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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.
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They can only operate within low flow rate or agitation rates. Similarly,
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
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suspected to contain the molecule, and the existence or extent of
molecule 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 sourceg. Purification of a biomolecule is
often initiated via the use of adsorption chromatography on a
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AQERIEH TY3BLBURALY 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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3 solution. 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 diameterzSuch fibers can filter bacteria
and nano size particulates such as viruses and colloidal 10 particles at
higgﬁmﬁgjﬂwrough the filter. They can also be used for purification and
sterilization of water, biological, medical and pharmaceutical fluids, as a
collector/concentrator for detection and assay of microbes and viruses,
angPaktBaSthdistissatedglaye ot calis] h6tAMpmBALhGHeD Rliatathtrix
MIREWNHEP BRI U AN o iR S LRLETRAREHE BIABIBER A AR al in

frequencies,are used in miniature electronic components, and for filtering
of %I%cf%ﬂ%%%@??‘iﬁt@%ci%ﬁe in printed circuits and cables. The

microwires have also conducting properties and, therefore, may be used
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passing the fluid containing the magnetic beads through the membrane
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Nevertheless, the amorphous glass coated microwires have never been

proposed for their use in a method for purification, separation, detection,
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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microwire is covered with a polymer containing specific bioreceptors for
the target biomolecules present in the surface of the magnetic
microparticles which are subsequently detected. 5 WO 2005/101464 -
relates to metallic glass coated microwires wherein the biochemical
reagents and enzymes of the PCR reactfon are encapsulated or loaded
into nano- or micropores etched on the glass surface that is either a part
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modification and/or 15 immobilization of target chemical entities or target
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Y, ina rst aspec re is provided a static support bed (SSB)
for 25 purification, separation, detection, modification, and/or
imB\HdRGARYNCH (Brife IMYENTTaNNntities or target biological entities
present in a fluid, where said static support bed comprises one or more
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pJﬂﬁ@QﬁGﬁdggﬁéﬁ%ﬁ’ﬁ%‘?ﬁcmlon, and/or immobilization occurs through

attachment of the target chemical entity or target biological entity to the

funsiioaslfeRliehasda Bf #PPRHMSSRBI MiSthod carried out using a static
support 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,



5 surface of the microwire supports; and wherein the static support bed is
placed into the inner volume of a channel; 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 th%rgnagnetic 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
supportwseseaied bgheitheficatéthnfarabaraitegratiodificHimstativdsopport
bed fined herein, said microwire support hayin ultilayer .
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whereihbiblegiuebentiy thetneidrowiienslmodifiegl dytcbth digackinpeaseht on the
Iigg‘[ggg ed%:fe{%tlé/ Kofs Ctprgw{ghgg@(l){ﬁé;; or b)‘by coatipg it with a functional
coating, the coating beirig'a'coating which may interact by covalent or
reomdoshateit o phakpvsitpioet taegbisarittyedwittotiieeprods e shanthef a
f ional ing i olymeri ing. n athird aspect, there |
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chigmicdiicentisied bshadybebideyidhae enkitiewiresthponme eudlsaid ofddnatically
C%Hé?t%?@?gﬂ%iet e static support bed; b) attaching the target chemical
entities or target biological entities on the microwire supports of the static
support bed; c) optionally, carrying out a chemical or biological
modification  on the target entity; d) optionally, washing the channel and
oIS THRYV IR SHEPRER AT BIRONTS iRG < SreRisRIRPURd Byus. ina
eluting the resulting 20 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
magnetic interaction established between the microwire supports and said
magnetically susceptible particles. 25 This method is particularly useful
for the separation, purification and/or
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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 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 Jjeptldes
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on the target entity; d optzonaliy, washing the channel and discharging
undesired components 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,



The term "microwire”, as used herein, refers to a solid, Le. 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. 35 As used herein the term "gfatic support bed" refers to a
matrix composed of one or more microwire supports, grouped together in
a r§%lérﬁg&pgge % aensd Zoéiarplm%péliz%d by either end, The_tﬁrm "bund|e of
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5B ratory scale fails to yield the expected
results when applied at large industrial scale. Therefore, the dimensions
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PrelSHbbuAEY cﬁggiéggﬁ,ggm 0.5 cm of maximum cross%&%&] tnorganic
' id 0.5 cnt

dimension an n lefigth to 1.5 m of maximum cross- sectional
dimension and 10 m in length. However, due to the high capacity of static
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Cross-sec imension and 5 cm in length to 50 cm of maximum cross-

sectional dimension to 1.5 m in length. One of the advantages of static
SumB%@?WMM&mmm refiste d%lpreeaiiiiesHERM s 2
15 AreARRNPSHRKILRRIA ARSI oY lgh RGNS upport
bed device. This advantailge results %é@nﬁgﬁge%?gﬁg‘é%ﬁ%&cﬁ rt%é?.%?s
microwire supports employed in this Invention i.e., given a particular

pofssitgast iiesaitadbesignpormedifitalion’ leafyrs svailablerstidade steawibiure
becpepwirnstulbiy Bl SHBRISGASS! Afedr when 30 thinner

microwire supports are employed. However, thicker microwire supports

are more resistant to fracture, for this reason large devices or harsh
20  As used herein, the term "immobilization” refers o the act of attaching by

covalent or non-covalent forces a chemical compound or a biomolecule.
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.

25
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.

30 ,
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.

35
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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process conditions require the use of thicker microwire supports. The
length of the microwire supports is not particularly restricted to any 35
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 8 maximum cross-sectional dimension in the range of
1 erﬁ%&sﬂggdﬂ} ar e;oeprgaintain. their fjlamentous 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
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dir{g‘ensrion ratio is larger than 500. Most pre
mAXI TR Lo R al dimension ratio is larger than 1000. 10 Static
support bed technology, as described herein, is most advantageous when

app AL HIE PESEESFTION geTiEd nolerasorst flowing fluids,

viscous fluids and fluids with solids in suspension. In any of these four

instances, application of existing technologies results either in low
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to 8 porosity VAL 8% section of the device. The porosity of the

20 device is affected by the design of the device, the size and geometry of
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eﬁ@&@@vwﬁj@m AbRIeceRBAfoePrentmengerfepmdhienm of maximum
cross-sectional dimension and 5 cm in length to 50 cm of maximum cross-

sectional dimension 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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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 35 pushing away adjacent migrowire supports and distorting
temporarily the spatial distribution of adjacent microwire supports what

reSpliS A AN 3r6. é%%gcons[%%ﬁgln AyROgle ol un tptentde%ggéfn and, to

Moreover, deSI n.an UCtIOI’] |m|tat|ons ay redjuwe INCr

the"awaie'ﬂéﬂﬁé’em%ﬁée% ﬁ%%mﬁé%%éﬁ%‘fﬁ*#B?t?fﬂ%-&é@ﬁ*@@é‘1
Thétatensjarcoatidifaygerd mefriddrenprottirabht, shtrerpaetanhinvestiartctional

Zg)ﬂ@@h\éﬁfh'@iﬁ'ﬂ#@?éﬁgwmepﬁﬂﬂﬁof@@m@HQ'%WB‘?\QXI

r nel oring,.microwire 6] e prerera
glv%}(r?gl% E?%?E%Wl%ogurppor sﬁ‘ﬁ%gﬁ% ’t\)%‘)f\ﬁfégﬁoﬁe ﬁ@ng[y’ the
witleagih tﬁrﬁ@m@aﬁb@m&ig-ﬁﬁ@mﬁlb@w@mqoaﬁfpaqot@rmet@an 500. Most

enredéraiy, the rermtiwicasaxienircedis bectiohan dittgesiciotaiosediger
mapaear{papthey are completely extended from one end to the other end

of the column or reactor, immobilized by their ends, and the feeding flow
runs through one end to the other end. In a particularly preferred
embisdirsippaithaitteshroingp @sdescpbask Henesucis mastyadhaarihegebus
feadirg fipplvakio rrnmosis SaVerR R MHADIIMFIBITOWIFR fuids,
SUPRYSGs W.ﬁ_‘ METRRIGRS, 8 WA %@?&& }} &?s'ﬂ]é?wssoenallowed ghg\ﬁﬁz’our

coverage o e imnner VO ume o e column'or reacfor WI

ﬁﬁéﬁ%%ﬁlﬁ%%"aaaﬁnd?ﬁ%%mmwggwm%@mﬂ@mactor
of odbetiviigronindistitipy hackpressiumer. grouped in bundles. This uniform
distribution can be achieved by immobilizing the microwire supports or

bugg q(s{b their engﬁﬁzo eltg& ??2% %ﬁt‘%}eﬂ é: gfggeg{]{ﬁ%%g? | lé‘ﬁ zﬁ%’ of the

fy@%@%mhﬁm&mﬁeéﬁ@@mg&mm oy flave TBIB esistance is
plahed:m&uqubawbﬂmoer@@mmm@ﬂ&f@éeﬂézwﬂ@%@t aHedniPared

\e/lgm ggsére k@é%ﬁs@%oug outé%{ p Ire’s @ﬁ%g hgg?é’ cfthe
evice Is aftected by the design of the devuce 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
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30 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, unlike the
hollow-fiber like 35 wires. The materials @f the central core and the coating
layers are selected from the group consisting of glass, metallic, ceramic,

f; b di h
Cona U AR AT IHE ) R e BER RO el P 3 gpont
onSSQHG Iﬁ%P?é't%ﬁBéoofpﬁiﬁérg’ ef%@'fﬁ%%lllc core of the microwire

supports may have an amorphous and/or crystalline microstructure.

Pquﬁé@@ﬂdréhﬁd@@f@“itﬁ Fﬁ@ﬂ@%ﬁ%@@ﬂ%ﬁ%@@%ﬁggg&ﬁﬁoéﬁmn any
r nt, the core o mic

e e B oS AL e Gl arn o lp  wi
all&fy P%%ﬁ@&ﬁkqa@uﬁ@d%@ﬁﬁmﬁ ey areferipr apdiviver,
platidividualombidtonickedusporisitinas, reamgie WBiaesard eamon0 ° with any
phgﬁ@q{g%%ﬁﬁmwﬁwgém@olybdenum indium, gallium, lead,

hafnium and zirconium. In a more preferred embodiment, the core of the

microwire supports consists of an alloy containing cobalt, iron, nickel,
chlo@ipfaleserdreaiediment th@lyb‘@gmmqaremmptémmmm reactor

of ipasastpartiiady pralees i benpsesen éﬁi@fﬂéﬂ‘fﬁiﬁ\tﬁﬁé%mltéd% other

eRpEng @'@%@%%ﬁé%%@‘ﬁg&% bgU%, 35018 1645 low
9 8§ E?sr%@b sgeenddo theptheigns bn g 95@@@33&! oreferred 06
130600dBTES.Ahe, DT GMIBESLPHEER0A FlacEBia Suth @ hay ks he

1lieuthg h&wakdd an Age’Bebadeantdrzihd 450 with the microwire supports.

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
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957,334,7013,14 13,02 11,19 0,62 10 56,51 4,84 0 13,08 14,16 11,41
0 1158,044,62012,9212,811,01 0,61 3512 58,254,490 12,52 13,47
10,68 0,59 1357,96 4,73 012 13,211,111 11 The vitreous coating
composition may comprise metal oxides such as SiO2, A1203,13203,
Na20 and 1(20, among others. In a preferyed embodiment of the
invention, the surface of the microwire 5 supports is modified by

att oati WI'[ a functl naI coatin refor
thegﬁﬁﬁﬁﬁét%n*%? b AR She SR8 ihoon eafores
cddiie tRsaYA ﬂ%@aﬂfamﬁfwmgemdamm amespheus and/or
b|odmgsd:alhentnﬁysdm&tarhin@dﬁaifeﬁilygtbetmthei lig@ndeprasent mmibephous
surtaersefrthg ricrowire supports. 10 In a preferred embodiment of the
invention, the surface of the microwire supports is suitably modified by
coating the surface with a proteic, gelatin, or collagen coating. Therefore,
in thig cdstenies apkedneiethnomiel S pakrovieisuppenisdisictde af a
funeiétaiaheertingalldyssdhedeibindtivet aTaltIbanagmeaLsed Serdital alloy.

f I
reﬁ@%gﬁﬁﬁﬁ‘é%%%%%ﬁ%’”?ﬁeéﬁiﬁ%ﬁ%%%%é%ﬁ%@ R lpp pltinum
QuifRBe BHERB ARIBATY fARNAESDy

attabrenminnoftangsied, ot derfane bidiven? @allioropizedupgfoitndisectly
or Hvgsabm, Iiﬁl@h&f@%@h@ﬁé\ﬁ*ﬁé&%@ﬁ%ﬁh@%@@fﬁmfﬁw

co 0 I ical tis antibodi antlblotl St antigens
nu%%?é%%dégﬁép ide %%o"‘i"q]m nééciﬁ%ggﬁ dggﬁt’blgl%d" (J:% %@'um' boron,
chéligea MQQ@H@&I reactants, |IpIdS sugars, amino acids,

proteins, nucleotides, a compound containing a functional group 25

se %ﬁh‘%?%ﬂ\r RERNSIRES giﬁm Pﬁ& oprop dsent

i R R B arly

|xtures of them. Partlcularly
preferred ligands are cells, blologlcal tissues, antibodies, antibiotics,
anfigBrs; hucleic acids, peptides, hormones, coenzymes, biological
catalysts, 30 chemical catalysts, chemical reactants, lipids, sugars,

AR e s % TN % | Cr % |B% $i% [Mo%
1 68,7 4 1 0 13 11 0
2 50,7 3,98 ol 2365 11,96 9,71 0
3 60,51 3,99 6f 12,13| 13,53 9,84 | 0
4 59,85 3,94 0 12| 13,38] 10,83 0
5 58,34 3,84 0 11,7| 13,08] 13,06 0
6 58,14 4,17 o] 11,66 13,02 13,01 0
7 58,9 4,19 o] 1242] 13,13] 11,36 0
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 0,82
10 56,51 4,84 o] 13,08{ 14,16 11,41 0
11 58,04 4,62 0] 12,92 12,8 11,01 0,61
12 58,25| 4,48 0f 12,52] 1347| 10,68 0,59
13 57,96 4,73 0 12 13,2] 11,11 1
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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, 35 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 12 group

SRl e SR L oo

bl
aﬁ&?@?‘rﬁﬁ &%@rﬁ%@@ e Brethyl sulphonate, butyl, octal,

and phenyl, and mixtures of them 5 The glass-coated microwires may be

preﬁamﬁwmmﬁmﬁtbem&nﬁméhﬂadhﬁﬁers%%’é‘éba& the microwire
ovedenei
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furictioobiizetigiasscoon tacomitr theratmabposra o Uitiinedgi@reaoddentity or

PreaRyachiy WW@DE%@'MBH Eﬁ%t@eﬂfﬁgﬁa N&sen in the

glas coat Jpicrowire su i) oxidizing its surface; (iif) activating the
surace 3 ? ?engLﬁ{%\aW% 988 fcrowire; and (iv) functionalizing with an
appropriate 15 ligand through covalent or non-covalent coupling of the
Iig‘fmd podfeerinkemadidinherst mwdﬁan?@ﬁf?@bﬂwﬁc@@%ﬂem&
t reatment

W.th i c%,’#ﬁad*b.%‘.afﬁnv e s P Y F BB gn, or
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covalent or non- co Ophilic, hydrophobic or affinity
interaction) coupllng to the ligand. The activating step (iii) of the microwire
supravtiheapredeprstoemeddinseningeheiepventiualigie SeivRiel IRFHMicrowire

StgRSpdre B QA %%&ﬁ@%‘?%ﬁé%ﬂ B i?ﬁ Q?éﬁ’ﬁﬂ% %dgﬁr%ce of the

process compr|5|r?Jj ? lowing steps: reac the O
m{g;%rwwéreosgppo irectly or t rough a lnker Preferred 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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30 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. 35 The functionalization step (iv) can be
carried out by coupling the linker attached to the surface of the microwire

hilic
et AR, SEnEshplc e, IS sprbpic
boAG ﬁ%yé&%ﬁnﬂ'%miﬁ@mﬁé%d%%%w BRReF Y mipternary
coambimatiaus; ejtmivtiopt, pliphophigayidsethy] Bulphamate, hutgtiorcti, and

theligagd inkedixa-sgipethend 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
thel ig-glassocpriefbrVrEpErsdaAORS R RATBHO@RtBHtabietmethod known

sulfege at)sadhirasifadohidlidivekresstbed (Fiatkiiddathhownditteidyedencie
an@ay 96347 3 Bfﬁé?éﬂ?rﬁ&ﬁ?ﬁéé@ﬂﬁ%éﬂe%%ﬁﬁ&%&é S@\E‘:?ed as

id bound t funct th f
oehelases 8%%?8“5‘#@&??3? R ar en TR B8 b, 2.6) o

thiol function on the ligand bound to p-mercurybenzoate, iodoacetamide

ormﬁmi@f@a@says%@@wfﬂﬁermfélg&e@@@%gmné&%&fmlaﬁﬁot@e

oS ‘é%te.a%ﬁfg,ﬁpﬁ%%%a%om%% %‘?\é‘*%‘?uﬁé‘“@rﬁﬁgﬁssﬁaﬁﬁ?édm%a ghass-
gr&HE?gr{Tﬂ?é%"ﬂF%éépa%} k%t‘}%r& 'F@o%’;} ﬁﬁ?e %@ﬁg‘(ﬂﬁ’ﬂﬁb@ﬁ%@ce
booidite assirltngy axitized thielayeingt. ar)mcn)duvmmammgngthfagamopnate
251 aﬂcﬂﬁl“d LRI S HABNASHI S PERIB RS ST BIaRiRR AU inker

%P} ﬁglols betyeen a self-assembled monolayer of octadecylthiol and
Rl g,t.e[[ﬁ irface and fumarate reductase

Preferably the oxidation step (ji), involves a treatment with H,O./NH; aq. (1:4)
followed by a treatment with H,S0, conc, Other oxidizing conditions can aiso
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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b.2) hydrophilic or hydrophobic interactions, as for example an ATPase 30
embedded in a liposome bound to the surface through the interaction of
the liposome to a layer of dimyristoylphosphatidylethanolamine on the
surface. b.3) affinity interactions, as for example:antibody-labelled ligands
bound to antigen-coated surfaces, biotihdabelled ligands bound to avidin
or streptavidin coated surfaces, glycoproteins bound to lectin coated

SUERRAE infAUABR LM BBAYE CPRRBIIBIAGRSA BY onieved using
to-conc? V?h A coated surfaces, choline-binding domain on ﬁﬂe IlgandS
bofifd ?o?g?oﬂﬂg‘%‘&@& ”%B'ﬁg ié’é‘,SFAD-dependent enzyme bound to FAD

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

enzyneakelieddpitefatthgamaaiogue coated surfaces. The static support
bed adsorption method described herein, can be used in 5 different

applications. Thus, it can be used in a method; (i) as a biocatalytical

Al PR, AR biSHENAR AR Lot inkeAade 'erascend damidehyde
supppetionimn(ihecuntadiéy target chemical or biological molecules by use
0f_@.2§§ﬁ|¥ﬁﬁiﬁéhﬁtﬂt&[dﬂ‘2ﬁﬁfﬁb’ ﬁ?ﬁgﬂ%@ﬁ#ﬁﬁé%ﬁ%&ﬂ?ﬁ%ﬁbgﬁuﬁop of the
migrowire .support: (iii) to separate target chemical or biological molecules
fro%%é%lﬂ%ﬁ%ﬁoégl%vﬁi %ﬁe%ygpeu E&?@#ﬁ*’é , through the interaction of
sefddbrfR TR fearinnne barclioansidaved wismiicberlrddidianrto quinone
bdundtiortherstitkasarédébe microwire support; (iv) to simultaneously
< . ey ol olagical | .
e thfﬁ'aiﬁfw%%‘ﬁﬁ?ﬂﬂ%@m L O 7 2 Houp
bi&?oﬂ%mﬁgmmlggo%h%l?t%”ﬁ?%eracting entity, being both the
cadly annaaime residaetion bhetigand hguoddoainidnethe funictiothen the surface
Zyglﬁ@albmmm@ﬂvﬁf@?wf caPdaivatianTT ; Qih@wﬁaﬂﬁiéalﬁmisé' or

[ I I rther, interack with target chemical or
b.§r§3éﬁﬁﬂﬁﬁﬁ%ﬁ‘?&fﬁ%ﬁé?ﬁ%@ﬂﬂ?g fh@grg%%er%%%%%%es_criped
aledeate B AR A RleitYiR s5Re SntitisurRsegrariiaxane,pedeing,
ordiQﬁ]ﬁdg bon_ﬂmoeh&'mbéebﬂﬂﬁiiidnbeing said cells bound to the surface
Ofghg AT eNYr 3t BP¥dent 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)



(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 target chemical or 15 biological molecules bound to the
surface of the microwire support; (ix) to develop chemical reactions
involving one or more than one step through the action of one or more

s e R

phy18MgH8 50RteS SHEFRRS through the activity of different entities
immobilized on the surface of the microwire support or through the action

of pRsiaalifosERRGADEY 8d48 MRV IRH AL RRILOT SFaMIre-1BRAUSed in
s ()i pisRid DA OUShANG Inieraption of s placmid DNA

with I L AR SRS owitd SUpportsefunguona 788 WA suitable
oligonucleotides which are complementary to a target sequence inserted

into 15 th@ pkaarbiddabiiytiod) featioacayealyimebitidjientgmetpiasimidsurface
thrgp%fw&g&w&i%%r&f; the surface of the microwire supports with
suitable oligonucleotides which are complementary to a target sequence
inserted into the plasmid, and a 20 restriction enzyme and a ligase

10 enzyme; (Hjifoforadify daitiesheamicat anviglioaied| demeon greuRe b
thesaRiRfeVIIA SHBP BTb-at BIREE SRIGHRVHERMUED 1heRkiizecheeals Al Rire
sugagtﬁ?[r_pay be used as biofermentor for cell growth; 25 (xiv) for
SO idighase PCR by immobilization of suitable primers for that method.
(xv) to decontaminate of fluids by inmobilizing contaminating agents on

the syrfacﬁéi)dbtlgepgiatewmgeu ppqmamompfogmy mbibe_mem_\f'@m the fluid in
15 MEPHRAGHSAPRHCREARS NS atRANY thidtacaun bridsiavittdu9Rnemical or

OB S0graa maleules Wit RS ing Stted Bound B he St of the

microwire support;

(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
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35 In a 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 16 microwire support or to adjust the temperature of the
microwire support. When an electric currgnt is applied through the
microwires, the temperature of the static support bed can be regulated. 5

Fuhagaec ek lBeNGU Al & ARRLEG RIS Malla sURporLRed

e present Invention can be use 8 separa e I;et'tlcally
susceptible particles from the fluid in which they are contalned through the
magnetic (ixjeicactivrlestabtishied! betwbenstivevolidrydreesumporeathdsaide step
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chqgrﬂgéosqﬁg% thodlsrlénol\r/(\én n the I_@rt the staha pﬁﬁgport g} support:
adsorption method desehnbeain tﬁepporesen? fei qrﬁ}ﬁrl’ \;%sas PPO
features as shown in Table 2. 15 Table 2. packed bed fluidized bed
expandedx)ed statlify theopraisiged phyrrasosnsina ﬁ@ﬁaqmmmﬁe%ﬁbw of
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ba@@é@%@ﬁ@dﬂ@b@d,very good 30 Geometry partlcles particles particles
microwires Height of constant variable variable constant bed as function

of flow VEIAG®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
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
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;

(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.

(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.

In a 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



35 Porosity very low very high very high very high (constant with (variable
with (variable with (constant flow) flow) flow) with flow) 17 Therefore, a
major feature of SSB technology is its scalability. Microwire supports can
be produced at the desired length and assembled to fill the desired
column diameter. Besides standardised sizes, the devices can be 5
customised to meet particular requirements. Furthermore, SSB technology

h duced bey, of d
ora e SO T B R e R i O o e

10 WQF‘@E@@&%%%E%@@W&MW ;Sam\égrai@@ priscavdregpiisriempsmiure
is avbtmerstaictechpotbpdimtriaeilitatesatedduction through improved
processability: 15 - better resolution than competing technologies; -

for hi hI l d solid holished
5 e LTS SR B e BB PP TRE BIoRe et BHRpesthedh the
meteiaesk ofRRcRIRsaNs ipeation castbetideed torseadraidonagnetisally
immediizaiion mﬁmm@etmrﬂi@aﬂamwew&améy éxi@I@siﬂahtreéuitﬁ?ugh the
r I
p %ﬁa%ha.e fitisl ﬁ%%’f%?fs@ééeﬂb@&mﬂ PANERLUAR. SURAYREhd said

entltl IS Passe hr device, then the target entities wi
{f{8Sating of the modified surface of the

10 mlcr0W|re supports and/or interact with the ligands present in the surface

SL @mmarwatgég@ar&n%&amﬁs%%@l%@ﬁ:@;ﬂ%@;ﬁﬁg static
Slfidtitbod REESHRN Aot {%ﬁgﬁg R SRRSE R B

carried out on t
té‘@n%oonents and impurities of the

chHﬁHE?‘éﬁ?HfQﬁgﬁl@&rém

sample fluid can be carried out and finally the resulting chemical entities

15 Or {hgygsulting biological 30 entities are eluted or desorpted and
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reqovered—tnapreferrec-embodimentmicrowire-stpports-provide-an
extellent surface| for RpeEthtsadnh e fttdizetsbest s sxerndesiisdidyicestatic
are designed to grehicenaisyiephso|vitadsotptiemnd cadiormiensupplyeiport
freph culture media. The 35 system|is suitable for continuous extracellylgy
pratein productioh and for cell production following a harvesting step.
Resolution very high very low medium high
Max. very low low 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)
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18 In another preferred embodiment, the use of SSB as solid support for
solid phase synthesis shows an increase of the productivity of solid phase
synthesis by providing higher specific area and faster flow conditions with
5 improved processability. Throughout the description and claims the word
"comprise" and variations of the word, such as "comprising", is not
intended to exclude other technical features, additives, components, or
steps. Additional objects, advantages and 10 features of the invention will
become arent to those skilled in the art upon examination of the
degg}ﬁgﬁgﬁ%r }

PciRalire Foyprderingiogy milsmmsiabig Miswmie
exaHRNestaceproviteatiboadat fididesiaeocagih andratsertdidedadistie
th@@mmmmyeaagm&@ﬁ?mls%é Eéét@% bmiBRiePhe
mi - r roduction of.a continuou owire
S T e SR Rt moy
gl SR RIS IRRTRVERRTEST of 7 to 10 mm and wall thickness of
1.0 to 1.4 mm filled with a metallic alloy consisting of 69 % cobalt, 4 %

ron, 1 % niglel, el HpRSER GribkhdbSlinr R G g Jeeding speed
between 0.9 25 aﬁghdog%? mm min-1 to the md{j%gtlon %v n of a microwire
e.

production nfaceh F ARSI FaR7R45E LY NMRIBHY 260 and
1,330 C. Théaresiiahgcififesairiaral zrar ibandsdimdaterhprocoksisvphorts.
running water and wound at a winding speed between 150 and 250 m

IRGED; ] .30
oo s SERAOAY HRe BelRoR e MR prove

difFRERT microwire support can be modified by adjusting the
temperature of the induction oven, the winding speed and the feeding

speed. 35 Examp! e%oﬁﬁﬂﬂPﬁ{g’r? %ﬁg&g%rge%@%q%ﬁ%g[owire support

(C-S bond): 19 The microwire suppoft wa a mixture of
seven volunsesiabiliyifaruighagidissslitnge el unesefidd drwarogen

peroxide for thirty minutes at room temperature. The support was then
thoroughly ratsdished leakage of support pariicles to the product.

Therefore, according to the method for purification, 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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running water, then in ethanol and then in chloroform. Finally the support
was 5 dried in a nitrogen stream. Then the microwire support was treated
with 2 % (3-aminopropyl)triethoxisylane in water under nitrogen
atmosphere at room temperature. Then the support was rinsed in
dichloromethane and exposed to a nitragen stream. Following an ethanol
wash, the microwire support was treated with 2 mM 4-maleimidobutyric
acid N-hydroxysuccinimide ester in 10 ethanol for 16 h and rinsed in
ethanol. The microwire support was then treated with 600 units of EcoR |
enkywyﬁf@&&f&%ﬁﬁgﬁm‘mbﬂbﬁ g ef SR eperlidseppot for solid
trigthgdeosyntietisid) smiwsantineneagedl thidvp reidiydeivitiaofi et iseastic

Waﬁ HeRIE o b aeRls  i5h8 Sy dFOS AR AR SN, A AShs with

ed |n E buffer. Examp e 3. Application of EcoR I-activated
LfHSSﬁS[% y‘L'reatment of a EcoR | sensitive plasmid 2.5 ug
mU of pCMS EGFP plasmid (BD Biosciences, Catalogue number 20

61@&r@b@mmimeq%asmmmamﬁ&eiméem&w&d %&Wﬂiﬁs\é’aﬁﬁpﬁﬁéﬂdﬁs of
th%hé‘wgﬁ:)' % Eﬁ AR 'lc%?ﬂfjﬁé %ﬂé’f'ﬁéﬁﬁ?& ﬁf%&c & G Adchnical

aqueous o) utlon containing >

ridBAHIBRy ARSI SnAABIARRREER: Of 61AR- GEivoaw ehing @riages and
X-kgouep i iedndediiah Whidactivity opptheeBEtoR hasmighitbednndtoevareupon

SU@%’tﬂlﬁBtmﬁ SlaREHbLBISEAYEST &QQQWWﬁQQf@é%Q%e invention.
oI ARREn S8 RMTRY HtRY o St ARdsTe no
ml'&"@%?éi éﬁﬁ&éﬁf‘%m B%/ d5mpreseRidMeardi®B800 pL samples of the

supernatant obtained following treatment with EcoR (- activated
MIESORWIER Eiapport were precipitated in 70 % ethanol, solubilised in water
and electrophoresed for 40 minutes at 10.5 Vcm' in a 0.8 % agarose gel
in TAE (0.04 M tris(hydroxymethyl)aminomethane; 0.001 M 35
etuample hikxanplcefiricrowire sljpnot tprédusiioglacial acetic
acid), using TAE as running buffer The gel was stained in 0.5 pg mL"

f d observ der ultrayial
|.gﬁ*9ééﬂpﬁ%§“é%% SOl PR RN S SR rrer of
,m&ggpg&,’q@gs 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):



Example 4. Production of avidin-activated microwire support (Amida bond
and Urea bond): 5 The microwire support was incubated for 20 minutes in
a solution consisting of 1 volume of 33 % hydrogen peroxide and 4
volumes of concentrated ammonia. The microwire support was then
washed three times in water and treated #wice with concentrated
sulphuric acid for 30 minutes. The microwire 10 support was then

th%@%l&ﬂ%ﬁéégﬁ%}%m@t@%&@%&@%&mLgtfrge gexve&%rﬁggrsei

in et oI.and.(cj}:r)le in a nitrogen stream. Then two rent procedu

Pr ORI EABCE S YOS N othote |SESRTIRS AR  aE dvsec
micfWiRSsfisem iamereddigeheswuie donay: thae thmoughysimeattin
\;vamﬂmmg nestateddn MidiinoieiferRaantained R, @faréally t{\e support was
-Qgt:l- ric | erature under, nitrogen.., ., ,
atﬁgo‘és‘?{ﬁyr%?ﬁ D B S e B iy 2
an

AR IRXVIEIN KSR i Y AR AR PR PRRIMIR @ffoom
antaqupssaiireolliion thfsBipprikasinstd. inrdidhinatdretinghd and exposed to

g%ﬁ?ﬁd‘géﬂétﬁ?é&’fﬁi .Fggoww W@ﬁ%g@%ﬁﬁi i ,%ﬂgﬁjéﬂg\giﬁ@u%’bort was
R o A O R Reusomenids ester n
miRtheRoHTRE HidtGNRL8sBH I Slhanst thee Micsvireppurporiwasithan
salieet@RBE)PE0T. QrituidhEcbR¢dhayie porirmdPRSMoRAR S Zomth TE
oo, Bb 8 TRa N AT ERS Y [BmaHBRIAAS AT oA oler
eSS RSN G2 256 U BB AT BE RSTorhio e il wdrssbverio
wasighdetrt@feandmwashed-nsbEykufiaopropyl)- triethoxysilane in

Dichloromethane at room temperature for 16 hours under nitrogen

R AR dHB O T SR R RR S, lbRash o the
etpRimeRt ofa FepR Lsenadivepiasmisttr. 21 Example 5. Application

of Avidin-activated microwire support to the immobilization of biotin-bound

SUDSURSLTGr eSOt ripimias At EAMER SHRROL AR BIRS RiRtiBer

W%%@ﬂ%lycz;ggtaining a unique target site for EcoR | enzyme was exposed to the
activity of EcoR I-activated micro-wire support for 4 hours in an agueous
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



5 in the following way. Avidin-activated microwire support was incubated

with fluorescein-biotin conjugate in Phosphate buffered saline (PBS) for

45 minutes at room temperature. Then the support was washed in PBS

and the fluorescence emitted by the biotin-bound fluorescein on the

surface of the avidin-activated microwiregupport was observed in a
microscope under 10 ultraviolet light. Non-activated microwire support

was. U as, negative. control. Example 6, Production of .

o R Y I B B Yoo RSB dhe i moleoues.
bond): The microwire support was incubated for 20 minutes in a solution
corExstingieod | Fraldnstiafri38f%viyihegtivatsddticendidevelippesiqiAmida
CORERINrales LRRUNNARN T he microwire support was then washed three

times in water and 20 treated twice with concentrated sulphuric acid for 30
minutes. The microwire support was then thoroughly rinsed in water and
sorligatavcreWire simped wasimeubatieskibr2tninutemin drisdlition consisting
nitisfgrochtiearnf BReAHgvensepRId @t Aevoligwiaistihcentrated
dieBiRFRREINERE RREIBIIRSEoAE Rl AWALRBIPIRRL A iAW R ang
rogm temperature under nitrogen atmosphere. 25 and then rinsed first In

Y
didFRFEM AR ¥ KL eaRERRAtARH SHRHRF AR JNRRUISR e igrowire

10 mieuppird s@Espihenimoaghitathsed inagatsuasnsbbaiicatetitid md/minutes in

KNRfidr, Hhdeah UaHAG! e 3l iK € e dthais fREARRR different

washed in water and freated with an agueous solutjon of,Q.05.M N- -
e B e o R e 2o R R pelaih the avidin-
etiRREYRIRA MIFERMSRIESERBFhde for 7 minutes. The microwire support

was then rinsed in phosphate buffer saline (PBS) pH 7.0 and incubated

15 forpl8-bews ﬁngﬁ%gqﬂ;ﬁ'@gﬂg 10 nmol of H2N-d(CTT)7 oligonucleotide
persquare mete ICTOWIre support surface. The
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oligonucleotide-activated microwire support was washed in water, then in
etfdeomigrewire ausipodevasttbemingubaedépdithiconmeihpreatordainitig 2 %
UIS_Qf Pmeﬂ_éfﬁrllr{ém@ﬁsil?&{i@ﬁ&ﬂ%)'a??oqug?ﬁ%éﬁé!grg under g}itr_ogen
R Rl RS, S o ane
pHREYC B¢ty (de mauipeniceamie shgerdesidcitiaiedinandayeous
fobolhutiompfOviastiveidndR B8.7 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"-
ethylcarboediimide 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 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.

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
Dimethylformamide containing 0.2 mg mL " avidin for 1 hour at room
temperature and thoroughly washed in water.
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Example 7. Application of microwire support as substrate for cell growth
Sterile microwire support was incubated for two hours in a vessel
containing 10 culture medium for eukaryotic cell growth. All the process
was carried out in sterility conditions. Then, a suspension of a eukaryotic
cell line at 1.5X106 cells per mL was paguged into the vessel containing
the microwire support and incubated at 37 C overnightin a5 % CO2

(el lowyi . ' .replaced wi
ool o KoataAon AR ke RS Wit Rt aape

frestrme ] /€S!
corfiHughY ratigaeaihiotinhonndisubstrategowth on the surface of the

m?crowire support was confirmed by direct observation of the cells on the
MiqrReY BBIRYRFGEY IR HIER HG SWIFEPSGRRG 28 BiABRIFPwvas analyzed
Apgli |%]|8f microwir sucPRort%. to.the construction of static su porg’)cfd )
(S&@%evmﬁevgl?ﬁ order t0 Proauce e ié%%\‘ﬂ?éesﬁﬁ%?ﬁo‘gggd pgked with
thdlypiesRippuatinsanivapiedaRbwsphats bralisred sptiog (RS eméBd

in suiolitesatydoat terfperatober THaO HnB0PBoPERRIEWRNHOWIFFRIBRINY the
elaerisAte e BOThIPRRALARYRYMAYIRIAL LGRS the

at only contains

device, bei fyunctional unit the length of the device the

wER RS L RIS HATE SUPROT AP EhRER R P aSRBRSE NI
evelyasisiattighigooraniiveteidaioppore thuppmésviemse 2s hetiativef
a famedtonal unit. The inlet of the microwire 30 support device was
connected to the feed-containing vessel through silicon tubing and the
outlet of the eice was connected, also through silicon tubing, to a

thiskample L. Bregvidirsnteligerusisetidaastivatest mistevwisesupport:

depending on the regulation of the valve. 35 Example 9. Application of

olig%péiqg-lgﬁ{jggtggﬁa?g rowire support to the purification of plasmid

D wo oligonuclédtides, d[GATC(GAA)17GTATACT] (SEQ ID

NO:2) and d[GATCAGTATAC(TTC)17] (SEQ ID NO:3) where

5-prR SR sUpRerbwas el badetHier (0forinuteinbiessthaiiote ddDiiating

aftif nmammwm-o@w&ﬁﬁﬁa@ﬁw?ﬁg@W%Bﬁtﬁéli?k?&ted

SRS ARG BRIyt anc

sdpRIRdbdcequi RBaeRIrais s HRBYTIc BFidiiey BUrBIngioR TRemimwire

MsSppinnssetaon, ihidrém)hiiemsttiofigeien cladtistmretigdtest 10 minutes in
water, rinsed in ethanol and dried in a nitrogen stream. The microwire support
was then incubated in dichioromethane 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.

D

®

Procedure 1 (avidin - biotin bridge):
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micro-wire support was incubated for two hours in Binding buffer
containing 10 pg mL-1 plasmid pCMS-EGFP/GAA17 at room

temperature. Plasmid 10 pCMS-EGFP/GAAL7 contains a (GAA)17

nucleotide sequence (SEQ ID No.:4) that binds to the (CTT)7
ofigonucleotide sequence (SEQ ID NO:L)0n the oligonucleotide-activated
microwire support. The support was then washed in Binding buffer and a
sample was withdrawn for microscopy analysis. The support was then
incubated for 1 hour in Elution buffer (1 M 15 :
tris(HipTRBiraHipenIReadgrmeivatedvnigryvie Sizpnid velrpradiced by
acithcpi-bfin) aVidknrastrrabdeeivewitd st EiuiippHusitiate Maifeddlsdline
pg /Bk ehREMSBSR Z epnl :
spg?géﬁéjoékgﬁgw Plasmldggéww%ﬂﬁﬁéﬁ @%?\%%Pégg i%%for 45
com grfancpéfoﬁmgqﬁgﬁd@ (&AA)17, was used as negative

control. 20 Analysis of olasmid-loaded micro-wire support:

Oligaavsine T appicigd MF amiewvb RAIb|Perak Wi BlRaTe ¢k eMPgrowth
EGFP/GAA17 as described above was washed in Visualisation buffer (0.1

M 25 NaCl, 0.02 M Sodium acetate, pH 4.5). Then the support was
incRIRHEIRIT QWIFRI SURROM Was40pHbiRe Qs ivR AaHEs i myRrasaheontaining
Probisré)@ajienrDire Wadmnddlueligauevthrefi tvd, prodessatlisaticarbedfent in
Thﬁéﬁm@%mnrm?%egqgﬂ\éﬁaah%ﬁaréekéfﬁroﬁe%e@%ﬁe/%@105%06
m!cr(:f%cogrem%gver fluorescent light. Onl lollggnucleott';%e-actlvatied i and
m.E o-wire supp(ﬁ’? freut& 55 H&ﬁ - el d‘f?i&FH?H EhSirRRert an
flusiedeaipeeal & (S-tRrasRiERidon ad? gt Roatmesrhareldd afolevdegtday the
reagétotd muttivio plasTigipCAdSyitGSHGAddiuhoaribarmIdesserihe

Sueaﬁﬁ*eg_%a%%ep@mﬂg%q\%ﬁéﬁ@ﬂf&&@% |§b§?ﬁéﬂ?8%f{ﬁ@tl%%hm.

35 obilized pl olecules A microwire support activated
wiﬁﬁ%v 8@@%@&%@&&6@3&%@&&6rﬁgmmweﬁfmﬁrwsg by direct
arehsardatioin ohthetalls supifer mhiech @833 ufmpicksanidahisrsisBtbevice
wagigriyiepied to vessels using silicon tubing, a pump and a valve as
described in previous examples. Binding buffer (2 M NaCl, 0.2 M Sodium
acetat 4.5) containing 10 pg mL-' plasmid pCMS 5 EGFP/GAAI7,
wikiasredh Applicatienspb sYerewise wippadsin the spnssyatisreof
costatimmurpartbEATBSBvdeviceyped through the system at room

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
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temperature for two hours at 1 cm min'. Then the feed of the system was
changed to Restriction buffer (0.1 M NaCl, 0.02 M Sodium acetate, 10 mM
MgCl2, pH 5.5) for 2 hours. Then the feed of the system was changed to
10 Elution buffer (1 M tris(hydroxymethyl)aminomethane; 0.05 M
ethylenediamine tetraacetic acid, pH 9.5)3vhile magnetic shaking was
applied as described in following examples. The effect of the

g&%%&éﬁaa&me@'a@}%g AT AR 96 gdhe
fi@ﬁﬁ%%ﬁ#ﬁ f t J ﬁdﬁ té% t

an agarose

Yo tirerra el hinial
| m@l@dﬂpgpﬁtﬂbtnématdnab@pmmmmmnmce Plasmid
SYPEMSECFPUSAR 1T mwﬁswé@&w%éhﬁuﬂ%’elwm SHE uence

20GOPIRORS ﬂﬁﬁﬁ'ﬁ%e@gﬁf'?s ?"c‘é'r%‘%? %ﬁus ; 551 gﬂ'i?ae%gugg?otnde-

on microwire Suppor was built as escrlbe

in 8d)aiad %%%Mﬁé&ﬁt@%ﬂ%@@%ﬁhﬁgt@g fRrs3 saingties isrBinding buffer
magidtidatairic e diSaditen wastetmtipidclS)y Pherpthb ailigdovcieioliod-satvated

25,—,415%%@ $psorbharvics wailsAB e RaLIRa A S Hafl ?%M\% 28RS ing
1] flxe a nets W, ‘S{E};\ articles are settled on the
sur &9 5? %R%E@F@I@ ?8&6%@5?85?%%%@%@&
tﬁ@FW@@M?c%@m@ﬁcﬁw(ﬁMMeﬂmde@We seppence\(BEQR No.:4)
commmm@mhqr(@gney@mwae@m@l@eqﬁbmte@e %ﬁ@m%\t@é

thBE Geﬁé&!“@é %fcﬁgfi%v%ijv@?s&’éﬁtﬁé‘ﬁgﬁpﬁﬁnﬁ?e@%%e ext%./ then washed in

0 water an

e inl
5’ %ﬁ&iﬂﬁﬁ%& WW&W&% fdncipsRRey BRatRignEhe
patﬂbwbmé teeovecsbatedthéopiauiet irefdutiin bitier $58! system. 35

EW%&&M@W%EBM@E@WW%{H @ﬁ&ﬁgrﬁiﬁ%ﬂ%ehc acid,
r been de dun ,th ution or 25
I(:,*Lﬂ_liorp ons rgﬁla rgcrﬁ?{: 0 |re(1 %W‘&ﬁ‘r?ﬁ% & ? aé[]ﬁﬁ mL" of
5&@%1@@&? tas ﬁﬁt@mwge@e%m@mtrcﬂuorometw Plasmid

olgbhlﬁsléfﬂiﬂ%: wiliveledetelit slppasbhgslantsnasrgiRlcas ds seiddedce

0&@%@\ roguetion of a@lﬁé@g{ [ESHRRY t!dewces A 10 pg mUl plasmid
MS-EGFP/GAALT 5 sofution in Bin ing buffer (2 M NacCl, 0.2 M Sodium

acetate pH 4. 5) was recwculated through the system by pumping at | mL
[ ARIcH apepetl to Washing binding buffer

(0.1 M NaCl. 0.02 M Sodium

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 |
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acetate, pH 4.5) for 5 minutes. Then a shaking movement was applied to
the SSB by applying an oscillating external magnetic field while the inlet
flow was 10 changed to Elution buffer (1 M
tris(hydroxymethyl)aminomethane; 0.05 M ethylenediamine tetraacetic
acid, pH 9.5). The material recovered in4he eluate contained 2.1 pg mL™
plasmid pPCMS-EGFP/GAA17 as measured by spectrofluorometry. 15

EXx 13 ' a thesis of on. SSB using.tem e, .
o R e O S St SRS e
Prifhet-acti VEBWARS SGH6H ) geloioe {186y ng, a pump
finet e Bie i Lpyeaseb EaciRR b
preaiaus valyexentslies ioedliyprevimati deaanlede 8 imdtngvbinéfsu$pbttNaCl, 0.2
N ?ﬁﬁﬁ%ﬁjﬁéﬁ O D L Piasmid PN ) for
R A L S SRR 1S 09 130 S T e, RANARGA e 3 DNA
miGRAVRDCR SRBRIRENSIESY 1o (frdduvenasumprbBvauEttieSEyigm at room
desenipesbitury dviaus examnpes. dhemmetalicaroteefoaltiafi the systawinas
SUBASHRATPRERARM G 100 WHGENE3 PSR GAIRaeiSfithm
the pasjiive,pal o‘[a ower supply, while the metallic core of all the
il Stk Dot aoHEn HET e e ol e SR WP ABESSER
cofigisadtdTerd hdg s ybeogmathpbasirsupelbamai O SSBvas
argipgRsh éBiéHﬁh@t@tﬁé{aﬁéﬁ@tﬁﬂRﬁiiL&? _9.§)Saﬂetvﬂﬁ§g@%_' fﬁ"%ﬁﬁ' iWatﬁ applied
preyi r ecti 0 r e
b e S e BB S e
apPGHDIAiIMYERtISR MYAE IXAPSACEWBEIPREIRGIEE BeeOhiperERgkeling
lpRgidimalenls Bt the friperEagHiting DNA
thér&gBardslitt be myartzde dydi ddile@ingAr€atme OSoCthBwnddifiedastsiticuies of
deyjsemeie paneestedda ey andsddig 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
coixample ddinfaréiculate mategiabreparadian o 3B dieicesAn
agueous solution at pH 8.8 containing 200 pM dNTP, 26 20 mM Tris-HCI,

e N Rl NI A ey
a@@tﬁ@ﬂaﬁﬂﬁﬁﬁ%&"%%m@ foflanag BRSment containing the
sequence TTTGTGATGCTCGTCAGGGAATTC (SEQ ID NO:6) on the 5'

end SRR s HCDIHE SHERAWRAE bhit 28 doafdeF olive. This

Ngéac%nwas set in a system as described in previous examples. A 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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the 3' end, was continuously recirculated through the system described
above while 30 temperature shift cycles, each consisting of 2 minutes at
90 C, 2 minutes at 55 C and 5 minutes at 72 C, were applied. Then 1 unit
mL™ EcoR | enzyme was added to the solution contained on the system
and the 10 temperature was kept at 37 €3or 1 hour. Finally the solution
contained in the system was recovered and applied to a gel filtration

crERTRAIGR e RIS 18 ABAIAIRBEAOR WGP Y U A ADBRS R

fragment fr the enzy mﬁf residual reaction

ExXERBRE T4 AP SRR ﬁﬂdFbtt)ﬁef%waﬁme%ﬂsﬁn&l&pawaieoﬂde-
stariivaissbaaitiygsRydumdosds cstngedas Tistriebfadies pfoduction of

MigiRAIEiIRLROs I RIG RO JNCRY g ghe follguing wseg(?sjiroﬁeﬁwr@zm 7
Su
m.ﬁtﬁt.éﬁit,%&tté%rﬁ%%ﬁfﬁ %%’%%neﬂv%’a@%%aatﬂea?%n? R Phnees

grEepECHIiA PERETBEE R el iR dardMe digurst Then
théhe Ma&ommmmwmm pleisic M ateriReThebh el Sodium
Saﬁéﬁtﬁ@:ﬁ;g? ”‘S%“E; ﬁg@tﬁ%@t ft‘tt‘eﬂtaeérrgéglﬂ;egf ﬁ&%@%ﬁéﬂﬂ@ﬁ&? to the
S R SR e e A S SR E IR i e was
lusfangedis %pméﬁé@bf‘b%tvs(bydmm&%)@wmamngm@s M
f.b@uhgte:?eﬂmdmmrabemmetm@wmsynm@mé@mewe%#wﬁtt@

a e ther t f
B N BRSSO A o

otiRPFT T IHAEPHE! Bben end on the other side. Then all the ends on one
S|de of the alignment were embedded in a plastic disc 15 mm in diameter

ﬂﬁjgh@ks'ﬂlﬁ PHESES{RIIER SPBIRAIM F9RRH d&’ Bfperature

I h th t

e?ﬁ??#fcg%ﬁae.ﬁ? BB Csﬁi‘?s%l%&%%&%%ﬁ%é%w”&nﬁé%&f
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

filtes MG BRERARSd ‘?ﬁ@ttéw F&’gﬂlﬁ}g&ﬂtﬁ% g%é&@ d&?d@& c}}?e ious

open en ailable frg er si

EATBIAB A Giaalpesed ﬁammaaeersmw

sidifienne afsbesubstitution of HN-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,



This arrangement containing the bundles, filter membranes and discs was
sterilised and the hole on the disc was sealed with a removable seal. The
arrangement was then introduced in sterility conditions in a sterile 11 cm
long glass cylinder with a 15 mm internal diameter. Then the discs and
the 10 openings of the glass cylinder wepg; sealed together to form the Cell
growth SSB device. The end of the Cell growth SSB device with the

d, gl d ile canditians, to sili .
S R LR BTSSR, 0. un
atnfBspHéEe R4 RINPRERSs throktfid LB GATI GeTESTHIrARBSHISEQ ID
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e b g e oo
5 o L SR ] oSt G ARSI At St GG on
andn@tupEdneda eertinaoasly saaiicuiaied sheough i ayntepdesarhed above
coninileo86lysieg seathecGaiifgoyeids SERiveviesisBig GEAIMB s 4 SiRtic, 2
SURRABS G ysiEiication, s alion ‘&9%‘%@%%{ $hen 1 unit mL" EcoR

immoblilization ofq;?ﬁget chemical entities or targe entities

pre<HIIME W@t ARHEHIR CisFUEE ARt ardimmisien /e thsore

10 miteowiessuppvias Seplrid3d\ thiir drisyriidselinitewhietomportiined in the
i o A AP i
m [ itable for chment of targe
e SR e B Al o SR R AR RO el fgymes
mi@RAiRsiEual SaRrtien FoRRANEHEent of ligands directly or through a

linker; or b) by coating it with a functional coating, wherein such

15 PUESiGRHply ﬁapwﬁﬁneaﬂmmﬁmoeﬁmd DRNIIEEHAB dontRYETion of a
to SR RuRar hed S R TR el S surface or the.

microwire supports; and wherein the static support bed is placed into the
inmm_@mgﬂmg@m@uﬂ%mpmémwﬁwtmmwi%y:
UPQ¥ t I . ic fi not use
se%ﬁmﬁg}%@‘?ﬁﬂ ingaﬁé}ﬁg@%%éwsv%?:e %%f %crft%i‘s? ';%e%g%nt%nqi%%

i

Tl
20 AuRBIRNS! GHSIFR SHRRE @%rcamesﬁgmfaa Wi weed from each of

the groups of microwire supports by binding together the ends on one side of
the microwire supports and applying melted 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 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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microwire supports and said magnetically susceptible particles. 25 2. The
static support bed according to claim 1, 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. 30 3. The static support bed according to claim 2,
wherein the central core of said microwire supports is made of metal and

o SRR AURLAVE FLEAALNCIBNLS, SRR B T a Rl

The static sup or according toany o alms
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Thesslaiic SUARAK BREACEOIINGEEN HaI daubieraistgmaximum cross

29 sectional dimension is in the range of 0.5 cm to 50 cm and the length
is in the range of 5cmto 1.5 m. 5 6. The static support bed according to
anyTu¢ e gpmerisantapneitheoundeswilte sampobranaseachdisomwas

crassrifisetionad e Giokopnthb elingansdansa tmﬂroacrenm@weas@agtlhe
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ort b ccorc% %i% claim 6, wherein the microwire supports

35% t |’HMH§(6W. 'ﬂf@%ﬁ{gg%‘mm%%@wfﬁd a
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Tiessatis/migport bed according to any of the claims 6 to 7, wherein the
microwire 15 supports have a length to maximum cross-sectional
dimension ratio larger than 500. 9. The static support bed according to
arh'6r¢AE efdRsCerlbarowit RIS Heviar il the ngpoperiaated diagwas
mesimeatect eseisestimilel mhnmnermtoewdergﬂrmwawwaﬁdﬁqm at 37

st%%aammﬂrmqﬁ%@%fﬁe Pl Féaw&% g § %eé‘tube
|nd|v1 ? owire, O%)ﬁ%orms an a ‘tiétween and
ol B L SHR R e i @‘!ﬁﬁcEUﬁBaﬁb‘éa@ﬂsm of
&m@ﬂ@@&mwt\&r@ﬁém miamémbtwaemmgtezergwmmmgmh
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b§o Sy Bedimat i sabirated AR5 % COz atmosphere was
continuously fed to the Cell growth SSB device.
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30 selected from the group consisting of polymeric, proteic, gelatin, or
collagen coating. 35 40 30 13. The static support bed according to claim
1, wherein the ligand is selected from 54fe group consisting of cells,
biological tissues, antibodies, antibiotics, antigens, nucleic acids,
peptiges, hormones, coenzymes, biological catalysts, chemical catalysts,
chemical reactants, lipids, sugars, aminoacids, proteins, nucleotides, a

COMPARE SUPEINHG olnNGRBAbAr AR saRFChERMR N8 or immobilization
congifinGeiniainiamnioeetayhel Wi RIgREY %E&em&’eﬂyﬁteﬁ%% wherein said
HPHHOBIHPotHRPXYMEHES SA=SHINABRIGRYJRFEY, SHERO é@é@ret&uaﬁl their ends,
aeieandBieEEuBPSHRINVISS LHNRMydAs TR FIRAUE SURRR BRY a central core
a5COTEHO 4P Rlim dhainbe é‘rsheaHQaBQrﬁﬁ SEIRGIRY HPANS QM Rent of target
cansistRg:Rtited L rRigiag H@W%ﬁﬂgpoﬂ%ﬁpt%% 3 OGS microwire is
rmg[gf;égqyps peptides, hormones coenzymes, biologica catalysts

chemica)h IS calpliserhBrHisahaeaFaas Jiidsy ﬁrr%rﬁ kgmypoacids,

proteins, nucle&glgggh fwatues.ei o F&’saﬂr e static support bed
aCCOfd'%é?e%a'sﬂéh RERiLyhe l%ré?ac?ﬁleﬁ%glg'é%%rthea%%‘rp immobilization
Q%&J%‘%&Iﬁ%ﬁ@@mé}ﬁa&m&%@? %4”&1 ﬂ})rb‘r‘ %rggg b%t!ﬁ%%pentlty to
R L PR S AHIPAISS: HRIYEDRa"HIEL Sr%e@. 3 of the microwire

es, lipids, stigars, aminoacids, protelns nucleotl es, cyanuric

chlariges RSB de I Renzeale BhsY tagf??w em%“& a channei
Wﬁﬂp[ﬂg om%ﬁgé’l %%?B?fe@r%“é’céﬁ 2 id s d then the
GBS IRl ATREY H?n%uSP

h %ar OX ?e Particles
éﬁ?ﬁ}ﬁaﬂ?éeﬂgfﬁ Uy ﬁgiﬁ a%oet ?% yI o<t ta?y the
en;%ugﬁtgcﬁ%%ﬁ%s oft JA n’?%r wire suppos[ secured by

elther end, for the integration in the static support bed of any of the claims
1 to 15, said microwire support havmg a multilayer structure 30

gfe]gageg éng getnggé caocr(eozratétd 0 [ mo e c atln ers, I‘EIP dth
5 rf I(<) ad llbjrpgo (Te tWI hga tnc ﬁ&ﬁ 3 Fﬁ? Oe;ﬁzgm th:
ST IR T B bl aﬂeﬂrfasrtws bt

oatl elng co |ng which may |
ufnmgssrvntgt SRR g SR 2 B RO e o sai
Crﬁ%ro IFé SUppOrs ?é dce oc% met%[ 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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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 5 group con%?sting of glass, metallic, ceramic,

pol eri? nd plastic material. 18. The_microwire support according to any

T &@i@%ﬂﬁ,'w ERIRLILE TP SN FER GRS Sulgpae 16 fidte renge

of et on 5a’f”l‘east one coating layer is made of glass. 10 19. The

rn%ici wire s_uop%igrt according to any of the claims 16 to 18, whereinits
i 1R A RLDROT RS ACRIERG 7 30 BT B 1 WD thrmicrovire

FIPRTERAVE B TR ErSSSselianRl fitrnsiaion o angs ¢ thbm to 1000

sHE58 3SRt OdBX BUR Gttii seeliepatidimensiam calivirapkiian 5.

immobilization of target chemical entities or target biological entities

presetsa: Yuishdtsnaithesiali SRR, HefrelnaddnAtvating SRS ave a

1 t%xlmf%usalcdmrgse_tsfé% gomprisin i.'oa).lo%jmé%a fluugtiﬁcontalnln the target

cﬂemlca?qentltles or target biologieal eHitica 4R S tHeHMhe: VSute i@ tength to

cRaneIeoRstiTRE tRealdiRessifiortiels; 2wy tasdiing the target

chemical entities or target biological entities to the microwire supports of

the stati PR . ¢).optionall rryi ut.a chemical or bialogical . .

r%bﬁ%gi%n on é@ﬁgre%?%%@; ))(oo%zh%régl%, v(\:/aa%qﬁ]%r?ﬂ?ﬂé%gﬁé? yricrowire

FEBRIFGING i Rl Toonomets %8 -SRAboRaka Benmion et alamestagn 500.

eluting the resulting chemical entities or the resulting biological entities;

| vt Hass Ry s HoRt B8 MRAgRSHS f@%f@%@%lﬁﬁﬁg @gég?,sﬁigg%mﬂg%icmwire

bed then éhe m?%gﬁtlc field is not used to separate and/ t
ARt A %0 B A PP AR SBRS paiidne SRSAHaR tRECHaI@er than 1000,
through the magnetic interaction established 5 between the microwire

SWD.pm_ESﬁél%%%igd@@%@@ti%hfréﬁ?@gp@d?%lﬁﬁn%ig}?%fw%g?cany given

rdi claim 20, wherein a electric current is ap
R R s R R0 AARE BNGait B A o) by ofher
WRERNS WiRsIgHEaviFRRYRPUDplied to the static support bed for shaking
and/or heating the system.
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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23. The method according to any of the claims 20 to 22, for immobilizatiqn

and cultivation of cells. 15 24. The method according to claim 23, wherein

the step a) comprises loading a culture 33edia and a suspension of qt

least one cell line, and optionally continuously loading a culture media

into the inner volume of the channel containing the static support be_d. 20

ABSTRACT Static support bed for purification, separation, modification

afd/ o EnFRSIsi RaRaRt s dargeeiingite eatimiethberatirtetigarat iBheelected from
irthentougliscasiesn %&tiﬁaﬁ@,pﬂ%ﬁﬂil(ﬁﬁbﬁ@r &h&ﬁﬁ&ﬁ&@n aﬁﬁ@i%fﬁs%?rbntigens,
moglificati n immohilizati f target chemical entities or tar .
P e T T CrUSpSerhemica
irﬁ?éﬁ?ﬁﬁﬁ’cﬁﬁ?ﬁﬂg@ls GREtBPIH olRIASicIHIRE s AIPBRA%ERH aBIetRIMEh@uclectides, a
atewipment cbtaajesghanficatientitiercoptagetiiolagicalhptiiasipl/donsisting of
SEQ e dihyl IN(Reerhtly BRFLBIRPY, m’{f qz%@n’? t%tilx(%boxymethyl,
suppert bed for puritication, seéaaratlon, detection, modification and/or
RS T GRS i SR AR R P B8 21955 of them

P587PC00 <150> EP05106861.7 <151> 2006-07-26 <160> 7_<_1_70>

Priemie vetaduspbrt betactordbg 1P diamd 12> N 18T ART IR s e cted from

< %Oar%u%t%%ﬁg%ﬁ%cg“% CEéiFS],' 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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<210> 2 <211> 62 <212> DNA <213> Artificial <400> 2 gatcgaagaa
gaagaagaag aagaagaaga agaagaagaa gaagaagaag aagaagtata 60 ct 62
<210> 3 <211> 62 <212> DNA <213> Aftificial <400> 3 gatcagtata
cttcttcttc ttcttcttct tettcttctt cttettctte ttcttettct 60 tc 62 <210> 4 <211> 51

<212 <21 > Artificial <400> 4 ga

agéafggyﬁamg)gégaaggag 85684 r};\gatg ‘?% i% %’E%'% ?ﬁg %@’téif‘%e and the
mﬁlr@z@ssfﬁ\ﬂrﬁdﬁmzaf@u b‘srsrﬁtgtg@r@ tbginadoe metetiseeird from the
2droap kondiiNAg s2di3zsAmidtalat 8me, 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
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tttgtgatgc tcgtcaggga attc 24 <210> 7 <211> 24 <212> DNA <213>
Artificial <400> 7 gaattccctg acgagcatca caaa 24 '

32

susceptible particles present in the fluid through the magnetic interaction estabiished
between the microwire supports and said magnetically susceptible particles.

21. The method according to claim 20, wherein a electric current is applied to the
stafic support bed.

22. The method according to any of the claims 20 to 21, wherein a magnetic field is
applied to the static support bed for shaking and/or heating the system.

23. The method according to any of ihe claims 20 to 22, for immobilization and
cultivation of cells.

24. The method according to claim 23, wherein the step a) comprises loading a
culture media and a suspension of at least one cell line, and optionally continuoué!y
loading a culture media into the inner volume of the channel containing the static
support bed.



