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VWESTERN BLOTTI NG MEMBRANE Thi s application clains

priority of Provisional Application Serial No.

61/ 189, 302 filed August 18, 2008, the disclosure of
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«..blotting is one nodification of this technh ue that
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before detection using nDnocIonaI or polycl onal
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nmenbr ane, sanple proteins are separated using SDS

undpal yabeyl anfilleegek ebéctanphelesisic( SDSRAGE)The process
separate native or denatured proteins. The proteins
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menbr ane, where they are probed and ultimtely detected
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e anti body-antigen interaction can enab
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involves application of a protein sanple (lysate) onto
gﬂ_rylan1de gel , subsequent separation of said
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"electro-blotting” of separated proteins onto a second
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fluoride (PVDF) nenbrane. Followi ng the transfer, the
deteemivbanaisisnd bhoakeddntd or polyclonal antibodies. Prior
to protein immobilization on the membrane, sample proteins
are separated using SDS polyacrylamide gel electrophoresis
(SDS-PAGE) to separate native or denatured proteins. The
proteins are then transferred or electro-blotted onto a
membrane, where they are probed and ultimately detected
using antibodies specific to a target protein. Western

blotting membranes are typically made of nitrocellulose

(NC) or polyvinylidene fluoride (PVDF). The specificity of



prevent nonspecific binding of antibodies to the
menbrane surface. Many anti body | abeling or tagging
strategies are known to those skilled in the art. In
the sinplest protocols, the transferred proteins are
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time-frame for this assenbly; the potential for the
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menbrane cannot be re-wet unless the pre-wet sequence
seri’8srepeatgd.probe. After blocking non-specific binding
sites a suitable substrate is added to complex with the
enzyme, and together they react to form chromogenic,
chemiluminescent, or fluorogenic detectable products that
allow for visual, chemiluminescence, or fluorescence
detection, respectively. The most sensitive detection
schemes make use of  chemiluminescent or  fluorescent

phenomena. In chemiluminescent detection, an enzyme-

substrate complex produces detectable optical emissions



Once the nmenbrane is contacted to the gel, renoval
prior to transfer can effectively ruin the gel and the
separated protein sanples contained. The pre-wet step
is tinme consum ng and can consi derably inpede
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stream and when disposed of nust be danped with a
wetting agent, usually water. Hydrophobic PVDF | ,
Thep| §6€i n@InernbrEiRee POy JBenvatest  pPot PRGNSy 1D
ability to NC blotting nenbranes, but exhibit superior
immphotetrgtpenf or pameE. Miehk} owara g e r Eonceit r atiesisern
can be detected under the sanme conditions on these
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fl uorescence hydrophobic PVDF bl otting nmenbranes
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enabling the use of fluorescent detection schenes. 4
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alcohol removal), before assembly within the blot-transfer
assembly. Intrinsically hydrophobic membranes afford a
limited time-frame for this assembly; the potential for the
membrane to dry out is significant. Once dry, the membrane
cannot be re-wet unless the pre-wet sequence 1is repeated.
Once the membrane is contacted to the gel, removal prior to
transfer can effectively ruin the gel and the separated

protein samples contained. The pre-wet step 1is time

consuming and can considerably impede workflow. A



SUMVARY OF THE | NVENTI ON Those skilled in the art of

surface nodification for the purpose of altering

substrate surface energies, and in particular with

regard to surfaces intended for contact wth
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protein binding. However, it is known that polyners
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Hydrophobic PVDFV blotting membranes possess equivaient
protein binding ability to NC blotting membranes, but
exhibit superior blotting performance. Much lower sample
concentfations can be detected under the same conditions on
these PVDF membranes compared to NC. Low-background
fluorescence hydrophobic PVDF blotting membranes exhibit
the same enhanced sample detection while enabling the use

of fluorescent detection schemes.



medi a or nenbrane. Practitioners attenpting to devel op
optim zed nenbranes either for filtration or
non-filtration applications in the pharnaceutical and
bi ot echnol ogy i ndustries nust overcone significant
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surface that is heat stable, which is resistant to
degradation by any potential reagent solutions, and
whi ch has very low | evels of material capabl e of being
extracted there-from Protein binding results from
early investi gaBUMMARYNDE THEXENVENTYO¥N de pol yneric
surface nodifications indicated that certain mxtures
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bindppbi detheonsr pr efBreaabeybodiments disclosed herein build

on the serendipitous and unexpected discovery that space
polymers derived from certain monomeric acrylamide
mixtures, and formed using free-radical polymerization
reactions, can give rise to surface modifications that are
not only hydrophilic, but also demonstrate a high level of

protein binding.

Much of the prior art describes the wuse of hydroxyl
containing monomers, usually carbonyl ester containing

acrylate polymers, to produce membrane surface



Western blotting. Mdre specifically, a pre-wet
hydr ophobi ¢ nenbrane substrate, preferably made of
PVDF, is contacted wth a nmononer solution and
subjected to polynerizin ondi tions to render th .
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the surface of this saturated aqueous al um num
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degrade into soluble low molecular weight fragments, which
dissolve away and expose the underlying substrate porous

media or membrane.

Practitioners attempting to develop optimized membranes
either for filtration or non-filtration applications in the
pharmaceutical and biotechnology industries must overcome
significant problems. Facing stringent cost, performance

and safety requirements, a practitioner must use materials



exanple, in FIG 1, Western blotting results froma
typi cal devel opnent run denonstrate the perfornmance
di fferences between the hydrophilic PVDF bIotting
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Por ous nenbranes include both m croporous nenbranes

extaRdryht pELLFabion nmenbranes, and are preferably in
the form of sheets. Cenerally the average pore sizes

i ncl ude those between 0.001 and 10 microns. Blotting
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mlxeglacr;lamlde polymerlc surface modifications indicated
that certain mixtures of hydrophilic bis-acrylamide
crosslinking monomers and monofunctional neutral or charged
acrylamides can, when copolymerized using UV-initiated or
electron beam-initiated free-radical techniques, produce
high protein-binding hydrophilic surface modifications.
However, initial starting levels of each monomer had to be
severely decreased before observing satisfactory dot blot

morphology and blotting transfer performance.



range specification of 68-73% Blotting nenbranes are
traditionally symetric. However, the coating could be
applied to an asynnetric menbrane. The pol yneric

coatin can co mer_ or r pol r formed from
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rendered highly hydrophilic. Furthernore, at the
copol yner |level that was applied to the porous PVDF
The menbresiel Sampl es NN |t édtiids of tIs | nPertkidsrnd
I gG binding assays revealed protein binding levels to
flubeesoehhe, heioghhordtonth obinddog/ crexcefhient eyetengion of
typi cal of the parent hydrophobi c PVDF nenbrane and of
pro€omvestmpnal sgdt nhdrpekel byl psense diaaresd Thendint st range
surprising result was that nenbranes so prepared were
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Western blotting applications than conventional
nitrocellulose blotting membranes, particularly for
detection at low sample concentrations, and 1is directly
water-wettable, eliminating the need for an alcohol pre-wet
step prior to use. The membrane exhibits complete,
instant, and uniform wetting upon contact with water, and

exhibits delayed wetting when contacted with a saturated

aqueous aluminum chloride solution. That is, when said



325(00) ug/cnR, but Western blotting performance rose

to levels internmedi ate between nitrocel |l ul ose and the

preferred parent hydrophobi c PVDF nmenbrane.
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the coating level on the substrate can result in
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and rel ative concentrations of the nodifying

formul ation are critical to obtain acceptable
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bal ances water-wetting perfornmance agai nst blotting
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wat er-wettabl e to an acceptable extent. If the | evel

of surface nodification is too high the resulting

menbranes exhi bi t DEXRAI&EP| PERCRAPFEONace energies. As

stated earlier, at higher |evels of surface nodifying

chem stry, the measured protein binding capacity is
Thel oughd dan@fguhyakephitecaltfoabd it 0s€e and dycsophobe cwith

PVDF nenbranes, but poor electro-blotting performnce
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total solids level in the nodifying/reactant sol ution
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(each), preferably with amunts between 0.30% and 0. 60%
exabple, in FIG. 1, Western blotting results from a typical

development run demonstrate the performance differences
between the hydrophilic PVDF blotting membrane of this
invention,r and the controls (FL. - hydrophobic  PVDF
membrane, and NC - Whatman/S&S BA-85 membrane). Each
horizontal strip in the figure contains 5 separate Western
transfer blots; three blots on hydrophilic PVDF development
samples, and one blot on each of the control membranes.

Each horizontal strip of 5 Western blots is the result from



wei ght (each), and nost preferably between 0.40% and
0.50% by weight (inclusive, each). The preferred ratio
of acrylanide to bis-acrylam de of the nonomer
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I rgacure 500, 754, 2959, and 819DW Met hods for
(appiepdr ahi dn lehdsheaonh{ | egclpogels heffbranelsalisopdioeesis
in accordance with certain enbodi ments include the
andst epsin@fferr ovi dirhg a RoNnOUs Megheane suhstrehe, recorded
contacting the surface of the porous nenbrane

chéM?§Eﬁ1§B@s%EB a ¢feacdatd p3ekutiph-camyi @bﬁgctlon of 2
acryl am de and met hyl ene- bi s- acrylan1de and

bl it nb,
o UMD O 10 SO 0 My A e

nb trate b th
(LyaEe it SRodg el o rfi@oc?ree P St e Eon B R R yopg, £rom

SU|tabIe time interval, Preferably the porous nenbrane
Lo£Ehpagt Bt worh T reabt | BRts CPEEPSRITSING o at ed Uit - 5
an ultraviolet light source. Filters may be used to
ug,réddbeugr Oebi/nmigat e undesirabl e wavel engt hs whi ch may
cause damage to the porous nmenbrane. The anount of
exposure time to the W |light and the intensity
suithpreof hauld beehdmbhear tindhoxe skiosked fortde from
art. 14 In the preferred enbodi nent of the invention, a

arohae%atorxul%alee pr gpakatian of baqy&%@%mho%r&mene,
solution is nade by dlssoIV|ng 1.00g acryl am de,

perkhgﬁ;%kzgé ?gmgé%vian] é%“%ﬁiggg {chg?g}hgfgggfolymers,

ultragiahlanBQ% Qer

welg 2Oglyethylene, polyamides
including Nylon 6 and Nylon 66, and polyvinylidene
fluoride, with polyvinylidene fluoride being particularly
preferred. Porous membranes include both microporous
membranes and ultrafiltration membranes, and are preferably
in the form of sheets. Generally the average pore sizes
include those between 0.001 and 10 microns. Blotting

membranes are nominally 0.45um pore size materials.

Preferred starting membranes have a porosity (void volume)
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I rgacure 2959 photo-initiator into 198. 00g of
MIli-Qr) water. An extended m xing interval of about
2 hours is required to fully dissolve the cross-Iinker
and the photo-.initiator,. Myre specifically r.ou
vran%?dfgﬁﬁz'%?%ﬁ ??iﬁﬁ?ngﬁ%ﬁg%é is%%PSF%gﬁ'b?eﬁﬁggggfongre
in an organic liquid or in an aqueous solution thereof
traq st onpbsy not VBB FL6r SETYE" 't he®poronbiRenbraned e
and which pre-wets the entire porous surface of the
app hegthrigmean ThaYNgLr 8¢ na§™peaae | ow nol ecul ar wei ght
al cohol, or a mxture of water and a m sci ble organic
liquid. Suitable |iquids or conpositions include
The Meidiameiniet karaling | sepr apana , osatcdrymmaxt wresterpolymer
t hereof, acetone/water m xtures, and ,
forh&d I ahyer of Hr and et ebnBl T esudtistéfi ederider | B¥dified
surface tension to affect wetting the entire nenbrane
wipsurface: The RUT BRRE- t4hi T hd0 SEEPuHS tQaid
Wltgss%?e %ﬁégtthgn%éntire kﬁﬁ?ﬁﬁeQ§§F$§%% ?s r%nde?ed
wettable b er,.and - subsequen b ue
nya Y GATENT bR SBr a0 b TaTE by f webEl RSt Step bl the
be foll owed by a rigorous exchange step. with water t
gro%ﬁininﬁP@S%ﬁEXBﬁesenéﬁfof t9fel or ?ﬁ%ong%lven?9r¥ﬁ8§é8es’
pre-wetting solvents or water m xtures thereof can
polykeret omefatiptbacatlaaacesuperd tfea ¢ Reeheiberazines, and
pol yneri zation of the reactant nononers. Subsequent
formenrerfsicon ahd st eocagi traviofunét t bea hatremomstr poradsed
menbrane in the reactant solution allows the entire
witlsurfacelehbsthe oper ous/driridnie: t of lnectwednaMd t hgreapt ankaid
solution. As long as excess water is renoved fromthe

hyd PESIT BNE PhbRG FLACE IBRE S| ORohBmbhesy eagbastrsal Uk, the
no significant dilution of the reactant solution wll

gro cur. . fhe sappl e i s oMt hdraywmedftefofa short 56t W0 amides,

nute) tinme i1nterval and excess reactant solution is
moné “EV€Po££f”’é%ﬁaoﬁ%ﬂ?&?&SS?aQRéeac19?09$a§EBQEazines.
SOl Ut 1 On- wWet ted nenbrane T s

It was found that a porous hydrophobic membrane, preferably
one made of polyvinylidene fluoride coated with a
crosslinked acrylamide - methylene-bis-acrylamide copolymer
was rendered highly‘ hydrophilic. Furthermore, at the
copolymer level that was applied to the porous PVDF
membrane samples in early iterations of this invention, IgG
binding assays revealed protein binding levels to be in the
neighborhood of 400ug/cm?. This level is typical of the

parent hydrophobic PVDF membrane and of conventional

11



anaerobically exposed to UV radiation to effect the
pol yneri zation directly onto the entire porous nenbrane
surface. The resulting coated nenbrane exhibits:

. ' C ~and r y i f.orJdy t1l
B P L S R e
Western_ blottin erformance; . A high |evel. of  pr in.
thaty RTRG 28500 16 HaPEre 166 B a6 et e R eag: iot

and, Low background fluorescence (about 2000 rfu g)
ProRgERmP 5RBARE - ex AR/ Mm% sToRt ePﬁﬂthggugﬁﬁﬁ gmance
TECAN GENi os FL fluorescence reader with detector gain
of ddtesst 8Bitamd sammiary WhbeFPart® D sshiRatedpaekbyeioh

which is about tw ce the background fl uorescence of
levtheotintoredtesich ¥ LDy ¥ | eds paoénts atyidrfephobic) imetbrane of

under the sane neasurenent conditions. \Wen placed on
maihbhgisuhfacem0fl asasplyr atled agueous palotm mmpieblogyde and

solution, the menbrane wll wet through in a m ni num

in BLPRsi Beerdlo 1 ¥cdRSSin theh: 1 8£69R8r s andpiNmddi fying
maxi mumtine interval that nay exceed 60 seconds.

Exanp] mrer.ci al. avaj le h i \VDF :
e By AR From  KPRCEBor o oY oafat | 5A ‘CPPRLOGO0) Gas" =i
Lmmersed in nethyl _.al cohol. The nbr ane Wt hdr a
PerLQHRRGEr s¥ESi n Wdtler i th it a P%ﬁetom8§??é@9 T,
met hanol for 1 minute. The nenbrane was w t hdrawn and
Proffder SeHNFRIY r PV et e oSy ARAUEEHI t FOnaPS R RE Rt and
interval and then placed in fresh water before
325 ffrer siofcin rleatt dftstanomerd ofdlime oper EREBSBCENRE@FS  TO
was drained fromthe nmenbrane and the nenbrane was
levehen i imeeseddinteDnobetweeact antltsolkceflilad osict h gewt | e the
agitation for 2 mnutes. Menbrane was then exposed to

pre¥rrdd fRdicid ORyfrOphbvid SVOES ndnmadAé curisngpiriedesdy,
at aline speed of 15 to 25 fpm Menbrane was

thel cRLeHRd AN Pl ELedrohRlOtRavatigle NREdd On r BIBMENng level
unr eact ed nmononer and non-

is not the best or only predictor of Western blotting
membrane performance. Sacrificing some protein binding

ability by modifying the coating level on the substrate can

result in improved blotting performance.

Thus, component levels and relative concentrations of the
modifying formulation are critical to obtain acceptable
immunodetection assay performance. A low overall solids
concentration in a highly specific component ratio balances

water-wetting performance against Dblotting performance.
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adhering oligoners and pol yner. Sanples were dried
either in air at roomtenperature overnight, or in a
static forced-air oven between 60C and 80C for 10

n nut e or o ngenment dryer _a 9010Cat
The ey s%%védb%?ﬁ‘i%w%dggl gﬁﬁlscﬁ{}g%ggvﬁénborfan% & &pderate
extfactables as determ ned by an in- house T

Tot al
memlyagkeni £5 CREFESRY Vitet-hod L her élor‘i‘@é(@&r'eot}i% Bgve%cﬁ(ft surface
1. 44ug/cnR, as shown in Table 1. Table 1 - Tot al
mod i@rigaat i rCat byl $TQC) 1 vaeleﬁ) A7Amrgissls. 1 ReuBSTRFaNE
I D: ML6WP37 PVCF Hydrophillic I PFL Mentrane Received
thatRequestorwabatrencPetiels Eor aBl actiepgadie lerhae.  If the
Applications Fed. for TOC Analysis Extraction By: A

levedier vez JEks ¥ e Mramitfisca0iseh &1A Pesye hilaf ethe resulting
10116-19' 2006 End. Ed. Tenp. Exd. Tinme Exd. Vol. Exd.

membol‘rﬁeém Wblrtd e[x'ﬂ(%lé'hgly[ Ohik®TQsuMehi-Matae rfrchent  as
24 40 86. 75 Sunry Results OC Add' O dd TCC Corrected

staf[ %T%f%t &t Banc&%bé]lZdl Eéxg%ls[bppcgg] élPPPgée[ plggc]lfylng

1102072806A- MBWACI | - 2959 0.,75"' 1. 00 3. 29 129 1.
chergfs Y7 2606 RERBUTOACPF 56588 61751750 R ot hotanly
1.31 T102 072866 C. -1ti'BWAC |-2959 0.75"1.00 3. 33 3. 27

equizrlents] 48 AvBLAEECEXHAEESDI e o€ dimd
| evel s were determ ned by HPLC. Val ues determ ned from
mem8 el dsutaree @r ovi eletr ool Tablrg e dbdptmance results.
Extract abl e Mononer Levels by HPLC - Sanme sanples as
shown in Table 1. crylam de AM Irgacure 2959 Sanple
In GpabedBhceKah coR) depd/LLi) embodiments, the total solids
level in the modifying/reactant solution is to be adjusted
to between 0.90% and 1.10% by weight. A total solids
concentration in this range with the spécified component

ratio results 1in optimal Dblotting performance. This

formulation includes a UV-photoinitiator component.

Suitable amounts of the acrylamide monofunctional monomer
and the bis-acrylamide crosslinking monomer in the reactant
solution are to be Dbetween 0.20% and 2.00% by weight
(each), prefefably with amounts between 0.30% and 0.60% by
weight (each), and most preferably between 0.40% and 0.50%
by weight (inclusive, each). The preferred ratio of

acrylamide to Dbis-acrylamide of the monomer reactant

13



T102 072806A 0.002 0.105 N.D. T102 072806B 0. 005 0.091
N.D. T102 072806C 0.011 0.094 N.D. Exanple 2 The
procedure of Exanple 1 was used to treat PVDF nenbranes
havi ng the specifications, treatnent conditjons and
solytekrit aRf sPPULF orls IshoWASEANTEBI es B¢ DPIAASS T Sghgoverall
5A-D. 190) NQOOOOOOOOOOODOQ OZCOMMM
mondwgd ) (ncebecentoretiop O .F (n cecoybepiler oethplenenPhs -
LO QV7VE 7VMOLOVI'IIl VQ dZai ai D of D
acryliamide aionaimeai nZeaatahtmsacl @ ierQ WO I Oveey 0 .P% dand
CDC7T CDQ 'NZNMMMMNNNNNNNZE2nNnnNnnNnnNAN
1.5%9 ByN ilads N N AEZu@t®1eN UV-fhotdiriEifroy MMM is

T~r1r ~NNQ St Z.=rrrrrrrrrrzZ LC(n
pregén@ Ol &€ 01% to 0.20% by weight preferably between 0.05
and 0.15% by weight, and most preferably between 0.09% and
0.11%, by weight. Suitable UV-photoinitiators include
Irgacure 500, 754, 2959, and 819DW. Methods for
preparation of the modifiéd. porous membrane substrate in
accordance with certain embodiments include the steps of
providing a porous membrane substrate, contacting the
surface of the porous membrane substrate with a reactant
solution comprising acrylamide and methylene-bis-
acrylamide, and a suitable photoinitiator, removing the
membrane from the solution, and polymerizing the coating in
situ on the membrane substrate by exposing the same to
radiation of a suitable wavelength and intensity for a
suitable time interval. Preferably the porous membrane
contacted with the reaction solution is irradiated with an
ultraviolet light source. Filtefs may be used to reduce or
eliminate undesirable wavelengths which may cause damage to
the porous membrane. The amount of exposure time to the UV

light and the intensity thereof should be familiar to those

skilled in the art.
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py | Tadsdod vInE_;r T T1TopgK X &%yfar?ﬁ%ex X Xphoeoti4c @))2 I\ZHQ]
g gz Drtwaf Gaf~vvavWW\ANa MLL z rN M;t

mon&fun%/lc Moyéncémﬁngﬁoz 8%03 m%tgylcot E} —%g%—gé%eﬁanQle,
Uhc NH CHQQ%“%%ZC)Loéfgggafggklng monomer:; and, 0.20g
Irgacure 2959 photo-initiator into 198.00g of Mil1i-Q®
water. An extended mixing interval of about 2 hours 1is
required to fully dissolve the cross-linker and the photo-

initiator.

More specifically, the porous hydrophobic starting membrane
is pre-wet by immersion in an organic liquid or in an
aqueous solution thereof that does not swell or dissolve
the porous membrane, and which pre-wets the entire porous

surface of the membrane.

The liquid may bé a low molecular weight alcohol, or a
mixture of water and a miscible organic ligquid. Suitable
liguids or compositions include methanol, ethanol,
isopropanol, water mixtures thereof, acetone/water
mixtures, and tetrahydrofuran/water mixtures of
sufficiently low surface tension to affect wetting the

entire membrane surface.
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thereof can exert a negative influence upon the intended

polymerization of the reactant monomers.

Subsequent immersion and gentle agitation of the water-wet
porous membrane in the reactant solution allows the entire
surface of the porous membrane to be wet with reactant
solution. As 1long as excess water 1is removed from the
membrane prior to immersion in the reactant solution, no

significant dilution of the reactant solution will occur.

The sample 1is withdrawn after a short (two minute) time
interval and excess reactant solution is removed from the
membrane sample. The reactant solution-wetted membrane is
anaerobically exposed to UV radiation to effect the
polymerization directly onto the entire porous membrane
surface. The resulting coated membrane exhibits:
Immediate, complete, and thoroughly uniform wetting when
contacted onto a water surface; A high 1level of Western

blotting performance; A high level of protein binding (>250
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fluorescence reader with detector gain set at 86, and

running Magellan 5.0 software package), which is about
twice the background fluorescence of the untreated
(unmodified parent hydrophobic) membrane under the same
measurement conditions. When placed on the surface of a
saturated aqueous aluminum chloride solution, the membrane
will wet through in a minimum time interval of not less
than 1 second, and in a maximum time interval that may

exceed 60 seconds.
Example 1

Commercially available hydrophobic PVDF membrane from
Millipore Corporation (IPFL00000) was immersed in methyl
alcohol. The membrane was withdrawn and immersed in water
with agitation to extract methanol for 1 minute. The
membrane was withdrawn and immersed in fresh water for an
additional 2-minute interval and then placed in fresh wéter
before immersion 1in reactant monomer solution. Excess
water was drained from the membrane and the membrane was
then immersed in monomer reactant solution with gentle

agitation for 2 minutes. Membrane was then exposed to UV
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adhering oligomers and polymer. Samples were dried either

in air at room temperature overnight, or in a static

forced-air oven between 60°C and 80°C for 10 minutes, or on
an impingement dryer at 90-110°C at a line speed of 15 to 25
fpm. Average membrane extractables as determined by an in-

house TOC (Total Organic Carbon) method were measured to be

about 1.44ug/cm2, as shown in Table 1.

Table 1 - Total Organic Carbon (TOC) - Five (5) 47mm disks.
Requestor ID: NIL6UJP37 PVDF Hydrophillic IPFL Membrane Received
Requestor: Antoni Peters For Blotting and Immuno Assays Applications
Ext. for TOC Analysis
Bxtraction By: A Pervez
TOCBy: M Santos-Rosa & A. Pervez
Date: 10/16-19/2006
Bxt. Bxt. Temp. Ext. Time Ext. Vol. Ext. Area
Soivent rd [Hours] [d] fcm2]
MilliQ Water Ambient 24 40 86.75
Summary
Resuits
TOC Acid/Oxid TOC Corrected TOC TOC TOC
Sample ID [ul/min] [ppmC] [ppmC] g C [ug Clem?]
Water Blank 0.20/0.20 0.0839
T102 072806 A-MBAWAC/-2959 0.751.00 329 323 129 149
T102 072806 B-VBAWAC/-2959 0.75/1.00 291 285 114 1.31
T102 072806 C:-VBAMAC/-2959 0.75/1.00 3.33 327 131 1.51
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Table 2. Extractable Monomer Levels by HPLC - Same samples

as shown in Table 1.

Acrylamide hBAM Irgacure 2959
Sample
cm2
(pg/cm2) (rg/cm2) (pg/cm2)
T102 072806A 0.002 0.105 IN.D.
T102 072806B 0.005 0.091 N.D.
T102 072806C 0.011 |o.094 P.D.

Example 2

The procedure of Example 1 was used to treat PVDF membranes
having the specifications, treatment conditions and

reactant solutions shown in Tables 3A-D, 4A-D, and 5A-D.
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e Protein samples are electrophoretically separated
using Bis:Tris (4~12%) midi gradient gel {Invitrcgen,
WG1402BOX) .

e Samples are electro-blotted at 45V for lhr 15min using
BicRad tank transfer apparatus (Criterion Blotter #
165-6024) onto a hydrophilic membrane prepared as in
Example 1.

e Blots are washed 2x (3 min each) in TBS-T (0.1% Tween)

e Blots are blocked for lhr at RT in TBS-T with 3% NFM
(non-fat milk, Carnation).

e Blots are washed 2x (3 min each) in TBS-T (0.1% Tween)

e Blots are incubated with primary antibody in TBS-T for

e Blots are washed 3x (b min each) in TBS-T (0.1% Tween)

e Blots are incubated with secondary antibody in TBS-T
for lhr

e Blots are washed 4x (5 min each) in TBS-T (0.1% Tween)

¢ Protein bands are visualized using ECL (Millipore
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Western blotting results from a typical development run
demonstrate the performance differences between the
hydrophilic PVDF blotting membrane of this invention, and
the controls (FL - hydrophobic PVDF membrane, and NC -
Whatman/S&S BA-85 membrane). Each horizontal strip in the
figure contains 5 separate Western transfer Dblots; three
blots on hydrophilic PVDF development samples, and one blot
on each of the control membranes. Each strip of 5 Western
blots 1s the result from one electrophoresis and transfer
experiment (5 gels were run in each experiment). By
design, each experiment embodies identical conditions with
identical quantities of protein sample (applied in 4 lanes
across each gel) before electrophoresis and transfer. The
results shown are the transfer blots for the detection of 2
proteins (HSP70 and GAPDH) from a complex sample mixture
(lysate), applied at decreasing sample solids
(concentrations), from left-to-right and corresponding to:

5 ug, 2.5 ug, 1.25 ug, 0.67 ug.

Note that in each row (the result of a single
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ele@&@éﬁwﬁegﬂg chem | ug seessnbl el 86 | Akdesr Bfer{0) | OWBree
Prot'ein sanpl es are el ectrophoretically separated

hyd%@%ﬂ%&%%s Eﬁ'% 4F}2@%eﬂﬁg ngéad' t BHE (lrﬁQ dACU8D,  are

es are e ect. Iott ed. at 45V for

m n_usin nk tran fer appar
com&ﬂ??e% Con"'#P of é]rtr i T%g %gﬁﬂ? Snto ra ey%l'r opﬁq& § ccontrol
menbr ane prepared. as_in i BI ots are vvas

congys fitn RECHCTh TERT Péowol*ﬁﬂeé?smbr@%tsm& ang the
bl ocked for 1-hr at RT in TBS-T with 3% NEM (non-fat

othed | kontaphat FoR) hydBlamhphdice RidFhedl ot {39 ntAlBERNS. HFT) -
in TBS-T (0.1% Tween) Bl ois are incubated with

In phiamacysantobodedm FBBgLef oexpehimenB| otshar é washkatrane
3x (5 mn ea.ch) in TBS-T (0.1% Tween) Blots are

demdmistbat ed whth rsegendaryigial i iRedsi oy TBS(T tHor4l hiters
Bl ots are washed 4x (5 min each) in TBS-T (0.1% Tween)

of Prafeihbands a8 Vi suahi;zednusi ngn&CZ,t M | INPOr @edBrane
Inm)bl lon--FRP) and x-ray film This protocol was used

demo %tgggghgﬁ&&h%gﬁySgggﬂiﬁxgﬁyéﬁs%ﬁ%.anqﬁ§hgaQ'BEtE@gn,
when comparing the signal strengths between NC control
blotting membranes and hydrophilic PVDF blotting membranes
of the invention, that at the highest analyte sample titers
(left hand side of each Dblot), that the NC and the
hydrophilic PVDF membranes exhibit similar signal
strengths. However, as one progresses to lower and lower
analyte sample titers (progressing from left-to-right), the
signal strength falls off more rapidly for the NC membrane.
This demonstrates that the hydrophilic PVDF membrane allows

sample detection at lower protein concentrations than NC

membrane does.
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3. Western blotting results froma typical devel opnent
run denonstrate the perfornmance differences between
the hydrophilic PVDF blotting nenbrane of this
invention, and the controls (FL - hydrophobic PVDF
Whaprehdraheima@disne - Wiat man/ S&S BA- 85 nenbrane). Each
hori zontal strip in the figure contains 5 separate
Western transfer blots; three blots on hydrophilic
PVDF develrepientesianphes coapdisnagblotpobymeach efibsheate
control nenbranes. Each strip of 5 Western Dblots is
membPEn& ESUEL1 §T OpbODRcel 8Ct EQPBOFESES ABMALKRABST BBving its
experiment (5 gels were run in each experinent). By
surggéﬁgnmoaﬁfmeaxp%ﬁ%ﬁpn¥1eWPP §f&ﬂﬁgan'§@h¥ﬁg?gbt'Bgéting
W t Identical quantities of protein sanpfe (applied
__in, 4.1 anes Cross eac el ef ore. el ectrophoresi s .and.
compPuatedr S md s, FRE sRewh BR RSt T ahE P RN o, Bnfopin
the detection of 2 roteins (HSP70 and GAPDH) froma .
Sal‘éoﬁﬁ?é%“@a%&@%ﬁ%ﬁgéd (Sluﬁégé) Dydranied 4 d%]&‘?egllé‘?ﬁﬁln
~sanple solids (concentrations), fromleft-to-right and
sai@oppespendiieg t: protagn Ripdigy rapsaigy Es7TmagsuRpdeby
that in each row (the result of a single 33
an By@chiophogeséstand ebeutrd5b-326i ng/experi ment, three
hydrophilic blotting nenbranes of the invention are
conpared to two control blotting menbranes. One contro
copsi st st Midroee! Indasesdd otdd ngaarbrane (Nekeafd the
the other control is a hydrophobic PVDF blotting
rang {florgddt & heGase of .6agh Stnale expRijdEMe i
ave?%%@FL neﬁ%rgﬁg. enongtrates ?he hi ghest §$gnal s
intensity feor the 4. titers f _analyte protein
ool gl Gt PBA Clivy THE KESHETr SA0 T FOmbhs rhrae the P8RaSE 25
sigpal .intensity. It can be _seen, , when conparing.the
detSFRHaed sBF eilBEhe BEEWREHONCOCORLIGET b BEL Frg heMfEneend
and h{drophi ic PVDF blotting nmenbranes, of the
belowy@nt Pes/ CBhatoatme Hay Hppidsts syt @ sddpl e titers
(left hand side of each blot), that the NC and the

3. The porous membrane of claim 1, wherein said
substrate has a background fluorescence value, and wherein
sald modified membrane exhibits a background fluorescence
of about twice that of said substrate background

fluorescence value under identical measurement conditions.

4. The porous membrane of claim 1 or 3, wherein said

membrane substrate comprises polyvinylidene fluoridé.

5. The porous membrane of claim 1 or 3, wherein the

ratio of acrylamide toH@thylene—bis—acrylémide of the
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hydr ophi | i ¢ PVDF nmenbranes exhibit simlar signa

strengths. However, as one progresses to | ower and

| oner analyte sanple titers (progressing from

left-to-right), the signal strength falls off nore
mon®@apt dkyafoant heoNCrirenbd anebouThisldémanstmatses .t hat

t he hydrophilic PVDF nenbrane allows sanple detection

at | ower protein concentrations than NC nenbrane does.

346VMQ@EJ?p&f@ﬁge%eh%ia%e Ay POEOYSmMBMDE AN, CORRE FS1NT the
a polyneric substrate nenbrane, said polynerlc

ove%ngt%%%%n%ﬁ”b{898e99¥599 ﬁt%f %H&!aggr gb&@%dm. & 18ne-
CFoSs eri ¢ cOat r|S| acry
. _and t hyl ene- bIS acrylan1de mhe e sald o [ o
ois PR STLAF 0 ATCe TR | 65 3#3&1%&%.% aﬁ%“ 0.5%
surface has a protein binding capacity as neasured by
andah- Py RAFRg test of about 250-325 ug/cn? 2. The
porous nenbrane of claim1, wherein the average total
organi c carbon level of said nenbrane is bel ow
1. Bug/Ttr?, panolu shereir aext ratt abbémndnooer J,evehsreds the
determ ned by HPLC, are bel ow 0.02ug/cne for
phoB6iyiamhter asdelbekowe@wdbugbcoRsfand 0.20%.
nmet hyl ene- bi s-acryl am de. 3. The porous nenbrane of
cIa|n11 wherein said substrate has a background
or escen ue, d rei ai ran
ﬁlbl?% aﬁgagégrouﬁnglgﬁ% gggﬁ'e %fﬁqg; <%91ﬁ§gpthagow
trate backgro quore cenc l.ue under
oSl d, bt beckaroung 1 ugyecene BirBuls " #¥rous
menbrane of claim1l or 3, mhereln sald nbran
memBRREr at ECEBAPEIESs pdl yvi AT WP ¥ uor i 48 %?ﬁgground
porous nenbrane of claiml1l or 3, wherein the ratlo of
flugepgrantde t ohaBbhyl BHELBAS- acbypdﬁﬂée oPOfREIS 35membrane
nononer reactant solution is about 1:1 (nass/mass). 6.
subFheaper ousngenbr anéowef daaikprbuod 3, fwherespehhe surface
overal | nononer concentration of the
moda€iybanbaAe: srRi lyheARod comprising:

providing a hydrophobic, low background fluorescence,

high protein-binding porous membrane substrate;

contacting surface of said porous membrane with a
monomer reactant solution comprising acrylamide and

methylene-bis~acrylamide and a photoinitiator;

removing said membrane from the reaction solution;

removing excess reactant solution;

polymerizing saidacrylamide and methylene-bis-
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bi s-acryl am de nononer reactant solution is between
0.5% and 1.5%by mass. 7. The porous nenbrane of claim
1 or 3, wherein the photoinitiator |level is between
0.01% and 0.20% 8. A nethod for preparing a

acr%ygrﬁfcﬁ)gl | L Cact OMk bQBEQEQHHd fhyeresggheeobhtdNconditions

otein blndlng por ous rane conprising a
. ophabi c, w back round c p i
aix QYL OBLE, AL DOSKT UL LM ERS C oo LD PLEEIAne
background fl uorescence surf nDdlLlcathn mﬁai% g
Surﬁ%?%odxbo FWsﬁhgcoﬁF&@PﬁPﬁg Yﬂ§8?%b obi ¢, {hwPackgroun
background fl uorescence, gh protein-bindi ng porous

fluﬂ@ﬂ%@%@@es@@@k@ﬁ@éndc@ﬁﬁﬁéﬂgnga§ﬂrface of said porous
menbrane with a nononer reactant solution conprising
acryl am de and nethyl ene-bis-acrylam de and a
pheteingt saidrpmembravieng said menbrane fromthe
reaction solution; renbving excess reactant sol ution;
polynerizing said acryl am de and net hyl ene-bi s- 36

|de fRartants Solybiign gndepy anaesk obiige copdiddans ot
dlrect y onto the entire hydrophoblc por ous nenbrane

e to n I .
acr%ﬁ%@b Bund’ fluorégggk%e iﬁ %%aﬁfh %ﬂld' reaction
dryin th I 8 wh i

so1ghLoRTaed: 8. B8 aeBypaﬁnode 5ﬁg§ﬁ~8 AyRsHe. E,”.acryl i de

in said reaction solution are 0.50% and 0. 40%
respectively. 10. The nethod of claim8, wherein the
ambOnt Tk ttethqhopsi mleilat 6t/ | vgareaie 259 RO dof the
reaction solution is 0.10% 37

photoinitiator Irgacure 2959 in said reaction solution 1is

0.10%.
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