E. coli flagella may be used to identify peptides that




conpetition for binding of mAb 2C7 to LOS by solid- phase ELI SA. Anti body
nodel ing may al so be used to define (0 an inmunogenic site in the

conpl enent q&gwﬂ&g termning regions (CDRs) of an anti ?%&/%F’é’?d

correspondi he epitope of interest. Such anal ysi

I nformati on about the three-dinmensional conformation of the inmunogenic
site that is useful in the design of a 15 peptide mmc of the inmmunogenic
site. Once a specific peptide mmc is_identified and sequenced, it nay be
produced synthetically by nethods knowd in the art. Peptide m m cs may
al'so be nodified to elicit 20 a greater imune response through the use of
haptens, the wsfadoto afjcdviaaived lol pgdsrgchbeidepipidepaiofic to a carrier

protein, usi nnggi J,é}lgjo%agpt,j(]&%@l gg%%ﬁga%ﬁ%égleb@goﬁgemo%&i de mmc to a

conpl ement pro or . through other s known_in the art. 25 The
preferred phar REEBERT & PEBAPRYCAHLWT a2 nvERT i TR E sinilar to
t hose used f or bihdimmitzambbn2@f maynbe sasseybd dtcheédepepfy demsdidigpecal ly, the

peptide m mscspg?tici@ MRhBSENt HiMKEAL Iy Wel ndiicreuspendsd in a sterile
saline solution Tor Hlf‘lr ?g«g{lljt i c..30 uses. The %}hgr maceuyt i cal conpositions
may al ternati VEFYSBE HEFtFE ddOF oS ESHEFSEC 1 B%ed88" 0T the  active

i ngr edi ents or cowppridliongfehdrinding seh@dbi ACH tpaPSehY sS&lyisrem Nuner ous
sui tabl e drug gghéeenrsasystens are known and include, e.g., inplantable

drug WO 01/32692 PCT/ USQQ1297 podeitho haleans, $Lshegs covliage s,

hydr oxynet hyl cel | ul ose, ~"mi crocapsu fosorres,' m ¢r.oenul si ons,
m crospher ¥, 3BNHTHEIPLPEES . SHfife 1P nehaEOBRE $Pat2Ed FBoSF 155 IHEBY this 5
i nvention nay begheind niCORe) ezf by anyi-sidivbbpe arearsponding to the

epitope of interest. Such analysis may yield
information about the three-dimensional conformation of
the immunogenic site that is useful in the design of a

15 peptide mimic of the immunogenic site.

Once a specific peptide mimic is identified
and sequenced, it may be produced synthetically by
methods known in the art.

Peptide mimics may also be medified to elicit

20 a greater immune response through the use of haptens,
the use of adjuvants, linking the peptide mimic to a
carrier protein, using a multiple antigen peptide,
coupling the peptide mimic to a complement protein or
through other methods known in the art.

25 The preferred pharmaceutical compositions of
this invention are similar toc those used for
imminization of humans with other peptides. Typically,
the peptide mimics of the present invention will be
suspended in a sterile saline solution for therapeutic

30 uses. The pharmaceutical compositions may
alternatively be formulated to control release of the
active ingredients or to prolong their presence in a
patient's system. Numerous suitable drug delivery
systems are known and include, e.g., implantable drug



such as orally, intranasally, subcutaneously, intranuscularly,
intravenously, intra-arterially,.or parenterally. Odinarily, intravenous

(i.v.) orwoiihseseral admnistration will be preferred, JOcldeih!! be

apparent to those of ordinary skill in the art that the
I mmunoprophyl actically effective anbunt of peptide mmcs of.this
invention wll depend, inter alia, upon the adnm nistration schedule, the’

unit dose of peptide mimic admnistergg,. 15 whether the peptide mmc is
adm nistered in conbination with other therapeutic agents,.the inmune
status and health of the.patient, the therapeutic activity of the peptide:
m m ¢ adni ni stekeaseasystaes, jhydgasels ohyerexyrerdyilgglpmasesi an. 20 | n order
that this inveidicvapsayebe higidsemes Unflerstaolkidnye hottssphegegxanpl es are
set forth. T éq:h%xqrmlees are for purposes of illustration only, and are
not to be construed as [imting the scope of  the invention in any nanner.
25 EXAVPLES 1. Identi Fle RhasmaseueGle sompti Eaisdet Pt i des t hat

Speci fi cal by HBiwshttionmiby e/ adhinRareded bppinydeswditablavmeanisl | Trx' ' random

peptide |ibragyey IVt PHEN int3AnfihsDadub M oantastiged t0 express peptides
(12-mers) of _random sgq ence gn the‘_\s%[quface of E. col]. The DNA encodi ng
this library HE9EPECHeR 1% REEPYRPUR Y hi WG GEF 55832 YbcPFUSOO 29749 15
t he gene encmbysptemellyt i rdisapild, tintoeeendsn hvehods itself inserted

i nto the nongsHedtitethll eghitistlkativh Willageé |prefered. Expression of the
peptide f Ei on is conggqld,qd Py#%?__gg@c{._gr%@égpgﬁ b jor leftward 5
l{'{ i ", In thrs

pr onot er L) in_the vector p 'S system I s i nduced by

t he addition %ﬁiy;rﬁﬁtBEﬁwﬂft W#hahk the immunoprophylactically
effective amount of peptide mimics of this invention

will depend, inter alia, upon the administration
schedule, the unit dose of peptide mimic administered,

1s whether the peptide mimic is administered in
combination with other therapeutic agents, the immune
status and health of the patient, the therapeutic
activity of the peptide mimic administered and the
judgment of the treating physician.

20 In oxrder that this invention may be better
understood, the following examples are set forth.
These examples are for purposes of illustration only,
and are not to be construed as limiting the scope of
the invention in any manner.

25 : EXAMPLE

I. Identification of Clones that Encode

Peptides that Specifically Bind to mAb 2C7

A. Random peptide display
A FliTrx™ random peptide library (Invitrogen,

30 Carlsbad CA) was used to express peptides (12-mers) of
random sequence on the surface of E. coli. The DNA
encoding this library of peptides is inserted within



I nduced, the fusion protein is exported and assenbled into flagella on the
bacterial cell surface, allowing for the display of the peptide. 10 B.
Screeni ng of peptides that bind to mAb 2C7 The Fli TrxTm peptide library
(1.77 x 108Wopta26%ry cl ones) was grown overni ght in | MCPEEWSUP®. 2% w v
casam no acid, 0.5%w v glucose, 42 mM Na2HPO4, 22 MM KH2PO4, 8.5 nM Nad ,
18. 7 mM NHAC1 and 1mM MyCl2) is containing 100 Ag/m anpicillin, at 25C
The expression of fusion peptides was induced by adding L- tryptophan to a
final concentration of 100 zg/m, and~ theé culture was grown at 25C for 6
h.- The induced peptide fusion library was then incubated with a 2C7 20

MAb- coat ed pl at gnd 2fenkUghddding ke lact ibel TWIPRE ORiordlexipl Was washed 5
times with IMC medjtu ont ai_ni Qg.rg}.([)o h/ Cg/ m ar’rQ;L‘chr Irl i n %ngfitthea_ met hyl
mannosi de. Bountf E."S%¢oi PR ettt d By " tSan ¢ S8 fig ©F by
conpetition w thlaaslilfipegensos Preprasdant ebrihgorepbdealfustontisi n 15253 (the
mAb 2C7hepi tOpecéza:ﬂe:}cnw H”ﬁ thfe b&XYUE5pREgd Navbdai kb2 D8¥ twarl Ithen gr own
over ni ght at er I ft : ni ng, coli were

el uted and pFaEé‘ga%dgehl\/g"ggg? Y %Q\%/Ffvgé%}ggtffggﬂ acr}‘?ldf:ﬂg#l%gs\l/:\t//e\t}"gl ucose, 42
MV Na2HPO4, 22 FavERHDBHFedgdy the affleen ofstwrRgPkRRC WBEinv MyCl2, and
1.5% agar) condmawiedg 4RO fAgiot mmpedn| 1s rexpbrlé&d aridnderenkiladd bacteri al

colonies were chaseR1h@ePSSdY Phd HalgelfaiMR1126(0r icieai ERAY Ot (2
hybri doma cel | %I n se&retl ng %\D 01/ 32693 PCT/ USCQO 29749 16 mAb 2C7 is
deposi ted with e Rieft BT RUPERFE® Col | ection ("ATCC'] and is

assi gned ATCC accession nunber HB-11859). The library was subjected to 5

rounds of 3opositiwge sedeehony Wi BeptbdckCEhaoabil @b Aablaum tissue
culture plate or subjectgd £9;fS@AYE;SE! £GLI20 (1.77 x 20°

primary clones) was grown overnight in IMC medium (0.2%
w/v casamino acid, 0.5% w/v glucose, 42 mM NajyHPO,4, 22
mM KH,PO,, 8.5 mM NaCl, 18.7 mM NH4Cl and 1mM MgCl,)

15 containing 100 pg/ml ampicillin, at 25°C. The
expression of fusion peptides was induced by adding L-
tryptophan to a final concentration of 100 pg/ml, and
the culture was grown at 25°C for 6 h. The induced
peptide fusion library was then incubated with a 2C7

20 mAb-coated plate (20 pg/ml). After 1 h incubation, the
plate was washed § times with IMC medium containing 100
pg/ml ampicillin and 1% o-methyl mannoside. Bound E.
coli were eluted by mechanical shearing or by
competition with purified LOS prepared from gonococcal

25 strain 15253 (the mAb 2C7 epitope is known to be
expressed in strain 15253), and then grown overnight at
25°C. After the fifth round of panning, bound E. coli
were eluted and plated on RMG agar (2% w/v casamino
acid, 0.5% w/v glucose, 42 wM Na,HPO,;, 22 mM KHp,PO4, 8.5

30 mM NaCl, 18.7 mM NH4CI, 1 mM MgCl,, and 1.5% agar)
containing 100 pg/ml ampicillin at 25°C. Individual
bacterial colonies were chosen to assay binding to mAb
2C7 by western blot (a hybridoma cell line secreting



for 1 hwith irrelevant 1gG (Sigma, St. Louis, M) first, before

proceeding to 5 rounds of positive selection"with mAb 2C7. 10 One

hundr ed- seven_ col oni es were randonly chosen and screep&g stern bl ot
Huhel

for the aB¥P®M% %% 0 bind mAb 2C7. Fourteen clones were ed t hat

bound to mAb 2C7. Plasm d -DNA was then prepared from the positive clones
and sequenced using priners that 15 bind to regions that are | ocated at the
5" and 3' flanks of the inserted pe_pl_;“; de's nucl eotide sequence. Seven

uni que clones were identified, as shown in Figures 1 and 2 [SEQID

NCS: 1-7]. C. Flow cytonetric anal yses 20 Positive E. coil clones were grown
overni ght i nmALBMVEZCRetls dapostinediwighl @Be ghndrizapi Tybé itultare25C and t hen

i nduced to expasecide popcrde fAP1iANasEUnd AccBacddidnel I s were fixed
wi th 0.5% par af rrge%%_e%/#%é on ice for 10 mn. Aiquots of 200-A of fixed
S 0

25 organi snms & 00 x g for 10 min. Supernatants were
di scarded, and pel | et sSTheeddbrazg wgsesdeiiedtredltocki rouds fodr (1 MC nedi a

cont aihn: ngs m_iﬁg§rm sellgaitabhl ¥rith |ng\bg@@'f géoéireﬂ 8h! & 60l 3 M NaCJb agd | %
a- met hyl mannaQsi cAnkLAal : us n re.incubated at
37C for 30 m'q:r% l?e?o‘r:e. sz% ﬁ%?ﬁ%%bs?géﬁc%%%oggggéfﬁ’%é%gﬁg S were washed
with 100 Al derndshi wFhdrreteyancIgedi Sidm-aShi ngeudDod? Ml ampicillin
and 1% a- net Mglrsoanbefime pracdedirgn tWs BB 2 £ Peds14SE 29749 - 17
resuspended ida1100ié Rfcrblasksdrg, buf fer containing FITC conjugated
anti-nouse 1gG (Sigm,_ St. L u(iai_, I\/D%2 The, m'>‘§,ture§ o(rgﬁ | ncubated at 37C
for 30 nmif’before spidi RYAFCDTHEIR GOFBHSF0 YRR, ‘gﬁf,% ‘Ratants were s
renmoved, and gbeskeatandyssiyedned ImoVegkent kethifey bl falyilisyf bee
resuspensi on gifdlmab 2f7.PBBouditeers ¢3pReSi vt identified that

bound to mAb 2C7. Plasmid DNA was then prepared from

the positive clones and sequenced using primers that

15 bind to regions that are located at the 5' and 3'
flanks of the inserted peptide's nucleotide sequence.
Seven unique clones were identified, as shown in

Figures 1 and 2 [SEQ ID NOS:1-7].

C. Flow cytometric analyses
20 - Positive E. coli clones were grown overnight

in IMC media containing 100 ug/ml ampicillin, at 25°C

and then induced to express the peptide fusions for 6

h. E. coli cells were fixed with 0.5% paraformaldehyde
on ice for 10 min. Aligquots of 200-pl of fixed

25 organisms were spun at 2000 x g for 10 min.
Supernatants were discarded, and pellets were
resuspended in blocking buffer (IMC media containing
100 pg/ml ampicillin, 1% nonfat dry milk, 150 mM NaCl
and 1% a-methyl mannoside) containing mab 2C7.

30 Suspensions were incubated at 37°C for 30 min before
spinning at 2000 x g for 10 min. Peilets were washed
with 100 pl of washing buffer (IMC media containing
100pg/ml ampicillin and 1% a-methyl mannoside) and then



wer e anal yzed on a FACS using Cell Quest software (Becton D ckinson,
Franklin Lakes NJ). A negat.ive' clone that did not bind mAb 2C7 was used as

a control. %& Th% binding of E. coli cells to mAb 2C7 was_ _observed to
i ncrease frofPE*%Roif clone PEP3, PEP4, PEP6, PEP5, PEBSTUBSBEYt, pep 1

(according to nedian fluorescent intensity, MFI'1l) [SEQ ID NCS:3, 4, 6, 5,
2, 7 and 11. E. coli clone PEP]. showed the maximumis binding to mAb 2C7
(MFI = 19.81, conpared to control M-l = 4.91), as shown in Figure 3 [ SEQ
ID NO1]. D. Inhibition ELISA Positiver: coli clones were grown overni ght
in I MC nedia containing 100 g/m anpicillin at 25C, 20 and then induced to

gépresz_the E)emsuggeﬁaé% quslﬁﬁr,caﬁ_c{f- .b@&fﬁji%gﬁuiﬁle é_%%gﬁi ﬂla tcj 0 thg si{/rve
reaadl ng nm = . , ~an | no r m s an

a- net hyl mann%ﬁr%écﬁﬁ?%g%&)&eanf’o“"ﬁuﬁkP%(%n@fjg%?f iéct’ BPRET nd™ 50 Al -aliquots
of each cul t urthenedistiresuvaredingbated S0 337 CofonnAl ROy Keforal

concentrati on ginRghgl dt 3lo0o3£(g fdr 36 miid), bhASSHIANPE Wrd he m xtures

were .| oaded jnt C it t | a i ivf i LCS prepared
from strai nglglf@"?gfglo %"%Pﬁ???g 'ﬁvggﬁ%\l\gllsns 1\3\)&%?%}%“%%%1%35@}{&%%5 for 1 h,

t hen washed. Afaferet Freuspenade? sivdr Bl \RfsKBE; b EUSRBNSOPSwas det ect ed

W th anti - nousereg&abryadgahes RATsalbikiatg elpbosphatofisear negative cl one

that did not bigadeginiZhiniBs, UsRHKasn dare@NisP! - ARQAL 8592
PCT/ US00/ 29749 | PEPL, cl anes shque }h&% ximum i nhi bi Tion of mb 2C7
bi ndi ng to LOS'PB8% 5{%%@ | BPREYE. / VREPASCPEE,2 PEBFOLPEPS, and PEPS
showed respective dec/basesnding ofii Bi tgodi oélls i mab €7 depicted in s
Figure 4 [ SEQobBee&d ©o 3ncfease f8omNE. oliTBEond miaphi thmwy ELI SA results
gﬁg;\ggat ed W tpkhepddOWopEyt OB LS ARAY SLELSRWY 8o/ Redil@t PEPL al so

fluorescent intensity, "MFI') ([SEQ ID NOS:3, 4, 6, 5,

2, 7 and 1}]. E. coli clone PEPl showed the maximum

15 binding to mAb 2C7 (MFI = 19.81, compared to control

MFI = 4.91), as shown in Figure 3 [SEQ ID NO:1}.

D. Inhibition ELISA
Positive E. coli clones were grown overnight
in IMC media containing 100 pg/ml ampicillin at 25°C,
20 and then induced to express the peptide fusions for 6
h. Cultures were normalized to the same OD reading
(ODgoppm = 0-7), and 1% nonfat dry milk, 150 mM NaCl and
1% a-methyl mannoside were added to block nonspecific
binding. 50 pl-aliquots of each culture were incubated
25 with 50 ul of mAb 2C7 (final concentration 20 ng/ml) at
37°C for 30 min, then 100 pl of the mixtures were
. loaded into microtiter plate wells coated with purified
LOS prepared from strain 15253 (80 pug/ml). The wells
were incubated at 37°C for 1 h, then washed. After the
36 wells were washed, bound mAb 2C7 was detected with
anti-mouse IgG conjugated to alkaline phosphatase. A
negative clone that did not bind mAb 2C7 was used as a
control.



t he maxi num bi nding to mAb 2C7. The binding of E. col
correl ated approximately with to decreases in’inhibition of mAb 2C7 bi ndi ng
to LOS by, E. coli clones. Il. Synthetic Peptide Mmc Binding to mAb 2C7 A
synt het i c97%%% (PEP1; | PVLDENGLFAP) whose sequenceF
consensus sequence 15 "DE GF" and includes two cysteine flanking regions
respectively) was ’
synt hesi zed (Boston Bi onol ecul es, MA) to assess specific binding to 2C7
mAb by inhibition ELISA and to detefrine whet her peptide mmcs 20

retain the antigenicity

i ndependent of the fusipepl €XsHeXEhdEDthle Mekidim iHRebeyséeidgre fl anking
regi ons were : S th antJi_ho I ndi ng LS~ af fected by 25
FABCEC) BsRassns WAS![EEy oBlo s B "ty

(CE- and -GPC residues at the - and C term nus,
characterized as thioredoxin-fusion proteins would
epti des

cyclization o |

cells to mAb 2C7

fds to the

cs, the cysteine

e. pe :
resi dues al | ofEFdr éﬁdg'fBFﬁ%miaﬁ?sto?n%13§3§u???€@9tﬁﬁﬁ@eﬁééﬁ%en t hem
resulting in decyedses ipepbhidetiom ef HBudlingondordegticordl Ly constrai ned

peptides My pPEerelOSBEY fEsRERhe 4 he epitapgnd At 3@npbhey mmic, and

therefore may,

buffer (1t o e"o‘g’fﬁr%??}‘l ggg%&)e“\%gh?ﬁﬁ TSI ERANLY

P%ptides mergldilu
iTRep

d in bl ocking
“to produce

m xtures of veyyPmREnrienevalysits gasultos in Ohet TRERL SAset shwedeen Repl aced
111111111 11tthd vhdxditulnbihdiNg 03 1midd D 7PCTRLISOH e AdO0f-E1%01and 1 ng/m ).

0 ST QU Sl AN ARy O o} 1 ERIREN LR L UG VBIYE s
mAb

mAb 2C7 (stock concentratron Z,
10 decreases in inhibition of

E. coli clones.

1n°blo ng
2C7 binding to LOS by

by

IT. Synthetic Peptide Mimic Binding to wAb 2C7
A synthetic peptide (PEP1l; IPVLDENGLFAP)
whose sequence corresponds to the consensus sequence
15 “"DE_GLF" and includes two cysteine flanking regions
(CGP- and -GPC resgidues at the - and C- terminus,
respectively) was synthesized (Boston Biomolecules, Ma)

bated with 50 Al of

to assess specific binding to 2C7 wmAb by inhibition
ELISA and to determine whether peptide mimics
20 characterized as thioredoxin-fusion proteins would

retain the antigenicity independent of the fusion

context [SEQ ID NO:10}.

The cysteine flanking regions were added to
agsess whether antibody binding is affected by
25 cyclization of the peptide mimic. In these peptides
mimics, the cysteine residues allow for the formation
of a disulfide bond between them, resulting in a cyclic
peptide mimic. Such conformationally constrained
peptides may more closely resemble the epitope that
30 they mimic, and therefore may be more immunogenic.
Peptides were diluted in blocking buffer (1%
ovalbumin, 0.05% tween-20, 0.5 M NaCl in PBS) to
produce mixtures of varying concentrations (0.1, 0.5

I ——

heet Has Been Replaced

" M



buffer) at 37C for 1 h, then 100 Al of the m xtures s were |oaded into
mcrotiter plate wells coated with purified LOS prepared fromstrain 15253
(80 g/m). The wells were incubated at 37C for 1 h, then washed. After
the wel | s WSP&VREBhed, bound mAb 2C7 was detected wit hPSHUS®RH e | gG
conjugated to al kaline phosphatase. 1o Purified LOS prepared from
gonococcal strain 15253 was used as a positive control. A non-reactive
15-mer peptide sequence generated by the above described random peptide
library systemwas used as a negative- tbntrol peptide (SEQ ID NO 9]. 15
PEP1 inhibited the binding of mMAb 2C7 to LOS in a dose responsive nmanner

(percent age 'nha\rm i @ mﬁqueb abhquéds Erieh 248h Wit kneoncentrations of

0.1, 0.5, and 1.0 i vely s sho Figure 5. The
control 15-mer ‘b%rtﬁ n%\b‘?’ Vﬁf?‘ne’ﬁc?ggt?% aéélh )58 65I ?mig%tildc}e

(* CKSNPI HI | KNRRtREK) cexsagtm@tlngpg/mhu@lmégétirvéﬂéé ir®l peptide did not
i nhibit Dbindi ng,fer? e rﬁ%ct&zt henpuméﬂ adoL B soahednptrires Cyclic

pepti de m 1 g3 asJasgaLbed. LRAALely Shote, 0ms TUGLDBT, Sarpr i Se one or

nore 25 "tafls™ as,an adjuvant or a

carrier protei rPurﬁsf‘lﬁét §rﬁﬂm¢ |fﬁ°¥‘h%t%ﬁ'1tn 152§ . (elon(f?é“als)l ‘ng The
| mmunogeni ci ty Repvellkbs Meariec snodldtledugt Z1fal Eopepti, deBemmwashedi. nmunogeni c,

30 several stugigg nane JARRM k&L mgae&erscﬁina ARl der nsatd&%%taay | ack
I mmunogenicity and result in _ipeffective. i nmu articularly

huroral WO 011 %Wﬁﬁ/%ﬁnjﬁﬁat‘?deﬁoﬁg)&])m@p (t% SRunber of
strat egi es havévrddned (sd preparesy dage JdrdograhofaRipi 1%/25& wasal |
peptides. Thesgednak Luiq:dshakwgzohheopeptpl dRnt PedctGdel iSfmdrf Otein (54, 28,
54), conbining pte%%lgg pst Gndl té]en% a@‘gé %}?che above described
random peptide library system was used as a negative
control peptide [SEQ ID NO:9].
15 PEP1 inhibited the binding of mAb 2C7 to LOS
in a dose responsive manner {percentage inhibition
equalled 17, 77, and 91% with concentrations of 0.1,
0.5, and 1.0 mg/ml of PEP1, respectively), as shown in
Figure 5. The control 15-mer peptide was synthesized
20 as a cyclic peptide (*CKSNPIHIIKNRRNIPC*} [SEQ ID
NO:9]. This negative control peptide did not inhibit
binding of 2C7 mAb to the purified LOS coated plate.
Cyclic peptide mimics as described
immediately above may further comprise one or more
25 vtails" for coupling to a second agent, such as an
adjuvant or a carrier protein, by methods known in the
art.

III. Increasing The Immunogenicity Peptide Mimics

Although small peptides may be immunogenic,
30 several studies have reported that certain small
peptides may lack immunogenicity and result in
ineffective immune responses (particularly humoral



s (21, 22), using a multiple antigen peptide (MAP) to provide a |arger
configurational structure that may be nore imunogenic (39) and coupling
the peptide to a conplenent protein to enhance the h ' ne
response™OmB2693 5 A Ml tiple-antigen Peptide Synt hes;ﬁ?}&,ﬁ@n’owu
mul tipl e-antigen peptide (MAP) approach is a technique which associates |
the peptide mmc with a dendritic matrix of lysine residues (44, 8, 43).
Peptides are attached to the am no grgups of the lysine is scaffold to
yield a macronol ecul e that provides a high density of desired peptide
epitopes on the surface of the conplex. This approach has been shown to
augnent t herespome=s)epons®) 0 Apeptbele o B8ravggiesAhayet bg¢r anti gen
ng“tde gf : Pﬁlgl_datlw i%c%gaggrﬁké@g_ﬂﬂgﬁéégsid&@ oggﬁlﬂsr&@didei oy direct and
ost on. Bi onp| ecul es, . an i,ndi ng_t.o a y direct an
i nhi bition EEPSES liutﬁl"\a@iubgénﬁltgﬁ V\%tlp?ér F8r?re%a]¥i%se§s %gggjfrhe bi ndi ng of
mb 2C7 to miB&i p2® &N i geamipipiriadsbe FRRtideDwith gt @dgMVEAt | myl on 1
pl at eSdV\Brﬁ ﬁQQI eshOveisAihghd suildipiel abtpigenapepgiie pepr)des (1 Ag/wel |) and
reacte wth_v ' n . hWaki BLt i ELI SA,
pl ates were 358?%_% vnﬁgtlﬁg%?i#clglgéd'g%%g%?ﬁe%grsggzc%lr%gmﬁgiteggﬁgr%oeae strain
15253 (80 Agmars Hpmmpgepds &1P)3 2Rd pRVREINGs the | RRREIYS “RPs) were dil uted
i n bl ocki ngchtpiatertl Hrovaimum rnhonosdtevbemeldl gwEn® NaC in PBS) to
produce m xt ypesode V@sying i i ~i WO 01/32692 PCT/USCQO 29749 21
concentrations. 50 /cl-aliquots from each concentration were incubated
with 50 Al of mAb 2C7 (stock concentration 0.4 /tg/m diluted in bl ocking
buffer) ate 37C f&r 1Multipleramidagh Beptide SYRENERNS | gaded into

PUCEe oy de

The multiple-antigen peptide (MAP) approach
is a technique which associates the peptide mimic with
a dendritic matrix of lysine residues (44, 8, 43).
Peptides are attached to the amino groups of the lysine
15 scaffold to yield a macromolecule that provides a high
density of desired peptide epitopes on the surface of
the complex. This approach has been shown to augment
the immune response to peptides (39, 40).
A multiple antigen peptide of PEPl and a
20 control peptide were synthesized (Boston Biomolecules,
MA) and binding to mAb 2C7 was assayed by direct and
inhibition ELISA. .
Solid phase ELISA was performed to assess the
binding of mAb 2C7 to multiple antigen peptides. For
25 direct ELISA, Immulon 1 plates were coated overnight
with multiple antigen peptides (1 ug/well) and reacted
with varying concentration of mAb 2C7. For inhibition
ELISA, plates were coated with purified LOS prepared
from N. gonorrhoeae strain 15253 (80 pg/ml) at 37°C for
30 3 h. Peptides (linear or MAPs) were diluted in
blocking buffer (1% ovalbumin, 0.05% tween-20, 0.5 M
NaCl in PBS) to produce mixtures of varying




5 mcrotiter plate wells. The wells were incubated at 37C for 1 h, then
washed. After the wells were washed, bound mAb 2C7 was detected with

ant i - mouse a @nj ugated to al kal i ne phosphatase. Puri Hrﬁqo %29% pr epar ed
from gonococcal strain 15253 was used as a io positive contro

i nhi bition ELI SA. Multiple antigen peptide forns of PEPI containing four

| i near PEP1 nol ecul es ("Tetra- MAP111l) or eight |inear PEPI nol ecul es
("Ccta- MAP1") showed strong binding tqQ mAb 2C7, whereas control MAP showed
no is binding in direct ELISA as depiéted in Figure 6. Both Tetra- and
Octa- MAPi inhibit mAb 2C7 binding to LOS better than |linear PEPI, as

depi cted i n Fi guneerdtratdibhs. Mo pitaliguobist fxoom (EaCb0yordiaantiretho et ra- and

oct a- MAP1 vvaswgggnl@gubgtgg £Nraed ;91 %’% h,%rf@pe(gq:bggl y. IC5a for 20 linear
PEP]. 55 AM This be due to i,n

d avidit i nding to mAb
2C7. Control I\/ﬁ?‘gce% 87n®: &iHgATY | efin’rﬁ’ lﬁqﬁ%ﬁnglm %a?’fon with
oct a- MAP1 i nduaasc afed gGh, aritein- LOS pelnbrfbm:bytm@s;pUﬁse Jqadedcént@as shown in
Figure _f2_5 %-tmérét@ﬁﬁ%ngﬁa% Qlhg. se@R Wa1Td gl %téabatﬂaa wgi gh _thg_re is
no significan esponse, un wee i ndi cat es
t hat the Ccta- R/k%?% | Ci Oith rB?eéfdl ég‘énde ° Vﬁ?r%ne&r esponse in the
respondi ng ni ¥eshahedoupd Tl 3CAevrmhsierareed e Shr BRT ST ea 139 pepti de
mmc, such aSc&jmsgal%B] to dXMalinEghosphgtissanPurafhediosK. gonorr hoeae

infection [ S 5Q ug of
Cct a- MAP] . F % f%ﬁ&ﬁr&&%&&fe&\%g? icl)%i_;;;awgg &%% aasggl ngon day 21.

Oct a- MAPL, %le‘hs’rﬁ’rﬁec§°f‘ﬁ’é° 1? SOPCHIARCN) 20749 22 207
ol i gosacchari de epit opeMulihlecdnt igérapeptids foamsi BOABEHIN t hree of the

ei ght mce. |g&ktimbESrole3IRaBsLHr hbEstuldy qeTat ££-MaR3e) sbgni ficantly
after eight linear PEPl molecules ("Octa-MAP1") showed strong
binding to mAb 2C7, whereas control MAP showed no
15 binding in direct ELISA, as depicted in Figure 6. Both
Tetra- and Octa-MAPl inhibit mAb 2C7 binding toc LOS
better than linear PEPl, as depicted in Figure 7. Half
maximal inhibition (IC;) for both tetra- and octa-~MAPl
was seen at 1.26 uM and 0.23 uM respectively. ICy for
20 linear PEP1 55 pM. This may be due to increased
avidity of MAP1 binding to mAb 2C7. Control MAPs
showed no significant inhibition.
Immunization with octa-MAP1l induces an IgG
anti-LOS antibody response in mice, as shown in Figure
25 8. The response profile seen in Figure 8(A), in which
there is no significant IgG anti-LOS response until the
boost at week 3, indicates that the Octa-MAPl elicited
a T-cell dependent immune response in the responding
mice. These results demonstrate the promise of a
30 peptide mimic, such as Octa-MAPl, for immunizing humans
against N. gonorrhoeae infection.
In Figure 8(A), eight mice received a dose of
50 pg of Octa-MAPl emulsified in Freund's adjuvant on
day 0 and again on day- 21. Octa-MAP1l, which mimics the



the first boost at week 3, peaked at week 7 (the next 5 tinme neasured) and
decreased thereafter. Figure 8(B) shows the positive control experinment in

whi ch f oUukyo ¢ila8@2 Wer e i mmuni zed with purified LOS. In WE
lgG anti-LOS titers increased mnimally after the firs%m@grR%ﬁgation and

rose after boosting. All mce in the 10 LOS group showed an anti-LOS

anti body response. Four mce imunized with either Freund' s adjuvant (C)

or an unrelated octa-MAP control pepfdde (D), both negative controls,

elicited weak or no IgG anti-LOS responses. The nean 1gG anti-LOS anti body

responses fromall i5 inmunized mce (fromthe_experinments depicted in

Figure 8) aPE7shbi#PSarchagide epitapan indpcednt9@idhd -HAfmal s  that

exhi bi ted noanespedsein thgée astt itheCsightt idedy rBgpeanseésLd®r the responder

mce only (frompiic. £XRELhOED h APHELEddsR s20h 7 BLEL B) s ALK Shown

I n. Figure 10.t én%i bodﬁaoroesponseel S dEf%aQ\%g as wé}&%ﬂt | -eo% nmean SE) - -

greater than 5 4 ’B%? €4 ?‘bl”ff %fbt_.’)v;ap | Phe aer’- LY evels). At 7

and 10 weeks take enegmrined) yandnrerreased theresfoeder Fighce 8 (Biuni zed with

Qct a- MAPL el kabw@dtie) Poait ivd @IneoRNdigediehe Vil SitlicBheéus p < 0. 001) than

alone o unr BISF SPiscrtapted SRk, KGR 00s FOIRHRSE G, B0

g)espgnses foEgﬁse%"_ﬁ'én‘é_@ls tﬁ'f%]z ﬁye?ﬁ%ngg;&)pnﬁtgngﬂ\ﬁ:@:]e? ihndFi gure
0 are shmawnizathioguard IMMoseMateer Ibavsting. W a- at ha

elicited JogGLaatngngSsmp@raﬁ?%nfc@LL@éﬂ_amibeﬁfpfmaowg&h | g, anti- LGS levels

W £ LOS ( poBLES iARS| yich idrber TMPne SERERD (8 dmpe
PCT/ US00129748re 3 edapckdcAP |contral [nepitddet KB, dethanegatimeni zed wit h
ei ther Cct a- MiHrsds,Negatived Geakr 6 lggeant{ floRrdsSonses. _
The mean IgG anti-LOS antibody responses from all
15 immunized mice (from the experiments depicted in Figure
8) are shown in Figure 9 (mean % SE, including animals
that exhibited no response). :
IgG anti-LOS antibody responses for the
responder mice only (from the experiments depicted in
20 Figure 8) are shown in Figure 10. Antibody response is
defined as IgG anti-L0OS (mean + SE) greater than 0.4

pug/ml (4 fold above baseline IgG anti-1OS levels). At
7 and 10 weeks after primary immunization, responder
mice immunized with Octa-MAPl elicited IgG anti-LOS

25 antibody levels higher (p < 0.001) than antibody levels
elicited by negative control antigens (Freund's
adjuvant alone or unrelated octa-MAP control peptide).

IgM anti-10S antibody responses for responder

mice only (from the experiments depicted in Figure 8)

30 are shown in Figure 11. Mice immunized with Octa-MAP1
that had elicited IgG anti-LOS responses  failed to
respond with IgM anti-LOS levels higher than mice
immunized with negative contrel antigens. Immunization
with LOS (positive control) elicited IgM anti-LOS



adj uvant al one or unrel ated octa-MAP control peptide). Serumfrom a nouse
I mmuni zed with Octa- MAPL1 5 exhi bited 2C7-specific conpl enent - nedi at ed
bactericidal activity against N gonorrhoeae strain 15253, as shown in
Figure 12. VOSRBSEI in Figure 12 is a graph showi ng surPETSs28m49 N,
gonorrhoeae strain 15253 and its 1gtG nutant (2C7 epitope negative) (4)
exposed to nouse i0 immune serum (67% final nouse immune serum
concentration by volune) plus added human conpl enment obtai ned from nornal
human donors (17% final human conpl emeé¥t- concentration by volune). Strain
15253 exhibits the 2C7 epitope. is Strain 15253 1gtG contains a di srupted

allele of i p%akllaeaf%@&g%%ﬁha& yaqx%xhstfmfﬁéa % whi ch
transfers gl ucose % an_a g%} onto tose- é_\ re of LOS
(4). The di sruptirBRT ofCMATL(E FH8akivs é’?ﬁ‘F al ﬁﬁ‘ttlﬁ%m?o 2?27 epi t ope
expressi on. 20 adjuvantdaldnbaet emrelaistd MayMMs:q@@rbbrpﬁntlde assess
conpl enent - medi at ed baCTs%&hﬁlﬂQJm acmu@é )imhﬁnli@ﬂ%tﬁ%&a(-ml In this

assay, nouse. ser 67%.f ol unme va zed or not
as described beI"‘Hn%JL\:/\?aqs 2Fnc ctl\ééc W app rf%ta% é ‘%a rgggnilOB bacteri a
suspended i n MBF§&VItrEgRrAngE - gﬁn‘?wo%ﬁe%h@é’* B2hdmeEs @bﬁ'plllerrent (17%
final vol une). ikheigueaatbi orpgpixtyd einas gubeni s hakanget ishueusgy at 37C

for 30 minutesy ?l,i,péjlotog 8f r%&%z%ﬁgggé %gsgmtfgﬁy\ggurlé;@ptbnocul ated onto

chocol at e agar ates at ti vivall was expressed
as the percent F?R:rr 25e FRLTOBRORPERE IRt HE) pPROSFeg tF3"MSRut es, conpar ed
to those oot hémphes eegtmO(§iinfisg]l nGusst émmundaer®®0% survival in the

assay indicat eaoﬂéawﬂat@aﬁlﬁggvomee%wsnuaaed ﬁﬁx&hﬁﬁtdz&ﬁbﬂéﬁl&h@d WO 01/ 32692
PCT/ US00/ 297090bta12n om norm htlzjréaend d%%ors C&%r% haf %’n.llmtankl s N

complement concentration by volume).
Strain 15253 exhibits the 2C7 epitope.
15 Strain 15253 IgtG contains a disrupted allele of
lipooligosaccharide (LOS) glycosyl transferase G, which

transfers glucose (via an a linkage} onto heptose-2 in
the core of I.OS (4). The disruption of the lgtG locus
results in the loss of 2C7 epitope expression.

20 A standard bactericidal assay was performed
to assess complement-mediated bactericidal activity in
mouse sera (11)., In this assay, mouse serum (67% final
volume} (from various mice immunized or not as
described below) was incubated with approximately 2.5 X

25 10* bacteria suspended in Morse A media (33) in the
presence of human complement (17% final volume). The
reaction mixture was then shaken continuously at 37°C
for 30 minutes. Aliquots of the reaction mixture were
then inoculated onto chocolate agar plates at time 0

30 and 30 minutes. Survival was expressed as the percent
increase in colonies on the plate at 30 minutes,
compared to those on the plate at 0 minutes. Greater
than 100% survival in the assay indicates growth during
the 30-minute incubation period.



gonorrhoeae strain 15253 with added conpl enent, but does not kill the
15253 I gt G nutant strain. As shown in Figure 12(A), mAb 2C7 possesses

bacteri ci dadmma@gt i vity agai nst 2C7 epitope-bearing goReRR6de¢> P9/ N of
mAb 2C7 (100 gl in 150 | of total volume of reaction mxture) nediated

100% kil l'ing of strain 15253, and no killing of strain 15253 1gtG Serum
taken froma single nouse i munized io0o wth Ccta-MAPL, containing 5.05
g/m of 1gG anti-LOS antibody pool ed from bl eeds taken between weeks 7-11,
showed 92% killing (8% survival) of strain 15253 whereas strain 15253 1gtG
survived fully, as depicted in Figure 12(C) . 15 Nornmal nobuse serum .
representing a pool of ™Mb 2GH1se yeed af eheantidn @snéertildis &h of 119G

anti-LOS ant gbadyridedd stggimiisbas|witd adled | coipleeenst rimitn, as shown in

Figure 12(B). S ¢ nt 116. 1% 4.7%
survival (no ES?? 59% %Efg?é?t#gkw%?&taﬁpyf%gﬁi%ﬁg Yo survival (no
Killing) for LReFIFHYS ARfAht WP 263 Rossprses Fafteraftd@Lour ce wi t hout

ant i body e>sh| bctt:“ch%ﬁgswstﬂ_ A% epiltc;pe/-wea(::mg Igdnlonngé;lf or2Sstrain 15253,

and 132.5% )3 a&d nﬁo% %Nr}g)lsgoh {ﬁt%)& R o @f 25 15253.

Serum t aken f?%m a s e nouse i al n| ng 21.98
.tg/m of Ig@amt‘rlq_nwlxﬁwq)bmﬁeeteQ)d(S’IOédkﬂbmﬂaPéeé%ﬁ’e!ken bet ween weeks .

7- 11) effect gs2sm, linkl hogeiW1 il 8f Netkadn31645%ga. vi val ) 30 and strain.
15253 1gt G (133% survi gg{%% eﬁh N g3 gg%]rr&‘ujs%( Phmaroes taken from
a

single mce inmmunized reun adj uv one or unrelated Ccta- VAP
WO 01/ 32692 PE€IHSODa2BAED, conRBintmmts-05 pefitl ¢ Ig€ amtmtlioSe control

antigens, didaﬁEEbody pooled from bleeds taken between weeks 7-11,
showed 92% killing (8% survival) of strain 15253
whereas strain 15253 lgtG surv1ved fully, as depicted
in Figure 12(C).

15 Normal mouse serum representing a pool of 20
mouse sera with a mean concentration of IgG anti-LOS
antibody of 0.1 pg/ml failed to kill either strain, as
shown in Figure 12(B). Control mouse serum without
complement showed 116.1% + 4.7% survival (no killing)

20 for strain 15253, and 123.1% % 3.5% survival (no
killing) for the lgtG mutant of 15253. The complement
source without antibody exhibited 137.9% z 1.0%
survival (no killing) for strain 15253, and 132.5%
+14.3% survival (no killing) for the lgtG mutant of

25 15253.

Serum taken from a single mouse imminized
with LOS (containing 21.98 pg/ml of IgG anti-LOS
antibodies, pooled from bleeds taken between weeks 7-
11) effected no killing of strain 15253 (179% survival)

30 and strain 15253 1lgtG (133% survival), as shown in
Figure 12(D). Serum taken from single mice immunized
with Freund's adjuvant alone or unrelated Octa-MAP



kill either strain, as shown in Figures 12(E) and 12(F) respectively. 19G
anti-LOS antisera obtained frommce s inmmunized with Octa-MAP]. exhibited
concentration- dependent killing of N gonorrhoeae strain 15253, as shown
in Figure 1WO0MXMre 13 shows a plot of 1gG anti-LOS artdmais/29749
concentration versus killing of N. gonorrhoeae 1.0 strain 15253. Wen |19gG
anti-LOS antisera levels fromeach of three mce inmmunized with Qcta- MAP1
were plotted against bacterial killing, a dose-response profile resulted
(mouse sera containing 1.38, 2.50 and- 25.05 g/m of anti-LOS anti bodies
shrowed 31, 74 and 92 1. 5 % killing, respectively, of strain 15253). Killing
by mAb 2C7 was at 5 separate concentrations as a
posi tive cont rSPnLBOOl C?oel%llfiﬁg r ﬁggf‘?’d’é’ ﬁf’ﬁffgff&% rgﬁﬁ eﬁg‘ﬁt % otein Cad 20
It is expectedkihateither shunbyedisciguwofin Pepirege 1AM ndofi2§Bhococcal

epi topes, suchraspé¥iinrelMAPLl descri bed herein, can be further enhanced

through coupling with g é@g@ﬁtosfaa%l%%ra Slbt TR Q%Jém%&l%gl es have

denonstrated an inportan nent protern in the
i nducti on ofs RuFersted ﬁmfﬁheocf@sﬂéﬁkeﬁs}me?ltsd cppcephrabipn-33 34 and 35).
C3- depl et ed m aepambamtdikiil hished antgdmedyhoesspanass 13050, cabl dependent

protein anti gegl,m@grucli;1 uggyﬁol e li rrpet haem)cyanl n ("KLH') (34, 35). 30
Conpl ement recept or C& % ¢or Emant receptor 2-(CR2 or

CD21) deficient mice ha@ég‘éﬁe 33nph “f’%dl PABI P fEFeABRhT Ent i body response
(1, 14, WO 01182600RCTPhsty29149 vers2g k8P)ing fhils dJepcewdpedzen shown

that Cad coyal sptdsh iskBled WHenhegc eg il ¥69 3 serhElevelisegubhed in an

each of three mice immunized with Octa-MAPl were
plotted against bacterial killing, a dose-response
profile resulted (mouse sera containing 1.38, 2.50 and
5.05 pg/ml of anti-LOS antibodies showed 31, 74 and 92

15 % killing, respectively, of strain 15253). Killing by
mAb 2C7 was also shown at 5 separate LOS antibody
concentrations as a positive control.

B. Coupling A Peptide Mimic
To Complement Protein C3d

20 It is expected that the immunogenicity of
peptide mimics of gonococcal epitopes, such as Octa-
MAP1 described herein, can be further enhanced through
coupling with complement factor C3d.

Numerous studies have demonstrated an important

25 role of complement protein C3 in the induction of
humoral immune responses (1, 5, 14, 17, 25, 32, 34 and
35). C3-depleted mice show diminished antibody
responses to T-cell dependent protein antigen, such as
keyhole limpet haemocyanin ("KLH") (34, 35).

30 Complement receptor 1-(CR1 or CD35) and complement
receptor 2-{CR2 or CD21) deficient mice have an
impaired T-cell dependent antibody response (1, 14,



enhanced anti body response to the HEL antigen (15). Mce immunized with'a
fusion protein that consisted of s three copies of Cad and 1 copy of HEL
elicited §90-fold increase in anti-HEL anti body I conpar ed
to antib03§ respgnses in mce immunized with HEL alone%ﬁﬂg@ﬁﬁﬁﬁL ant i body
responses induced by the fusion protein were approximtely 100- fold

hi gher than so those induced by HEL emulsified in Freund's adjuvant.
Cct a- MAP1 can be coupled to C3d by cjg ing an octa-MAP1 DNA sequence into
a C3d fusion protein cassette and transformng this construct into an
expressi on system The OctaMAPlI - C3d fusion protein can 25 then be
expressed, pus2fiedtahdsubathas beer mvaageiat O3kt eowalemdlyy, the

Cct alVAPI - C3d gﬁrgﬁmg_%l Egn é‘_ﬁ tlp %z}t“%r m..ggbm&e&q@egelys‘ﬁg as a DNA vacci ne

according to nown ro i ng
anti - i di ot ypi TVRPEH PBBH?‘??Q’ §§ﬁ5’?ﬁ‘ﬁ ﬁﬁ Fﬁﬁm 5@‘1 ¢g $ tivity simlar
to the pepti d¢ice nimoendied hdthnst fugicnnpratem that emmﬁua‘di ef by a cell

ggllagrgzggeoséﬁféie Idapaés &T@@d &ﬁc?_glglzoyﬁ}' ¥ )élB@%\i_:r%déadd Msmassag5 Va.
aSSI accessli on

nunber HB 113‘1"1 %ﬁﬂ‘é mcrf&?%%%r""e HE{‘ m%ib SCroPonse.

exhi bi ti ng- i rEAMRATSE ‘éalar?%éeéywqipogxisw AR rtud:et AEmuRBIAd @ ER i cs of the

i nstant i nverdBomlioneex aali-HER tantijpodyC ebspansddsuiaddesd giyathd as 2C7 and

deposited i ”nﬁ% gﬁepég@.rp@e%r%x%xﬂnggély-rﬂ(ﬁ %Bh&ut‘i H’@Stﬁﬁ gned ATCC

accession nu 1859. Wile er el nbef ore. scrlbe a nunber

HB-
of enbodi ABnt W ﬁﬁ&gc‘?‘h\}’gnfipﬁrﬁ“‘m‘ﬁtsl%éeﬁpb‘ér Engungpga %ﬂ’tanﬁam c
constructions can be ab¢tEr-¥MAPLocar dei douplédrta C3IWPY 14 BRERY BT/ USO0/ 29749

- 27 octa-MAP1l DNA sequence into a €3d fusion protein
cassette and transforming this construct into an
expression system. The OctaMAP1-C3d fusion protein can

15 then be expressed, purified and used as an immunogen.
Alternatively, the OctaMAP1l-C3d gene fusion, in the
form of DNA, can be used as a DNA vaccine according to
methods known in the art. '

A hybridoma producing anti-idiotypic

20 antibodies exhibiting immunological feactivity similar
to the peptide mimics of the instant invention is
exemplified by a cell culture deposited in the ATCC
(10801 University Boulevard, Manassas, Va. 20110-2209
U.S.A.) on March 26, 1993 and assigned ATCC accession

25 number HB 11311.

Hybridoma 2C7 secreting the mAb 2C7
exhibiting immunological reactivity similar to the
peptide mimics of the instant invention is exemplified
by a cell culture designated as 2C7 and deposited in

30 the ATCC on March 9, 1995. This culture was assigned
ATCC accession number HB-1185895.

While we have hereinbefore described a number
of embodiments of this invention, it is apparent that
our basic constructions can be altered to provide other
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F"rrarereJdrrrtrfrrrrr s W claim 1. A peptide mimc of a conserved

gonococcal epitope not found on human bl ood group antigens, wherein said
peptide ninmic is capable of inducing th~a manmal -ererspons—e—agai nst
sai d conserved gonococcal epitope. 2. The pepti di"“m i to clai'm
1, wherein the anmino acid sequence afatie peptid ’ﬂ”mn&i"a!’s t he
sequence DE GLF. 3. The peptide minmic.according to*cl&inti,n ewei n the

i mmune responseclgim: cel |l dependent. 4. The peptide mmc according to
claim1 or 2, wherein the am no acid sequence of the peptide mmc

conpri ses cysteine resj . rm Tae RerLLfde mmnmc _
-according to cl ai ?71'4, SA%%%?%?% “gﬂlglac ?cyg%&§?§2??s§%or magla'?hrough di sul fide
bri dges bet meerﬁEif@P@yﬁP’éi%nﬂe@d%‘é?naP e3¢ T APRYSSR- sai d sequence.

6. The pepti de wheBednagadd Gepgitie mimionis, capdideciof fhdugioyd iide mimic
further conprisgsg, atzheastimpPRg Faidoddd agQUmd NAil0cans@H agent. 7. The

peptide mimc accor I ng. to claimsé, wher&in the second agent is an
adj uvant . 6i gonococcal epitope.

2. The peptide mimic according to claim 1,
wherein the amino acid sequence of the peptide mimic
comprises the sequence DE_GLF.

3. The peptide mimic according to claim 1,
wherein the immune response is T-cell dependent.

4. The peptide mimic according to claim 1 or 2,
wherein the amino acid sequence of the peptide mimic
comprises cysteine residues at each terminus.

5. The peptide mimic according to claim 4,
wherein a cyclic peptide is formed through disulfide
bridges between the cysteine residues at each
terminus of said sequende.

6. The peptide mimic according to claim S,
wherein the peptide mimic further comprises at least
one tail for coupling to a second agent.

7. The peptide mimic according to claim 6,
wherein the second agent is an adjuvant.



WO 01/ 32692 PCT/ US00/ 29749 L 35 8. The peptide mmc according to claiml
or 2, wherein the peptide m mc further—conpr+ses an adjuvant or a

carrier protein. 9. The peptid r,mmi ' Hitg; to cl ai wher ei n

t he pepti dWOR1REE2 | s part :of aei" |"ﬂ"'mm | " B peptide.ﬁq@&zﬁﬁe pepti de
mmc according to claim1 or 2,* Vheteih sald peptide minmc conpetes with
gonococcal LGOS for binding to nonocl onal antibody 2C7. 11. A peptide mmc
whi ch i mmunospecifically binds to an antibody that binds to an

ol i gosaccharide epitope of N. gortorrhdeae, which oligosaccharide epitope
IS not present in human bl ood group antigens. 12. The peptide mmc

according to claimgll, rMOglRat NBidePhéErdiingl €o bildm toosmocC! onal

anti body 2C7. 13. _The, tide mjc.accqrdi t ' wherein the
peptide minic bi IETTIE gte‘ﬁoﬁ?)%‘ilo‘%af‘““‘h%t Pﬁ%ﬁ%”p&é“g’%glé%;%“i mmuni zi ng a
mammal with an adibvanti orypi canrdsscPerf@inant i body, or fragment thereof,
produced by a hybridoma cell line having the characteristics of HB 11311 as

deposited with the , AT i ] corgdivng tp £l aim 11,
wherein the pepti deg'rri Sn:g%e ?p;}epﬁyrg% o] tecl gnﬁ?‘%%d%@ égnt i gen peptide. WO

) ] e
01/ 32692 PCT/ USO®RS9F4D t?fllﬁlitl"-?elm&’ﬂ‘iffl?ig‘l‘I‘?f1 P MPYSYTe s 36 15 A
conposition for aARnigexipegtédgal nst N. gonorrhoeae i nfection conprising an

10. The peptide mimic according to claim 1 or 2,
wherein said peptide mimic competes with gonococcal
LOS for binding to meonoclonal antibody 2C7.

11. A peptide mimic which immunospecifically
binds to an antibody that binds to an oligosaccharide
epitope of N. gonorrhoeae, which oligosaccharide
epitope is not present in human blood group antigens.

12. The peptide mimic according to claim 11,
wherein the peptide mimic binds to monoclonal
antibody 2C7.

13. The peptide mimic according to- claim 11,
wherein the peptide mimic binds to a monoclonal
antibody produced by immunizing a mammal with an
anti-idiotypic monoclonal antibody, or fragment
thereof, produced by a hybridoma cell line having the
characteristics of HB 11311 as deposited with the
ATCC.

14, The peptide mimic according to claim 11,
wherein the peptide mimic is part of a multiple
antigen peptide.



I mmunopr ophyl actically effective anmount of a peptide mmc according to
any one of clainms 1-3, 5-7, Qor 11-14. 16. A conposition for inmuni zing
agai nst o @Raes r hoeae infection conprising an i MuNQQRL. tically
effective. anount of a peptidm 1] inS4eng t he peptide Sequence of
SEQ ID NO'1. 17. A conpositio Hﬂlﬂ"mﬂﬂlggau nst N. gonorrhoeae

i nfection conprising an inmundpkdéphyl aeti<al effective anount of a
peptide mimc conprising the peptide ss“_equence of SEQID NO 2. 18. A
conposition for inmunizing against N gonor r hoeae infection conprising an

I mmunopr ophyl actically effective anount of a peptide mmc conprising the

pepti de sequence pd. SEQcbinpdEl tionl for Ampmmpeshd i @yaifn@mt | mruni zi ng agai nst
N. gonorrhoeae B}_n%@g&}g&m%g&%fp@m{,m&q@oragphyI actically effective
e

anount of a pepti mm ¢ conprlsing. the, pepti de sequence qf. SEQ | D NO 4.
20. A corrpositila}‘i‘“PSPr‘P?méﬁicfgﬁﬁl%aﬁ S aé??l’fb‘?:rﬂge%é’?ﬁjﬁlg@tion
conprising an nimignapraphiyigatbi aay opeepf ectdims AndBund-f Saopeptide mmic
conprising thejaepki de sequence of SEQ ID NO 5. 21. A conposition for

I mmuni zi ng agai nst N. gonorrhoeae infection conprising an i! WD 01132692
PCT/ USUU/ 29749 37 immunoprophyl actically effective amobunt of a peptide
m mc conprising Yhe PeprrBesYdrefice PIMUSESIPY AgFBSt 22, A conposition
for i mmuni zi ng MmgaoRstribeago AL edinizae conpetdingn anonpri si ng an

I mmunopr ophyl act | I f,;zngf@ SRk d I JH43-1G@NPri sing the
pepti de sequen?gﬁngﬁg}%iéo I%%E%&%sl 3 E\cg%@osi t?%ggiginﬁn%%%fzi ng agai nst

mimic comprising the peptide sequence o

17. A composition for immunizing against
N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic comprising the peptide sequence of SEQ ID NO:2.

18. A composition for immunizing against
N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic comprising the peptide sequence of SEQ ID NO:3.

19. A composition for immunizing against
N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic comprising the peptide sequence of SEQ ID NO:4.

20. A composition for immunizing against
N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic comprising the peptide sequence of SEQ ID NO:5.

21. A composition for immunizing against
N. gonorrhoeae infection comprising an




N. gonorrhoeae infection conprising an imunoprophylactically effective
amount of a peptide mmc conprising tne gepti de sequence of SEQ ID

NO 10. 24. A nethod for i munigimi BT ainst N. gonorrhoeae

i nfection cwaptde®ng the step|igil ‘ Nl t o sai d PERMYZIUR

i munopr ophyl actically effective agpunk ok} a+~péptide minmic according to
any one of clains 1-3 and a pharnmaceut i (‘:‘al{‘\"y acceptable carrier. 25. A

met hod for immunizing a manmal agai nst N. gonorrhoeae infection conprising
the step of admnistering to said marnm® -an i mmunopr ophyl actically
ef.-fective anmount of a peptide mmc according to any one of clains 11-14
and a pharnmaceutically acceptghle rrder. .26. pept L gL c according
toclaiml or 11, lrf‘%%%/perlo Y %c B‘ga%gﬁeefnﬁfgﬁltéggsa%%& gg %gj%gqggénpl enment
protein. WO 01/ 32@9‘2143(99“3899}%1529 pexy 1dg7 seqpengso Bfi B8R PR Sccording to
claim?27, wherein the peptide mmc is coupled to conplenent protein Cad.

28. A method for imygni ZAH&H%OM fggaimniﬂnggggg{ﬂg%oeae i nfection
adm ni ' an

conprising the step of stering to sald pamm

i munopr ophy! act i ¥al §9PUFHeeRe VEISRHIAR COPPRAPEM e ninic according to
claim 27 and a phamnacesropbal doticatlbe piffiekcsivaranamt 29 a pepsipgesiti on for
I muni zi ng agai NSgime cgﬁ?%éi}@e@ﬁeiﬁ;&qtd@aeg@mé PIENGERND NO:7.

i mrunopr ophyl actically effective amount of a peptide mmc according to

claim27. 30. A nmethod for increasi n% the antigenicity of a
23. A composition for immunizing against

N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic comprising the peptide sequence of SEQ ID
NO:10.

24. A method for immunizing a mammal against
N. gonorrhoeae infection comprising the step of
administering to said mammal an
immunoprophylactically effective amount of a peptide
mimic accoiding to any one of claims 1-3 and a
pharmaceutically acceptable carrier.

25. A method for immunizing a mammal against
N. gonorrhoeae infection comprising the step of
administering to said mammal an
immunoprophylactically effective amount of a peptide
mimic according to any one of claims 11-14 and a
pharmaceutically acceptable carrier.

26. The peptide mimic according to claim 1 or 11,
wherein the peptide wmimic is coupled to a complement
protein.



peptide m mc according to claim1 or 11 conprising the step of coupling
said peptide mmc to a conplenent protein. 31. The nethod according to

clai m 30, wahesRe the conplenent proteinis C3d. ilil iill'll This
Sheet Hasteen Replaced I1LILL 1T1TEIEE TINTI ”””i'éf/bén()}zﬁhd
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27. The peptide mimic according to claim 27,
wherein the peptide mimic is coupled to complement
protein C3d.

28. A method for immunizing a mammal against
N. gonorrhoeae infection comprising the step of
administering to said mammal an
immunoprophylactically effective amount of a peptide
mimic according to claim 27 and a pharmaceutically
acceptable carrier.

29. A composition for immunizing against
N. gonorrhoeae infection comprising an
immunoprophylactically effective amount of a peptide
mimic according to claim 27.

30. A method for increasing the antigenicity of a
peptide mimic according to claim 1 or 11 comprising
the step of coupling said peptide mimic to a
complement protein.

31. The method according to claim 30, wherein the
complement protein is C3d.
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