Pol ynmyxi n B anal ogs for LPS detoxification The present
invention relates to peptide anal ogs of polynyxin B
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pharmaceutical field, they my be used (i) as such

i.a. to treat fatal disorders;lsuch as septic shock,

caused by Gram negative bacteria infection ; or (ii)
non-coval ently Round to LPS which is therefore

detoxified ; th Oﬁyaﬁﬁql%ﬁ malggsder bRSdlgtedBeationgs

vacci nal agent agai nst Gram negative bacteria

i nfection. Lipopolysaccharide (LPS) is a major

c dhe prasemtrinvestion helatesitoepeptidarbnaogs affpolyieyxiall thadrk uséful for LPS

' cteria, LPS. i ghl oxi c.in
CUBULARIA YR RSB RrahERetB, Bl b2 B . 10 e
bfatdlafiscrdbrs agich st séptiashdRREBarizad b @ﬁ?ldﬁér%%ﬁ{/@baétérid thfection ; or
responsible for the effects deriving fro
e&@o‘i‘ﬁ%‘(‘?‘ﬁ’éﬁqﬂg}’ih@uﬁ,@ﬁi LESswlich is theréfore- ddtoafiednithmcomplex thereof

e n acute infectio sepsi.s). b
Pk okt o DR PR AR Srr B B SEE R e
by a lipid noiety, called Lipid A covalently |inked

tp. a polysaccharide noiety. Lipid Ais responsible for
t ﬂE’OPgWF%CCEW@c(tLP& i Pmajor gopwiteant of the oukar sugghbrane of the cell wall

[ Tle 08} M c tophages. . This.
S it B 3 B REIC B BBt il fpmans and
cyitbkegred of ik bidlogita motvior yasdres cill @rendBioxiL #CR rédpBnsible for the
f at.al ﬁit at.e gf e%%gt oxi c, shock, Lipid Ais highly
h%%sp GH1TRE HRH chqestcosisps senficeshacks g lde-thrgpleningfevenfethat ocours
nefoud infRl is) By @hath-Aedafi d of (i) a
<k:)l?}5rﬂ1dserved1 gel%gb%ﬁ%g%ﬂﬂyy fﬁeﬁb%ﬁggggrﬁg%e'de regi on (nost
frequently, N, O acyl beta-|,6-D glucosam ne

|+ 4o -0i.spbhosphate) wi.th (ii) fatty acids,, that )
SHES SRR SRR o Yok mofioe olet Ay soyetonty finked to a
dhdpeetiariddendingr oxyl s. The nunber of the fatty acids
and their conposition are interspecies variable. As a

matter of exanple, each of the two synmetric

; ' . Ne| ) Nei sseri.a . . .
AL A R T U e —
: B2BHCadd IAdroph@hes? This interaction induces the secretion of pro-inflammatory

cytokines. The inflammatory condition may reach the fatal state of endotoxic shock.

Lipid A is highly hydrophobic and anchors LPS in the outer layer of the bacterial cell
wall. Lipid A is composed of (i) a conserved bis-phosphorylated dissacharide region
(most frequently, N,0-acyl beta-1,6-D-glucosamine 1,4’-bisphosphate) with (ii) fatty
acids, that substitute various hydrbgen atoms pertaining to the disaccharide hydroxyls.
The number of the fatty acids and their composition are interspecies variable. As a
matter of example, each of the two symmetric glicosamines (GlcN1 and GlcN2) of
Neisseria meningitidis lipid A carries the following fatty acids : 2N-C14,30H ; C12 ;
and 30-C12,30H.

The LPS polysaccharide moiety is constituted by carbohydrate chains, responsible for
antigenicity. The carbohydrate chain structure is itself composed of (i) a conserved

inner core called the KDO (2-keto, 3-desoxy octulosonic acid) region bound to lipid A



and 30-C12,30H. The LPS pol ysaccharide noiety is
constituted by carbohydrate chains, responsible for

wW@piobgesssci ty. The car bohydrate chai n struct urBCI/BP2006/003237

10

15

20

25

30

itself conposed of (i) a conserved inner core called
the KDO (2-keto, 3-desoxy oct &losoni ¢ aci d) reglon

Plocp A3 e oo 3R i Fraf L R8I i o
1ﬁé’1\15ﬂ11g%n’\6ﬁ§ kRRarRECHAT thd S st RPSht ek {2 dt Shay' @cﬁﬁ’;ﬁised up to ten
uni t hat may conprised up to ten sacchari des)

(sapcpll)armlhs) oékn@mmﬂxt@d@@pmlfb: diagisns | n G am negat ive,
non-enteric bacteria such as Nei sseri as, Bordetell as,
Haenmophi | us and Moraxel |l as, the O speci fi c chains do

N@t Gear-pbgdimBahor-enteié bA@etiASudes Nbfssdridse Bealesaliak,t Huamophilus
in fact not repeated). Therefore, the LPS of _these

bané: Moravellas the Despeeidiceshriag dpioagxist fubatiis defnedhas thg dirst repeat

( nq%sx)ﬁ 6% ggz:?notsﬁ?i}ge{te% ergfggéh ;t"heb]‘]:g%@‘f ﬁ}%s{'ﬂ) F@é%é ag? gften referred to as

|1m1§bwgdsaiulﬁamg(mis¢ct| on and carriage, and may be
protective. In view of this, it has been already
proposed to detoxify LPS and to use the detoxified

gnI% Rt &ﬁg t%ﬂcr: gflgatﬁg(yd h%ﬁlgélas ultd B g%ev ok ﬁgﬁ{ahifﬁal? agptiarPRhntibodies

I ons er al
da‘eondhfded duiing infedtiondsd zaeiage, ra'ﬂddlya3kbmpmtechne In view of this, it has

o SHL o B b, S0 B DS 5 ot i

ddiede Seabéspi d A
ﬁ‘?’?ﬁ% s R i e i R

detoxi fi ed. Wien given therapeutically in aninal

@P%xﬁﬁoﬁ%ﬁgpmﬂgp@gt :frr X en(i}h %vlgflhg Qaﬁg?ul V‘?Vse possible to

S QeBFA L PEGlife dstho POIRASKiR BCa4R6reQbpidpSiately, geptlde analo gs thereof.
non- bi odegradabi | ity and the consequent tendency to

accurmul ate in the kidneys. Therefore, it is not

nd far I N, pr l{agiy t ' .
DPERIDRE ' 3 mpRSwe Ry BRAY pld . Yol HEh BB B that LPS is
t eightH cuntlX idetoRifiedy SViesivele tekraieatically in animal models, polymyxin B

can prevent septic shock. However, polymyxin B is a polycationic antibiotic that may

be somewhat toxic to humans because of its non-biodegradability and the consequent
tendency to accumulate in the kidneys. Therefore, it is not recommended for use in

prophylactic or therapeutic products.

To overcome this limitation, peptide analogs to polymyxin B have been developed.
They do not retain the polymyxin B toxicity but merely mimic the primary and
secondary structures of polymyxin B and bind lipid A at the same site as polymyxin B
does, so that a LPS-peptide complex is formed. As a result, LPS is detoxified. Peptide
analogs are in particular described in US 5,358,933, WO 93/14115, WO 95/03327, WO
96/38163, EP 842 666 and EP 976 402. One of them, the cyclic monomer SAEP2
(synthetic anti-endotoxin peptide 2) of formula KTKCKFLKKC has been more
particularly studied (Rustici et al, 1993, Science 259 : 361 and Velucchi ef al, 1997, I.
Endotox. Res. 4(4) : 261).



They do not retain the polynyxin B toxicity but nerely
mmc the primary and secondary structures of

w@oioghyssser B and bind lipid A at the sane sit ePE@FEP2006/003237

10

15

20

25

30

pol ynyxin B does, so that a LPS-peptide conplex is
formed. As a result, LPS is ddtoxified. Peptide

anal ogs are in particular described in US 5, 358, 933,
WO 93/ 141 15, WD 95/03327, WO 96/ 38163, EP 842 666 and

EPhaY B0 88en FMAd Fhat tRESAEPD %e?’?f@é éscwélfg fﬁ@ Biﬁﬁlaﬁiﬁgﬁ?des including in

(synthetic anti-endotoxin péptide 2) of fornu i
KM CEEIUEHE s lrasurhlesz rof pckarged poleuiminoyacids syrreundedi st fwq adjacent

e 805 U8B S, B YLASED o i
fRURALER A fENBeneABRR, RERTdINS BSARH [T Rptiaés)iateds! particular interest

peptides including in their sequences a nunmber of L.
urlednather arein dimerigrion. ; 4k disnes beingwaneamatjonally made sed maintained
st ei ne .resi dues. and .count er - ' . .
R BT ERAEERORE R ot Y S Fhighls “a08, SABP I pepide

(diBtes Baibiesnhaasdrdetadifisation pespeaitsioventhe Sofrpbhding monomers.
pepti des) are of particular interest when they are in
dimeric form; the diner being conformationally nmade

i BB 1§ o QIAEH 17 b ARicAmBORB e WBen
t er%é@@?ﬁ@%&@&%@@ﬁ%gég?ﬁgg@@eﬁﬁnpepti de d;mrrers
exhi bit enhanced detoxification properties over the
correspqendi.ng nononers. Therefore, the invention

rel ate %Aag@lEg‘ XS%%&&S dimer of formula (1)

NH2- A- Qysl A 7By Y B2-(Gx830tEdbRr A - Oysl - B' - Oys2- C - COCH
wherein the two Cysl” residues are |inked together
t hrough a di sul phide bond and the two Cys2 residues

? LEH{J: %ﬁ%r%}l; 8%%2{:@)2{@@_%% g@ﬁ@%@iﬁquerbtﬁpo%gh aoﬁisulphide bond
COOH Candns 2wB'CySY sdsidiies Madinkbe tcplethet theodghsd disephide®end ;

are linked to the Cys2 residues through a di sul phide

or formula (If)

NH2-A-Cys1-B-Cys2-C-COOH
COOH-C’-Cys2-B’-Cys1-A’-NH2

wherein the Cys1 residues are linked to the Cys2 residues through a disulphide
bond ;

wherein A and A’ independently are a peptide moiety of from 2 to 5, preferably 3 or 4
amino acid residues, in which at least 2 amino acid residues, are independently selected

from Lys, Hyl (hydroxy-Lysine), Arg and His ;

wherein B and B’ independently are a peptide moiety of from 3 to 7, preferably 4 or 5
amino acid residues, which comprise at least two, preferably three amino acid residues

independently selected from Val, Leu, Ile, Phe, Tyr and Trp ; and
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bond ; wherein A and A independently are a peptide
nmoi ety of from2 to 5, preferably 3 or 4 amno acid

WO e®cadess8g i n which at | east 2 anmi no aci d resiPCBEP2086/603237

i ndependently sel ected from _Q/s, Hyl (hydroxy-Lysine),
Arg and H's ; wherein B and “independently are a
pepti de_ noie of from o7 .ef er abl 5 _ami.no,
SECEP1R &l Qi’tﬁieg"y HFAi %HJF_OE‘ t&‘!e%ee pg{%{l?xgaaayt &%,ﬁ&g{rt%f(gr g%@yand are
b (B En AN Andfhiflo -8RI AYRISe 0P depyide HhoivtySetl ferheltd B aamino acid
Val; Leu,  He3Phe, Tyr and Trp ; andwherein C and C are
osidwsal (these positions nay be enpty or not) and are
i ndependently an anmino acid residue or a peptide
noiety of from2 to 3 am no acid residues ; provided
thaliddd@at Blicafibfic afimnPade kebidues i dy@photiy dmimhadid cesidues ratio
am no acid residues ratio (cat/hydroph ratjio) is fré)m
Gcat/hydroph ratie)qin thepge S dsioy2, fadyartegasusly from Ogy to11.8 or 1.5, preferably
ef erahbly. from y to s ef bly from0.6 to
Bl 61638 ¢ el Byl 0,688 PP
i ndependently are a peptide noiety of from2 to 5,
preferably 3 or 4 anino acid residues, in which
|Aetrgntageriislpraf andaist yInslepgAdatin &g & @%H’tuf%egi,mé)’ gsoafI from 2 to 5,
'tpﬁgfgﬂl%[lﬁg el Y 2 B SR E sl BN i YPhich M 1eadlf dhe@PffdhiSly 2 amino acid
ose at are not selected fromLys, Hyl, g and H's
(rédiheesy ereaindependantiynselated fromsLyhyddyl) Arg andudis ; Bhosaghat are not
se] ected from rou nsjisting .of uncharge 0] Al -
SelcisH ey D R a8 68Tt sofaiBing BRg GRE R, if any,
ath ctedBSh RE S &HABINisHRE of \MA&Hr AaBfndpolar amino acids
peptg’lqde)cge rreol eties %rrpp?i&gselss éar(r)i no ac:lg%aelr) esi dues,p each
absitesmprefarably Bhrg Sei andi Glyr; existipesferally Thrt er nat i vel y,

two out of three residues are cationic am no acids,
whereas the remaining residue is selected fromthe

OWRER t1e08 S W’ RdpRde tofdias @@g@rl%@w Psmbio detihesidass, @aihnel them can
aci ds residues ; preferabl r, Ser and Gy ; nost . )
dreed eptignig ravigue ; or alternatively, two out of three residues are cationic amino
acids, whereas the remaining residue is selected from the group consisting of uncharged
polar or nonpolar amino acids residues ; preferably Thr, Ser and Gly ; most preferably

Thr.

When the A and A’ peptide moieties comprise 4 amino acid residues, it is preferred that
two or three out of four residues be selected from the groups of cationic amino acid
residues as defined above, whereas the remaining residue (s) is (are) selected from the
group consisting of uncharged polar or non-polar amino acids residues as defined

above.

When the A and A’ peptide moieties comprise 5 amino acid residues, it is preferred that
three or four out of five residues be selected from the groups of cationic amino acid
residues as defined above, whereas the remaining residue (s) is (are) selected from the
group consisting of uncharged polar or non-polar amino acids residues as defined

above.



Wien the A and A" peptide noieties conprise 4 am no

acid residues, it is preferred that two or three out
W®@R00600858¢ esi dues be sel ected fromthe groups PET/EP2006/003237

cationic amno acid residues as defined above, whereas

the remai ning residue (s) is (are) selected fromthe

SRRYB SR L 17 GG oLt S RBD BRLST PR 5 o

pereterdsyMobes ia@8n6 abifesiguer, ﬁt!&ldhoco%ﬁirfid ﬁtslegé{%zo, bfeférﬁbly three

referreg that three or four out of five residues
sEPEY: &d

EEFENES (R 10 0P8 R0 Curol B dhaelFRR o Vel Lo, e, P,

5 copsiasdi va (fthel ﬂﬁhmng%dalﬁﬁioaﬁcﬂfre@ﬁﬁed??' B axgm Bg\qmts@endenﬂy
rej%%’éﬁ%}g tgeefl ned abgve. Advant ageous

&r@lpac‘ﬁf@biupae‘)fn{ay%t YbfAtgr @wi 3{16 oAtr may be easily

P4t add, ¥hé a Hels

at | east thO%nrng efr;é %g%%qgéﬁdy&ﬁ%%wpf g)s? uesd 46id residues

i depraddethy sefecte] Zomdthl ftneunmwanhe Tetanddp. Phe, Tyr and

Trp ; preferably fromLeu, He and Phe ; those that are

not selected fromVval, Leu, He, Phe, Tyr and Trp ("the

10 rgdmmagwuﬂ?t A8 PAgidcR T h@élﬁl%léues icbm gﬁb!e thB gk Pnce X1 -X2 - X3
|ndependent y sel ecte romthe group consis

freadveshadeneadenilyoselested Gninc Vali ey, dlsj @he, Tyr and Trp ;

Lysit Which 2ok gndidd +HK2 andKiraypr B, e&sady Xarde mdepetdlently selected

t t
RS TR B SR bl o
Lenbodimenttte, sediygncan K Tr M2 -ARY anbAgeRststhy Pht- IE@u ﬁtcﬁ‘f? d

B' peptide noieties conprise the sequence -

X3 -, in which XI and X2 ; X2 and X3 ; or XI, X2 and
X8 QESRER a He, Phe,
o Tyr glﬁgﬂ Trp ; gﬁ@%wz}%ﬁe%ﬁ@?ﬁsé%m%engwg Phe In a

preferred errbodl nment , the sequence - Xl - X2 - X3 -

C ri e-Leu notif, Particular enbodi nents of
@n@ Z}sfmlsgt gg“BBGSWCBmWh@hude : (i) the - XI - X2
- X3 - sequence in which :

X1 1is Lys, Hyl, His or Arg, preferably Lys or Arg ; more preferably Lys ;

20 X2 is Phe, Leu, Ile, Tyr, Trp or Val ; preferably Phe or Leu ; more preferably

Phe ; and

X3 is Phe, Leu, Ile, Tyr, Trp or Val ; preferably Phe or Leu ; more preferably

Leu; and

25 (i) amino acid residues, if any, each being independently selected from the group

consisting of Val, Leu, Ile, Phe, Tyr, Trp, Lys, Hyl, Arg and His ; preferably Val, Leu,

Ile, Phe, Tyr and Trp ; more preferably Leu, Ile and Phe.

When B and B’ comprise more than 4 nonpolar amino acid residues, A and A’

30  preferably comprises at least 3 positively charged amino acid residues.

In the C and C’ peptides moieties, the amino acid residue(s) may be any amino acid

residues provided that the cationic amino acid residues / hydrophobic amino acid
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Xl is Lys, Hyl, Hs or Arg, preferably Lys or Arg ;
nore preferably Lys ; X2 is Phe, Leu, He, Tyr, Trp or

w/aloe/10838€f er abl y Phe or Leu ; nore preferabl yP@EP2006/003237

and X3 is Phe, Leu, He, Tyr, Trp or Val ; preferably
Phe or Leu ; nore preferablyﬁ_eu ; and (ii) amno acid

resjdues,. if any, each bein pendent |,y Iect
Fesistves heatigr GEmaRsn LI nél gpe&g d FAREe: Héd 5‘? they are
%Ld%per@éﬁﬂy '?glkcteé\rfﬁbn@'ﬁﬁclﬂréed arﬁfn%f K4 @Réyduéa |polé1:€lit nodgolar, these
Trp ; nore preferably Leu, He and Phe.
Wmnbang peef8red dlyyraver imo p@fmmmfp@ﬂ%@ aspeRBLyROsHions.
residues, A and A" preferably conprises at |east 3
positivel y charged am no acid residues. In the C and C
A@BicfSl8Sa PRt tddastass b @indi ae odsrthulediBiue(s) may be
any ani ho aci d residues provided that the cationic
am no acid residues / hydrophobic am no acidresidues
o r the specified range.
n‘%‘cé'ng R}Ig& Eliqj(él!ﬁare i ndependently sel ected from
hargegk1 B1-09s2aCO0H esi dues pol ar or nonpol ar, these
Iatter bei ng preferred. However, in a preferred
manner, C and Care enpty positions. Therefore, a

m&xﬁ{l{g | ass of dinmers are of formula (I11)

- B- Cys2- COOH NH2- A - Cysl - B' - Cys2- COOH or

formula (1V) NH2-A-Cysl -B- Cys2- COOH

NH2 wherein A, A, B and B' are
Q%Cégéﬁ’?]ogdcé%o{‘;@él{ provi ded t hat the cationic am no
%@dé?éﬂﬂe-@yél Aydg@phobi c amino acid residues ratio

from0.4 to 2, advantageously from0.5 to 1.2 or
1 5, preferably fromO0.6 to 1 ; nost preferably from

Owl?er(tﬂ?l A), E’, B fidB’ Qr'e7a§ described above ; provided that the cationic amino acid

residues / hydrophobic amino acid residues ratio is from 0.4 to 2, advantageously from

0.5 to 1.2 or 1.5, preferably from 0.6 to 1 ; most preferably from 0.6 to 0.8 ; e.g. 0.75.

Dimers of formula (I) or (III), that is with peptides in the parallel orientation, are
referred to as parallel dimers. Dimers of formula (II) or (IV), that is with peptides in the

anti-parallel orientation, are referred to as antiparallel dimers.

In formulas (I) to (IV), A and A’ are preferably identical. The same holds true for B
and B’; and C and C’. A peptide dimer of formula (I), (II), (III) or (IV), in which A and
A’ ; B and B’ ; and C and C’ are two-by-two identical, is referred to as homologous

dimer. Indeed, in this case, the peptide subunits included in the dimer are identical.

As a matter of example, the following peptides are cited as being suitable for use in

dimers of the invention :

NH,-Lys-Arg-His-Hyl-Cys-Lys-Arg-Ile-Val-Leu-Cys-COOH ;
NH,-Lys-Arg-His-Cys-Val-Leu-Ile-Trp-Tyr-Phe-Cys-COOH ;
NH,-Lys-Thr-Lys-Cys-Lys-Phe-Leu-Leu-Leu-Cys-COOH ; and
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Dinmers of formula (I) or (Ill), that is with peptides
in the parallel orientation, are referred to as

w@arahbssBe di mers. Dinmers of formula (11) or (1ROT/EP1vA$/003237

is wth peptides in the anti-parallel orientation, are
referred to as antiparallel diners. In fornulas (I) to

Nt AR Ty aCE Bh e 5+ dRe N BT e G008t T G i er
of forrmula (1), (I1), (I'll) or (IV), in which A and A

, Band B ; and C and C are two-by-two identical, is

(Ihleatespedtive catdhydomdl tiouef diermsrrespandingghomelogpissdimegs are 2.00,

t t bunits included in the diner are

iog@npﬁgaqna%@a matter of exanple, the follow ng

peptides are cited as being suitable for use in diners

of the invention : . - N‘-Lys- -Hi s-Hyl - Cys-Lys- Arg-

pe- Val - Leu- Cys- COCH ; YRR

NHa- Lys- Ar g- Hi s- Cys- Val - Leu- He- Tr p- Tyr - Phe- Cys- COCH ;

NHi - Lys- Thr - Lys- Cys- Lys- Phe- Leu- Leu- Leu- Cys- COOH ; )
cHsikioubiy| exAtpld-bE they dinfyrs dRbeib®y rabdve-ivatonstitated chy- gypeptide of

ak _ .
e G R b Gt LEYORRRD o bR bl ogH, ghis pepide

a3 deRiBfier ARG QYRS SHPOIPD epidd NG didied aB@sS ftidagdlso be in

ove, 1s constituted by a peptide of formula (V)
Npd2alle) or Aitti-pargBel dimleri¢ famPhe- Leu- Leu- Leu- Cys2- COOH
This peptide is hereinafter referred to as the
SAEP2- L2 peptide. As described above, it can also be
in parallel or anti-parallel*d¢vwsric form t* H*
Peptides involved in the or diners of the invention
can be conventionally synthesized by classical nethods

e o TR b DU BT HRgpaly e
the cRidicd imaBeds @ng yai heshputer-divenvahtomatio synthesizer. It is within
the skills of professional practitioners in the art of peptide synthesis to know how to
design procedures so that a particular peptide is obtained. It goes without saying that
during the synthesis phase, the cysteine thiol groups can be protected. Once the
synthesis is completed, they are de-protected and oxidation of the thiol groups is

achieved in order to generate the cyclic monomer, the parallel or anti-parallel dimer.

When both cysteine residues present in the peptide are de-protected simultaneously, it
is theoretically possible to generate each of the three forms upon oxidation. Then each
of the three forms can be separated from each other by conventional biochemical
purification methods. Preparative reverse-phase high performance liquid
chromatography (RP-HPLC) is cited as a suitable example. Indeed, one may expect
that each of the three forms elutes at a different retention time. Therefore, a preparation
containing the purified cyclic monomer, or the purified parallel and anti-parallel dimers

can be simply obtained by pooling together the respective peak fractions.

The respective proportions of each of the three forms generated upon oxidation depend

on i.a. the specific amino acid sequence and importantly, the concentration of the
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protected. Once the synthesis is conpleted, they are
de- protected and oxi dati on of 8the thiol groups is

achj.eved in order_.to generate.the,cyclic n . 1 )
P&PUSS. df sy hanpen (927 99 eF e ﬁ’éfh.e irbriowt FE BRPS created
8 IiANRE, HeSieitlench of bReRR Rivb 4B Mag el €t €tk other(s) are not
st mul taneously, it is theoretically possible to
demaedadtalleach of the three forns upon oxidation. Then

each of the three forns can be separated from each

ot her by conventional biochem cal purification

md RogatierPo e Bamaile, Ve SXBP3E2Dbetide hipaftapeublyr oxidises into cyclic
l'iquid chromat ograEhy (RP-HPLC), is cit e‘gqpas %_psui tabl e .
erengne anf patiaaralishdingry insppertions, athighhdepend Tropbtheifoagentration
f | (S : i . t i~ b -
SSPE D OBl SR SGleThd e T SECELAY Sihe NEL2
aryst Tie:-Ioys- i foirtixsh) peefr thk | agiki-orslleh imerpar s viedslydiovearsthemithat of the
be sinply obtained by pooling, together the respectiv

eesallel (irpen BHonCTHY PERSbEIE § dOBHIPBRPACHErSH DetrRonsfble for the

t ife%écf ﬁ}rﬁﬂ&&? oD BREMAL S A &5h qgﬁédﬁ@ s8R BRS By QBripdrison with
t'he

specific amno acli d sequence an |nportantIX1 t he
ctha gardlichdimer. dfs 4 dzpetptonse@uente ofithiheqreentrativatdroea mpcess, the

Hiretion OF ho a8t apRilED BRebras gf 3 s it ins et fippomer is
tifa%mfe& %P @b HRrdkelusRh DAY pdrAldlatndtfrcih the efgilibriti. t er

of exanple, the SAEP2-L2 peptide spontaneously
oxi di ses into cyclic nononer and anti-parallel dinmer,

[ roporti , -Whi ch _d nd from:t con t | on: f: o
R eBe b abt o FhapriBo by SRR P ihon, it i
Ofiedefiary & ARpehatifdar fabiRrdyhe mdky shelbeptidy assopiate withith the parallel
of the anti-parallel dimer is obviously |ower than )

t ragntasion; Fhessanedshees am Withinahe skils ofifie repisedienal paactifioners in the
I WAl r ikl r.et Rl Vi T
5 By RIS B 5 AR 31dr HhEt  08ncincd
sthlay Giffegertiin] prorgedaon 86 thenCy dndeCysaraalih@hcids frdloweddyaselective de-

di rect, consequence of this concentratjion-driyen . .
pPiotcstien i Hlegonvenient way to achieve dpmer?satlon with the parallel orientation.

Then the dimer may be purified by conventional methods, including RP-HPLC.

Peptides that are chemically synthesized and purified are commonly obtained in salt
form due to the fact that acids and salts are used during the chemical synthesis and
purification steps. Acetate is a salt commonly used. Therefore, it shall be understood
that the term “peptide” as used in the present description encompasses the salt form as

well.

Peptides for use in the dimers of the invention can be characterized by various
techniques, including i.a. Ion Cyclotron Resonance (ICR), Mass Assisted Laser
Desorption Ionisation — Time of Flights (MALDI-ToF) spectrometry and Nuclear
Magnetic Resonance (NMR) spectrophotometry. In particular, it is possible to

discriminate each of the three forms (cyclic monomer, parallel and anti-parallel dimer)
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When the parallel dinmer cannot be spontaneously
gener at ed upon oxidation, it-9s necessary to adopt

articul ar, neas rrake t he assQcia
tNMR tapalysiar ﬁ'fﬂ‘ﬁpl gr‘rgFeW%st F}Eﬁ‘ft ]r%vafs g’rsg%&lﬁlatmg between
otnghgrm%edﬁgéré Bﬁ of the professi onal practitioners in

e art pept i de synthesis. Nevertheless and as a
rmtter of exanple only, it is indicated that

b SR e ShACl B8Rt S 5P Bh BPa 35 AP, Brcty, o

MERCBNGT Wetipbthd@ehkebhsitted rfemwmm T\hd Belttive purity degree is
parall el orlenPatlon Then t he di ner @eapé ified

leglcolatedehy |1m¢gtat1ngtth@ dsak ispEheed; ﬁg1sR¢xpp:[ps§ $ lcggg)ound peak

E‘sgﬁﬁ%er(r %}u,%hem l\thﬂf@s/pe%Fe 1!01§ %gu ‘i‘@(%&ﬁ?l‘h fdoﬁ‘gwoﬁﬁ&’shof the invention
ARdtAacloshiitd 4 purdty depsedf stledsngs V) dreghentiyos] at st 3. s

and purification steps. Acetate is a salt comonly
used. Therefore, it shall be understood that the term
"peptide" as used in the present«description
enconpasses the salt formas well. Peptides for use in
the diners of the invention can be characterized by
various techniq |nclud|qg&0 1 on Cyclotron

RESIRKEH ’@n(ais@R’)elu atquHQ SOTRSIUGE FOTREHPEPesor pt i on

| oni SaA'S‘KEPII\I/E Eﬁ Olwheldig e epiilRlessbafiillpRediined 5patalle]l form ;

and Nuclear eti’c Resonance (NWR)

s-pect r AWED rHapcgﬁdeL wheeein theupeptide i esseniidlssinodignerig anti-parallel
scrimnate each of the three forns (cyclic nononer,

ptISFIHI I°6] and anti-parallel dimer)by NVR anal ysis.

NALDI - fefureR8fersgrect rometry al l ows discrimnating

bet ween nononer and diners only. The purity of

conpounds of the invention can be eval uated by

HPLC, ,ef 4 t, '
Fnrreuirs S hpfe Mt REhE epBoghose ARAHRg I Yo is at least 95 %,
Ciatbfahiity atliehst I7vh c@bRprefgrabhedpeapursur f aces. It is
expressed as the conpound peak

Mixed compositions in which the SAEP II peptide is present under several forms
(dimeric parallel, dimeric anti-parallel and/or monomeric forms) may spontaneous
result from the evolution of a composition comprising a single entity, e.g. the dimeric
parallel form, kept at an appropriate temperature over a certain period of time. This
may be revealed by e.g. RP-HPLC analysis. The respective amounts of the various

peptide forms may be quantified by the same token.

Seskokskskokk

The SAEP II dimers are useful as such as a detoxifying agent of Gram-negative
bacterial LPS in vitro as well as in vivo. Accordingly, they may be used to prevent or

treat pathological conditions due to the release of LPS into the systemic circulation, e.g.



surface / surfaces of the whole peaks. It is usual to
prepare conpounds of the invention that each exhibits
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| east 97 % * The invention also relates to
conposi tions conprising : A-S8EP || pepti de, wherein

N S
i; 3, SRS GosRNbhct@ 8bds® anfi@Eptic shoek.ni xt ur es t her eof .

By "essentially" it i's meant that in the compositions,
a particular formis at least 95 % preferably at

l.east. 97.% nor.e preferably 98 %ure. M xed
é‘gﬁ{?%ﬁetﬁl‘%ﬂﬁver‘lho’a\%l%m} & SAEP || peptide is present
under several forms (dineric parallel, dinmeric
anti-parallel and/or nononelic for may spont.aneous .. .
resul t fTberharmaseusicat yssof épogpew@s‘i%r}%ﬁﬂ%ﬁ% edpygpion ;
a single entity, e.g. the dinmeric parallel form kept

at an appropriate tenperature over a certain period of
time. Thissplimmabaticaveaipeditiby comgrisiRP-aHelpoand by gicemposition of

The respect.ive ampunts of the various .pepti f Qr.NB .o
may be qiheinvention tegetheravi gpeicalRedt it iigh 8t or carrier
Il dinmers are useful as such as a detoxifying agent of

Gram negative bacterial LPSin vitro as well as in i

vi ve. Achedsagf ¥ compmndroagompositiertiof the prveniden inghe preparation of
treat pathol pgi cal .condj.tions due to the.rele of

LPS i nt o ™ 18355%%@1* e@h?%ﬁ‘ipo{f‘}'eéﬁ?gé.e%|Sr11‘f)§éb%gﬂgd, as

a result of Gamnegative bacteria infections. These

condi tions include i.a. endotoxicosis, bacterial _. )
sepsi s ard mefpoil cfoshireatingTioer pventingt Fepticn vhapki gwhich comprises
enconpasses.:. The pharmaceut | Ak Qhount of
conposi t iagﬂm tefilg 'a %sgag%ﬁtgc%h? A SEfhhctRaft TARUAE Ynount of a
compound or composition of the invention, to an individual in need.

A compound or composition of the invention may be administered to mammals, i.e.
humans, when a Gram-negative bacteria infection is diagnosed that may lead to
endotoxicosis, bacterial sepsis and/or septic shock. Gram-negative bacteria that may be
responsible for these fatal disorders include i.a., N. meningitidis, E. coli, Salmonella
typhi, Bordetella pertussis and Pseudomonas aeruginosa. A compound or composition
of the invention may be administered to an individual in need by a systemic route,
preferably the intravenous route. The dose to be administered depends on various
factors including i.a. the age, weight, physiological condition of the patient as well as
the infection status. It may be administered once or several times until the risk of fatal

event is avoided.

Since the SAEP II dimers and the SAEP2-L2 peptide are also able to detoxify LPS in
vitro, the invention also relates to a LPS-peptide complex comprising (i) a LPS moiety
of Gram-negative bacteria, and (ii) a SAEP II peptide dimer or the SAEP2-L2 peptide ;
wherein the LPS moiety and the SAEP II peptide dimer or the SAEP2-L2 peptide are

non-covalently bound to each other.
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use of a conpound or conposition of the invention in
the preparation of a nedi camet- f or treating or
preventing septic shock ; and A nethod for treating or
preventing septic shock, which conprises adm nistering

3 H@480 6Bt by beasdeERANN lhatinealbf ¥ssafs fftrredetodmibn European
of a conpound or” conposition of the inventjon,

to an
iRdimacdpein. Theyriaeide fhedonpdumamebocytmbirets (Lad-)ssayrdhe pyrogen

i.nventi.qn nma e_adm.ni.s. a .

LS TR B O BUSLE R R pLBNEL A e . s
tRatys Yy ilheadic heeslaatedxh ahs esamplas tiardaah of ¢ls bssays the effect of
and/yor septic shock. Gram negative bacteria that rHa

B o it Ao oo L PSHRPEP otoRNDIEN 57 GBPETIL I dRrqlc) so that 2
%et@ﬁéﬁghggt .‘r;ee Jacl)frgrgéd Sal nonel | a typhi, Bordetella
U

pertussis an seu nas aerugi nosa. A conpound or
conposition of the invention my be adm nistered to an

e ik EA Duassiie e dennBenibd Bhons SireisEbe Eh 1)L ndS-peptide
Oﬁ)n’éﬂé}} B, ﬂ?ﬁkg{fﬁoé&%ﬁ%ﬁghé adute tdXEcifORsay ehdfdtoxification ratio
physio al condi

ogi c Ion of the patient "as well as the
i isfegpitessed byttht LBS-peptidegonpdextbPhialtoer ed once or
several times until the risk of fatal event is
avoi ded. Since the SAEP || diners and the SAEP2-L2

PSiRhifi8nttcfoxdlieRiont Schidved ehRed th delificativh tatio, médsered in :
invention also relates to a LPS-peptide conpl ex

c ogﬁi)i si e LAY assayAsatisasiof 109, noplarabhedd; nse Biederahly 4000 ;
Y SAEP | ' i ) .
22 ptq(léj Ie) ;tﬁ‘?/\m?%?nntefﬁg Q{_fﬁ%& r?g F%e%%a&i$ﬁfe ﬁ@igér%ﬁreferably 500 ; or

peptdife dd-Elactokarhine rHAERR al Ragiexits0d erederebly of 100, more preferably
non-coval ently bound to each other.LPS detoxification

may be as¥éf8ed in a nunber of assays referred to in
t he European Pharnacopei a. They include the Linulus
Amebocyte Lysate (LAL) assay ; the pyrogen

Detoxification may also be evaluated while comparing the effect of LPS and a LPS-

peptide complex on the release of pro-inflammatory cytokines such as IL6, IL8 and
TNFa, in in vitro or in vivo assays. These assays are illustrated hereinafter in the
examples. Significant detoxification is achieved, when the LPS-peptide complex allows
for at least 25-fold decrease, preferably at least 50-fold, more preferably at least 75-
fold, most preferably at least 100-fold decrease in IL6 secretion in the in vivo assay as

described in the examples, section 5.4.1.

LPS-peptide complex of the invention is advantageously characterized by a molar LPS
: peptide ratio of from 1 : 1.5to 1 : 0.5, preferably 1 : 1.2 to 1 : 0.8, more preferably of
1:1.1to1:0.9, most preferably 1 : 1.

For use in the complex of the invention the LPS is advantageously a LPS of M.
meningitidis ; E. coli ; Salmonella typhi ; Salmonella paratyphi ; Shigella flexneri |

Haemophilus influenzae ; Helicobacter pylori ; Chlamydia trachomatis ; Bordetella



test in rabbits and the acute toxicity assay in
D-gal actosam ne sensitized mce. These assays are

WO 006308586 ed hereinafter in the exanples. |n eBCIEPRI006/003237

10

15

20

25

30

the assays the effect of LPS and that of the
LPS- pepti de conpl ex are measut®d in paral l el so that a

d Lficati rati-o hbe establis N he. LAL assa .
R o B R Pl kB B g MRt hnarratis
LPSudembhdlenceniimdse) Yepdinia ., ahd Kidigidlupeemodigest and the

acute toxicity assay, the detoxification ratio is
expressed by the LPS-peptide conplex / LPS rati o.

S ani £ ' CficAtl On LS. L ove o .
FAPRRRY RSBl 80Py WGy pinl e
| agaatst Ceashegdtive®acteria affectivnl y 500, nore preferably

1000 ; (ii) the pyrogen test is at |east of 50,

preferably of 100, nore preferably 500 ; or (iii)

Dv@aindflsas %qitg-%tﬁﬁng%i%%s | ¥93heLira br HRERESN (ﬁj?%%f Af influenzae
100, nore preterably of . Detoxitication may o)
bandeVa meatngitidin ateeresparfisely mgspoheiblf for abootf 40 REd &00%aof bacterial

DB R S Reithd f S5 e Has B b BRSOy prore than

10/ geads; iger§is shilesibed S Pacting abhih SV, gkl ei naf ter
in the exanples. Significant detoxification is

achi eved, when the LPS-peptide conplex allows for at

| - £ gl ferably. at least 50-fold, ..
SRS I J5F PeBaeP bRl “bal o, AR L Sy on of e
| asihgdsO8F the behisl ead §AsM doftl (héhiSEaE)Iri a0 Ystethié Rfedtidn of the blood

ve vo . assay as described in the exanples, section
5.“&9“1@4‘5%?’@4;@;?@#5@@“@@#}&0@6@6@%% he invention is

advant ageously characterized by a nolar LPS : peptide

ratio of from1l : 1.5to 1 : 0.5, preferably 1 : 1.2

t Mefingofncdi areoclassifiedf wimbkarolokichl mefholis thasdd of 18 sti@Stre of the

b gt s f@%ﬁ@iﬁé@ﬁ%@@ﬁ@e&?&f&?@d polysaccharides
capsules have been described. Almost all the invasive meningococcal diseases are
caused by five serogroups : A, B, C, Y and W-135. The relative importance of each
serogroup depends on the geographic location. Serogroup B is responsible for the

majority of meningococcal diseases in temperate countries.

While conjugated polysaccharide vaccines already exist against serogroup A, C, Y and
W-135, there is currently no vaccine available against the serogroup that is prevalent in
the USA and Europe. Indeed, the use of capsular polysaccharide as a vaccinal agent for

preventing menB diseases has been problematic.

Therefore, the use of N. meningitidis LPS as vaccinal agent, in a fully antigenic and ad
hoc detoxified form, is a promising alternative that may offer a desirable vaccinal

coverage, in particular to serogroup B.

As mentioned hereinabove in the introduction, the major constituent of the cell wall of

Gram-negative, non-enteric bacteria such as Neisserias, Bordetellas, Haemophilus and



meningitidis ; E. coli ; Salnonella typhi ; Sal nonella
paratyphi ; Shigella flexneri ; Haenophilus influenzae

WO 20del1ossebact er pylori ; Chl anydi a trachomat i SPCT/EP2006/003237
Bordetel | apertussis ; Brucella ;Legionella pneunophia
; Vibrio cholera ; Mraxellaldaiharralis \ Pseudononas
aerugi nosa ;.. Yersinia ; .and Klepsiella,pn i a,
Ao oy SR SRt Bk B BRTHEN s, for e
gﬁ@fo% o?ﬁﬁé’?@gﬁd’éﬁbn,"’\ﬂg A gek RAk G IRHECBE ia¥ &ncompassing LOS.
acteria infection.” Meningitis is alife-threatenin "
dioSsasmstitites b tpagsiculsr rsab-ctass oA dPSr iTak temisgimenipgococcal LPS” and

i.nfluenzae N nmeningitidis are respectively
rE’@B’é’ﬁQFQﬂ‘:éﬁp@ﬁ ?ﬁ?dﬁ‘?& H%e‘élﬁﬂer%%%%%g%g ferial
meningitis. Wile a vaccine against H influenzae has
been on the market for nore than 10 years, there

I3 LS .
Fignire 1shnwed scheme ol thestmetuere ndt mRIMEEAIsTEPE: PS Is constituted

Y RGPS T RS ket i &

ibﬁfi @%'D@.gli id Aefidn@e ﬁlilrfel} cofe @nstitatedriyctwonKBO,itew teptoses (Hep 1
e (0] Menlt ngococcal sepstsS_or ni ngoccaem a) . .

] W 8ub - sae BT F e RS AT OF resr Ve pagcies. The

based.on the st . . hari .

HRRRREE, cinfreobii S8l s A BRGERAL, fR: SaRsUlste (ol

Rl YSRCE AP E B-daRSHtRBed &Y fodiean 3 dFsiepIDe dnd Al-chaitt attached to
all the invasive neningococcal diseases are_caused by

fosiione aiflep]Pss varigbl@aceording terfhe immunotynesdIF ati ve
i nportance of each serogroup depends on the geographic
| ocation. Serogroup B is responsible for the majority

Of7. ABAinBIRROLES caflibs @Rasifiel rintoelBpiatmatieotgmsnbased on their reactivity

Whi | e conj ugat ed pol ysaccharide vaccin al ready. exi st .

agih aseriescrfgpernglpnal antibodies (ychjpn st aly ﬁi‘%zej ilrg%ct}/ Dis. llgg : 53-68).
| | CG b ' iafif}f i fRIESHPosition and

e R S e e

Uscferinatiop ot kigy olizokycshaidea chales. Shisis vabe sesalin thyeablehereinafter.

preventing nmenB di seases has been problematic.
Therefore, the use of N neningitidis LPS as vacci nal

agept, T a furty anti geni c and ad&mﬂn Additional HeplT
IT o~chain substituents in y-chain
position 6 or7
11 NeuNAca2-6Galol-4Galpl-4Glepl-4 PEA (1-3) None GlcNAcal-2
L2 NeuNAca2-3Galpl1-4GlcNAcp1-3Galpl-4 Glep1-4 Glea (1-3) Pig{il(f_);)m (Aco4)-GlcNAcal-2
L3 NeuNAca2-3Galp1-4GlcNAcB1-3Galpl-4 Glef1-4 PEA (1-3) None GlcNAcal-2
L4 NeuNAco2-3Galp1-4GleNAcp1-3Galpl-4 Glcf1-4 H(3) PEA (1-6) Acys-GlcNAco1-2
L5 NeuNAco2-3Galp1-4GlcNAcp1-3GalB1-4Glep1-4Glcf1-4 Glea (1-3) None (Acps.04)-GleNAcal-2
L6 | GloNAcPI-3GalBl-4 Glopl-4 H(@) Pigﬁ(’f_{/‘)’“ GleNAcal-2
L7 NeuNAco2-3Galp1-4GleNAcB1-3Galp1-4 Glcf1-4 PEA (1-3) None GlcNAcal-2
L8 Galf14 Glcp1-4 PEA (1-3) None GleNAcal-2
L9 | Galpl-4GIcNAcB1-3Gal1-4 Glcpl-4 PEA (n.e.) n.e. GlcNAcal-2
L10 | Galpl-4GIcNAcf1-3Galpi-4 Glcpl1-4 PEA (n.e.) n.e. (n.e.)-GlcNAcal-2
L11 | Galal-4Galf1-4Glcpl-4 PEA (n.e.) n.e. (n.e.)-GlcNAcal-2
L12 | ne ' PEA (n.e.) ne. (n.e.)-GlcNAca1-2
L13 | ne. n.e. n.e. n.e.
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i ntroduction, the major constltuent of the cell wall
of Gram negative, non-enteri b 'acterl a such as

';E eﬁdﬁéﬁ%@%&% l l g?%l@gfﬁ}m% 3 and(g%(ﬁ Egﬂl%%g’thé &lc of the

Iﬁ!‘?&%ﬁl}_ Egr.l)cgsﬁtgcm 3 of HE]EE iPHOBASE LS LY BhS PR IPERasi attachdde position

term derstood as enconpassing LOS. LGSs
ctomsT it LOS [0 nannd:m droS$ 1B5 63, dsk 16t Lo PsT mplyerlsodrengialylated with

"meni ngococcal, _ LPS". an meni occa O0S. ., are used
HireeetyRReuERmtidie @Eﬂaﬂ@gﬂsﬁ?lvlmﬁ%&ﬁf@% @fﬁb&%ths “s%*f?é*he

of the structure of a. N._ nmeningitjdis LOS. LCS
Jommenatypesd LbyL& ape aasaqn@@lllsmaqsw% eith d;éroe&ﬁ?ésﬁd ag C, while

R R RAE e 2 o SAER PSR o ﬂ%g%f@g%%

PLESE5 B R, R B RO s 1

fﬂechelcbﬂffﬁe?&§ Rerhdhvehddnss thbsd lagensrel ﬁlﬂh@‘slntdhﬂed)td @ficcinal use.
core (a-chain attached to Hepl ; b-chain attached to

pIm:ded:d othe3 caipldep Istructuem@fgthehBOS &8t acthain tis m@n@n ofe all the

oy R v 16 SR BSE B8 b b MRS tephens
O;@E%m.n@&.m%ﬁ%lmim?. reactivity with a series

nocl onal anti bodi es (Achtnman et al, 1992, J
Inf ect. Dis. 165 : 53-68). Differences between

notypes, cone fromyarjiatio Siitl :
Bkeical B B sot th LI RARTBAC Y A0 A0Clof which
t MabDeSBRAencBd ‘b?@hé &ilhﬁ‘e beridetidiaf Ifaherfds a@ﬂdadi&ltlﬁﬂéreshm LOS L8, it
t he” above tabl e, Pt ospho et hanol k6 am ne EQ

r 819 dealssirable g extEse QS from A sﬁgmé@gwl t(g P ngnnglm gxpress the
3
pbSRogms; o en i oA, SRR TRt Al fsp glled 28) of

L Berofroup 47, strain M998 ob sersgratiy Ba@\eahdnelt & Zollingery1977, Infect. Immun.
neur am ni d| c acid

h Gl
{6 - D ndihet Shidionyolb MiSPRoh 30 SRurBEE Apa e Joor, FEMs
ARFCObA1ET t%)gser Oléﬂ nBsG8tA oF sepbiirbp B (Domlmque Caugeant

i mrano-types und predomnantly wt
seolbgtionparl strain 8532 (US 6,476,201) are suitable to this end. These strains are

obtainable from the scientific community (US 6,531,131).

Monoclonals that are specific for LOS L8 include Mab 2-1-18 (Moran et al, 1994 Infect
Immun. 62: 5290-5295 ; Mandrell et al, 1986, Infect Immun. 54: 63-69) Mab 6E7-10
(Braun et al, 2004, Vaccine 22: 898-908) Mab 4387A5 and 4385G7 (Andersen et al,
1995, Microb. Pathog. 19: 159-168 ; Gu et al (supra)).

Aesfeskeskeskok

For use in the complexes of the invention, LPS may be obtained by conventional means
. in particular it may be extracted from a Gram-negative bacterial culture and then
purified according to classical procedures. Numerous descriptions of such procedures
may be found in the literature. This includes i.a. Gu & Tsai, 1993, Infect. Immun. 61
(5) : 1873, Wu et al, 1987, Anal. Biochem.160 : 281 and US 6,531,131 all cited by way



Wil e any LOS can be equally detoxified, it may be
advant ageous to enploy LOS L8 in the conpl exes of the
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vacci nal use. Indeed, the conplete structure of the
LOS L8 a-chain is conmon to-dPI- the i mmunotypes for

s S gh LB e kR 58 g BN focedues

MM RERGPHGERE aft! A @loRerh & Geenid i¥ IRXRDEsGosagy tithlhigh performance
I mmunotypes, the presence of which may be I nfluenced

layti cohesx change wheontasogtapliyo P ARE) BARre is a speci al

interest in LOS L8, it may be desirable to extract

this LOS froma strain known to predom nantly express

the L8 i nmmunotype, or even betitwer, to exclusively

express it. Strain Al (also called 2E) of ser roHP Ab 1oated
JthSimay e r@myfexed to ghoeqmppupin At the inveateg QSisﬁglg pr i a conjugate

77, hafect | : : , , .

A Lk aba T e Wimlihy Pepfla Brcopisy s L2510 o
FiaMiervheleadleg)le.g. heiolypepfi® or ddtide s eithérrth®B8H agfirect covalent link
serogroup B (Dom ni que Caugeant_ col Ilect' 0621?% and, st.rai Niude th
an3ping shemigalepacerilinkpemelerilsh Fxamp B sCaigs MolEUES indtude the

SHRLOE A8 5] RARLEKE AR SShERbih BrAGHIOUPY such as the

nocl onal's that are specific for .

LEMPICbrdMPRB 3f M Benidditidn. DNumetqus 1dBdriptitnecef $yehuepnjugation
62: 5290-5295 ; drel| et al 74k Af ect Q. e: .
EDFOCESSRGURY De ot ity e (%fﬁ‘ih‘ﬁe- 3s 53303 35 Sk by Y f ilistration
%%ﬁ-QOS) Mab 4387A5 and 4385G7/ (Andersen et al, 1995,

c?bb. Pat hog. 19: 159-168 ; Gu et al (supra)). For )
UBkheh st én aocnpfusetesfoo, theelPHie advaskageowsty gagiugaied before being
obt ai .ned, by, conventipnal, neans. ;. kn. Rakti cl i :
EPrEFR AL P AP AL S e a e THisRble G Hopicoplfttted LPS s
aggtablren Wi fied according to classical procedures.
Nuner ous descri ptions of such procedures nmay be found
inthe literature. This includes i.a. Gu & Tsa , 1993,
Infect. Immun. 6 1 (5) : 1843uss=Mkset al, 1987, Anal.
Bi ochem 160 : 281 and US 6,531,131 all cited by wayof

i Irhel stveatioalsOrdltes N LPS preparation may al so be
quantified according to procedures
- A process for detoxifying Gram-negative bacteria LPS, which comprises
mixing together (i) a LPS of Gram-negative bacteria and (ii) 2 compound of

the invention ; and

- A process for preparing a LPS-peptide complex, which comprises mixing
together (i) a LPS of Gram-negative bacteria and (ii) a compound of the

invention.

For use in the processes of the invention, both constituents are advantageously in a
liquid medium, suitably water. LPS and compound solutions are advantageously
sterilized before mixing. The preparation process is advantageously achieved under

sterile conditions. Upon mixing, a precipitate containing the complex is formed. It can
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wel | -known in the art. A convenient nethod is the KDO
dosage with high performnce ani on exchange

w@ booetretsegr aphy ( HPAEC) PAD. * * LPS nmay be con@i/ERm®d6/003237

to the conpounds of the invegéion as such or in a
conjugated form LPS conjugatés can be conventionally

BE 2PN BN, %gfvc%hﬁfﬁl%a)ﬁoh' Rd AhnkiBR tQ ofte 6R6EVeRE] washing steps, if
nol ecul’es, é.g. a pofypeptide or a peptide ; either
hbeesseyh. a direct covalent |ink or using chem ca
spacer/linker nol ecul es. Exanples of carrier nolecules

i nclude the pertussis, diphtheria or tetanus toxoid

A Ot fred TBORY, APS -RIBHE! éb'inl\{ﬂ@zéfs’)oﬁﬁg hvRftibh Gredetul Gh that they
OWP2/ 3 of N. meningitidis. Nunerous descriptions of

sat he cofely gdininitiensd do esmemalsalndped, IS deioxified to such an extent
i terature., US 531,131 is cited Q

13 GETSS osnts ity Roaes ol SR o taeties of el o LPS-
bBStides coflpRAt AEE @KBibits P gjyre@aﬁiedthb@h@lﬁes;qﬁﬁag to 1, preferably 10
conpl exed to the conmpounds of the invention. This .
peimlykgdValosp imthe srhbitgeiregen 3%y, & Sifpblgpflieragtivgly pr additionally,

kkkkkkkkk | i n . | . . 3
e i O e IXE MR TA8 vadid el BhEhil L b anBilffe 8,000 - 5,000
goﬂpr émmiia xuity thaget dsady idbee? IaE’ﬂioﬁfzecGr fom hagan | administration
acterja an ii) a conpound of t jnvention ;: and -
AEisen o 8b 180 boSipER Anaits me TR Dot 1 BBHS ' Miich that a dose
. Ve
SRR VBEmBhO oG8 e selply BalipiP S0t AARGRK it or loss
ierg. fd¢ze themdc@s 29005 1,00@ 01 F00ebA L endotbrimhunitenst i t uent s
are advantageously in a

As a matter of example, a complex that exhibits e.g. 100 endotoxin units (EU) / pgin
the LAL assay, may be therefore acceptable for administration at a dose of 20 pug. This
is achievable with the complexes of the invention as they may exhibit an LAL activity

inferior to 50 EU/pg, frequently inferior to 20 EU/pg.

Further, LPS-peptides complexes of the invention are stable, even in physiological
conditions. By “stable” it is meant that the detoxification status of LPS in the
complexes remains constant over time, at least 3, 6, 12 or 18 months. This can be
monitored by evaluating the detoxification ratio at intervals, i.e. in at least one of the
assays listed above. No significant difference is observed in the detoxification ratio

over time.

LPS-peptides complexes of the invention are also useful in that they are able to induce
an immune response against Gram-negative bacteria. This may be shown upon
administration of complexes to mammals, e.g. rabbits, mice or humans, followed by
ELISA analysis of the sera to reveal the presence of antibodies (i.a. immunoglobulins
G or M) specific for LPS. Advantageously, the immune response (antibodies induced)

may have bactericidal and/or opsonic activity.



liquid nmedium suitably water. LPS and conpound
sol utions are advantageously sterilized before m xing.

wabh@epesspar at i on process i s advant ageously achP@wEr2006/003237
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under sterile conditions. Upon mxing, a precipitate
contai ning the conplex is forngd. It canbe recovered

i : | f j : ,tted to one or . .
S(;l?/rg ra h%gfh Fﬂr? g s e%é;?esp ?ﬂk%e@ggésg rv %Ksc ¥Snehythe nvention to
afpootect h@fage@tandasgativabaetesia Bifediibe mBY &Y b@uASE in appropriate
useful1 in qial?%té t hey ca@ybe safely adm nistered to o
e anodsls tatiare augepildy sRACHIG for dactsrislapiscian obdisease. It is within
t I . n .

s S ML ROt R sloch a Japgpynygpimal model
c o¥if! wegandrat partivubir becteripyr diggasé.c t hr eshol d superi or

to 1, preferably 10 ng/nL/kg IV dose in the rabbit

pyrogen assay, is suitable. Alternatively or

addi 4 mafat bFexa@iife, MBY aliBheST the 1&&%@5%8&%2}%&%3 by, the complexes

vacci nes containing LPS anounting
eRidheinyentian tte Mieteet againsidV Mewngizddishmey bedeviabratdduirathe mouse

ini i .Fr eder,i t al, 91,. NIPH An
SR RS SUTEL S0, E) Pl bt bty 2625 e
t Manvaecial)el 908, Vaecihe VeI 20N 2RY. RaheY Be MBI KiafuaBdOPOhumans by
LAL endotoxin units or less, e.g. less than 3,000,

2 geuring o dagfericidel aciyitepiibe bunan serumsafieds camplxtie mdministered.
0 t ibits e.g. 100 endptoxin
ufrllﬁlﬁéa{'%k&feﬁ%ﬁg (B?eﬁ{ ?ﬁg&%@ﬁo gé(ljgg ;%s ta o%aée Eeﬁlé? r8fegﬁon at least for
adt epvandigds erogeripnB (Host ico al, 003, ¥asin® 120730, AThinsian serum
i ﬁ chi. vabhe. nglg‘%t he conpl exes of the invention as )

t RatoHeIACACHV IS (SEA) WA Supstipy oY saukhioet sy bace SBOWELY seyrelate with
f pRe@nl y inferior to 20 EU ng. Further, LPS-peptides

conpl exes of the invention are stable, even in
physi ol ogi cal conditions. By "stable" it is nmeant that

t (fication.status of LPS in the conpl exes
rgfrr‘él%ﬁ;sgfét R prciith PRS0 Y east 3, 6, 12 or 18

nmont hs. This can be nonitored by evaluating the
d%ioxi fication ratio at intervals, i.e. in at |east
offé of TigaseetayEStnestidelcemplor of M invenionj foameating or preventing a

differ @}&ﬁ—ﬂeﬁa@\besbedrcye%gl fn?ecttilaﬁ ; detoxification ratio

(i) A pharmaceutical (vaccinal) composition comprising a LPS-peptide complex of

the invention and a pharmaceutically acceptable diluent or carrier ;

(i)  The use of a LPS-peptide complex of the invention, in the preparation of a

medicament for treating or preventing a Gram-negative bacterial infection ;

(iv) A method for inducing an immune response in a mammal against a Gram-
negative bacteria LPS or a Gram-negative bacteria, which comprises

administering an effective amount of a LPS-peptide complex of the invention,
to the mammal ; and



over time. LPS-peptides conplexes of the invention are
al so useful in that they are able to i nduce an immune
WO e®pOoESes agai nst G amt negati ve bacteria. Thi SPOEEP166/003237
shown upon adm ni stration of conplexes to mammal s,
e.g. rabbits, nice or humans;18ol | owed by ELI SA

IyS| to_reveal . . .
107, Yo adbed 15 Rifg So 8l S ie A ChseBreR i egugierialinfesion, which
LPS Addtﬂ;ﬁﬁs%l e@ushivterihf @ th@fﬁ}éelﬁldaﬁ? Fé‘ﬂ'é%ﬁ-‘ve( amblRost £LPS-peptide
i nduced) have bactericidal and soni c
acti vi @gmniﬁéO‘éﬂieleeymgn, to lgw individnal i ln@Q nse i nduced by
the conpl exes of the invention to protect against
Gram negative bacteria infection may be evaluated in

5 aApvampmahtem@Bmﬂﬁh oftitlelisvdntish oahebeC bdhiiiNtérgd St@e@rh}f kénventional

for a.bacter) species or disease. It is within_ the

St dn gprticy &Wﬁé@@%%}@aﬂwsw@r mgute oIS  simglendosetop as a dose

SRpEALA Bnd Wy ks 'E%d%!vowk&!? d 6984 & gi El%r@al% eg at1,2,3,6,10,

particular bacteria or @ sease

eldampingh-intbeyalh bA | vacyinelf carposition o t]nce srpxenﬁm icanl beecblrgntionally

L{g)e Cg]t l e A %ge it i\éﬁﬁi% iqu%és%%%;tgga J%llvgr?ttcan be added to
10 1Rk rv@&ﬁﬁéltd@)&ﬁﬂsﬂmﬁfcﬁ’oché ﬁﬁeﬁ@&?l h&xg %’1‘(% ﬁldﬁ?ateﬁl th?,t complexes of

1989, Infect. | mmun. Danve et

19 3nveytionicae be Euffim@nﬂy mmm)ogemc snetbatkthe atesence of adjuvant in the

umans suring the bactericidal
at%&ﬁg{ gor%ifosfth i ]ﬁ%[ﬁg%uél}eam after a conplex is
adm ni stered I ndeed, this test has been proposed to
serve as a surrogate test of protection at |east for

h%éh@fﬁgn@tp dlosagse ferfmds FnBvariays sarasmeters, farogmple the individual

15 act | od ?ad%sék)c tlﬁf') me%gamdsﬁEMnugCtF gdrﬁ nﬂs%lau%% aﬁld the LPS

er superi or

sctedwmﬁtailommtz{ted; ats eambeé Hetprmoihed by p_l?)rsoﬂmsl&lleﬁi\/\in&ﬁe bl |, general, it is

%@ t|o orelatesto: gl)The use of a
UBSicpta iRter St B AdmE o lpehtan 3 Shod o gxasss 10,000 ;

%&M&éd&lﬁ,%@%&?&%l&%d@ﬁ%@@ btet Bl £ 008 most preferably 500
LAL Endotoxin Unit. In the LAL assay, the value measured for a complex of the

20  invention may commonly be as low as 10-20 EU/ug. Therefore, a dose can contain

from 1 to 500, advantageously from 2.5 to 100, preferably from 10 to 50, more

preferably from 15 to 30 pg.

It is reminded that, by convention, amounts of complex are always expressed as LPS

25 content. Accordingly and by way of example only, “50 ug of complex” actually means

50 pg of LPS in the complex preparation.

The Examples reported hereinafter further illustrate the invention by reference to the

following figures.
30

Figure 1A shows the structure of the LPS L8 of N. meningitidis. Kdo stands for 2-keto,

3-desoxy octulosonic acid ; Hep stands for heptose ; Glc stands for glucose ; Gal stands

for galactose ; and GlcNAc stands for N-acetylated glucosamine.
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(ii1) The use of a LPS-peptide conplex of the
invention, in the preparationl®f a nedicament for
treating or preventing a G am negative bacteri al
infection ; (iv) A method for inducing an immune

F BERENES shdAthBReavEbn BHRLAREs WhoR TATRSRhbN Sy RRESRE 8id.
LPS or a Gramnegative bacteria, which conprises

adm ni stering an effective anount of a LPS-peptide

c ?{@kég%?q s!rﬂggz't 1?1% g—ﬁ{)LrCo Qhro}ngtotgraﬁré rrg agaelgr?ét %ig g.frtv%rétﬁ‘ a composition

bessblﬁtaﬂgl cornfrisiig ¢ie SWBPCHL. X p%?tfdesﬁlsm@ﬁﬁ‘ﬂneh§ tf@lﬁlh T(QA?, in parallel

era iC y effecti e anount of a LPS-p
r@x&’ éh& ami%ﬁtpia el dimezig ﬁom(\?@m@ordlﬁawé@tp fimes (min)
Véﬁ‘&éﬂ%@%baﬁ gtAirpn of the invention can be
adm ni stered by any conventional route, in partl cul ar
by system c or intranuscular route ; as a si ngI e dose

e d .once or seyeral_ tine
lgp}lﬁ geqio {1} gﬁgi glgp@gragl é%taéqledlat %14S ym gvﬂ:hl@ composition
1801ﬁpﬁl§dfg i SANPY.- LZ'%eﬁﬁ@eCinr}ﬁbncﬁﬂéﬁ@ﬁhﬁy ?ﬁ‘gﬂél dif¥€ric form and anti-
i nvention can be conventionally fornmnulated,
aprakelsmenisfoymi.n 1iquid form |f necessary, an
adj uvant can be added to the vaccinal conposition of
the invention ; however, it is indicated that

CBignteRX45-40f shdve theVEINKVZD spédtrabEbiaiakd vite At édtposition essentially
i mmunggeni ¢ so_that the presence of adjuvant in the

VEREPTEHENE EnPOEF2Lareptide fromonemetie dorm Tha), dp petafiel dmenc form

| CAPURI R AMAN Rl BROCHT AT ol B8 T io ' ndicates

f thatjihe peptidy is &l on Aéesdte adli oAmand t he LPS det oxi fi cation
status, as can be determ ned by persons skilled in the
art. In general, it is indicated that a dose for

SR 0 BB S0 o 08 SRS o i

b et (eahpnised bptwlee@ G andbS ppior ef erably 500

Figure 6 shows the 6.5-7.5 ppm region of the 'H NMR spectrum obtained with a
composition comprising the SAEP2-L2 peptide in monomeric form, parallel dimeric

form and anti-parallel dimeric form.

Figures 7A-7C show the MALDI-ToF spectra of the calibration standard (7A), the
parallel dimer (7B) and the anti-parallel dimer (7C).

Figure 8 shows the HPEAC-PAD chromatogram of LPS hydrolysed by acetic acid
treatment.
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contain from1l to 500, advantageously from2.5 to 100,
preferably from10 to 50, nor@0preferably from 15 to

30 ng. It is remnded that, by convention, anmounts of
conpl ex are al ways expressed as LPS content.

il y f 1] i ng of
CERBR, LPRIAr o B AR SEUEP TS Rt aimgd T8 D1 s
preparation. The Exanpl es reported hereinafter further
i*bustéatt&et.he i nvention by reference to the foll ow ng
ft-gur eBY"PfYtre 1 A shows the structure of the LPS L8
of N. neningitidis. Kdo stands for 2-keto, 3-desoxy
octul osonic acid ; Hep stands for heptose ; G c stands

t thesgprrespandisg fisearguprammesde achieved @ solidphase using a

f bhe

: . .3 Ei 2.1 B sh . .
S s RS2 SRR By H) Soertng i
acsitin@s @ohidinidg gsiresuppbrt2 € & HeWokpahyiBhgBlbPa@Ivaid aiblystyrene,
obtained at 214 nmwi th a conposition essentially i
cOnpstivaied polyserybpmpide, whichap pRsopriptely seteted a«fcgrcﬁng to the choice

j Al el di ' . i- |1 el

(ot Tty B 80 O BB dfecl @ BAEE o BRAGE IS AL R Atheron &

aflsepabrhnineS olidiphageAtdptid Esyantiiesis3 1 S89) WRL. press, HhLord U.
chromat ogr am obt ai ned at 214 nmw th a conposition
conprising the SAEP2-L2 peptide in nononeric form

PRh&kyrthestd Ji%fei ﬁoéé&ﬁﬂ‘g@?—%yﬁﬁ/@g, Q@Joﬁ!lih% koog{eglsé]dg%d{,&ﬁ{e? sequence. It

Fi gur'es 4A-4C show t spectr

cisnpas§ired ninepurensdlednit ydimethytfosnangide OMBERRIde-Protected, activated
peptide.jn monqmeric form (4A), in parallel dineric

f SPICEAE) 598 %nt i - paral 1 el dimeric form (3C). In all

of them a peak at 1.9 ppmindicates that the peptide

is in an acetate salt form
The thiol group of the Cys residue in position 10 (Cys-10) is protected with the acid-

labile group Trityl (triphenyl-methyl derivative, Trt). The thiol group of the Cys residue
in position 4 (Cys-10) is protected with the acid-resistant group S-acetamido-methyl
(Acm).

All the amino acids are activated at the ~COOH side by O-penta-fluorophenyl-
phosphate esters (O-Pfp-derivatives). They are temporarily protected at the —-NH, side

by 9-fluorenyl-methyloxy-carbonyl esters (Fmoc-derivatives).

Once synthesized, the protected peptide is cleaved from the resin support using TFA 95
% in the presence of the scavenger ethandithiol at 2 - 5 % (v/v). In these conditions, the
thiol group of the Cys-10 is de-protected, while the thiol group of the Cys-4 remains
Acm-protected. The free, Acm-protected peptide is concentrated by vacuum-

evaporation and then recovered by precipitation with ether at 80 % (v/v) final

concentration.



Fi gures 5A-5C show an enl argenent of the region of the
1H NWR spectra of Figures 4A-4C conpri sed between 6.5

w@nwe/1068pm Figure 6 shows the 6.5-7.5 ppm regi/BP2006/003237
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the 1H NVR spectrum obtained with a conposition
conprising the SAEP2-L2 pepti?e-in nononeric form

y:'ﬁg’ﬁt Lilé’gl%%imr}gcrtlgcﬁof orwgaaﬁmaﬂrgéi : ap;%é}%qe lﬂ@fclﬂ%%{ Iﬂlgdefroxrfa%uum then
%lﬁﬂ?ﬁi’etd' iR Qva%r%'ﬂﬁﬁrc@n& tloé BE1 W[@Mggth%ﬂﬁ&JuﬁtZ@at AY 50 with

anti -parall di mer ure 8 shows
HREACa@Aidus hmmtma;@n ardeo fo a.dhsmyﬁmenmd thpugle thei (Z:YS 10 residues,

aC| trea . Pre aratl nof t he
5hi031oBiS oot eT o inisuf s R 3Pt IOgat4C, vnder o
§SARP QAT ko, | RRATS-DDNQIRY. C ?Feﬁ! Q¥RHtiON Fothedthiol groups is
p ase using a conputer-drlven automatic synthesizer
Miateriieed Inobe e pologmetriawssyy. oper ating with col umms
contai ning resin supports e.g. polyoxyethyl ene
gl ycol -acti vated pol ystyrene, or activated

POhy partlyloxidigial pephide in asl@tiappt e doat&ltiatias of 1abad mg/mL is then
according to the choice of the first am no acid of

5@106‘?%%g%é‘ﬁ’cpfa‘@c%%%ﬂ@ée@élnﬂ%@ﬁﬁ -dS-Hympfupelions. o hS end, the

S}é%ﬁ’iﬂé Q(&J ibfi dss%{deq!vﬁﬁlaﬁg PhLidGeS: Qtﬁlﬁﬁlsécﬁmgil@a%%n ofB4 M, using
he syn eS|s cyc e proceeds

sphaqnobyt 25ep, (vag @e lschvreggéroThh goludpwig sghir vigesrusly stirred at 20 °C,

ence. rf ure sol vent,
Auarpsspivet B ot 6 24 ol Cralelecpidasion,aftagythol groups is
aH@t&ﬁ’ilﬁ@dlS’f h%rfﬁmﬁﬁgglon id s group of the Cys

residue im position 10 (Cys-1 is protected with the
acidl abile group Trityl (triphenyl-nmethyl derivative,

Trt). he. t hi,ol group of the Cys residue in position 4
(i??s-l “fl§atb?lbt ected with the acid-resistant group

S- acet am do- net hyl (Acm).

In order to remove the low-MW molecules contained in the peptide preparation
(scavenger, mercuric acetate etc.), this latter is applied on a reverse-phase column Sep-
Pack (Millipore) operated under pressure of 1 Atm. In an aqueous solvent, the peptide
is retained on the column by hydrophobic forces, while all the hydro-soluble, low-MW
molecules go with the flow-through. The peptide is then eluted by a mixture of
methanol-water 50 — 70 % (v/v). The peptide eluted in the alcoholic solvent, is
recovered by vacuum concentration and solubilized again in water at the desired

concentration.

Final purification is achieved on HPLC-operated reverse-phase C18 column
(dimensions = 250 x 4 mm) using a linear gradient 0 — 100 % of Solvent A (0.1 % TFA
(trifluoroacetic acid) in water) and Solvent B (nitryl acetate 80 % in water). In these
conditions, the parallel dimer elutes as a single sharp peak. Peak fractions are

recovered.

The preparation is kept in lyophilized form, at +2 - +6°C, under a neutral gas, argon or

nitrogen.
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protected peptide is cleaved fromthe resin support
using TFA 95 % in the presence of the scavenger
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v/v) final
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protected, Cys-10 de-protected peptide is dried under
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/m is then proces

at.0t he concentrati on
sed for de- pjntpr‘ti q

Mmool to 10
n_of the

 BhemyHIanys- 4 S- Ac

m-Punctions. To this

2%, the

trde sotuttomr TS
final concentration

Ied—wtHhrercurtc
g‘?‘BO.l M using pher

tateat—=

ol at 2-5 %

@hstinds scavenger .
stirred at 20 0C__un

THhe solution is agal

er a pressure of 1

8.83 gorously
Atm for 18-24

hours. Conpl ete oxi dation of the thiol groups is

gg?lejf' %@&up&fﬁﬁg El man colorimetric assay. 1.2.

ication In order to renove the | ow MV nol ecul es
contained in the peptide preparation (scavenger,

curic acetate etc.), this latter is applied on a
Fﬁ}%p@éﬁcgﬁﬂﬁl&as@?% @ﬁﬁsu)géipby Ion Cyclotron Resonahce (ICR). The value found

is 2,387.33 = 0.3 AMU, a value coherent with the elementary structure Cj10 Higo Oo4
Nag Sy of the peptide formula.

Example 2 : Preparation of the SAEP2-L2 monomer and anti parallel dimer

2.1.  Synthesis

The synthesis of the linear monomer is performed as in Example 1, except that a the
different methodology is used for protecting the thiol groups of the cysteine residues :
Both Cys-4 and -10 are protected at their ~SH group by the acid-labile group Trityl
(triphenil-methyl, Trt).

The protected peptide is cleaved from the resin support by TFA 95 %, in the presence
of the scavenger Ethandithiol at 2-5 % (v/v). In these conditions, the thiol groups of
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Pack (MI1lipore) operated under pressure of 1 Atm In
an aqueous solvent, the peptide is retained on the

w@ eoare8sRy hydr ophobic forces, while all the PCI/EP2006/003237

hydr o- sol ubl e, | ow- MW nol ecul es go with the
fI owt hrough. The peptide i s2hen eluted by a m xture

LR Pl 20t LV T o) e S
%C%Eéxﬁ}dt&ﬁm?d@ ﬁ&luﬂp@dl?%faﬁloﬁgﬁ RedoDerd@ s Spr@&%ftaﬂfe‘)n with ether

desired concentration pur i |cat|on [ I eved
8A %Ir/@.oper at ed reverse-phase A 8 col unm (di nensi ons
250 x 4 mm) using a linear gradient 0 - 100 % of
Solvent A (0.1 % TFA (trifiuoroacetic acid) in water)

ame degiryrBled Beptidd i ¥bluBRRb@EwEr Hothd\coMbtation! INtol IVAEE/mL and
condi tions, the parallel dinmer elutes as a single

drapld 1®@R8t6m7<5@ maidt(. bsagueeus apworited. The

preparation is kept in |yophilized form at +2 - +6C,

under a neutral gas, argon or nitrogen.1.3.

Onddaivinetsi thah ipeffoftfied b9 Wigdrbhs ettripgpifi te allué’oﬁb sofvitiamofor 18-24
iﬁld conposi tion The am.no acid conmposition is

HISy $k god’ Gy undre peewreral Indimotiomnicts pridaegn okdbethigl groups is
%%Feecu grg},qge Eﬁ?%‘ggomﬁﬁleﬁcg% inafter. 1.3.2.

mass ss is measured by Ion
Cycl otron Resonance (| CR) The val ue found is 2,387.33

gtf I\ﬁ,{éta val ue ohere with the elenentary
*uct eeeg 6 S4 of the peptide fornula.
Exanple 2 : Prepar ation of the SAEP2-L2 nononer and

anti parallel diner 2.1. Synthesis The synthesis of
ﬂ?h@ neptides mrmhtimmct@llp@pnstmted raixtirg ofgpels morgmer (about 40 %)

cclea%tu—para iel dlmer (about 60 %). Each form is purified by preparative Reverse-

phase HPLC chromatography. Indeed, it is possible to separate the cyclic monomer
from the anti-parallel dimer since these forms elute, each as a single sharp peak, at
different retention times. The anti-paralle] dimer elutes at a lower retention time. This is
consistent with the different molecular symmetry of the two dimers. The anti-parallel
peptide may assume a lower minimal energy in aqueous solvents by virtue of its lower
internal steric hindrance of the side-chains, similarly to the “trans™ ws “cis”

conformation of any other isomeric entities.

All preparations are kept in lyophilized form, at +2 — +6°C, under a neutral gas, argon

or nitrogen.

2.3.  Characterization of the antiparallel dimer

2.3.1. Amino acid composition

The amino acid composition is analysed by the Pico-Tag method (Millipore). Results

are reported in the table hereinafter.
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36353y - MéletuldtUhhdsi cation of the peptides The peptides

“in solution actually constitute a m xture of cyclic

nononer (about 40 % and anti-parallel dinmer (about 60

Q Each formis purifi reparati ve Rev e

e BfPuab st BResbieddiat BotRBhoRethuie (R b Ve found
S8R0 L e3 AWAU] & vARBROBedl Rith &ﬁbeeléﬁ%htaﬂagtﬁldt&le Cuo Hiso O
di mer since these forms el ute, each as a single sharp

P4 ohthedreptide &muteet ent i on times. The anti-parallel

dinmer elutes at a lower retention tinme. This is

consistent with the different nol ecular symetry of

the tvvo dimers. The anti-parallel peptide my assune a

m_ni nal ener]gy I n aqueous solvents by virtue_ of
%almﬁér |E'eréhﬁraf= Ypgterizatiom of fhe mogpmerieparallel and antiparallel

Si de- chal Nsq frE" i@fﬁi‘ OrevBie” PLQ{LS N Ie@_{é ICMALDI-ToF mass

conf or mat i on er i sonefic éntl
prepar at i ongpeatrendeeyt i n | yophilized form at +2 -
+6C, under a neutral gas, argon

The dimeric parallel peptide as prepared in Example 1 and the monomeric and dimeric
antiparallel peptides as prepared in Example 2 are characterized by HPLC-reverse
phase (Figures 2A-2C) and NMR (Figures 4A-4C and 5A-5C).

3.1.  Characterization by HPLC-reverse phase

Experimental conditions

This technique is carried out on a HPLC chain (Waters™), using the Millenium
software 32 V30501 (Waters™) for data acquisition. The analytical column Macherey

Nagel™ ref 720014.6 (Nucleosil 5 pm C18 100Angstrdm 250 x 4.6 mm) is operated at
25°C.

30-40 pg of each lyophilised peptide are diluted first in 30 pl water ; to which is added
30 pl of trifluoroacetic acid (TFA) 0.1 % in water.
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or nitrogen. 2.3. Characterization of the antiparall el
dinmer 2.3.1. Amno acid conposition The amno acid

W@ 0vpaesssé on i s anal ysed by the Pico-Tag met hoRICT/EP2006/003237

(MIlipore). Results are reported in the table
hereinafter.2.3.2. Ml ecul ar2fmss The nol ecul ar nass

is nmeasured by lon Cyclotron Resonance (ICR). The

value found is 2,387.30 0.3 AMJ, a val ue coherent

W kiR rehENRBAbRENC, Hkbies P8l GLAA ablkpdRHel Méptidesaé alsd Prepared

gept_l de formul a. Exang)l e 3 : Further characterization
¥ minmgrfdnegef 3 ppeudeacd pteparatiomaf ¢ashmpsptidd indiOlreates; to which is

e G AT b Dar ol 1ol peptfde as prepar ec

in Exanple 1 and the nononelic and dineric
anti parallel peptides as prepared jn Ex

le 2 .

diharcabm isAmyiliyatepreng 20p phagmehil B @ﬁ‘\eg-lz"/ ?Ez“éei)aCN 80 % in
Fi 4A - :

P P B S I ool X oo ooy, e phase B gradient runs

drad20 toé® Y%Thitkint4@ahini (4 Y6 Bi /anindyrat b dkbvorate afil aLARInC
chain (Waters(tm), using the MIIleniumsoftware 32
V30501 (Waters(tm) for data acquisition. The
F8d ofibh §8chERed BT MAGH SR &i1tda8h bk Ren 18 Fi g BP1A-0E,
(NucleosiI 5 nm C18 | OOAngstrdm 250 x 4.6 mm) is
operated at 25C. 30-40 ng of each |lyophilised peptide
e diluted first in 30 mM water ; to which is added
MS S of trifluoroacetic acid (TFA) 0.1 %in water.A
m xture of the nononeric, dineric parallel and

ant i paral | el f)epti des is al so prepared bé] mxing 40 nmg _ .
dlacla peotide ise elugade plar atifferantoreteniion timpt Iythel expspmental conditions

WRi&hbed aﬁgve\f\@fu‘filan ioécurs at the following retention time (RT) :
- monomer : RT = 28.283 min
- parallel dimer : RT = 29.708 min

antiparallel dimer : RT = 22.059 min

The HPLC-RP technique is used to verify the purity of each peptide preparation. The
relative purity degree of each peptide is calculated by integrating the peak surfaces. It is
expressed as the peptide peak surface / surfaces of the whole peaks.

In Figure 2A-2C, it can be seen that the monomer and parallel and antiparallel dimer

preparations exhibit a purity degree of 98, 96.9 and 97 % respectively.

Figure 3 shows the HPLC chromatogram of the mixture.

3.2. Characterization by NMR

Experimental conditions
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added 60 m of TFA 0.1 %in water. The colum is
equi |l i brated using 20 % phase nobile B (TFA 0.1 %

WERHBENEB8 % i n water). Once sanples are appl i eRCT/BP10h€003237

equi li brated cotum, the phase B gradient runs from 20
to 60 ithin 40 nmin (1 9B /-26in), at a flowrate of 1
i 0. tecti IS .acghi d at 214 nm Resuylts are
0 BMR ol SRS S HED resprone - Beg g semples of
epti®d @uted idia fR5/8H0 Iﬁﬁ‘(ﬁﬁ@&ﬁ’ﬁ?{}) A BHhikdr™ DRX500 spectrometer
experinmental conditions descri bed bove el ution
cod aswciatedtsobwvdre forolstnegrqoisitemtaronsad. ne (RT) : nononer
: RT = 28.283 mn paraIIeI dimer : RT = 29.708 mn
anti parallel dinmer : = 22.059 mn The HPLC RP
118 G ddRailsS pé ﬁgﬁ&estllsfg Bﬁcfrﬁ’k&é'teatpu'fmb}’a@fus%é%r RERAY4iHEeDimeric
at i

pre aration. ve (ﬁurl téﬂdegree of each
ptideielytipng § wMheEPrenare uting k.eg pehrl H0. 144 pl of the

LSy B L P00 RS e,

) es:mnsbmloﬁ o€ TRPARING r(trﬁﬁ@thplaﬂﬁbﬂ)@bloﬁmb apnt3 maraaid sﬁ'ﬂdmm salt
d| nmer arations exhi purit degree of
TGtk R 0t VLN 3 Vo) o A HBY TRKAREROQ/10 /) 1% used. The

r [

ﬁ%&@*p%% e o Mol e e R ERES B s Y0 oo
250C, HOD presaturation) is carried out using sanples
Z‘.{fgﬁ@ﬁ“ des diluted in a H2Q D20 m xture (90/10 v/v).

er(tm- DRX500 spectroneter and associ ated
sofware for data acquisition are used. In nore
details, peptides prepar aél on kept at -70C are used
flo ﬁhﬁiﬂ@bl;lmeatal Gindéirans vsedy t H dMVBaipattiorfthe nHnoidenarsl dimers cover

t%{]re gaer §0ng1| I9(:"5 8 Irln%h g.tge c%n%%sgd ofn3 rlnrg111'n rlelgl%n's : 144 m of

- from 6.5 to 7.5 ppm ;

- from 5.5 to 2.5 ppm ; and
- from 2 to 0.3 ppm.
This is to be seen in Figure4A-4C.

'H NMR spectrum of the monomer is characterized by a NMR pattern of 5 aromatic
protons that are expected between 7.25 and 7.45 ppm, in the experimental conditions
reported hereinabove. In the experiment reported in Figure 5A, this NMR pattern is
itself composed of a first multiplet from 7.25 to 7.35 ppm with an integral curvr
corresponding to 3H and a second multiplet (pseudo-triplet), centered at 7.39 ppm with

an integral curve of 2H. This latter signal is characteristic of the monomer only.

'H NMR spectrum of the parallel dimer is characterized by a doublet signal between
7.10 and 7.25 ppm corresponding to 4 aromatic protons and a multiplet between 7.25
and 7.40 ppm with an integral curve of 6H. In the experiment reported in Figure 5B, the
4H doublet is found centered at 7.185 ppm (pics at 7.18 and 7.19 ppm).
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solutions are mxed with 16 M of D20 99.9 %D in 3nm
NMR tubes. For calibration, an external solution of

wa BReddssga- (trimet hyl silyl) propionic-2, 2,3, 3, -BdI/BEr100d6/003237

sodiumsalt ; Aldrich ref 29304-0) 0.075 % (ww) in
H2Q D20 m xture (90/10 v/v) i -used. The spectroneter

L8 K Bh2Y5% 38 0 Yaabpd Y o CERRERF AR ol sign 4
Gedifitid SHofond SRewechth.Db/Ens MEIEE Hin Ghd tah@uiRR BREtweAd7.10 and 7.30

di mers cover a range fromO to 9.5 ppmand are
EORpYFBIoMtEIHeeve ehi0bndn the exnerignest reported ipggure 5C, the 4H

A TR S R R AR T

nonomer i s characterl zed by a NWR pattern of 5
aromatic protons that are expected befween 7.25 3&1 - is also
1ime

Ay 8hospmin; petoxiber |HT§\IM§I SRESHEM PHARS RBiRA
?ﬁﬁﬁbﬂ%ﬂ QY By th dpiRlf gMﬁ%%ﬁﬁ&g rtﬁ%dagé Ef{é:%c?éff Bet¥Ren (i) 0.40

pattern’is its conpose
rantlt0.65 édovbleimardd A5) 106707 aiBb OESnppan t (Howhiet). nhlegmealexpﬂmnmt these

CRSbERGHE P IL P A O Bt 09939 pAHRY, 7, olsprved neiher in the

ISR ndrdh MR Pkalftginllti s latter signal is
characteristic of the monomer only. 1H NVR spectrum of

the parallel diner is characterized by a doubl et

j gnal 1 m corresponding to 4
B e Lo mRBRE S EERY7 o5 and 7. 40
ppmw th an integral curve of 6H In the experinent

reported in F| ure 5B, the 4H doublet is found
Al ysisly MAEDEEF gMigs @s&&%echmr Essmmloma%m Timpe of Flight)

Nﬁ/ﬁ s??étﬁﬂzfg@gpfallgag d_lett:[ bl m@ltﬁee | 0%2 gkcs {nass of t%xe r]i)ep‘ude This
hethnbpre @e@ﬁoﬁh@bn?mﬂxﬁltephﬁmﬁmdraﬁe]mﬂdtparﬂllel dlhmrsween 7.10

and 7.30 ppmwi th an integral curve of 6H 1In the
experiment reported in Figure 5C, the 4H

Experimental conditions

MALDI-ToF analysis is achieved using the Biflex III mass spectrometer (Brukerm)
and associated softwares, in a positive reflector mode. Peptides are mixed with a matrix

(alpha cyano-4-hydroxy cinnamic acid) that absorbs laser energy.

The spectrometer is externally calibrated with a mixture of synthetic peptides (ACTH
18-39 (adenocorticotropic fragment 18-39) bombesine, and somatostatine 28.

A saturated HCCA matrix solution is prepared while diluting 50 mg HCCA in 300 pl
70 % ACN (acetonitril) 0.1 % TFA (trifluoroacetic acid) in water.

A 2 saturated HCCA solution is further prepared while diluting vol : vol with 30 %
ACN, 0.1 % TFA in water.



10

15

20

25

30

doubl et is found centered at 7.025 ppm (pics at 7.02
and 7.03 ppm). As shown in figure 4C, the 1H NWR

w@pwetesise of the antiparallel diner is also  PCTI/EP2006/003237

characterized by two upfl el _O{et hylic resonances that
are expected between (i) 0.4 %nd” 0. 65 (doubl et) and

( e

Ohsbaydlaf Moy 3RBSOUREL pro b GAHRES Y BEA: They ave as
pfpﬁmwé’hey are observed nelther in the m)nomsr nor in

t he pa IeI di ner.. . ldentification

fass FHEPtF lfé\r%a%}%qnélﬁgﬁ MRS TP Maé%o ml%&/e&l (0.247
Laser IQEEALF’“ on lonisation - Tine of Flight) mass

spect romstl) all ows determ ning the nonoi sotopi ¢ nass

of t hqumlpﬂsudae 100hinsoleen(Dd 6@ nodms) partd di scri m nate

th I L el Ll el di . [ t al
cond: (TR 2o ot i (aTREmEed usi ng ¢ he
Biflex Il nmass spectrometer (Bruker(tm) and

associ ated softwares, in a positive reflector node.
P Seqondary standatdeelintiontis prepared e folloatspha

cyano | c acid) that rbs | aser
ener gy&CW%@Fg%Te i s external Ia}y) gal ibrated with
a m xtRemb&ines)Ouiinsles/ gept i des (ACTH; 4B- 39

(adenocortl cotro |c fragnment 18-39) bonbesine, and
somat oxaatpsiginesl 00pmelesit 1k ed HCCA ned Bl x sol ution is

prepar&éNngd EQ{‘QJ){EQ 50 ng HCCA |§1?F[ Po m 70 % ACN

(acetonltrll A (trifluoroacetic acid) in
water. A 1 saturated HCCA solution is further prepared
vol with 30 % A %.TFA in

%pbﬁ ot te%%n gb?{éf‘g@fﬂ“ ith FatRg rage SilGRE Aol QPR ol avith 30 %

fA@Ntoqr%qq;rp@glwﬁep 1 % TFA. They are as follows :
Adenocorticotropic fragnent 18-39 (ACTH 18-39) : 100

proles / m (0.247 ng/ nl)
Calibration and peptide samples are diluted vol : vol with the % saturated HCCA
solution. Droplets of about 1 pl are deposited on a steel target (Bruker™ ™) and dried by

evaporation.
Results
Results are to be seen in Figures 7A-7C.

The theoretical monoisotopic masses calculated by the software based on the amino
acid sequences are :

ACTH 28 M+H" = 2465.199 Da

Bombesine M+H" = 1619.823 Da

Somatostatine 28 MAH" = 3147.471 Da

SAEP2-1L.2 M+H" = 2388.35 Da.

La norme retenue pour le contrdle est fixée & + 2 Da par rapport 4 la mass théorique.
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- Bonbesine : 100 prmoles / nml (0.160 ng/nL) ; and
Somat ostatine 28 : 100 pnoles / m (0.31 ng/nL). A

w@emonekasey st andard solution is prepared as f oPCDRB2006/003237

ACTH 100 pnoles / m 2 m - Bonbesine 100 pnoles / m
4 m Somat ost atine 100 prol e~s29 m 4 m ACN 30 % TFA

% 50, d | ut g/
o OB ok @%Ség@éjrw'&éﬁ% lugs CopbecRe 115, ShbgeripA pepfides are
‘_’@69 225 C%I'ng 1t 43 R saeps %ﬁggpl ERcéit Qe %ésﬁlteelﬁte\‘x?é est donc

: the 1 saturated ution. Droplets o
a(lQé)Zﬁ'FQ 0ﬁ9+0;19 ENGE3234P38 ed/ . Dppra. @tithetizedr §Oparts per million).
(Bruker(tnm)) and dried by evaporation. Results Results
are to be seen in Figures 7A-7C. The theoreti cal

NN ShEn AP Fooes $B andal Lthateﬁgerﬁﬂerﬁélevawstfa@ﬁ@ fdyahe Garallel and
on the_am no acid sequences are :

2ptigarplel dmepprapatinas arA38S:44% gl %32@ ﬁé& l%r%he@@tf@luewe within
28e M'é'ﬁli'iié/t %ee Z+ 4 731‘1) ?gntﬁpg tﬁe%th&@’éﬁfca‘[ vgl%lgsg fagxg%a%s }n%ans that the

norme r pour contrie eg
rsappbestcoataimwimiss expeeted. que. As shown in Flgure 7A t he
experimental values found for the calibration peptides
are 2465. 225, 1619.814 and 3147. 454 Da respectively.

L' ecart de niesure interne est done

(0.026+0. 009+0.017)/7232.493 = 7.2 ppm (authorized <
SOxgraplest pePrapakatiomdf a LPS L8/peptide I” complex/aggregate

4.1. Preparation of LPS L8
4.1.1. Meninge Culture

Preculture : Two mL frozen samples of working seed from a N. meningitidis A strain
known to express LPS exclusively under the L8 form, are used to inoculate in a 2 1
erlen containing 200 mL of Mueller-Hinton broth (Merck) complemented with 4 mL of
a glucose solution in water (500 g/). This operation is repeated 4 times. Erlens are

incubated at 36 + 1 °C for 10 + 1 hrs while stirring (100 rpm).

Culture : The erlen contents are gathered together and the preculture is complemented
with 400 mL of a glucose solution in water (500 g/1) and 800 mL of an amino acid
solution. This preparation is used to inoculate the Mueller-Hinton broth, in a 30 1
fermentor (B. BraunTM) at an initial ODgppsm close to 0.05. Fermentation is performed
overnight at 36°C, pH 6.8 + 0.2, 100 rpm, pO, 30 %, and initial flow rate of the air 0.75
Vmin/L culture. After 7 + 1 hrs, (ODgooum about to 3), the culture is feeded by MH broth
at a flow rate of 440 g/h. When the glucose concentration is lower than 5 g/l, the
fermentation is stopped. Usually, the final ODgopum is comprised between 20 and 40.
Cells are collected by centrifugation for 1 h 30 at 7000 g at 4°C. Pellets are kept frozen
at—35°C
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values are within the identity range (+ 2 Da) centered

on the theoretical values radge. This neans that the

sanpl es contai n_what is expected. Exanple 4 :

les a Purifisation oELPPS | 8/ peptide 1" conpl ex/ aggr egat e

4.1. Preparation of LPS L8 4.1.1. Meninge Culture
Preculture : Two nL frozen sanples of working seed
Firsiphendl. exiredtiongi ti dis A strain known to express LPS

excl usively under the L8 form are used to inoculate

in a2 1 erlen containing 200 nL of Muell er-Hi nton .
PEOLD A dVBEEHSe® Qﬁ@'sﬁ(ﬁ)&ﬂﬂ@cﬁ whiht B-vluite Pherl g1.5106(e/v) and stirred
solution in water (500 g/1). This operation is
W@@@Sédfm4tmmnﬂm@r@goﬁﬁ'$qncubat ed at 36 + 1 C for

10 1 hrs while stirring (100 rpm). Culture : The

erlen contents are gathered together and the

The Bakterib Esusperisivipiscisatddest 65°ChandOhemiminéd a/vgwith gibenol 90 % at

e et (200, Gl L 20 200,75 01,90 80581 e cosed

tégg,n!\(t;%h{)@rz-obbnton broth, in a 30 1 fernmentor (B.
raun(t

at an initial OD60onntl ose to 0. 05.
Fermentation is perfornmed overnight at 36C, pH 6.8

0.2, 100 rpm 30, % and.init.i | ow [ t

SFHe syesiops e fupe ik, F0npi ot 11500 il SERERGIC ¥ aquecus
il Qiebted g 16t 1T phehof BRARGNAYthiHnferdiabe afe ®covered and

?‘%?lgévg lrsa%bé of 440 lg#h._ V\hgn thg gl ucose conf:péfr?t ration

| sbindtivelrto ttsaeord egiractiahe fermentation is stopped.

Usual Iy, the final ODeoonmis conprised between 20 and

40. Cells are collected by centrifugation for 1 h 30

MecdRPBhdhobbxtfetiolre! | ets are kept frozen at- 35C4.1. 2.
Purificatron of LPS First phenol extraction

The phenol phase and the interphase are heated at 65°C and mixed with a volume of
water equivalent to the volume of the aqueous phase that was previously collected. The
mixture is stirred vigorously for 50-70 min at 65°C and then cooled down to about
20°C. The mixture is centrifuged for 20 min, at 11 000 g, at about 20°C. The aqueous
phase is collected and kept. The phenol phase and the interphase are recovered and

submitted to a third extraction.

Third phenol extraction : Procedure for the second extraction is repeated.

Dialysis

The 3 aqueous phases are dialysed overnight and separately against 40 1 of water. The
dialysates are pooled together. The dialysate pool is adjusted with Tris 20 mM, MgCl,
2 mM (one volume per 9 volumes of the dialysate pool). pH is adjusted to 8.0 £ 0.2
with NaOH 4 N.
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Pel l ets are defrosted and suspended with 3-vol une
phenol 4.5 % (v/v) and stirred vigorously for 4 hrs

worzows/muess@t about 5C. The bacterial suspensi onPCEEP2006/003237

heated at 65C and then m xed v/v with phenol 90 % at

65C. The suspension is stirred~vigorously, at 65C for
-0 mn and then cool ed down to about 20C. The

centrifuged for 20 mn, at 11 000 g, at

about 200C. The aqueous phase is collected and kept.

Thenﬁhenol phase and the interphase are recovered and
AV 08 DNJse is addett perx grasc of dreate@dwotediab peltas| (wet weight). The

AP R EoTPL RS, S0 5 LN B G 318 + 02 e

atepavatioans filteredla 2l wiemahbhhé. aqueous phase that was
previously collected. The m xture is stirred

vigorously for 50-70 mn at 650C and then cool ed down

t ; i [ £l [ r i )
SR P p B S ELIPGIOEoRITTSD x50 o
thai‘mmd:ielad)and kept. The phenol phase and the

i nt erphase are recovered and submitted to a third
extraction. Third phenol extraction : Procedure for

tHet sRERANE BxtibAsidon is repeated. Dialysis The 3

aqueous phaseés are di al ysed overni ght and separately

agai nst 40 lof water. The dial ysates are pool ed

P 200 0 R PR 8y T Bt o
deadhymavigCReohdentratibh 6f Q8 M ahEEisioPvédl White Hirdng t h NaOH
4 N. PNAse treatnent 250 U of DNAse is added per gram

of treated bacterial pellet (wet weight). The _
g&gjﬁﬁg%@g&g{ﬁt g%SSS E’_C%(ﬁég&d%egsa%solﬁ%%léo%%l gsa'dggd {0 Neindl %ohéc'entration

of 55 % (v/v). Stirring is performed overnight at 5 + 3 °C, followed by centrifugation at

5,000 g for 30 min at 5 + 3 °C. The supernatants are discarded and the pellets are

submitted to a second extraction.

Second alcoholic precipitation

The pellets are resuspended with at least 100 mL MgCl, 0.5 M, while stirring.

The previous procedure is repeated. Pellets are resuspended with at least 150 mL water.

Final step : Gel filtration is repeated and the LPS-containing fractions pooled together
are finally sterilised by filtration (0.8-0.22 pm) and kept at 5 + 3 °C.

As a preliminary control, the LPS preparation is analyzed by SDS-PAGE
electrophoresis. Upon silver nitrate staining, a single large band is revealed. This

indicates at least that the preparation does not contain any entity other than LPS L8.

The purification process as described allows obtaining about 150 mg LPS L8 per
culture liter (yield about 50 %).
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preparation is filtered on 0.22 mm nenbranes. GCel
filtration : The preparation is purified on a

w@ephaessyé S-300 colum (5.0 x 90 cm; Phar macPEK/EPJ0p6/003237

First alcoholic precipitation Powder of MgO 2 6H20O i s
added to the LPS-containing f¥%acti ons pool ed toget her,
to reach an MgQ 2 concentration of 0.5 M and di ssol ved
while stirring. Wiile stirring at 5 3 C, dehydrated

ahsal utpsq tificitiof KD O Yodage ﬁkm(grﬁmtion of
55 % (v/v). tirricng;is perfgrnéc}ﬁovermgt at 5 3 C
foll owed by centrifugation at 5,000 g for 30 mn at 5

+ .The .supernat ant s, ar.e .di.scarded and ,t ellets, .
T Bt Bedn i Bl AimaC (0aPE Rk itnation of
I-Rerd B-dledbch ShuIbEShid €hdigt fK@@ UgRAN hdrlke 8lini

| east 10%hynL d 5 0. 5Z V\h/iel gﬁgt ?%ﬁl %@&o%eﬂkgrgeziogusexchange
pesdageanhy €kd. Smeky aif sstabibty of USPended agitintul akydrolytic

lc%@ﬁﬁio%?%nﬁi‘%%@b%ﬂ pal step : Gel filtration is

repeated and contai ning fractions pool ed
together are finally sterilised by filtration

(0.8-0.22 mm and kept_at 5 + 3 0C. As a prelimnary o
c%-‘hfafwavn, iy Figuepd An kR bl 5 eomprises imifa siypeerel A/ K BSsumapne being in

e] BRtA19REgLESi S- Upon silver nitrate staining, a
si ngl e%lgglr ge band is revealed. This indicates at | east

that the preparation does not contain any entity other

t LPS 18. The purification process as cri bed,

R RN RorhiAe Tane g0 BpS of fheaierd deio0 i osgpted upon
(ol BRRMIsB OSSP Fifurk 18). LPS L8 quantification : KDO
dosage wi t h"HPAEC- PAD Thé bi bl i ographi c reference for

this technique is Kiang et al, (1997) Determ nation of
ZA& X -%— dsesoxyoctul osonic acid (KDO) wi th high

ani on exchange chronmat ography (HPAEC)
Survey of stability of KDO and optimal hydrolytic

Samples of the LPS preparation obtained after the last diafiltration of section 4.1.2. are
recovered and diluted with water under a final volume of 400 pl in Dionex™ 1.5 mL

flasks so that LPS concentration of the samples falls under the etalon range (1.4 — 72.1
pg/mL). '

Samples to be quantified as well as the KDO etalon range are proceeded as follows :
100 pl of the hydrolysis solution (acetic acid 5 % ; glucuronic acid (GlcA) 20 pg/mL)
are added. Hydrolysis is performed for 1 h at 100°C. Flasks are then dried at 40°C
under nitrogen and filled with 400 pl water.

Dosage

This technique is carried out on a HPAEC chain (Dionex™), using the Chromeleon
Dionex™ software for data acquisition. The analytical column Carbopac PA1 4 x 250

mm (Dionex™) is operated at 30°C.
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| i berated upon soft acid hydr&ﬁysns (See Figure 1B).
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Chromel eon Dionex(tm software for data acquisition.
The anal yti cal col unn Car bopac PAl 4 x 250 mMm

@QonePfé Atibiy % 5
Ui librated w to ?ut i'Bn s%r 81??(:ll %a%l@lggr;‘ﬁ/lthe processes
A mb@ﬂnlﬁﬂh)ﬂp@d%ndf& gfoveanpl e are injected into the

colum. Then the columm is subnmitted to an elution
flowrate of 1InL/mn for 22 mn. Chromatogramof LPS

S38P! €Pi&akrRtife ofARILPSLE/Rlife ¥ ¢ 15%}%? ?é(?%
pr esent ‘lﬁ)n t he garrp le1s &Qpelr?n ne(gfﬂge F ation of
the KDO peak. As one KDO nol e |i berat ed by hydrol ysi s

de ei?érsgolglgg {Ssﬂ}égﬁl_ g,sggsell‘lgc? SO Lori at 1 mg?m]‘? % s?tenﬂe pyrogen free water (Milli
Q quality, adjusted to pH 7.2 Limulus negative). The translucid pseudo-solution is

sterilized by filtration using a 0.22 pm membrane.

A solution of peptide SAEP2-12 at 1 mg/mL in sterile, pyrogen-free water (Milli Q
quality, adjusted to pH 7.2, Limulus negative) is also sterilized by filtration on 0.22 um

membrane.
All the next steps are achieved under sterile conditions.

One volume of the LPS pseudo-solution is added to one volume of the solution of
peptide SAEP2-L2. A precipitate (endotoxoid complex) immediately appears. Stirring
is carried out for 5 min at room temperature. The preparation is left to stand at +4°C

overnight.

The precipitate (Endotoxoid) is then recovered by centrifugation at 3000 rpm for 10

min. The supernatant is discarded.



concentration of the initial preparation. 4.2.
Preparation of peptides : Peptides are prepared

wW@eweonekiseg to the processes described i n ExanpP@HER20861¢)3237

10

15

20

25

30
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tate (Endot oxoi d) is then recovered by
centrlfugati on at 3000 rpmfor 10 m n. The supernat ant
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achieved to determ ne the LPS content and the

SUSPeNBd @Kiniibr dlinkeh, ek LRS 85 8btalhed P Sabtivh 40 iComplyeéferred to as
(expr eIs:ged as LPS

Comparison of LPS and LPS-peptide complex is achieved using the LPS lot also
used for the preparation of the complex.
Example 5 : Evaluation of the detoxification of the LPS-peptide complex
Several assays are used to evaluate the detoxification.
5.1. Limulus Amebocyte Lysate (LAL) assay
In this assay, the ability of the SAEP2-L.2 anti-parallel and parallel dimers and the
SAEP2-L2 cyclic monomer to detoxify LPS is compared. To this end, the LPS-peptide

complexes involving the parallel dimer or the monomer are prepared exactly as it is

reported in Example 4 for the LPS-antiparallel peptide complex.
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manner, the LPS as obtained in section 4.2. is sinply
referred to as LPS. Conparison of LPS and LPS-peptide
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proteln from horsesho i&% us pol yphenus) to

i kitudkl ¢codgUl/atl)as well ehe positise mostraf (e wdbteadotoxir Hel0° EU/mL,
eyal u3ti on of the LPS endotoxin activity is perforned

bél%’gﬁ ng the end- poi nt chronpbgeni c techni que, in

accordance with the European Pharnmacopeia [as

described in the European Pharnmacopei a techni ques .
( Bdlutipn of i) Gamples teybepssted, 61) stnflard padi(iil) positire congoliare achieved

%&%‘1%%‘%?@ %&f§g9€47§rg¥-ﬁg&%{t%éér&f%% U LAKE rréstp@:tlve' ranges : 1/10 to

1/10°: 0.5 to 0.031 EU/mL and 1/10* to 1.8 10%.

50 pl of sample, standard and positive control dilutions are dispensed per well of 96
flat-bottom well ELISA plate. Fifty ul of lysate are added per well. Incubation is
pursued for 10 min at 37°C. Then 100 pl of the p-nitroaniline chromogenic substrate
are added. Incubation is pursued for 6 min at 37°C. The chromogenic reaction is
stopped while adding 100 pl freezed acetic acid 25 % in water. Plate is read by
spectrophotometry at 405 nm.

The results are expressed in Endotoxin Unit (EU)/pug of complex. They are shown in
the table hereinafier. The detoxification ratio can be established by the LPS / LPS-

peptide complex ratio and expressed in log unit.

Range EU/ug | Mean value Detoxification ratio
EU/pg Expressed in log
LPS (6 assays) 1-12 10 25,000
LPS-antiparallel peptide 5_3‘2 12-20 1,250-2,000 3.5
complex (13 assays)
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sumed response does not exceed

?tgéil r@gégﬁlag %566 ﬁl@ng%rﬁeg%onse of the

egfwsé SodBbt whesd 1.15°C ;

and non-conformity, when the summed response exceeds 2. 65°C. In the present case,

the pyrogenic threshold is set up below, between 1.15°C and 2.65°C.

As found, the limit pyrogen dose (IV) in rabbit corresponds to 0.025 ng/kg (LPS), and
10-25 ng/kg (LPS-peptide complex). These results show that the LPS-peptide complex

is less pyrogen than LPS, when given by the intravenous route. As measured in this
test, the detoxification ratio (LPS-peptide complex/LPS) is between 400 and 1,000.

5.3. Acute toxicity assay : LD50 in D-galactosamine sensitized mic

References for this assay include i.c. Galanos et al, 1979, PNAS
Baumgartner et al, 1990, J. Exp. Med. 171 (3) : 889 and US 6,531,131.

€

76 : 5939 ;

Groups of eight-week old female inbred mice are injected by the intraperitoneal (IP)

route (0.5 mL) with escalating doses of LPS or LPS-peptide complex, just after being
treated with D-galactosamine (15 mg / 0.2 mL) by the IP route (the toxicity of LPS is
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limt pyrogen dose (IV) in rabbit corresponds to 0.025
ng/ kg (LPS), and 10-25 ng/ kg-BLPS- pepti de conpl ex).
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rg@é (0.5 nL) with escal ating doses of LPS or

LPS-pepti de conplex, just after being treated wth

D-gal actosamne (15 ng / 0.2 nL) by the IP route (the
toxicity of LPS isincreased of around 1,000 fold with )
t Ad- D- fdtenuation of the prenflammaigry gffectsRf-ES twhengumplexed with
very si\)?é{'iaéve). The death rate is then foll owed

duri ng ur days. The LD50 observed with the LPS is

3.6 ng / nmouse (1.91-6.70 ng / nouse) ; whereas that

obseryed with the LPS-peptide c lex.is 1 | nmoyse

(8 S rig VA dy RFECR] . CRSUPTAE GREBEK! FEatoghele LPS-
r ddued kic RERES IheCarRt SX /AL BPSLipRRO bmERR &nl @ release of pro-
1000). 5.4. Attenuation of the pro-inflanmmatory

efriflammatofy ¢ypskingsdm npoitpredXestessedninge pitiadand|in vordesays.o

eval uate to which extent the LPS-peptide conplex can
attenuate LPSi nduced toxic effects, the effect of the

LPS- Reptyi fi9o C uyRikee AMet A TRIEFESIEleMNes Bh Ahé Rébhaiimicerimunized

cytokines is nonitored (assessed) inin vitro and in

vivo asgthes with AP oo LPSegaptide reom(pll¢s6 g dompeay by ELISA. Blood

rel eas essam{prl]est Qr% r%ggvaeré%lf o0 'niin affor 8t Z1r%9nunization, which is the optimal
time for the release of those cytokines. C3H/HeOuJ, TLR4--/--, C3H/HeN and
CD1 mouse strains are tested. The two first are sensitive neither to LPS nor
LPS-peptide complex. The third and fourth are both found LPS-sensitive. CD1
mice are found more LPS-peptide complex-sensitive than the others and

therefore selected for further experiments retaining the most severe conditions.

v n vitro : cytokine (IL6, IL8 and TNFa) releases from human whole blood cell
cultures stimulated for 24h at 37°C, with different concentrations of LPS or

LPS-peptide complex are compared.
5.4.1. In vivo assay
CD1 mice are administered subcutaneously (SC) (i) either 10 pg of LPS or (ii) 10 pg of

LPS-peptide complex. They are bled 90 minutes after injection. IL6 and TNFa releases
are measured in the sera by ELISA.
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first are sensitive neither to LPS nor LPS-peptide
conpl ex. The third and fourth are both found

LBS1SERldcliNGof GbLiflh GRrdiog found nore LPS-peptide
conmplex-sensitive an others and therefore

sel ected for further experinents retaining the nost

condi t.i ns In vitro : cytokine (IL | L8 )
Tﬁ\@#ﬁ? ére gued 1P R n OB TE0 LG and T&Iﬁ@f a?tégpﬂarmmgen)a
S e :
ConTL IR nho SR, At GE 5 ape), i, detoction antibody
CGvrptmyddtedEﬂnm-mousencytokme)astsdm-msemﬂish peraxidase conjugate and the

tered subcut e either 10 ng of
((ﬁc?m%mﬂfgcyé? E%SglL B‘S&%ﬂfﬂﬁ%ﬁq‘ They are
bI ed 90 mnutes after injection. TL6 and TNFa rel eases

are measured in the sera by ELI SA ELI SA detection of
c Yindikinnasesd & axidi BNF &ElanGbedier e d2501 dithtalin U$ iMgathoaate buffer pH

A B 8 200 TUF ) e e TR b g SR e wel ot

t Reaxd@fs NTRE GBS ket E]DDSLA@%%% ks FRUREubated overnight at
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Recombinant IL6 or TNFa cytokine dilutions are prepared in the RPMI medium 1 %
FCS 10 %, within the range of (i) 4,000 pg/mL — 62.5 pg/mL standard. 100 pl of each

dilution are distributed per well, to establish the standard curve.

Serum dilutions are prepared in the RPMI medium P.S. glu 1 % FCS 10 %. Sera of -
mice injected with LPS are 1/25 and 1/125 diluted. Sera of mice injected with LPS-
peptide complex are 1/5 and 1/25 diluted. 100 pl of each dilution are distributed per

well.
Incubation is pursued for 2 hrs at room temperature.

Plates are washed in PBS 0.05 % Tween 20. Biotinylated anti-mouse cytokine
antibodies and the enzyme are each 1/250 diluted in PBS 10 % fetal calf serum. 100 pl
of each dilution are added per well. Incubation is pursued for one hr at room

temperature.
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5.4.2. Invitro assay

Preparation of the test substances

LPS preparation (1mg/mL) and LPS-peptide complex (500 pg/ml) are each diluted in
10 mM Tris, NaCl 150 mM, 0.05 % Tween 20, 5 % sucrose to a concentration of 50
pg/mL. They are further diluted in physiological saline to a concentration of 5 pg/mL.

Serial 1/5 dilutions are performed in AIM-V medium (Gibco (Invitrogen)) for each test

substance down to a concentration of 2.56 10~ pg/mL.
Stimulation
Human blood collected on sodium heparin (25,000 U/5mL ; sanofi-synthelabo) is

diluted 1 : 4 (vol : vol) in AIM-V medium and distributed in Micronics™ tubes (400 pl
/ tube). 100 pul of a dilution of the test substances are added. Peptide and buffer controls
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5 ng/nmL. Serial 1/5 dilutions are perfornmed in AIMV
medi um (G bco (Invitrogen)) 1#- each test substance

down to, a on of. 2.
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Xl sorp at-bottomwel | ELISA pl ate.
Pipatoxidase eorijngaibanddic stadaril grecombinantcymkingds ar e
washed in PBS 0.05 % Tween 20. 200 ml of PBS, 0.5 %
bovi ne serum al bum n (BSA) saturation buffer are then

adgdeinRfin Y63, 1.8 bA¢ TREG Mibb&ied tiicSIUESD didited10.1 M carbonate buffer
pH 9.5 (Sigma). For each assay, 100 pl of an antibody dilution are distributed per well
of a Maxisorp NUNC 96 flat-bottom well ELISA plate. Plates are incubated overnight
at +4°C '

Plates are washed in PBS 0.05 % Tween 20. 200 ul of PBS, 0.5 % bovine serum
albumin (BSA) saturation buffer are then added per well. Incubation is pursued for one

hr at room temperature. Plates are washed in PBS 0.05 % Tween 20.

Recombinant IL6, IL8 or TNFa cytokine dilutions ate prepared in AIM-V medium
within respective range of (i) 1,200 pg/mL — 18.75 pg/mL ; (i) 800 pg/mL — 12.5
pg/mL ; and (iii) 1,000 pg/mL — 15.87 pg/mL standard. 100 pl of each dilution are
distributed per well, to establish the standard curve.

Plasma dilutions are prepared in the AIM-V. Plasmas recovered from blood stimulated
with LPS are 1/25 and 1/125 diluted. Those recovered from blood in contact with the
LPS-peptide complex are 1/5 and 1/25 diluted. 100 pl of each dilution are distributed

per well.



hr at roomtenperature. Plates are washed in PBS 0.05
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respective range of (i) 1,200 pg/nmL - 18.75 pg/nL ;
(ii) 800 pg/m - 12.5 pg/nL ;-%&md (iii) 1,000 pg/nL -
15.87 pg/ nL standard. 100 ml of each dilution are

di stributed per well, to establish the standard curve.

Pllasutatich isyivraied far Ehighefphetnipardiie. Al M V. Pl asnas
recovered fromblood stinulated with LPS are 1/25 and
1/ 125 diluted. Those recovered from bl ood in contact

Wi [ C | X ! / ' .
e S OB 27848 P A AT LGRS oo
wehtibodieudst the enisneare saed] /260 dduted $n BBSI1@ fetal calf serum. 100 pl

tergper t@gﬁ@ Pl at e re vvasged in PBS 0.05 %Tgeen 20.
Bt T4 LU AtS adfiftanere Pielkilpaibatien Ho dremedntortone br at room
en&MpEa@ke each 1/250 diluted in PBS 10 % fetal calf

serum 100 m of each dilution are added per well.
I ncubation is pursued for one hr at roomtenperature.

Pl s_are hed yn P 05 9% Tween 20, 100 of | .

t é’?%t%@%w%ﬁ ip 31%0.(0?3@% WA 200 t{lm%te%ms@%ﬁ%&ne (TMB)
aR0bsralPEVIBTEGIRE0M0A dndVi9!(KPR) Snided ol b%ﬁ]darb WiMEbktEd in wells.
Incubation is pursued for 10-30 mn at roo

t dngbatienisaursped foralfe3q min atgosmdpppetatyye.addi ng 100 m

of 1 MH3POX4 per well. Plates are read at 450 nm

Results The raw results and the cytokine rel ease

c iheesactioh i lskpped be eidpingX1 (voRIceNt MHL.PTS) pedl QvdlloPlates are read at
al | gw conpari son of different. sanples. Calculating the

dé’t5 i cation ratio can elinmnate inter-blood donor
and inter-test variability. Only the linear parts of
the curves are taken into account for cal cul ati on of
t Reswlést oxi fi cation ratio. The maxi mum | L6

The raw results and the cytokine release curves = f (LPS or complex concentrations) do
not allow comparison of different samples. Calculating the detoxification ratio can
eliminate inter-blood donor and inter-test variability. Only the linear parts of the curves
are taken into account for calculation of the detoxification ratio. The maximum IL6
release beyond which a linear progression is no longer observed is determined and

then, the amount of substance required to induced 50 % of that maximum is calculated

by linear regression.

The detoxification ratio is expressed as the ratio of the concentration of the LPS-
peptide complex inducing 50 % of maximum IL6 release (EDsy expressed in pg/mL) in
over that observed with LPS. Higher the ratio, stronger the detoxification is. As the
detoxification ratio is systematically measured using whole blood of several

independent donors, results are averaged.

The detoxification ratio observed with the LPS-peptide complex is measured several

times. Mean data out of six values obtained in the IL6 release assay : 64 + 20.



rel ease beyond which a |inear progression is no |onger
observed is determ ned and then, the anount of
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cal cul ated by |inear regression. The detoxification

ratio is expressed as the rati®® of the concentration

of the LPSpeptide conplex inducing 50 % of maxi mum | L6

rel ease (ED50 expressed in pg/nL) in over that

OLIRY MeH r¥Ykeds8 ddrrlattd GAME! teMENFEL dfd 1S4 &EIRIns! MBerefore, the IL6
detoxification is. As the detoxification ratio is

s yeleaseeashayais Isglented $urandinalyi avgluateche itflapuuativin deexeasadbserved with
iqﬁgﬁﬁg_den{i donors, results are averaged. The

det oxT Pt ﬁlo% I’P@?’f'o observed with the LPS-peptide

conplex is nmeasured several tinmes. Mean data out of

si x_val ues obtained in the IL6 rel ease assay : 64 +

20-Fhe Comlydorase correlates with the TNFa and |L8
secretions. Therefore, the IL6 release assay is

selected to routinely evaluate the inflamuation

d&treatesexifibaionvatio 1 kadubel bitFepepd gel c@PRERIding: &n the test. The
Concl usi on The detoxification ratio is neasured

b aign valgs A9 FumERapERdImEe dellavag 4bis. . The

detoxi fication values are summarized in the foll ow ng

table. Exanple 6 : LPS peptide conplex stability study
Atsaysstabi l ity of the LASRSIR i de conpl |ePSseptdeidi ed | Detoxification

_for 6 nonths _and eval ugted by neasuri nocompiex ratio

Ik oxi fication ratio in 25000&8Rays (LAL2EaET/gVi trd 1,250-2,000

irannon tact b on rahhifc faa =i}

L OvEEen e Qade o[G0S st abi 1| {2 ehe | 400-1,000

(?mlmt rate&g ttsgga et i ge qnﬁﬁzszooﬁbg]{rs,lt ?Jbﬂbg—-tzﬂog%/nﬁﬁef 100
ornmul ate - pepti de S d , flor
6 nonths. Measurenents glf‘ggn@(y?gbag/ ayo—%ﬁ,l%é@gpgﬁd 180

Ip6vimondskey) of BeS utltse yd ESs, EQljeons. C 1| EDGEGRIpIRE. | 64

h%?xfagﬁa%é;ati onratio i IL6 release test are not
stgniticantly differenty after 3 and 6

(EDsp: concentration of product inducing

50% of maximum IL6 release)
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LDS0 in galactosamine-sensitized | 4 ng/souris 1 pg/souris (0.2-5) | 250

mice

Example 6 : LPS peptide complex stability study

The stability of the LPS-peptide complex is studied for 6 months and evaluated by
measuring the detoxification ratio in two assays (LAL and in vitro IL-6 release by
huPBMC). Pyrogen test in rabbits may also be achieved.

6.1.  In vitro stability of the formulated LPS peptide complex

The stability of the formulated LPS-peptide complex is followed at 5°C, for 6 months.

Measurements are made at day = 0, 90 and 180 (6 months). Results are as follows.



nont hs, indicating the stability of the LPS-peptide
conplex : LPS conpl exed with peptide renains

waledoenodssed after 6 nmonths at 5C. 6.2. In vitrBCT/EP2006/003237
stability of the LPS peptide caonplex in physiol ogical
l'iquid The aimof the experi melt- is to verify that LPS

[l o

S B Hicak EE whenT the conplex—ts—atmnisteredand
hat ti%f%‘@{%‘%?ﬁ cat{on rat g‘}j\g‘oaggaynot deciease afpt?’l']é’l‘ge%ltest
dhodcells(detbrificatipy si pewigiosal (Eighi d. One nPywogertidvéreshold, as chosen :

IRgijyeptide conplex, jmxed with 1 nL of hungn r,u
iiozcubat ed at 370CI The detoxification rg?élg/?rg‘/kg%

—Q —+

i » Wil

al up% mdnthf t|grmdntland0 24 hG)BfnSontH_slu ndinosey Yith and [th@onths | 6 months

vl _onet ) ate

RSs PERG T e tex—pgprepaged—tn—seeton4—3-
1l SO tg);t ed |kr:1%garal 3‘% Nq%§| gnlflgoant dlﬁereng:é of C

t K& oefoxi fi cati on eval uated by both assays is
observed after a 1-hour and 24-hour contact of the
LPS- pepti de conplex with human serum at 37C and

r &l detoxdfieativhmuti@in IIo teesé RSt pepiok @ $ifferent after 3 and 6
cont r%l(.. Exa[%lﬁehe? : ,*,rmunogeni city of the LPS-Ipepti de )
c SRR indigats ettiliagt Hier LRS-pyptisic eqveplex pIPS complexed with
5 afehiRHichhidsHUAEGd dhck 8 aﬁ§° he LPSpeptide
u

conmpl ex | mmunization o ree adul't New Zeal and
rabbits is performed with 100 ng of LPSpeptide conpl ex
by, 4 nt rramuscul ar. (| subcut aneous  (SC) ;routes (2
x)"’oi.'s r{fafl "é’?i‘as g&!‘t& Pg/h}ﬂ?ﬂl?%é’ﬁ%é‘% canplex i phydolggicabliquid
of adjuvant. They receive three injections at 3-week

interval ; the first one with conplete Freund adjuvant
( ﬁ_ﬂsz)?,almr@f the eaperiraend is o verifyrtbat 1PS3 s holcehpbet whén diencbmplex is

10 SR TAR ) B8 SRR bl e o ot it o

pehydiclegival hquadj uvant (71 ng, equivalent to the anount
of the peptide in 100 ng of LPS-peptide conplex) using
the same protocol. The bactericidal activity of the

S&Y; | i nst _the N .
R S L R G E—
detT i hdteidatokifmatiberdle isrevilnatep aSeNg®Ri 24 hours. Human serum and the

15 LPS-peptide complex as prepared in section 4.3. are also tested in parallel.

No significant difference of the detoxification evaluated by both assays is observed
after a 1-hour and 24-hour contact of the LPS-peptide complex with human serum at

37°C and results are similar to the LPS-peptide complex control.
20

Example 7: Immunogenicity of the LPS-peptide complex

7.1.  Bactericidal activity of anti LPS antibodies induced in rabbits by the LPS-
25 peptide complex

Immunization of three adult New-Zealand rabbits is performed with 100 pg of LPS-
peptide complex by intramuscular (IM) and subcutaneous (SC) routes (2 x 0.5 mL and

5x02 mL respectively) in the presence of adjuvant. They receive three injections at 3-



of baby rabbit serum as exogenous source of
conpl enent. SBA assay Sera are heat-inactivated during
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heat -i nactivated sera are then twofold serially
d| luted (10 tinmes) in DuI beccé“’rs phosphat e buffered

e Syl R o R e ine A3 foe scoond and third

BRItk ﬁrﬂ:’o tOPFeuhd 2 ehﬂteth 43t BledRGBheekd ﬁ&%h last injecti
CFU nL) and 25 m of bg%y rabbélsﬂt cerum ar e g tolas injection.

e&cepnjusl igrouptie ipmanized withrtbe peptide witle adjovant 47 1 Bg,&‘qulvalent to the

B35 R 100 oD 5D T BetEbtocor

I ncubat ed overnight at +37C in a 10% CO2 at nosphere.
I n. each experinent, controls include (|) bacteria and

t Rge iehecdyli of the swm (SBA) seaiplss i coieplatadeagainst the N.

c t-1.n I

CABA Bl Ul RREKE T3 AORAGR'S RGBSl iy e resence
c ofrbatgzrmhblt sernmtals expgepsanstref ofantrpkakines .

Bactericidal titre is reported as the highest

reci procal serumdilution at which > 50 %killing of
bgpiaeidkay i S observed as conpared to the conpl enent

control.” SBA results Results are to be seen in the

tabl e herei nafter. Hi gh SBA titers are obtai ned with

x. The spgeci f of S A r se is._ .
con g@‘&a‘ewl?%l f“'f‘?é 0%6% E fnavxﬁ(eWepH’émeIate
Sﬁéa’hﬁm%tedo&@a 3re &hén Q%%IQG%&H '—Eﬁilte(? (30 ﬁfﬁ@ﬁpfn Dulbecco’s
response induced in mce with PS- peptide co

TBRosphate helired|salineenatainiog Cor ¢ e@ndCMg rivolemeereer iwrebtu oz ey
with a 10 ng dose of LPSpeptide conpl ex by the
subcut aneous route (0.2 nL). They receive two

| Tiveatyi fovsuladf adog pR&de ulthRIOFN, mehiyNidk SrdWer Mﬁél@érQ-Imton broth
eggr 5 0 eg{ll on and exsangui nated 14 days after

[ B6L0 CPEGedS ebat paby toblpersn s aleado wpelwell. The plate s
bifcliBdted one hour at 37°C, under shaking.

Fifty pl of the mixture from each well are plated onto Mueller-Hinton agar. Petri dishes
are incubated overnight at +37°C in a 10% CO, atmosphere.

In each experiment, controls include (i) bacteria and the complement source without
antibodies (complement control), (ii) bacteria and heat-inactivated complement, and

(iif) bacteria and heat-inactivated complement, in the presence of antibodies.

Bactericidal titre is reported as the highest reciprocal serum dilution at which > 50 %

killing of bacteria is observed as compared to the complement control.

SBA results

Results are to be seen in the table hereinafter. High SBA titers are obtained with the

complex. The specificity of the SBA response is confirmed with the extinction of the
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A% ol d, dired

Hy in the

wel{l s usi ng
| atei-s—inc

puf T er 4 jgvol ume . [0 M per welgh)~ The
ihated flor 90 rnin lat +37C : then washed
vvith buffer 3 Hundred m of a diluted goat anti-nouse

lgG (g { 'nclalrlced in glélaé Wﬁt%htglg ﬂ%ﬁ?ptgé%%owlgf e

peroxy ase conj
is incubated 90 m n at 37C and then washed with buffer

3.. The reaction is devel gped by adding 100 m. of a
t FF&%Wﬁ% Bféﬁgmatwt@e%@ lapicese immynized vatich 1Qwe|dose of LPS-

ey b BTl 28 THB SBELO0 b ons o >

A5Gk imtefsl. Fhey asuibled before each injection and exsanguinated 14 days after the

last injection. A control group is injected with buffer.

In a first experiment, the antibody response is evaluated by ELISA and the bactericidal
activity of the post-dose 2 serum samples is evaluated against the N. meningitidis strain
used for LPS production as described in Example 4 (homologous strain) and a

heterologous N. meningitidis strain [N. meningitidis group B strain RH873 (L4, 7, 8
immunotype)].

In a second experiment, the antibody response is evaluated by ELISA and the opsonic

activity of the post-dose 2 serum samples is evaluated by FACS.
7.2.1. Immunogenicity of LPS-peptide complex in mice

ELISA titration of anti-LPS antibodies
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Results are expressed in arbitrary ELISA Unit/nL
(EUW n.) by conparison to a reference serum In a

w@e@bilease@r y i mruni zati on experinment, the ELI SACHEBBY6/003237

is achi eved using a pool of 10 sera. As shown in the
follow ng table, the LPS—pepﬁKHe conplex is able to

induce, hi gh thtrsi 1 ce.a k- S
Welrt & o8l mipaario e cepedigin OCHERT F0 gk g2 sotusion in
hRgtt ar (P15 cb3erMed MdCIsy. meplﬁt%cl'@rhﬂcmwteﬂcwms at +37°C ; then
mhereas no significant I'gMincrease is observed.In a
faverhght at ritC.sat i on experi nment, the ELISA assay is

achi eved individually. After the second i nj ection,

seven out of the ten mce exhibits high 1gG and | gM

tTKeﬁ‘LBS sﬁt@i@ﬂ' isre@oved fremsﬂlem)atemednélrs drogaturatedivatht 150 pl of

S a4BBScr i Blcecr TEPLR0 G5 Por Lo plsiaisincubaas que hodr at 37°C
%ﬁ&ﬁwﬁ%&x{iﬂgﬁg@&% PﬁSlkTFz@éHEO’O%S@/f) the post-dose 2

sera exni ctericidal activity (SBA titre > 16)
agai nst the honol ogous N. meningitidis strain. Four

S e e e PR e LGB B e ptome - 100
?@é%’el }r thebia R cﬁﬁattéd’ Fole Y0 inSin BB AFHHCEANLBY whitRW with buffer 3.

nol ogy (FACS) using hunan pronyel ocytic
differentiated HL60 ceI s as effector and LPS coated

cftiedipd il o Bfited EREAT BePrOEG Wertih Sty Sl 4 chain

1%0&% HEroR sk foah; B4 AR adTiB@ il efculWdlNahe pldtsisdhibated 90 min at
hed, "resuspended i n _Hanks' bal anced salt sol ution

ahb“qmthemms@dtmdibﬁfﬂrl% adj usted to 2.5x107

cells/m. Sera are heat inactivated during 30 mn at

56C. In a 96 deep-well mcroplate, heatinactivated

The reaction is developed by adding 100 pl of a tetramethylbenzidine substrate solution

in each well. The plate is incubated 20 min at 37°C. The reaction is stopped by adding

1 M HCI and absorbance is measured at 450 nm.
ELISA resulis

Results are expressed in arbitrary ELISA Unit/mL (EU/mL) by comparison to a

reference serum.

In a preliminary immunization experiment, the ELISA assay is achieved using a pool of
10 sera. As shown in the following table, the LPS-peptide complex is able to induce
high anti-LPS IgG titers in mice and anti-LPS IgM after one injection (ELISA). A
significant IgG booster is observed after the second injection, whereas no significant

IgM increase is observed.
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fluorescent beads and 10 ml of_baby rabbit serum as
exogenous conpl enent source afé-added to each well.
The plate is incubated 30 mn at +37C, under shaki ng.
Fifty m of the effector cell suspension are added to

each welT. The plhate Agi-iPERbaEeiiB0 min aAnt#=BFOIGM (EU/mL)
under shaking. On dfifty m fromeach-weH e
transferred i n a sBebAFcdeep | Reftidosstd { Bestdased i ony fogt dose
STPRPSR abYordddl NG| 86 M of ¥BBodo 0. U2 |H&EDTA. The 550

ate’is centrifuged and washed twi ce with PBS+BS;
pBeffesr . The phagot§tbsis of UPF%0coat ed |56%ds by <40
effector cefts,” In the presence of anti serum and
exogenous conpl enent source is nmeasured by FACS.

(hs o futher dhiuvisbtjon sxeecimens sthd BIdSAhmssayniseachieved imhividnally. After
di.l uti on .gi vi.ng a phagocytosis .product ,(PP) = 2 P

e s s AT s L OF i o B Pt 1087 TegT ablE pers. Global
Cfﬂe&éti’&rg‘ peSedPin bl YR HIGENY aREDIsSesfefivdlpl s el l's

| acki ng anti serum and a positive nonocl onal antiserum

are included in each experinent. Qpsonisation results

Ej ut, often nj.ce exhibit high opsonic activity (>

3{5%)rE c&&FﬁE‘cffalﬁ%ﬂ%ﬂﬁ“’mee di mer of formula (1)

NH2- A- CySl - B- Cys2- G- COOH NH2- A' - Cysl - B' - Cys2- C - COCH
wherein the two Cysl residues_are |inked together

t Breteqeidal agtizily prineasusdrig dasegibed in sagBoyd? resi dues

are linked together through a disul phide bond ;

Fourty % of the post-dose 2 sera exhibit a bactericidal activity (SBA titre > 16) against
the homologous N. meningitidis strain. Four are bactericidal against the heterologous
strain.

7.2.3. Opsonic activity of mouse sera

Opsonisation assay

The opsonic activity is measured by flow cytometry technology (FACS) using human
promyelocytic differentiated HL60 cells as effector and LPS coated latex fluorescent

beads as target.

Effector cells are differentiated into granulocytes after treatment with 100 mM
dimethylformamide. The resulting cells are washed, resuspended in Hanks’ balanced

salt solution and their concentration is adjusted to 2.5x107 cells/mL.

Sera are heat inactivated during 30 min at 56°C. In a 96 deep-well microplate, heat-
inactivated sera are serially fivefold diluted (3 times) in Hanks balanced salt buffer

containing Ca"™" and Mg™ (volume per well : 300 pl).



or formula (11) NH2-A-Cysl -B-Cys2- C- COCH
HOOC- C - Cys2-B' -Cysl-A'-NH 2 wherein the Cysl residues
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bond ; wherein A and A independently are a peptide

noi ety of from2 to 5, prefeT"a?mySOr 4 am no acid
residues, in which at least 2 am no acid residues, are

i ndependently sel ected fromLys, Hyl (hydroxy-Lysine),

A ety CéLl HifSLpS ‘649&6& feBfladdsBnt bedgraadientl yf Baib?/ ﬁbblt serum as

peptide noiety of from3 to 7, preferably 4 or
a@qogenoalslcdn@igmm seuroe areadiledtoaach welt Themlatedp @f‘@b%@@ﬂﬁo min at
gﬁ%p_@g& |d resi dues i ndependent ly selected from

V erg Wﬁie Tyr and Trp ; and wherein C and C

are optional and are independently an amino acid

residue or a peptide noiety of from2 to

1 no, acid
r Bidiydu e the ?ff@@qfd—‘éﬂ sesnensioh areaddedbioi f@clameﬁo%g%}) e 1s incubated 30
c amino acid residues ratio
(%‘g‘#%hﬁ%robﬁﬁ/ |o§ g's from0.4 to 2.2. A SAEP |1
pepti de di nmer accordi ng to cI ai m 1, which is of
faormyla (1) erel droph r

t Bofnundiogy al rom each syl grageps Fe%érg,ta, 2550Rf} 48ep Svell and the
aﬁe‘égﬁ&i A% H'b?haﬁg&gpzfgo ;HQ)f'PESOwt ofoeropuimrAl Th@p1a£el ik )centnﬁ.lged

rern the cat ratiois fromO0.6 to 1.
SéiPwhshepepidedeittdPB8+BaAdwoffdi.ng to claim 3, whi ch |s
of -formula (I) or (I1) wherein the cat/hydroph ratio
is fromO0.6 to 0.8. 5. A SAEP Il peptide dimer

aghe ‘bﬁéélﬂ:y@o@nsaémm Gostbd 6bAlls By ekfdcor 4ellyih ahe pes@fce of antiserum
formula (T) I1) wherein the B and B peptide

namdacxcwnqum @merrtéogr@q isaneasuredy EAGS: - X3 - in
which XI and X2 ; X2 and X3 ; or X, X2 and X3 are

Opsonic activity is expressed as the inverse of serum dilution giving a phagocytosis
product (PP) = 200. PP is measured as the ratio number of beads / phagocytic cells x

number of fluorescent cells.

Controls wells lacking antiserum and a positive monoclonal antiserum are included in

each experiment.

Opsonisation results

Eight out of ten mice exhibit high opsonic activity (= 350).



i ndependently selected fromVal, Leu, He, Phe, Tyr and

Trp ;

preferably from Leu, He and Phe. 6. A SAEP ||

w@epbitekssei ner according to claimb5, which i s BET/EP2006/003237
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, inwhich : Xl is Lys, Hyl

' C |.ssor Arg, preferably

Lys or Arg ; nore preferabl ; X2 is Phe, Leu, He,

Tyr,

Trp or Val ; preferably Phe or Leu ; nore

preferably Phe ; and X3 is Phe, Leu, He, Tyr, Trp or
Vil ;A pAdiPed apptjdertimenet fosgula (Bore preferably Leu ;
and (ii) amno acid residues, if any, each being
i ndependently selected fromthe group consisting of
Val, NeB-At@s1BheysFe-CODp, Lys, Hyl, Arg and His ;
preferably Val, Leu, He, Phe, Tyr and Trp ; nore

pr ef

NHpA-Csl-BHeyRnd -BROH 7. A SAEP 11 peptide di mer

according to any one of clainms 1 to 6, which is of
formula (111)NH2-A-CySI -B-Cys2- COOH _
NH2- Avhédpiml thBtweryRl ESiddesvarerliiked tdpethenthr@ys a disslphidesbond and

are
t wo

T B AR A

di sul phide bond ; or formula (I

NH2- A- CySl - B- Cys2- COOH COOH Cys2-B' -Cysl -A -NH 2
wher ednforthala@lyl resi dues are linked to the Cys2
resi dues through a disul phide

NH;-A-Cys1-B-Cys2-C-COOH
HOOC-C’-Cys2-B’-Cys1-A’-NH;

wherein the Cys1 residues are linked to the Cys2 residues through a disulphide
bond ;

wherein A and A’ independently are a peptide moiety of from 2 to 5, preferably 3
or 4 amino acid residues, in which at least 2 amino acid residues, are

independently selected from Lys, Hyl (hydroxy-Lysine), Arg and His ;

wherein B and B’ independently are a peptide moiety of from 3 to 7, preferably 4
or 5 amino acid residues, which comprise at least two, preferably three amino

acid residues independently selected from Val, Leu, Ile, Phe, Tyr and Trp ; and

wherein C and C’ are optional and are independently an amino acid residue or a

peptide moiety of from 2 to 3 amino acid residues ;

provided that the cationic amino acid residues / hydrophobic amino acid residues

ratio (cat/hydroph ratio) is from 0.4 to 2.



bond ; and in which A, A, B and B are as defined in
the preceding clains. 8. A SAEP Il peptide diner
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honol ogous peptide dinmer. 9. A SAEP || peptide diner
according to any one of clain®0t to 8, which is an

[ [ di f f f I Vi
NP- L ge P el AR eenraiacte. dan (bahishsi. fdopmula () or (@D
COOH Qitfereit fHé dafHyde6ph BBS'iéﬁémﬁ.’% sy Thr - Lys- NH2.

wherein the Cysl Tesidues are ed to the Cys2
resi dues through a disul phide bond. 10. A SAEP 11

papti deqdi ing to any one of .clainps, 1 8,

WAy ohos SAEPC AR S Ao e Bt pUpjelis of futla ) or ap
NH2- L yidreiini theycat/Ryibph #a4i8 i Remloegitd e u- Leu- Cys2- COOH

NH2- Lys- Thr - Lys- Cysl - Lys- Phe- Leu- Leu- Leu- Cys2- COCH

wherein the two Cysl residues are |inked together

t far ough [ Fda. bon t he .t wo 2.residues

a?ré I %nﬁgg t%élgp ﬂ%érj 8’5%?0%8@%%&3%“&% %b%‘a.ﬁfféﬂﬁula @ or (1) -
conposihefeimtheaaphydoptgratio Refbmdes & or8r according to
any one of claims 1 to 10, wherein the peptide is
essentially in dinmeric parallel form 12. A

C@NPOoY| Sl . cor.di_n o
Y, one o clial i ey REREE S Ghy'Rhe IRG"P10 9, which s of
essenfaraiula/(l) or dD)rvererein dnt B jpad BF peptideandietidsSconTpiie WEsequence —

of a pti i.frer .according t.o_any _one qQf claipns 1 to

o 2 B LEE et ot I 10 oA B S AP 10155 e
Hpopoindepariealy deleétbdSom A1, FeddhR! PRE e’?rgx‘ G Trp ; preferably from
conposition conprising (i) a peptide di ner accgrl" di'ng

to anjedle e Bieains 1 to 10 or a conposition
according to claim11 or 12 and (ii) a

6. A SAEP II peptide dimer according to claim 5, which is of formula @ or (ID

wherein the B and B’ peptide moieties comprise :

(i) the sequence — X1 ~X2 — X3 —, in which :

X1 is Lys, Hyl, His or Arg, preferably Lys or Arg ; more preferably Lys ;
X2 is Phe, Leu, Ile, Tyr, Trp or Val ; preferably Phe or Leu ; more
preferably Phe ; and

X3 is Phe, Leu, Ile, Tyr, Trp or Val ; preferably Phe or Leu ; more
preferably Leu ; and

(i) amino acid residues, if any, each being independently selected from the
group consisting of Val, Leu, Ile, Phe, Tyr, Trp, Lys, Hyl, Arg and His ;
preferably Val, Leu, Ile, Phe, Tyr and Trp ; more preferably Leu, Ile and
Phe.

7. A SAEP II peptide dimer according to any one of claims 1 to 6, which is of
formula (III)



pharmaceutically acceptable diluent or carrier. 15.
The use of a peptide diner according to any one of
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or 12, in the preparation of a nedicanment for treating
or preventing septic shock. 8.~ A nethod for treating
or preventing septic shock,.which conprises

adm nistering a therapeutically effective anount of a
pept hde _di B ' to any one of clainms 1 to 10
or all\g%n%ogﬁli%%%gg?o(?%?ng toclaiml1l 1 or 12, to an

i ndi WH4AP-Gysl-#Bedys24a700R LPS- pepti de conpl ex
conprising (i) a LPS entity (noiety) of G amnegative
bacteria and (ii) a SAEP Il peptide dinmer according to

any GQRRréh ted AIdEyH #e0idhés areMiaked togeiher thitghd disylphidd bond and
the SAEP || peptide dinmer are non-covalently, our}gl.to

each the tvee CysBresiduesge haked tggetb@qumél,gﬂ éé‘é%‘ﬂé&l‘%gbq 5

claim17, in which the LPSis a LPS of N. nmeningitidis

;E. coli ; Salnonella typhi ; Sal nonella paratyphi ;
Shi gejrifafoh@x @i ; Haenophil us influenzae ;
Hel i cobacter pylori ; Chlanydia trachomatis ;

Bordetell a pertussis ; Brucella ; Legionella

pneu hixdcoVBRFIB-EBBEra ; Mraxella catharralis ;
Pseuggﬁf)r‘?‘agysélep% ér%osa ; and Kl ebsi el la pneunoni a. 19.

A LPSEOORI-Cgs2-BoithlsA’addor di ng to claim 18, in which
the LPS is a LPS of Neisseria neningitidis. 20. A
LPS- pepti de conplex according to claim19, in which

the LPRkd BT reddueshirt BakfERS tHEC g2 ebidesathediptli ndisulphide

to any one of clainms 17 to 20, characterized by a
mol arbdridS : peptide ratio of from1 : 1.5to 1 : 0.5,
preferably from1l : 1.2 to 1 : 0.8. 22. A LPS-peptide
conpl ex according to claim 21, characterized by a

mol ar a4dhe which A, A’, B and B’ are as defined in the preceding claims.

8. A SAEP II peptide dimer according to any one of claims 1 to 7, which is a

homologous peptide dimer.

9. A SAEP II peptide dimer according to any one of claims 1 to 8, which is an
antiparallel dimer form of formula (VI)
NH,-Lys-Thr-Lys-Cys1-Lys-Phe-Leu-Leu-Leu-Cys2-COOH

COOH-Cys2-Leu-Leu-Leu-Phe-Lys-Cys1-Lys-Thr-Lys-NHo.
wherein the Cys1 residues are linked to the Cys2 residues through a disulphide
bond.

10. A SAEP II peptide dimer according to any one of claims 1 to 8, which is a
parallel dimer of formula (VII)
NH,-Lys-Thr-Lys-Cys1-Lys-Phe-Leu-Leu-Leu-Cys2-COOH
NH;-Lys-Thr-Lys-Cys1-Lys-Phe-Leu-Leu-Leu-Cys2-COOH
wherein the two Cys1 residues are linked together through a disulphide bond and
the two Cys2 residues are linked together through a disulphide bond.



peptide ratio of 1 : 1. 23. The use of a LPS-peptide
conpl ex according to any one of clains 17 to 22, for
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i nfection. 24. A pharmaceutical conposition conprising
a LPS-peptide conplex accordit®@@to any one of clains
17 to 22, and a pharmaceutically acceptabl e diluent or
carrier. 25. The use of a LPS-peptide conpl ex

aclaor i BampEsiAGY c&ﬁgﬁﬁﬁg ﬁlr{ﬁbfﬁe &iZnéroacg&'diﬂgr ot'ﬂlg one of claims 1 to

preparation of a nmedicanment for treating préeventi ng

a G afPnebereintbe peptideris edsentiflydn domericAGirallal fetthod f or
treating or preventing a G anmnegative bacteri al

i nfection, which conprises adm nistering a

t Her apevbinpedifion edhpidihy @ RFBINEInRr sdcdBRpR8Pinydhe of claims 1 to
conpl ex according to any one of claims 17 to 22, to an

i ndi vil@uiheren the peptides exsenfiablydn dimaric antippratielfgrm. LPS

| peptide conpl ex, which conprises mxing together (i)

a LPS of Gram negative bacteria and (ii) a peptide

dil¥er Thecmedofg peptidoydiare acbordingi %6 ady todel®f cRfns A to 10, as a
process, accor di ngc to, claim27, wherein the LPS and the

pept i Jetotyitgagetiof Caam-negativs basteriphlipopelbysagchards (LPS).
peptide ratio of from1 : 1.2 to 1 : 0.8.29. A process
according to claim?29, wherein the LPS and the peptide

orl4s alt phavevaeaftical eompositibn comaprising (ijral weptidPSimer according to any

B B 857 e oo B S g 1Tz and 0
t oget PeimfacutidaBy bEe%pﬁthﬁ: clﬁiu!e)n & dafiRy] de di mer

raccording to any one of clains 1 to 10. 31. A process

according to claim 30, wherein the LPS and the peptide

055y ALY B B el B e BB 1 10 e«
accor dompoditorC hevordind to wlaRN il ort1nein RS padfdrdifde drePhbd8ament for

or salt thereof )
treating or preventing septic shock.

16. A method for treating or preventing septic shock, which comprises administering
a therapeutically effective amount of a peptide dimer according to any one of

claims 1 to 10 or a composition according to claim 11 or 12, to an individual in

need.

17. A LPS-peptide complex comprising (i) a LPS entity (moiety) of Gram-negative
bacteria and (ii) a SAEP II peptide dimer according to any one of claims 1 to 10,
wherein the LPS moiety and the SAEP II peptide dimer are non-covalently bound

to each other.

18. A LPS-peptide complex according to claim 17, in which the LPS is a LPS of N,
meningitidis ; E. coli ; Salmonella typhi ; Salmonella paratyphi ; Shigella flexneri
: Haemophilus influenzae ; Helicobacter pylori | Chlamydia trachomatis

Bordetella pertussis ; Brucella ; Legionella pneumophia ; Vibrio cholera ;

Moraxella catharralis ; Pseudomonas aeruginosa ; and Kiebsiella Ppneumonia.



are mxed inal: 1 nolar LPS : peptide ratio.
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19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

-53.

A LPS-peptide complex according to claim 18, in which the LPS is a LPS of

Neisseria meningitidis.
A LPS-peptide complex according to claim 19, in which the LPS is LPS LS.

A LPS-peptide complex according to any one of claims 17 to 20, characterized by
amolar LPS : peptide ratio of from 1: 1.5t0 1 : 0.5, preferably from 1:1.2to 1 :
0.8.

A LPS-peptide complex according to claim 21, characterized by a molar LPS :
peptide ratio of 1 : 1.

The use of a LPS-peptide complex according to any one of claims 17 to 22, for

treating or preventing a Gram-negative bacterial infection.

A pharmaceutical composition comprising a LPS-peptide complex according to

any one of claims 17 to 22, and a pharmaceutically acceptable diluent or carrier.

The use of a LPS-peptide complex according to any one of claims 17 to 22, in the
preparation of a medicament for treating or preventing a Gram-negative bacterial

infection.

A method for treating or preventing a Gram-negative bacterial infection, which
comprises administering a therapeutically effective amount of a LPS-peptide

complex according to any one of claims 17 to 22, to an individual in need.

A process for preparing a LPS / peptide complex, which comprises mixing
together (i) a LPS of Gram-negative bacteria and (ii) a peptide dimer according to

any one of claims 1 to 10,

A process according to claim 27, wherein the LPS and the peptide or salt thereof

are mixed in a molar LPS : peptide ratio of from 1: 1.2to 1 : 0.8.
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29.

30.

31.

32.

-54 .

A process according to claim 29, wherein the LPS and the peptide or salt thereof

are mixed in a 1 : 1 molar LPS : peptide ratio.

A process for detoxifying a LPS of Gram-negative bacteria, which comprises
mixing together (i) the LPS and (ii) a peptide dimer according to any one of

claims 1 to 10.

A process according to claim 30, wherein the LPS and the peptide or salt thereof

are mixed in a molar LPS : peptide ratio of from 1:1.2to0 1 : 0.8.

A process according to claim 31, wherein the LPS and the peptide or salt thereof

are mixed ina 1 : 1 molar LPS : peptide ratio.



