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I POPOLYSACCHARI DES EXTRACTED FROM ESHERI CHI A COLI Abstract: The

i nvention concerns |ipopolysaccharides extracted fromE. coli DSM 6601.
This LPS differs frompreviously known LPS fromE. coli especially with
Tespect to the phosphorylated sugar noiety of the core and the degree of
pol yneri zation of the O-specific chain. The lipid A corresponds
structurally and biologically to the usual, 218speNfepwokld,©8li. The LPS
described here not only is well suitedRTEF6CHRlenEifsyi NEherder CBE/DBtr ai n
that carries it, but also reduces the paistegelickitdy 8F3'hEawi® ¥ ain
while allowing it to retain its i munonodul atory effect.
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(54) Title of the Invention:

LIPOPOLYSACCHARIDES EXTRACTED FROM ESCHERICHIA COLI

(57) Abstract:

The invention concerns lipopolysaccharides extracted
from E. coli DSM 6601. This LPS differs from previously
known LPS from E. coli especially with respect to the
phosphorylated sugar moiety of the core and the degree of
polymerization of the O-specific chain. The lipid A
corresponds structurally and biologically to the usual
type for E. coli. The LPS described here not only is
well suited for identifying the coli strain that carries



kn macroorgani sns, endotoxins stinmulate the production of inmune system
medi ators, such as interleukin-1 (IL-1) and tunor necrosis factor (TNF(X)
Many studi es have al ready been conducted on the conposition of the

‘endot oxi ns of enterobacteria, especially E. coli, in which is was
determned that S/R nutants generally contain only one repeating unit of
their O-specific behailBo (fducdd gue @athogdnticits, assimedoiihatrdaim t hese cases,

t he gene that wodesallbwind he fpolrgnem ztngmenopnéuftothef@especi fic chain is
defective, and therefore only one repeating unit it transferred to the core
ol i gosaccharide. LPS structures of a simlar type but different structure
are al so comonl ilpfound in bacteria that areér%at ogeni c_in man, such as

Nei sseria, Vibri&TPORSPAAGBREIESr EXTHRACT RO BAY &P CHIBHIEHIAWELE bact eria have

an LPS which allows themto evade the i nmune defense of the host by neans

of a specigl igte)t&%taéoncgtrtg GEY hlpagélttqgttgtatb@esptg&%%gd of o5l &l ieg;Aci d and

ol i gosaccharides that contain stalic acid, whi resenbl e gl ycoproteins

and gl ycokh@itdsidd abBPRRESrial THE-LEuSAT @tre@asems dtelt&r, MiMNQdef &otBkingol i DSM
6601. This structure was studied and published by P. E. Jansson et al.,

Car bodmednot Resretkd]l Kuk9849he27dre 28Bcasthe sbedictllly efcdopwiagpemdsybios t he
formula shown in Figure 2. The lipid A of the coli bacteria has al so been

i nvesthegatzatipyenfar Peius ateeéleat@ﬁagt%&p@oméwcctla%ﬂ ORt$d £ TR tltehe
structure of .the Ii |d A enerallx has the hexaac forggf?nd S nsj st ent

for aft"SeTBryPEL=8te B LTt GUF £33 *The ™St ¥ lﬁF% tHhg ﬁe%” 46V

conmpound, s [ ol 8 etschel o o s,
Conf oltgqngt %A%% g?pét ﬁgpﬁthlpl EIOX]Al\%Cfe)lfrrﬁg%rtte?tft L(% tElL(lg%(;eepo%gso(;t%cC‘Flk;;tr%{lgggaFnHHandbook of

Endot pecnsid Rhegt.or, R, ed.), Vol. 1, Chemstry of Endotoxin (E T.
Ri etschel, ed.), Elsevier, Ansterdam (1984), pp.

In macroorganisms, endotoxins stimulate the production of immune system
mediators, such as interleukin-1 (IL-1) and tumor pecrosis factor (TNFQ).

Many studies have already been conducted on the composition of the
endotoxins of enterobacteria, especially E. coli, in which is was determined
that S/R mutants generally contain only one repeating unit of their O-specific
chain (cf. Figure 1l). It is assumed that in these cases, the gene that codes
for the polymerizing enzyme of the O-specific chain is defective, and
therefore only one repeating unit it transferred to the core oligosaccharide.
LPS structures of a similar type but different structure are also commonly
found in bacteria that are pathogenic in man, such as Neisseria, Vibrio,
Campylobacter, Helicobacter, etc. These bacteria have an LPS which allows
them to evade the immune defense of the host by means of a special molecular
mimicry, including the presence of sialic acid and oligosaccharides that
contain sialic acid, which resemble glycoproteins and glycolipids in mammals.
The 06 serotype was determined for E. coli DSM 6601. This structure was
studied and published by P. E. Jansson et al., Carbohydr. Res. 131 (1984) 277-

283. The structure corresponds to the formula shown in Figure 2.



187-220. The structure is shown in Figure 3. The O-specific chain and the
lipid A are linked by the core oligosaccharide. There are five previously
known core oligosaccharides of E. coli; see 0. Hoist et al., Chemical
‘Structure of the Core Region of Lipopolysachharide, IN. Bacterial

Endot oxi ¢ Li popol ysaccharides, Vol. 1, Mrrison, D. C and Ryan, J. L.
(eds.), BogalRsion, oﬂ:Ir.heLEﬂl(Hagﬁahapmas 1350 I0&@n (mfestfc‘gaguldebyl)varstuadl es of
the LPS of E. coli strain DSM 6601 reveal ed that the conposition of the

| i pi dreBegorir espmdsantdoit hashéxadcyiatf ohqnsofuathise |dfpicHs LApPidttheriirsély
described for E. coli. The studies with respect to the release of IL-1 and
TNFa has Hﬁﬁrﬂﬁxaa@b’hoaff“eén%dﬁf??“ﬁﬁtfﬁtt £99 §1 iSSFASYRRaE thhe SHmY HeFPvity as

E. i lipid A d th
o & 1 kil S GIFGET (ol Eratssri CrPRRe ALY oy B o FLre 6) - Thi o

assul t'tgr%\evlvaét aqonfét U'ggirgyaxlich%oﬁ%%@?cjn @f‘aclh)ésﬁfr:pld-m%o%bf)%ttuéﬁ of the
speci antigen of E. coli DSM 6601 is surprising due to the fact that

appargpbbyy@atdhadi8éNg| Bak@peRtdNGndbdbLkinsS (Machat | R., pgsentoli.n1t he chain
(cf. Figure 1), which leads to the concl usion that the strain DSM 6601 is
an S/ @entis @t of iindetriis ext Fermsleysahrlsual. )i dtlsavhemahanstiesdimt @84 )Horever ,
as the serologic analysis shows, the structure of this repeating unit
corr esfones t Bhe FETIRHESFE Jrfaﬁ’f‘@fnnl@f_ﬁhé‘id specific chain of E. 4 coli 0 6.
Al t hough the core r&gl n.in strai Tlp %M 660111cq<r Eiegypc&rﬁds tao the well-known

The O-specif chain an the A are e core
oligosaccharide. There are five previously known core oligosaccharides of E.
coli; see O. Holst et al., Chemical Structure of the Core Region of
Lipopolysachharide, IN: Bacterial Endotoxic Lipopolysaccharides, Vol. 1,
Morrison, D. C. and Ryan, J. L. (eds.), Boca Raton, FL, USA (1992) pp. 135-170
(cf. Figure 4).

Studies of the LPS of E. coli strain DSM 6601 revealed that the
composition of the lipid A corresponds to the hexaacyl form of the lipids A
otherwise described for E. coli.

The studies with respect to the release of IL-1 and TNFG in human
monocytes confirm that this lipid A has the same activity as E. coli lipid A
and therefore very probably corresponds in its structure to the known

structure of E. coli lipid A (cf. Figure 5, Figure 6). This assumption was

confirmed by the chemical analyses.

The structure of the specific O antigen of E. coli DSM 6601 is.surprising
due to the fact that apparently only a single repeating unit is normally
present in the chain (cf. Figure 1), which leads to the conclusion that the
strain DSM 6601 is an S/R mutant, which is extremely unusual for a human
isolate. However, as the serologic analysis shows, the structure of this

repeating unit corresponds to the basic pattern of the O-specific chain of E.



Rl structure, structural peculiarities are present. Specifically, 8
phosphate groups were analytically determ ned per LPS nolecule, and the
lipid A generally has only 2 phosphate groups. Furthernore, a

nonst oi chionetric content of pyrophosphoet hanol am ne was found. Therefore,
it can be stated in summary that the LPS of the strain DSM 6601 differs

si gni éélcaotdy fromthe previously known LPS fromE. coli, especially with
respect to the phosphoryl ated sugar noiety of the core and the degree of
pol yner i zattlongbftheheo® speiginf it schaim DSHHEOL | pirdespandsr &S fbadse 11 -known
structurally and biologically to the usual type for E. coli. The LPS

descr RhEArHeErEe nFErantuFal sPL Fardite4TF G eFdnt | FRAGHGIEHEYcdl PPSTRYECR t hat

carries it, but also, reduc t he pat ho icity .of the coli, strain while
a1 oW IRYPP (08 FROSFICTCY SHRTNORBRTabr JoLTVaBe it dup®

ng- I noit ory e ac Rat the O-

speci {46 6N Bad Snhl KeHo Bhale F5:QLYSOSEA G PRI T DSEa, Qb1 Ak clXe 9l yeosi dic
%’ I e

bond toul d be clearfy shown for the first tine for E. coli wth the exanpl
of tE&SAR FUHMHhDSMBERInc 1 I el WROBOLysacchari de (LPS) of E. coli DSM

6601 is a new snmoot h-rough (S/R) structure, which, on the one hand, is
conposed Ofeynfews.ousl garkhewratpdrini salrmgty utbures (05 ofechd iscraimabPsy core
ol i gosaccharide and lipid A) and, on the other hand, was conpletely
st r uctiftafiifeenariget erqarety fopm tthe phevseusly| fewnnlihdérewdpl ex1¥f or m t hat
exi sts here&&cf,. Fi gure 7%. he O s ecgfic chai n, . whi cp t%onsists f.only a
si ngl 5FEpEAY; W URFTPSSF %é};ée‘%ﬁ}’g"éy 2059 §999% FRiSHYt 8 (e %°orreeando the
ol i gogacehayd gglﬂ-&é%-,@zﬁ'ighy&@ Ldigspand; cwhieh dinhf eng; Brom. L8 hdkages
withinthe Ospecific chain (a-glycosidic). The core oligosaccharide has
the Ricrsttwehiy &ndabtegieallyf thdhadsibateybs £onkl rdmd. byrhe Lps
described here not only is well suited for identifying the coli strain that
carries it, but also reduces the pathogenicity of the coli strain while
allowing it to retain its immunomodulatory effect. The fact that the O-
specific chain is linked by a B-glvcosidic bond instead of an a-glycosidic
bond could be clearly shown for the first time for E. coli with the example of
the $/R mutant DSM 6601.
The lipopolysaccharide (LPS) of E. coli DSM 6601 is a new smooth-rough
(S/R) structure, which, on the one hand, is composed of previously known
partial structures (O-specific chain, core oligosaccharide and lipid A) and,
.on the other hand, was completely structurally characterized for the first
time in the complex form that exists here (cf. Figure 7). The O-specific
chain, which consists of only a single repeating unit of the serotype 06, is

linked to the core oligosaccharide by a B-glycosidic bond, which differs from

the linkages within the O-specific chain (a-glycosidic). The core
cligosaccharide has theé Rl structure, a chemical finding that is confirmed by
serologic tests with Rl-specific antibodies. The lipid A component has a

specific chemical structure that is characteristic of E. coli lipid A.
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serologic tests with R -specific antibodies. The lipid A conponent has a
specific chem cal structure that is characteristic of E. coli lipid A 5
The LPS of E. coli strain DSM 6601 exhibits astonishing honogeneity.
‘Het er ogeneity can be observed only with respect to the phosphate
substituents (PP and P-Etn vs. P and P), which is being described in this
formfor theLridfsE. tadie. stkaen skt 66 iQubstiibt ue st cwishdnd érodedarnziitel y
determined in the core oligosaccharide, the R -core oligosaccharide, at
the Heppesodenehtvfcan Hee seexvdd dnépt widd {eH@pcut)tObyh%@ﬁﬁﬂé%tNl\ﬂbaﬁwwéé The
conplete structure of the LPS of the strain DSM 6601 |s shown i Figure 7.
The i HPeftd GnEFS véxpi &Pﬂe%i iﬁhﬁheé& OFLREEPTIRER oW B 2 aRDIES. B X AMP L

E | FREPARATL ONTQF J HE,LE dm o108 LPS =123 obt,al n%qe %@Lm@n@@sﬂe @rz%égr' ed

bact érF&F THESs SHREN01 T Vet er - ext rac ion; for fur etails

on “’Uﬁ @é&%ﬁgrl%f t% Rprﬁ}ér@fllgggaccﬁgzel& A/Léstﬁ'lghzalpogitl%ln of aagt%doﬁli
Li popol ysaccharl des, Extraction with Phenol -\Water and Furt her Appl i cations

of thepPsaceaduse), M&&hpl@ﬁh\bﬁhyﬂﬂyseﬂ’lem, Vol . V (1965), pp. 83-91. 47 ¢
of the lyophilized bacteria, which had first been washed twice with

di stil | edTwaternplaser ecraxtwicbédtheyL2f pbditei edraint P 6691 Westiptval iand Jann.
The nodification consisted in a subsequent enzyne treatnment (DNase, RNase,
prot eiigase 'K) of the aqueous extract, the purpose of which was to renove

ossi ble forei
POSS bl e Tl'?e engefln 1I;>r?t1.es! Q:Scpla}aqgleg)NA/ greatgxgrg")eggfptbelow tglca%\p qu the agueous

EXAMPLE 1

PREPARATION OF THE LPS

The LPS was obtained from the washed and dried bacterial mass by a
modified phenol/water extraction; for further details on this aspect of the
preparation, see 0. Westphal et al., Bacterial Lipopolysaccharides, Extraction
with Phenol-Water and Further Applications of the Procedure, Meth. Carbohydr.
Chem., Vol. V (1965), pp. 83-91.

47 g of the lyophilized bacteria, which had first been washed twice with
distilled water, were extracted by a modified method of Westphal and Jann.
The modification consisted in a subseqguent enzyme treatment (DNase, RNase,
proteinase K) of the aqueous extract, the purpose of which was to remove
possible foreign proteins and DNA/RNA components. To this end, the agueous
phase (about 1.2 L) is treated at room temperature with 20 mg of RNase
(ribonuclease A, bovine pancreas, Sigma) and 20 mg of DNase (DNase I, bovine
pancreas, grade II, Sigma). The mixture is stirred for 30 h at room
temperature, treated with 20 mg of proteinase K (Tritirachium album,

Boehringer, Mannheim), and stirred for another 12 h. The suspension is



phase (about 1.2 L) is treated at roomtenperature with 20 ng of RNase
(ribonucl ease A bovine pancreas, Sigma) and 20 ng of DNase (DNase I,
bovine pancreas, grade Il, Sigma). The mixture is stirred for 30 h at room
tenperature, treated with 20 ng of proteinase K (Tritirachium album
Boehringer, Mannhein), and stirred for another 12 h. The suspension is 6

di al yzgdy 1 erdd FBseAgainst I5LLoDlighShikledenatver DyeraR4°h sl 4@nand
then |yophilized. The enzyme-treated extract is resuspended in distilled
wat eriybghidnre€nd raeneepid-atrkoredobxS@chgisTkesiFpbsdsiuspetist dhlgdswater to
ultracentrifuged three tinmes at |ow tenperature (155,000 x g, 4C, 4 h).
The sedeneénrton¢aRSptie stspended i nThisOsyrpendioni 59 iUlreRrapar efuoed| dir§sed
again for three days against water, and then |yophilized ield of LPS:

1. 45 gme8. a9 o riempgraxupe MLP5 1008 2 ANACYSH &) oF THEES$PIEXTRAETED FROM E.
COLI STRAIN DSM 6601 Hexosam ne (HexN) (nmeaning here gl ucosam ne +

gal ac—"zugsamﬁeﬁie}n Q56 Nt oBad ) 1 veds Waletter M atEaeb ot He tROATFEE LG r IEHI EF son

t est tromnger, J. L., Park,. J. T._.Th on, . R. J. Biol. Chem 234,
3263-"$588" (@35"@}36)“ g¥°p Ilitbzreﬁaﬂ'lve“elfiyoﬁoffps HPE?:PE?IQI' Cb%%A@m)V\at ers). In contrast
to the Morgan-El son test, in this analytical nethod, it is possible not
only separately to determne and quantify GLcN and GalN, but al so to nake
paral l el determ nations of the gprasence of 2G1cN phosphate, 2-ethanol am ne
(Etn) and 2-ethanol am ne phosphate (Etn-P), which often occur in LPS
Gas-liquid chrorBtIgr o MYE (I36) EXERACTRR IFROY e dCOIT ATRAN BFM 3F0D GC or

Hewl ett Packard (HP 5890 Series Il) gas chronmatograph on a capillary

colum (fused-silica SPB-5(r), 30 Supel ¢o
, ( Hexosamine (HexN) (méaﬁang herg]gluc saﬁin + gngétosamine, GlcN + GalN)

was determined by the modified Morgan-Elson test (Strominger, J. L., Park, J.
T., Thompson, R. E., J. Biol. Chem. 234, 3263-3268 (1959)) or alternatively by
HPLC (PICO-TAG, Waters). 1In contrast to the Morgah—Elson test, in this
analytical method, it is possible not only separately to determine and
quantify GlcN and GalN, but also to make parallel determinations of the
presence of GlcN phosphate, 2-ethanclamine (Etn) and 2-ethanolamine phosphate
(Etn-P), which often occur in LPS. Gas-liquid chromatography (GC) was
performed in a Varian 3700 GC or Hewlett Packard (HP 5890 Series II) gas
chromatograph on a capillary column (fused-silica SPB-5%, 30 m, Supelco). The
combined gas-liquid chromatography/mass spectrometry (GC-MS) was performed in
a mass spectrometer (HP model 5989) equipped with an HP-1 capillary column (30
m, Hewlett Packard). The GC and GC-MS analyses were used to determine the
neutral sugars (Glc, Gal, Hep, Man) as their alditol acetates (Sawardeker, J.
S., Slonerker, J. H., Jeanes, A., Anal. Chem. 37, 1602-1604 (1967)) and to

determine and gquantify the fatty acids as their fatty acid methyl ester
derivatives after intense methanolysis (2 M HCl/MeOH, 120°C, 16 h)

(Wollenweber, H.-W. and Rietschel, E. T., Analysis of Lipopolysaccharide



conbi ned gas-1liquid chromatography/ mass spectronetry (GC-MsS) was perforned
in a mass spectroneter (HP nodel 5989) equi pped with an HP-1 capillary
colum (30 m Hew ett Packard). The GC and GC- M5 anal yses were used to
determ ne the neutral sugars (Ac, Gl, Hep, Man) as their alditol

acet ates (Sawardeker, J. S., Slonerker, J. H, Jeanes, A, Anal. Chem 37,
1602- 16044 (h9649dy anthst, 07. datessrone mad. quantiohy) tive-fml)t yn@cixdsaasotheir
fatty acid nmethyl ester derivatives after intense nmethanolysis (2 M

HC1/ MeiiH, ciR@Efork6 hin bpWibldCemvilyergalHrethodandhRi Btisenk|GemBerafure ARal ysi s
of Lipopol ysaccharide 7 (Lipid A) Fatty Acids, J. Mcrobiol. Meth. 11,
(1990)50205-i2¢derant fxt ¥ agh) orendwkiteh thd SPOTRMITY Hadoifr e esn s y3t2|0c,cal

nmet hods, the initial tenperature was. 150C (isothermal for 3 mn), and
then bhe 1 onper tdnpeeawas drciessed 1°6/B20C PHypphatei menrdetermiaedt i ghe

gradi ent of 5C/ m n. Phosphate was determ ned by the nmethod of Low et al .
(Lowyeth@d ¢f LoRobertal. K-owry. O.L8i ndeberks, W, Ry, Lgtinexl K. Yar pu. Al J.
Biol. Chem 207, 1-17 (1954) and_t he_ 2-keto-3-deo manno-.oct ul osoni C
acid %kdo)’a’iﬁasp‘dét erfi red! by oehe 20hi dbaf bilfetile a9 &x?e?stketh%dSWeﬁar V.

C. and Sa T1 ON
SND OB R 9 R 11 B o A T B O AL T PRABTAS B S
(258. &y d@badRs, wsee@ﬁdséﬂa% Lpof 0. 3: M. Nekde/ HAC1§pn145dt) (1888 ) .
subjected to gentle acid hydr ol ysis at 100C for 1.h. The Ii poph| lic

fraction (lipid A) was then extracted three tinmes fromthe hydrol ysate
with 25 nL of chloroform(yield: 23.2 ng). The lipid A fromthe organic

h further P T I REE Iy IP,
FZa?n?n g‘?ﬁc glrl | g; g&e'ilt%liuf’fl égN???HEw%%%g?ﬁxggﬁ‘cﬁﬁﬁ‘xgﬁé” ¢Rrdmat ogr aphy (PTLC)

LPS (258.8 mg) was suspended in 25 mL of 0.1 M NaOAc/HOAc (ph 4.4) and
subjected to gentle acid hydrolysis at 100°C for 1 h. The lipophilic fraction
(lipid A) was then extracted three times from the hydrolysate with 25 mL of
chloroform (yield: 23.2 mg). The lipid A from the organic phase was further
purified by preparative thin-layer chromatography (PTLC) (2 mm PTLC silica gel
60 plate, E. Merck, Darmstadt), which was chromatographed with chloroform-
methanol-water 100:75:15 (v/v/v) and developed by immersion in distilled
water. In this way, six fractions were obtained, of which the principal
fraction (Rf = 0.4) repreéents the purified diphosphorylated hexaacyl lipid A
(DPHLA-ECgg01) - The purified DPHLA-ECg (yield: 2.06 mg) was dissolved in
chloroform-methanol 8:2 (v/v) and treated with ion exchanger (Amberlite IRA
120, H' form) before the MALDI-TOF-MS. An aliquot portion (250 pg) of the
purified DPHLA-EC4e: was used for the biological experiments.

The aqueous phase from the chloroform extraction was lyophilized (yield:

272 mg), and the oligosaccharide was further purified by means of a TSK column

[3.5 X 90 cm, TSK HW-40(S), E. Merck] in pyridine-acetic acid-water 8:20:2000



60 plate, E. Merck, Darnstadt), which was chromat ographed with chl oroform
nmet hanol -wat er 100: 75: 15 (v/v/v) and devel oped by inmmersion in distilled
water. In this way, six fractions were obtained, of which the principal
fraction (Rf 0.4) represents the purified di phosphoryl ated hexaacyl lipid A
(DPHLA- Ec6601) . The purified DPHLA- EC6601 (yield: 2.06 ng) was dissolved
in chisorof.ormarenfanidhaB o2 i§adaerhande tireat et swindeli dn BEex€hanigesry Anberlite
|RA 120, H form before the MALD - TOF-M5. An ali (%uot portion (250 g) of

t he ap!@lli'z;]ddedy fmmausx-ae@@@m SPRGL I8 eRPYF orTHENRE IFC &Py E%l?tlé?f%pé‘fqoﬂre%t 428The
aqueous phase fromthe chloroformextracti on was | hilized (yield. 272
ng), BndiiHE BYi gBRHTC AR GIBEDSSCF Wﬁéfoﬂﬁ?qepfiao%gg Oéﬁgecolff(lé CEI‘t@kncol um

[3.5 x 90 cm _TSK HW40(S), E, | dipesagelic agigd- ;
5. 20: 3980 G107\ 07 ARG SRBTUTHCAT: ol QSEacondr e Ty aee Tort 12001 "% &

C D Neh& gﬁ?é‘ﬂﬁéé?d Y Ve .04 ; MYR-SREchED TEAMEccHAE dRE| NEicpadcthraLt i on
(pool A, #28- 41; 49.05 ng), which contai ned both sugar conponents of the

0- Spegdof i &ntea@b N anf Marer o) Nag)i candereugar fooponentlyzed, ehé, gonelly.
oligosaccharide (Hep, Kdo), was further purified. The other fractions
cont asaled rMwosaicchpali desstiantdf abe FSEfsePRyeEiCantAYes-2ldndomReeebtesf, which

were not further analyzed, and, finally, salt. The principal fraction of
the TSIk SefaratIBACSNGWER PP Ghpdi@ht %Pt tﬁlﬁeo‘csc?Fgl%ﬂci ﬁg%lé‘céﬁ%‘}'i de (Kdo,

Gal , and of the 0-sphecific .chai ' h - VB

anai yoibahd ™ R JrafS enel g B st e ol A R I this
regarg, e Jpl tsicpghecked whet her anal ytical high-pressure anion- exchange
chro.mat ography (HPAEC) is suitable for purifying the oligosaccharides

In this regard, we first checked whether analytical high-pressure anion-
exchange chromatography (HPAEC) is suitable for purifying the oligosaccharides
to homogeneity. To this end, we used a specific HPLC method for the analysis
of complex sugar structures (DIONEX system) with an analytical CarboPac PAl
column (4.6 mm X 250 mm) and a linear salt gradient (5 min at 0 M NaOAc, then
increased to 0.5 M NaOAc in 50 min) at a flow rate of 1 mL/min. The eluate
was detected by a pulse-amperometric detector (PAD) for reduction equivalences
(sugar molecules). Four oligosaccharide fractions were obtained in this way,
which were then similarly further purified by semipreparative HPAEC.

The semipreparative HPAEC was carried out with a CarboPac PAl column [ (9

;mm % 250 mm) Dionex system] with the same salt gradient as in the analytical
HPAEC (5 min at 0 M NaOAc, then increased to 0.5 M NaOAc in 50 min) and a flow
rate of 4 mL/min. The application of the oligosaccharide (42 mg; pool A from
the TSK column) to the semipreparative HPAEC column was performed in two
analogous HPAEC runs. The eluate was collected in fractions of one minute
each, and the individual fractions were analyzed by analytical HPAEC. Two
principal fractions were obtained in this way by semipreparative HPAEC

(fraction I, retention time ty ~ 12 min and fraction II, tg ~ 15 min). The
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to honogeneity. To this end, we used a specific HPLC nethod for the

anal ysis of conplex sugar structures (DI ONEX system) with an anal ytical
CarboPac PA1 colum (4.6 mmx 250 mm) and a linear salt gradient (5 mn at
0 M NaQAc, then increased to 0.5 MNaQOAc in 50 min) at a flowrate of 1
m./mn. The eluate was detected by a pul se-anperonetric detector (PAD) for
r educédlanh&litbvied eagesd {sugactmbbagllfesitioroly veédngoshocifait delimact i ons
were obtained in this way, which were then simlarly further purified by
seni prepar driovenHBAER e The MaePi-{TOEPH ahd WHR HPARETS imad yeard:i efrasGiomilth a

Car boPac PAL colum ((9 mmx 250 mm) Dionex system with the sane salt

gr adi €f8 ae ifma¢tienahial ytialg) HPAEC (5 nmin at 0 M NaOAc, then increased to
0.5 MNaQAc in 50 min) and a flow rate of 4 niL/mn. The application of the
ol i gosaccharide (42 ng; pool A from the TSK columm) to the sem preparative

HPAEC cohﬂi@ﬂﬁﬁgs eihor o””%g 15&01}'1% @I,ggfgfb%&an Sprﬂ't E{,\F“'I' ?{ Uake was
TR

col l ecte i'ons fractlons
wer e anal yzed by anal yti cal HP E mo pr|n0|pal fractlons wer e obt ai ned
in this way by sem preparative HPAEC (fraction I, retention tinme tR - 12

m n and f maetix0Rsdilsred Rased ReBbihriodNi@n9z8dbh thaﬁ D ftheghenmyed from bot h
HPAEC fractions by neans of a G 10 columm (2.5 x 120 cm before the

MAL DI sPEGE= v tam d(MAVRT 108 HY®)i a2 yrieebxiledf i@t Porkelk-Reffe88 wime-pf adtiphn |1 :
4.39 nmg). MATRI X- ASSI STED LASER DESORPTI ON/ | ONI ZATI Tl ME- OF- FLI GHT
(NALWPGFG:?metWRS@rSFErCfR@\E?Rﬁ“WHIFXBé%’%ﬁ“%t%’ﬁf PEEETYdES 5P Ht 1 8I8FF oni zat i on

tBII’ HEe?fIﬁfeHl ht;org]?s SFEEC'[ I’O mgcli\éa‘lapl gc:cé\@)ra% (/gft%r gegf '2@ 1?&/ and
with delayed ion extraction. The samples were first dissolved in chloroform
(lipid A) or distilled water (oligosaccharide fractions) in a concentration of
10 pg/uL. 2-uL aliguots of these solutions were dissolved with 2 YL of a
matrix solution consisting of 0.5 M 2,4,6-trihydroxyacetophenone (Aldrich,
Steinheim) in methanol. Aliquots (0.5 uL) of this mixture were applied to a

metal holder and dried with a hair drier.

NMR SPECTROSCOPY

One-dimensional (1D) 'H- and *'P-NMR spectra and two-dimensional (2D) NMR
spectra were recorded with a Bruker Avance DRX-600 spectrometer (Bruker,
Rheinstetten), and *3C NMR spectra were recorded with a Bruker AMX-360
spectrometer at 300 K in ’4,0. Before each measurement, the samples were
lyophilized twice with heavy water (°H,0). Acetone (8y 2.225 ppm, & 31.45 ppm)
or 85% H;PO; (8§; 0 ppm) was used as the external reference signal. Standard
Bruker software (XWINNMR 1.3) was used to record the NMR data. The mixing
times for the TOCSY (total correlated spectroscopy) and NOESY (nuclear

Overhauser enhancement spectroscopy) were 100 and 500 ms, respectively.
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spectroneter (Bruker-Franzen Anal ytik, Brenen) exclusively in the |linear
configuration and in the negative node at an accelerating voltage of 20 kV
and wth delayed ion extraction. The sanples were first dissolved in
chloroform (lipid A or distilled water (oligosaccharide fractions) in a
concentration of 10 g/L. 2-L aliquots of these solutions were dissolved
with 2 L of a matrix sol uti onsernmecst ANHLYHESO. 5 M

2,4,6-tri hydroxyacet ophenone (Al drich, Steinheim in nethanol. Aliquots
(0.5 L) of this mxture were applied to a netal holder and dried with a
hai r dri eFhe KRFOISPECTREITERY were Par oSt GifalleSPDR P19csattRiShPI9YRR spectra
and two-di nensignal (2D) NVR spectira were recorded with a Bruker Avance
DRX- 6ERY S PRt Fbrfe £BF S Btk Fnt é??ﬁjgfétten), and 13C NMVR spectra were
recorded yit 2, Bryker, AVGAG0.; SReF!IRLST Al p300: Kl 0, HEO.cJBef or e each
measur enent, 't sanples were Jlyop |I|zeof twce wth heavy water ('HzO.
Acet opgo{ SHhs 82R PQ&EOt@pg’JOGZ.lﬁS pAM at @he 85% HIRAof SRgferp i) M@Suttsed as
the external reference signal. Standard Bruker software (XWNNWR 1.3) was
used tmrofecHedtithe) NVR data. The mixing tinmes for the TOCSY (total

correl ated spectroscopy) and NOESY (nuclear Overhauser enhancenent

spect r oscdpy PorrtlonaDrrandE 5001 R 1 -pridgert edpit] OinsERAIOCRELIRALYSES The
ser ol oq%i c anal yses were performed as Western blots, which were devel oped
wi th F3Pée i PRerceht natt dem“é%l.zai.l%aﬁ%|aoﬁatr9haﬁ?’f“l B8t -8 ERTTT°A6I t)
was pre%[ed vvith:il_ERl)_coIi strain DSM 6601 (serotype 06: K5:H ) at the

an

Tan cgre, .
I nstitute Of Hygli éne i'n Hanburg
3. A monoclonal antibody (WN1-222-5, internal designation: F 167) was
used, which broadly cross-reacts against all E. coli core oligosaccharides

above a minimal structure (> Rd).

TABLE:

Component analysis of E. coli LPS extracted from the strain DSM 6601.

Component Amount of the component

nmoles/mg (moles/LPS)*®

.Carbohydrates Analysis 1 Analysis 2
GlcN® 283 (1.8) not determined
GalN 139 (0.9) not determined
HexN°® 591 (3.8) 589 {2.9)

Kdo 248 (1.6) 242 (1.2)
Man | 321 (2.1) 383 (1.9)
Gal 474 (3.0) 557 (2.8)
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(Prof. Bockenbhl). 2. Polyclonal anti-E. coli Rl-antiserum (rabbit,

i nternal designation: K299/d58) was obtained by imrunization with a
rough-form nutant that possesses an Rl-core (anti-Rl). 3. A npnoclonal
anti body (WN1-222-5, internal designation: F 167) was used, which broadly
cross-reacts against all E. coli core oligosaccharides above a m ninmal
structdre (> Rd). TABLE: Cotgporiért) anal ysi s13¥1 ES-®oli LPS extracted from
the strain DSM 6601. Conponent Anrount of the conponent nnol es/ny

(nol espdHe8) a Car bohydr at es@ffalysf)ls 1 Anal ysfé2 22 Nb283( 1. 8) not det er ni ned
GalN139( 0. 9) not determ ned HexN 591(3.8)589 (2.9) Kdo248(1.6)242 (1.2)
Man321(2.1)383 (1.9) Gal 474(3.0)557 (2.8) 11 A c1069 (6.9)1291 (6.4)

L, Dl—lljeoggl@%e(dgg) 442 (2.2) Polar Head Groups 1188 (7.6)1146 (5.7) P

oups

P 1188 (7.6) 1146 (5.7)

Etn-P 85 (0.5) not determined

Fatty Acids

112:0 130 (0.8) 162 (0.8)
14:0 156 (1.0) 201 (1.0}
14:0(3-0H) 460 (3.0) 504 (2.5)
16:0 traces traces

& The molar ratio of the individual components (in parentheses) was
standardized to the value of myristic acid (14:0) (1.0 mole 14:0/mole LPS)due
to the presence of GalNac and GlcNac in the O-specific chain.

P GlcN determined by amino acid analyzer. The value is obtained from the sum
of GlcN and GlcN-6P.

' HexN photometrically determined by the Morgan-Elson test.

The LPS preparations obtained by the method described above and
comparative samples of LPS were subjected to polyacrylamide gel
electrophoresis (cf. Figure 1). 1In the preparation of the SDS-PAGE analysis
of the LPS, we worked with 16% polyacrylamide gels (U.K., Laemmli, Cleavage of
Structural Proteins during Assembly of Head of Bacteriophage T4, Nature, 227,

680-685 (1970)). The LPS bands were stained by the sensitive alkaline silver
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Etn-P85 (0.5)not determned Fatty Acids 12:0130(0.8)162(0. 8)
14:0156(1.0)201(1.0) 14:0(3-0H) 460(3.0)504(2.5) 16:0tracestraces a The
nol ar ratio of the individual conponents (in parentheses) was standardi zed
to the value of nyristic acid (14:0) (1.0 nole 14:0/nole LPS)due to the
presence of Gal Nac and @ cNac in the O-specific chain. b dcN determ ned by
ém nNOSGtadhdnahadi K(z:erM. Tisei valduBrasshobt-af ned erorititie SSUYRTY §F2181ERF and

c P. HexN photonetrically determ ned by the Mrgan-El son te The LPS
pr epabeser iy bfﬂ%’@hﬁf‘cﬁ?a’flﬁ%sr@t ﬁ&b’a&égm%éo‘seéﬁov‘g%zndm°€§%ar %9

i've
sanpl e58 ofl I_5I?§ were subjected to pol yacrylam de gel electrophoresis (cf.
Fi gurJe9 f). Prttte preparation of the SDS-PAGE anal ysis of the LPS, we

wor ked wi E}t:'e 16% nql yachy! ardde.geks {dui in kagpal i, O eavage of Structural
Proteins during Assenbly of Head of Bacteri ophagé T4, Nature, 227, 680-685

(1970)). The LPS bands were stained by the sensitive alkaline silver 12
stain method (C. M Tsai and Frasch, C. F., A Sensitive Silver Stain for
Det ecti ng Li popol ysaccharides i A *®é|l ¥y EyEadi de CGels, Anal. Biochem, 119,

1982, 115-119). The results of the analxses are shown in Figure 1. EX A M
PLES3 BIOLOGICAL ACTIVITY

(a) IL-1 activity

The IL-1 activity is determined by an MNC proliferation assay in a
culture supernatant. Human monocytes (MNC) are isolated from the peripheral
.blood of volunteer donors (8 X 10° MNC/200 mL), transferred into a glass and
simultaneously treated with test substance. To test the biological activity
in vitro, the cells are first stimulated with LPS (10 ng/mL). After an
incubation period of B hours, 150 mL of the culture supernatant are analyzed
for cytokine release. The IL-1 activity is determined by a fibroblast
proliferation assay in a culture supernatant. The fibroblasts needed for this
were obtained from human prepuce. The proliferation of these fibroblasts was
increased by IL-1. The biological activity in the culture supernatant is
determined by comparing the dose—resbonse curve of the culture supernatant
with the curve of the standard in a probit analysis. The LPS from a bacterial
stréin known to be endotoxically active (Salmonella friedenau) serves as the

reference (positive control) and therefore is included in Figure 5.

(b) TNFO activity

The TNFO activity in a culture supernatant is determined in a
cytotoxicity assay with the TNF-sensitive cell line L929. The TNF activity

can be determined by comparing the dos-response curve of the culture
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BIOLOG CAL ACTIVITY (a) IL-1 activity The IL-1 activity is determ ned by an
MNC proliferation assay in a culture supernatant. Human nonocytes (MNC)
are.isolated fromthe peripheral blood of volunteer donors (8 x 105

‘MNC/ 200 nmL), transferred into a glass and simnultaneously treated with test
substance. To test the biological activity in vitro, the cells are first
st i Mubateeda tdntt hwitPASEAO cugienof. tiAf seandemd imeudrebibrenpéy$isd ofeB Aer’s, 150
mL of the culture supernatant are analyzed for cytokine release. The IL-1
act i v tSplmeneideefriiederrbyPS thpbrichkad® tprksl e1Eat G L8y VE FeaVRUIR  ur e
supernatant. The fi broblasts needed for thi S5 “’eéereos%%@écﬁ‘%% H m hyman

pr epubke PYREFINEOFIEPht | RS FPSEHESAT T i9BFRILICAS S "R AT eds L-1. The

bi ol ogical activity in the culture supernatant_i i hed C aring
t he dose- FB%pr(‘fﬁgét%ﬁP% BBt Pf’ét%uﬁetsﬁ?ée)t stﬁg{el‘r_ga néiﬁFNpo\?\n'trt%%%%é t(::ﬁtjéré\(/aeQlf)gf) t he
standard. .in, robi.t _anal ysi The r a ial, ; N, kpown to be
endot%?(iségfur%cg% id\/ltéf?];seéllcrxr%r?zéitr% rt%rg g%a%&s%%géggsa tffﬁaék?g#'erwgnce

(poSi LiMesCaNthol Ir-a85k-d RRE 650K € veSchhtebudadai theFLpgirt@oh. tHeb} trBNRapact i vi ty
The TNFa activity in a culture supernatant is determned in a cytotoxicity
assayesilt hriheeINFeaensi tlbwer geddhsh i nehi92i%. aldre cFiNF raed it tie fegh Bet
determ ned by conparing the dos-response curve of the culture 13

super Riag 3apidiiat Af tthe suraie M 66 §€%§’I’?dHFEFUiaI1113é. the otie AREIYEY 25 FeF e

again, a Salnonella friedenau LPS that is.kn to be en oxically active
ser veliHYY PYHEIpHIPIVE 8grﬁ'r 8‘|?_1.l 'f’%ré—r@%u?—t—s—a-rgur Sui-5 Vg]’eu eé:pﬁlr%%%})y repr esent ed
in Figure 6.
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The results show that, with respect to IL-i and TNFa rel ease, there are no
significant differences between the LPS from Sal.-nonella friedenau, which
serves as the standard and positive control, and the LPS fromthe strain
DSM 6601 (Figures 5 and 6, | ower graphs). This is also confirned by the
fact that the lipid A of the strain DSM 6601 shows virtually the sane
activity as the highly purified |icpsath8 of E. coli (Figures 5 and 6, upper
graphs). 14 CLAIMS) 1. Lipopolysaccharide (LPS) with the structure shown
in Figure 7. 2. LPS in accordance with Caim1l, characterized by a content
of 8 phoéphdtiecrplyapechastdngLBYuMEtbfthe pRETUStUNEPEIQE 48 Joliance with O ai m

1 or 2, characterized by a content .of. 0.5 |le of .P-Etn of LPS.
4. Processfdf spjrrbéﬁf:‘?’i%nﬁ%’ 1R Cgéé%rldaﬁ%aera%l? TH 8 At ior&%kéw ®

char act erj zed th t shed and dried E. coli bacterial mass is
subj e@%°§8h o ap%%ng‘?lf \?\f‘/g%%%qux%gé\gtgl on, which is already well known in

itsel f, and phe;f astbidaNge 6%k athihS SUb} eehoshckor zedr BatdTebhcanict b
RNases/ DNases and proteinase K. 5. Process.in accordance with Caim 4,

char actembzed tby-dthepdraabld hatLEs. coli strain DSM 6601 is used. 6. Use of
| i popol ysaccharide fromE. coli strain DSM 6601 i n accordance wth C ains
1 to 3 fon.nmkretrokeyirraiucibooetiginewcPrdpncantlsht FEdims Hit&ghostic  and/ or
WEdICg%ang££¥¥ggg_by the fact that a washed and dried E. coli bacterial mass is
subjected to a phenol/water extraction, which is already well known in itself,
and the resulting extract is subjected to a treatment with RNases/DNases and
proteinase K.
5. Process in accordance with Claim 4, characterized by the fact that E.
coli strain DSM 6601 is ;sed.
6. Use of lipopolysaccharide from E. coli strain DSM 6601 in accordance

with Claims 1 to 3 for microbiological, bioengineering, analytical, diagnostic

and/or medical purposes.
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