5 Decenber 2006 1 Method for identifying and extracti nfDenelobendd@6The
present invention relates to a nethod for detecting and for depleting
endot oxins froma sanple. Endotoxin OET) describes a famly of

| i popol ysacchari des which together with proteins and phospholipids form
the outer cell wall of Gramnegative bacteria. Endotoxins occur
exclusively in this bactMethed fogdentibyinmandieraaetingendaiosint ant role in the
organi sation, stability and barrier function of the outer nenbrane.

Nuner ous bact eri ophages use endotoxin or general |ipopolysaccharide for
speci fi ¢ deiegedser@nin@htidnnelates ROSinctRad foe idktactinflahd &M deflaiigRn¥@éi@tdn gonpri se
a het eropol ysaccharide which is bonded covalently to lipid A (Hoist,. O.,
1999, CherfP@BF structure of the core region of |ipopolysaccharides. In
Endotoxin in health and di sease (Brade, H, Mrrison, D.C., Opal, S,
Vogel, S. eds.), Marcel Dekker Inc. New York). Lipid A anchors endotoxin
i n the outhadotbeo(ET) descrivend faamly. of Tipepolysedcbarales Wiish cagether dih prtvirchand onpr i ses

a core oligosaccharide and the ant i appears.in .t sur.r oundi ng
2o ut on SHGPRGIAREs B e acrd S8 ool BrapBRRRNS bicleine MBASRERY R The o
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which is %train-specific (see.in this context Hoist et al., above%.
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2- ket 0- 3- igepayAedcARfe ForlsHidA: RREtdn @inaabQ vhgmnnohept ose (Hep). The nost
conservative part of endotoxin of different types is the lipid A The inner

core region is preserved simlarly to lipid A the outer core region

al ready h a.higher.variation., The.inner.core. regiaon, K nd.lipid A
oot carBy g ShabBld Bt ne iRtk S i Bordps ARl i ¢

t her ef or e Ar @ERON I, 01 W9 Cherhibsl t@G@Rtd ¥E tikhadrgGe@dn oNAPbYIsischdrides. N@r nor e,
t he phosphate groups on the Iégid A and .on the core region can_be
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Decenber 2006 2 sialated or glycosylated. The O antigen varies in addition

Wit h respbeteropalysagdharideuyrbieh comprisesyetdre phgosagnharide afidothe Wrintigens eppsarn it he
endot oxi n i cterd u s.a-.certai, het erogenei (Pal va
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t yphi nur i amigemeainysizeh ripetitive oligosaccharide units, the composition of which is strain-specific
~ (see in this context Holst et al, above). Characteristic building blocks of the core

oligosaccharide are 2-keto-3-deoxyoctonate (KDO) and L-glycero-D-mannoheptose (Hep).

- The most conservative part of endotoxin of different types is the lipid A. The inner core
region is preserved similarly to lipid A, the outer core region already has a higher variation.
The inner core region, KDO and lipid A itself carry a plurality of phosphate groups as
substituents and are therefore responsible for the negative charge of endotoxin. Furthermore,
the phosphate groups on the lipid A and on the core region can be substituted variably with
arabinose, cthanolamine and phosphate. Individual saccharide building blocks of the O

antigen are acetylated,




sodi um dodecyl sul fate pol yacryl am de gel el ectrophor esh Becdiarer 200Bi ochem
1980; 107(1):137-43; CGoldman R C., Leive L., Heterogeneity of "

anti geni c-side-chain length in |ipopoldsacchari de from Escherichia col
0111 and Sal nonel l a typhi nurium LT2., Eur J Biochem 1980;107(1):145-53).
Endot oxi ns are bi onol ecul es which can be found in practically all aqueous
sol ut i orsalsited sut glyeesdepeshdiThy Bt esdigenovarigs rm&:ﬁh@g.n wRidotspaot$oi n
humans d aninmal s can |lead to.sepsis,.tp a str | ncorrect response of
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renmoved conpl etely subsequently. Endotoxin répresents a problemw th

genet i cdlipgpelysaaebarde heigrogareity dalSalmypradla tprhdpawiiics apalysaskbainces,
whi ch are J.njected into umans or anjmals (e.g. veterinary. treatment or in.
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or lowering of the transfection efficiency by nmeans of endoloxin can be
obser vedntigerdedadechae lepigtht in ukpopelysacelsanifle hiront Hesdhenmelwiar kcobif

clinical,,studies, t Eur gpean_and. Aneri can r mcopoei a depand that the
prot ei n&¥H | B'E‘aow :g%@é??&@a boﬁfﬁﬁgwu&ﬁ'}rﬂes ]‘?ﬂi’en roxi‘i I%Fﬂf’@'g.
i mune g@ggmolepul4s-93391 EUnm, this corresponds to 5 EU kg bodywei ght

and hour (dosage = EU kg*h); EU = endotoxin unit; FDA (Food and Drug
Adm nistration): Guideline on Validation of LAL as End Product). If a

di ci t ei tained,therein h hi dot ox | l,
Thi s capriolRie A% BRFOEF s i | Fn, 8 Mo arretraly  alhine
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i nflammation, drop in blood pressure, art racing, 5 Decenmber 2006 3
t hr onbodindotoRiesk 1ot iurAass andormgimalsdganndeashdot srprisexposi t twangn

pi cogram quantjties can | to chronic side effects,. such as,e. | mune

et 1 o1 oRREEetl seRBoB3R 1ot PRRNRT HTIERE T HeREfiorie® orouliplt faeh
producing pharmaproteins, contamination with endotoxin should be .
detected precisely and ‘should be removed completely subsequently.
‘BEndotoxin represents a problem with genetically engineered
phai‘maceuticals, gene therapeutics or substances, which are injected into
humans. or animals {e.g. veterinary treatment or in animal tests).
However, not only in medicinal but also in research applications, such as
transfection experiments of mammal cells, inhibition or lowering of the

transfection efficiency by means of endotoxin can be observed.

In order to be able to use proteins within the framework of clinical
studies, the European and American pharmacopoeia demand that the
proteins fall below specific boundary values for endotoxin level (e.g.
immune serum globulin 0.91 EU/ml, this corresponds to 5 EU/kg
| bodyweight and hour {dosage = EU/kg*h); EU = endotoxin unit; FDA (Food
and Drug Administration): Guideline on Validation of LAL as End
Product). If a medicine or proteins contained therein have too high an
endotoxin level, this can lead to the death of the 'experimentee. The
misdirected immune defence damages the patient due to overreaction.

This can lead to tissue inflammation, drop in blood pressure, heart racing,




~ production, in particular in processes with "good nmanufaecanbey2pdtacti ce"
(GW) conditions, it is therefore attenpted to deplete endotoxin as far as
possi bl e. However, endotoxin remnmoval i3 proteins, polysaccharides and DNA
is problematic. In the case of proteins thenselves, there are |arge
problenms due to their intrinsic properties, such as charge state or

hydr ophdbirembpsisnskeck @icyi Evenl aylomgey emdusingtendetoxamaxglosiiogdn | ead
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Testing"; a nmethod i'n which a living rabbit is injected with an endotoxin
sol ut i orpredyiciiens dngrattinnlae ingrocesses with Fgepd meanufagtsirmgioraxiice” nduced
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Cod, Inc., all USA), can be standardised in a significantly inproved way.
Wt h t hiBNAeishpioblematiagdirotiee atdsenobproteins | thethedlvehethrnesashdarger ab

(Li mul us henus) .is ., neasured after endotoxin,contagt. 3. A further
 possi bi IFBPISEST ALE, db° h8E " SEHERRR WaPFRUGH. SHEPoyS: driviePe SGYenET ne.
USA) Wi iy dmdbhlb bty wWahic®Nch viFRIABY bRSvent difdRfbLth YémovAE opRAGAeance of
speci fic cytokines.” The two first-nmentioned nethods are however very
expensi e larde pra@abagiciossey én dbrpemesd mododuré.n det ection) and, due to the

|l arge requirenent for test animals or for blood of the very rare horseshoe
crab, are dubious not |east on the grounds of animal protection. The LAL

test  can igteb@st, ahP hReli PhdtydsS T0r apdSkATRESE N BUSibRZOW
stabillity of the corponents, has huge di sadvantages in application. Once a
LAL solselnidansage stasaribedn eamly ttheutstbwopmetbede deaing paymiitiqel byntbei at el y
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- triggered. This endotoxin-induced immune response is detected by the
development of fever. 2. The “Limulus Amoebocyte Lysate (LAL)” — Test,
the test which is used most frequently at present (Bio Whittacker, Inc.,
Charles-River, Inc., Associates of Cape Cod, Inc., all USA), can be

~ standardised in a significantly improved way. ‘With this .method, the
agglomeration of the blood of the horseshoe crab (Limulus polyphemus) is
measured after endotoxin contact. 3. A further possibility is the use of a

i .-special cell culture system ;(Stefogene Inc., USA) with which activation of

monocytes is tracked via the appearance of specific cytokines.

The two first-mentioned methods are however very expensive (cf.
Competitive comparison endotoxin detection} and, due to the large
requirement for test animals or for blood of the very rare horseshoe crab,
are dubious not least on the grounds of animal protection. The LAL test
can in fact also be miniaturised and automated but, due to low stability of
the components, has huge disadvantages in application. Once a LAL
solution has been opened it must be processed and used up immediately

since the components aggregate within a few hours. Skilled personnel are




entirely differently to the same dose of endotoxin. Theb Betamlni2006 e nmet hod
- of the Sterogene Conpany, like all cell culture nethods, is |ikew se very
conpl ex and has problenms with respect 40 standardi sation. It can be
established overall that there is no easily handl ed econom cal method for
endot oxi n detection and the nethods used at present have a series of
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The respectlvely used net hods are adapted to the specific properties of

the respdde S‘eerpgone|fﬁomnamo like aiblcrsklscpdrhdrmgnptl’mdﬁstusohkwmeesﬁyof t he
protein. There are.,vario SL I|t|e for e Xi n depletlon each of

t hese nﬁoﬁ%ﬁf@?ff s%@g?ﬁ b‘?]aﬁqsﬁg n“’&aﬁfq ‘51\? Hges. Utrafiltration
(Petsch, D. & Anspach 2000, J.Biotechnol. 76, 97- 119 and references

therein) is used for _endot oxi n depletions fromwater and solutions with
| ow nol dt wiazr bcomiahhnhsd evmralh$haalthsre éﬂgals eagilyt h2ndied lbrohondcdiut is

not suitabl.e nmol equl ar. pro ase extractl on (e.g
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The nethod is in addition time- consumng due to nultiple repetition of the
puri fi cathich pradedhese disadwamageschanger (DEAF) nethod is used |ikew se

for endotoxin depletion from DNA and basic proteins (e.g. US 5990301,
Q agen; WO 9414837, Enzon) but requires a lowionic strength (< 50 nmM

"NaQl) antherk e@dsnt Gedell oheLBHES- 6ﬂ§ﬁéﬂiddi§“ bR hGokR3Is 8&1?1& ol Grdhot el ns.
5 Decenber 2006 5 A further nethod for endotoxin depleti rom DNA and

pr ot ei ndiglegiral BSm,tIers;gl @arttcu@dyrmrgltd)mmajsvp oft puiteomy hetes have
affinit adsorp hi.s i stidi oI ysi ne)
e.g. cBPYEYEES0 %ﬂéﬁrrﬁ?%?n‘g @'?13 ?pﬁh ﬁ{n‘? ss%%a@«v% gk}?‘ég k’ﬁ‘e case
of pQ' Yy R¥péttively used methods are adapted to the specific properties of the '
respective protein and to the corresponding production process of the
~ protein. There are various possibilities for endotoxin depletion, each of

- these methods having specific advantages and disadvantages.

Ultrafiltration (Petsch, D. & Anspach, F.B., 2000, J.Biotechnol. 76, 97-
119 and references therein) is used for endotoxin depletions from water
-and solutions with low-molecular components, such as salts, sugars and

antibiotics but is not suitable for high-molecular proteins or DNA..

2-phase extraction {e.g. WO 0166718, Merck} is intended to separate
water-soluble proteins and DNA from endotoxin but produces detergent
residues in the purified product. The method is in addition time-

consuming due to multiple repetition of the purification procedure.

An anion exchanger (DEAE) method is used likewise for endotoxin
depletion from DNA and basic proteins (e.g. US 5990301, Qiagen; WO
9414837, Enzon) but requires a low ionic strength (< 50 mM NaCl) and

leads to a protein co-adsorption in the case of acidic proteins.




‘therefo

B and can lead to co-adsorption of proteins in the cased Bécdnweri28oé c
strengths. Furthernore, imune-affinity-chromatography is used, the
specificity for specific endotoxins lging able to be achieved only via
expensive anti bodies (US 5179018, Centocor; W) 0008463, Bi oserv) agai nst
core oligosaccharide. Furthernore, the S3delta-peptide (WO 0127289) of the
factor C (a conponent of the LAL test) (WD 9915676, both: Nationa

Uni versity of Singapor is used. wiih protejns (e.q. BSA )
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further stremgthsy tinme-consunming. Rem Tox (MIIlipore Conpany): this method
has the disadvantage that, in addition to a very long incubation duration,
the non-specific 5 Decenber 2006 6 binding conponent is high and the
protein i i \ P o i on of
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still hﬁi a %Sig}'c effect. A further de(ﬁl etign (= fine purification) is
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¢ nedi cal Oﬁgﬂ%é ehg@e_ is prescribed as mandatory by the European

T .

‘phar macop

a (e.g 5 EU kg bodywei ght and

Furthermore, the S3delta-peptide (WO 0127289) of the factor C (a
component of the LAL test) (WO 9915676, both: National University of
Singapore) is used with proteins (e.g. BSA, chymotrypsinogen), this
method having however low efficiency in the case of high ionic strengths
and high production costs are also involved (production in insect cell
culture}.

In application in the pharmaceutical industry, essentially three methods

are found for protein solutions adapted to the properties of the target

e - proteins;

+ anion exchanger chromatography

+ reversed-phase chromatography; this has the disadvanfage that it is
not equally suitable for all protéins - in particular is problematic in
the case .of hydrophobic proteins. This method is furthermore very

time-consuming.

¢ Rem Tox (Millipore Company): this method has the disadvantage

that, in addition to a very long incubation duration, the non-specific |




hour in intravenous applications) and by the FDA. HowevePecermber 2006e
purification is often not ensured satisfactorily with present nethods. The
current market methods have here signidicant di sadvantages and, in the
case of specific proteins, often cannot be applied or only with

consi derable |osses of the target protein. The object underlying the

i nvention is binsliingorempongndvisdbigh residodhenproteinceairidonbds eftentomt ns in
sanpl es. Furthernore, the object underlying the invention is to provide a
net hod with v%‘?%%laett’?dot oxi ns can be renoved from aqueous sol utions. The
obj ects are achieved by the subject defined in the patent clainms. The

subsequent Fig%l;res explain the invention. Figure 1 shows a schematic
over vi evp ofougie estdoipxial depleidonrel proteéms dboai valiteompEto cbl i EUY il 84. Hep

= L-gl ycero-D- mannohept ose; Gal .z galactose; dc, = glucgse; KDO. .
2- Ket 0. PUBIRFodlomareY RESeS Witk df\ sliag ButhprS; Nee-romaining
N-acet y| @HritePatids - of leddooRinsS HMWPeddre alif c%ﬁ%ié?fhé@ S} Soid Reffect.

chromat ography col ums which carry NStrep i mmobi | 'I'sed via suﬁ\f hydr yl

radi cal surtigr Begbetoon (= fieeoparificadion)r st ¢herefotreutoffensd dugvdepesdenim

al bum n (BSA),, carboni anhydrase (CA d lysozyne (Lys) were, incubated
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starter sol.utions .and the fractions after the colum were determ_ped by
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colums, The "updirected" [mobilisation was effected via primary am no
r adi cal QO%ﬁespgg@@aﬁgﬁfago Bduce coval ent conpounds with the carrier

The object underlying the invention is therefore to provide a method which
can detect endotoxins in samples. Furthermore, the object underlying the
invention is to provide a method with which endotoxins can be removed

from aqueous solutions.
~ The objects are achieved by the subject defined in the patent claims.
The subsequent Figures explain the invention.

Figure 1 shows a schematic overview of the chemical structure of
endotoxin from E. coli O111:B4. Hep = L-glycero-D-mannoheptose; Gal =
galactose; Glc = glucose; KDO = 2-keto-3-deoxyoctonate; NGa = N-acetyl-

| ~ galactosamine; NGc = N-acetylglucosamine.

Figure 2 shows the results of tests with chromatography columns which
carry NStrepS3Cpl2 immobilised via sulfhydryl radicals. (A) Endotoxin
removal from protein solutions: bovine serum albumin (BSA), carbonic

anhydrase {CA) and lysozyme (Lys) were incubated for 1 h on the column




subst ance by reaction with the NHS groups. A "directed"5 DeeysbdriZBl® ng of
pl2S3C via an N-term nal cysteine is achieved by diam no ethane and SI A
(N-succi ni m dyl -i odoacetate). (A) Pergentage endotoxin renoval. (B)
Protein retrieval. Figure 4 shows the results of tests with biotinylated
pl2 which was bonded to magnetic beads via streptavidin. (A) Endotoxin
depl et i emdf sohsequdidy elatedwitiepedferl STharidaEbxirp Hocshtratcbrpboforen

luti t i ned b f L B) . Th tei tri I
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magnet separator. BSA. bovine serum al bumn. CA’ carboni c anhydrase. Lys:
| ysozymeonEegtnagichisshbtise sharteesolntons aritk thadudioms aérrvile odlulmpl2

which was i bilise n agar ose beads via biotin-streptavidin
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8.0) an I ons was determ ned by neans of the endotoxin
concentrations of starter solution and residue. 5 Decenber 2006 8 Figure
6 shows ‘r.esultli %1: sur face-pl asnon-resonance neasyrenents. (A)., Resonance
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_ Binding is ed on endotoxin fromE. coli whi ¢
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my is ked vi,a bars .over the curves. .Buffer: 20 tris, 150 nM Nad ,
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{(N-succinimidyl-iodoacetate}. (A) Percentage endotoxin removalf - (B)

Protein retrieval.

Figure 4 shows the results of tests with biotinylated pl12 which was
- bonded to magnetic beads via streptavidin. (A) Endotoxin depletion from
buffer (20 mM hepes, 150 mM NaCl, pH 7.5} and protein solutions was
determined by means of LAL test. (B) The protein retrieval was

determined for the protein solutions by absorption measurements. The

. separation of the beads from the solution was effected by means of a
magnet separator. BSA: bovine serum albumin. CA: carbonic anhydrase.

Lys: lysozyme.

Figu.re 5 shows the results of the endotoxin removal with p12 which was
‘immobilised on agarose beadé via biotin-streptavidin interactions. The
separation of the immobilised pl12 was effected by centrifugation. The
endotoxin removal ffom buffer (20 mM tris, 150 mM NaCl, pH 8.0) and
BSA solutions was determined by means of the endotoxin concentrations

of starter solution and res_idue.




‘Binding of E. coli to biotinylated pl2 which was i nmobi$ Pseemlegr 2006
streptavidin chips. E. coli D21e8 ( ), the inner core region of which is
conplete, to pl2. In contrast, E. colg D21f2 (----), which has a greatly
shortened core region, does not bind to pl2. The measurenments were

I mpl emented in PBS. Figure 7 shows schematically the structure of the
endot oxiligurr & slegwsrestiltsval surfacé plasinonruesmiancdimpasdnsiss (A)

schematically the result of an endotoxin dgpl etion b nmeans. of, '
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goﬁggnfm % ﬁ‘%éﬁllggiﬂé?nyélﬂ#%aﬁﬁ %ﬁgf%ggﬁﬁ\%ﬂqﬁ@ Iafxﬁ? glglneﬁpp&nofs BEA means
bovi ne %@f&ﬁbﬂgl 15%%1%?&?&[‘68}@&& 't!@étcﬁkrvéft%ut’fé}l e b fdd, of 4

m of the start utio re-rinsing too ace Wi th 15 ni vveishlng
buf f er Ak ntMeN4@I, qﬂgfﬁ DO\(\BWEsluﬁhhnUnm m%mmﬁcesahm&s foarl the2bindihgdfr i ng

applicatign, .respectively uring washi Subsequent t he col umm
was  reddre R iEym ﬁ}ﬁ%snéeﬁ@%%wsr%ﬁeeesamig @mra@eﬁgﬁaeé@(% @gﬁqrect ed 5

Decenber ( C S i dent
Tn the. Egarenting BEMERLT BN HIBRRAChlot hefdsoclitadipfd (P0)
t'he i nj eonlcentraﬁm co’ﬂhentonhmn:dm cxnen shotsese fitaofi tns Wasghower by
- the factor 10Q than | n e art soI u ndoto I n bonded to the
col um REsorRden \‘/%’st J%ﬁ in#llﬂpi-ﬁrge%ﬁk fté’rst B datec. Egure 9
{ shows s | t resul t r ightly
“cont ami ?g?gg&%u?# eg;' sgﬁlut ?gnb%éﬂ%%/an?? ?Eté?h‘gﬁti rou fIai}:)l\}vlfnoQr'qr}\elﬂ%l %id 8%12
i n’mﬁbl I lsi;mqbtleé&miyn' t. Fr)ﬂ:mﬁ(ns: E};eﬁﬂaDgieB (Lundi rtheUﬁdertorvwanﬂgldﬂ—Bf ad'nghasedl
sepharo as 0 rsham Bi osc ps an col ums
vere fi FPB’&PlﬁH’hOrQ\igecgerﬁPQ Ty B 212 P25, Snich°hal)e ety
shortened core region, does not bind to pl12. The measurements were

implemented in PBS.

Figure 7 shows schematically the structure of the endotoxin core region of

- various E. coli mutants.

Figure 8 shows schematically the result of an endotoxin depletion by
- means of chromatography column throughflow methods. E means
| f‘;ﬁ equilibration buffer (20 mM hepes, 150 mM NaCl, 0.1 mM CaCla, pH 7.5},
- A means washing buffer A (20 mM hepes, 150 mM NaCl, 0.1 mM CaCIé,

‘pH 7.5), B means elution buffer B (20 mM hepes, 150 mM NaCl, 2 mM

- EDTA, pH 7.5), C means regeneration buffer C (20 mM hepes, 150 mM

NaCl, 2 mM EDTA, 0.005% NaDOC, pH 7.5), S means concentration of
--protein and endotoxin in the starter solution. BSA means bovine serum
albumin. EU means endotoxin units. After injection (I) of 4 ml of the
~starter solution (S), re-rinsing took place with 15 ml washing buffer and
the throughflow was fractionated {respectively 2.5 ml during application,
respectively 2 ml during washing). Subsequently, the column was

: regénerated with the buffers B and C and the discharge was collected




vol umes. The experinment was inplenented in parallel on 3Dge¢robers006Prior to
the application of the sanple, respectively 1 m equilibration buffer (20

nmM hepes, 150 MM NaCl, 0.1 mMCad 2, gH 7.5) was collected, thereafter the
sanple (S: endotoxin fromE. coli 055:B5 in equilibration buffer, 4.6

EU M) was injected gl) and the fractions of 5 M and 2 m were collected.
The regdiavase i brctivascGeapectinaly &2 frabt edsbig evideadidit thon Figure) e

regener gd fof , hgpgs, 150 oM. Nadl , EDTA, .. 0. 005% NaDQOC,
pH 7.5) %gr%gc ée{# o?éxé)ﬁngg)g%mer gfs:fto% vvaszgs) RGN ﬁéﬁerrb%‘e HUSREOB: (R LA
test (Kicogtteaabl ¢ndbteivdeniteseAkat@shs Wi ldwsr By tRE fabiti- 100 Th&nspdot oxin
impurities were able to be renoved conpletely in all three experinents,

i . e. théhenatardsy rslvtioant r'Ehe opndetoxie bandadhtd dbe wabibel ovas Hhen
detecti Q@aéﬁéﬁ ho(ﬂ?gﬂ'gfc%ggﬁl# igﬂ,lri%h F{é%&}]tﬁérgﬁendg oxi n depl etion" as used

here neans conpl e oxin fromsanple material .
The term "endot oxi n" as used here describes bacterial |ipopolysaccharide
which is _a conponent of the outer nmenbrane of Gram negative bacteria. The

t er m " b&égare Shrhgws arhemagically thes r@i@hSh@fr thelesclatbrin trhu.me’al dramei ns

whi ch ' ioph d . bi . .
Nor i | E8pH. SRERLRAREEDBRARRC Bl % BTG o dheg dheowdRlRe: 2006
10 tai | miethaeRn P10 ks |iﬂ@1@1|oib$l@é.13cpf'(8¥ﬁ% pasy ffril%@ﬁﬁ@r&?ﬂ,d uHdiPBclehe

normal bacterial shell in the case of Dbacteriophages without a tail. The
cel | cohpwreds sNBShaetivaled eelwarsei 6pRageFioay | (Amerstheim  Béosdiences,

t . t " _ f '. bl . "
Panai r ool SR Al s SillinelitWeEh Siled ick FdechZBl 2! S6umpr ot ei
"t a mavblumies. efTfiRcexpeyinded e IndFehaHEd( B | PRGYIRBAIES )coMlbsis, are

di-stributed over the entire protein surface. The choice of group used for
t he coup¥iaigtefthe wepliatiordwdl the cashnpleyoresnsctiviely rlamibmquilibratiom

"direct ' il iksation" a c ling is effected via

amino. S0 AT Rl 130 HMNAEL O T2RR . S0t 2 91cHes G TerEd.

- prot ei njhertdagtapottid isafndie (@i eidétdxiharoR O addli (BSBNin Uqkitibeafibpal ) is
known. The choice of these groups for the coupling is effected by the

choi ce bhflsyi tpEd f@dlcwasrnjrated b and the fractiins of bawd amdeRemhivterewi t h

these iojlected. The regeneration of the column was effected by the addition of

4 ml regeneration buffer (B: 20 mM hepes, 150 mM NaCl, 2 mM EDTA,
0.005% NaDOC, pH 7.5). The endotoxin concentration was determined by
means of the LAL test (kinetically chromogenic VLAL test, Charl-es-River
Inc.). The endotoxin impurities were able to be removed completely in all
three experiments, i.e. the endotoxin concentration in the throughflow

= was below the detection limit (< 0.005 EU/ml).

The term “endotoxin depletion” as used here means complete or partial

removal of endotoxin from sample material.

The term “endotoxin” as used here describes bacterial lipopolysaéchaﬁde

. which is a component of the outer membrane of Gram-negative bacteria.

The term “bacteriophage tail protein” as used here describes those
proteins which occur in bacteriophages and can bind components of cell

membranes. Normally, these proteins are localised in the bacteriophage




radicals (e.g. coupling of sulfhydryl radicals to i odoat&esemberadfiofal s;

i odoacetate reacts a thousand tinmes mpre quickly with sul fhydryl radicals
than with am no radicals). D sclosed Herein is a method for detecti ng
endot oxi n, conprising the steps: a) incubation of a sanple with a

bacteri ophage tail protein, b) detection of endotoxin bonded to

bact er i ophtagéutican hlspbaolbeiised onltire tmntcdophest head ot dushgueeadriactenal eidliiothe t her e

is provided a jgvethod.for tecti. endot oxi n compr.i sjng the steps: a)

i ncubat i ng”& %f;ger?ﬁtf%(’pv}\lna%eﬁ wgﬁ?)'ﬁélttaép%h‘aS%ﬁ?ompﬂﬁé“fsnboﬁg%tbé’rtb%gﬂ‘f&?&g@aﬁ%gﬁ bei ng
abl e to bimttemalRariepirSculi: egdtdxidfdenbr anes, b) detecting endot oxi n bonded to
bact eri ophage proteins. The invention relates preferably to a nethod, in
which the detection is inplenented by nmeans of spectroscopic nethods, e.g.
fluorescensg e &h el iHALETEABECoPUALL A tnByi1: AR5 AU mefilT CUI 81
di chroism or by neans of capacl tance neasurenment, e.g. electrical signals
or i ndi r gbatleguridipg nbapretenfto @ omtx isteffoctedids pwtdirondicdls Peiranbanin@) Obichi t | f
necessary, after ste and bef.or e st b),. an. addi ti opal, step.a'),,

separ at | onar%?hsmé‘étg %‘IPeIr g% IFA%E pfogflfl SH%?'%-%W&%?%@??W '@8‘?07&%}3? @P@f'ﬁgt‘%e

sanpl e, i ghé wbivilda@edein molethers rslidsal osed herein is a nethod for renoving
endotoxin froma sanple, conprising the steps: a) incubation of a sanple

with or bringing a sanple into contact with bacteriophage tail proteins
whi ch ar e T iRRI 1air&RQ iRhoBilibdbRdaC Al h&E med tﬁatrbggb'lﬁlg %Céffféc?eg% ghihgct ed
manner, b) separation of the bacteriophage tail protel n-endotoxin conpl ex

from t he 9sidpidicalsionotherotdiens (agpertosyitiang ef the estein), thapwiitonefiwhichértee i s
provi ded for Lenvi ndot axin, from.a sanpl Qnpri.sing the
steps: a) %lr({r;%% Egg iI\rIlg&aé geé%ﬁllagq%\%l%wndr rcihcr’llﬁ? ﬂg}hgses% Sgﬂ)f ﬁler{c}égqﬂngd W th
prot ei ns effedted bynpe thvidead tifable pévegaspaatnersMigkergwhibih fadt@rditrasly aompeRent s of
cell nenbr ngs t he rottei n ej ga% i mohi |l i sed on a permanent carrier, non
“speci fi parﬁf@m_ r(C2gFPBtRggl s 5?@13% &rls te Aedoaseinie Bgitelentorleacrial Pty he
i ncubat i ofdagindGnes oMlghieild Vit AP Fadichil halYRrith ARERH i@l on being 0.1 Mto
10 MM b) separating the bacteriophage protein- endotoxin conplex fromthe
sanple. Preferably, the ion conposition of the bivalent ions, e.g. Cat',
Mgt and/ gr. 1 he ,npH.val ue. i justed,before incubation in order to obtain
an optina lsé"}r? o%%&eimnlf' 51&1185 F°5§%%ééggteﬁﬁlq?oxbl}’ STERHS ?%Saffpﬁ'g. Furt her nor e,
during or after incubation, "demasking” of the bonded endotoxin by

a) incubation of a sample with a bacteriophage tail protein,

b) detection of endotoxin bonded to bacteriophage tail proteins.

In an aspect of the present invention, there is provided a method for detecting endotoxin,
comprising the steps: a) incubating a sample with a protein occurring in bacteriophages and
being able to bind components of cell membranes, b) detecting endotoxin bonded to

bacteriophage proteins.

The invention relates preferably to a method, in which the detection is implemented by means
of spectroscopic methods, e.g. fluorescence emission, fluorescence polarisation, absorption or
circular dichroism, or by means of capacitance measurement, e.g. electrical signals. or

indirectly by means of competition detection.




addi tion of detergents and/or salts, e.g. Tween, tritonSRNeGimber 28G8oni um
sul phate or other substances, e.g. chitosan, sugar or |ipids, which
accel erate detachment of the endotoxing from e.g. proteins or nucleic
acids, is preferred. The bacteri ophage tail protein can be naturally
occurring or be nolecular-biologically or biochemcally nodified. The
bact er i ophagecessary, gieotseipnak and [vefon dicp i Bd abyadditiondli tep egiapamtiomgf and/ or

bi ochem cagl ly.for various reasans. FEor_.the nmethods. according to the

i nvent i on,abaﬁ%?()pgla e)}al{ %rg%}?é?ng? arfy® lg’hﬁ?lflﬁ’&s%@?’é? ’ingﬁ‘ﬁ’ﬁ'@‘g tail proteins can
however be used, but also their variants. In the sense of the present '
i nvent i on, Funad @RloSed PRAMSs ahdihda6r reRBGhE EABRAAI R Akdmlé, RbBbfndye an
altered am no acid sequence. These can be obtained by 'screening of the
natural |y S88&urring variants or by random nut agenesis or targeted

nmut agenesi s, but also by chem cal nodification. The bacteriophage tail
proteins used for the thods 5. Decenber, 2006 12 according to_the

i nvention? awc@étl%fgﬁf%‘gﬁﬁy 1th gF byinging ad?mplgﬁﬁbqﬂntaﬁh\y@bl@ﬁ@g?@agq{ag hei r

speci ficity gbtetnd@hich RieNBindBilidQRQIixb@8arki®, if @mbh-§fecifi of Yifdctél GRnnel N S
binding to the carriers can be effected permanently, e.g. covalently or
via a specific or non-specific biotinylation, but also can be effected
reversi bl ) spaatiopiofithe badelinphdpe éaildirsteinfehdiaoxin ¢oigpdex fFam thheanmide.e, t he
stability can be increased by a nodification. By neans of the nol ecul ar-

bi ol ogi cal or_chem cal nutagenesis, nutations are introduced which can be
ani no aci H GFRARARSO! theaeseRtiipysation. digtsdt rrovidedaraethnd ferempyiag endotoxin

nodi fi cat (6% santflE TEmpRifL CANL ' ] acid
sequence in the Igi’ndi ng retgipgﬁpso %Ecﬁfé;ﬂ%ggtser@%ﬁﬁggreﬂrﬁgﬁggﬁg%%ﬁns, with the
ai m of adegtactigithspreteins pechurpg ambicistippliages and béimg able tb bindeemporenspfwhent s, e. g.
i ncreasin i.ndi ng. the endotoxins to the bacterio e tail proteins
or naki nglgl'?[h%r%ll ’rtgéejé/rgfglsn?fgfléghﬁm%rl der Ot %pffnr%r%egvceam et 8t ?68%8%1 0(ﬁepl etion.

Fur t her nodiezcicd, agé watreinahd §a’ cavgianaationdn ok izuBaibe béisad. 1 Dol 10 @l batlorof t he

phage progeips can be inpl ed with the aimof swtching off the
possi bl y {J?F h’ggecr‘?f‘cegﬁaf’g?ﬁég’;g%g‘geé& V%Wrﬁb)é?mm%@ﬁé’éﬁ?}?ﬁmgﬁ p?%el?’rrpr ove the
bi ndi ng Oéndbﬁxim}s@pﬂg,tﬁj,lfl&&vsgﬁlgje_bl e. Furthernore, a genetically engi neered
or chem cal nodification of the phage proteins can be inplenented in

Preferably, the ion composition of the bivalent ions, e.g. Ca®*, Mg?" and/or the pH value is
adjusted before incubation in order to obtain an optimal endotoxin-bacteriophage tail protein
binding. Furthermore, during or after incubation, “demasking” of the bonded endotoxin by
addition of detergents and/or salts, e.g. Tween, triton NaCl or ammonium sulphate or other
substances, e.g. chitosan, sugar or lipids, which accelerate detachment of the endotoxins from

e.g. proteins or nucleic acids, is preferred.

The bacteriophage tail protein can be naturally occurring or be molecular-biologically or
biochemically meodified. The bacteriophage tail protein can be modified by genetic
engineering and/or biochemically for various reasons. For the methods according to the
invention, not only the naturally occurring bacteriophage tail proteins can however be used,
but also their variants. In the sense of the present invention, variants means that the
bacteriophage tail proteins have an altered amino acid sequence. These can be obtained by
screening of the naturally occurring variants or by random mutagenesis or targeted
mutagenesis, but also by chemical modification. The bacteriophage tail proteins used for the

methods .




. order to adapt the present physical properties of the ppBeesmber2008 as
solubility, thermal stability etc., in. the sense of the nethod according
to the invention. Wrk to explain thethree-di mensional structure of T4
pl2 had shown that, at increased tenperature, proteolytic fragnments of 33
kDa and 45 kDa can be produced, the NN and C-term nal (33 kDa) or only
N-t er mi agkording itDathar enwtwioenedn |be culaptast W targeB8l kida famapment , t he

&t orm MSERERESR, I et SBREEDT 51 AhPHo DB RAORCCIES o CHrer

furt her gerethave Pﬂ}ﬁs%ihmﬁg tb"thRAEAIridtsda®Tbe EffeielingedhifEhtIFEECTI ON,
e.g. by neans of neasurenent of the tryptophan fluorescence. For exanple

pl2 has covalentlyypr opaam spediftabs . ndmepetifiobisirpldicaneout asotanhbenat i ve
protein indjicates that these radicals.5 Dec ey 2006 _13 are extensively
sol vent 9#%3@5@5%"!65}3@%’1 F-8 "R r?oﬁ?\&‘fl?%ﬂ]ﬁ ﬁ&ﬁ&—‘ph '%'ing_ EPI'&%EEFQTF? Fﬂ‘é wor ks
that ar gpailiey *Bh"Be AhLAS LR LB JIRLURYS,. | Eépﬁé%gzls'n gf g?@%%ﬁéealé}g of

sugar radical's, as occur also in endotoxin. T e sugar
r adi cal iclogivabtari ohenacalbanitagbnasid, pusatiors dreointrdduced witiohhean

fluorescence or if necessary also i dition changing the_ fl uyorescence
maxi munP®l t 2EEHCheds p@?@&%{‘f’?ﬁ’m §‘3§]§%sks ﬁﬁ’g{St{tHélo%nf 890&%?%335
di stribytddificafioh8e iHEORNMLeD RS cAAL Ufiddt B1enRAEY S Phe %ﬁTlrgi tRfdg on of

the fluorescent properties of pl2 for bindi ng neastrenent.
f | uor eseequeengs opéheilindoig pegiocar ef thwrbaatedoplagd éail ipreteing ptwiiih slne

| n & nofimealaraBRbEshaRcity rd Brglef @iftninia KederGHPERRRE  Sdher 6 |
L tyrosi nghéradshal &@}b?n_diiiﬁgbf’&‘i’e 2adbidahenkemd Bab%k&ph%gﬁ ﬂ,g} B!{ﬁ%'ixg& the

signal alteration of wh cannot be made visible in“fr I gh
t r ypt opharmekikg rthend . ir@vet siblb dni srddr thdmppveotlpsictiore sul depletion.

108! BB CA Sl sy olo iz 2t possible Lony (e RadpLe e
sel ecti yRaBB! gdtkis Riad] A Galpisxerasgewnth tthe hiMeot 'aRtamhgnotradical s for
possibly present enzymatic activity in order conse.quently to improve the
binding or to make it irreversible. Furthermore, a genetically engineered
or chemical modification of the phage proteins can be implemented in
order to adapt the present physical properties of the protein, such as
solubility, thermal stability etc., in the sense of the method accoi‘ding to

the invention.
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Work to explain the three-dimensional structure of T4 pl2 had shown
. that, at increased temperature, proteolytic fragments of 33 kDa and 45
kDa can be produced, the N- and C-terminal (33 kDa) or only N-terminal
(45 kDa) are shortened. In contrast to the 33 kDa fragment, the 45 kDa
fragment is still able to bind to bacteria. Consequently, the C-terminus is .

involved in the cell binding.

The modification can furthermore have the purpose in particular of
enabling direct detection, e.g. by means of measurement of the tryptophan
fluorescence. For example pl2 has five tryptophan radicals. The

fluorescence spectrum of the native protein indicates that these radicals




tyrosi nes, the spectroscopic properties are specifical | yDaterebar®0DB a fir st
step such that the endotoxin binding by fluorescence signal alteration of a
singl e tryptophan radical is measurabl8. Subsequently, by neans of a

speci fic exchange of respectively one of the six tyrosines in the
C-terminal region for a tryptophan radical, the intensity of the

neasur afiE sxgmsively selvent1nacaessiblencdbdsednownofudor a gnubtiplieitatofr act i ve

signal qjffer 0 h el opnent _of, an_endot oxi p-detecti.on kit. The
bact er i gép %gir‘elﬁgf:lgﬁ?ﬂ%r é?%“lt ﬁgor%%ﬁghaﬁpgou%%gsq%r&ﬁﬂgo% i EAVOLEEd dPoxi ns
are i nt ehdeiidinbefdaigat feiealr-AnecOhf al&y 8l dHibtoRin. aMBR biHHIBe! ofof
known bacteriophages is available for a large part of the previously
descri béBebstigari radisale e pwoteing fcen thee fvlpheds tac corgliench t of tthe
cteria are .inter alia

i nventi T hages _and the c¢prrespondi ng host

obt & natrePiERnEL MRt e8Gng e S HRSERRISL ARel Y cotPib ohchageind tHasy
DSMZ ( Cenudeytené&Kiebxirenant Brédmith sUffdRcdNBlRe rdand sioftd thihrbke
(Japan). 5 Decenber 2006 14 Preferably, 'the bacteriophage tail proteins

for the UiaMedsablec dislirilgntion ehdhenfleowrophostemfif namtsdcpéli ppereges, t he

host bacteri.a of i.eh have relevant signifi ce Wth respect to di ci ne
‘or bi ot %é‘l?i%‘l%%td@nm@&@ﬁ ngreés'capt @:IOE’S?‘?E ifé]r}za rﬁgg&hyg IRHESHTIEERYi on of
reconbi rmaj ﬂub@e@dameoFr@enm%ﬁpq_zaatéiaomhag@@qaf eE 3% tr¥Rophan
bact eri ophage tail protei'ns which bind hi ghlé conserved regions of

)4

endot oxiradicalehths flaiogeseaneecol whidlyiismltered by dhemdditienpalr endatawihy

f L ticul 12 _and p12-sini b ' t.aj | tej
Bre profta dhrPRidds Uit sienfroaas sSeBetl rouieer dEiR AR BGe host
bact er i gyrabife MadieAlsOfr O inddlfed Ay @@ﬁﬁtﬂﬁh&% r&dRal0¥h theebifdingd the

bacteri ophage tail proteins can be used. The detection or the depletion of
endot oxiStgndl slerabom ok avhich tanapt des auadei wisitle bi fdomt off thendogbxi n to

t he bac ' e .t ai ei ns, is, bindi.ng can be detected,for .exanpl e
by i r et HBRBARE Rtk BORE o Opy Hepbafid Slofhe TharFRss dogtifsn six
fluoresegragnesn 6ai e U-tah@seeNcsT Y agaks abdiibleaToPr Sid 0Bn@btdxiAcul ar
.dichroism Furthernore, the binding

- detection kit which can be made correspondingly “visible”. By means of a
selective molecular-biclogical exchange of the five tryptophan radicals for
tyrosines, the spectroscopic properties are specifically altered in a first
step such that the endotoxin binding by fluorescence signal alteration of a
single tryptophan radical is measurable. Subsequently, by means of a
specific exchange of respectively one of the six tyrosines in the C-terminal
region for a tryptophan radical, the intensity of the measurable signal is
signiﬁcantly increased in order to obtain attractive signal differences for

the development of an endotoxin-detection kit.

The bacteriophage tail proteins which are used depends upon which
endotoxins are intended to be detected or drawn off. Even now, a large
number of known bacteriophages is available for a large part of the
previously described bacteria and can be used for the methods according
‘to the invention. The phages and the corresponding host bacteria are
inter alia obtainable in the case of the following strain collections: ATCC
(USA), DSMZ (Germany), UKNCC (Great Britain), NCCB (Netherlands) and
MAFF (Japan). - R




can be made visible by electrical signals, e.g. a capac)Danemebare@86r enent .
Furt hernore, the binding of endotoxin to the bacteriophage tail proteins
can al so be detected indirectly via di%gpl acement experinments. For the
detection according to the invention, the bacteriophage tail proteins, if-
separation of the bacteriophage tail protein-endotoxin conplexes fromthe
sanple is required, can be coupled to suitable carrier structures, e.qg.
magnet i rtigcles, arose .particles, mcraotitye plajes, filter terials
or ¢ hr ot 5herSieatie BAGIBERRG it cBiofitt.dot ohf. PefbS3s adasritg Fct ur es
can conphé SAvERfioRXHER Erdial ¥aétrRifhaRQ, WBEORYSEC BB cterRO| X GRARINHGe PMVA,
.cel lul ose acetate, nitrocellul ose, "‘glass, silicon or agarose. The coupling

can be szeleventdignificansapvihbyespixdr it tvedicine oovhictethhologiyngudiorst he
depl et | th di the i tj.on, the bacterioph tail
or ot o1 nE Bl EAANEE b Hriaeite DR THEHSn o EPcoBs binasih DS PE o
Decenmben g6 aclds fagdife MRERIHA! ThEPatbrBpRhLeE rtéﬂ?]&ﬁ(ﬁ@id&%iél@ Hnd

sepharose materials),  filtratiion media, glass particles, magnetic
parti cl beghlyerimsefruedtregionsof erndalioximi stcbraselgethal®réeegiorngalipké

ticles). Functi.onal ling is hereby i. tant, i.e. b 'i oph
P o B b DantielrLy DPRufeRtd o 1 T O HAB st Lty dy - SHRaRE o os
whi ch apgctedidsissdd kil frbtaAdoARX bﬁ*?femf‘c%.cq&aphi éltﬂnBinééiSnb@flcéﬁ&J)&%ﬁge tail

proteins can be effected non-specifically or else preferably directed, via
f or exahppeiritiessiiost vavieusi bosthphatdrtn aconthiplatsidnoof tha carsgsposdiog

| i nker. Fqr. this,purpos the bacterigphage. tail proteins can be :
cross-| Fﬂ§8B°Wf‘i’FpteFﬁ%8§FEﬂ°é‘éﬂPBﬁa§Et}eﬁam@gg{nse%‘? B8¢%, in order to bind
{__y) a these | ow nol ecul ar substances to pol ypeptides, e.g. streptavidin,

“which for their part were inmobilised on the carrier. Instead of biotin,
t he so- theldatec@onap- thegd¢Sesiompf andat@dhnindor fiom@ smbliedsodféstedr
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- spectroscopic methods, e.g via fluorescence emission, fluorescence
,t_ﬁolarisation, absorption or circular dichroism. Furthermore, the binding
can be made visible by electrical signals, e.g. a capacitance measurement.
Furthermore, the binding of endotoxin to the bacteriophage tail proteins

can also be detected indirectly via displacement experiments.

For the detection according to the invention, the bacteriophage tail

proteins, if separation of the bacteriophage tail protein-endotoxin
complexés from the sample is required, can be coupled to suitable carrier
structures, e.g. magnetic particles, agarose particles, microtitre plates,
filter materials or throughflow cell chambers (indirect detection). The
carrier structures can comprise for example polystyrene, polypropylene,
polycarbonate, PMMA, cellulose acetate, nitfocellulose, glass, silicon or
agarose. The coupling can be achieved for example by adsorption or

covalent binding.

For the depletion method according to the invention, the bacteriophage

. tail proteins are coupled to permanent carriers. The permanent carriers




(Q agen GrbH, Hilden), can bind to a carrier material. %ibec8nhber006g and
the Hi s-tag are bonded preferably via DNA reconbi nati on technology to the
reconbi nantly produced bact eri ophage pgoteins. This coupling can be
effected directed, e.g. on the NN or Ctermnus or be undirected. The
directed coupling is effected via a suitable, reactive amno acid, such as
cyst ei neamh¢ ghaterids fosuwekmwmatograptyestlynsar(tar esseptposed matqiagh

protein nd has been iptroduced, specifically at.a suitabl. osition. Since
Phage « MEAfIoR End, HASSH HREECIEN Frearidic Jadisidesm contubiAtRt b ages do
not nee_@eaﬁngﬁté@dﬁg@ngfg@a@qg. _I&fgmgégbggﬁgi%?. coupling can take place
.also via other amno acids, directly or as also with cysteine indirectly

via a "spacer" or "cross linker" (monofunctional or bifunctional). In the
case of steine cou I.ing§ al | . bifunctional crosslinkers with NH  and
p

SH- r eact ng 48 HeFeby YRPArtand: wic asterinPBARe deil Bralsins s,
e. 9. 1lgeBhRkMAQMIHIE CANOiHe a@&%éU'ﬁ@téY&Q,Ohaﬁzucgtﬂheﬂa%}éh-%ﬂih‘h5 dggcenmber

2006 16 nal ei m domet hyl ] - cycl ohexane- 1- carboxy-[ 6-am caproate. If no
spacer sageessibles bt endotixia: aTbm epadéns ofithie baterioptedge\bhif poopeingn  be

rsert o oLl he Syskelte CoUEl g, 5Pl kel 20, Vi 2 Speclie
bi otin GRIGEGNe bR 18Hbn AN8ou léﬁ”'o@%a?a%pa@@?'%%q{ + are inportant for
plz. by

~binding endotoxins to phage proteins, such-as addi ng suitable
chel ating agents, such as e.g. EDTA or EGTA, this binding can however be

br oken. . For.the bindi Caz2+. ti f L he f
appr oxi FaE aPy® BErBRRe: (% per GRS e Rirngaat o Gy WREAATER T
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preferred in the range of approximately 0.1 JIMto approximately 1 nM and
f ur t her molecplart sebstangesptefmlypdptideshe.g.asgepoavidappmdrichefal thdi® pM to

L bk GpnEesen o Byalen ons lo | UEL St byt 1g, 1, EDTA
concent Satdpfify {SR¥MEal M ARR, T. G. M. Biomolecular Engineering 16
(1999), 79-86) can furthermore be used, which is a short amino acid
sequence and binds to streptavidin. Furthermore, the His-tag can be
used which, via bivalent ions (zinc or nickel) or an antibody specific for it
(Qiagen GmbH, Hilden), can bind to a carriér material. The Strep-tag and
the His-tag are bonded preferably via DNA recorﬁbination technology to
the recombinantly produced bacteriophage proteins. This coupling can be
effected directed, e.g. on the N- or C-terminus or be undirected. The
{D directed coupling is effected via a suitable, reactive amino acid, such as
- cysteine, which is of course not frequently surface-exposed in phage
proteins and has been introduced specifically at a suitable position. Since
~ phage tail proteins are synthesised in the cytoplasma, disulfide bridges do
- not need to be taken into account. Preferably, coupling can take place
“also via other amino acids, directly or as also with cysteine indirectly via a

. “spacer” or “cross linker” (monofunctional or bifunctional).

In the case of cysteine coupling, all bifunctional crosslinkers with NH- and |
SH-reactive groups are possible, with and without intermediate spacers,

e.g. 1l-maleimidoundecanocic acid sulfo-NHS or succinimidyl-4-[N-




bi ndi ng of endotoxin to pl2 worse, which becomes noti ceablegemnberd?®06i ncr ease
I n the dissociation constant. Wthout addition of My2+, a Kd value of 50
NnMis produced and, in a buffer with 16 mM My2+, a Ka value of 1 pMwas
measured. Zinc reveal ed an even higher inhibiting effect. 1 nM Zn

I ncreases the Kd value to 10 pM An adjustnent of the concentration of

bi val entmaicisidemsathil-qyelohexanite i -cadpxy- Eramidekeprogt2+,  Baf +, nihy2+,

Cd2+) t whi ch for the b ffected b
Subst anceReEfE a¥e Pickllal s 0fh CRtguiph e uith Aoter S el it phrere Spaia
N- [ 2- aceieamsiéﬁtea | IFrafRghBEetthe %s;t@mé c%l\{ﬁﬂmg’a\qgn&%éd%@d%laﬁangﬁl@&%hat e;

ADP: adenosi ne-5' -di phosphat e; . adenosine-5"'-tri phosphat e; " Bapt a:
1, 2- bi s@oﬁwmmwlm@y for mxpimple, EZelinbddeOimaldimidecadtivdted citric

aci d; EE)TAE:; th | epe diamne tetraacetic acid; EGTA
et hyl en d? e & ‘(3-am noethyl ether) NN N,N- tetraacetic acid; HEDTA

N- hydr oxyet hyl et hyI enedi am netriacetic acid; I\FI'A nitrilotriacetic acid;
804 sulfate), which can be used as buffers for bi valent ions. -----------
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ions (e.g I\/gt +) are essential for t’he bi ndi ng? the bindin ot oxi n

to e.g. F|@IZ the abindirg, okia?* byomnntaatlenwasalrengarefeemi wscclxbmdmaglgeo dfhe ai m
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concentrations being ih the range of at | east more than 10 mV
pr ef er abbpesiallyrrefemgd infthe mgmogapproﬁmtsbparhuﬂ\bmo iapprbkinatayaf t er

Ut hon | AR oR et e R, BB el | FaSpP
approximately 10 pM to 1 mM. If the concentration of bivalent ions is
lowered by adding 1 mM EDTA under 100 nM, then the binding of
endotoxin to pl2 is broken. Mg2* concentrations above 10mM make the
binding of endotoxin to pl2 worse, which becomes noticeable in an
increase in the dissociation constant. Without addition of Mg2*, a Ka
value of 50 nM is produced and, in a buffer with ‘10 mM Mg?*, a Kg value
of 1 pM was measured. Zinc revealed an even higher inhibiting effect. 1
mM Zn increases the Kg value to 10 pM. An adjustment of the
concentration of bivalent or other ions (e.g.: Cu2*, Al3+, Zn2*, Fe2*, Ca2+,
Ba?*, Mg?*, Cd?*) to a range which is optimal for the binding, can be
~effected by substances such as HEDTA, NTA or general chelating.
agents/buffers (ADA: N-[2-acetamido]-2-iminodiacetic acid; 5-AMP:
adenosine-5'-monophosphate; ADP: adenosine-5'-diphosphate; ATP:
adenosine-5'-triphosphate; Bapta: 1,2-bis(2-aminophenoxy)ethane-
N,N,N',N',-tetraacetic acid; citrate: citric acid; EDTA: ethylene diamine
tetraaéetic acid; EGTA: ethyleneglycol-bis(B-aminoethyl ether) N,N,N',N'-
- tetraacetic acid; HEDTA: N-hydroxyethylethylenediaminetriacetic acid;
NTA: nitrilotriacetic acid; SO4 sulfate}, which can be used as buffers for

bivalent ions.




proteins, for approximately 5 - 60 nmin or approxi nmatel ydBecemidg8Q®0A6n or,
If required, also overnight. For this purpose, the sanple is eluted e.g.
fromthe chromat ography colum, or filTered or the corresponding particles
. are centrifuged off or sedinented off or are separated magnetically by
applying a magnetic field. The separation in the batch nethod described
here, i.e. with pre I ncubation of sanple and carrier materials, which are

coupl ed t g bacterl phage t roteins e
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a’_'\c)ont ai ninMg, ggg'fer@myaﬂpg{ég@@g@afggnﬂ\hqbegm agent. In the case of EDTA a
concentration. of greater than mM EDTA is preferred, in particular

greater than 10 nM EDTA. Since ionic interactions can fundanental |y al ways
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material, which is coupled correspondingly with bacteriophage tail
proteins, for approximately 5 — 60 min or approximately 30 ~ 180 min or,

if required, also overnight. For this purpose, the sample is eluted e.g.
from the chromatography column, or filtered or the corresponding
particles are centrifuged off or sedimented off or are separated
magnetically by applying a magnetic field. The éeparation in the batch
method described Vhere,. i.e. with pre-incubation of sample and carrier
materials, which are coupled with the corresponding bacteriophage tail

| ) ~ proteins, can be sensible in particular with very lIow endotoxin

concentrations.

The depletion of endotoxins via chromatography célumns can however
also be effected in the pure throughflow method. The sample can be
'é.pplied to the column for this purpose, which column contains a carrier
~ material with bacteriophage tail proteins coupled thereto. The flow rate is
dependent upon the volume and geometry of the column. The flow rate is
furthermore dependent upon the volume and endotoxin content of the
sample in Qrder to achieve, by means of as long a contact time as possible

between column and endotoxin, even in the case of low endotoxin




such as e.g. NaCl or KCl, can also affect the bindi ng of Denelobenddd6t o t he
bact eri ophage tail proteins. In order to make the binding visible directly
or. indirectly in the detection nethotl® the protein can also be altered

nol ecul ar-bi ol ogically or biochenmically in order to enable measurenent or

to inprove it. In order to make binding of endotoxin e.g. to pl2 directly
vi si bl eCOECﬁBFr@élﬂ%’-a%l%flﬁégql'tfaﬂeﬁiﬁﬂfahge'rbﬁ “é@m‘@@t n‘éﬂmaﬁ dheselpithe

tryptop C t C he nec faor a_reduction
in the Eﬁg% ?’ﬂl%gc He?%éﬁ%@@ ‘FQ u a“r"’lg%ep%reldﬂ Céuoé} I%}l ?ﬁﬁléa Pﬁ?ﬁﬁophans
for tyflostingsout.n order to be abI e to nmake rreasurerrents al so in protein-

containing solutions, pl2 can be nodified chemcally in addition after
tryptophan introduction. Trypt ophan radicals are thereby altered by

‘Koshl | br ami d h £ .t
spect r od b Sesaricht BHES TA¥ Beued A6 SkhaE X bt A RIGHOR e Wl keq,
e.g. fl uegmm@eﬂfmrw@teemmgge tafle pirote?h 8 "@hi6AN abe ebﬁplegcaé thY

endotoxin, e.g. by pl2, which is located in the sanple and
concent PSITSHICHRt Gargiert | ASrasewalt, she meswianenincaiate eeg ni aLris, Gezenber

2006 1 h he |nv ntion, .endato n_be
detecte eV\féé}ctl(%f i gﬁrtﬁf%%g% qt?é’i)‘ﬁ@r%ol g%‘ﬁ? HaTeds é’lé &o‘ﬁg can
cont ai Nnrempiigiths ,bo@ﬂd@ar@ﬂd&&hnqgm{aaﬁam soNVableregeheratidil Busfeaci d
~conpl exes, such as _e.g. phages or viruses, saccharides, vaccines, drugs,

di al ysi §OBtAINERE ERIA ©rne) Cosrnspenstingt eleelasings egevss donthaei cmee@fby

rotei nEDEA G R taolT of FEE Rl ened® g WRE IR o PRl S,
| coupl edppieéelatintater then VO ng}_t)@*ﬂm nus of the protein, parti cuI arly

preferred to the CGtermnus. The coupling or cross-linking of the tags
~with the bacteriophage proteins via DNA reconbination technol ogy is

preferr th ' ence of the
bact eri g’p %é;{e&g%‘%’g‘?‘%cﬁ‘? o a{}#gllnt%a eﬁ%&& ﬁ]gW%Pob ﬁgagﬁfﬁ‘ essi on
product iratRetiba strehgthgfinicheasdd oﬁ&éductlons of other salts in the solution,

such as e.g. NaCl or KCI, can also affect the binding of endotoxin to the

 bacteriophage tail proteins.

In order to make the binding visible directly or indirectly in the detection
method, the protein can also be altered molecular-biologiéaﬂy or
biochemically in order to enable measurement or to improve it. In order
| to make binding of endotoxin e.g. to pl2 directly visible, a molecular-

z""fy  biological exchange of tyrosine radicals for tryptophén can be
implemented. It can thereby be necessary for a reduction in the signal
background to exchange the originally contained tryptophans for
tyrosines. In order to be able to make measureménts also in protein-
containing solutions, pl2 can be modified chemically in ;deition after
tryptophan introduction. Tryptophan radicals are thereby altered by
Koshland reagent (2-hydroxy-5-nitrobenzylbromide) with respect to their
spectroscopic properties. In the case of displacement experiments,
marked, e.g. fluorescence-marked endotoxin (e.g. Sigma) can be displaced
by endotoxin, e.g. by pl2, which is located in the sample and the

- concentration of free fluorescent endotoxin can be determined.




- do'not require to be expl ai ned here separately. A furthbéDegepbent2006 the

I nvention is the nucleic acid sequence whi ch encodes a bacteri ophage
protein together with the Strep- or H8-tag. The pl2 protein of the phage
T4 is a particularly preferred bacteriophage protein which is nodified with
the Strep- or H s-tag but all other bacteriophage proteins, which are

I nvol ved in detection and bi nding of bacteria or are responsible for this,

are |ikew referrad, A further,aspect. .of the, invention i act er.i ophage
ot ot e nd R HHRESETE08 odArkHia B8 ofRSEh e Bn, i BYE brRchs SetEiediin e

di rect ednldi e¢dndykdt frof alk aducole b8ARIGES Or thage tR1SEGhE NP contafh:and 7.
An exanple of a pl2 wth atag is the amno acid sequence cited in SEQ ID
NO 8. Rrpteng t plasmidddNA, preggnomir, DNAparRNAul aprofeirhnaiclelg wieid a
surface- ed cyst.eine [ articul.ar a pl2 with.the tag accqording to
SRO 1D RETHHEERy YA A e ¢y PRBRES, o iffntr difehari e neradiinf cires

addi ti ogidlys® $nifferel AneHRGAE), 08alts | K ItheFUSHDSIAIRES. chAtRISSRA! b
invention relates to the amno acids with a sequence according to.gEQ I D
NO 5, endatpxin lhmdingrnore, the 5 December 2006 20 present invention
relates to the nucleic acids which encode the am no acid sequence _
according to SEQID NO 5, 6 and 7. The nmethods according to the invention,

rel ative fertHet edipeed dnthe PWericiaé BadretiBpHagE PrasthOftcentighimhe, of fer

~ advant ages in the performance of correspondi ng applications. Furthernore,

t he pro8owalled tasss, amgi HacliSdsergar Abis-1agSs aver evupledopraferably dostlies Nrer y

difficult, which dj. t hods. b i bodi

expensi 96, CHREERaRCF The RRMERLC BT PEATEY e TeEn: forthind LHOM hot  pe

l-Under st Phd @faplass Hrcéﬂo\éé-liﬁlgingbf ehBaRpk SRithNEhE MeRteridPhagd Iptbtdihg! ogi cal
u.

‘st andard net hods wer e used,

) ere us as e.g. described by Sanbrook et al.,
1989, MBlaeBll areermhiingtion tegbookegt is mefeatedndPrediiction, olCthe ngwl¢ing

ot c=0R8 SBHbYSIFE e orBuEpPBiaidhe Bor Briopabm Dhr eisian AL LpF deg
vessel sanarthedpryd@eedAsTtthe expression product are the state of the art and
- do not require to be explained here separately. A further aspect of the
invention is the nucleic acid sequence which encodes a bacteriophage
protein together with the Strep- or His-tag. The pl12 protein of the phage
T4 is a particularly preferred bacteriophage:protein which is modified with
the Strep- or His-tag but all other ba.cteriopheige proteins, which are
© involved in detectio_n and binding of bacteria or are responsible for this,

are likewise preferred.

A further aspect of the invention is bacteriophage proteins with a tag
which has a surface-exposed cysteine for specific directed biotinylation,

| e.g. the tags according to SEQ ID NO: 5, 6 and 7. An example of a p12
with a tag is the amino acid sequence cited in SEQ ID NO: 8. A pl2 with
a tag is preferred, in particular with a tag with a surface-exposed cysteine, |
in particular a pl12 with the tag according to SEQ ID NO: 6 and 7. This
directed biotinYlat_ion can be imparted in addition by a suitable spacer or
linker. Furthermore, the present invention relates to the amino acids with

a sequence according to SEQ ID NO: 5, 6 and 7. Furthermore, the




- by heating at 200C (4 h) and exclusively pyrogene-free pDsseinber 30@beri al s
(e.g. pipette tips, mcrotitre plates) were used. O her non- heat resistant
appliances or vessels were treated ei®@er with 3% hydrogen peroxi de or
washed with 1% sodi um deoxychol ate. Subsequently, they were rinsed with
endotoxi n-free water. The buffers were produced from extensively

endot oxPeFeREINErFGN relgbes i the rgilgiredcidsdvhickeenopddh tlan dotiod acitl ee

Up (200080engS Wkor e Bl RN O R B Hani ¢ pur 11 cati ons were

degassed and filtered. 2. Endotoxin detection by neans of LAL test

Endotoxin control tests were inplemented with a chronogenic LAL test
(Limul u tegde- ppeerdingede, thraineenipner rdativeate, dstdximnbend2006

g
21 Ch . USA di to the inst i f th .od o
or der ¢ 8 RRItTEC BOHSRRERTa R CaBRBRk Al andgralrEReOrEr 1B R ver
Endosaf perfodraid®ss of cobiApondihl & pEidficis.0-Mi®her@Bre Othd pPéducA8nEY M

were used. The absorptjon neasurenment at 405 nmtook place'in a
t enper aplirantibodics| pgainatcEBS| cove piligosaccharres (iSemens diffendh, Gibeh. 3.

“Western-Bl det ect | The detection.of .pl2 in the residue of
canpt corirdbrd SouRiRofAlite bidohd haEd b e Bs Vet cxpenifiey
chromat ography was effected by Wstern Blots. In part, the proteins were

- concentrated in advance by NaDOC/ TCA precipitation (sodium
" deoxychdhst dpllewinghlcspsaples atexplainhthe ainvediorr and eshowlishonet i bal |y

onor anbRceT R B RESERRREL gf BSC pReriselinihcaldE naofisuiibe Rip Beiosts 1 or

+ 30 mi n, stardeieeharhiodsSHere iseBOWRN A3 d1y. aBScSBEE 99K SRhNrddlc wpaied with
pol ycl onal anti-pl2 anti b_odyoél h, dilution: 1: 1000). After incubation
with a $888nddpiccadar wderying;oht Laheratomp fvianugd)27ic editingat €dldviSpring

Harbor Laboratory Press, Cold Spring Harbor, New York.
1. Glass vessels, plastic vessels and buffers

‘For the endotoxin removal, all the glass vessels were depyrogenated
by heating at 200°C (4 h) and exclusively pyrogene-free plastic
materials (e.g. pipette tips, microtitre plates) were used. Other non-
heat resistant applianées or vessels were treated either with 3%
- hydrogen peroxide or washed with 1% sodium deoxycholate.
Subsequently, they were rinsed with endotoxin-free water. The
buffers were produced from extensively endotoxin-free ' buffer
substances (Sigma) and mixed with endotoxin-free water. Salts, such

- as e.g. NaCl, which can be heated to 200°C, were heated up (200°C, 4
h). Buffers used for chromatographic purifications were degassed
and filtered.

2. Endotoxin detection by means of LAL test

Endotoxin control tests were implemented with a chromogenic LAL

test (Limulus-Amoebocyte-Lysate test, Charles-River 'Endosafe,




al kal i ne phosphat ase, the devel opnent of the sanpl es wa8 Detémberst®06wi t h

BCl P/ NBT (5-bronp-4-chl oroi ndol yl phosphate/nitroblue tetrazoliumsalt). 4.
Endot oxi n purification The purificati®h of endotoxin was inplenented
according to the specification of Galanos, C., Luderitz, O & Wstphal, O
1969, Europ.  J. Biochem 9, 245-249. Exanple 5: Specific coupling of p 12
to i nmobi | i §ériesdencdiSh) catiesproding tor dwr inyractipaseofath protudebi ndi ng

of pl2 tot C e.amino .acid serin. at positjon 3 of th trep-tag
accor di ng t?)ﬁ SE%E‘II:% ﬁclb% REEUB e pIRS 1 OnCsHERtions, @&dé’g%lrbysaﬁcfaéﬁﬁe as in
exanpl e 12 pOHatibe-River GiritlowaTe] CMRRIdsts£IUEA inl QHOREEEY bffadbsal sowhi ch

bi nd preferabl(}/ free sul fydryl radicals. The resulting pl2 was called
p12S3C. A 19r{0.84|f 80 AW/ malperagsesl. Thiearthsorptins prmasegemant ap4H5d wit h

6 mM 1% sodg| oxychol.ate and equjli brated w.th.6 coupling buffer (50
o tris, 150 ot iR AR e C RSO st sk piesder
(=N-st rep83@éﬁﬂos\!\a§c5ﬁj@ﬁ{m_(l - 1.5nmg/mM in coupling buffer), the

colum was agitated gently for 15 min, incubated for a further 30 mn
Wi thout agitation at roomtenperature, and 1 m pl2S3C was injected again

and the, nc LoNn St eps e, repeated. This coupling of pl2S3C was
repeat ed”i n%)%{t%{n ﬁ?ﬁﬁ%sﬁ%rﬁjdetggiﬂg’équently the col um was washed with 6
m coupling buffer. The throughflows were collected and the respective

p12S3C concentration was determ ned by absorption neasurenment at 280 nm
2.2 - 2.8 nghpdeediparofnplydn the ecsidndeof. sarBpbse treated ywithubedds or

-1 od tyl i | bl d I. ti 45 i it t ei
20 i b Sl R S P RIHE kS R ok it st 1eitectr R t b 16
Lot IM Nad  widtd Blotd0) Efﬂetihie ?ﬂcft@ir{@wgcoﬁ@eﬂtr%te&hﬁ %&&éﬂﬁk pgs ready
_ ge

for use. The capacity of this o0 renove endotoxin fromprotein

sol uti ons waDQE4Ted wrecipBBAior (sodivmy/ddoxychalateriictrachimpasetatd). - 2
. mg/m ) and g, samples were electrophoretically separated for this purpose on
12% SDS gels and transferred onto PVDF membranes (Immobilon,
Millipore). The membranes were washed with PBS for 30 'min,
blocked with 5% milk powder (1 h) and subsequently incubated with
polyclonal anti-p12 antibody (1 h, dilution: 1: 1000). After incubation
with a secondary antibody (goat-anti-rabbit IgG), conjugated with
alkaline phosphatase, the development of thé samples was .effected
with BCIP/NBT {5-bromo-4-chloroindolylphosphate/nitroblue

tetrazolium salt).

4 - Endotoxin purification
The purification of endotoxin was implemented according to the
specification of Galanos, C., Lideritz, O. & Westphal, O. 1969, Europ.
J. Biochem. 9, 245-249.

- Example 5: Specific coupling of p12 to immobilised iodoacetyl radicals:

In order to achieve a directed binding of pl2 to the surface, the amino

acid serin at position 3 of the Strep-tag according to SEQ ID NO:5 was




| ysozyme (3 - 4 ng/m ). BSA and | ysozyne sol uti ons wer e5 &pidrebendot
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determ g%%sgéuenﬂy, surplus iodoacetyl radicals were blocked by incubation (45
min} with 1 ml cysteine (50 mM in 50 mM tris, 5 mM EDTA, pH 8.5).
After washing the column with 16 ml 1M NaCl and 16 ml 20 mM hepes,

150 mM NaCl pH 7.5, the column was ready for use.

The capacity of this gel to remove endotoxin from protein solutions was
tested with BSA (2 — 4 mg/ml), carbonic anhydrase (1 - 2 mg/ml) and
e 3 _lysozyme (3 — 4 mg/ml). BSA and lysozyme solutions were spiked with
 endotoxin from E. coli 055:B5 (Charles-River Endosafe, Charleston, USA)
_ or E. coli HMS 174 (100 — 1000 EU/ml), whilst the carbonic anhydrase .
was not mixed with additional endotoxin. Respectively 0.5 ml -pfotein
solution was introduced to the column, incubated for 1 hour at room
temperature and subsequently the column was washed with buffer. The -
proteins were collected in fractions and the endotoxin content, prior to
and after the column, was determined by means of a chromogenic LAL
test (Charles-River Endosafe, Charleston, USA). In addition, the protein
retrieval was determined by absorption measurements at 280 nm. The

endotoxins were able to be removed almost completely (93 — 99%) from all




absorption neasurenent at 280 nm 20 - 25 ng pl2S3C wer &Dogrdleat 2006 t he
colum. The colum was rinsed after the coupling corresponding to the
instructions of the producer repeatedl$ wth respectively 6 ml bl ocking
buffer (0.5 Methanolamne, 0.5 MNaC, pH 8.3) and washing buffer (0.1 M
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t est (Char er Endosafe, Charl eston tion, the protein
retri evdbtmgd igethr fragtidnby absor pti on measurements at 280 nm The
endotoxins were renoved up to 85 - 90% fromthe solution, as shown in Fig.
3A, and 85 - 90%of the |ysozyme were able to be eluted again fromthe

: 0 was
subsequentTly ' epes, , pH 7.5
and 6 M 1 MNaCl. In order to excludelrrpurltles of the protein fractions
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-"NHS- activated carrier material colum via di noet hane an
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bi ndi ng Fong:| carrier teri, a bi functl naI er was
bonded PRI T TR ST ER G GO b nBaath, Kooy Lormh 25aC
possi bl Rydtéchlogid é@a.csabge@@eﬁﬂy, 10 ~ 15 ml p1283C (1.0 3.5 mg/ml) in

0.2 M NaHCOs, 0.5 M NaCl, pH 8.3 were pumped in a circle over the

column at room temperature (flow rate 0.8 ml/min}. After 60 min, the

throughflow was collected in fractions and the column was washed with 6
ml buffer. From these fractions, the NHS was separated by desalting the
“solution via HiTrap-desalting column (5 ml, | Amersham-Pharmacia-
Biotech) and subsequently the pl2 quantity was determined by
absorption measurement at 280 nm. 20 — 25 mg p12S3C were bonded to
the column. The column was rinsed after the coupling corresponding to
- the instructions of the producer repeatedly with respectively 6 ml blocking
‘buffer (0.5 M ethanolamine, 0.5 M NaCl, pH 8.3) and washing buffer (0.1
M acetate, 0.5 M NaCl, pH 4.0). Subsequently, the column was
equilibrated with 6 ml usable buffer (20 mM hepes, 150 mM NaCl, pH 7.5
or 20 mM tris, 150 mM NaCl, pH 8.5).

The endotoxin removal via this column was tested with lysozyme solutions
(3 — 4 mg/ml in 20 mM hepes, 150 mM NaCl, pH 7.5 or 20 mM tris, 150
- mM NaCl, pH 8.5). The lysozyme solutions were spiked with endotoxin
3 from E. coli HMS 174 (~500 EU/ ml). 0.5 n_rﬂ protein solution were
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Example 7: Directed coupling of pl2 to NHS-activated carrier material

column via diaminoethane and N-succinimidyl-iodoacetate (SIA) as spacer

In order to achieve a directed binding to the chromatography carrier
material, a bifunctional linker was bonded to NHS-activated surface,
which linker made a coupling of p12S3C possible via its free cysteine and

1odoacetyl radicals of the bifunctional linker.

NHS-activated sepharose columns. (HiTrap NHS-activated HP, 1 ml
- Amersham-Pharmacia-Biotech) were washed firstly with 6 ml ice cold 1
mM hydrochloric acid, thereafter 1 ml ethylene diamine {10 mg/ml in 0.2
M NaHCOs, 0.5 M NaCl, pH 8.3) was injected and the column was
incubated for 30 min at room temperature. After blocking surplus NHS
groups with ethanolamine (0.5 M etha.nolamine, 0.5 M NacCl, pH 8.3) and
washing (0.1 M acetate, 0.5 M NaCl, pH 4.0) of the column, the column
was equilibrated with 6 ml borate buffer (50 mM sodium borate, 150 mM
NaCl, 5 mM EDTA, pH 8.3). Subsequently, 10 ml N-succinimidyl-
iodoacetate (SIA, Pierce, 200 ul SIA parent solution in 10 ml borate buffer;




test (Charles-Ri ver Endosafe, Charleston, USA). |In addi?% Depembdr0ps ot ei n
retrieval was determ ned by absorption neasurenents at 280 nm The

endot oxi ns were renoved up to 90% fropsthe solution, as shown in Fig. 3A
and 75 - 85% of the |lysozyne were able to be eluted again fromthe colum
by washing with usable buffer (Fig. 3B). The colum was subsequently
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(i nj ect {{9fhe l@argnd the throughflow (E) was collected in 2.5 nl fractions.
The col um was washed subsequently wth 15 m buffer A and the endotoxin
bonded to the colum was eluted wth 7 nl buffer B (20 mM hepes, pH 7.5,

150 nM CI EDTA hi n d eluti t ly 2 m
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was introduced onto the column, was incubated for 1 hour at room

temperature and subsequently the column was washed with buffer. The
lysozyme was collected in fractions and the endotoxin content was
determined prior to and after the column by means of a chromogenic LAL
test {Charles-River Endosafe, Charleston, USA). In addition, the protein
retrieval was determined by absorption measurements at 280 nm. The
endotoxins were removed up to 90% from the solution, as shown in Fig.
3A, and 75 - 85% of the lysozyme were able to be eluted again from the
column by washing with usable buffer (Fig. 3B). The column was
subsequently washed with' 6 ml 5 mM EDTA, 20 mM hepes, 150 mM
NaCl, pH 7.5 and 6 ml 1 M NaCl. In order to exclude impurities of the
protein fractions after running over the column due to separating p12, the
.fractions were tested for p12 by means of the Western Blot technique. No

- pl2 was able to be detected in the fractions.

- Example 8; Removal of endotoxin from a BSA solution in the throughflow
_ method '




of the UV absorption. The endotoxin renoval efficiency 2Bscdmttan@df695 - 99%
and the protein | oss was approximately 6 - 10% U Exanple 9: Renoval of
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coupled pl2 20 m NHS-activated sepharose 4 FastFl ow ( Aner sham Bi osci ences)
were washed firstly with ice cold hydrochloric acid and subsequently

i ncubat dtiTrap+IRHS02 aptjvplezl ( Bepbanbse n (ABervheint r aBmspidntes) fldppdalaours at

room t erature with agitation. Subsequently, .the phar ose was washed
won 7 PR s oothied: eSntng TTRe RRTEH R Uemyp R PorhER RS ng
fractio aqh',a‘y- n@?i L ths : Al wer e
used i nq%reggr& to qlézsi%?i fy téﬁgﬁ%(gggéﬂslﬁép%ﬁﬁﬁj%{e%vxglsgwggg?ﬁlgte?ir%ﬁs %/1 nmeans
of absommreonthrrabyr amemobilisc2B0 covaleAtlyhar g&toenshty afbt8irfedg 1 phil per 1

m sepharose s det erm,ned. Non-rea]c{)ed HS .r adi E.FI S were 5 Dec1 nmher 2006
27 neut CITPEORTARBY (CL IR Ao ERIIPFateg Btk G I (a1t 1. TLERRIE. O
Col ums i fi%ﬁg | hi tenl g et his  was
stored l%iftﬂﬁlqozu;mel ]g]tgffglgﬁl %g&ae}% ané}ﬁﬁpﬁsfs1%%%*%%5@%,&%spec¥2pvel y 4
m endofNexitn 4olmlioh 4SBSfer echppn e(ll 1.6ntmga BSAUNCars eRobh g GibH The

endot oxi n"sol ution conprised endotoxi.n. fromE. colj 055:B5 (Charl es-River
Endosaf é?ermy)é&%ﬁy?fpeé Vare éaaﬁpfib(ﬂ%ﬁcaﬁ%di fayd the thrpuehilew o mv
Nadl, . ' =T i : emdat Qxi | | ol ution
vas 4 6 ) e P e T RS T BynehleRts®, it o
(20 MM witdpdss nibbufivt Madind fherendbidginpHonde) @ndhes wobenrerntdsyelited 12 ni

once agBIHR (omh BuTF Fi20- ] BeBdmaPitr Gt CoacoMt el chaohb BATAbI it i on

{ was appbxﬁq%g%ashﬂg% %ﬂ&{@ﬂﬁﬁ& ? agﬁgeét'i@éi i@%loﬁ-agtiog\}tﬁg%: %oﬁ'i‘ecﬂ?cf €

B
LS

col | ected. Stbseque , e Cco was regenerate regeneration
buf fer @#er ¢ach keepthmoenhf flencoéhanhi was, repenesathat eitin 2D whi bifedeCect ed,

e ee DRETAREOEPes ol .52 148 S’ R, % i RISHASUREE" Sodiuim !
' deoxycholate). The endotoxin concentration was determined by a
chromogenic Limulus Amoebocyte Lysate (LAL) (Charles-River Endosafe,
Charleston, USA) according to the specification of the producer.
Determination of the protein concentration was effected by measurement
of the UV absorption. The endotoxin removal efficiency was between 95 —

99% and the protein loss was approximately 6 — 10%.

Example 9: Removal of small endotoxin quantities from buffer by means of

" non-specifically coupled p12

20 ml NHS-activated sepharose 4 FastFlow (Amersham Biosciences) were
‘washed firstly with ice cold hydrochloric acid and subsequently incubated
with 292 mg p12 (7 mg/ ml in 25 mM citrate pH 7.0) for 4 hours at room

. temperature with agitation. ‘Subsequently, the sepharose was washed
with 7 x 80 ml! 5 mM citrate pH 2.0 and respectively 1 ml of the washing
fractions was dialysed against 5 mM citrate pH 2.0. These dialysates were
used in order to quantify the excess pl12 in the washing fractions by
~mieans of absorption measurement at 280 nm. A charge density of 8.7 mg

pl2 per 1 ml sepharose was determined. Non-reacted NHS radicals were




Exanpl e 10: Non-specific coupling of biotinylated pl2 t9Deagmnltri2006
streptavidin beads pl2 (3ng/mmM in PBS, 0.05% Tween20) was i ncubated with
sul fo-NHS-LC- LC-biotin (Pierce), in 2he ratio 1 : 10 to 1 : 20 for 1 hour
at RT and subsequently was dial ysed agai nst buffer (e.g. PBS or 20 mM
hepes, 150 mM NaCl, 5 mM EDTA, pH 7.5). NHS-activated biotin binds thereby
to pri meuiralised yadiZc & sn@.ﬁlb@mgn 8litbequephiyoss0 with bl Mt itrigl pHe8.(a12
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The endotoxin solution was applied onto the columns (I) and fractions of 5
- ml and 2 ml were collected. Subsequently, the column was regenerated
with 4 ml regeneration buffer (B). In the throughflow fractions, no
- endotoxin could be detected, i.e. the endotoxin impurities were able to be

removed completely in all three experiments.

Example 10: Non-specific coupling of biotinvlated pl2 to magnetic

streptavidin beads

pl2 (3mg/ml in PBS, 0.05% Tween20) was incubated with sulfo-NHS-LC-
LC-biotin (Pierce), in the ratio 1 : 10 to 1 : 20 for 1 hour at RT and
© . subsequently was dialysed against buffer (e.g. PBS or 20 mM hepes, 150
mM NaCl, 5 mMVEDTA, pH 7.5). NHS-activated biotin binds thereby to
primary amino radicals of pl2. Subsequently 50 ul biotinylated pl2
{lmg/ml) were added to 1 ml streptavidin beads (MagPrep streptavidin
beads, Merck), were agitated at room temperature for 2 h and
subsequently excess pl2 was removed by washing four times with 1.5 ml
- 20 mM tris, 10 mM EDTA, pH 7.5.




streptavidin pl2 (3 ng/m in PBS, 0.05% Tween20) was i nédesemblendO0s

sul fo-NHS-LGC- LCG-biotin (Pierce), intheratio 1l : 10 to 1 : 20 for one
hour at RT and subsequently dial ysed28gai nst buffer (e.g. PBS or 20 mM
hepes, 150 mM NaCl, 5 mM EDTA, pH 7.5). NHS-activated biotin thereby binds
to primary am no radicals of pl2. The biotinylated pl2 is subsequently

I ncubated for 1 h at roomtenperature with chromatography material | aden
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endotoxin could be practically completely removed from the buffer (99.9%
endotoxin removal, Fig. 4A) and the endotoxin was depleted also from the
l'protein solution by 70 — 92% (Fig. 4B). The protein retrieval was between
57% and 99% (BSA: 87%, carbonic anhydrase: 99%, lysozyme: 57%; Fig.
4B).

Example 11: Nonfspeciﬁc coupling of biotinylated pl2 to immobilised

streptavidin

p12 (3 mg/ml in PBS, 0.05% Tween20) was incubated with sulfo-NHS-LC-
LC-biotin {Pierce}, in the ratio 1 : 10 to 1 : 20 for_one hour at RT and
subsequently dialysed against buffer (e.g. PBS or 20 mM hepes, 150 mM
NaCl, 5 mM EDTA, pH 7.5). NHS-activated biotin thereby binds to
primary amino radicals of pl2. The biotinyiated pl2 is subsequently
incubated for 1 h at room temperature with chromatography material
laden with streptavidin (ImrriunoPure immobilised streptavidin: 6% cross-

linked agarose beads) and excess p12 is removed by washing with PBS.




were determ ned for pH val ues between 6 and 10 (Tabl e 1pDeThobdriddong was
broken again by injection of 1 nMor 5 mM EDTA and the chip was
regenerated. ---- -- - ------- 5 Decepber 2006 30 pH Kd 6.00 3.09E-07
7.50 6.85E-08 8.00 5 86E-08 8.50 7.86E-08 9.00 3.29E-08 10.00 1.55E-07
Tabl e 1: Dissociation constants of endotoxin on pl2 dependent upon the pH
val ue oflhehendotaxin mentovairatas tt*stetcbwtith e i n(@Onm Mf trisa S iavit Na{))l,Z

bi ot i nyl i1ised on avidin h| ps and_various E. coli
otrai n el spdEes Bie mabid. h Abiarh i nlati MbeNats: AFh.D)

measur engy uEel £Qhi b%ltffe%'d}SBSﬁr%M% WRIC P chgryhdes
wth di ffe?%ﬁt gol ysaccharide conponents. £ %bl%%}ﬂs‘gg:?cﬂgﬁ%zﬁgaga ﬂﬂd
conpri sed2a dgaoost wagi added) c:hgutstlcmosteekl miack t fort h]e hopt daA aseiit o t he
so-called O an{i 0 antigen varies, ver eatly between different

en Th

types of “BRETRYY -ande Qﬁgoa%qrpg n¥agfcepHEifues omqtg;pqpﬁg yerd theegi on
S hi ghlehdBEGRRL Y protdifl SonceiraRolaP thl%es RIS deHieag A0 Qa i1 gen
(e.g. E. col1), and stralns aveaconp ete "core" reglon col i

D2 1), wedetdwindeduby beléemoked sfrost ridienbudfeh md)r &Gl Yrcﬁhoth@nBSA core"
regi on col J were no, | onger detected by pl2 (Fig. 6C). The
bi ndi nggﬁggl%l(@gté) tié‘%%%%ﬁegé%‘fqﬁl BP R 5 m\v) and the chip was able
~to be regenerated. Exanple 13: Reconbinant pl2 constructs 1. Construction
of pl2 with Nterminal Strep-tag (N-strep-pl2): by neans of PCR the

nucl eot Exanspigudiite Tests t i 2> pendotoxily Pahdnig by SBfeahdl ofwasiriagier oduced

to the 5. end of the T4pl2 gene. A
plasmon resonance meagurements

Lo
Binding of p12 to endotoxin or to bacteria via the liposaccharides in the
outer cell membrane was tested by means of surface plasmon resonance
measurements (Biacore J). In order to determine the dissociation
constant (Kq), endotoxin from E. coli O55:B5 (Sigma) was immobilised on
a hydrophobic HPA chip corresponding to the instructions of the producer
and pl2 was injected in various concentrations (Fig. 6A). Binding is
measured in relative “response units” (RU), the equilibrium values are
plotted against the associated pl2 concentrationé (Fig. 6B). By adapting
- the Langmuir adsorption isotherms (RU = (RUmax*[p12])/([p12]+Ka)) to
these data, the K4 value was determined (Table 1). Endotoxin-free buffers
"' were used for the measurements. Kg values in the range of 107 to 10° M
- were determined for pH values between 6 and 10 {Table 1). The binding
was broken again by injection of 1 mM or 5 mM EDTA and the chip was

regenerated.




pri mer

was constructed for this purpose for the 5 end BDet&ebgl®06gene (5

- GAA GGA ACT AGT CAT ATG GCT AGC TGG AGC CAC CCG 5 December 2006 31 CAG
TTC GAA AAA GGC GCC AGT AAT AAT ACA TAJ CAA CAC GIT-3' (SEQ ID NG 1),
whi ch conprises the nucl eotide sequence of the Strep-tag at its 5 end

(itali

ised in the sequence) and has a restriction interface (Ndel,

~under | i

ned |npl-he sequlence) suKd that the gene in the right-hand reading
i rt-ed—Hrto—the—expressi-on plasmd. For the 3' end of the

grid cd
pl2 get

: a pﬁ*pger was con&@%@f@ﬁbwhi clhh introduces, behind the pl2 gene,

S5—
T D3I

a BanH
AAA

s;tCERCU on rntert (htatttcrsed in the sequence) (5 -ACG CGC
CT TGT ATC CTA® C TTT| TAC CTT AAT TAT GTA GIT-3'), (SEQ

| D NO
1 mn

?) . Th&, @GR was |i npl eme®6rRdoi th 40 cycles (1 min 95C, 1 min 45C and

20 . The PCR.batch was.cut with fthe restricti on endonucl eases Ndel

and Bal

H  and®-Ple desilred Vr&@w was nserted after size fractionation

via an
of the

agaro et—an ettt otftHe gel into the Ndel and BanH site
expre?gpg pl asm d B’E#g]?‘fa The sequence of the N-strep-pl2 gene was

checke

pl asm ¢
Mller,

n
I Tor (ppceorredineéss (vsgeh sequenci ng. The further steps for the
Labl&ﬂpilpﬂeuaw described by Burda, MR &

S. (BEur J Biochem 1999 265 (2), 771-778) for T4pl2p57. The

plasm d pNS-T4pl2p57 was then transformed into the expression strain BL2 1

(DE3) .

2. Insertion of an N-term nal cysteine radical in N-strep-pl2

N- SPLAN: ' |
(%51 eqae mgaoa dh AR S LRN S BESFE CoBeRlt BgiAe |

cyst ei ne radi cal was II'Tp enent

the 5

ehdvakienof donsoluitired for this purpose. There was used for the

{ N-strep-S3C-pl12, the primer 5 -GAA GGA ACT AGT CAT ATG GCT TGT TGG AGC CAC
"CCG CAG TTC GAA AAA GGC GCC AGT AAT AAT ACA TAT CAA CAC GFT-3' (SEQ ID

NO: 3),

Ik R RreS 148 A bbbV ot baRtetd GP 12, ! BRthHARG H15AR A

immobilised on streptavidin chips and various. E. coli strains were
injected. The bacteria were absorbed in PBS for the measurements. E.
coli strains were used which have lipopolysaccharides with different
polysaccharide components. The polysaccharide part comprises a “core”
region which is cross-linked to the lipid A and to the so-called O antigen.
The O antigen varies very greatly between different types of bacteria and
also strains of bacteria, whilst the “core” region is highly preserved.
Strains, which have the “core” region and O antigen {e.g. E. coli), and
strains which have a complete “core” region (E. coli D21), were bonded by
pl2, whilst strains with a greatly shortened “core” region (e.g. E. coli
D21f2) were no longer detected by pl12 (Fig. 6C). The binding was able to

. be broken again by EDTA (5 mM) and the chip was able to be regenerated.

Example 13: Recombinant pl?2 constructs

1. Construction of pl2 with N-terminal Strep-tag (N-strep-pl2): by
means of PCR, the nucleotide sequence for the Strep-tag (US Patent
5,506,121} was introduced to the 5' end of the T4pl2 gene. A
primer was constructed for this purpose for the 5' end of the pl2
gene (S' -GAA GGA ACT AGT CAT ATG GCT AGC TGG AGC CAC CCG




ACT AGT CAT ATG GCT AGC TGG AGC CAC CCG CAG TTC GAA AAAS Deeam@E0DGT AAT
AAT ACA TAT CAA CAC GIT-3'" (SEQ ID NGO 4). 5 Decenber 2006 32 3.
Purification of N-strep-p 12 protein:3the E. coif strain BL21(DE3) with

the plasm d pNS-T4pl2p57 was drawn in 2 1 shaker cultures (LB nediumwth
anpicillin 100 jig/m) up to a OD600 of 0.5 - 0.7 at 37C and the

expressi on ofCAGel'RCstrieh AN2- GLSE sFGCWASET AL AADYACAdTAT GALTCACTM | PTG

[ | - ( 3:4hi0- j de). Aft ' bat.i t 37C f 4 h,
the bel 13 wotk Boy IGRREED M FLPhiH spfupiies e oricleaRa echenseialicen up
in 50 m soditHe phephiaat 8t i€ IMn@HihiRised T %@é%%gnl.%ni‘:e e’l}lﬁphaﬁb%c’ken up

by French press treatment (20,000 psi) three tine ubsequent
centrifuged oestridtion 3oterifaceat(Vie] 00hdarime8SBy )theAbegnemasihsaght thate in

th butfer, th trep-pl2 protein was extracted fromthe pellet,
the poll ot VHE 4515 St Ui FHRIGHAR R Soaingyerih Ko D6 asrinch ipfo 40
trisHA pH 8eQprdddioM SRS Mid! h?‘op%%h?)”‘@ﬁdc@fng{% &J{%gehgf a.3§ri%éi‘ u%(% 15, 000

rpm (SS34) and the di ssolved NS-pl2 was store residue at The
extracti on wasnsapedtddwindle eirdnddtubes, dehihdethe gsl Pugeneerae BapH dd (1 BA

OO O S SEPTAI. L ML SO (35 Rk ARt o
washing Wi t O e OGN CUrRATe daf rera ™o Wﬁ%ﬁggﬁow ?&?t(‘g@h three

vol unmes of buffer "W with 2.5 mMdethiobiotinin
mul tiple di aGEI-8)aBEQSIDNOI2Zy. The BER wascanplahented thith 4tbergelkr ati on

and P o BSR4 S S e B e R s v o
400, 2 s 5 K esi BRGIELSE SR SO R SORCLORN. -
ID NO 6 Nsinagmgntowss4osanSisHOFEleftaSiehaBoNQia7an agarose gel and
elution from the gel into the Ndel and BamHI site of the expression
plasmid pET21a. The sequence of the N-strep-pl2 gene was
checked for its correctness via DNA sequencing. The further steps
for the plasmid pNS-T4p12p57 were implemented as described by
Burda, M.R. & Miller, S. (Eur J Biochem.1999 265 (2), 771-778) for
T4p12p57. The plasmid pNS-T4pl12p57 was then transformed into

the expression strain BL21(DE3).

_ 2. Insertion of an N-terminal cysteine radical in N-strep-p12 (N-strep-
e S3C-p12 and N-strep-S14C-pl2): the insertion of an N-terminal
cysteine radical was implemented as described under 1, two new
primers for the &' end being constructed for this purpose. There
was used for the N-strep-S3C-pl2, the primer 5'-GAA GGA ACT
AGT CAT ATG GCT TGT TGG AGC CAC CCG CAG TTC GAA AAA
GGC GCC AGT AAT AAT ACA TAT CAA CAC GTT-3' (SEQ ID NO:3),
‘there was used for the N-strep-S14C-p12, the primer 5-GAA GGA
ACT AGT CAT ATG GCT AGC TGG AGC CAC CCG CAG TTC GAA AAA
GGC GCCTGT AAT AAT ACA TAT CAA CAC GTT-3' (SEQ ID NO:4).




5 Decenber 2006 33 Clains: 1. A nethod for detecting ©Rgoenker2006
conprising the steps: a) incubating a sanple with a protein occurring in
bact eri ophages and being able to bi nd32conponents of cell menbranes, b)
detecting endotoxin bonded to bacteriophage proteins. 2. The nethod
according to claim1, further conprising after step a) and prior to step b)
the addtiodairifeaiponfoladNistempald 2t prigetiethisalt eoli opiray B2 HDE - wittiot oxi n

conpl exes fr t sanpl e t hod accor di t ne of , the clains 1
to 2, the de%@t%ﬁ%ﬁﬁ?%‘%@ém&’%ydrﬁg%?8?ls%é%f‘?rog'&lfblirﬁs r(Lghods.
4. A nethod frAEdRARDWi agisielinKi DO@V]QQII%I)SQF‘SP{(?& OPBU0 o st he $iAPS: @)

i'ncubating. a sanple with or bringing a sanple in contact with proteins
occurring i n37b&candi Gishexpressiah béithg Nisitee- 18-pdoteanpoae mducéd bel |

nb , 1 .ot el ' i pmobi | t [
epect 11 cal I y AAePhehl 3y R i h o e 8 Bk RaTARaAT A | AltoRe
| ncubat | on_ behodbAtianoM B G0 MHR! cdIRe Wi ol RRRGENIC ARBIREIRD O 1 M
0

to 10 nM b) separating the bacteri ophage protein-en oxi n conpl ex from
the sanpl e. #romhd Bireaweny thlran tp 1 80nmd sotiemsphpsphiteg @D Mbei ng

516 The meflbd Zochriithotegitafl M Nk, JolisRe P Ghr Frercbgiegs.
filtration ”Efﬁa&mﬁgita@,()g@rﬁéiﬂtlﬁﬁee ﬁﬁgésﬁsm Q&B&%@%ﬁ% ‘&f%ﬂrtfif bron

~materials, sedinmentation materials or filling ma or cht omat ogr aphy
col ums. 7. Tre3femtindatad 50Q0 mpm (SBB4).mAft¢washihe thact énithehsgeae

s oracs : t S . o |
B “he met hot R Bl S e i dnbr o R GKEAS e GHT SR e dir .
Lreceptor or PBHEE AL extiBctddhpBs Wﬁﬂeégﬁgt%#ééﬂ&gioﬁpf&! 30Muin {'90CHHR! | NI

group being a streptavidin or avidin an act eri ophage proteins being
- coupl ed wi t htsBC1PH8.8, 30 syMiEBGTA] Ghe Thatchewhs deadrifuged dot 80cidnm 4 t o

6 1 hg bact ea{ 01%]868 P}gr%t %ﬁ4)bgirlagtﬂenﬁ?gsiglxirg§ CLTgpp 12 was stored in the
' residue at 4°C. The extraction was repeated twice and the
combined residues were applied (IBA GmbH Goéttingen) onto a |
StrepTactin affinity column (15 ml), equilibrated with buffer “W”
(100 mM trisHCI pH 8, 1 mM EDTA, 150 mM NaCl). After washing
with 5 column volumes of buffer “W”, elution took place with three
volumes of buffer “W” with 2.5 mM dethiobiotin in buffer “W”. After
multiple dialysis against buffer “W” and concentration, the
' ;“) | concentration and purity of N-strep-T4p12 was determined via SDS-
- PAGE and UV spectroscopy (Burda et al. 1999). From 10 litres
SR culture, approximately 100 mg N-strep-T4p12 were thus purified.

.. Name : Sequence of the tag

.: Nstrep-pl2 MASWSHPQFEKGAS | SEQ ID NO: 5

| Nstrep-p12-S3C MACWSHPQFEKGAS SEQ ID NO: 6
| Nstrep~p12—Sl4C MASWSHPQFEKGAC SEQ ID NO: 7




t

the permanent carrier covalently via chenmical bonds. 115 Degembet2(96
according to anyone of the preceding clains, the bacteriophage protein
having a Strep-tag or a His-tag. 12. The method according to claim 11, the
tag having an am no acid sequence acgdrding to SEQ ID NO. 5, 6 or 7. 13.
The net hod according.; claim1l or- 12, the pl2 protein of the phage T4
being used as ) bacteriophage protein. 14. The nethod according to anyone
of the clainms 1 to 3, marked endotoxin being displaced fromthe bond with
a bacteriophage protein and the marked endot oxi n bei ng subsequently
detected cenber 2006 SEQUENCE LI STI NG <110> PROFCS AG <120> Met hod
for detectlﬁgeéWH’for rempvi ng endotxtin '<130> PRO 008 PCT/nat. <140>

PCT/ DE2003/ 002096 <141> 2003- 06- 24 <150> DE 102 28 133.5 <151> 2002- 06- 24
<150> DE 103 07 793.6 <151> 2003-02-24 <160> 8 <170> Patentln version 3.1

.<210> 1. <21 ¥mipghod<Ri dete@ik enddBxiracomplisihgtheseguence <220> <223> Pri mer

<400> 1 gaaggaacta gtcatatggc tagctggagc cacccgcagt tcgaaaaagg.cgccagt aat
60 - aat acat atc aacacgtt 78

_a) incubating a sample with a protein occurring in bacteriophages and being able to bind

components of cell membranes,
b) detecting endotoxin bonded to bacteriophage proteins.

2. The method according to claun 1, ﬁ.lrther comprising after step a) and prior to- step b) the
' addltlonal step of S

‘a") separafing the bacteriophage protein-endotoxin complexes from the sample. - |

3 The method accordmg to one of the clalms 1to 2 the detection bemg nnplemented by ,

means of spectroscoplc methods. -

4. Amethod for removing endotoxin from a sample, centprisiﬁg the Steps:

) o g ) o a) mcubatlng a sample with or bnngmg a sample in contact W1th protelns occurnng m -

bactenophages and bemg able- to bmd components of cell membranes the protems'
“being: nnmoblhsed on & permanent carrier, non spemﬁcally or dlrected and wherem
- the Ca™ concentratlon in the mcubatmn bemg 0.1 uM to 10 mM a:nd/or the Mg2+ ‘
o -_concentratlon bemg 0.1 p.M to 10 mM ' DRI

T b) -Separatiﬁg'tbe bacteriophage ptdteiﬂ:endotoﬁiti cdrrtplex ﬁ”"om-_the _sample:. .

5 “The method accordmg to c1a1m 4 the steps a) a.nd b) bemg 1mp1emented 1n a‘ o

: chromato graphy column throughﬂow method




<210> 2 <211> 54 <212> DNA <213> artificial, sequence S5dX@mbep2@6 Pri ner
<400> 2 acgcgcaaagcttgtcgacg gatcctatca ttcttttacc ttaattatgt agtt 54
<210> 3 <211> 78 <212> DNA <213> artfficial sequence <220> <223> Primer
<400> 3 gaaggaacta gtcatat ggc ttgttggagc cacccgcagt tcgaaaaagg ggccagtjlaat
60 aat gcat atrge 3RGRGH blcofd@ne > .4 >

DNA <213> artifici g(ftgsecd)ueﬁ%g&£lag ﬁ‘%bgéméggﬁe?arg%%%@’ ﬁ%%%?&g‘gg@?’ag ass

"gtcatatggc t agbt:bgagegwac pagcdst cemgﬁ@aeggnﬂ&@“m Gledidden®llionandtagat of €lling
aacacgtt 78 t5 <211> 19 <212> PRT <213> artificial sequence
_ ma ena s for chromatography columns.

7. The method according to claim 4 to 6, the bactenophage proteins being immobilised on

the permanent carrier via coupling groups.

8.+ The m’eth'o_d according to claim 7, the coupling group being a lectin, receptor or anticalin.

9. The methed according to claim 7, the coupling: grbup being a streptavidin or avidin and

the bacteriophage proteins being coupled with biotin or a _Strep~tag.

10..  The method accordmg to claim 4 to 6, the bactenophage proteins bemg immobilised on

the permanent carrier covalently via chemlcal ‘bonds.

1L _- ‘The method accordmcr to anyone of the preceding clalms the bactenophage proteln ‘

having a Strep—tag or a His-tag.

12. ‘The method accordmg to claim 11 the tag havmg an amino a01d sequence accordmg to

.-SEQIDNO 5, 6 or7.

- 13, The method accordmg claun 11 or 12 the p12 protem of the phage T4 bemg used as

TN

bactenophage protem o

14..  The method aceordmg to anyone of the cIanns 1 to 3 marked endotoxm bemg dlsplaced, .
| ‘from the bond w1th a bactenophage protem and the marked endotoxm bemU subsequently s

o detected




<220> <223> Tag for targeted Biotinylation <400> 5 Met SAlegeBber D06 Ser Hi s
Pro Gn Phe u Lys Ay Ala Ser Asn Asn 1 5 10 15 Thr Tyr dn <210> 6
<211> 19 <212> PRT <213> artificial sequence <220> <223> Tag for targeted
Biotinylation <400> 6 Met Ala Cys Trp Ser H's Pro A n Phe Qu Lys Ay Al a
Ser Asn Asn 1 5 10 15 Thr @ n <210> 7 <211> 19 <212> PRT <213>
artificial sequence <220> Sggé@EETEETfIH? targeted Biotinylation <400> 7
Met Ala Ser TrpSer His Pro A n Phe Qu Lys Gy Ala Cys Asn Asn 1 5 10 15
Thr Tyn @ nN2osss ag™ ~~-- ~----- - - 5 Decenber 2006 <210> 8 ''... <211>
539 <212> PRT

<120> Method for detecting and for removing endotxtin
<130> PRO-008 PCT/nat.

<140> PCT/DE2003/002096
<141> 2003-06-24

<150> DE 102 28 133.5
<151> 2002-06-24

<150> DE 103 07 793.6
<151> 2003-02-24

<160> 8

fﬂj <170> PatentIn version 3.1

210> 1

<211> 78

<212> DNA

<213> artificial secquence

<220>
«223> Primer

<400> 1

gaaggaacta gtcatatgge tagctggage cacccgecagt tegaaaaagg cgccagtaat 60
aatacatatc aacacgtt 78

<210> 2

<211> 54

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 2

acgcgcaaag cttgtegacg gatcctatceca ttettttacc ttaattatgt agtt ] 54

<210> 3

<211> 78

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 3
gaaggaacta gtcatatgge ttgttggage cacccgcagt tcgaaaaagg cgccagtaat 60
aatacatatc aacacgtt AP 78




:

<213> artificial sequence <220> <223> P12 with a tag f&MDecampert A6
Biotinylation <400> 8 Met Ala Ser Trp Ser Hs Pro An Phe Qu Lys Ay Al a

Ser
Phe
Al a
Al a
Val
Leu
Leu
Asn

. Asn

Ile
Asp
Lys L
Ser
dn

!W
S
Ry

Asn Asn 1 5 10 15 Thr Tyr A n Hs Val Ser Asn Qu Ser Arg Tyr Val Lys
Asp Pro 20 25 30 Thr Asp Thr Asn Phe Pro Pro Qu Ile Thr Asp Val dn
Ala lle 35 40 45 Ala Ala lle Ser Pro Ala Ay Val Asn Gy Val Pro Asp
SeL er, 50 55 60 Thr Thr Lys Gy Ile Leu Phe Leu Ala Thr Gu @ n GQu
Il<glf§p7365 70 75 80 Gy Thr Asn Asn Thr Lys Ala Val Thr Pro Ala Thr
Alaidhroig 85 90 95 Leu Ser Tyr Pro Asn Ala Thr Gu Ala Val Tyr dy
The1#r gadtyiticlOD sQBerkk0 Ser Thr Asp Asp Qu Ala lle Ala Ay Val Asn
GQu Ser Ser Ile 115 120 125 Thr Pro Ala Lys Phe Thr Val Ala Leu Asn
Vak2®he G u Thr Arg 130 135 140 Val Ser Thr Au Ser Ser Asn dvy Val
Lyd231 ePSeterSer Leu Pro 145 150 155 160 Gn Ala Leu Ala Ay Ala Asp
Thr Thr Ala Met Thr Pro Leu Lys 165 170 175 Thr G n G n Leu Al a Val
1e*Ala @nile Ala Pro Ser Lys 180 185 190 Asn Ala Ala Thr Qu
Thr 195 200 205 aGnp AaAg
Ggga o peitet Al d b reniatt il e O

a¥tal 78

<210> 5

<211l> 19

<212> PRT

<213> artificial sequence

<220>
<223> Tag for targeted Biotinylation

«<400> 5

Met Ala Ser Trp Ser His Pro Gln Phe @lu Lys Gly Ala Ser Asn Asn
1 5 - 10 15
Thr Tyr Gin

<210> 6

<211> 19

<212> PRT

<213> artificial sequence

<220>
<223> Tag for targeted Biotinylation

<400> 6

Met Ala Cys Trp Ser His -Pro Gln Phe Glu Lys Gly Ala Ser Asn Asn
1 5 10 15
Thr Tyr Gln

<210> 7

‘<211l> 1%

<212> PRT

<2133 artificial sequence

‘ <220>
<223> Tag for targeted Biotinylation

<400> 7

Met Ala Ser Trp Ser Hls Pro Gln Phe Glu Lys Gly Ala Cys Asn Asn
1 5 i0 15

"Thr Tyr Gln




Tyr Thr Phe Met Asn Ser Thr Ala Thr Au Qu Tyr Lys d ydUegtember 20285 230

235
245
Arg
dy
Al a
Leu
Asn
Lys
Ay
Trp
Leu
400
410
420
435
‘Qdy

240 Lys Leu Ay Thr @dn Ser Au Val Asn Ser Asn Asn Ala Ser Val Al a
250 255 Val Thr Gy Ala Thr Leu Asn Ay Arg Ay Ser Thr Thr Ser Met
260 265 270 Gy Val Val Lys Leu Thr Thr Thr Ala Ay Ser An Ser Qy
As 275 280 285 -3 5 Decenber 2006 Ala Ser Ser Ala Leu Ala Trp Asn
A§gi%l Slle Hs An Arg Ay 290 295 300 Gy Gn Thr Ile Asn Gy Thr
Ar:glﬁeién Asn Thr Leu Thr Ile 305 310 315 320 Ala Ser Ay Ay Al a
| Lg1dhr .G yesThty \al,Asa Met Thr Ay Ay 325 330 335 Tyr Ile An Ay
Arg Val Val Thr Gdn Asn u Ile Asp Arg Thr 340 345 350 Ile Pro Val
Alazéd e Met Met Trp Ala Ala Asp Ser Leu Pro Ser 355 360 365 Asp Ala
AxgzPhe PCy svilthsa Gay fdry tddyetValpiSeinAlai&er Asp Cys 370 375 380 Pro
Tyr Ala Ser Arg Ille Ay Thr Arg Tyr Ay Ay Ser Ser Ser 385 390 395
A8P0Prd Ay Leu Pro Asp Met Arg Ay Leu Phe Val Arg Ay Ser Ay 405
415 Arg GI)G3 Ser His Leu Thr Asn Pro Asn Val Asn Gy Asn Asp @ n Phe
498 435" &Y TP, Pr 0 AGOLER By YBIE GROPSA R MY PPy Tyr val Ay du
440 445 Val Gh Lys Gn G@n Met°Ser Tyr His Lys'His Ala Gy Gy Phe
45Qr‘¥¥§ 60 nis val Ser Asn Glu Ser Arg Tyr Val Lys Phe Asp Pro

’ 20 25 . 30

Thr Asp Thr Asn Phe Pro Prc Glu Ile Thr Asp Val Gln Ala Ala Ile
35 40 45

Ala Ala Ile Ser Pro Ala Gly Val Asn Gly Val Pro Asp Ala Ser Ser
50 55 60

Thr Thr Lys Gly Ile Leu bPhe Leu Ala Thr Glu Gln Glu Val Ile Asp
65 70 75 80O

Gly Thr Asn Asn Thr Lys Ala val Thr Pro Ala Thr Leu Ala Thr Arg
85 20 95

Leu Ser Tyr Pro Asn Ala Thr Glu Ala Val Tyr Gly Leu Thr Arg Tyr
100 105 110

Ser Thr Asp Asp Glu Ala Ile Ala Gly Val Asn Asn Glu Ser Ser Ile
115 120 125

Thr Pro Ala Lys Phe Thr Val Ala Leu Asn Asn Val Phe Glu Thr Arg
130 135 140 '

Val Ser Thr Glu Ser Ser Asn Gly Val Ile Lys Ile Ser Ser Leu Pro
145 150 155 160

Gln Ala Leu Ala Gly Ala Asp Asp Thr Thr Ala Met Thr Pro Leu Lys
165 170 175

Thr Gln Gln Leu Ala Val Lys Leu Ile Ala Gln Ile Ala Pro Ser Lys
180 185 190 C

Asn Ala Ala Thr Glu Ser Glu Gln Gly Val Ile Gln Leu Ala Thr Val
195 200 ' 205

Ala Gln Ala Arg Gln Gly Thr Leu Arg Glu Gly Tyr Ala Ile Ser Pro
210 215 220

Tyr Thr Phe Met Asn Ser Thr Ala Thr Glu Glu Tyr Lys Gly val Ile
225 230 235 240

Lyes Leu Gly Thr Gln Ser Glu Val Asn Ser Asn BAsn Ala Ser Val Ala
245 250 255

Val Thr Gly Ala Thr Leu Asn Gly Arg Gly Ser Thr Thr Ser Met Arg
260 265 270

Gly Val Val Lys Leu Thr Thr Thr Ala Gly Ser Gln Ser Gly Gly Asp
275 i 280 o 285 - -




Au Tyr Asp Asp Ser Ay Ala Phe Ay Asn Thr Arg Arg Ser5 Beperfbar 20065 470
475 480 Val @y Thr Arg Lys Ay Leu Asp Trp Asp Asn Arg Ser Tyr Phe Thr
485 490 495 Asn Asp Ay Tyr Qu lle Asp Pro Ala Ser A n Arg Asn Ser Arg
Tyr 500 505 510 Thr Leu Asn Arg Pro Qu Leu Ile Ay Asn Qu Thr Arg Pro
Trp Asn 515 520 525 |Ile Ser Leu Asn Tyr Ile Ile Lys Val Lys Gu 530 535 4

Ala Ser Ser Ala Leu Ala Trp Asn Ala Asp Val Ile His Gln Arg Gly
290 295 300

Gly Gln Thr Ile Asn Gly Thr Leu Arg Ile Asn Asn Thr Leu Thr Ile
305 310 315 320

Ala Ser Gly Gly Ala Asn Ile Thr Gly Thr Val Asn Met Thr Gly Gly
325 330 335

Tyr Ile Gln Gly Lys Arg Val Val Thr Gin Asn Glu Ile Asp Arg Thr
320 : 345 350

Ile Pro Val Gly Ala Ile Met Met Trp Ala Ala Asp Ser Leu Pro Ser
355 - 360 365

Asp Ala Trp Arg Phe Cys His Gly Gly Thr Val Ser Ala Ser Asp Cys
370 375 380

Pro Leu Tyr Ala Ser Arg Ile Gly Thr Arg Tyr Gly Gly Ser Ser Ser
("> . 385 390 395 400

Agsn Pro Gly Leu Pro Asp Met Arg Gly Leu Phe Val Arg Gly Ser Gly
405 410 415

Arg Gly Ser His Leu Thr Asn Pro Asn Val Asn Gly Asn Asp Gln Phe
420 425 430

V_Gly Lys Pro Arg Leu Gly Val Gly Cys Thr Gly Gly Tyr Val Gly Glu
435 440 445

Val ¢Gln Lys Gln Gln Met Ser Tyr His Lys His Ala Gly Gly Phe @ly
450 455 460

Glu Tyr Asp Asp Ser Gly Ala Phe Gly Asn Thy Arg Arg Ser Asn Phe
465 470 475 ) 4840

Val Gly Thr Arg Lys Gly Leu Asp Trp Asp Asn Arg Ser Tyr Phe Thr
485 490 495

e Asn Asp Gly Tyr Glu Ile Asp Pro Ala Ser Gln Arg Asn Ser Arg Tyr
) : 500 505 510

Thr Leu Asn Arg Pro Glu Leu Ile Gly Asn Glu Thr Arg Pro Trp Asn
515 520 525

Tle Ser Leu Asn Tyr Ile Ile Lys Val Lys Glu
530 535




