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1 Static support bed for purification, separation, detection, modification
and/or immobilization of target entities and method using thereof The
present invention relates to a static support bed for purification, 5
separation, detection, modification and/or immobilization of target
chemical entities or target biological entijies present in a fluid.
BACKGROUND ART 10 Different analytical, biochemical and diagnostic
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biocatalytic reactions are performed in reactors, where an enzyme catalyst is
retained on a porous inorganic support.

On the other hand, immobilization has also been used to perform chemical
and bioclogical separations. Separation of macromolecules such as proteins
has a considerable cost in the manufacture of pharmacalogical products.
Chromatography has been used for decades to perform such type of
separations. Chemically modified cellulose or silica are used for the
stationary phase in the manufacture of commercially important biomolecules
in the food, biopharmaceutical, biotechnology and pharmaceutical industries.
Alternative stationary phases can include metals and metal oxides, for
example, particulate aluminum oxide. Membrane adsorbents, i.e. membranes
with functionalized sites on the surface for chromatography, can also be used.

Many analytical methods involve immobilization of a biological binding partner
of a biological molecule on a surface. The surface is exposed to a medium



coupling to the surface-immobilized binding partner is determined.
Likewise, the majority of biotechnological processes for producing 5
pharmaceutical or diagnostic products involve the purification of
biomolecules from a variety of sources. Purification of a biomolecule is
often initiated via the use of adsorption chromatography on a
conventional packed bed of solid support adsorbent. This frequently

R it Ofmolecue
pu r%]i;g%f({)% %$ p%(a?s%é%%m"}%ﬂ’ a‘% Hiﬂ?s%?&]%[r@ Aeieanigrd.

conventional packed bed chromatography. This method is hampered by

theligisise| tharaaloristios sibtbesectogiealndeéedhsSige SoRlaeds,

5 ViSpRgnaESOIHLARs JIagHE¥HY PiaaMidsFanal ‘%ﬁ‘é?ﬁl’iﬁé&@’ﬁ tﬁg Pl olecules

10

nucleic aC|dS.from the microarganism, etc, , settln stringent li : t_IQI’]S n .
15 {98 SPHEF A RO WEG T ANiAes Hiabiradispuieinptemaitiated via
mair e &isecicadapyriios|ivhilme tbgrplinntid &acivrihisnddpacked bed of solid
fﬁ@umm @u&zﬁ_bmfamy%qﬁ@ﬁugw@deti_m@ %ﬁﬁ%&{&f&%ﬁé&éﬁ@ elitture
-tnergpeutl oraon entalls a . danger 1or
iRt EINER J ARG R A3 7e08s535 of
chRSRIBEHARIARA Grutitstion ob lasmiditi BN fernbasienia sedesd ererbased
camiedanventitoalypankedibed emionstpgckelb dtitarkBadrthampered by

chipgatn@iaphehRBEorRYES SPIRBSY S RRARG g&.g.(‘éfé%agﬂgg FE‘
dsarption: EBA) or a fluidized bed (fluidized bed adsorption: FEA). Al of
ey o o MoRe adli e phaa e sty §é%%’£&y¢m§ithe?
suBH@@!@ﬁ@scgﬁPﬁﬁﬁﬁ)g?@ﬁ?ﬁkfgﬁ@iﬁ@dﬁ%h@ﬁﬂmmmﬂaﬁmitations in

15 putdinatiohopeeatiigdysiragitiog shatioraysupdaRep FAuRhdrmore, it may be

30

35

CHma IR B T SR MRS o e

tati

ol AR R RTE Gt ap oy Bl iR SxprasSam el dBs gRResthantained
chﬁrﬁ@@@ﬁdﬂﬁﬁh@ﬁmm Emniaiieardatgéofor #k26qptébefsath

95 sehdAsInenyianR iSRRI 8NchrdaBeliitRs RRERHARS otc.

terephthalamide). 35 J. Oleo Science 2002, 51/12: 789-798, describes a
liquid chromatography method with polyester and cellulosic filament yarns

adYPRoslisnaamalsstaphymsib ey am|saroedoibeot opttrateavith an

acpeeves sonkictack stdsdidFaciddtoad chromatography; PBC), but also on an
expanded bed (expanded bed adsorption; EBA) or a fluidized bed (fluidized
bed adsorption; FBA). All of these chromatographic methods contain particles
as adsorption support.

Other chromatographic methods used in separation and purification, use
fibrous media as stationary phase. Thus, J. Chromatography 1992, 598/2: pp.
169-180 describes a continuous stationary phase consisting of yarns woven
into a fabric rolled and packed into liquid chromatography columns. The
yarns described have a characteristic width of 200-400 pm, are made from
10-20 pm fibers of 85% poly(m-phenylene isophthalamide) and 5% poly(p-
phenylene terephthalamide).

J. Oleo Science 2002, 51/12: 789-798, describes a liquid chromatography
method with polyester and cellulosic filament yarns as the stationary phase to
remove oily soils from a fiber substrate with an agueous surfactant micellar
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EP 328256 discloses a glass fiber coated with a porous hydrophilic matrix
material which is derivatized to bind a suitable ligand or biological material
in 5 a chromatographic process. Finally, WO 03/00407 relates to
aluminum hydroxide fibers highly electropositive and approximately 2
nanometers in diameter. Such fibers cans filter bacteria and nano size
particulates such as viruses and colloidal 10 particles at high flux through
the iEﬁ{o hey can also be used for purification and sterilization of water,
bioﬁoglca , medical and pharmaceutical fluids, as a collector/concentrator
for detection and assay of microbes and viruses, and also as a substrate
fortd? B2BP5bod#s] dse s m atphe fibg gsa Eabiethnal omwiie hatrdgaNG riatrix
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miniaf#re el{ectFon'c components, and for filtering 0f electromagnetic
intBrferTee SPGr&SEs and cables. The microwires have also
conducting properties and, therefore, may be used in electro magnetic
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modification and/or immobilization of target substrates contained in a fluid.

J. Magnetism and Magnetic Materials 2002, 249: 357-367 describes the use
of nanoporous membranes partially filled with magnetic hollow wires to
separate magnetic beads present in a fluid. The magnetic beads, previously
loaded with specific biclogical entities, are separated by passing the fluid
containing the magnetic beads through the membrane while applying an
external magnetic field in order to magnetize the ferromagnetic cylinders, and
therefore the biological entities bound to the magnetic beads are trapped on
the walls of the capillaries while the unbound units are passed through.

J. Magnetism and Magnetic Materials 2005, 293: 67 1-676 describes the
sensitivity of glass covered amorphous microwires to the Giant
Magnetoimpedance effect (GMI) for the detection of magnetic microparticles
setiled on and near its surface when a magnetic fisld is applied. The
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5 WO 2005/101464 relates to metallic glass coated microwires wherein
the biochemical reagents and enzymes of the PCR reaction are
encapsulated or loaded into nano- or micropores etched on the glass
surface that is either a part of the glass-coated microwire or is deposited
thereon by dipping, spraying, or some ofher method. 10 SUMMARY OF
THE INVENTION The problem to be solved by the embodiments of the
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mikithRiessubseasatii dniveldnces above mentioned for other
methods. The solution is based on the provision of a method carried out
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im ilizati r Ff%!ﬁ entities or target biological entities
préﬁg%fﬁﬁ'a? ﬁ%ﬁ%ﬁggal s%abﬁc support bed comprises one or more
microwire supports secured by their ends, these microwire supports

hab i i AdRiY( i R eT HErIMUYESTHYN gated into a central core and one or
more coating layers, and 30 being suitable for the attachment of target
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mideRtiPaes fyortd in the static support bed is placed into the
inner volume of a channel; with the proviso that if a magnetic field is

acing shafioTid Bk sRRRETbRRASBAING ManBaialrklia NAUiE S Gatic
separate %ncgor d%ect . . .
upport bed containing one or more microwire supports secured by their ends
as stationary phase, said microwire supporis being suitable for the
attachment of target chemical entities or target biological entities.

Accordingly, in a first aspect, there is provided a static support bed (SSB) for
purification, separation, detection, modification, and/or

immobilization of target chemical entities or target biclogical entities present
in a fluid, where said static support bed comprises one or more microwire
supports secured by their ends, these microwire supporis having a multilayer
structure segregated into a central core and one or more coating layers, and
being suitable for the attachment of target chemical entities or target

biological entities, wherein the surface of the microwire is modified by:
a) attachment of ligands directly or through a linker; or

b) by coating it with a functional coating,



magnetically susceptible particles present in the fluid through the
magnetic LO interaction established between the microwire supports and
said magnetically susceptible particles. The microwire supports are also
subject-matter of the disclosure. Thus, in a5 second aspect, there is
provided a microwire support, secured py either end, for the integration in
the static support bed as defined herein, said microwire support having a
multilayer structure segregated into a central core and one or more
coating layers, wherein the surface of the microwire is modified by: 5 a)
attachmehe afifi gardisplirdthtion et Boim ke difibd thync @atitgrit with a
functional ing, the ting being,a coating, which may interact by.
R SR S R A R e R SR e Tl
thargesicbiotogioabé nbgtitg tenfone miwneratiogatingy fiteligathindraspettn the
tggjfaicsepépwgéer% iarrgv%tpogufor gHéi_fication, separation, maodification,
andlor immobilization oFtargpé% chémical entities or target biological
emitieghpresethénstatividppiod teel Stagiesagpotolibe thefetacblabvavef a
rein sai ises: i . le fluid containing _th
S B B R BRI S L SRR Sl
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C ' ities 0 [ ical entfiti [ ir paorts of ..
s b B R e
mdditichdoresiabliehteddeeveiry; teomticstiye wagipoidst i@ dsaih ehagoietically
| ' Ired components and impurities of the fluid; and e)
gé%%%%%%e%%ﬁ%% '0 chemical entities or the resulting biological entities,
with the proviso that if a magnetic field is acting upon said static support
hed then the magnetic field is not used to separate and/or detect ]
MAGBIRY SuSERpRRR B RIR PreissmAttice alibartisaipsuie: Thus, in a
magnetic interaction established between the microwire supports and said
magnetically susceptible particles. 25 This method is particularly useful
for the separation, purification and/or modification of biomolecules such
as proteins, glycoproteins, nucleic acids, such as RNA, DNA, cDNA,
oligonucleotides and plasmids, peptides, hormones, antigen, antibodies,
lipids and complexes including one or more of 30 these molecules.
Definitions
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In the following the term "biological entity" is intended to include
components 35 of biological origin. It includes animal, plant, fungi, or
microbial cells, tissue cultures, antibodies, antibiotics, antigens, plasmids,
oligonucleotides, 6 peptides, hormones, coenzymes, enzymes, proteins,
either naturally or recombinantly prodl.g:ed, glycosylated or not, cellular
components, nucleic acids, viruses, carbohydrates, body fluids, blood
components, microorganisms, and derivatives thereof, or parts thereof as
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or non-covalent forces a chemical compound or a biomolecule.
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aomipesed obmponents and impurities of the fluid; and e) eluting the resulting
chemical entities or the resulting biological entities, with the proviso that if a
magnetic field is acting upon said static support bed then the magnetic field is
not used to separate and/or detect magnetically susceptible particles present
in the fluid through the magneitic interaction established between the
microwire supports and said magneticaily susceptible pariicles.

This method Is particularly useful for the separation, purification and/or
modification of biomolecules such as proteins, glycoproteins, nucleic acids,
such as RNA, DNA, cDNA, oligonucleotides and plasmids, peptides,
hormones, antigen, antibodies, lipids and complexes including one or more of
these molecules.

Definitions
in the following the term "biological entity" is intended to include components

of biological origin. !t includes animal, plant, fungi, or microbial cells, tissue
cultures, antibodies, antibiotics, antigens, plasmids, oligonucleotides,



one or more microwire supports, grouped together in a recurring pattern

and 7 immobilized by either end. The term "bundle of microwire

supports”, as used herein, refers to a plurality of microwire supports, i.e.

more than one microwire support grouped together 5 in a recurring

pattern. DETAILED DESCRIPTION OF THE INVENTION: An important

iIssue in present day industrial processes is scalability limitation 10 due to

the 0 lied. ThIS limitation may cause that a successful
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m |R‘?e%%ﬁ %‘3 hlgh capacity of static support bed
technology, the use of very large static support bed devices is very rare
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mdaﬁtﬁ mgcg.?&jsﬁ range from 0.5 cm of maximum

cross-sectional dimenSion &nd 5 cm in length to 50 cm of maximum cross-
sectional dimension to 1.5 m in length. One of the advantages of static
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microwire gup;?o ts @nployed in this Invention i.e., given a part|cu|ar

porosity of the static support bed device, larger avallable surface area will
beABaisdddertin e teiatic ssppratidredeferic uhed &858 iRBEfransforms a
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are more resistant to fracture, for this reason farge eV| es or har
process conditions require the use of thicker microwire supports. The
lerftusedhensicrolivi datop poadifcatioparedatarty ersaltteatitnant@Sstructure

Spwﬁim@@weimﬁéﬁﬁc%'&?@iﬂﬂdéiééf%ﬁ%m larger than the length
of the column or reactor. Nevertheless, the above mentioned

considerations result in the convenience of using the microwire supports

haWhYSSERAERI, s tarmirimmebisatinntistarsiiodieiant ol tachige bf
1 povabtehd@d pon-andatent forces a chemical compound or a biomoiecule.

Immobilization of cells, to produce vaccines, proteins, eukaryotic genes,
tissue grafis, proteins from recombinant DNA, etc. is a particular use of the
microwires of the present invention.

As used herein, the term “maximum cross-sectional dimension” of any given
object refers o the maximum distance found between any two given points
contained within the largest perimeter defined by the intersection of the
object and a plane perpendicular to the longest dimension of the object.

The term "microwire”, as used herein, refers to a solid, i.e. not hollow, thin
element, which may be of circular or non-circular cross-section, and which
has a maximum cross-sectional dimension smaller than 1000 pm. The terms
“microwire” and “microwire support” are used indistinctly in this document.

As used herein the term "static support bed” refers to a matrix composed of
one or more microwire supports, grouped fogether in a recurring pattern and
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maintain their filamentous shape, a length to maximum cross-sectional
dimension ratio larger than 5. More preferably, their maximum
cross-sectional dimension is in the range of 1 pm to 100 pm and the
length to maximum 5 cross-sectional dimension ratio is larger than 50.
Even more preferably, the length to maxjmum cross-sectional dimension
ratio is larger than 500. Most preferably, the length to maximum

CrqQss: ' dimension ratio is larger than 1000. 10 Static support bed
tegm%gtg@?%@ dyé?%:rlggg rrmfjei'irein, is most advantageous when applied to

the processing of large fluid volumes, fast flowing fluids, viscous fluids
andifeidswbusdie ofnrdcspeinsistpporsy, abthesd fureiNsiees %o a plurality
AP ERERS WL FIHIE TR AIRAC TR T i SRER IR W, pb%%é '&'%e%f {Ogether
I|m|t|nq back reSSﬁe. 15 Backpressure arises when the processin

deV & HEIPBEFHE e flow of the fluid that is being processed exerts
resistance to the flow. This resistance is the consequence of the large

vispEsinicEirpedSorereon apiadcanaEkert g the porosity at any
given cross-section of the device. The porosity of the 20 device is affected

by the design of the device, the size and geometry of the supports
cHRLIRBP AR S6HS J AERSRRA AU IR Al RiRvg R opaRtiimitation
sudpe igithe teshaciuoy dpeiadhinid doduiberandyedice theefetii@ssful
POsRRESSdhEriaN bRt Seifo i i
s%% {ét a%] aseculreéi by either end to pﬁ%\gﬁi&aﬂgga%%%%%ﬁ%é{%v\ﬁg?g
thée'spa il distout H%(“ﬁ@.é fe supports remains stable
independently of the nature of the fluid applied or the velocity of the flow
?ﬁm'mfariae tecditngrsidhs Mﬁe%ﬁwﬁmsbfa&viaégr?gﬁergw@%

r [essure nd filterin
Wﬁ% e T L L g ross-
m ?é‘S% BeRRaniang the SR Lnsthrie dbdamtamaximum ewssent
miecicnesdipweneidomndi @nyle Engtio Heyreeenvitheeficthethiih capacity of
HewgyeiuppsriaaariashHe§e!ite UsinensionNs sy ?ﬁé@@ce ,
b %?g# @&&n’t&rpl% ovyr)g;sug_gorts&a S ué?ﬂn ered throu t?ﬁe: ed by
3§ DUSRING awdy adjacent mictowire ﬁi%ﬁ 4 SIORR S sipticaprort
tr#ae%gmqeﬁsfﬁmﬁjgﬁtaabmﬁ@@mﬁimrmm@fvmmmsmmﬁmaxsmum
adfassrgectioralvitiesdesiomeranogldmiagle (650 earatmMarseYtéross-

dgsidid AR Hnension to 1.5 m in length.

One of the advantages of static support bed technoiogy is ifs ability to provide
large available surface area combined with high porosity within the
boundaries of a static support bed device. This advantage results from the
filamentous shape of the microwire supporis employed in this invention /..,
given a particular porosity of the static support bed device, larger available
surface area will be provided within the static support bed device when
thinner microwire supports are employed. However, thicker microwire
supports are more resistant to fracture, for this reason large devices or harsh
process conditions require the use of thicker microwire supports.

The length of the microwire supports is not particularly restricted to any
specific range, insofar as generally it is equal to or larger than the length of
the column or reactor. Nevertheless, the above mentioned considerations
result in the convenience of using the microwire supports having preferably a
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construction limitations may require increasing the angle between
adjacent microwire supports up to forty-five degrees. Therefore,
according to a preferred embodiment of the present invention, any 5
given individual microwire support forms an angle between 0 and 45 with
any other neighboring microwire support.seMore preferably, any given
individual microwire support forms an angle between 0 and 10 with any

t i gL Microwi | f badiment, th
CIEAPRIAB TN SRR D8 S EE R s,

ard WaRigIa g e Hemesiarsanare eAdaRaf e Max BRINoFioRSceRgHinnal
reatiogtigianotstizddrigg tiieinehdd cna b fablinth8pwnavinsubir orgis ational
en@mh@i@m@?rz@@% k@ﬁg%aéﬁq%ﬁffxcgﬁsr@ @rmhﬂ@;lliaﬁaintt;frﬁamwﬁﬁ

su . in such a way. that the 15 feeding flow makes an
O R S o A 8 IR R0 s o B ezl the
otHEPgiBjediRHT B IS sfettenalimeasia eatigdorngsithan il Gnidost
of {refevhbiy ihieremgthr WwithaxicrowiceossHpeisrendines B iBAIfRID is larger
disfriprtigrmghroughout the column or reactor of 20 the microwire

supports, as such or grouped in bundles. This uniform distribution can be
achieved by immobilizing the microwire supports or bundles by their

en&datin wigrarthadiathneltgnrasrdeseibenh hergira iwayoshactentageous
immhbﬂiag@l@tﬂﬁnfﬂfmpa@ﬁ@t ' smgzagargaalai&f#wléﬁsﬁé@%gﬁ} %Maﬁia?iﬁids,
eng r A ordi e are within

e S RO g R W S e hion T S Rt ol
deliRlANEaRRANISEER Rl PHIRIII RN IBaiRRyCTHiS £ilheNida I Kept
copstaintctiviby gh outithiéingebaclpressame. SSB  device. 30 In a preferred
embodiment of the invention, the microwire supports of the static support

ve a central.core and oatin§ layers made of. djfferent materials.

bed h

TP ARI 60 b EALE SOOI B e (NGrEeRd I (he How o the

entisidiihaiie beibg fsppeesedexatsdwsisiantedo dhaioweTiisi castibance is

likéehascohrssy e onelenialagidvseesitpbetaegy b Se8ENDIANRI T8kfhared

selgine sbRIBD B URY R LBAAHNG ObaiPo R, BRI ATIC LBRLIAPHE 1ne

an%) lastic material. Ih’a more preferred embo |mer1{, e cantrar cote 0

sa %lﬁ& ¢tpd by the design of the device, the size and geometry of the
supports contained within the device and also by the filtering effect on solids
in suspension that accumulate within the device and reduce the effective

porosity of the device.

In static support bed technology microwire supports are secured by either end
to provide a static support bed where the spatial distribution of microwire
supports remains stable independently of the nature of the fluid applied or the
velocity of the flow applied. The securing of the ends results in adjacent
microwire supports forming a particular angle. In order to avoid backpressure
and filtering effect on solids in suspension, the most convenient arrangement
of the microwire supports within the static support bed device is when
adjacent microwire supports form an angle of cero degrees with each other.
However, it is important that solids of dimensions larger than the distance
between adjacent microwire supports pass unhindered through the bed by
pushing away adjacent microwire supports and distorting temporarily the
spatial distribution of adjacent microwire supports what results in adjacent
microwires forming an angle of up to ten degrees. Moreover, design and



i0

15

20

25

30

35

supports is made of metal, and at least one coating layer is made of glass.
The metallic core of the microwire supports may have an amorphous
and/or crystalline microstructure. Preferably, the metallic core has an
amorphous microstructure. 5 In a preferred embodiment, the core of the
microwire supports is made of a metal, metallic alloys or combinations of
at least one metal and a metal alloy. Preferred metals used as such or in

5 S T, A SRR B
mJﬂ)BB%"?ﬁhﬁrSWQW ‘é%l F%F% Her%ﬁfﬁﬁ?and zirconium. In a more

preferred embodiment, the core of the microwire supports consists of an
a”ﬂ&‘:@?&ﬁﬁf@%&ﬂ@ﬁf‘a@ it@ﬁ ﬂy@re@@?%w tﬁ!t@(iﬂl’é??é?g r|gverr1trcm any
molyhde les of compasition of cores particula

i B RN SRS A iR ovrise § SAne 450 witr
Feﬁ%vmfb@m%b%regwrﬂ@w*&e&mmm dvhcgqpr@fmyz 8MMBIIVEB 65

11is6iadiaDnicefyfide 398p0r Boldhd 3/5> 318 KbRbeth 8 8%RL 40 With any
13@@&%@%%@,@@ M g}i{? 1306 13,06 0 658,144,170 11,66
5 1

13,02 13,010 7 94,19012 3,1311,36 030 858,64 4,67 012,36
13,0511,280 957,334,7013,14 13,02 11,19 0,62 1056,51 4,840
13/0@ plefered snpotinEBbAheepicronisesiare fisGHi0Bth85ARE8, 86 reactor
4,49 $udR. 5 kdidr 1RR 8P Ard 3EmM By %ﬁéf;?dééd%drih é?;]eléri'd_ @“ﬁre other
vit t r oxides such as Si
YL EE w@@%ﬁ%%g@‘m%%‘% SRR Sas B B Jading fow
of 5 e OB b s RS B AT P%Gm&@ﬁﬂiﬁﬁ’ﬁﬂ@d{@d by
atebodmattifsndioobire satpgitsate piaredidimalich a way that the

feeding flow makes an angle between 0° and 45° with the microwire supporis.

Nevertheless, other dispositions may be allowed.

The total coverage of the inner volume of the column or reactor with microwire
supports requires a uniform distribution throughout the column or reactor of
the microwire supports, as such or grouped in bundles. This uniform
distribution can be achieved by immobilizing the microwire supports or
bundles by their ends, on either end of the column or reactor in such a way
that the immobilized ends form a grid, zigzag or parallel lines pattern on
either end of the column or reactor.

Accordingly, the SSB are placed within the column or reactor in an optimised
distribution pattern to achieve the desired values of scale and uniform bed
porosity. These values are kept constant throughout the life spam of any SSB
device.

In a preferred embodiment of the invention, the microwire supports of the
static support bed have a central core and coating layers made of different
materials. Therefore, the microwire supports according to this preferred
embodiment, does not present a hollow structure, unilike the hollow-fiber like
wires. The materials of the central core and the coating layers are selected
from the group consisting of glass, metallic, ceramic, polymeric and plastic
material. In a more preferred embodiment, the central core of said microwire



coating, therefore the purification, separation, detection, modification,
and/or immobilization occurs through the attachment of the target
chemical entity or target biological entity to the functional coating or to the
ligand present in the surface of the microwire supports. 10 In a preferred
embodiment of the invention, the surface gf the microwire supports is
suitably modified by coating the surface with a proteic, gelatin, or collagen

e |n hi urf ce of the microwire s

%% Itgei 'r% %e %t?(')na%%etaimg ‘Pﬁ‘us%etpeq ﬁfn‘&{BPﬁPSOPl%% glass.
coéftﬂf@m%féU§&PF%F€|W%@F&§0tﬁ'@ EHRRSYIHMEY RrxeiRR AlBERYhous and/or
covajesivbnenmicoostaletieo Myt alith, the targlatl kntitre | haanathe@morphous
prefasredipmpaadiment of the invention, the surface of the microwire
supports is suitably modified by attachment of a ligand to the surface of
the 20 microwire support, directly or through a linker. Preferred ligands are
thd8e2 sepieterpfinPatinesighe perstiaftbe dsiravite gikppadsuesnade of a
antinsigiesactallibiaticgs antigensinatickicoicit eRaRide mdtaraedesmetal alloy.

COgRavdRey ﬁ@gg'ﬁ%ﬁ?@ﬁﬁ\ Bpmﬁqg%?léfgéfg)g%lﬁggf@ ﬁ%}a Btinum,

|IpIdS suga,g amino acids, proteins, nuc conta ning

a 1GRRABN AL P T SLRRI-GSFaIATIET, BRIPBoReraTy BRoSPhorus,
10 dieghypaniinodumygsiemtoramydenuing gdiuny gaduayleadmafiom and
caﬁnwm@wh é%ﬂh@%%h@%ﬁé‘?ﬁboﬁiﬂfﬁeﬁﬂf?ﬁ% BuRdl 0P i@l naerbRRRNY!,

Hre%o l'lg%n})fPargT Jﬁfl%rred ﬁ%%ndg)%a’;eﬁell 'OIR%{%%l boron,

tlssu antibodies. ant; |gen nuc
ho Bﬂ%saﬁgéﬁﬁwggnwﬁloglcal catalysts 30 chemical catalysts
chemical reactants, lipids, sugars, aminoacids, proteins, nucleotides, and

15 mn@kﬁ%@mr&aﬁbﬁgﬂsﬁ HP!éSFéé‘ﬁ%FP&li% AP BRI T e Hilny
conS|st|?§ meric ﬁoa ’EF tejc coating, gelatin coating, collagen
cog'[Yr%] é\lél %%fgg Mclelc acids, peptides,
coenzymes, lipids, sugars, aminoacids, proteins, nucleotides, cyanuric

chipgisle, guinine, p-mercurybenzoate, phenyl boronic acid, and a
compound containing a functional group selected from the 12 group

20 ;g doT;JC\ gﬁﬁgb;ﬁ 8 Fér;rl‘rﬁm@n%m (;:c é?frr‘r‘;arr\; an:é‘:zghdyll ﬁhé‘iernj@ﬂo %
ammeniurn, caggoxymethyl.sulphopragyl, methyliSulphofgie, buty4gctal, g
and_phenyl_and mixtures of them

2 50,7 3,98 0} 2365] 11,96 9,71 0
3 60,51 3,99 0| 12,13| 13,53 9,84 0
25 4 59,85 3,94 0 12} 13,38] 10,83 0
5 58,34 3,84 0 11,7] 13,06] 13,06 0
6 58,14 4,17 0] 11,66/ 13,02 13,01 0
7 58,9 4,19 0| 1242 13,13] 11,36 0
30 8 58,64 4,67 0; 12,36] 13,05 11,28 0
9 57,33 4,7 0| 13,14 13,02f 11,19 0,62
10 56,51 4,84 0f 13,08 14,16 11,41 0
11 58,04 4,62 0} 12,92 12,81 11,01 0,61
35 12 58,25 4,43 0 12,62] 13,47 10,68 0,59
13 57,96 4,73 0 12 13,21 11,11 1




10

15

20

25

30

35

5 The glass-coated microwires may be prepared by any suitable method
known in the art, such as Taylor-Ulitovski method (Fizika Metallov |
Metallovedeneie 1987, 67: 73). Different metallic compositions of the core
may be used, as well as different compositions of the coating glass may
be used. 10 A functionalized glass-coatad microwire support as defined
above can be prepared by a process comprising the following steps: (i)

22‘?‘*%%&%%%%%@;%ﬁé’?é@‘fﬁ?nﬁ%ffﬁ{inﬁof"%%%%#&%fﬁ%%%?%% o,
fur‘\%{ﬁ ﬁ’a?ﬁi 3 %ﬂﬁﬁaﬁ AReAE GEG58: through covalent or
non-covalent coupling of the ligand to the linker attached in step (iii).
F{ﬁ%w&?@@%wm@ﬂ 6%);&@%&@%@&[&&3%%?@%@%&%@%%#&@&

; | ¢, Other oxjdizing . .
PR R R MRS LS W s o
LafOftine, rigiors hesaurifgalion seraredion sdetecion, maditmsion, and/or
Sdoyebiizatienaesyshhetergibihdlattacivasitrostep (@guohesesal entity or
att%?@@l%é@f&é?@ﬁﬁ@ ks RnkiRarassridiyr f@'ﬂ@‘ﬂgﬁﬁ’f‘fk&ﬁsent in the

con&%gg su}tﬁ_h %Jr}ctional roups for 25 covalént or non-covale
(el‘céctros?a?lc, %’r&p%‘fﬁ&eﬁ 8%ﬁ%bic or affinity interaction) coupling to

the ligand. The activating step (iii) of the microwire supports, can be
perfcpasfaradsinglsodiameat ditoughesirial thediometensinEShicrowire

examppbidne agHuBHNhSHRY '%ﬁﬁ%ﬁ%giﬂée FHY ﬁitﬁr%?ﬁr%ﬁeicbgt%l%tin, or

comprising the following steps: (lii-1) reacting the oxidized nficrowire’
SCPRIRREL SR TG ATea B FePhe TE MR A B FEigroersfpport
stiqasaitammwdb’mgm fomatinniaigceatiaipiffius, therbenylituorctional
g@@ﬁim@t‘? Qéclﬁ&d; '?)'l@f@ﬂ,eféﬁét‘%”l% QQF{BBPHQC‘?% may interact by covalent or

- xisilane, .7-qgt-1- eniltriclorosilane an
3@%@%&%5%%“%?&%% g%@?égr%{e%ﬁt&ﬁonalization step (iv) can be
carried out by coupling the linker attached to the surface of the microwire
supamtitierthecligand Simbegimelsctiaiainvisitiastiorssideenbilife microwire
INGISGYRE s RUNARD MRt %g@ﬁ‘égﬂﬁeﬂftﬁgft% wﬁhﬁ%‘:#? el PN the
bonds. That coupling can Eye achieve the followin

LTS RURH R, S B R NG Y8 ginfer o referred ligands are those

selected from the group consisting of cells, biological tissues, antibodies,
antibiotics, antigens, nucleic acids, peptides, hormones, coenzymes,
biological catalysts, chemical catalysts, chemical reactants, lipids, sugars,
amino acids, proteins, nucleotides, a compound containing a functional group
selected from the group consisting of diethylaminoethyl, quaternary
aminoethyl, quaternary ammonium, carboxymethyl, sulphopropyl, methyl
sulphonate, butyl, octal, and phenyl, and mixtures of them. Particularly
preferred ligands are cells, biological tissues, antibodies, antibiotics,
antigens, nucleic acids, peptides, hormones, coenzymes, biological catalysts,
chemical catalysts, chemical reactants, lipids, sugars, aminoacids, proteins,
nucleotides, and mixtures of them.

Preferred linkers are those selected from the group consisting of polymeric
coating, proteic coating, gelatin coating, collagen coating, cells, antibodies,
antigens, nucleic acids, peptides, coenzymes, lipids, sugars, aminoacids,
proteins, nucleotides, cyanuric chloride, quinine, p-mercurybenzoate, phenyl
boronic acid, and a compound containing a functional group selected from the
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a.1l) an amine function on the ligand linked via imine bond to aldehyde
function on the surface. a.2) an amine function on the ligand bound via
nucleophilic substitution of the surface functionalized with cyanuric
chloride. 10 a.3) an amine function on the ligand bound via Michael
additions to quinone functions on the sarface. a.4) a tyrosine or histidine
residue on the ligand bound through an azo group to aromatic amines

i ; . . and . '
I SE AL e AT SR RUBRE MR Sparmonyic
acBeihidRABRaiR Sy HEIARSEY) QUAISIIERErERIBRe Y I QuE5RRmYd

to prameociuph errbaty;miethyd caihibeapyin ateithid e gpdupeats) thayl, octal, and

sugRERYiaARAAEeE 4 rdisulfide bonds or Michael addition. a.7) a

cis-diol site (present on the sugars of glycoproteins) on the ligand can 20

be bound to phenyl boronic acid groups on the surface. a.8) carboxylic or
isothaas YRR LMiGeWiiER feYdIRIREERATRE BYouMs Bitabie paifgdlnown
noinr tiow @l g aohi N Fan digaiticsrsRinelh aletioiktatitazibsadtivietgibi@dencie
eXqgHed e 9| IR A N EMANC RBIHROS RIS BEINECED 2 ﬁ%%%ﬁ—fﬁ%@?gs
m%{%ir_ octade%hlol, and é}ggec Ith{lol on the surfijce and fumarate

re S URORIRRSEP IS QIR AR IR RIBES LAY SR HESEmple an
ATPase 30 embedded in a liposome bound to the surface through the
interagiinibRsikedliplaseredra Hxebwire support as defined above can be

st 95 )  defined aboy
m'[@%@é@%@é‘i’éﬁ%ﬁﬁ%ﬂﬁﬁ%ﬁ@ﬁn%“géﬁ\%ﬁég&:%%gﬁm'%”;%%ng a glass-
artRRIRL BHFEa R SRR R of - Rtidiing it sHdaeRiddi agtivating the surface
strefpifay nh autiiagenkatiried esicgbreiopr aredndy) dundiionisiting eatie cin appropriate
SUFERGRS throw /RdRESPABNLRROSR FORkBIRG IFaRd Ko to the linker

to?ﬁntﬁ;néwaé? Ago ted surfaces, choline-binding domain on the ligand
bt eHBIAER 4 ted surfaces, FAD-dependent enzyme bound to FAD

(flavin adenine dinucleotide) 14 coated surfaces, and cofactor dependent

erppaterablound txieRidstostamnaipgHectessas usimsest Whe BLADGISHRRI(1:4)

bedRARAHIPY REINREHSHHN RESBS IR CRAMS YRt Mg conditions can also
be used (cf, J. Am. Chem. Soc; 2003, 125, 12096; Langimur, 2004, 20, 7753;
Anal. Chem.; 1993, 65, 1635; J. Am. Chem. Soc; 1896, 118, 9033).

Preferably, the activation step (iii) comprises attachment of a suitable linker to
the surface of the microwire which contains suitable functional groups for
covalent or non-covalent (electrostatic, hydrophilic, hydrophobic or affinity
interaction) coupling to the ligand. The activating step (iii) of the microwire
supports, can be performed in a single step or through several reaction steps.
For example, the activating step (iii) can be carried out by a process
comprising the following steps: (iii-1) reacting the oxidized microwire to a
silane compound; and {iii-2) reacting the resulting microwire product of step
(iii-1) to a compound containing a maleimide, carboxylic or isocyanate group.
Preferred silane compounds are 3-aminopropyletoxisilane, 7-oct-1-
eniltriclorosilane and 3-isocianotepropyltrietoxisilane.

The functionalization step (iv) can be carried out by coupling the linker
attached to the surface of the microwire supports {o the ligand through
electrostatic interactions, hydrophilic interactions, hydrophobic interactions,
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5 different applications. Thus, it can be used in a method: (i) as a
biocatalytical reactor by immobilizing enzymes on the surface of the
microwire supports; 10 (ii) to modify target chemical or biological
molecules by use of a catalyst, whether biocatalyst or not, bound to the
surface of the microwire support; (iii) tolseparate target chemical or
biological molecules from the fluid in 15 which they are contained,

hromaR R ERIASHOD 0L AL BBhBLCTHER 2l BRI USR D UGS using
with intergcting entities bound to the surface of the niicrowire support; (iv

to gpﬁﬁ?ﬁ?%f@é@%m i?lquify target chemical or biological 20
molecules contained in a fluid through the action of a catalyst on said

targiptovhemicalgsiipigledirpimdetecules while bound to an interacting
entity, being both the catalyst and the interacting entity or only one of

them bound to the surface of the microwire support; 25 (v) to immobilize
taydt GRCARITLE SHRRIRRAIthR llganddinRervigrmine henddoatdahyger
chimitiginropbiblegiecdkomlecules contained in the fluid by any of the
MERPEACSRIRE AMRAYR: dW)iie ng@i@ﬁhamma%%gﬁm@@&&&iﬁﬂm of the
thglﬁﬁggg u%c?%”saﬁzne&o 'I[{%e com onems of said fluid, being said cells
bound to the Surtace of the n%'c%S ri'r%%uB*B ﬁ (vii) to multiply the number
of #RIARPEENS Byriomgrane diarndibernd ymdichasladdiiensig awirone
suppoticRS duiiihé¢osodeiify. the composition of a fluid by exchanging target
chepy ologi L : S
e e G S Wb azo group
sr}ﬁp%ﬂfrlﬁ[ﬁ@a@\féﬁngﬂgﬁﬂégﬁrgﬁ fiGfis involving one or more than one
st@pxaroaging sasitdien on dne kgandreahad ione aremeohunabietdarthe surface
e S T o ey de e,
p port; [ sical properties of a flui
th%%%ﬁ¥ﬁ@§§ﬁ\ﬁ?}%f9 éi}'ﬁeér)é{ a@ﬁ%@%ﬁ%ﬁ% |zeer880rﬁaﬁgzs?&%’ce of the
miefxRreteipde Rlomalrtlide Sroues o dhe Buiaseryiedailesane idaing,
thdisiuiichign boghshe Mionazbadditrmport;

a.7) a cis-diol site (present on the sugars of glycoproteins) on the ligand can

be bound to phenyl boronic acid groups on the surface.

a.8) carboxylic or isocyanate groups on the surface bond to amine groups on

the ligand.
b} non-covalent coupling of ligands:

b.1) electrostatic interaction, as for example the interaction through charged
thiols between a self-assembied monolayer of octadecylihiol and dodecylthiol
on the surface and fumarate reductase

b.2) hydrophilic or hydrophobic interactions, as for example an ATPase
embedded in a liposome bound to the surface through the interaction of the
liposome to a layer of dimyristoylphosphatidylethanolamine on the surface.
b.3) aflinily interactions, as for example:antibody-labelled ligands bound to
antigen-coated surfaces, biotin-labelled ligands bound to avidin or
streptavidin coated surfaces, glycoproteins bound to lectin coated surfaces,,
alpha-D-mannopyranose containing ligand bound to concanavalin A coated
surfaces, choline-binding domain on the ligand bound to choline coated
surfaces, FAD-dependent enzyme bound to FAD (flavin adenine dinucleotide)



(xi) to purify plasmid DNA through the interaction of said plasmid DNA
with the surface of microwire supports functionalized with suitable
oligonucleotides which are complementary to a target sequence inserted
into 15 the plasmid DNA; (xii) for biocatalytical modification of plasmids
through functionalization of the surface of the microwire supports with
suitable oligonucleotides which are complementary to a target sequence

inserted | asmi ict] e.an '

e B b e R PR 85 ctor,

the@ HHOIHG eP&iRMH SHEa$ARse microwires with immobilized cells on their
surface may be used as biofermentor for cell growth; 25 (xiv) for
solifhghasedRG Rl iFuaaliizAeenaheuiad e dyimsss KurbAt (BRthedsed in
5 (szli der%Oat]taﬂ]'nﬁt%é)f‘FHﬁ%s's 3(/:‘,|;1nrrajob|h2|ggI c%nrg_?er{p‘n%gng agents on

the Sl HECE FRRASANRER wirs suppor s.eﬁﬁ?(v) Fof any 3fthe above
mentioned applications when dealing with viscous fluids with high
concentrgticased bilisan/tuaparsiter apdiomabiiizigreapgeddon.tBe budace
pagicilarempesd ,{g? method, a magnetic field or electric current

is applied through the static support bed, to aid achieving proper agitation

of the microwire support and elution of bound substances on the surface

10 of the 16 (Mityonadify tpfast dnemiggLer Helegitpbraaleswesbymnigeodlice
supBetysYViiRBIRBreIRSIHERHT ORHSABElAE tBrowoburgdRi6TaMdr Afictb®ire
tengBrﬁr%w_re of the static support bed can be regulated. 5 Furthermore,
when a magnetic field is applied to the static support bed, the method of
the present invention can be used to separate magnetically susceptible
particles {ibhictisegaidietatgehchesnimal cobialogibthmoigeties fnagmibkicluid in
15 INGREHAR &P R Ishad ReVRFb IRk THErRHAra SHPET s BRkbt chemical or
m netlcaIIEB/l Su %ble.g_}am les. 10 ConFarg)d w% tOtHber fh
chARRAE LRI HHR SUL YRS RGIR S WSRO UL IR iip SHfge of the
adsuepRwiterthpartiescribed in the present invention, has

(iv) to simultaneously separate and modify target chemical or biological
20 molecules contained in a fluid through the action of a catalyst on said target
chemical or biological molecules while bound to an interacting entity, being
both the catalyst and the interacting entity or only one of them bound o the
surface of the microwire support;

25 (v) to immobilize target chemical or biological molecules which further
inferact with target chemical or biclogical molecules contained in the fluid by
any of the means described above;

(vi) to modify the composition of a fluid through the activity of cells on
30 the components of said fluid, being said cells bound to the surface of the
microwire support;

(vii) to multiply the number of dividing cells by having said cells divide
on the surface of the microwire support;
35
{viii) to modify the composition of a fluid by exchanging target chemical
or biological molecules contained in said fluid with farget chemical or



improved features as shown in Table 2. 15 Table 2. packed bed fluidized
bed expanded bed static chromatography adsorption adsorption support
bed 20 Resolution very high very low medium high Max. very low low low
very high viscosity of fluid Max. solid very low very high high very high
25 content Max. flow very low medium medium very high velocity
Scalability bad very good good very good 30 Geometry particles particles

r f at arlable constant ed as
funtéljtel)lfg;ﬁc%5 I(r)ﬂv}\'?1 %gﬁo]él%? gg;@oir%% y%gbé C‘)gv;/%t\%llgrr]f/a F% ver hlgHR/e%y high
(constant with (variable with (variable with (constant flow) flow) flow) with

flow) 17 {ikptefdevplomejemiicalreautisSBitedivialpoyndsdtssoalahilityone step
Migraih FePBEASNCaTLAG Brandre kA leent nabiaadassrmbe ound
to w Hgs ‘[;% umn%élrl_lgm%[esru Besides stan % sed sizes, ,&1 o+
deV|ces car?f% SOcus omiged 16 meBPpartlc?[J@Sr% $yn esis support;
Furthermore, SSB technology shows three major improvements: -

reduced iixnibenadifioiiespreaieirpegssitigsstd psfiuigneratighdhe activity of
PatRRiRIRARREARBLAIIY OYAIRG ke B4R %R%F&I@%J%.%ﬁs He

ta L Py e eEa) iy e s e
10 remrﬂ}aﬁmﬁpetlng technologies; - suitability for highly viscous
liquors and solids content;

(xi) to purify plasmid DNA through the interaction of said plasmid DNA
with the surface of microwire supports functionalized with suitable
oligonucleotides which are complementary to a target sequence inserted into

15  the plasmid DNA;

{xii) for biocatalytical modification of plasmids through functionalization
of the surface of the microwire supports with suitable oligonuclectides which
are complementary to a target sequence inserted info the plasmid, and a
20  restriction enzyme and a ligase enzyme;

{xiii) for immobilization and cultivation of cells on the surface of the
microwire supports. These microwires with immobilized cells on their surface
may be used as biofermentor for cell growth;

25
(xiv) for solid-phase PCR by immobilization of suitable primers for that
method. ,
{xv) to decontaminate of fluids by inmobilizing contaminating agents on
the surface of the microwire supports.
30

(xv} for any of the above mentioned applications when dealing with
viscous fluids with high concentration of solids in suspension and/or with
high-speed flow.

35 Ina particular embodiment of the method, a magnetic field or electric current
is applied through the static support bed, to aid achieving proper agitation of
the microwire support and elution of bound substances on the surface of the
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- abolished leakage of support particles to the product. Therefore,
according to the method for purification, separation, detection, 20
modification, and/or immobilization of target chemical entities or target
biological entities present in a fluid as described herein, the fluid
containing the target entities is passed thgough the SSB device, then the
target entities will specifically bind to the functional coating of the modified

sur wire su d/or |nt ract the li nds res

in the ace o?;léé%her %lcré%ieﬁ' seﬁgpoﬁe"a %’Pecfﬂbﬁrmé%r Jp

vanMBs@ B Gt reEret e aesiisd threpahntbal rar%m'éathe temperature

modiftbatstatmeuppad ivied cart be thgutatget entity. Optionally, additional

steps of washing the channel and discharging undesired components and

im es of the s le fluid ¢ arried o flnaII the resulting

5 e LR SR UPME FBRRA Tl R APEU e Lo bov, the

desopthed shihropmagatinveatinefearcierassimeapaniteonagnstioptivts

prmddemabl@pﬂﬂmwﬁ@mtﬁ@@mmvﬂii@ﬁhﬁ%@ﬂénﬁmﬂb@@ﬁ%e
B fiRalanec S CHidRoBRAIG AL L HHAGR AL GPER UHIPsaig

sup ly of fresh culture media system IS su INUous
NetealYorERPBPYGIR RBRSIRF for cell production following a

harvestmg step. 18 In another preferred embodiment, the use of SSB as
so@bﬁm@a t@ﬁﬁ@nﬁepamtﬁg}agﬁéw%aﬁInﬁfmﬁﬁ@sﬂ the stafic
\Y ase Vi er specific.area an
fas é\r/lv%grjl??%! gq'o{hn?\{r&pcreoavec%%gessgbl % i Jﬁ %
de%ﬁﬁ?ﬁﬁéﬁé"@?’ﬁﬁ%&ﬁ@%&* d&Risrde” and variations of the Word

such as "comprising”, is not intended to exclude other technical features,
adqlglty%chomponents or steps Additional objects advantages and 10

upbn examination ofRREBESefhtion BridizsddertaprrpngdastBetice of stetic

invention. The follehiogaxgraples aragsorptied by wagsofpliigsirationsawsbrt
arg not intendedito set the limits offthe present inyention. 15 EXAMPLES,
Example 1. Exaniple of microwire support productjon The productjon of a

fe\z})l.UICb UI LIIC 1 CIILIUII VVIII UCbUIII [=19) palan LU L luoc or\lllcu H L‘lc arL

co 1ﬁ3§guﬁ;gﬁcrov@§eﬁ@port with arq,é?yt,_gmal dia T}ﬁé%fu‘{-l{ 20 24.Hniah
migrometers is déscribed: A glass tube with an exjernal diameter pf
10;mmaxand wall thigkprees of 1.0 | jow low very high
visgosify of
fluid
Max. solid very low very high high very high
content
Max. flow very low medium medium very high
velocity
Scalability bad vary good good very good
Geometry particies pariicles particles microwires
Height of constant variable variable constant
bed as
function of
flow velocity
Porosity very low veary high very high very high
{constant with {variable with | (variable with (constant
flow) flow) flow) with flow)




5

10

15

20

25

30

35

to 1.4 mm filled with a metallic alloy consisting of 69 % cobalt, 4 % iron, 1
% nickel, 13 % boron and 11 % silicon was fed at a feeding speed
between 0.9 25 and 1.5 mm min-1 to the induction oven of a microwire
production machine. The oven temperature was set between 1,260 and
1,330 C. The resulting metal-filled, microwire support was cooled with
running water and wound at a winding speed between 150 and 250 m
mini' to form a spool that was stored at room temperature until use. 30

r of the microwire support and the total

Th thig}?ness of the glass lay ' Sl d C )

cia S G TR AR S oTe Bl SIS i, Seafabify-tYicrowire

terPBREtiEcanthe praduted avhe thasinddengsh e assehtfeddngl the

?Cpaédiraa Examalaidnfiiedustisaes Efé@r'at dr?i%é/t@@dﬁ:qm&%éaﬂ% be
- ; support was, tr with a re o

e e o L S O el egbRoloay

pefBUS HBraRiFRRIoRIRERVEME8BH temperature. The support was then

thoroughly rinsed in running water, then in ethanol and then in

chioroforon. Fribeth R HBBPEH WBr At rLBAARRGBam. Then the
microwire support was treated with 2 % (3-aminopropyl)triethoxisylane in
water under ﬁﬁ%%té%ng{r%%ﬂﬁgrﬁt'?(‘)‘%l%e%{%@eﬁﬁﬁ M8iefithe support
was rinsed ifRERETI SResilthaidasacespdian parinilated praceamsupports.
Following an ethanol wash, the microwire support was treated with 2 mM

4- Faq]l j 10N i0.10 ethangl for 16 h
an%‘%ﬁi?@giﬁrféﬁ?ﬁﬁ?%?ﬁé OB EIRES B a Sl e

urfitoB? Wenzyme per meter of microwire support in TE buffer, pH
8.0 (0.1 M tris(hydroxymethyl)aminomethane and 1 mM

ethylendjiamy r Ic acifd , | 0.8.0 with
hydrochloric%)%%?[%ﬁﬁ%grﬁé \a\/a}%s?ﬁg{gcf' ﬁl@%%gﬁc@?ﬁxample 3.
Application elifapiRty-futivigtay vsesveiseppaidsiiRisteipant of a
EcoR | sensitive plasmid 2.5 ug mU' of pPCMS-EGFP plasmid (BD
Bioscientes2isdighegueatinae &f 30mnot pgréskeaitirhenmidue target site
for EcoR | enzyme was exposed to the activity of EcoR I-activated

mi‘é%-wgﬁe support for 4 hours in an aqueous_solution containing 50 mM
NABEre s en REFEHIRRISA R SainarfRb RiKifigation, separation, detection,

madification, and/or immobilization of target chemical entities or target
biological entities present in a fluid as described herein, the fluid containing
the target entities is passed through the SSB device, then the target entities
will specifically bind to the functional coating of the modified surface of the
microwire supports, and/or interact with the ligands present in the surface of
the microwire supports, while impurities and the fluid will pass by unhindered.
If necessary, a chemical or biological modification can be carried out on the
target entity. Optionally, additional steps of washing the channe! and
discharging undesired components and impurities of the sample fluid can be
carried out and finally the resuiting chemical entities or the resulting biological
entities are eluted or desorpted and recovered.

In & preferred embodiment, microwire supports provide an excellent surface
for growth of adherent cells. Disposable SSB devices are designed to provide
sterile growth surface and continuous supply of fresh culture media. The
system is suitable for continuous extracellular protein production and for cell
production following a harvesting step.
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10 mM MgCI2 and 0,025 % Triton X-100 at pH 7.5 and 37 C. The activity
of the EcoR l-activated micro-wire support on the plasmid molecules was
25 analyzed by agarose gel electrophoresis. Non-activated microwire
support was used as negative control. Electrophoretic analysis of the
activity of EcoR I-activated micro-wire sypport on the plasmid molecules
30 600 pL samples of the supernatant obtained following treatment with
EcoR (- activated micro-wire support were precipitated in 70 % ethanol,
solubilised in water and electrophoresed for 40 minutes at 10.5 Vcm' in a

0.4vaaglIRsRjeIpdeEbEs et tiRereRy fethgh selidoHerrihfor solid
0.Q01ase 3yretipsdissitiamian letraasetisf deidppitiadiviieditedhd Mﬁm;e
gla@ﬁ{ﬁggg%gw&waﬂg%ﬁé Spedy IngHHRE G0k With

mL" Ethidium A;gml e in TAE for 20 minutes and observe under
ult E%?ﬁig%ro??ﬁﬁp? ¥coR I-activated micro-wire support had any
effect on the plasmid molecules. Example 4. Production of

avmmmsmmwwim@m RiPRrtlAimish daRAEb MR RE0RAY valiBfions of
\wa%& m%\yz&rdﬂ@%g fg%? ey ?oae§§lﬂaanoﬁfé‘éfs(§ﬂﬁ.ca

1 vo ume 01‘ ogen perokide and Umes of concen
AalgsT#Rd W@W Wdilignalebiesies advaaiages and
an@maﬁmeemntwnwhmmwmemﬁu tionsR0skilfedds. thbeart upon

ml@iamrﬁalﬁﬁwwtdégéﬁbﬁ@ﬁ%@rw%é ﬁ@‘éﬁ%ﬁ“ﬁﬁjaﬁ%&% SHUAIRGention.
rr%% %W&te '%xvéﬁé rlng,éadrln e 8rjbol and d e]g Q&% nltr streg

Then two diferent ureg ?’rocedu}(e“ffagr FOLE t;grb 3 re 0

folfiRBdad Esb%fh%'avi&ﬁf ﬁ'tﬁl?é@é&ﬁﬁi&‘tﬁ/ﬁ?@%upport 15 Procedure 1

(Amida bond): The microwire support was then incubated in

dighig{pipegane containing 2 % of 7-oct-I-enyltrichlorosil for 16 hours at

room temperature under nitrogen atmosphere and then rinsed first in

dichloromethane, second in methanol and 20 finally in water. The resulting

Erample dp ryanpteisfumiceomirasugpest predudtionf 0.5 mM

KMnO4, 14.7 mM NalO4 and 3 mM K2C03 for 24 hours and then

RS SR AL DAL S s

4.4 mlcrometers is described:

A glass tube with an external diameter of 7 to 10 mm and wall thickness of 1.0
to 1.4 mm filled with a metallic alloy consisting of 69 % cobailt, 4 % iron, 1 %
nickel, 13 % boron and 11 % silicon was fed at a feeding speed between 0.9
and 1.5 mm min-1 to the induction oven of a microwire production machine.
The oven temperature was set between 1,260 and 1,330 °C. The resulting
metal-filled, microwire support was cooled with running water and wound at a
winding speed between 150 and 250 m min™ to form a spool that was stored
at room temperature until use.

The thickness of the glass layer of the microwire support and the total
diameter of the microwire support can be modified by adjusting the
temperature of the induction oven, the winding speed and the feeding speed.

Example 2. Production of EcoR l-activated microwire support (C-S
bond):
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ethylcarbodiimide hydrochlorade for 7 minutes. The microwire support
was 25 then rinsed in phosphate buffer saline (PBS) pH 7.0 and incubated
for 16 hours in PBS containing 0.2 mg mU1 avidin. The avidin-activated
microwire support was washed in water, then in 20 % ethanol, dried in a
nitrogen stream and kept at room tempeérature until use. 30 Procedure 2
(Urea bond): The microwire support was then treated with 2 %

3-(InqeyReRlQr RppiIehax YRR Wi!Ri%hﬂﬂfﬂqh%tB‘?‘%%?ér{ BMmes of

temperature for 16 hours under nitro ospnere. e resultin
SRS o 0B R S Ao RIS R S iy 2
mdflutes /ifcrn iaiBpediveent hesyrpatwamihenoiutrgiuighlyasheedin
malte_nnm Eilrmplﬁé? et and ﬂdéﬂiﬁh&ﬂiiﬁ@é%l'ﬁj ‘Fﬁ?&!!? OO was
- . Ity O .
SRR U A R TN s o2
follo\AAY RPN MR Lo ST e RIS LORBBRIRaSH dimesRhRfMat room
flutsenspitbetihfsonjbgsanndPhesphitedulifedichkatinectRBS fordiéxposed to
R Coi o o i e o ey
S e D e
urdibene! feralfdeangrinpeshia@ibanal hwowesowippernpas wasithen
neigedies! witht G0N BRIEECIR ddneionsofeligusiurisniterswlieaiagport in TE
m'ﬁ(&f@ﬂ%ﬁ#@l@’(@. 118 E’ﬁe@aﬂémémwzamﬂe}h&ﬂ%ﬁg%&?M%nwppo”

n uoited f%[g 0 mlngﬁ)s in @ solution consisting _of 1 volume of 33 %

AR RIS R U R0 SfBR R PRI SR SR drochloric
mieislviter Séphandvwashed iraEhdaiffare times in water and 20 treated

twice with concentrated sulphuric acid for 30 minutes. The microwire

lyri ' d ' d for 10 mi
R KB o FeER B R ArieRrci mifEe
sUppRimeniaha Fretd-seasitivermiasmighane containing 2 % of 7-oct-1

enyltrichlorosil for 16 hours at room temperature under nitrogen -

AIMGUGIE" 8 FOmILecrRsphErsH Reks BRIKHBA0 e a5RR A humber

mg]i Q?&and flpall in water. The%{festultéa%émcrowwe supportias

incubatad TAAR Qlﬂﬁeﬁ_&?%{ﬁﬁ@r@ '8 MVERRIMO 2T MG ARG RIS P the

3 astivikeodzait bacibaiedmierewire support for 4 hours in an aqueous
solution containing 50 miM NaCl, 100 mM tris(hydroxymethyllaminomethane,
10 mM MgCl> and 0,025 % Triton X-100 at pH 7.5 and 37 °C. The activity of
the EcoR l-activated micro-wire support on the plasmid molecules was
analyzed by agarose gel electrophoresis. Non-activated microwire support
was used as negative control.

Electrophoretic analysis of the activity of EcoR I-activated micro-wire support
on the plasmid molecules

600 pL. samples of the supernatant obtained following treatment with EcoR I-
activated micro-wire support were precipitated in 70 % ethanol!, solubilised in
water and electrophoresed for 40 minutes at 10.5 Vem™ ina 0.8 % agarose
gel in TAE (0.04 M tris(hydroxymethyl)aminomethane; ¢.001 M
ethylenediamine tetraacetic acid, pH adjusted to 8.5 with glacial acetic acid),
using TAE as running buffer. The gel was stained in 0.5 pg mL™ Ethidium
bromide in TAE for 20 minutes and observed under ultraviolet light. Only



washed in water and treated with an aqueous solution of 0.05 M N-
Hydroxysuccinimide and 0.2 M N-(3-Dimethylaminopropyl)-N" 30
ethylcarbodiimide hydrochlorade for 7 minutes. The microwire support
was then rinsed in phosphate buffer saline (PBS) pH 7.0 and incubated
for 16 hours in PBS containing 10 nmolsgf H2N-d(CTT)7 oligonucleotide
per square meter of microwire support surface. The

oligonugleatide-activated microwire rt was,washed,in water,.then in
e R T Pl S RS ees Lo HE AL ot
use. Procedure 1 (avidin - biotin bridge): 22 Alternatively,
oligExamipiatidcPaciiliattidmif avitrsaptiodtad siimrduded SupipsrbAingda
avigilacivateddy jie support in phosphate buffered saline (PBS),
pH 7.5 containing 0.2 pM biotin-d(CTT)7 oligonucleotide for 45 5 minutes
followed by a wash step in PBS. Example 7. Application of microwire
supherizerauirs e soricens intubalek file 2 cronuiessinpp Grlutien consisting
incobatasifer whITw Hijt R Yenssd rMiaiaing 4L0cnurde dhediiBrivhted
eu teriity. .
cor e Al e AR A LR TR i waer and
pelRAGHIYISEUNE FRETRETRISSHP WoRtIG RS thioRmRA sHiftesp pbe irrowire
10 inclipned weB @ o vbonimighly aifsed 002zdtmespdhsomicatedftdiotdngidales in
tlhsavgféﬁyr@.ﬁadwa&mraﬁ@a?@avgﬁhfmﬁiam‘@aﬁtﬁﬂﬁhsmﬁﬁféfdm@%m
conn a pumping system for cantinuous replacement of the
RO, B o B e TG B DRl e avidin-
coRfivRIgDLIEFRAWIT® BEBRRMoN of the cells on the microwire support
surface under the microscope. 20 Example B. Application of microwire
15 SUPRKLIIRLNE@ORRIEUSHQmOf static support bed (SSB) devices In order
to mﬁﬂﬁ(mm)ﬁport based device, the static support bed
(SSB) device, the microwire support was arranged in such a way that a
25Tignisrayvice imporswasr tien incurbalied sudichiostensshanwemntaining 2 %
?”Qﬂ?ibﬁloméfﬁtﬁbhwt@ml ﬁﬁVS&YJwM@_ t' ?ﬂ?%ﬁ%@%ﬂ@%‘ﬁﬁd@?ﬁﬂ’@gen
u n Vvic nly contains whole microwire
o B S e B B R SR R ancl

20 |e§5ﬁ1%fwﬁtﬁmr'E@mﬁsﬁlrtadflig@féwérﬁ)ﬁvRﬁpfbw@&mﬁt&a&%ﬁaﬁmaﬁueeus
ursoliitheni o0 &F thiel Midradyird 80 mpdatCevicd Y/asvieDOEx éok 4@ urs and

fegbAARIRIERGY SRR BHEEUE Wi an aqueous solution of 0.05 M N-
Hydroxysuccinimide and 0.2 M N-(3-Dimethylaminopropyl)-N"-
ethylcarboediimide hydrochlorade for 7 minutes. The microwire support was

25 then rinsed in phosphate buffer saline (PBS) pH 7.0 and incubated for 16
hours in PBS containing 0.2 mg mL™" avidin. The avidin-activated microwire
support was washed in water, then in 20 % ethanol, dried in a nitrogen stream
and kept at room temperature until use.

30 Procedure 2 (Urea bond):

The microwire support was then treated with 2 % 3-(isocyanatopropyl)-
triethoxysilane in Dichloromethane at room temperature for 16 hours under
nitrogen atmosphere. The resulting microwire support was incubated in

35 Dimethyiformamide containing 0.2 mg mL ™ avidin for 1 hour at room
temperature and thoroughly washed in water.
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tubing and the outlet of the device was connected, also through silicon
tubing, to a three-way valve that led either to the product reservoir or to
the waste depending on the regulation of the valve. 35 Example 9.
Application of oligonucleotide-activated microwire support to the
purification of plasmid DNA 23 Two oligonucleotides,
d[GATC(GAA)17GTATACT] (SEQ ID NO:2) and

b S, Kl R R R L 6 Bhe
PSP RBfatiar o pieknbrund suhefatRs by inserting the DNA

affinity sequence 5 SEQ ID NO:2, into the Bgl Il restriction site of

PCivhe- B&ftY 0@5@@&%@8@&%6%?%@%&@% &%PB%B&HS%S% analyzed

i for 30 mi in Bind f :
o SR RO SR SRR e AL i 0l i
walHARRRSRIBCPIH R/ AIbIR! eI emeg bty wieneshaag nea PGS for 45
plasimiceC o e it @t Thomiterappiste vadlarikbdln PBS and the
p%@r&&ﬁé@éﬁ%&%@gtﬂdﬁﬁ@&%&‘ﬂ{?&%@siﬁwggﬁ%}%%é?ﬁe

.that bin%s to the 7 ofigonucleotide seguence
i

Eﬁ%ﬁ R AEE R oe VAT RPSEOKRR T AdTUGIISERRG4NERN

wadHedimeBiatinblonfantixated mionpheneaspibid e doethas orggiive
angdygisl The support was then incubated for 1 hour in Elution buffer (1 M
15 tris(hydroxymethyl)aminomethane; 0.05 M ethylenediamine tetraacetic
acid, pH 9.5). The material recovered in the Elution buffer contained 1.2
pgésmﬁ?;éd%mﬂi’ﬁémsﬁehmANW%%éﬁimm gijcrowire support:

spectrofluorometry. Plasmid pCMS-EGFP, which is devoid of the
complemeriary Amrieobidegequence (GAA)17, was used as negative

control. 20 Analysis of olaSmid-loaded micro-wire support:
Oligonucleotide-activated micro-wire support loaded with plasmid pCMS-
Edhe mismwiraSdpperiiedsitoubaied foadlctinuitsualis sutionfayn@sting

Mo23% MaGihé MM%qumbﬁmm#hﬁ&ifi N‘é‘lhih@s%?@@ffdé’ﬁﬁ’ated

N . 18] | reen olecular
ey O e e
TP RIS BHE TR SARRITA th SRR GORAD Seelssele MiGrowire
m#uppod:p&asrtﬂen thmmgbhytdimd@nlyaiég@mk&nﬂdamwam minutes in
MiGERaVIFM SEPRPBIHEAN SR8 YHBLRG Y RitkdaBR/GAAH PIRR M BNE Support

ﬂ%)arg FI%R%%CCIIJ 1o ri‘r? gig}%fgrlgpnethane containing 2 % of 7-oct-1-

enyltrichlorosil for 16 hours at room temperature under nitrogen atmosphere
and then rinsed first in dichloromethane, second in methano! and finally in
water, The resulting microwire support was incubated in an aqueous solution
of 0.5 mM KMnQOy, 14.7 mM NalO; and 3 mM K,CO; for 24 hours and then
washed in water and treated with an aqueous solution of 0.05 M N-
Hydroxysuccinimide and 0.2 M N~(3-Dimethylaminopropyl)-N"-
ethylcarbodiimide hydrochlorade for 7 minutes. The microwire support was
then rinsed in phosphate buffer saline (PBS) pH 7.0 and incubated for 16
hours in PBS containing 10 nmol of H.N-d(CTT), oligonucleotide per square
meter of microwire support surface. The oligonucleotide-activated microwire
support was washed in water, then in ethanol, dried in a nitrogen stream and
kept at room temperature until use.

Procedure 1 (avidin - biotin bridge):
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of light from DNA-binding fluorescent reagent bound to plasmid pCMS-
EGFP/GAA1 7 on the surface of the support. Example 10. Application of
SSB adsorption to the modification of 35 immobilized plasmid DNA
molecules A microwire support activated with d(CTT)7 oligonucleotide and
BsrB | 24 restriction enzyme was arranged to form a static support bed
(SSB) device and this SSB device was connected to vessels using silicon
tubing, a pump and a valve as described in previous examples. Binding
buffer (2 M NaCl, 0.2 M Sodium acetate, pH 4.5) containing 10 pg mL-'
pladitrinstixely sotgonpriseie-aivated iinTowiie fargpesiwasaredussd by
ehn IyoubaiheheadilA-ftiquent endompiemeipiaytn @BE%M@@@W@@@ ¢aline
thr L i ] X en
the%%%;ﬁffﬁmmﬁ{@ﬁ? %%gaggzagﬁ@gmmwﬁgﬂ_ fikENG 28
0.02"RHES & Ve aige f%H 5.5) for 2 hours. Then the

feed of the system was changed to 10 Elution buffer (1 M

trisgermigmeKypasanameinaner sl ke upibianes BaNEE 468 $6£eHA growth
acid, pH 9.5) while magnetic shaking was applied as described in
following examples. The effect of the activated-SSB on the plasmid

morelienipe e ssnnpr WA inchbrieAd i iwe e sda iveppml sontaining
fraguficnesmedinradarcadkgatdtbaweihgrvrediméhitios e ceadified matdedlost in

o SIErGREORRIOMS FiRRTAshiddnih B LGB el P K o
R pS D SR ile e asse DR B e e gt and
foliBGHRgied:ahpie "A SSRiEite dasbddn-ralonesnaesappba fodewinin day the
desglibedmbdiven Wais rdpldcedvassRbEnarRydiem asddescvibashiwas

pr . .
cﬁﬁﬁaﬁéﬁ?ﬁ%@éﬁ@@%&?ﬁf%&%?@é%%ﬁ%ﬁ%tﬂé@?&*ﬁéﬁ&eed‘.“”‘-
whiE 988 AT hfgrErESieldeDisinUe aupeom¥as RegHeredityerirect
thebsagratitnmirtinaseiscosetiie dricrowdrsustppodfshdfagearadértsapport,
thepmpsRiieparticles can be detected through their magnetic interaction
with the microwire support. When the concentration of magnetic particles
breaking through the SSB device was the same as that of 30 the feeding
susKanuMe gsrnplisatiengfumiramHens stenars e ihrasonssnimiion of
watttinsuhpettbeth{ BSBdteiield was eliminated by withdrawing the
magnets. The magnetic particles were recovered in the

in order to produce the microwire support based device, the static support
bed (SSB) device, the microwire support was arranged in such a way that &
number of continuous, paralle! microwire support elements were aligned from
top fo bottom of every functional unit of the device, being a functional unit the
length of the device that only contains whole microwire support elements and
being a microwire support element every distinct length of microwire support
that goes from top to bottom of a functional unit. The inlet of the microwire
support device was connected to the feed-containing vessel through silicon
tubing and the outlet of the device was connected, also through silicon tubing,
to a three-way valve that led either to the product reservoir or fo the waste
depending on the regulation of the valve.

Example 9. Application of oligonuclectide-activated microwire support
to the purification of plasmid DNA



10

15

20

30

35

product reservoir of the SSB system. 35 Example 12. Magnetic shaking of
the static support bed A magnetic shaking procedure has been devised to
aid during the elution or 25 de-sorption step from the microwire support
during a static support bed process. This is exemplified in the following
description: an oligonucleotide- activated static support bed was arranged
as described for the production of microwire support devices. A 10 pg

mttlv%aé %ﬁ@r%&@é C|rc ) 2 Et‘t‘g'ié@ %}nNﬁg'
R A A e B TR A qréfﬁéw \ﬁ/a%fég&tﬁlj%tﬁt'@éed nd

W@gmaglmhmggtbemm MMI@@E@WMaEm@@W%) Piasmid
5 mmmechwmgmmmwwm%tﬂmm%ﬁm APRYRNce

ILafi f he jnl g]
%ﬁj%ok?b ﬁ{ tri ?%lgroxé?nl% 3 §r€1|no% E%M %fgong&eotrde-
etriﬂ ﬁﬁ'ﬁéorétrﬁa%téﬂe%waﬁn@i 5b é’@amemr!écﬁiﬁftm buffer
el{Ztdiddatinka M Spdioth aptdsteithpCME: HBER G, dligbaadiuearigedtivated

gg% usw&tempﬁ)graaﬁ{ r‘)r(,eﬁl P flﬁt@@' mﬁtgecm?nc cﬁﬁ%?% Ing
the Frii owire ﬁ%@%t%%ﬁ%%sz%m?@ﬁwwg%r tﬁﬁf@lg
asISHBEE Y radiblisontinsaisidbr oligtentitesriauaotealSEQ ID No.:4)
mmmmmmm Wh@ﬁ@bﬂ@%ﬁ@@%&ﬁtﬁéﬂ@é@@ﬂ@i'@ rlqé) :1) Jont the
”?E%Tﬁr‘%%%%%@%(sg E SO T SBdoT wd e WalShea n
% Z3BY %\Yﬁamttaiaagtatfefgnmerpeeu po8lyyiss The
d@mm wapr@ammméer Theuordtafitutioretffil 26 &he microwire
f#ﬁ@@tyﬁrewl ﬁﬁgﬁg&ﬁ%%}% txﬁe i %ﬁ%ﬁﬁ%@%%c:d
e L e M Sl RO o R besaan " o
cd ﬁ%@&@%'ﬁ@&ﬁt@ﬁéré as @elepniaed ippapertieios®maty. Plasmid
apaig8eE GRS olohay mwnfduea;arﬁﬁ&ﬁemwamemr&eédauence
pr@w e¥ABRISS LY ﬁté connections of either end of the

bed were ‘electrically |sola from e Inner space of the SSB device. By
applyrng dlfferent electrlc current between the poles, the temperature of
' : BoNERird G @and:95 C. Two thermostatic

deV|ces were connected to the

Oligonucleotide-activated micro-wire support loaded with plasmid pCMS-
EGFP/GAA1T as described above was washed in Visualisation buffer (0.1 M
NaCl, 0.02 M Sodium acetate, pH 4.5). Then the support was incubated for 10
minutes in a 1:400 dilution of PicoGreen (Molecular Probes; USA), a DNA-
binding fluorescent reagent, in Visualisation buffer. The support was then
washed in Visualisation buffer and observed in a microscope under
fluorescent light. Only cligonucleotide-activated micro-wire support treated
with pCMS-EGFP/GAA1T plasmid showed fluorescence due to the emission
of light from DNA-binding fluorescent reagent bound to plasmid pCMS-
EGFP/GAA17 on the surface of the support.

Example 10. Application of SSB adsorption to the modification of
immobilized plasmid DNA molecules

A microwire support activated with d(CTT), oligonucleotide and BsrB |



ends of the SSB device, in such a way that the temperature of the
inflowing 35 and outflowing liquid could be adjusted between 30 C and 95
C. These devices consisted of water filled coils surrounding the outlet
tubing connected to the SSB device. An aqueous solution at pH 8.8
containing 200 pM dNTP, 26 20 mM Trig4HCI, 10 mM KCI, 10 mM
(NH4)2S04, 0,1 % Triton X-100, 0.3 unit mL-' Taq DNA polymerise, 0.5

pM TGATG ( 5
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theBieHRYWEMSPPEEPASA PPN maeked plastic material. Then the

same procedure was applied at the other end of the microwire supports.
25 Eight filter membranes with 0.2 pm pore size, 10.75 cm long and the
shexampledihvPrastesiote amaierial separatinnere$iedemdassthat the

lumen at one of the ends of every fiber was blocked by collapsing the

T e B
filePHRIRRS S5des5HRRE Bl ARPYANGHRXGMPISE the alignment and the

other four had the open end on the other side. Then all the ends on one

Si%@@é@e&lie@@&%M@W@B%@M@H'Wﬂ%&éﬁ&ﬂﬂe@%f This

anc?eglgén\}vta@%ket-grq % %93%%”52 %é)stsg%gcg Fn (gr@v%oegsgg%%]éie eri suspension
of magnetic particles in water was continuously pumped at a flow of 1mL min-
1 through the SSB device while an external magnetic field was applied using
fixed magnets. When the magnetic particles are settled on the surface of the
microwire support, the magnetic particles can be detected through their
magnetic interaction with the microwire support. When the concentration of
magnetic particles breaking through the SSB device was the same as that of
the feeding suspension as measured by turbidimetry, the inlet flow was
changed to water and the external magnetic field was eliminated by
withdrawing the magnets. The magnetic particles were recovered in the

product reservgeir of the SSB system.
Example 12. Magnetic shaking of the static support bed

A magnetic shaking procedure has been deavised to aid during the elution or
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35 embedded in a disc similar to the previous one but perforated in the
centre to produce an inoculation port consisting of a 1 mm hole through
the disc. The ends of the bundles went though the discs exactly to the
point that the surface 27 at the other side of the disc was reached. Open
ends of filter membranes went through ##e discs exactly to the point were
the open end was available from the other side of the disc. Closed ends
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CO2 aséogsphere was c ntlnu %mﬁd tot§ %;Fgrow u.@ eevellggr%%by
CERAGEUOTRIAE ﬁ’fzsupport bed for purification, separation, modification,
and/or immobilization of target chemical entities or target biological

E:E&i@ﬁ'@l@%t%ﬂd'hﬁa%s\d;ec S{Rithaaid ﬁ?ﬁﬁ%ﬁ%ﬁeqsﬁﬁtﬂgﬁ?@%m
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ofMBPRIGre coating layers, and being swtable for the attachment of target
10 chemical entities or target biological entities, wherein the surface of the

mﬁ’ﬁ’{é‘?—(’a&n}é‘%fﬁ@%@ Qﬁ@ﬁg Wéts%‘&ﬂtt%%déée&&& 55 H%’@Vious

linker; or._b) ating jt with a fupctional coatin
exa:’npiea }/ cﬁ?gcm?c'eot%deﬂctlvated mrcrow:re support with the only

difference of the substitution of H,N-d(TTTGTGATGCTCGTCAGGG)
oligonucleotide (SEQ ID NO:5) for HaN-d(CTT); oligonuclectide (SEQ ID
NO:1). This primer-activated microwire support was used to produce a static
support bed (SSB) as described in previous examples. The metaliic core of all
the microwire support elements in one end of the static support bed were
connected to the positive pole of a power supply, while the metallic core of all
the microwire support elements in the other end of the static support bed were
connected to the negative pole of the power supply. This SSB was arranged
in such a way as to produce a SSB device as described in previous examples
where the electric connections of either end of the bed were electrically
isolated from the inner space of the SSB device. By applying different electric
current between the poles, the temperature of the SSB could be regulated
between 30 °C and 95 °C. Two thermostatic devices were connected fo the
ends of the SSB device, in such a way that the temperature of the inflowing
and outflowing liquid could be adjusted between 30 °C and 95 °C. These
devices consisted of water filled coils surrounding the outlet tubing connected
to the SSB device. An aqueous solution at pH 8.8 containing 200 yM dNTP,



wherein such purification, separation, modification, and/or immobilization
15 occurs through attachment of the target chemical entity or target
biological entity to the functional coating or to the ligand present on the
surface of the microwire supports; and wherein the static support bed is
placed into the inner volume of a channelswith the proviso that if a
magnetic field is acting upon said static support bed then the 20 magnetic

field isngt djar d tically, tip| .
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range of 1 pm to 1000 pm and a length to maximum cross-sectional
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cross-sectional dimension ratio is larger than 50. 8. The static support bed
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procedure was applied at the other end of the microwire supports.

25  Eight filter membranes with 0.2 pm pore size, 10.75 cm long and the shape of
hollow fibers with a lumen of 0.5 mm were prepared so that the lumen at one
of the ends of every fiber was blocked by collapsing the fiber at that end while
the other end remained open.

30 Then the bundles and the filter membranes were aligned parallel to each
other so that four filter membranes had the open end on one side of the
alignment and the other four had the open end on the other side. Then all the
ends on one side of the alignment were embedded in a plastic disc 15 mm in
diameter and 5 mm thick. The ends on the other side of the alignment were

35 embedded in a disc similar to the previous one but perforated in the centre to
produce an inoculation port consisting of a 1 mm hole through the disc, The
ends of the bundles went though the discs exactly to the point that the surface
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individual microwire support forms an angle between 0 and 45 with any
other neighbouring microwire support. 11. The static support bed
according to claim 10, wherein the angle between any 25 given individual
microwire support and any other neighbouring microwire support is
between O and 10 . 12. The static support bed according to any of the
claims 1 to 11, wherein the surface of the microwire supports is modified
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having a multilayer structure 30 segregated into a central core and one or
more coating layers, wherein the surface of
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the microwire is modified by: a) attachment of ligands directly or through a
linker; or b) by coating it with a functional coating, the coating being a
coating which may interact by covalent4§ non-covalent coupling with the
target entity; with the 35 proviso that the functional coating is not a
polyeic coating. 40 31 17. The microwire support according to claim
16, wherein the central core and the coating layers are made of a
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acting upon said static support bed then the magnetic field is not used to
separate and/or detect magnetically 30 35 40 32 susceptible particles

Pesgat éta“?:e fdﬁSoWrBQQhaE*&%’aﬁ’Q%t'&a'?r%erwa Ct'%er%%a’tglésréegtrai core and the
coating fayers are made of a different material, being the materials selected from the
group consisting of glass, metallic, ceramic, polymeric and plastic material.

3. The static support bed according to claim 2, wherein the central core of said
microwire supports is made of metal, and at least one coating layer of said microwire
supports is made of glass.

4. The static support bed according to any of the claims 1 to 3, wherein said static
support bed has a maximum cross-sectional dimension in the range of 0.5 cm to 1.5
m, and a length in the range of 0.5 cm to 10 m.

5. The static support bed according to claim 4, wherein the maximum cross-
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5 between the microwire supports and said magnetically susceptible

particles. 21. The method according to claim 20, wherein a electric current

is applied to the static support bed. 10 39 The method according to any

of the claims 20 to 21, wherein a magnetic field is applied to the static

s %gt?ﬁ% SPURA RGP e 0 RSB 8n HeersaiBas i the range
atc ﬁjt HX/ of the claims 20 to 22, for immobilization and cultivation

of cells. 15 24. The method according to claim 23, wherein the stepa) .
TR 2 SRR Pt e OB oL R RS I RSB e icrovirs
iRECRAEP G R BIRHA SRy 36iARE! LEURDPOMEBUTRa R gR thrierm to 1000
VUTLARE Gt OIS REKERMTA PR PREUPAR: diTigpBiTbEioaroRBISIFACT
Static support bed for purification, separation, modification and/or
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invention comprises one or more microwire supports suitable for the

; i antiti ' iological entities. 1 . ,
el e e o3 LB e o
SHERADHBAYRP [RISHE B SRR RTBRS GeRiinsh dimpRRiRmERSie sarsthan 500.

immobilization of target entities and method using thereof <130>

@&?@@%c%@ﬁrﬁf’m&ﬁ%’i %5@9@@9&3% téjé?%lré%é microwire

)
ersion 3.1 <210> 1 <211> 2
Ps%tgggws\ﬁave a length to maxjfmum cross-sectional dimension ratio larger than 1000.

10. The static support bed according to any of the claims 1 to 9, wherein any given
individual microwire support forms an angle between 0 ° and 45 ° with any other
neighbouring microwire support,

11. The static support bed according to claim 10, wherein the angle between any
given individual microwire support and any other neighbouring microwire support is
between 0 °and 10°,

12. The static support bed according to any of the claims 1 to 11, wherein the surface
of the microwire supports is modified by coating the surface with a functional coating
selected from the group consisting of polymeric, proteic, gelatin, or collagen coating.
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<212> DNA <213> Artificial <400> 1 cttcttcttc ttcttcttct t 21 <210> 2
<211> 62 <212> DNA <213> Artificial <400> 2 gatcgaagaa gaagaagaag

aagaagaaga agaagaagaa gaagaagaag dfigaagtata 60 ct 62 <210> 3
<211> 62 <212> DNA <213> Artificial <400> 3 gatcagtata cttcttcttc

ttcttcttet tettettett cttettctte ttcttettct 60 tc 62 <210> 4 <211> 51 <212>

DNA_<213> Artificial <400> 4 gaagaagaag aagaagaaga agaagaagaa
gddgibg&ialiasynaehdgd aEprdipgds slaiml 1>wioerein the Dipand <@ EBtected from

Adttigicimb3p2 coréiSing B0i@atkg CRISeRANNIESuE 18RiBoTRdel >adtibiotics, antigens,
nucleic acids, peptides, hormones, coenzymes, biological catalysts, chemical
catalysts, chemical reactants, lipids, sugars, aminocacids, proteins, nucleotides, a
compound containing a functional group selected from the group consisting of
diethylaminoethyl, quaternary aminoethyl, quaternary ammonium, carboxymethyl,
sulphopropy!, methy! sulphonate, butyl, octal, and phenyl, and mixtures of them.

14. The static support bed according to claim 13, wherein the ligand is selected from
the group consisting of cells, biological tissues, antibodies, antibiotics, antigens,
nucleic acids, peptides, hormones, coenzymes, biological catalysts, chemical
catalysts, chemical reactants, lipids, sugars, aminoacids, proteins, nucleotides, and
mixtures of them.

15. The static support bed according to claim 1, wherein the linker is selected from
the group consisting of polymeric coating, proteic coating, gelatin coating, collagen
coating, cells, antibodies, antigens, nucleic acids, peptides, coenzymes, fipids,
sugars, aminoacids, proteins, nucleotides, cyanuric chioride, quinine, p-
mercurybenzoate, phenyl boronic acid, and a compound containing a functional
group selected from the group consisting of aldehyde, aromatic amine, nifrene,
maleimide, carboxylic acid, isocyanate, diethylaminoethyl, quaternary aminoethyl,
quaternary ammonium, carboxymethyl, sulphopropyl, methyi sulphonate, butyl, octal,
and phenyl, and mixtures of them.

16. A microwire support secured by either end, for the integration in the static support
bed of any of the claims 1 to 15, said microwire support having a multitayer structure
segregated into a central core and one or more coating layers, wherein the surface of
the microwire is modified by:

a) attachment of ligands directly or through a finker; or

b) by coating it with a functional coating, the coating being a coating which
may interact by covalent or non-covalent coupling with the target entity, with the
proviso that the functional coating is not a polymeric coating.
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<212> DNA <213> Artificial <400> 6 tttgtgatgc tcgtcaggga attc 24 <210>
7 <211> 24 <212> DNA <213> Atrtificial <400> 7 gaattccctg acgagcatca
caaa 24 31

17. The microwire support according to claim 16, wherein the central core and the
coating layers are made of a different material, being the materials selected from the
group consisting of glass, metallic, ceramic, polymeric and plastic material.

18. The microwire support according to any of the claims 16 to 17, wherein the core
of said microwire support is made of metal and at least one coating layer is made of
glass.

19. The microwire support according fo any of the claims 16 to 18, wherein its
maximum cross-sectional dimension is in the range of 1 um to 1000 um and its length
0 maximum cross-sectional dimension ratio is iarger than 5.

20. A method for purification, separation, modification, and/or immobilization of target
chemical entities or target biological entities present in a fiuid, using the static support
bed defined in any of the claims 1 to 15, said method comprising:

a) loading a fluid containing the target chemical entities or target biological entities
into the inner volume of a channel containing the static support bed;

b) attaching the target chemical entities or target biological entities to the microwire
supports of the static support bed;

¢} optionally, carrying out a chemical or biological modification on the target entity;

d) optionally, washing the channel and discharging undesired components and
impurities of the fiuid; and

e) eluting the resulting chemical entities or the resulting biological entities;

with the proviso that if a magnetic field is acting upon said static support bed then the
magnetic field is not used to separate and/or detect magnetically



