1 Method for detecting and for renoving endotoxin The present invention
relates to a nethod for detecting and fior depleting endotoxins froma
sanpl e. Endotoxin (ET) describes a fam']l y of |ipopol ysacchari des which
together wth proteins and phospholipids formthe outer cell wall of

G am negative bact §1dthodHod ele@xt tsg Qe flforeredhowingedidotoxihi s bacteri al
group and play an inportant role in the organisation, stability and

barrier function of the outer nenbrane. Numerous bacteri ophages use
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types is the lipid A. The inner core region’is preserved simlarly to
lipid A linopdysarchegide foregpenmfialdesactjonaf thelr ybstr bacterka.i on. The i nner
core region, KDO and lipid Aitself carry a plurality of phosphate groups
as substituents and are therefore responsible for the negative charge of
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acetyl at eoq" ligopolysaccharides. In: Endotoxin in health and disease (Brade, H.,
Morrison, D.C., Opal, S., Vogel, S. eds.), Marcel Dekker Inc. New York).
Lipid A anchors endotoxin in the outer bacterial membrane. The
heteropolysaccharide, which comprises a core oligosaccharide and the O
antigen, appears in the surrounding solution and determines the
serological identity of the bacterium. The O antigen comprises repetitive
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, ethanolamine and phosphate.

Individual saccharide building blocks of the O antigen are acetylated,



sialated or glycosylated. The O antigen varies in addition wth respect to
t he nunber of repetitive units, for which reason the endotoxin popul ation
of each bacteriumhas a certain heterogeneity (Palva E. T., Mkela P.H,
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detected precisely and should be removed completely subsequently.
Endotoxin represents a problem with genetically engineered
pharmaceuticals, 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,



3 thronbosis, shock etc. Even a | onger enduring endotoxin exposition in
pi cogram quantities can lead to chroni g side effects, such as e.g. immune
deficiences, septic synptonms etc. Wthin the framework of substance
production, in particular in processes with "good manufacturing practice"
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possibility iS the use of a special cell culture system (Sterogene Inc.,

USA) with which activation of nonocytes is tracked via the appearance of
speci fic gytokines. The two first-nentioned t hod re. however. ver.
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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
special cell culture system (Sterogene 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



since the conponents aggregate within a few hours. Skilled personnel are 4
required for all test nmethods and the npthods are very susceptible to

i nterference, because for exanple the i mune system of rabbits can react
entirely differently to the sanme dose of endotoxin. The cell culture nethod
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f rom endot oxi n but produces det ergent residues in the purified product.
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Q agen; 414837, Enzon) but requires a low ionic st rength (< 50
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S respectively 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.



A further nethod for endotoxin depletion fromDNA and proteins (e.g. BSA
myogl obi n, gamma- gl obul i n, cytochrone ({‘? Is affinity-adsorption (e.g.

pol ynyxin B, histam ne, histidine, polylysine) e.g. GB 2192633
(Hammersmith Hospital) which is however toxic in the case of polynyxin B
and can lead to co-adsorption of proteins in the case of lowionic
strengths. Furthernore, inmune-affinity-chromatography is used, the
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remai ni ng

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

proteins;
e anion exchanger chromatography

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

time-consuming.

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

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



concentration of endotoxin however always still has a toxic effect. A

further depletion (= fine purification)g;is therefore offered or, dependent
upon the dose of the protein in the maé5 cal application, is prescribed as
mandat ory by t he European pharmacopoeia (e.g 5 EU kg bodywei ght and hour

i n intravenoushiapphk Ct%rh?ﬂﬁ)sn@rig Biett hend Rhe HP&\%Yﬁrrethlé'vﬁl fisN§ften not
purification is oftén nol ensured satisfactorily with present nethods. The

current marketadrstusd@s have here significant di sadvantages and, in the
case of specific proteins, often cannot be applied or only wi t h
considerabl e |osses of the tar get protein. The object underlying the
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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 agueous 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 0111: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 NStrepS3Cpl12 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



chromat ography colums with "undirected" (1) and "directed" (2)

i mobi | i sed pl2. In both cases, pl2S3C-was bonded to NHS-activated
colums. The "undirected" inmobilisation was effected via primry am no
radi cal s of pl2S3C, which produce coval ent conpounds with the carrier
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Protein retrieval.

Figure 4 shows the results of tests with biotinylated pl2 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.

Figure 5 shows the results of the endotoxin removal with pl2 which was
immobilised on agarose beads via biotin-streptavidin interactions. The
separation of the immobilised pl2 was effected by centrifugation. The
endotoxin removal from 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 residue.



t he beginning of the pl2 injection and plotted agai nst the associated pl2
concentration. The continuous |line sho a fit of the Langnuir adsorption
i sothernms (RU = RUmax*[pl2]/[pl2] +Kd)) to the data. (C) Binding of E. coli
to biotinylated pl2 which was i mobilised on streptavidin chips. E coli

D21 e8 ( F)1EuPé‘% 5RO ﬁ‘e%'iﬂtsr Sﬂ'sﬁf*fa% ﬁl‘&bﬁfbﬂ%es&@ﬁﬁé@&ﬁeaé&e@ﬁ&ﬁs‘ N{A)
contrast coli D21 f2 (----), has a greatly shortened core
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throughf lS?’lOI'tCI’lEd core region, does not bind to pl2. 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
equilibration buffer (20 mM hepes, 150 mM NacCl, 0.1 mM CaClg, pH 7.5),
A means washing buffer A (20 mM hepes, 150 mM NaCl, 0.1 mM CaCla,
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 mi during application,
respectively 2 ml during washing). Subsequently, the column was

regenerated with the buffers B and C and the discharge was collected



met hod. pl2 was imobilised (8 p 12 / 1 m sepharose), undirected
towards NHS-activated sepharose 4 Fastlg ow (Arersham Bi osci ences, Uppsal a,
Sweden) and 3 columms were filled with respectively 2 m colum vol unes.
The experinent was inplenented in parallel on 3 colums. Prior to the

appl i cat ilﬂfévﬂfsetihefr&éﬁbh%régpé@ﬁé%el ynl}. "hse@uéditBhetihothe Puhigs, the0 MV
hepes, 150 mM NaCl, 0.1 | CaCl 2, pH 7.5) was collected, thereafter the
sanpl e ( BSammildxbe Prosh B thel iirgs8: BD irpddiuny ebest theninjsatipar | Thee

um I,.0j d .and the f | f m n l.1 d.
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pH 7.5). The endotoxin concentrati on was deternm ned by neans of the LAL
test (ki rveasheed frpreiherasdanin wiy theduffariddlagwl G ver Inc.). The endotoxin
inmpurities were able to be renoved conpletely in all three experinents,

I .e. the endotoxin concentration in the throughflow was bel ow the

det ect i orpikiifé t9 6RhoQrs086h&MatchilyTHige trestlts ol e @ e HBRIrE kb RIbVaR Troged
here means conplete or partial renoval of endotoxin fromsanple material.
The t er mslighdbt csamtamzinagedd bdies gebetionedS bH3i fml)alin| ithepdhyeughflaw de

which is _a gonpone of the outer rane m negative bacteria.. The
Ler m " bachelObhagad a7 prarbeiisdt ok Rlec Thls sPpRAtoRodBagrRE: no
whi ch ocCabivarfs bRt ShiceRbadeSséplthrore B MhsEPIRPN@hersHarte HiosdRabEgNeS.
Normal |y, these proteins are localised in the bacteriophage 10 tail but can

al so be |Uppsilee&vmdder)arshdtennophageraddledowidnrespectivelnl mbaohwmninal
shell in_the case .@qf bacteriophages without atail. The.cell, ¢ onent s
bonded by B Rac Es dmssunERl S it Thpalf cohe COMRNSNI ns.
The ter mPi@n-tsPased fdsplicardt | fS @hé Ofamle,” voshé@biedf 1| MMbédigMheidn as
used here neans that coupling of a protein toa matrix is effected via
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buffer, 4.6 EU/ml) was injected (I) and the fractions of 5 ml and 2 ml were
collected. 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% NaDOQOC, pH 7.5). The endotoxin concentration was determined by
means of the LAL test (kinetically chromogenic LAL test, Charles-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 lipopolysaccharide

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



I ndi vidual protein nolecule is random The term"directed i nmobilisation”
as used here neans that coupling is efipected via am no acid radicals or
other radicals (e.g. glycosylations of the protein), the position of which
in the protein (e.g. N or Gtermnal) is known. The choice of these

groups f ofailt bat eawphisadbé Socdliwet 66 the bACterfpHR BEadWrl R tBel@@GhLPN
partners/ linkers which react preferably with™ these radicals (e.g

coupl i ng lActeniad hsleely |iny dbe ceass tof badisaianhages: adtlels;a taddosBet atell
reacts a thousand.tines e quickly with sul fhydryl. radicals_ than,with
o r adiapanenc bBRRCIRRE (A Sdottelnnbei el e i file6e 1 e bt ng
endot oxi gnd&ewpid.Si ng the steps: a) incubation of a sanple with a
bact eri ophage tail protein, b) detection of endotoxin bonded to

bacteri ophage tail proteins. The invention relates preferably to a nethod,
I n which.the detegtion is..inple ted by nmeans ,of ctroscopi c. ngt hods,
e.g. T1uotiedEibe RSPt TArioy sabnbe Yol darUseteh mmdRlisergR 55
circul ar gi&hnpireMnedins PafRITPIR{g GARAGILREE (IBATHABR NS, effeted via

el ectrical signals or indirectly by nmeans of conpetition detection. 11 If

necessar yproj¢ire radicsds dpranarpefroimesit wpidd) ,arendistdibuitedabvert éhe aentire
separation of. bacteri ophage tail. projein-endotoxin c | ex fr.omthe
sanpl o, R Gttate. T, QRE PhuTor Tl oEs CPar EHUPIIGBeof othe
net hod f ghdi@aRml R ot@RdRbRdUle fis @Bhdos@npl e, conprising the steps: a)
I ncubation of a sanple with or bringing a sanple into contact with

bact eri ophage tail proteins which are imuobilised on a fixed carrier, in a
non- speci.f{d ¢ .or dir.ected manner.,. b). sgparati of the bacieriophage tail
oot o ne chis e85 LESFERPRisRtoBa Ry Dsedrhfts e EhE BRI 1 on
of the bigffdcead vi@Rgmir® Scidddicalddr ot PAdichhe (R ¥RcHSyla%iodd sstied
before incubation in order to obtain an optimal
protein), the position of which in the protein (e.g. N- or C-terminal) is
known. The choice of these groups for the coupling is effected by the
choice of suitable reaction partners/linkers which react preferably with
these radicals (e.g. coupling of sulfhydryl radicals to iodoacetate radicals;
iodoacetate reacts a thousand times more quickly with sulfhydryl radicals

than with amino radicals).

The present invention relates to a method for detecting endotoxin,

comprising the steps:
a) incubation of a sample with a bacteriophage tail protein,
b) detection of endotoxin bonded to bacteriophage tail 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.



endot oxi n- bact eri ophage tail protein binding. Furthernore, during or after
i ncubation, "demasking" of the bonded gpdotoxin by addition of detergents
and/or salts, e.g. Tween, triton NaC or ammoni um sul phate or ot her

substances, e.g. chitosan, sugar or |ipids, which accelerate detachnent of

t he endotioxh&sesshey) aftbr Bteld eA)nanel bRfsteeistefCbfSani addRiehsl Iseep dfe
bacteri ophage tail protein_can be naturally occurring or be nolecul ar-

bi ol ogi c&lePpration; ¢¥hercteiophastli taikdprotsgeadiosexispeayeptex |frprotidien can
be nodifi enel i ¢ engi neering and/ or biochemcally for various
reasons. Sl%g?gyei’igsﬁﬁrﬁgalgegmor ding to the invention, not only the
natural ly occurring bacteriophage tail proteins can however be used, but
also their variants. In the sense of the present invention, variants neans

t hat t he THartrucsephagwendian medaigisnurthesmareaite epetnetiioso fari tersevunce.
These can_b bt ak.ned by screening of the naturally occurring variants or
by r andorIACARENESTE S PR Ger R g SRedteS0ut  al so by chem cal

nodi fication. The bacteriophage tail proteins used for the nethods 12

according to the invention can be adapted by targeted or random )
nmut agenedi)singiihaieon afpacsdungile ywish ehdiningingiangaprplpeimtpesoni@ot awither

structures. This.hi,nding .to the carriers can be .effected permanently., e.g.
coval ently Bﬁcﬁﬁré()papas%?e%“i pgogegnﬁgg}}lg Sk frgnb(?tgflﬁﬁgloﬁ F‘oﬁf,‘ecggfw%?’é’omcan be
ef fect ed reyeignRb¥cifR: 8r diedtad] hegiwgéhl e di sul fide bridge. Furthernore,
the stability can be increased by a nodification. By neans of the

nmol ecul ar- bi ol ogi cal or chem cal nutagenesis, nmutations are introduced

whi oh > ) diti d ; . . . hem cal
ot 11 carloneeRREg i e HicreaRngef el FBReinENARta SomRcK, dFaE
sequence i nthidi8afigldi ng regi on of the bacteriophage tail proteins, with the

ai mof adapting specificity and binding affinity to test requirenents, e.g.
i ncreasi ng the binding of the endotoxins to the bacteriophage tail proteins
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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 modified. 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



phage proteins can be inplenented with the aimof switching off the
possibly present enzymatic activity injgrder consequently to inprove the
binding or to nake it irreversible. Furthernore, a genetically engineered
or chem cal nodification of the phage proteins can be inplenented in order

to adapt éd&er@f@gﬁeﬂa @i&ysheahm@horaeﬁ i8S 88aphRi pﬁgt £dibet&UChr 8fandom
solubility, thermal stability etc., in the sense of the method according to
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had sh t hat dt t t f 33 kDa
ond 25 " RssSirese hBGREERRE ey CaHHER cBPIIAEIEriSS! RETREE iy &
N-term naiovaié}&l}k%)m@rg ﬁlﬁﬁﬁ@"tﬁdnohnsﬁ&riﬁé asibting1dtien 3Bt Ashragimpt . the

45 kDa fragnment  is still "able to bind to bacteria. Consequently, t he
C t er m nudfacsed iravertsiely, ieng.t vie ae‘cdumbidldugulﬁcﬂle bristgief. i Farrtlbermoare, the
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protein indicates that these radicals 13 are extensively
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t hat aromati,c. ani no acids are al nost al wa I nvolved in he bi.ndi ng. of
sugar ra(ff'l@gﬁ_scar{\ﬁ)é"%cgtpe%ﬁ %uf%l%‘ﬁ%&a&eﬁ‘%c}ﬂ?e AEN Y € ERETSU

radi cal s de@npiRbahnthe Bhdinig Ridionea th @a&%ﬁ'&%ﬁi % tta‘ﬂ rdteyi, Qpfinthe
fluorescence or if necessary al'so in addition ang |ng the” fluorescence
maxi mum dim @émdﬁe)tmg)m@sedidltsomsiobmmg(afﬂmay tohtest unfluiremertse e.g.
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radi cals, the fluorescence of which is altered by the addition oOf enrél'ot oxi n
in a non-Frrtbermore, angeretically engingrretedr iorhemesd matdification raft ther
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possibly present enzymatic activity in order consequently 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 according to

the invention.

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



trypt ophan background. On the basis of the proteolysis results, six
tyrosines on the Ctermnus of pl2 arejgossible for the endotoxin

detection kit which can be nade correspondingly "visible". By neans of a
sel ecti ve nol ecul ar- bi ol ogi cal exchange of the five tryptophan radicals for
tyrosi nesaret BRteIROFILY OSSIORPHEiRACRRIHIES élf 9sSRESWhH #¥rhYa %ﬁ.ﬂﬁ Heity of first
step such that the endotoxin binding by fluorescence signal aI eration of a
si ngl e t rsmenphiarwerks that asomf@amjaabne a@dbs@@ehnbyt ayeangolyedan
specific xcgan e of res ect % one of S X t r.osine
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signal differences for the devel opnment of an endot oXi n- det ection kit. The

bact er i opimggwnhsn fhrayescercavor dh necessan atfepsndsidipon bjpidtangngdofttexi ns

i nt to be detected d ff. E f
Enoun bodigrestente MRhEihEm O 1 EARTHE Hyngiel Bolth Somdl HopdRae o

descr i bed;hRGbEhBlAREs G AR USEAHeOThidi8pRBEOOAS aaearall pA2 YRebBSts

i nvention. The phages and the correspondi ng host bacteria are “inter alia
obt ai nablexploitetiencefsthefluphesdenlt| prwipegtiss rodipil 2 &1 bmdzngSIneA$@me(3USA)

DS\VZ ( Gerdxan UKNCC (Great Brit Neth rj]a NMAF
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whi ch have relevant significance with respect to medicine or

bi ot echnahogyjorsmetasisrabde gnaﬂnecolllt ishéxgredted fsenh tmesehdapa dhat tratinemnf
reconbi ngnt _protei ns pr of . nucl i ds for e therapy. ,The.

bact er | opRERENEsTAdiEaB: afnanBhiVER o5 AwORRi ToBRals vhate fidfiing the
endot oXi NyigAHLC h1RFatiot of REhLM %a&ﬁﬂjtoﬂeofnddao'v%&ﬁs iAr foP@r bf ¢HEahigh
preferred. I n particular, pl2 and pl2-simlar bacteriophage tail proteins

are pref drypthphan abadigrionand.on Qo1 ved drasis nof |thpuprcoueel;ysns orasulis,088¢ host
bacteria,, a conbinati t he.correspondi n endo

bact or | o HAGURER] PO ofe e BRIF TR GLCaL2 TR dBPES BN, thhe SEDtRKion of
endot oxi NYétBcAbn ik RiFcHEERh Bel Meflef @&Er@gpondmgly “visible”. By means of a

selective molecular-biological 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).



via the binding of endotoxin to the bacteriophage tail proteins. This

bi ndi ng can be detected for exanple by;girect neasurement by means of
spectroscopi ¢ nethods, e.g via fluorescence em ssion, fluorescence

pol ari sation, absorption or circular dichroism Furthernore, the binding
can be made visible by electrical signals, e.g. a capacitance nmeasurenent.
Furthernore, the binding of endotoxin to the bacteriophage tail proteins
can al so Hreferetdy;t e ibatiterophpgei tailipspteine nfont thex pestheosist sccoustinghte

det ect i di to the i ' the bacterioph .t ai teins, if
Separ at | QHEOR RSB SFUr DPRRGE e PP BraTe: o AL CROICT ot RER T « e
sanpl e | sel&@Mit! SidnifEnAE v Rle8Reto t6 UnkallifeCof biflechBloldl) UsEsh & .

magnetic particles, agarose particles, mcrotitre plates, filter materials
or throughg! Bwoodl whithabaised imdhe gqetoddwtimgt pdmecomipnanhprotainstaruet ur es
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depl etion met’hod according to the invention, acteriophage tai’

pr ot ei ns Ay earsouphmituleriyer prederredc ar rlner partithdaper phPemnd apd Resiznild can
be material g f.or,chro ogr.aphy col ums . 0,_Sephar,ase nat eci al .
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hereby inportant, i.e. bacteriophage tail proteins, despite bihding o the
carri er rextdatoain-deseciing bacteneghags t4il proteinscessbblusedor endot oxi n. The

coupling of the bacteriophage tail proteins can be effected
non-specifically or else preferably directed, via for exanple a selective

bi ot i nyl atnhBefictidtBr@eUeplefion SPAEEbtoXin lihNefront @l sdRipte PYERRER t he
bact eri ophage tail proteins can be cross-linked with | ow nol ecul ar

subst anceda they bipdong nof iendotaxin to tiemdadteriopbege| tail pmsiteing. ar This
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spectroscopic methods, e.g via f{luorescence emission, fluorescence
polarisation, absorption or circular dichroism. Furthermore, the binding
can be made visible by electrical signals, €.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
complexes 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, nitrocellulose, 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



Strep-tag (Skerra, A & Schmidt, T. G M Bionvol ecul ar Engi neering 16
(1999), 79-86) can furthernore be usedjswhich is a short amno acid
sequence and binds to streptavidin. Furthernore, the H s-tag can be used
whi ch, via bivalent ions (zinc or nickel) or an antibody specific for it

(Q agen GQ@aiHbeHrderhls eanchididatograpty’ EbRIMAB @ adepHA1Rset fRefials) and
the Hi s-tag are bonded preferably via reconbi nation technology to the
1

r econbi nditrafiqn cagdial Rirsernarpivies pragretic . particlesowenitrifugatiobe or
effected difec .e.g .onthe N_or Ctermnus or be undirected. The
directed Sggﬁ%ﬂe}ilﬁgufjgl Iglﬁgré?jésd(%\ﬁ'aaggargg?tpﬁgf:lg?esj‘eact I ve am no 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 t ailupetderihsouplingyist hesihyetmpertandt, dya. dpactemephdigeutdil geotaindges do
not need {o _be t.ak I nto count.. Preferably,, coupling, can take.place
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via a "sieessiblefor eh@tokinkdhe é@ﬁ?gﬁgn@ﬂ t}%l@iacj@éri@pﬁa@@ttaﬂmdteidsﬂ the
case of cysteine coupling, all bifunctional crosslinkers with and

SH-r eact iqaa §e qifested apuspeeifieallyiarelaadrefenadly direcsedevicafor epanples,

e.g. 1 1- mllﬁiﬁid unﬂecgﬁ;gi [ aCio% iu%f 0-NHS or succi ig\'dyl -4-[N 16

b ei i dGhBEIEGTTE RICHENEHAT oF Fotpled, oF i & SRR ZaliBeie. 11 no  spacers
are present, 8-12 C-atomspacers with a terminal NH group can be inserted.

Pr eferablﬁ\;lgt he cysteine coupling is effected via a specific biotinylation
of cyst eiltny Hyisfwarnosgmthe IFERteriaphpEe taglprdteinie cant be sress-lipiked; with

(Pierce) .. Bival .0 uch as_e. .g.,.Ca2+ or 2+ agr.e .inportant for

bi ndi g 1eRabRasT e SIBREHEsT or & igotihcin qedit oo FiRguihngEsh it

chel at i ndnoR@eNAS sUdEtAnaEs o poEPEhtiiesF @A, Sthéstalididl REhEaD thpwhesr be
broken. For the binding, Ca2+ concentrations are preferred in the range of

appr oxi maestywerd ipnmobiligast ol theertsrtion nivistpadt ot diatiny theedercalled n

(he. enoslptal IRk ok & dothg S0 AR A0 I Endn Sihes
(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 carrier material. The Strep-tag and
the His-tag are bonded preferably via DNA recombination 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
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. ll-maleimidoundecanoic acid sulfo-NHS or succinimidyl-4-[N-



1 mMand furthernore particularly preferred in the range of approximtely
10 pMto 1 nM If the concentration of jgivalent ions is |owered by adding
1 nM EDTA under 100 nM then the binding of endotoxin to pl2 is broken.

My2} concentrations above 10nmM nmake the binding of endotoxin to pl2 worse,

whi ch be%&ﬁkﬁnﬂabhﬁﬁlgg%y&oﬁékaﬂmtéﬁ% [6-Aenidiofeqsioaké on const arfo

W t hout addition of +, a Kd value of 50 nMis produced and, in a buffer
with 10 rBpavges arg peeseatu8-13fC-ntpm-wpecormsitied taiminaldNHagealipreagyen

hi gher inhibiti ef fect. Zn_increases the .Kd yalue to 10 pM.An

2d Ust mente GPSETIEA” cdnetsrebh 1Bty GroBI0G GRPIRE dEnher s T % SPURIfie
AL3+, Zniotingedtioatuystéitietby Mo2 bxE8B1) EPliAKIPROEMMIERRIdeS afBvhta for
t he bi ndi ng, Ccan be effected %y subst ances such as HEDTA, NTA or general
chel at i npiotigeftieydelf f ers (ADA: N-[ 2- acet ani do] - 2-i mi nodi acetic aci d;

5- AMP:  adenosi ne-5' - nobnophosphat e; ADP: adenosi ne-5' - di phosphat e; ATP:
adenosi ne-5' -tri phosphate; Bapta: 1, 2-bis(2-am nophenoxy) et hane-

N, N, N, N Bivh@iritaaeas] Ce1a das Cklgl abaz+ Gort Miig2acid ikPtanet Y epgdfigam ne
tetraacetic_acid, EGTA: et hyl enegl ycol - bi s(B-am noet hyl ether) N, N, N7 N -
t et r aacetdrslatokihs HEDHRZENPTOtd U yeudly last b2 enByi addingt swidabla cheleiting NTA:

nitrilotriacetic acid;: S |.f at I.ch can,.be used as buffers for

b1 val ent AGHE SYERIAS fd HORT ALt QT g 65 PREUPRART Mot bnbrekee
conpri se faf ther biveshs NACsteRoncAGEUMIIY 4@ Whietdieedaidi kREt r@Rgd NGf I ect
detection or the depléetion requires separation of sanple and bacteriophage
tai |l protapproximaselyned. Isndpéo eaprogimataypbP@ei, Suminilady+pmfeoeden et al

i . t tial .f he .bi ndi t he bi ndi f endot pxi
to'e. o s e, 31D ABRERRMAN TRt oFMBo Y nPbrep R ol FMo S ol m
of whet hasspeendpf 9i<éf8r11i2eﬂ irﬂﬂ@é@éﬂ%& of Fa@?ﬁbﬂirﬁaftdﬁ@. 9[9) QJM% Qﬁ%ﬁ&ﬁh@&@ﬁge

tail protein, e.g. pl2, washing takes 1place with EDTA-free buffer, if the
binding ik ™M emdst dorthermareenpaviichlaEDTAproferacdi g btii¢ errangee &DTA

concentrallons:Bek09 18 LNE S 9EM" AliHSCE8hcdn ORI L ERLA "B %
lowered by adding 1 mM EDTA under 100 nM, then the binding of
endotoxin to pl2 is broken. Mg?* 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 Ky
value of 50 nM is produced and, in a buffer with 10 mM Mg?2*, a Kq value
of 1 ptM 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.: Cu?*, Al3*, Zn2*, Fe2*, Ca?*,
Ba2+, 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
tetraacetic acid; EGTA: ethyleneglycol-bis(p-aminoethyl ether} N,N,N',N'-
tetraacetic acid; HEDTA: N-hydroxyethylethylenediaminetriacetic acid;
NTA: nitrilotriacetic acid; SO sulfate), which can be used as buffers for

bivalent ions.



mM preferably in the range of 2 MMto 5 MM The separation is effected
after incubation of the sanple with thezcarrier material, which is coupled
correspondi ngly with bacteriophage tai proteins, for approximtely 5 - 60
mn or approximtely 30 - 180 mn or, if required, also overnight. For
this purpose, the sanple is eluted e.g. fromthe chromatography colum, or
filtered or the corresponding particles are centrifuged off or sedi nented
of f or arldsépeihndsd acrariag talthy byeagisityicsg shersiees icomprse . furHeer

separat i .0 th tc .n descri bed here, i .€..W [e-incubation of
canpl o el S8 o Rer PEIRR R PR RPES SREFL ot ifeiroh d BTt 7R g
bact eri oplidetibal tequik@s ePpBration Bf ssefsicbbad BaptdridShhgd twWilt Pro@iy, | ow
endot oxi n concentrations. The depletion of endotoxins via chronatography
col ums cEashinges@Ps efBdoénedimsratetl.i iSinee Bateor tbeghnetal iosshisdg. The

sanple c ppl.ied. to. the columm for this.purpese, ich colum
coﬁai nséhgg%irq’r?e%seﬁgf%rgoﬁl t ?’ﬁn%g]é?t’ eﬁhleog’ﬁé%@lg( §f |en|51|9§'{>]>é1irh§o ceog‘p Ipelg
thereto. cHiebéHrokeatisy bhitabid QRERHhg EREPs t PR CHPHIHEELATEE GRANGH Whicthert he
colum. The flowrate 1s furthernoré dependent upon the vol une and

endot oxi rersbiesht inintensiedstnptmaim hongied en thehbasteriophageaiadl pfotgin] ong a

tact tj i bl t . d in, . in t.h f
Cow endotbit # 17" WanEdN aRESng At SaHr DTA BRE baEn YRR biline KT he”
I's thereliytém@ed t ithe Mhi GrokbA, SHTHh© EBTALESSthRRIB apRifiegat itAR apptiae

colum until flowing out. The separation step can be used for exanple in
t he depl eoneenteatiors theing dgeths aragehel bhdeast OgiagaM 4p| moretthiars 1éhi ch

are coupl t ermanent cargder a result, the permanent carrier,
e.g. a nﬁﬁ’ﬁreggﬁ%blgéni@gf&rﬁ? ?{né y%ﬁ%ﬁxﬂ“@@r aphy colum. Regeneration is
effected by renoving the bonded endotoxin by neans of a suitable

regeneration buffer containing EDTA or a corresponding chelating agent. In
t he case 3ic sepapation dsmitastedaftay MC@aémreroftth@nsm«pgm FotiA the paafer r ed,

In 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 separation in the batch
method described here, ie. with pre-incubation of sample and carrier
materials, which are coupled with the corresponding bacteriophage tail
proteins, can be sensible in particular with very low endotoxin

concentrations.

The depletion of endotoxins via chromatography columns can however
also be effected in the pure throughflow method. The sample can be
applied 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 order to achieve, by means of as long a contact time as possible

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



particul ar greater than 10 nM EDTA. Since ionic interactions can

fundanental |y al ways be affected by chagges in the ion strength, increases
or reductions of other salts in the solution, such as e.g. NaCl or KO,
can al so affect the binding of endotoxin to the bacteriophage tail

prot ei ns.cddtedittetions, BBKeffidienbideshle@on sThlee céhtLat tivn®risi fiHreBgtine i n
the detection nethod, the protein can also be altered )

mol ecul artiticoMdyrbating samplsi gedditicsaftioyn i appliertion cornthg «oksayurasaidht or
to irrprovfrij1 it. In.order to make binding of endotoxin e.g. to pl2 directly
vi si bl e, OW%QHF'ar- bi ol ogi cal exchange of tyrosine radicals for
tryptophan can be inplenented. It can thereby be necessary for a reduction
in the signal background to exchange the originally contained tryptophans
for tyrosihesparationddept earbdeatisedt for mteanpisa dutbaedesletiosomathprotei n-
contai ning solutio 12 .can pe nodi.fied.chem cally in addition, after
Crypt ophdREEREHHF.QRE oA e R RR A b dr A PO eI -y, iRl e

Koshl and paagenént 2aidigr.0ns &-reistilQ Qﬁ'&ﬁfﬂéﬁﬁ@ﬂbﬂ@kaﬂi&ﬂ ¢ @S RehlathR, tdael 1
spectroscopi c properties. In the case of displacenent ‘experinments, marked,

e.g. fludiegeeyeednin kedhsntmtograpiiy. eplushigm)Ragemepatidnsis affedtechyby

endotoxin, e.g. by pl2 ich is |ocated in the s e and th

concent r dePivie TeaRonidt e BdokfrreRARoRnA of Ao TEaRls EHREAtoRP YR ( he
net hod acetdimigigt VNG bPVENEdroBs p @RI xhil£idig Peeslet eclifdten cagBdof
renmoved from all aqueous sol utions. These sol utions can contain: proteins,
pl asni d- BNATAgeaonPBCONKAtiRNA of pgrtaten- than e2 celdi EED'TANpS eprederrede himas

e.g. phages._.or ,viruses acchari ccines, drugs, dialysis buffers
(medi ci n?ge}rtgcgi% gg?atgfﬁ@pns &gﬁiglv‘%ont am nated by endotoxin binding. A
further aspect of the invention is bacteriophage proteins, to which the
so-called tags, e.g. the Strep- or Hs-tag, are coupled preferably to the

N- or C t¥neerigsiointeraciipnscan fipadamentallyalpiaysdre affected by chamgesi nus.
The coupliyngh Plof B8%igth!" thO%aRks d1ord ARt Br WP AAIE I BRELBIREG B s
such as e.g. NaCl or KCl, 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-biologically 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-
biological exchange of tyrosine radicals for tryptophan 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 measurements also in protein-
containing solutions, pl2 can be modified chemically in addition 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.



via DNA reconbi nati on technology is preferred. Production of the nucleic
acid, conprising the sequence of the bpgteri ophage protein and of the tag
and the production of the expression product are the state of the art and
do not require to be explained here separately. A further aspect of the

I nvention is the nucleic acid sequence whi ch encodes a bacteriophage
protein together with the Strep- or His-tag. The pl2 protein of the phage
T4 is a plith the mathogr a¢eardang hadherinyghiign, mhstadprinbanhbe slefentediiad with
the Strep- or H s-tag but .all other bacterjop e proteins, which are
 nvol ved At dePiediero ot caihiamfarg OB Fer Bl B e e B ettt PH BT i o,
are | i kewrseeipkef gflasthid DNAL t hednaiaReCtDRA, t RNANV eidteih-nidhdet estigphage
proteins with a tag which has a surface-exposed cysteine for specific

di r ect ed corplergbasiich, as €.g. phages aysvizuses.dsaecharide) varquaes5dragand 7.
An exanpl f.a W .th.a.tag is,the amino acid sequence, cited in,SEQ ID
NG A i irters necBeipBl SRkt R SRbSHE PR e
sur f ace- eqeRtedirt piid@hnge, in particular a pl2 with the tag according to
SEQID NO 6 and 7. This directed biotinylation can be inparted in
addition by a suitable spacer or |linker. Furthernore, the present
I nvention, relates to the. am no acids .w.t sequence .accordi ng .t EQ ID
A fare i R e

h
NO 5, 6 B frthet pagnact ot TYEIUOR P et ieTioRDARE P tFHT St s

nucl ei ¢ agl dglieitafs CAG0dRe IR eBIIRAACLL, HRIVEAERAHESEAR {PIRERI D NO
5, 6 and 7. The nethods according to the invention, relative to detection
and pur iofri Catarominvst lebddief proteid, glarsisydadyi prefoffest taditzmtGdesmimus.he

performance of correspondin | i ions. Furthernor th roducti on of
ot bod d4ve: R RBnE R eFe - ApRie of duies s w1, B6% BF<GeribpBaBe STt
renders Ge4 TRNAOREOASHIRE VRO EIRRAEP Is BHFRPEN € PARINCLRIP BN Eh¥ ShudBR
foll ow ng exanpl es explain the invention and should not be understood as

restri ctiagid, ¢ompaisingHbevdeaiannt ehtle basttrephage pirotaini and ofsthentg d

I 0 M A T Yt
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 pl2 protein of the phage
T4 is a particularly preferred bacteriophage protein which is modified with
the Strep- or His-tag but all other bacteriophage proteins, which are
involved in detection 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 pl2
with a tag is the amino acid sequence cited in SEQ 1D NO: 8. A pl2 with
a tag 1s 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 biotinylation 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



Har bor Laboratory Press, Cold Spring Harbor, New York. 1. d ass vessels,
plastic vessels and buffers For the enggtoxin renoval, all the glass
vessel s were depyrogenated by heating at 200C (4 h) and excl usively
pyrogene-free plastic materials (e.g. pipette tips, mcrotitre plates)

wer e usedpregehieint@ition @alate8 b theudel haideeshiih ¥As68E hveifinld aaied
either wwth 3% hydrogen peroxi de or washed with 1% sodi um deoxychol at e.

Subsequergdauendecgconsaing FnSEQ WPt NOsridd? exidnZfree water. The buffers were
produced from extensively endotoxin-free buffer substances (Signma) and
m xed with endotoxin-free water. Salts, such as e.g. NaC, which can be

heat ed t orRO0methRHE RRAbAdINY 120¥e ihveRtonButkéRtieused dedection and
chromat ographi c purifications were degassed and filtered. 2. Endotoxin
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3. Western-Blot for pl2 detection The detection of pl2 in the residue of
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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 appliances 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,



bl ocked with 5% m | k powder (1 h) and subsequently incubated with
polyclonal anti-pl2 antibody (1 h, dilggion: 1: 1000). After incubation
with a secondary antibody (goat-anti-rabbit g3, conjugated with alkaline
phosphat ase, the devel opnment of the sanples was effected w th BC P/ NBT

(5- br ono- 4- ciilentestdal W pApephaisploniding HoUthe iRétragtibndndbs @hé Jprofiucer.
Endot oxi n purification The purification of endotoxin was inplenmented
accor di ng tolherdgpet9 f detarieimeoftheal compenteationsdesndotoxin  stasmdamsisal , 0.

1969, Europ. ~ 3. 06hem 245- 249. anp .. Specific c i-Rg Qf. pl2
to i mobilis %ﬂ?‘El%ngglé’t%lEr?%%? 1§ %e%g%e'rr,ﬁ@ %‘cﬁ?%&%nﬁed%?;@bpgor BPntii ng
of pl2 to therxobacs) B mlimee wdd T8 Absdrtil th@iyiFePhed 8t F0EP-t a9
according to SEQ ID NO:5 was 22 replaced by cysteine as in exanple 12 and

the protein B foplomlpteda v demnsgebawegdniraliedansicwiiitie plate¢ peadar abl y

free sul fydr icals. Ah esulting pl2 was called p12S3C. A1 nl

Sul f ol i nk mﬁ%ﬁ‘ﬁ%@%ﬁgﬁﬁ%ﬁ%g was poured out, washed with 6 mMl 1% sodi um
deoxychol ate and equilibrated with 6 mM coupling buffer (50 mMtris, 150
mM NaCl, 5mM EDTA, pH 8.5). Subsequently, 1 m pl12S3C (=N-strepS3Cpl2) was
i nj ected -1 Wastsragplet fonpd8ugetestiobuffer), the colum was agitated
gently for 15 mn, incubated for a further 30 mn wthout agitation at
roomtenperature, and 1 nl pl2S3C was injected again and the incubation

steps vere rapragerctibii f RPN e bsRARSSEsansics apeaedwith behak ¢k

tinmes, and subsequently the col um was washed with 6 m coupling buffer.
The t hr oughf iBwshefractionseof ethanaffinity elewxpsstigraphy? 384 ceffiectadr &y on

was determn tion rneasurenent at 280 nm 2.2 -.2. 2S3C
por el wareEERauRtS Wiealu Bt FCRIhe drore subomiEe e pRafedel kS e
bl ocked by i NuIPEU/ATA 45reciifativh tBodiukn B¥skRtiWlatdLetMMdiloRfhceMte]i s, S
mM EDTA, pH 8.5). After washing the colum with 16 M1 1M NaCd and 16 m 20
nmM hepes, The 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 the 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 pl2 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



150 MM NaCl pH 7.5, the colum was ready for use. The capacity of this gel
to renbve endotoxin fromprotein sol u:ﬁ ns was tested with BSA (2 - 4

ng/ M), carbonic anhydrase (1 - 2 ng/ ? and |ysozynme (3 --- 4 ng/m ). BSA
and | ysozynme sol utions were spiked with endotoxin fromE. coli 055:B5

(Char | es rBpietedEhylegafeine GRdin €sd@ble WSAINnd AheBrotdin whNINAAbiilde] vial000

EUmM), whilst the carbonic anhydrase was not 'm xed wth additional

endot oxi AodpeegiFt tiadéealsowhigh pind epreferedtlyit fren arbfydrilr sadiseds.t o Thie
| 1 t t d b tly th
col um, ingy gﬁé%l&or @Egrgiﬁge emperature and subsequently the

col um was™ wa proteins were collected in fractions
and the endotoxin content, prior to and after the colum, was determ ned

by neans of a chronogenic LAL test (Charles-River Endosafe Char | est on,

USA). In Paddmh&‘amlfolmlé (?mn@pbng G&?]e&Hi@mﬁ&IW@mpO@ecéroﬁme@aﬁwChb@th I@ inwin

Coml ot o1y e iFR e Rifuer 858 GHURBrARE B Rl LBubTlR ReRR By 2a

I'n additirfam tﬁ@elso%m nmweseaMaEbm ,0pREB 8} UtRthRxfRmMtiy el wmif p PPBS0e
col um (80 -- 99%CF|8.) The columm was finally regenerated wth 5 mM
rfWE-S

EDTA, 20 (filt-$igppS3 l\mltctepiH(k 5.1.5 nmgy/del inocewplingebuffpr)y ithees of
the protein.fractions.aft I ver the col.u due S ati.ng plz,
the fract® @ﬁ?wae P@éﬁﬂé%‘? %e&t%f)rfl%r Medhst anﬁggnv@&%r rgng% et que.
No pl2 wasithbiie dgitdtton Gat £6dBdtémpehenireatid®ns mPFMaCbwalonsaeai fic
coupling of 12 to NHS-activated carrier material: N-hydroxysucci n| m de

(NHS) is mlmahﬁrmub@ﬁmw@quwmﬂpﬁﬁtteciam’Perca@mamS Al 288€ef or e

d t f NHS- ted,s
(i Trap RS Sbodalll Bl 4 Pty A58ty 1A8 BosREM e e isthog
firstly wiith 6 ] b@@pﬁ@gdbhffaw hI’l‘i’éoﬂtho ngeoa@s dyereuReHaERH |a‘zhd e - 15
m) in 0.2 M NaH M NaCl, pH 8.3 were

m p12S3C (1.0 - / .

punped i AeaPestivg e R)]x/r?kwr;}'J 3¢ hecoresniwation r vma t slepermingd (1% owhserptions

210{ anq) mégeaﬁé%eggem ?—ﬁ %ﬂf" ; th lﬂghfé %Wmmglalsﬂ&%l lCe (I:Jtegdmi nge{ rwae%tellgongd Sl d the
Subsequently, 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
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 protein
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



m buffer. Fromthese fractions, the NHS was separated by desalting the
solution via H Trap-desalting coI um (53m, Amersham Pharnaci a- Bi ot ech)
and subsequently the pl2 quantity was eterm ned by absorption nmeasurenent
at 280 nm 20 - 25 ng pl2S3C were bonded to the colum. The col unm was

rinsed afd gfrotdifl SSluRIONRY aﬁs%h@ﬁ;@pﬂﬁill:fig Do, tlﬁead@ﬁidrﬂcﬁhé)@%o&finé hﬁere
producer repeatedly with respectivel m bl ocki ng buf f er

(0.
et hanol arfille, toobg wmext@twwcm framl thes pelgmpuf&er 99% Fig éiﬁa)t aﬂ‘éne 0.5 M

but  er pH 41‘%?‘%? bSSEH%@ %Fﬂéaetea&'ﬁﬂ?‘% "y E%%w?ﬂﬁ’tﬁqlw tSMW@HPabI °

8.5). Thq\r@mnqux B. I BioYdés o iegchits irt@hitifled\as the Proteint frhctivhazyme:
solutions (3 - 4 ng/m in 20 nmM hepes, 150 MM NaCl, pH 7.5 or 20 nMtris,

150 M NaOningreersthe qplimysdag te sepegatiogsp ier the fiacstong weretdsteoki n

! neroauc a8t mid Bypbeabont i st srB Bl e BhRiGhe 2% B2 B BBIE B be ang

subsequerddi¥ctieirt ghal i ctnswashed with buffer. The Iysozyrre was collected
in fractions and the endotoxin content was determned prior to and after

t he col umm by nmeans of a chronpgenic LAL test (Charles-River Endosafe,
Charl est 4 determ ned by
absorptlg et Fre-Fhe . oy ca 0 0 85 -
90%fromthe soI ution, as shovvn in Flg 3A and 85 - 90% of the Iysozyrre
were able to be el uted again fromthe colum by neans of washing wth

usabl e bl¥thardrorygucgpimidadNEPuna d@@la@mbsfeqmempmpmsdedbw ptingaml 5 nM
EDTA, 20

et ude A Pedioaly SpitndsBlire 8 Sdetd BuBid brgrebthi RS srbike® RSO

due to S%Rﬁv@tte@@ephamééleomrm@t (E—Hﬂfﬁa%é\@\lHSIMﬁieampﬁa%l OAmidieh¥ést ern
Bl ot technique for_pl2. No was able be detected in the fractions.

Exanpl e #haimaciecBiaieop) |ng‘fbf W@Eﬁedo fisdyacvithat@edmdarie¢ ecoldat br imaM
col umn iy, (AR LARNe icheduRify, Yo B nlogpassatito (hA g miaser
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 mil/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 pl2S3C 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 m! 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
from E. coli HMS 174 (~500 EU/ml). 0.5 ml protein solution were



In order to achieve a directed binding to the chronmatography carrier

material, a bifunctional linker was boggded to NHS-activated surface, which
| i nker made a coupling of pl2S3C possible via its free cysteine and
| odoacetyl radicals of the bifunctional |inker. NHS-activated sepharose

col ums (htrbdarddHenes ttheatsithnR, ihclibatedMEs:s hakobhasfeebar BeRiReAluMer e
washed firstly with 6 mM ice cold 1 M hydrochloric acid, thereafter 1 m

et hyl ene afidaihsequently/ thel colingn was/mghieddwith bufieradhe hrs@ys)e wes

i nj ted he. p ' bat f 30.m t { i .
ater bl SORERE i JrHEeutS gl J6E NG <l cofhhofis HECEPERRRRLR ne.
0.5 M NaGnd Bfted the eflthmmashicngand of dMchestigenid LAIMMIQCharitARPerof the

colum, the colum was equilibrated with 6 m™ borate buffer (50 nmM sodi um

borat e, IodesateNaCharestam ERTRA).pH I8 Fdditigns eghenpryteinoretrieval was

N- succi nim,dyl =i odoacetate. (SIA Pierce, 2 SIA rent .splution in 10
i “bor at S epiped S R BTk bt B2 Aap The ShiPBistan Werst
rinsed i egndddClip ©RVEE — HD9, ERIHMhef SOy sHBRCH Wl MBSahhegsaf ter
washed with 6 nl ~borate buffer and p12S3C (1mg/m, 50 m_in borate buffer)

was ri nsé@P%onktheHysegmeanweoe ablhoiyr beErbysd agaimadenm| thediobaims: st e
neutralised with 1 .cystel.ne _sol uti.Q 5 c ei ne.i n bqgrate buffer,
i ncubat i SHE&PS Pgo%atsnb%%r%m eu?%l? el?‘#ﬂ%) ,(%f ﬁ%'t h eol'ffﬂﬁ%t Fa%he
usabl e bufifiiesueh?y WAdRREWItASE MY NagiM BHTA, 520 @ Abpés, 3501 a9MmM

NaCl, ph 8.5) were equilibrated. The coupling reactions with SI A were

i npl enentN&CLipHt Aé aadkd miel Mdiacki dor erdemio exetudéiimmuiities ofaide est ed

ith | | uti 3 - 4. /I | 20 MM h 150 Na H7.5
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was introduced onto the columm, was incubated for 1 hour "at room
t enper at W& #es alblgdeq detratgdindbedirasiionas washed with buffer. The
| ysozynme was collected in fractions and the endotoxin content was

Example 7: Directed coupling of pl2 to NHS-activated carrier material

column via diaminoethane and N-succinimidvl-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
iodoacetyl 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 NaHCQOs, 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 ethanolamine, 0.5 M NaCl, 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 m! N-succinimidyl-
iodoacetate (SIA, Pierce, 200 pl SIA parent sohuation in 10 ml borate buffer;



determ ned prior to and after the columm by nmeans of a chronopgenic LAL
test (Charles-River Endosafe, Charlestgg, USA). In addition, the protein
retrieval was determ ned by absorption neasurenents at 280 nm The

endot oxi ns were renoved up to 90% fromthe solution, as shown in Fig. 3A

and 75 - -S@opefdnt Seluthesezly AEmpes B abl1endl DREB®) Wiedriagad infd erfcidgvecol um
by washing wth usable buffer (Fig. 3B). The colum was subsequently

washed withg eolms fwm BBmingo Tha kepamn v86 fverawdtr, wahedswaghd G66opd 1 M

NaCl . I n.order excl ' ities Q e rotein fractions after
Fanni ng SRS TG Bt oS (BBl o0 Ry ke, BEfes Pat et e
for pl2 kyvewerdiescolfurhAefoYes sy, BibicebsGBababety] Nadidlid wefe alRi@rdinsdee
detected in the fractions. Exanple 8. Renpval 0f endotoxin froma BSA

sol ut i on Witht hanl aysfging) spluwien (e rhdl cysteaing ingouase dviffaratindubapinarats e

(Amer sham Bi l ence Uppsaka . den s coupl ed.. .accordi t.o _the
specific zriptolggﬁ %%@39{3%%1}30 g%c gb , mﬁé%e?%%ec }E\ﬁ? @8&’5"% it &F‘ﬁa??ﬁr@% ]ﬁ%%fﬁ?so ups
with p 12008mM Reges,/ 150 @8 N@Cerp@l 7.5M8F &G haMERyisi MHEPRASRACL, ph
covalently. The thus obtained 1 m = chronmat ography col um was equi | i brat ed
with a flé%ﬁ/) were esprilibratedi nTheicomplngrreantidrey with 20A meteeimeplenpenteds, 150
nmvl Nadl , .O.é&n(ﬁllﬁﬂ 2). Next, 4 mM of a BSA solution (11.5 ng BSA (Carl
Rot h GrbH! y)/ mi buffer A were applied (injection: I) and the

t hroughflow (E) was collected in 2.5 ml fractions. The colum was washed
subsequently with 15 m buffer A and the endotoxin bonded to the colum
was el ut ddhe virdotpxih pemogal BoYeID this heplesnnpwas Stested mitiNaisozgrev

ol 1wt et SUAPRSB, Bt} Sa i oAy HESRES o8 i NG BFE 8 4T Y
buf fer C tr{s201 50/ Mepe§aCBHpR. 8.5)1 SAHEMINSFyme SILERRA. werd %BpiRel Uiith

deoxychol ate). The endotoxi n concentration was determ ned by 'a chronobgenic

Li mul us Amskesin éramsk eolil HMS (1ihr(-890REUmENdBsafm] prajein| selugion USA)

accordi n%vatlé) ithQFocﬁE)ceeCd fc;n(.:t%t itﬁg 8511.{[1{111@1, pigvggufnecrubated 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 pl2 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



Determ nation of the protein concentration was effected by neasurenent of
the UV absorption. The endotoxin rem)vgé efficiency was between 95 - 99%

and the protein | oss was approxi nmately - 10% Exanple 9: Renoval of small
endotoxin quantities frombuffer by neans of non-specifically coupled pl2

20 M NHHAGLpVREES sephatase sk bEé OWAMAWRIHEIAM Bidkeededises) UpBESla
washed firstly with ice cold hydrochloric acid and subsequent |y 1 ncubated

wi th 292 Jigegan) wasmpupted; acesrdingdiot tha eppeifizatipnf of the poodycer, naom

t enper ature itat.ion. Subse entl ephar os 7
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was di al weerk agaé SirAMdHilitéd € ddbakerfily. Thesghdli ahigat S5tage@ Sed] i n
order to quantify the excess pl2 in the vvashl ng fractions by means of

absor pt i cneseatogsaphy enlupgo was eqelibrgtediovishty fddwgratengf lpnal/pein 1
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vol une wexexd, i kWl el Wot hat IBSAColifoARt(en i nandBgA S{Céﬁﬁs FItAr &Gyl | use

at 4Cin 20%ethanol. In 3 parallel tests, respectively 4 nl endot oxi n

sol ution @@)mwaybfrab@uf&a Abmeme aamdleudwﬁngmm P.aed. Ertélreugbiﬂ@m E)

sol ution corrpr X fromE. 55: B5 (Char - Ri.ver saf e,
Char | est one> %5 rpglf’é tb(?‘fl%ufﬁber v p‘@@Sf“ﬁ (%PO 1 nM

Cad 2, pHvﬁh515 mi”b%fﬁﬁdﬂta&%(ﬂ rtheoa%tbs@ﬁlt%déd wltﬁeswu}ﬁ@rwa@%mte@i
EU M. The colum was rinsed firstly with 12 m regeneration buffer (20 nM

hepes, 15@ithi\¥ Natibufferni® QﬂrmMphepes,) pEhd. 5ul§§@qut NaCli 2hmid RDTA).

equi libration buff Subsequent | y u buffer was i nt

once agaﬁ% 1o NES il&l% ‘i %u% f:i;l f Gracﬁ?él eﬁ"(%?o?(c?lkcgﬁ‘ﬁut i on
was appl i glePebeht dieperdhenas thé )coqqaﬁhﬁ Fopees 'r@@énéifatéd wWithand Al Huffer €

col l ected. Subsequently, the col um was regenerated with 4 ni regeneration

buf fer (HPEO maM Heepds; onghf7-6w 1PAcriMnNahh 2enubt oED’rl‘AcoQLh%b@od@mm ed,

I.e. the c?e%cxiiymcﬁx antes rrpurrht | & d"%{)ﬁe{mabl:gn(t:entl%atlon 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 pl2

20 ml NHS-activated sepharose 4 FastFlow (Amersham Biosciences) were
washed firstly with ice cold hydrochloric acid and subsequently incubated
with 292 mg pl2 (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 S mM citrate pH 2.0. These dialysates were
used in order to quantify the excess pl2 in the washing fractions by
means 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



renoved conpletely in all three experinents. Examle 10: Non-specific

coupling of biotin dated P12 to magnet4e streptavidin beads pl2 (3nmg/m 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 di alysed

agai nst diteslised dby PBS mﬁnaﬁbﬁﬂbhebe&helﬁ@phai\&é&a\%th o1 MVt EBT, BH)7 5).
NHS- activated biotin binds thereby !mgrl mary amno radicals o

SubsequerftPiamsns | wisho2ind Woduee wpze f'(l Pl thés eohtaadmaserialian thls

streptavidin Pre | ads, Merck), were agitated at
roomterrpvgsr”atsureng%ll(JWg%ﬁ3 #dé IE?%q) ﬁﬁfmggxcess pl2 was renoved by
washing four tines with 1.5 nl 20 rthrls 10 mM EDTA, pH 7.5. 28 The

endotoxin renoval was tested with buffer (20 mVl hepes, 150 mM Nad, pH
7.5) and Ipr 8t paralkd| tgstoneespectivaly 4ninlggadotpxin rﬂj)’lutipnl @owyma appdied ny/

m carbo anh ase es uffer and
The' Bsa_ Siirorg SETUARE (ot Fienlad el Sl S egrh otintbtnst S0 WHm &
coli 055: fﬁ5m Cmarb@ls E&ssaBsEncdmeaﬂ@s Rebay | EAtOBafe U@&iaﬂéfét@ncaml Gin
anhydrase sol ution contained approximately 1 EUnl. 25 | neti c beads

with i mrmmhbé@lumzawﬂ&re(?éhadu epeol 39 mMUNEEH, 61 prb @aﬁl »aPdt 7.5,
m xed b ett| i,hcubat e 0 mn at room
t enper a%/lﬁéeoerf,ﬁg %P&#@%\?&&ﬂe %ut{%wgagl I |§ rreans of a

magnet, the resi due was pi petted off. The endotoxin content of untreated

sanpl es and sanples incubated with beads was subsequentlg determned with
the LAL tlhg colamhevas ciesed finsthyi sxith b%snﬂelte@emcn@uony affeor(@0i onM

Feroved. TRt O BITNALE, 2008 dftSTR F#h 7+ ahspl Aihheiddny Filh 2
endot oxi regtaEbeeRb At edffat.s ostibaaytibatlyp r%mlla@@wtb@ﬁelbwa@ int:haded 9

4B). The protein retrieval was between % and 99% (BSA: 87% carboni c
anhydr as @nagoagainyohygeolugnmamd d. mlagys fractionated.

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 mM EDTA, pH 7.5). NHS-activated biotin binds thereby to
primary amino radicals of pl2. Subsequently 50 nl biotinylated pl2
(Img/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 mi
20 mM tris, 10 mM EDTA, pH 7.5.



Exanpl e 11: Non-specific coupling of biotinylated pl2 to i nmobilised
streptavidin pl2 (3 ng/m in PBS, 0.05%% Tween20) was incubated with

sul fo-NHS-LC- LC-biotin (Pierce), inthe ratio 1l : 10to 1 : 20 for one
hour at RT and subsequently dial ysed agai nst buffer (e.g. PBS or 20 mM
hepes, 150 nM NaC, 5 mM EDTA, pH 7.5). NHS-activated biotin thereby binds
to primary am no radl cals of pl2. The bioti ng/l ated pl2 is subsequently

i ncubat edHeoendotoxin remevebmes deates with lélh fend28gradhipenes.ed P mMaden

with str noP re| L ent dj (Vc RN i nked
o ose. DA PHL T SLIT IS +ORRAS R6T spblETHRA R righdl Bamd

endot oxi . mﬁgyﬁﬂ &@{Sadrﬁéteﬁ%ydﬁd%bﬂﬁ Q@Fm(I\ZQxéfBésI riso ﬂﬁ@Nﬂﬂ‘INqﬁll 7. SP. H 8.0)
and BSA (Tl'gshngf@r in 20 nMtris, 150 mM NaCl,” pH 8.0). Res ectivel y 1n

buf fer or wnd thaddSApanreé dysezme Gobution, was gpiked 1ot garEaHénvlas

added, a tlont okp te

agar ose 3%% %’ﬁ{t‘?l rl?é%d of Fog E)squ‘%t pfl?aﬂ] ﬁ]ver %‘ﬁéﬁeh Cl&ﬁﬁ gﬁoﬁ’el n
concentr ajsQN | M EcA@srit € andSdFEaS Ué@lﬁ'}tzcﬂi?%oﬁﬁdﬁééx 'a@;g?@k'irﬂa figyr gnoved
fromthe buffer and 86% fromthe BSA solution SA was retrieved

up. 10 90%UEﬂdnﬂﬁdlhmagr@§tcsbeadspmzhempbﬂlwdopﬁglwgrdwddedrtg 2003l  ace

pl asmon r nance asur%ﬁeE}ts Bi nd| .t o endot or to, hacteria

via the I LaCtnBTTEES SHUERE: I(%}feé ellzf1B ang R g‘é‘é’tnem We&ns of

surface phesphfed RFOBORAE aliRBsH BSRPESatiFeacPhe bthds!We f@holed ddr@r m ne
the dissociation constant (Kd), endotoxin fromE. coli 055:B5 (Sigm) was

i mobi | | $bd svlutiorhyagr @mmﬁ @fHPAD@Enpt,ctiW gepishal vps eipedednelir udhicons of

t he produc and ecte n var ous C ncent ati.ons

b e E50sRR0 difelE ot Mighatd Rat & ettt v
val ues angadal ﬁiaﬁseﬂubgéqﬁéﬁﬂyh@e@}?ﬁﬁﬁbdtﬁr@'&plﬁecgﬂﬁefﬁsltaéhénﬂze( Eirﬂtelﬁl3)
By adapting the Langnuir adsorption isotherns (R

( RUnax* [ peRligvel[ was] ekermined biegbsermtion tm@amrmar:né e 28Petignni AbE

(Table 1) 0@9}%%02:((')191({ f)%eprba%tac%ﬁly completely removed from the buffer (99.9%

endotoxin removal, Fig. 4A) and the endotoxin was depleted also from the
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: Non-specific coupling of biotinvlated pl2 to immobilised

streptavidin

pl2 (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 biotinylated pl2 is subsequently
incubated for 1 h at room temperature with chromatography material
laden with streptavidin (ImmunoPure immobilised streptavidin: 6% cross-

linked agarose beads) and excess pl2 is removed by washing with PBS.



were used for the neasurenents. Kd values in the range of 10-7 to 10-9 M
were determned for pH val ues between §gand 10 (Table 1). The binding was
broken again by injection of 1 nMor 5 M EDTA and the chip was
regenerated. 30 pHKd 6.003. 09E-07 7.506. 85E-08 8. 005. 86E-08 8.507. 86E-08
9. 003. 29EP8 cABoBHin W SValTRhL Gedted haRO BT ADOCRIM AR, 9 56 nomdRbELi N on

pl2 dependent upon the pH value of the solution In order to test the
bi ndi ng @#Hbdd) eand B&ApiQS bngfnﬂyiratzﬁj pMP twkes 156motill Ne€d, @il 8.0).

ver o abedrihrciierad 1o P Gl St e ol w6 md S0a% v ch
have |ipapol yageedwer iwigs whkBAdi hberaph tBQkY%ﬁ&&hafdrdel CRBDPNGRL $oorine

pol ysaccharide part conprises a "Core" region which is cross-linked to the
lipid A dethparatiire.s Fhrapll@dagarose wes. cerirthm’ugeémff gerbseqriceslyvenyd great | y

between different t f. bacteria and . tr I ns_of bacteria, Il st
The - cor #riqgRBl 1¥8isReip FPhetndalon uf 1B b Mt siigdr %
region a%cfbt@ﬁfri g@maeba r&movBHl IrordNthe uieN i b avsina thONBS te
‘core"” region (E. coli D21), were bonded by pl2, whilst strains wt
great|y stodutienddig.co)r eBSAeyasmetreyrd Bp woP0%.D21f2) were no | onger
detected by pl2 (Fig. 6C). The binding was able to be broken again by EDTA
(5 M) and the chip was able to be regenerated. Exanple 13: Reconbinant pl2
constr UCtExérn%:SIQUCTésCt@ ofa E%?Q WehRobhLiar 'E1ﬂaing3_t Efpn{e%ﬁm( NSfStsrLﬁr'PacFé 12)

by neanslo _ € nuclreotrde sequence Tor rep-tag

renfgntend of the T4p12 gene. A

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 (Ka), 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 concentrations (Fig. 6B). By adapting
the Langmuir adsorption isotherms (RU = (RUmax*[p12]}/([p12]+Ka)) to
these data, the Kq value was determined (Table 1). Endotoxin-free buffers
were used for the measurements. Kg values in the range of 10-7 to 109 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.



primer was constructed for this purpose for the 5 end of the pl2 gene (5
- GAA GGA ACT AGT CAT ATG GCTAGC TGG AGRACAC CCG 31 CAG TTC GAA AAA GCGC GCC
AGT AAT AAT ACA TAT CAA CAC GIT-3" (SEQ ID NO 1), which conprises the
nucl eoti de sequence of the Strep-tag at its 5 end (italicised in the
sequence) and a restrictiodnterface (Ndel, underlined in the
sequence) such that the gene in the rightl-hand reading grid can be
inserted into ®¥¥® expressi o3 PIOHI’d. Fon the 3' end of the pl2 gene, a

pri mer was—ecopsttucted VMW behind the pl2 gene, a BanH |
restrictfion in Face ( tali c?E2¥OR the gequence) (5" -ACG CGC AAA CCT
TGT CGA [CGG ATE dgIA TCA TTC 15 BaFABaCT T T TAT GTA GIT-3'), (SEQ ID

NO 2). The PCR was inplenmented wth 40 cygles (1 min 95C, 1 min 45C and 1
mn 72C)|. The #EW batch|was clB6BMEh the |restriction endonucl eases Ndel

and BanH—acnd—t—he—dey—r-ed——t—Laﬁnem—ms—J-nserted after size fractionation
via an dgarose?d¢¥ and |el ut iR 8% the gel into the Ndel and BamH site
of the expres iOOQO ptasind pET%%‘E—O?'e sequence of the N-strep-p 12 gene
was checked for its cofrectness vi'a DNA sequencing. The further steps for
the plasm d pNS-T4p 12p57 were i1 nplemented as described by Burda, MR 8s
MIler, S (Eur J Biochem 1999 265 (2), 771-778) for T4pl2p57. The

pl asm d pNS-T4p 12p57 was then transformed into the expression strain BL2
1 (DE3). Lnsertion.of. an N-termnal cysteine radical in, Nstrep-p 12
(N-str ep-ﬁastﬁl&- %.195%3‘,”% Ry rceoﬁl-%ﬁg S?f)q&/qstﬂﬁlq ﬁ’EeP? ?o el%efn%ﬁptl\PPQF‘ I
cyst ei ne pHdistat ofabeigiphigAnt ed as descri bed under 1, two new priners for
the 5° end being constructed for this purpose. There was used for the
N-strep-S3C-pl2, the primer 5 -GAA GGA ACT AGI CAT ATG GCT TGI TGG AGC CAC

Nos), . oRerEis e tett o birbdinecht dicdetiiong 1A% higti ik #1200k o0

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
pl12, whilst strains with a greatly shortened “core” region (e.g. E. coli
D21{2) were no longer detected by pl2 (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 pl12

gene (5' -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 AAA (GGC GCC TGT AAT
AAT ACA TAT CAA CAC GIT-3'" (SEQID NGO 4). 32 3. Purification of N-strep-p
12 protein: the E. coif strain BL21( % with the plasmd pNS-T4p 12p57
was drawn in 2 1 shaker cultures (LB nmediumw th anpicillin 100 pg/m) up

to a D600 of G4k T7¢ ?:-zm ABRACGTd &he axpr @\E@TQ@A’PfAChe’IN’ISUPE@ ®AC
12-protein was induced by addition of 1 mM I

(i sopropyl - ( 3-GRTa3'-( @@@dDoHQ dhowhiie) .COAipleses rthcubamlﬁohdatse@lmm@roﬁ h,

the cells wer Il ected.cell.s am 1cu|t takenu
in 50 mSSOdI H1 ﬁh"se gq% Snﬁ/l 5{ WN&%@IS cﬁfl‘%\'é% &ken 5p
by French pr ei—%strtiéﬁ@ﬁ %@érfé%@ (Q@%Ijgﬁiﬁdéﬂﬁ"n%ﬁ th N §8&uéﬂ@§)e§{i€ﬁt 1Wat

centrifuged off for 30 min at 15,0 m (SS34). After washing twice in
the same buf ftbe, gehe iN- the apglpu:hameireadln@gr@(tuaaicﬂaedlrisarmd hetpetheet ,

the pellet was extracte t hree y | on r 30 mn_in 40 nv
LTsHE ph 8 GXPTESHRPLBIRATIG Bt e aaetle Eh? diish eeBe. SoPriier 5515, 000
rpm (SS34) an(to&mrﬂét%aowﬁehN%ﬁéau\&@g Heiad ‘tHetfi?Q peabdue Bhndfy The
extraction was repeated twi ce and the conbi ned resfdueS were applied (IBA

GrbH Got t i ngermestmeidon inStnfepd 4daliniseflf imithg ssojuemce] 15" AALG &uCI ABAat ed

vasni ng  wi t n TGO GBI ArC it goRTC R TAL BIRARTTa ol (1 ce

volunmes of bufder-gijV( S‘E(% ND2NO:DM At diPeiR GFdd itnpldehesd With 49 (8kles

mul tiple dialysis against buffer "W and concentration, the concéntration
and purity of (Nmm&ﬁ“ﬁ‘z;pl 1245°Qetret 1t med 2%C)SOBhe BXCR batghiUwas cut

t .199 10 | | t t el
B h oY o it JheStedtigtibh e Faies idd Sod Bkl find 2BE AT Y
NSt rep- p12MASUEHBERKGASSEAD.Aaich Ji r@w@%—tﬁm%&gwﬁgﬁa&l D NO
6 Nstrep-p 12-S 4CM°\SV\SHPQ:EKGACSEQ

elution from the gel into the NdeI and BamH]I site of the expression
plasmid pET2la. The sequence of the N-strep-pl2 gene was
checked for its correctness via DNA sequencing. The further steps
for the plasmid pNS-T4pl2pS57 were implemented as described by
Burda, M.R. & Miller, S. (Eur J Biochem.1999 265 (2), 771-778) for
T4p12pS7. The plasmid pNS-T4pl2p57 was then transformed into
the expression strain BL21{DE3]).

2. Insertion of an N-terminal cysteine radical in N-strep-pl2 (N-strep-
S3C-pl2 and N-strep-S14C-pl12): the insertion of an N-terminal
cysteine radical was implemented as described under 1, two new
primers for the 5' 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-pl2, the primer 5'-GAA GGA
ACT AGT CAT ATG GCT AGC TGG AGC CAC CCG CAGTTC GAA AAA
GGC GCC TGT AAT AAT ACA TAT CAA CAC GTT-3' (SEQ ID NO:4).



33 Patent clainms 1. Method for detecting endotoxin, conprising the steps:
a) incubation of a sanple with a bacteghophage tail protein, b) detection
of endot oxi n bonded to bacteriophage tarl proteins. 2. Method according to
claiml, if necessary conprising furthernore after step a) and prior to
step b) tdhe addirifiemabn VIeP-sérep-peRAFRIERN tdle EheolPaehed IBIhEUE)akith
prot ei n-endot oxi n _conpl exes fromthe sanple. 3. Method according to one of

the clains 1 tthe3plasgeiddplNecitod 2pSinyas dphenein éilighakemeubtires (LB

spectroscopi c hods, . 4. _Met.h f renpving _endot Qx| r S | e,
compr 1 ot ng. ¢ heheaiigaswids afRkGf: BoRERHIL AR R S OP0 K08 78E Sanp
in contact wgmrbagtetHeopkogssici bf Bheti¢istfepp 19N padeih RRPihdsesd oy a
per manent carrier, non specifical I&_/ or directed, b) separation of the

11

bact er i ophage adslitiopr ef di mMnHSFGx Wp@gﬁiblfekhh* bepwramsiséde)s. Aftarhod
di | ai.m 4 h ' [ t '
chr ot ogr aphyEBPRRRL A Slor et kertisee s Wige SRlegHED &t ol et celism 4,

the permanent fE@nr i@ Rehng wktd Eﬁ&ér@%lf e 8i0am] GoassmPphbsphite, JMemgt i C
particles, centrifugation materials, 34 sedinentation materials or filling

mat eri al s for phrodat 2gmadhylgSEdt,unk . M7 Nad Howkeoc syd ibiyg Frenchapress to 6,
t he bact [ t ai i ns. i . bili d { f [
Vs coupl | ng. areimaehi R BDRLES, BEO R Bhd SifSedienly BaE el o

being a | ectidor JeHER &f 187000HeRI(EB34Y. AMEhAhsPEaQMHiE thotd 8hMe/, the

coupling group being a streptavidin or avidin and thé bacteriophage tail
prot ei ns bei nduffer, the N-strep-pl2 protein was extracted from the pellet, the

pellet was extracted three times by agitation for 30 min in 40 mM
trisHCl pH 8.0, 10 mM EDTA, the batch was centrifuged for 30 min
at 15,000 rpm (SS34) and the dissolved NS-pl2 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 trisHCI1 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
culture, approximately 100 mg N-strep-T4pl2 were thus purified.

Name Sequence of the tag

Nstrep-p12 MASWSHPQFEKGAS SEQ ID NO: 5
Nstrep-p12-S3C MACWSHPQFEKGAS SEQ ID NO: 6
Nstrep-p12-S14C MASWSHPQFEKGAC SEQ ID NO: 7




coupled with biotin or a Strep-tag. 10. Method according to claim4 to 6,
t he bacteriophage tail proteins bei nq%%mmbi | ised on the permanent carrier
covalently via chem cal bonds. 11. Method according to one of the
precedi ng clains, the bacteriophage tail protein having a Strep-tag or a
H s-tag. 12. Method according to ®.asst dhinishe tag having an amno acid
sequence according to SEQID NO. 5, 6 or 7. 13. Method according claim11l
or 12, the p 12 protein of the phage T4 being used as bacteriophage tail
protein. ,14. t hod, accor.di to one of the preceding, clains, the Ca2+
concent r ati onﬁ?\tq}qgeﬁ%rn ?fﬁﬁﬁ%&nerb(%qﬁﬁnb.?Iﬁﬁgﬁsgjagiiﬁ%t%?\% the M2+
concentration being 0.1 Mto 10 nM 15. Method according to one of the
claims 1 to 3, marked endotoxin being displaced fromthe bond with a
bact er i ophage aj ai | ipeabetinnait samplawvited badurinphageetail psolssequent | y
detect ed. SEQUENCE LI STI NG <110> PROFOS AG <120> Method for detecting and
for renmoving endotxtin <130> PRO 008 PCT/ nat. <140> PCT/ DE2003/ 002096
<141> 2003- 06134 eh80criE of GRRRok#%08nd6d 33 bRAA0BAAZH 5A 3Dt HRs1 03 07
793.6 <151> 2003-02-24 <160> 8 <170> Patentln version 3.1 <210> 1 <211>
78 <212> DNA

2. Method according to claim 1, if necessary comprising furthermore

after step a) and prior to step b) the additional step

a') separation of the bacteriophage tail protein-endotoxin

complexes from the sample.

3. Method according to one of the claims 1 to 3, the detection being

implemented by means of spectroscopic methods.

4. Method for removing endotoxin from a sample, comprising the
steps:
a) incubation of a sample with or bringing a sample in contact

with bacteriophage tail proteins which are immobilised on a

permanent carrier, non specifically or directed,

b) separation of the bacteriophage tail protein-endotoxin

complex from the sample.

3. Method according to claim 4, the steps a) and b) being implemented

in a chromatography column throughflow method.

6. Method according to claim 4, the permanent carrier being filtration

media, glass particles, magnetic particles, centrifugation materials,



<213> artificial sequence <220> <223> Priner <400> 1 gaaggaacta gtcat atggc
t agct ggagc cacccgcagt tcgaaaaagg cgccag%aat 60 aatacatatc aacacgtt 78
<210> 2 <211> 54 <212> DNA <213> artificial sequence <220> <223> Pri ner
<400> 2 acgcgcaaag cttgtcgacg gatcctatca ttcttttacc ttaattatgt agtt 54

<210> 3 <211x%e88memdddonDNatetiads oft fiflirtd ahmateauRNdBr <@Bfmatagddptly | mer
<400> 3 gaaggaacta gtcatatggc ttgttggagc cacccgcagt tcgaaaaagg cgccagt aat

60 aatacatat CoduBHEytt 78 <210> 4 <211> 78 <212> DNA <213> artifici al
sequence <220> <223> Priner <400> 4 gaaggaacta gtcatatggc tagctggagc
cacccgcagt tcgaaaaagg cgcct gt aat

7. Method according to claim 4 to 6, the bacteriophage tail proteins

being immobilised on the permanent carrier via coupling groups.

8. Method according to claim 7, the coupling group being a lectin,

receptor or anticalin.

9. Method according to claim 7, the coupling group being a
streptavidin or avidin and the bacteriophage tail proteins being

coupled with biotin or a Strep-tag.

10. Method according to claim 4 to 6, the bacteriophage tail proteins
being immobilised on the permanent carrier covalently via chemical

bonds.

11. Method according to one of the preceding claims, the bacteriophage

tail protein having a Strep-tag or a His-tag.

12. Method according to claim 11, the tag having an amino acid

sequence according to SEQ ID NO. 5,6 or 7.

13. Method according claim 11 or 12, the pl2 protein of the phage T4

being used as bacteriophage tail protein.

14. Method according to one of the preceding claims, the Ca?2*
concentration in the incubation being 0.1 uM to 10 mM and the

Mg?* concentration being 0.1 pM to 10 mM.

15. Method according to one of the claims 1 to 3, marked endotoxin
being displaced from the bond with a bacteriophage tail protein and

the marked endotoxin being subsequently detected.



aat acatatc aacacgtt <210>5 <211>19 <212>PRT <213>artifici al sequence <220>
<223>Tag for targeted Biotinylation <400>5 Met Ala Ser Trp Ser H's Pro A n
Phe GQu Lys Ay Ala Ser Asn Asn 1 5 1015 Thr Tyr A n <210>6 <211>19
<212>PRT <213>artificial sequence <220> <223>Tag for targeted Biotinylation
<400>6 Met Al a Q/s Trp Ser IHesUuBRCcB daTIihe G u Lys Gy Ala Ser Asn Asn 1 5
10 15 Thr Tyr A@n <210>7 <211>19 <212>PRT <213>artifici al sequence <220>
<223>Taq for tar%fted Bi otinyl ati on <400>7 Met Ala Ser Trp Ser H's Pro G n
Phe A ¢tys & &°Cys Asn Asn 1 5 10 15

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

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

<1l50> DE 102 28 133.5
<151> 2002-06-24

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

<160> 8

<170> PatentIn version 3.1

<210> 1
<211> 78
<212> DNA&A

<213> artificial sequence

<220>
<223> Primer

<400> 1

gaaggaacta gtcatatggc tagectggage cacccegecagt tcgaaaaagg cgcecagtaat 60
aatacatate aacacgtt 78
<210> 2

<211l> 54

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 2

acgcecgcaaag cttgtcgacyg gatcctatca ttettttace ttaattatgt agtt 54
<210> 3

<21l1l> 78

<212> DNA

<213> artificial sequence

<220>
<223> Primer

<400> 3
gaaggaacta gtcatatgge ttgttggage cacccgcagt tcgaaaaagg cgcecagtaat 60
aatacatatec aacacgtt 78



Thr Tyr A n <210>8 <211>539 <212>PRT <213>artifici al sequence <220> <223>P12
with a tag for targeted Biotinylation <400>8 Met Ala Ser Trp Ser H's Pro
G@n Phe Au Lys Ay Ala Ser Asn Asn 1 5 10 15 Thr Tyr G@n H's Val Ser Asn
Gu Ser Arg Tyr Val Lys Phe Asp Pro 20 25 30 Thr Asp Thr Asn Phe Pro Pro
Qu Ile Thr Asp Val G n Ala Alalle 35 40 45 Ala Ala lle Ser Pro Ala Gy
Val Asr2®y ¥al Pro Asp Ala Ser Ser 50 55 60 Thr Thr Lys Ay Ile Leu Phe
Lau Al eszh? éeu dn Gu Val Ile Asp 65 70 75 80 Gy Thr Asn Asn Thr Lys
Al a VaI > #Ima I Leen‘éeA' a Thr Arg 85 90 95 Leu Ser Tyr Pro Asn Al a
Thr @ ¢ \7aF QYT Thr Arg Tyr 100 105 110 Ser Thr Asp Asp G u
Al a Ilegz,@bg Ay VaI Asn Asn AQu Ser Ser Ile 115 120 125 Thr Pro Al a Lys
Phe ThreoVal Alandeu Asn Asn Val Phe Qu Thr Arg 130 135 140 Val Ser Thr
Gu Ser Ser Asn Ay Val Ile Lys Ile Ser Ser Leu Pro 145 150 155 160 dn
Ala LexsAba @y Ala Asp Asp Thr Thr Ala Met Thr Pro Leu Lys 165 170 175
Thr An d@n Leu Ala Val Lys Leu lle Ala @dn lle Ala Pro Ser Lys

gaaggaacta gtcatatggce tagctggage cacccgcagt tcgaaaaagg cgcctgtaat 60
aatacatate aacacgtt 78
<210> 5

<211> 19

<212> PRT

<213> artificial sequence

<220>
<223> Tag for targeted Biotinylation

<400> 5

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

<210> 6

<211> 189

<212> PRT

<213> artificial sequence

<220>
<223> Tag for targeted Biotinylation

<400> 6
Met Ala Cys Trp Ser His Pro Glmn Phe Glu Lys Gly Ala Ser Asn Asn

1 5 10 15
Thr Tyr Gln

<210> 7
<211l> 19
<212> PRT

<213> artificial sequence

<220>
<223> Tag for targeted Biotinylation

<400> 7
Met Ala Ser Trp Ser His Pro Gln Phe Glu Lys Gly Ala Cys Asn Asn

1 5 10 15
Thr Tyr Gln



180 185 190 Asn Ala Ala Thr Qu Ser Qu dn dy Val Ile An Leu Ala Thr Val
195 200 205 Ala A n Ala Ar)g An @y Thr Leu Arg Qu Ay Tyr Ala lle Ser Pro
210 215 220 Tyr Thr Phe Met Asn Ser Thr Ala Thr Gu GQu Tyr Lys Ay Val Ile
225 230 235 240 Lys Leu Gy Thr A n Ser Gu Val Asn Ser Asn Asn Ala Ser Val
Al a 2451%08255 Val Thr Ay Ala Thr Leu Asn Ay Arg Ay Ser Thr Thr Ser
Met g21%052%5 270 Ay Val Val Lys Leu Thr Thr Thr Ala Ay Ser @ n Ser
dy d f)%b PBY5 280, 285 -3 Ala Ser Ser Ala Leu Ala Trp Asn Ala Asp Val Ile
Hs dnATY é‘?flféﬁlf%u%‘bfﬁ Ay A@n Thr Ile Asn Ay Thr Leu Arg Ile Asn
Asn Thr_Leu Thr Ile 305 310 315 320 Ala Ser Ay Ay Ala Asn Ile Thr Ay
The ValsAen Wes bt S, G £32R:33%: 330, Tyidd e Gn Gy Lys Arg val Val
Thr Gn Asn Gu Ile Asp Arg Thr 340 345350 Ile Pro Val Ay Ala Ile Mt
Met Trpaéda Ala Asp Ser Leu Pro Ser 355 360 365 Asp Ala Trp Arg Phe Cys
Hs Gy Gy Thr Val Ser Ala Ser Asp Cys 370 375 380 Pro Leu Tyr Al a Ser
Arg || dedAlaTRer Arg Seyr HF Pr@& GlnSere Sén Ser G1B85a 380 39652400 Asn Pro Ay
Leu Prd Asp Met Arg -y Leu Phe Val Afg Gy Ser Gy 495 410 415 Arg Ay

Ser H $I‘h|fe'H(rTrG1'{n '?-\I?_Q VF;r OSéA‘J:$ rZ!\sr\l/a(l:].uAg:L_’]r < g Tyr Val Lys Prll'le Irgsep Pro

20 25 30

Thr Asp Thr Asn Phe Pro Pro 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 &0

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

Gly Thr Asn Asn Thr Lys Ala Val Thr Pro Ala Thr Leu Ala Thr Arg
85 a0 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 Tle 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 1560 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
180 185 120

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

Ala Gln Ala Arg Gin 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

Lys Leu Gly Thr Gln Ser Glu Val Asn Ser Asn Asn 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
275 280 285



420
435
450
465
Thr
Arg
Pro
535

425 430 Ay Lys Pro Arg Leu dvy Val
440 445 Val

470 475 480 Val
485 490 495 Asn Asp Gy
Tylasr 585 a0l uP AT Aty 2PPoVad gl dids|fle &y GAsn G u Thr Arg
515 520 525 |1%8°Ser Leu Asn TyP°dle Ile Lys Val Lys Gu 530

Trp Astr?

Gly
305

Ala

Tyr

Ile

Asp

Pro

385

Asn

Gly

val

Glu

465

val

Asn

Thr

Ile

Gln

Ser

Ile

Pro

Ala

370

Leu

Pro

Gly

Lys

Gln
450

Tyr

Gly

Asp

Leu

Ser
530

Thr

Gly

Gln

Val
355

Trp

Tyr

Gly

Ser

Pro

435

Lys

Asp

Thr

Gly

Asn

515

Leu

Ile Asn Gly Thr Leu

Gly

Gly

340

Gly

Arg

Ala

Leu

His

420

Arg

Gln

Asp

Arg

Tyr

500

Arg

Asn

Ala

325

Lys

Ala

Phe

Ser

Pro

405

Leu

Leu

Gln

Ser

Lys

485

Glu

Pro

TYr

310

Asn

Arg

Iile

Cys

Arg

390

Asp

Thr

Gly

Met

Gly

470

Gly

Ile

Glu

Ile

Ile

Val

Met

His

375

Ile

Met

Asn

Val

Ser

455

Ala

Leu

Asp

Leu

Ile
535

Thr

Val

Met

360

Gly

Gly

Arg

Pro

Gly
440

TYyT

Phe

Asgp

Pro

Ile

520

Lys

Arg

Gly

Thr
345

Trp

Gly

Thr

Gly

Asn

425

Cys

His

Gly

Trp

Ala

505

Gly

val

Gy Cs Thr dy Ay Tyr Val
GnLys An @n Mt Ser Tyr

Gy Gu

Hs Lys Hs Ala Ay Gy Phe Ay
455 460 A u Tyr Asp Asp Ser Ay Ala Phe Gy Asn Thr Arg Arg Ser Asn Phe
Gy Thr Arg Lys Ay Leu Asp Trp Asp Asn Arg Ser Tyr Phe

Iie Asn Asn Thr Leu Thr

Thr

330

Gln

Ala

Thr

Arg

Leu

410

Val

Thr

Lys

Asn

Asp

490

Ser

Asn

Lys

315

Val

Asn

Ala

Val

Tyr

395

Phe

Asn

Gly

Hig

Thr

475

Asn

Gln

Glu

Glu

Asn

Glu

Asp

Ser

380

Gly

Val

Gly

Gly

Ala

460

Arg

Arg

Arg

Thr

Met

Ile

Ser

365

Ala

Gly

Arg

Asn

Tyr

445

Gly

Arg

Ser

Asn

Arg
525

Thr

Asp

350

Leu

Ser

Ser

Gly

Asp

430

Val

Gly

Ser

Tyxr

Ser

510

Pro

Gly

335

Arg

Pro

Asp

Ser

Ser

415

Gln

Gly

Phe

Asn

Phe

495

Arg

Trp

Tyr Qu Ile Asp Pro Ala Ser An Arg Asn Ser

Ile

320

Gly

Thr

Ser

Cys

Ser

400

Gly

Phe

Glu

Gly

Phe

480

Thr

Tyxr

Asn



