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Method of transfer of
macromolecules such as
nucleic acid and proteins
from a chromatographic
substrate to an immobiliz-
ing matrix uses as the im-
mobilizing matrix, a charge
modified . microporous
membrane comprising an
organic microporous mem-
brane having a charge mod-
ifying amount of a cationic
charge modifying agent
bonded to substantially all
of the wetted surfaces of
said membrane. The charge
modified microporous
membrane can also be a
reinforced microporous
membrane, preferably a po-
rous reinforcing web im-
pregnated with a polymeric
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microporous membrane. A !
nucleic acid or protein blot- -

ting product comprising a

chromatographic ~ matrix

having the charge modified

microporous membrane on a surface thereof is also provided.
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TRANSFER OF MACROMOLECULES FROM A
CHROMATOGRAPHIC SUBSTRATE TO AN IMMOBILIZING MATRIX

BACKGROUND OF THE INVENTION

1. Field of the Invention o

This invention relates to macromolecule blotting
and more particularly to nucleic acid and protein.blotting
using a charge modified micropordué membrane.

2. Prior Art
Smithies, Zone Electrophoresis in Starch Gels:

Group Variations in the Serum Proteins of Normal Human

 Adults, Biochem. J. 61: 629-641 (1955), showed that

starch gel could serve as a molecular sieve through which
zone electrophoresis of proteins occur. Since thén, there

have been constant innovations in the technique of gel

.electrophoresis. The introduction of acrylamide gels,
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discbntinuous buffer systems, the use of sod?um dodecyl
sulfate (SD3S) to disaggregate protein complexes to be_
resplved on gels, and the eventual combined use.of SDS in
discontinupﬁs buffer systems for polyacrylamide'gel elec-
trophoresis have been major contributions to the development

of one of the most widely used analytical and preparative

~tools of modern biology.

The main objective of these techniques has been
to visually demonstrate the homogeneityror complexity of a
protein prepar#tion by following the appeafance or disap-
pearance of a particuiar "band"- throughout a given experi-
mental procedure. One-dimensional gels were found to bé
adequate, ﬁrovided'only relativély simple protein sampleé_
such as viruses, bacteriophages, erythrocyte ghost mem-
branes, etc., were being analyzed. More complex systems
demanded greater éesolVing power and new two-dimensional
gel systems were developed. Today, even the thousands of
polypeptides which are a part bf the more intricate pro-
téinaceous samples can be efficiently resolved.

The task of unequivodally correlating a "band" or
"spot" with a recognized function has often been diffibuit,
and this is even more so when the resolution of the proteins
depends on their denaturization. Nevertheless, many ap-

proaches have been developed which allow the identifica-

A
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tion of a specific enzyme or antigen or glycoprotein or

7

hormone receptor, etc. in a gel. These techniques rely
onythe ability to maintain at least one of the foildwing.
preréquisites: (1) that the polypeptides retain their
activity throughout electrophoresis; (2) renaturation pf

a denatured polypeptide; and (3) éovalent crosslinkaée of
the proteiﬁ.in guestion to a detectablerligand during
electrophoresis. Moreover, the actual processing of the
gels entails multiple manipulations and'extensive incuba-
tions aﬁd washing ﬁrocedurés. This‘is'very time consuming
and quite often prone to handling accidents such as break-
age and tearing of wet gels or cracking during the drying
of the gels.

In order to try to overcome some of the problems
encountered in analyzing gels, a new apbroach has evolved.
A number of reports have been published demonstrating that
the wéll established approach of "Southern-blotting", i.e.
transferring DNA patterns from agarose gels to nitrocellu-

lose membranes, can be applied to protein patterné in

‘polyacrylamide gels. Intact protein patterns are eluted

from the gels and are immobilized on a substratum. The .
substratum is, in turn, subjected to the same type of
procedures which have been used on gels for "band" or "spot"

identification. However, by transferring electrophoreto- -
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grams to immdﬁilizing matrices one may benefit from the
following adv;ntages: 1) wet immobilizing matrices are-
pligble and easy to handle; 2) the’immoﬁilized proteins
are readily and equally accessible'to various ligands
(since the limitations introduced in gels by diffeféntial ' o®
porosit§ are obviated); 3) transfer analysis,generally : |
calls for small amouﬁts of reagents; 4) processing times
(incubations and wéshings) are significantiy reduced; 3)
multiple replicas of the gels may be made; 6) transferred
patterns may be stored for-moﬂ%hs prior to fheir use;
7) protein transfers may undérgo multiple analyses. More-
over, the tranéferred protein patterns are amenab;e to
analyses which would be otherwise extremely difficult or
impossible to perform on gels.

The term "blotting" today refers to the process
of transferring biological macromoleculeé such as nucleic
acids and proteins from gels to an immobilizing matrix.
The term is often used in conjunction with the relevant
macromolecule, e.g. protein blotting, DA blotting and RNA
blotting. The resulting matrix containing the transferred
immobilized macromolécule is known as a "blot" or "trdns-

fer" and can be incubated with a ligand, a procedure which

-

may be referred to as "overlay". Thus, for example, immuno-

overlay, lectin overlay or calmodulin overlay refers to the 7‘
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incubation of a blot with an antibody, lectin or calmoduiin,

respectively.

y DNA blotting, a type of nucleic acid blotting,
traces its origin to the technique 6ften referred to as a
"Southern Transfer" which was developed by‘Southern, Detec-

tion of Specific Sequences among DNA Fragments Separated

by .Gel Electrophoresis, J. Mol. Biol. 98: . 503-517 (1975).
Aftér the chromatographic separation of thé DNA fragments,
the DNA is denatured while in the gel and the gel is neu-

tralized. The gel is placed between wicking paper which

placed on top of the gel and dry blotting papers are placed

on top of the nitrocellulose. Mass flow of buffer through

the gel elutes the DNA which thén binds to the nitrocellu-
lose. Thus, the electrophoretically sepérated DNA fragment
pattern is transferred and preserved on the nitrocellulose.
Hybridization with a specific labeled nucleic acid allows
detection of the specific complementary fragments bound to
the nitrocellulose. |

| In 1976, it was discovered that single stranded
RNA and DNA could be covalently coupled to a cellulose
powder substituted with aminobenzyloxymethyl groups which
vere activafed by diazotizing the amine forming diazoben-
zyloxymethyl (DBM) - cellulosef This filled a gap in

hyberdization technology since RNA does not bind well to




10

15

. 20

zyloxymethyl-Paper and Hybridization with DNA Probes,

WO 84/03055 : PCT/US84/00139

-

nitrocelluloée making a Southern Transfer difficult or im-

‘possible. In 1977, Alwine, et al., "Method for Detection

'of,Specific RNAs in Agarose Gels by Transfer to Diazoben-

Proc. Natl. Acad. Sei. U.S.A., 74: 5350-5354, prepared a
cellulosic fibrous sheet (i.e. blotting paper) - -derivatized

with diazobeniyloxymethyl groups, termed DBM-paper, viz. :

~CH -0O-
paper'C 9 0 CH2

which could be used for transfer of an electrophoretically
separated pattern of RNA from an agarose gel in a method
similar to a Southern~Transfer. Aminopﬁenylthioethéf paper
activated to the diazo form (DPT-paper) has also been used.
Both papers covalently and irreversibly_couple DNA, RNA

and proteins.

DBM-paper and DPT-paper having the disadvantages

that they require activation, have limited life; i.e. their
activity is labile, having'binding capacity only comparable

to nitrocellulose, irreversibly couples the macromolecules,
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thus preventing their subsequent elution, and may present

difficulties in resolution due to the texture of the surface.

.

¥ In an effort to.overcome some of the iqconvéniences
of DBM paper, Thoﬁas, (1950} developed é'technique to trans-
fer RNA and small DNA fragments to nitrocelluloserﬁsing
high salt concentrations. The binding efficiency of RNA
was fquﬂd to be 80 ug/cmz as compared to 35 ug/cmz.for.DBM
paper. Elution of macromolecules from polyacrylamide gels
can be agcomgliéhed-effiqiently by elecfrpphoresis. How~
ever, the.fequipement of high ;élf concehtrations.would
lead to impractically high currents. '

Although first developed in connection with the’

study of DNA and RNA, it became fecognized that the blot—‘.;
ting techniques pioneered by Southern could be applied tq ‘
proteins. The protein transfer technidues weré first .
developed by Renart,.Transfer of Proteiné from Gels to

Diazobenzyloxymethyl-Paper and Detection with Antisera:

A Method for Studying Antibédy Specificity and Antigen

Structure, Proc. Natl. Acad. Sci. U.S.A. 76: 3116-3120

(1979), who achieved protein transfer to DBM paper using .
composite agarose-acrylamide gels in which the acrylamide
crosslinking agent was reversiblé. After electrophoresis,
the crosslinking was removed, leaving a low percentage

agarose gel from which the proteins transferred easily.
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Shortly theréafter, a protein blotting procedure was de-

velobed by Bowen et al., The Detection of DNA-Binding

brdteins by Protein Blotting, Nuc. Acids Res. 8: 1-20
(1980),'using nifrocellulose,for thé transfef of DNA bind-
ing and other ligand-binding proteins separaﬁed on SDS- *
polyacrylamide gels. In this procedure, transfer was
accomplished by.diffusion.r Towbin, et al. (1979)-22224

Natl. Acad. Sci. USA 76: 4350-4354 and Bittner, M. et

al. (1880) Aﬁal. Biochem.rloz: 459-471 had_de@qnstr@ted'
that transfer could be accomplished eleptrophorétically
even at low salt concentrations. |

In general, protein blotfing'should be viewed as
two sequential events, namely the eiution of the polypep- . .
tidé from the gel and the adsorption of the eluted mater-
ial to an immobilizing matrix.

Three main driving forces have béen'eprOited fbr
macromolecule elution. One is diffusion. ﬁere, the gel

containing the macromolecules to be transferred is sand-

wiched between two sheets of immobilizing matrix which are

in- turn sandwiched between foam pads and stainless steel
screens. This final assembly is then submerged ih twg_
liters of buffer and allowed to sit for 36-48 hdurs. The
result of this incubation-is that two identical replica
blots are obtained. The efficiency of transfer may reach iy
75%, but this value must be divided between the two fepli—

cas. If the amount of macromolecule adsorbed onto the
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matrix is sufficient for the intended assays and the'long
transfer time is not detrimental, blotting_by-diffusion
cany be useful.-

Thé second means of macromolecule blotting is
essentially based on mass flow of liquid through the gel
in'the same manner DNA blots are achieved in the tradi-
tional procedure described by Southern. The gel‘is placed
in a reservoir of buffer. A matrix is applied to the gel

and paper towels ‘are piled'onto the matrix. The towels

.absorb the buffer from the feservoir through the gel and

matrix. This movement of fluid serves as a driving force
which elutes the proteins out of the gel wvhich are then
trapped in the filter. This'technique is less time con-
suming than diffusion blptting and the effiqiency-of elu-
tion is better. A modification of this approach has been
suggested which allows bidirectional blofting. Moreover,
the time for efficient elution has been dramatically re-
duced by applying a vacuum to facilitate the process.

The most widely used mode for protein blotting is
based on electroeluting the proteins from gels. This is
made possible due to the fact that proteins, in contrast
to DNA, adsorb the nitrocellulose even iq low ionic strength
buffers (when other immobilizing matrices are used, e.g.
DBM paper, this is no longer a consideration). Therefore,

one can electrophorese the proteins out of the gel without
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generating intolerable currents. It should be noted that
the concept of electroelution of macromolecu;es'for blot-
ting was originally described by Arnheim and Southern in

1977 (Heterogeneity of the Ribosomal . Genes in Mice and

“Men, Cell 11: 363-370). Numerous apparatus designs have

—

been reported and quite a few are now commercially avail-

gel, making sure that no air bubbles are caughf within ther
filter or between the matrix and”the gel. .The matrix and..
gel are then saundwiched between supportive porous pads - .
such as "Scotch Brife" scouring pads, foam rubber or Iayers.
of wet blotting papef. The assembly is fhen gupported by
solid grids (usually nonconductive).- It is very :‘meorfta.ni_:___~
that the gel and matrix are firmly held together. This o
ensures good transfer and prevents distortion of the pro-
tein bands. The supported "gel + matrix s;ndwichf is
inserted into.a tank containing ftransfer Suffer" and
placed between two electrodes. The electrodes, which may
bertacked to the sideé of the tank, are designed so as to
generate a homogeneous field over the entire area of'thé
gel wﬁich'is to be_transferred. ContinuOUS'conductive
sheets can serve'as electfodes and theo;etically are most
appropriate for this pufpose. Slabs of graphite aﬁd staih—
less steel plates have been used. However, operating units

with such electrodes is usually impractical due to the

’

o
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requirement for excessively high currents. Some apparatus

"use stainless steel mesh or platinum mesh. An economical,

yet efficient, design that seems to work reasonably well

is that described by Bittner et al (Electrophoretic Trans-

fer of.Proteins-and Nucleic Acids from Slab Gels to Diazo-

benzyloxymethyl Cellulose or Nitrocellulose Sheets, Ana.

Biochem. 102: ~459-471). Factors that may influence the
homogeneity of the field are the distance between the gel
and the electrode and the density of the electrode mater-
ial i.e. the distance between each stretch of wire used.
In general, the more electrode material present the lower
the electrical resistance of the system. .This, therefore,
demands higher currents in order to obtain reasonable
voltage differences to drivée the elution process. The
transfer huffers used can be of low ionic strength, such
és a phosphate buffer, Tris-borate buffer or Tris-glycine
and may or maj not contain methanol. Methanol tends tor
ihcrease the binding capacity of nitrocellulose for pro-
tein and stabilize the geometry of the gel being trans-
ferred but reduces the elution efficiencyhof protein from
SDS gels and in its presence, electroelutioﬁ must be car-
ried out.for long durations, generally more than 12 hours,.

in order to obtain efficient transfer of high molecular

weight proteins. 1In the absence of methanol, gels of
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acrylamide tend to swell and, if allowed to occur during
protein traﬁsfer,'causes the band to be distorted.
The conditions of-transferring per se are depen-

dent on the type of gel, the immobilizing matrix and the T

L

‘fhemselves;- Nondenaturing gelé, SDS éels; iifhium dodecyl
sulfaté containing‘geis, iso- electrofocusing 2D;gels anﬂ
agarose gels have allﬂbeen used for protein blotting. It
is necessary fo determine the electric éharée of the pro-
tein to be eluted and place the matrix on the appropfiate
side of the gel. Pfoteins from SDS - gels, for example,

are eluted as anions and therefore the matrix should be

placed on the anodg side of the gel. The case may be the.

opposite for nondenaturing gels. As electfqelution pro-
gresses, elecfrolytes from the gel are also eluted and
contribute to the éonductivity of the buffer, resulting in .
a drop in resistance. Were one to conduct the transfer at
constaﬁt voltage, the current would increase accordingly
and currents in eiceés of.one ampere, and indeed'ﬁp to

five amperes, may develop. High currené (one ta five
ampere) power sﬁpplies are now coﬁmercially available for

electroplotting. Another alternative has been to use a

[}

12V battery charger which'séems.to be quite adequate.

- However, as most of the common power supplies used for gel )

electrophoresis cannot exceed 200 - 250 mA, it has been
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found advantageoﬁs to run at a maximal constanf current
(i.e. 200 mA)'and allow the voltage to gradually'drbp
during the.transfer. '

There are incideﬁces where isolated proteins of
low or moderate mblecular weight do'not elute efficiently

from a gel. This can occur in those cases where these

-

proteins fortuitously are at their isoelgctric point and’

have no tendency to migrate in the electric field exerted.
In such an instance, other buffer conditiéns can be em-
ployed.

There are numerous immobilizing matrices whicﬂ
are available today. Whi;e nitrocellulose is the most
widely used material as a matrix, the intéraction of a

protein with the nitrocellulose is complex and not clearlyb

- understood. For example, ét pH 8 where protein electro-

elution is usually performed, nitrocellulose is negatively
charged as are the proteins being adsorbed. Hydrophobic |
éffects'play a role in this interaction and indeed, pro-
tein elution from the matrixz is facilitated by non-ionic
detergents. Some proteins, especiall& those of low mole-
cular weight, bind with low affinities to ﬁitrocellulose )

and may be lost during transfer or subsequent processihg.'

To prevent such a loss, the transferred polypeptide can he

crosslinked to the matrix, thereby covalently stabilizing

the protein pattern. The presence of cellulose acetate

-
-
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in nitrocellulose membrane matrices seems to reduce their
capacity to bind protein. However, cellulose acetate

matrices have been employed successfully for protein blot-

‘@

In order to remedy some of the digadvantagés of .

L]

nitrocellulose matrices, alternative immobilizing matrices
.have.begn proposed{ _Trénsfer to bBM.paper results in a
covalehtly'bound and stable protein patterh. Resolutioﬁ

is slightly lower on this material due to iés ihtrinsig
coarseness as compared'to membraﬁe métrices.r Also, glycine,

a commonly used material in transfer buffers, can inter-

fere with DBM paper protein blotting.. There still remains,

. therefore, a need for an immobilizing matrix which over-

comes the disadvantages of the nitrocellulose, DBM paper
and other matrices which have been used heretofore. A
gréater transfer capacity is also desirable.

It is known in the art that membranes m;y be used
in chromatography in general and ‘electrophoresis in parti-
culaf. See, for examble, U.S. ﬁatents: . .

3,808,118 to Golias
- 3,829,370 to Bourat

3,945,926 to Kesting

"

3,957,651 to Kesting
3,989,613 to Gritzner

4,043,895 to Gritzner
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4,111,784 to Dahms

4,158,683 to Del Campo

4,204,929 to Bier

4,243,507 to Martin

4,310,408 to Roe and
) 4,311,574 to Ishikawa
Additioqally, it is known that polyamide powders mafibe'
used to perform chromatographic separations. Seé, e.g.
U.S. Patents: . |

3,418,158 to Perry and

3,523,350 to Goldberg. .

Hiratsuka et al., U.S. Patent 4,128,470, teaches

that nylon microporous membranes may be used in electro-

phoresis and isoelectric focusihg as the medium through

whiéh chromatography is performed.

New.England Nuclear has been marketing an'uncharged
nylon membrane for use in blotting in its "Gene Screen”
electrophoresis productiline. This material appears‘to
have equivalent binding capacity for proteins as nitro-

cellulose.
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3. Utility

Macromolecule blots or transfers cén be "pverlaid"'
Qith a'variety ofireagents in much the same'ﬁanner that
has been developed for gels. Manipulation of filter ma-
trices is less time consuming, more economical with respect
to the reagents used and is leés expoééd-£6 handling acci-
dents. . More important, however,'ié the f@ét that transfer-
ring proteins from gels to ﬁatrices in'effect eliminates
diffusion barriers. Furthermore, denatured'pblypebtides

can sometimes be renatured upon removal of SDS from them

and this prbcess is ﬁrobably much more convenient and

effective using blots.

Presently, most ofrthe probes.which have been
used ére macromolecules which specifically bind well to
defined domains of the polypeptides under_inveétigation.
Lectins have alléwed the detection of glycoproteins and
antibodies and the identification of their corresbdnding-
antigens. Regardless of what the inten@ed assay may be,
vacant areas of the matrix which do not contain protein
bands can non-specifically adsorb probes during the over-
lay process leading to intolerable background. Theréfore;

the unbound sites of the matrix must be quenched prior to

@

.overlaying the blot. Quenching is most commonly achieved
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by incubating the blot in high concentrationslﬁf boviqe
serum albumin (BSA) or hemoglobin at 25—66°C. for 1-12
hours. Other materials such as ovaibumin, gelatin and
various animal sera have also been used. The temperature,
choice of protein and duration of quench depend on‘the
type of matrix material dnd the probe being ﬁsed.' Non-
;onic-détergents have zlso been'included in.quench br 
washing buffers to reduce non-specific bihdinc.

Once the blot has been quenched, it is reacted
with the probe. In general, all reactions should be car-
fied out in the presence of quenching profein. The reacted

blot is then washed extensively in buffer (which does not

have to contain proteih). If the probe is itself radio-

active or conjugated to an enzyme or fluorescent tag, the .~

blot can be immediately autoradiographed, reacted with the
relevant substrate or visualized in UV light, respectively.

If further second or third reagents are necessary to detect

the presence of probe-band complexeé, then each consecutive

reagent is incubated with the blot followed by a wash.
The great sensitivity of these overlay techniques has
allowed the detection of very low amounts (e.g. 1 ng) of
viral antigens in natural fluids. Furthermore, these
tecﬁniques have also been employed in the analysis of
human sera of patient suffering from various immune dis-

orders.
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One of the advantages of blots over gels is that

they may be reused or subjectéd to multiple'reactions.

‘Once a signal has been obtained and recorded, the 5lot may -

be “"erased" by removing the probe but retaining the origi-

nal protein pattern on the matrix. The "erased" filter

can be'reused'for additional pvérlay analysis for further

characterization of the elements of the gel pattern.

-"Er431nv" can be accompllshed by dropplng the pH to dls-

sociate antibody-antigen complexes or by denturing the
probe by incubating the blot in urea or SDS. Selective‘
disSociation of probe-band complexes, demonstfating ébeci—
ficity, may also be aghieved. 'Lectins can_bé sélectively

cpmpeted off with relevant haptens. Calmodulinican be

-dissociated from calmodulin binding proteins by removing

Ca++ from the system. These reactions can still be per-

formed even after the protein blot has been-éutoradiographed

to obtain the initial signal.

Use of protein biots usually has the ijectives
of demonstrqting protein-protein or protein-ligand inter-
actions or of.exploiting the production of an im&obilized.
polypeptide as an interﬁediate étép in iﬁmunological‘br
biochemical analyses. Both of these approaches hd&e been

exploited in novel usages of protein blots. For example:

o:

()
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a: ' Analysis of protein-ligand associations.
DNA-protein and RNA-protein interactions have
been analyzed by pfotein blots. Histone H2 asseciatioes
. with H3 and H4 have also been demonstrated. |
5 The epiderhal growth factor receptor was identi-
. fied by hormone overlayiné a transferred memﬁrane pattern.
Membranes from human epidermoid carclnoma cells (A-431)
vere prepared and run on SDS—polyacrylamlde gels., The
_gels were then electroblotted onto DBM paper, quencﬁed and
10. overlaid with epidermai growth factor and'suhsequentlyh
vith radioactively labeled antibodyhto the hormope; ' One
very predominant eignal at 150 KD was defected,
b: Identification of enzyme subunits.:
The deteetion'of ae inactive enzyme on a protein'
15 blot'has been demonstrated. Phosphodiesterase I, for
example, was b011ed 1n 2% SDS for 5 minutes and run. on a
SDS—polyacrylamlde gel. Protelq was blotted into nitro-
cellulose filters which were reacted with excess anti;'
phosphodiestrase I. The matrix was then incubated with a
_20 crude preparafion'containing active enzyme. The active
enzyme bound via uﬁoccupied sites of'the antibody tofthe"
jpactivated resolved subunit immobilized on the matrix.

The matrices were then reacted for ‘enzyme activity and the

immunocomplexes were thus detected.
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" e: Affinity purification of monospecific anti-

_bodies.

Blots havé been used for the purification-of
monospecific éntibodies. Polypeptides are resolved on

SDS-polyacrylamide gels and blotted onto DBM or CNBr paper. .

.

antibodies. Then single bands contginihg antigen-—-antibody
complexes we?e_excised from thevﬁatriceé from which tﬁé
monosﬁecific antibody was'eluted by incubating the strip
in low pH (2-3) buffef. The eluted proﬁe could fhen'be.
used for immunocytochemical'localization studies.

d: Demonstration of cell—protein'interactions;

Protein blots have beenruéed to demohstraie spe- |
cific whole ceil—polypeptide interéctiéns.' Hﬁman Qlasma =
was run on SDS-polyacrylamide gels énd transferréd to nitro- -
cellulose ﬁatrices. Once the matiices were quenchéd, they |
were incubated with normal rat kidney cells (Nék cells)
which specifically bound to imﬁobilized.poiypeptides pre—
sumably involved in cell attachment. The cells were
staided with amino black and were found to locate them-

selves at two discrete bands. These bands were identified )

as: fibronectin and a newly discovered 70 XD entity.

«)

-
=
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OBJECTS AND SUMMARY OF THE INVENTION

It is an object of this invention to provide a
new immoﬁilizing-matrix for ueelio~macromolecule blotting
with.increased vefsatility, adsorbence and retention com-
pared to known.materials. .

L. It is another object of this inﬁention to provide
an‘imhobiliziﬁg.matrix for macromolecule.blotting’which

provides for the more efficient transfer of macromolecules

to the matrix and overcomes varlous def1c1enc1es of the

prlor art matrices.

It is a furtnez object of this 1nvent10n to pro—
viée a method for the electrophoretic transfer of protelns

from an electrophoresis gel to an immobilizing matrix

‘'which has better adsorbence and retention than prior-art

_material such as nitrocellulose, .and does not require high

salt concentratlonq in the transfer buffer.
It 1s yet another obgect of thls 1nvent10n to
provide a macromolecule blotting product of a chromato-

graphic substrate and an immobilizing matrix which has

_better capacity and adsorbence than prior art macromole-

-

chle.blotting products.r

It is still another object of thls invention to
provide a macromolecule blotting product and procedure on

which overlay technigues can be efficiently carried out.
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These and other objects of the invention are

~achieved by using as the immobilizing matrix, a charge

.modified microporous membrane which comprises a hydrophilic
org#nic microporoﬁs membrane having a charge modiffing
amount of-a cationic charge modify;ng agent bondéd to
substantially all of the wétted surfaces of tﬁe ﬁembraﬁe.
Ppeferably,;the cation;c charge modifying agent'is_é Qater—
solub}e organic.polyﬁer havihg a molecular Weight greatef
than about 1,000, wherein each monomer thereof has.af
least one époxide group capable of bonding to tﬁe surfacé
of the membrane and at least one tertiary amineror quater-

nary ammonium group. Most preferably, a portion of the

epoxy groups on the organic polymer are bonded to a SGCOﬁﬁ_;.

darg-cﬁarge modifying'aéent'which is an éliphatic amine
having'at least one primary amino or at least ?wo secondafy
amino groups or an aliphatic amine having at least one
secondary amino group and a carboxyl or hydroxyl substi-
fﬁent.

The charge médifying agent caﬁ also be an alipﬁatic
amine or polyamine bonded to the membrane through a cross-
linking agent which is an aliphatic polyeboxide haviné'a
molecular weight of less than about 500.

The preferred microporous membrane is nylon. The
charge modified microporous membrane can be employéd in

the form of a reinforced laminated membrane or preferably

-
rd

(3

.(ﬂ)'
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"a porous reinforcing web impregnated with a polymeric

microporous membrane.

BRIEF DESCRIPTION OF THE FIGURES

125

Figure 1 illustrates the binding of -~ I-labeled

BSA to a membrane used in this ‘invention-and a matrix of

-l

.the prior art.

Figure ia illustrates the effect of §ariab1e.con:.
£ 1251 _1abeled proteins
to IMs. |
. Figure 16 illustrates ihe efféct of variable

concentrations of bovine hemoglobin on the hinding of

1201—1abe1ed proteins to IMs.

Figure 2 is 2 quantification of transfer of vari-
able amounts of 1251-1abeled BSA to the matrices'of:Figure 1.
Flgure 3 shows the recovery - of 1251 labeled BSA
on succe331ve layers of the matrices of Flgure 1.

Figure 4 is a comparlson of BSA recovery on layers

of the matrlces of Figure 1.
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DETATLED DESCRIPTION OF THE INVENTION

The immobilizing matrix of this invention is a

[C8

hydrophilic charge modified microporous membrane comprising
an organic microporous membrane having a charge modifying
amount of a ‘cationic charge modifying agent bonded to
substantially all of the wetted surfaces'oﬁ the membrane.

"

- Microporous membranes and cationic charge modified membranes

are well kown in the art for the filtration of fluids, e.g.
liquids. The cationic charge modified microporous membranes,
their preparation and such used in the filtration of fluids
are described and claimed in EPC Pub. No. 0066 814 in the
name of Ostreicher et al and EPC Pub. No. 0050 864 in the
name of Barnes et al describes the use of charged modified

‘membrane for the filtration of high purity water (18 megohm-7

centimeter resistivity) used in the electronics industry;
and Ostreicher et al describes the use of charged modified
membrane for the filtration of parenteral or body liquids.

-Additionally, it should be noted that these filter membranes

may be reinforced by various means. The disclosures
ihereof are hereby incorporated.by reference. ’

‘ Additionally, commercially available nylon micro-
porous filter membranes are available from Pall Corp.,
Glen Cove, NY under the trademark ULTIPOR N66 and N66
POSIDYNE, the latter being a cationically charged modified

7 filter membrane.

Additionally, AMF Inc., Cuno Div., is selling
cationically charged modified nylon microporous filter ‘
membrane under the trademark ZETAPOR.

‘o)
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By the use of the term "microporous membrane" as
used herein, it is meant a preferably substantially sym-

me;rical and isotropic porous membrane having a pore size

" of at least 0.05 microns or larger or an initial bubble

point (IBP), as that term is used herein, ;n water of less
than 120 psi. The pore siée can‘be up to about 1.2 micron
or an IBP of greater than about 10 psi. By "symmetrical"
it is.meant that the pore struéture is substantially the
same on both sides of the membrane. .By the use of the
term "isotropic", it is meant the membrane has a uniform
pore sfructure throughout the membrane.

The membrane is prefefably hydrophilic. By the
use of the term "hydrophilic" in describing the microporous
membrane, it is meant a membrane which adsorbs or absorbs-“‘
wafer. Generally, such'hydfophilicity is produced by é
sufficient amount of hydroxyl (-OH), carboxyl (-COOH)
amino (—NH2) and/or similar functional groups on the sur-

face of the membrane. Such groups assist in the adsorp-

) tibn and/or absorption of the water onto the membrane.

Such hydrophilicity of the immobilizing matrix is a neces-
sary element of this invention. Hydrophilicity of thé
membrané per se provides adequate bonding of the charge
modifying agent to the microporous membrane.

A preferred microporous membrane is one produced

from nylon. The term "nyloh" is intended to embrace film
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forming poly;mide resins including copolymers and terpoly-

mers which include the recurring amido grouping.

¥ While, generally, the various nylon or polyamide

(3

resins are all copolymers of a diamine and a dicarboxylic

(]

acid, or homopblymers of a lactam of an amino ?cid, they
vary widely in crystallinity or solid structure, melting
point, anq'other physical properties. Preferred nylons‘
for use in this iﬁvention are copolymeré of‘hexame;hylene
diaminé and adipic acid (nylon 66), éopolymers of hexa-
methylene- diamine and sebacic acid (aylon 610), and homo; 
polymeré of poly—oscaprolactam (nylon 6).

Alternatively, these preferréd polyamide résins
have a ratio of methylene (CHZ) to amide (NHCOS groups .
within the range about 5:1 to about 8:1, most preferably
about 5;1 to about 7:1. Nylon 6 and nylon 66 each have ar
ratio of 6:1, whereas nylon 610 has a ratio of 8:1.

The nylon polymers are available in a wide varietf
of gfades, which vary appreciably with respect to molecular
weight, within the range from aboui 15,000 to about 42,000

and in other characteristics.

The highly preferred species of the units compos— -

»

ing the polymer chain is polyhexamethylene adipamide, i.e.
nylon 68, and molecular weights in the range above about

30,000 are preferred. _Polymers free of additives are
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generaliy preferred; but the addition of antioxidaets or

similar additives may have.benefit uqder some conditions.
¥ The preferred membrane substrates are produced by

the method disclosed in U.S. Patent No. 3,876,738 to Mari-

naccio et al. Another method of producing. such membranes

is described in European Patent Application No. 0 005 536
to Pall. The entire disclosures of both of these refer-
ences are incorporated herein by reference.

Additionally, any of the hydrophilic micropprous
membranes commercially available, for example, Pall Corp."s
ULTIPOR N66'(nylon), Millipore's Durapore (polyvinylidene
fluoride), end cellulose acetate/nitrate membranes produced
by numerous companies, are suitable for cationic charge .
modifying for use in accordance with this invention.

The preferred nylon membranes, i.e. described in

‘Marinaccio et al and Pall, are characterized by an iso-

tropic structure, having a high ef fective surface area and
a fine internal microstructure of controlled pore dimen-
sions with narrow pore size distribution and adequate pore
volume. For example, a representative 0.22 micrometer
rated nylen 66 membrane (polyhexamethylene adipamide)‘
exhibits an initial bubble.point (IBP) of about 435 to 50
psid., a foam all over point (FAOP) of about 50 fo 55
peid, provides a flow of from 70 to 80 ml/min of water at

5'psid_(47 mm. diameter discs), has a surface are (BET,
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nitrogen adsorption) of about 13 mz/g and a thickness of
.about 4.5 to 4.75 mils. |

; The charge modifying agent is bonded to substén-
tially all of- the wetted surfacé of the microporous mem-—

brane. By the use of the term "bonded", it is meant that

-

the charge modifying agent(s) are sufficiéntly'attached to
the membrane and/or to eaqh other so that they will'not
significantly extract under the intended ésnditions of
‘use. The term "substantially all of the &etted surfgce“
as used herein means that all of the external surface and
internal pore-surfaces which are wetted by a fluid paséing
through the membrane or in which the meﬁbrane'is immersed.
One preferred charge modifying agent which can be

used in this invention is described in Ostreicher et al

and is a water-soluble organic polymer having a molecular
'weight greater than about 1,000, wherein the monomer has

at least one epoxide substituenf capable of bonding to the
surface of the membrane and at least one tertiary amine or-
guaternary ammonium group capable of providing a cationiec
charge site. Preferably, this charge modifier is a poly-
amido-polyamine epichlorohydrin cationic resin, in parti-

cular, those described in the following U.S. patents:

<7}

2,926,116 to Keim

2,926,154 to Keim

)

3,224,986 to Butler et al.
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- 3,311,594 to Earle, Jr.

3,332,901 to Keim
3,382,096 to Boardman

3,761,350 to Munjat et al.

The entire disclosures of all of these references are in-

corporated herein by reference.

The preferred polyamido-polyamine epichlorohydrin

" cationic resins are available commercially as Polycup 172,

1884, 2002 or S 2064 (Hercules); Cascamide Resin pR-420

(Borden); or Nopcobond 35 (Nopco). Most preferably,.the

polyamido-polyamine epichlorohydrin resin is Hercules

R 4308, wherein the charged nitrogen atom forms part of a

heterocyclic grouping, and is bonded through a methylene

- moiety to a depending, reactive epoxide groupL
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Eacﬁ monomer group in R, 4308 has the general formula:

~ ///QEE\\\
. . X
H C
C 3 H . CH
¥
| CH, = CH,
5 .\+/
. N
/ \ c1”
CH’ - - :
3 CH /CH CH2
0

Polycup 172, 2002 and 1884, on the other hand, have

10 monomer groups of the general formula:

CNHCH CH NCH CH ZNH—————

C(CH,)

|

4
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wherein R is’methyl or hydrogen (Polycup 172 and 2002,

"R = H; and Polycup 1884, R = CH3)-

-

'1 Most prefergbly, when the chérge modifying agent is
a water-soluble organic polymer having a molecular weight
greater than about 1,000, a secondary charge modifying agent

can be used to enhance the cationic charge of the primary

charge modifying agent and/or enhance the bhonding of the

primary charge modifying agent to the microporous surface

aﬁd/or itself.
The secondary charge modifying agent used iﬁ this .
invention is selected from the group consisting of: .
B | (i) aliphatic émines,having at least one
primary amine or. at least two secondary
amipe moieties; and
(ii) aliphafic amines having at least one
éecondary.amine and a carboxyl.or hydroxyl
substituent.
_ Preferably, the secondary charge modifying agent

is a polyamine having the formula:

H ‘ e

N-—- N~} =R _ =N
H,X-(R -N-) -R,-NH,

wherein Rl and R2 are alkyl of-1 to 4 carbhon atoms and x

is an integer from O to 4. Preferably, Rl and R2 are both

ethyl.
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Preferred polyamines are:

Ethylene_diamine H,N-(CH,)) ,~NH,

Diethy}enetriamine ) HZN—(CHz)z—NH-(Cﬂz)z—NHZ B
' -Triethyienetetra@ine : H2N—(CHZ-CH2-NH)2—CH2-CH2;§H2 :

Tet;aethylenepentamine | H,N-(CH,-CH,-NH),-CH,—CH,-NH,

'The highly preferred polyamine is tetraethylene pentamine.

Alternatively, alipﬁatic amines used in this in- .
vention may have at leastrone secondary amine moiety and a
carboxyl or hydroxyl substituent. Exemplary of such ali-

phatic amines are gamma amino-butyric acid (HZNCHZCH20H2COOH)

and 2-aminoethanol (HZNCHZCHZOH).

The secondary charge modifying agent is bonéed_to
the micrOporous'membrane by bonding to a portion of the .
epoxide substituents of the polymeric priﬁary eharge modi-
fying agent.

The amount of primary and secondary cationic
charge modifying agent utilized is an amount sufficient to
enhance the electropositive capture potential of the micro-
porous membrane. Such an amount is highly dependent on
the specific charge modifying agenfs utilized.

Broadly, the foregoing primary and secondery'cat-
ionically charge modifying agents are bonded to a hydro-
philic organic polymerie microporous membrane, e.g. nylon?
by applying to the membrane a charge modifying amount of 7 *

the primary cationic charge modifying agent bonded to the.
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membrane str&;tufe through the epoxide substituent. Pre-
ferably, the process comprises (a) contacting the membrane
wish an aqueous'solution of the primarj cationic charée -
modifying agent énd (E) contacting the membrane with an
agueous solution of the secondary charge modifying agent.

The contacting steps may be performed in'any order, i.e.

step (a) prior to steb (b) or viée—versa. It is prefefred,

" however, for optimum (minimum) extractables to first con-

tact the membrané with an aqueous solution of the primary
cationic charge. modifying agent and then subsequently con-
tact the so treated membrane with the agueous solution of
the secondary charge modifying agent. B

In another embodiment of the preseat invention,

‘the foregoing secondary charge modifying agent can be used

as the charge modifying agent provided it is bonded to the
microporous membrane structure thrqugh an aliphatic poly-
epoxide crosélinking agent having a molecular weight of
1eés than about 500. Preferably, the polyepoxide is a. .di-
of tri- epoxide having a molecular weight of from about

146 to about 300. Such polyepoxides have viscosities
(undiluted) of less than about 200 centipoises at 25°C.

Due to the necessity of the epoxide to act as a crosslihk-
ing agent, monoepoxides, e.g. glycidyl ethers, are unsuit-
able. Similarly, it is theorized that a polyepoxide offer-

ing greater than three CPOXy groups offers no benefit and
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in facf may Iimit the coupling reactions of the polyepoxide
by steric hindrance. Additionally, the presence of unre-
acted epoxide groupsrin the cationically charge modified
microporous membrane may be undesiréble in the finished
product. ‘
Highly preferred polyepoxides.have the formula:

R(0-CH,-CH-CH, )n

2

wheréin R is an alkyl of 1 to 6 carbon atomé and n is from
2 to 3. the limitation that the number of carbon atoms in
the non-epoxide portionr-—(R)-— be ieés.than 6 is so that_‘
the polyepoxide will be soluble in water or ethanol-water
mixtures, e.g. up to 20% ethanol. While higher carbon con-
tent materials are functionally suitable, their application
would involve the use of polar organic solvents with result-
ing problems in toxicity, flammability and vapbf emissipns.

| The aliphatic amino polyamine charge modifying
agent can be bonded to the micfoporous membrane by (é)
contacting the membrane with an aqueodsfsolution.of the
cationic charge modifying agent and (b) contacting the
membrane with an aqueous solution of the polyepoxide cross-
linking agent. The contacting steps may be performed in

any order, i.e. step (a) prior to step (b) or vice-versa.

L]

toam,

3
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Such coﬁtactf;g steps also include confacting the membrane
with an aqueous solution of a mixture of the charge modi-'
fying agent and the polyepoxide crosslinking agent. It is
preferred, however, for optimum (minimum) flushout times
to first contact the membrane with an aqueous solution of
the cationic charge modifying agent and then subsequentiy
contact the so treated membrane yith the aqueous solution
of the polyepoxide crosslinking ageht. For.maximizing
charge modification, however, it is préferred to contact
the membrane with an adueous solution of.a m;xture of.the
charge modifying agent and the polyepoxide crosslinking
agent. |

After the microporous membrane has'been contaqted
with the aqueous solutions, it is then dried and cured, pre-
ferably in a restrained condition, to prevent éhrinkage.

Drying of the membraﬁe under restraint is des-
cribed in the assignee's co-pending U.S, Serial No. 201,086
to Repetti, filed October 27, 1980. The enire disclosure
of this application is incorporated herein by reference.
Generally, any suitable restraining technique may be used
while drying, such as winding the membrane tightly about a
drying surface, e.g. a drum. Bi-axial control is preferred
and tensioning the membrane onra stretching frame is con-
sidered the most preferred. Preferably, the restraint

imposed affects o reduction in dimensions.
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Final drying and curing temperatures should he to
dry and cure the treated membranes, preferably from about

12Q@°C. to 140°C. for minimmization of drying times without

)

embrittlement or other detrimental effects to the membrane.

" The completed membrane may be'roiled'and stored - &
for use under ambient conditions. )

—The charée modified microporous membrang can also
be employed in the form of a‘reinforced anq/or laminated
membrane, preferably one in which a porous reinforciqg web
is impregnated with a polymeric microporous membrane which
is subsequently catiénically»charged. A;preferred rein-
forced laminated membfane'and a porous reinforcing web are
described in_the_afofementioned Barnes et al application
Serial No. 332,068. Such an.impregnated web is prefefably
produced by casting a sufficient amount of a cas?ing solu-
tion onto the porous reinforcing web to provide é web

having a coating solution thereon which is then contacted

with a quenching bath.

The reinforcing web is a porous material which is
preferably wettable by the casting solution to maximize
impregnation of the basting solution during casting and
become firmly attached to the web during precipitation of

the polymeric membrane, e.g. nylon. It is not eséential,

w

however, that the web berwettable by the casting solution.

If the web is not wettable, the casting solution coating




']

‘10

20

WO 84/03055 : PCT/US84/00139

37
will be laré;ly confined to the surface of the web but is
nonetheless édherent thereto due to impregnation of the
salution into the web and adhesion of the membrane to the
web.
- Such wettable and nonwettable reinforcing webs
can, for example, be made of nonwoven textiles and clofh,

as well as netting of various types, including extruded

~ plastic filament netting, paﬁers and similar materials.

Reinforcing .webs which are non-wettable by the casting
solution may be fine-pored non-woven webs made from fibers,

such as polypropylene or polyethylene. Suitable wettable

reinforcing webs include polyesters, as nonwoven fibrous

webs or woven webs, using monofilaments or multifilament .
yarn, the monofilaments being preferred in terms of open
structure and lower pressure drops; polyamide fiber woven
webs, woven and nonwoven webs of aromatic polyamides, and
other relatively polar fibrous products such as cellulose,
regenerated cellulose, cellulose esters, cellulose ethers,
glass fiber and similar materiais. Cellulosic and syn-
thetic fiber filter papers may also be used as the rein-
forcing web as well as perforated plastic sheets andtbpen
mesh expanded plastics. If the substrate is relatively
coarse or in a very open weave structure, even if the

fibers are not substantially wetted by the resin solution,




10

15

20

25

WO 84/03055 | PCT/US84/00139

38

-

the substraté may nonetheless be impregnated by the mem-

brane material. Thus, such non-wettable mgterials such as

polyprOpylene_and polyethylene can be impregnated by the

.
£ ]]

membrane if they have a sufficiently open structure.

A preferred manner of making the impregnated :
reinforcing web is by casting a sufficient aﬁount 6f the
casting solution onto the porous reinforcing web tp form
a web having a coating'solutioﬁ thereon. - This coéting

solﬁtion is then calendered, i.e. pressed, preferably by

rpllers, into the web under conditions of temperature,

pressuré and time sufficient to reduce the viscosity of
the coating solution sufficiently tp ensure enhanced pen-
etration of the coating solution into therweb and to re-
move éubstantiélly all entrapped air-therefrom to thus
form a coated web. Such conditions of température, pres-
sure and time are highly dependent on tﬁe type réinforcing
web utilized, the casting solution, type rollers, etc.
Such conditions can be readily determined by one skilled
in the art by noting the penetration of the solution into
the web, and pin holes and bubbles in the final coating.
The thus coated web is then subsequently treated by cast-

ing a sufficient amount of casting solution thereon to

o

form a coated web having an additional coating solution
threon. This so coated web is then quenched in a quench-
ing bath to form the impregnated web to which the outer

membranes are then subsequently laminated.
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Aftér formation of the reinforced membrane, it
can be treated as described hereinabove to produce the
cagionically charge modi fied ﬁicroporoué membrane uéed
in this invention.

The cationically charge modified microporous mem-
branes are employed as an immobilizing matrix in macromole-
cule blotting in the same manner that nitrocelluloée and .
DBM paper haé been used heretofore. waévér, fhe chagée_
modified microporous membranes of the present invention
have a much greater capacity than the immpbilizing tﬁe'
matrices used heretofore. For example, it has been'found
that a charge modified microporous membraﬁe of the present

invention has a capacity for binding protein of at least

480 ug/cm2 while nitrocellulose has a capacity of about

80 ug/cmz. It is also not essential to use methanol in

the transfer buffer with the immobilizing matrix used in

the present invention as is generally the case when nitré-
cellﬁlose is used. Moreover, nitrocellulose immobilizing
matrices, when used in connection with DNA, require highr
salt concentrations in the buffer; as a result, high cur-
rent flows of up to 5 amperes are re@uired apd the heat
generated adversely affects the DNA. - The high salt con-
centrations are not fequired when uéipg the present charge
modified microporous membranes and therefore electrophoresis

currents which are in the milliampere range can he employed.
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The_bverlay of the blots (or transferred electro-
phoretograms) can be carried out in the same manner with

thg immobilized matrix used in the present invention as

o

they have been done in the past with other immobilizing

matrices. As in the case of other matrices, the residual

o

potential binding sites on the matrix must be quenched in
order to minimize non-specific background. The high affin-
ity of the charge modified micfoborous ﬁgmbrané used in
this-invention for.proteins means that the normal guench-
ing procedures may not be sufficient. It_hgs been foﬁnd
that the charge modified microporous membranes used in the
present invention can be effectively quenched by incuhafion-
in 10% bovine serum albumin (BSA) iﬁ phosphate buffered .
saline (PBS) overnight at 45°-50°C. Hemoglobin (1% in PBS
at 45°-50°C) was also found to be effective far quenching .
the transfers. ‘
While the invention is particularly useful in-conr‘
nection with electrophoretic transferrfrom chromatographic
substrate to matrix, it is also applicable to blotting
techniques in general, such as transfer by conveciion,'
i.e. mass flow of fluid as a driving force for élutioﬁ of
the macromolecules from thg chromatographic substrate to

the matrix, and transfer by diffusion.
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It is contemplated in accordance with this invenQ
tion that the cationically charged microporous.membrane
may 'be used as an immobilizing matrix for macromolecules
derived from not only polyacrylamide -or agarose gels but-
also other chromatographic substrates such as products of

thin layer chromatography or high voltage paper electro-

phoresis or from solutions containing these macromolecules,

i.e.. directly spotting and to be used fof solid phise
assays.

7 Having now generally described this invention,
the séme will become better understood with reference to

certain specific examples, which are included herein for

the purpose of illustration only and are not intended to =~

be limiting of the invention.
EXAMPLE I -
A.

Preparation of a Microporous Membrane

A representative nylon 66 membrane of 0.22 micro-
meter nominal rating, having a nominal surface area of
about 13m2/g, an Initial Bubble Point of anut 47 psi, and
a Foam—All~Over—Point of about 52 psi was prepared by £ﬁe

method of Marinaccio et al, U.S. Patent 3,878,738, util-

izing a dope composition of 16 percent by weight nylon 66
(Monsanto Vydyne 66B), 7.1% methanol and 76.9% formic

acid, a.quench bath composition of 25% methanol, 75% water




WO 84/03055 PCT/US84/00139

42

g

-

by volume (regenerated as required by the method of Knight

.

et al, U.S. Patent 3,928,517), a castihg speed of 24 inchés/

L2

minute (61 cm/min), and a quench bath temperature of 20°C.

‘The membrane was cast just under the surface of the quench

w

bath by application to a casting drum rotating in the bath
(9 to 10 mils as cast wet, to obtain 4.5 to 5.5 mils dry)
and allowed to separate from the drum about 90° of arc
from the point of applicatién; the‘self—suppérting mem- .
brane férming a shallow catenary to takeup. A portion of
" the uniform opaque film was dried (in rest;ained condition
to resist shrinkage) in a forced air oven at 80~90°C. for
30 minutes.

B,

Preparation of Charge Modified Microporous Membrane

1. Membrane sampleé (dried and undfied) were
dipped in-a bath of Hercules 1884 polyamido-polyaﬁine epi-
chloroﬁydrin resin (4% solids by weight), and allowed to
attain adsorption equilibrium. The trgated membrane sam-
ples were washed to remove excess resin and dried in re-
strained condition on a drum at a temperature of 110°C.
for a period of about 3 minutes. | i

The treated membrane samples were compared for =
flow and bubble point characteristics as follows, aund
found to be essentially identical for treated and un-

treated samples, evidencing retention of pore and surface

geometry. . The results are set forth in Table I.
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’ TABLE I
Cohfrol (No .'Undried Dried
. Treatment) Membrane Membrane™

Thickness (mils) 4.25 - 4.58  4.83
Initial Bubble Point (psi)  43.7 44.7 44.7
Foam-All-Over-Point (psi) 55.0 54.0 54.7
Thickness.Normalized low :
Rate (cc. mil/min. cm -psi) 7.1 ) 7.2 7.0
BET, N, adsorption ' ' 13.12 - 13.58

2

The Foam-All-Over—Point (FOAP) is determined by
establishing the Initial Bubble Point (IBP) pursuant to
ASTM D-2499-66T and then.increasing the air pressure until
the air flow through the wetted membrane sample, as mea- -
sured by a flow meter in the line 5etween the regulator
and the'sample holder, reaches 100 cc/min. FOAP is difectly ,
proportional to the mean pore diameter of the sample mem-—
brane.

Table I shows, in terms of the morphological and

hydrodynamic parameters that control mechanical sieving,

. the foregoing characteristics of the treated membranes

were essentially identical with the untreated nylon mem-—

brane.
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2. Similar characterizations were conducted on

-another membrane sample, similarly prepared, but freéted

with 2% Hercules R 4308 resin (a free radical polymerized

®

resin based upon diallyl nitrogen-containing materials,
reacted with epichlorohydrin) in a hath adjusted to pH

10.5, overcoated with 0.1% tetraethylene pentamine, dried,

cured, washed and redried. The results are set forth in

Table II.
' TABLE II

Control . . ,
{(No treatment) Treated Membrane

Tensile Strength (psi)

Yet 528 . A 635

Dry- - : 860 - 960

Elongation (%) - - :
Vet 140 100

Dry 95 : 40

Surface area of tﬁe treéted and untreated men-
branes remained essentially unchanged; tensile strength
increased witb treatment with somerloss in elongation:
The tregted sheet was'more flexible; creasing of .the un- ®

treated sheet resulted in cracking and splitting.

9
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'EXAMPLE II

Two layers of wet microporous membrane, made as
ianxémple IA, were laminated together ahd dried to 20-25%
moisture. It has been fqund that membrane in such a wet,
swollen condition absorbs charge modifying agents more
efflclently than bone dry membrane. |

The double layer of membrane was then 1ntroduced.
into a 1.25% by weight solution of Hercules R 4308. The
pH of the bath was 10.5. |

This bath was produced by diluting 38 lbs.
(17117 keg.) 5f Hercules R 4308 resin from its initial 20%
by weight concentration to 5%. Five normaf (5N) sodium
hydroxide éolution was then added to faise the pH to 10.5.‘
The solution was fhen.diluted with D.I. water having greater’
than 150,000 ohm-cm resistivity in a ratio (volume) 2.5:1.
The total volume of bath solution was 60 gallons.

The membrane entered the bath of Hercules R 4308
at an angle of 30° from fhe horizontal to prevent bubble

entrapment in the membrane which can prevent the charge

modifying agent from diffusing into the membrane, The

" membrane was treated in this bath at a speed of 2.5 feet/

min (76.2 cm/min) for a length of 4 feet (121.9 cm).

Upon exiting this bath, the membrane was wiped

on the bottom surface to remove excess water. A three
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minute air éaak with cool air movement was used before the
membrane entered the'secondary charge modifying agent.bath.~

» This bath was produced by adding 0.023% tetraethyl-~

ene pentamine by weight or 0.113 1lbs. (0.0513 kg.) to 60

w

gallons (227 liters) of D.I. water (at least 150,00d ohm -
cem resistivity). The pH was aboué.g.' The immersion -
conditions are identical to the first bathAéﬁ primary
charge modifying agent. The membrane was then wrapped
around a take-up roll. '

The take—up'roll of wet membrane was stored for -
at least é hours. The roll was then dried at 250°F. (121°C.5
io: 3 minutes to complete the reaction of the charge modi-
fying agents. '

The membrane &as theﬁ washed in a subsequent

operation and checked for éxtraction levels.

EXAMPLE III

Microporous nylon membrane prepared in accbrdance
with Example IA was treated with a Hercules R 4308 primary
charge mddifying agent (pH of bath adjuéted to 10 with
sodium hydroxide) and, where indicated, with a polyamine
secondary charge modifying agent.’ o ,"&
Flow characteristics of the reépective membranes

showed little or no differéutiation, as set forth in Table

IIIL:
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Treatment

Charge Modifier

Secondary Sequénce

*Flow rate (cc) x thickness (mil)

Primary

None None -

2.0% 0.133% Primary

_ Anquamine** First

2.0% 0.133% Secondary
Angquamine First

2.0% 0.133% Mixed

: Angquamine
2.0% None -
2.0% ' 0.03% Primary

Tetracthylene First
Pentamine

(AP (psid) x Area (cm?)

TABLE III

PCT/US84/00139

Membrane Characteristics

Thickness

Normalized

Flow#*
IBD FAOP  (cec. m§12/
(psi) (psi) min cm™ psi)
48.7  52.0 6.76
47.3 52.3. 6.76
45.3 50.3 6.45
48.7 51.3 6.05
46.7 51.0 7.25
49.5 - 5.80

- 54.0

an empirically derived relation to normalize data for

thickness variations.

**Angquamine - 100, a low molecular weight (under 10,000)
cationic polyamide adduct evidencing secondary aming

functionality by comparative UV spectroanalysis, supplied
by Pacific Anchor Chemical Corp. ‘
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- EXAMPLE IV
.In order to compare performanée of different pri-'
mary charge modifiers, particularly polyamide-polyamine
epichlorohydrin resin candidates and to optimize applica-
tion levels and pH conditioné, the following tests were
conductéd, utilizing Hercules resins-R 4308, Polycup 172
(pH 4.7 as supplied) and Polycup 2002 (27% solids, pH 3.0

as supplied). The results are set forth in Table IV:

TABLE IV
Primary Charge . Bath - ]
Modifier pH : IBP : - FAOP
1% R 4308 10.3 a7 . 50
2% R 4308 10.3 ' 45 49
3% R 4308 ' 10.3 44 51 -
1% 172 110 . 46 | 50
1% 172 4.9 47 50
2% 172 11.0 ' 47 : 52
2% R 4308 11.0 47 52
2% 2002 ©11.0 - 49 , " 52
Control - 46 50
EXAMPLE V )

A washed and stretch dried nylon microporous mem-

brane prepared in accordance with Example I A. was immersed

in a two weight percent solid solution of 1, 4-butanediol

L4

L]
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. diglycid 1 ether solution prepared with an 80-20 mixture of '

18 megohm-cm D.I. water in high purity ethanol and having
a pH of 6.1-6.4. The membrane was removed from the solu-
tion and allowed to draln for about one mlnute. The mem-

brane was then immersed in a 0.5 welght percent solid

" solution of tetraethylene pentamine prepared with 18 meg-

ohm-cm D.I. water having a pH of 11.2-11.4. The membrane
was removed from the solution, allowed to drain for about

one minute and then stretch dried at.130°C. for 5 miputes.

 EXAMPLE VI

A nylon impregnted web with a micfoporous membrane
having a nominal pore size fatiﬁg of about 0.65 microas was
produced with a reinforcing web of du Pont Corporation'b
Reemay 2250 poiyester, spun bondea non-woven using a cast-
ing solution of 16 weight percent nylon 66, 78.04 weight
percent formic acid and 5. 96 welght percent methanol. A
first outer microporous membrane was brought in contact
with the impregnated web to provide a soaking wet contact
line at the union of the two layers and a second outer
microporous membrane was laid onto the opposite surface of
the impregnated web in a similar mannef. The three-layer
laminated membrane was dried on 2 Teflon coated steel drum

equipped with edge restraining belts on both sides of the
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laminated membrane and infrared radiant heaters spaced at

intervals over the drum circumference. Thereafter, the-

'reinforced laminate was treated with a cationic charge

modifier pursuant to Example I B.

EXAMPLE VII

A.

.

Materials and Methods

Preparation of protein sémplesr

Erythrocyte ghosts were prépared as described in

.Fairbanks, G., Steck, T.L. and Wallach, D.F.H. (1971) Bio-

chemistry 10: 2606-2617 from blood accumulated in the
pleural cavity upon cardiac puncture of anesthesized CD1
mice. Bovine brain cortex homogenates were prepared as

described in DeCamilli, P., Uéda, T., Bloom, F.E., Batten-

erg, E., and Greengard, P. (1979) Proc. Natl. Acad. Sci.
U.S.A.: 76, 5977-5981. The radibiodination of protein
standards; protein A, and concanavalin A was performed
with 1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril as des-
cribed in Fraker, P.dJ., and Speck, J.C. (1978) Biochem.

Biophys, Res. Commun.: 80, 849-857, except that the iro—

teins were dissolved in PBS (1 mg/ml). Free 1?51 was sep-
125

arated from the I-labeled proteins on either a 5-ml Bio-

Gel P-2 column or on a 0.4-ml AG-1-X8 column. The specific

0
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activities routinely obtained ranged from 106uto 107 cpm
-1 .
ug - protein.
¥ Polyacrylamide gel electrophoresis:
Protein samples were solubilized in buffer con-
taining (final concentrations) 2% (w/v) SDS, 2% (v/v).

/g—mercaptoethanol, 10% (v/v) glycerol, 0.1% (w/v) brom--

. phenol blue, and 100 mM Tris-HC1l, pH 6.8. The samples

were boiled in this mixture for 3 min. and then resolved,

using Laemmli's system, [Laemmli, U.K. (1970) Nature (Lon-.

don): 227, 680-685] on 10% polyacrylamide slab gels.

Electrophoretic transfer: . '

Upon completion of electrophoresis; the gel (or
portioné of it) was placed on a wet Scotch-Brite pdd and
its surface was rinsed with cool (8-10°C) trahsfer buffer.
(15.6 m¥ Tris-120 md glycine, pH 8.3, with or without 20%
(v/v) methanol). Tris (41 mM)=boric acid (40 mmj, pH 8.3,
was also tested. No significant differences were detected
between the two buffer systems. The cationically modified
microporous membrane of Example II (hereinafter termed
"CMMM") or nitrocellulose (hereinafter both are geherig—
ally referred to as immobilizing métrices "IM") were Ehen
wetted by floating it on transfer buffer and placed on the

gel, making sure that no air bubbles were caught within

the IM or between the latter and the gel. The IM was then
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covered by a second Scotch-Brite pad. A number of such
gel-IM assemblies separated by Scotch-Brite pads'can be-
moynted in sequence for simultaneous transfers. The assem~

bly was placed between plastic grids, which were then

i

snugly inserted -- wifh the IM toward the anode -~- into
a Plexiglas tank containing 4 liters of cool transfer

buffer. Platinum electrodes in a configuration similar to -

‘that described by Bittner et al., Anal. Biochem. (1980):

102, 459-471 were secured to the wide walls of the tank.

With an 8-cm distance between the anode and the cathode,

" the electric field generated during electrophoretic trans-

fer appeared to be homogeneous. During transfer, the buf-
fer composition changed as salts were eluted from thergels,_
and thus the current increasedrwhen the voltage was kept
conétant. Because a étandard powver supply was used (thh-
ler Model 3-1500), it was sometimes found more practical

to transfer at constant current (200 mA) and let the vol-

~tage gradually decrease. In a typical two hour transfer,

the ?oltage,dropped, for instance, from 42 to 30 V. The
voltage change could be avoided by prior equilibration of
the gels with transfer buffer. This procédure could dlso

prevent gel swelling during transfer, a common occurrence

at acrylamide concentrations > 10%. The IMs could be used

]

immediately after transfer, or dried and stored between
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sheets of Whatman 3MM chromatography paper. In experi-

1251-1abeled protein was quan-

ments in which transfer of
ti;ated, both gels and IMs were autoradiographed post-
transfer using Kodak XAR-5 film and a DuPont Cronex Light-
ning Plus intensifying screen at -70°C. The radidactive'.
bands were excised from gels and IMs and counted in a

Beckman Biogamma II counter.

Treatment of transfers with antibodies and lec-

-tins:

To prevent nonspecific background binding, the
IMs must be guenched. For nitrocellﬁlpse, it was suffi-
cient to iﬁcubate the filters at room températufe for one
hour in 10 mM PBS, pH-7.4, containing either 2% (w/v) BSA
or 1% (w/v) hemoglobin. Incubation of CﬁMM IMs in phos-
phate buffered saline (PBS), containing either 10% BSA or
1% hémoglobin, for 12 hours at 45-50°C. was found satis-
faétory'for gquenching. The quenched IMs wererreacted with
the relevant ligands (e.g., antibodies, protein A,'lectins)
for one hour at room temperature in PBS containing either
2% BSA or 1% hemoglobin and then washed at least 5 times
in 50 to 100 ml PBS (20 min each wash). All sdlutiodé
used in the overlay procedure contained sodium azide (0.05%

w/v). The washed IMs were autoradiographed at -70°C. as

described above.
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B.
Results
y 1. Binding of Macromolecules to IMs:
(a) Bindihg experimeﬁts were performed to
compare the adsorbence of 1251-1abe1ed BSA to the IMs.

Squares of IM material were incubated for one hour in

solutions of variable concentrations of 1251—1abe1ed BSA

(0.01-5% w/v in PBS). Each sample of the incubation med-

ium contained an equal tracer amount of 1251-1abe1ed BSA

(177,000 + 6100 cpm ml-l; estimated amount 180 ng mll)._
After incubation, the IMs were washed 5 times with 5 mlv:
PBS and counted. The counts were converted to bound BSA
(ug. cm-z).

7 The capacity of the CMMU fop binding BSA was
consistently higher than that of nitroceliulose. This was
particularly evident when high concentrations of BSA were
used; at 5% BSA, for instance, the IMs bound 480 ug. em™2

2, respectively. This is shown in Figure 1

and 80 ug. cm_
in which the CMMM is designated by & and the nitrocellu-
lose by O . -

(b) 1 cm? pieces of CMMM? nitrocellulose,
unmodified nylon and the membrane of Example V were incu-
bated in variable concentrations of hemoglobin (0-5% in

PBS) or BSA (0-10% in PBS). Each filter was incubated

in 1 ml and rotated 2h RT°c. Then 50/ul of a mixture of

s

il

“
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1251-1abe1ed1;roteins was added to each well. [50 1 =
5,000 cpm IgA; 5,000 cpm calmodulin; 5,000 cbm BSA] The
filters were thus incubated 1 hf. at. 25°¢ and tﬁén washed
5 times in 1 ml PBS and counted. Background (85 cpm) was
subtracted from the results and shown in Figure la (BSA)
and 1b (hemoglobin). Note, for example,‘at 1% BSA, ther
signal of bound radiocactive protein has been reduced fo
98%, 48%, 94% and 77% when nitrocellulose. cMMA uncharged
nylon and the Example V membrane, respécfively, were used.
The nonquenched IMs were then washed for about 2 hoﬁrs in
1% Triton X-100, a non—ionic_detergenf, to determine how
much radioactive protein could be removed.',It was found
tﬁat 40% was removed fr&m the CMMM, about 80% from the IM
of Example V, 92% from the.unchérged membrane‘and 92% from
the nitrocellulose. These results dgmonstrate thé contri-
bution of the charge modification to the interacfion of
the proteins with the IMs.

. (c) Pouf Squares (2 cm2) of IMs were spotted
with 50,000 cpm of [32P] labeled in vitro transcribed
human./g—globin mRNA (Kole and Weissman, Nucleic Acid B
Research, 10: 5429 (1982)) and then washed with PBS antil
the counts in the wash reached background.» The amount of
labeled mRNA that bound to the filters was then meaéured.
Squares of commercially available nitrocellulose’and cel-
lulose acetate bound less than 100 cpm while the two CMMM

(0.45 and 0.2 m in porosity) bound about 30,000 cpm.
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2. Electrophoretic Transfer of Proteins from
Gels to Filters:

1 "The IMs were tested in an electrophoretic trans-

fer (1 hour at 30 V) of 12°

I-labeled BSA (~/200 ng), using
buffer conditions similar to those described by Towbin et

al. (i.e., 15.6 mM Tris, 120 mM glycine, 20% (v/v) methanol,

" pH 8.3). When methanol was omitted from the transfer buf-

fer, elution increased from 30% to >60 and ~50% of the

load when CMMM and nitrocellulose wererused,,respectively.
125

-In the absence of methanoi, however, I-laheled BSA

passed through at leasf five layers oé nitrocelluiose (on
which it was detected in decreasing amounté, e.g., 15 fo
8% of the load); whereaé most l251—labeled BSA (>60% of
the load) could be retained on the first CMMM filter, with
<1% detected on each sequential filter. Similar results
were obtained with other protein standards (phosphorylase’
b,vfetuin, ovalbumin, carbonic anhydrase, and soybean
trypsin inhibitor). A detailed analysis of a representa-
tive experiment in which 1251—1abe1ed BSA was transferred
in the absence of methanol is presented in Figs; 2-4.

Fig. 2 shows quantitation of transfer of variable

125

amoﬁnts of I-labeled BSA to CMMM or nitrocellulose. Du-

plicates of four increasing councentrations of 125

I-labeled
BSA (estimated as 150, 300, 514 and 1400 ng) were run on

10% SDS-polyacrylamide gel. After electrophoresis, one

@
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series of lanes was transferred to eight sequential layers
of CMMM (® , B , A ) and the other to 10 seqﬁential layers
of¥nitrocellulose (O , O, A ). At the end of the ;rénsfer
(2 hours in Tris-boric acid,. pH 8.3, without methanol, at
constant 32 V), the gels and IMs were counted. The amount
of BSA eluted from each gel lane (O , @) was calculated
as the difference between radioactivity loaded and yadio-
activity remaining in the correspdnding gel post-transfer.
The unaccounted BSA (A , A ) is the calculated difference
between radioactivity eluted from each gel.and radioacti-.
vity recovered on the corresponding CMMM or nitr&cellulose
filters (O , B ). |

Fig. 3 shows of lzslflabéled BSA on eight CMMM

filters (® ) or 10 nitrocellulose filters (O ) from the

maximal load of BSA (1400 ng) used. Arrow 1 indicates the .
total amount recovered on eight layers of CMMM. Arrow 2
indicates the total amount recovered on 10 layers of nitro-

cellulose.

Fig. 4 shows comparison of BSA recovefy on the
first CMMM filter, the first nitrocellulose layer, and 10
successive nitrocellulose layers. The results obtainéd
in the experiment presented in Fig. 2 were normalized to
the amount of BSA recovered on all eight layers of CMMM
for each BSA concentration. This value is taken as 100%

recovery. Note that for the three lower concentrations
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of BSA, the first CMMM layer (striped bars) adsorbed as
much as or more than-all 10 layers of nitrocellulose
(hdtched bars).- In all cases»the amount of BSA recovered *
on the first CMMM layer was considerably greater (.- 4
times) than that recovered on the first nitrocellulose‘
filter (stippled bars).

Figures 2, Srand 4 show that (i) more than 80% of
the protein loaded on the gel could ﬁe accounted for when
one or two layers of CMMM were used (Figs; 2 and 3); (ii)
80% (at low load) to 50% (at high load) of the IM bound
BSA was recoveredronrthe first layer of CMMM (Fig. 4);
and (iii) the use of more thgn three layers-of CMAM did
not seem to improve the extent of recovery (Fig. 3).
Similar results were not obtained even when 10 layers of
nitrocellulose were used (Figs. 2-4). Unaccounted 1251-
labéléd BSA (presumably lost in the buffer) amountéd to
>25% of the load when nitrocellulose was used and to £ 15%
in the case of CMMM.

. 3. Retention of Transferred Proteins on Filters:

Once adsérbed to CMMM, protein is'veryrwell re~

-

tained, as demonstrated by the results of the following
125

1)

experiments. The I-labeled BSA run on an SDS;polyacryl-

amide gel was electrophoretically transferred to either
CMMM or nitrocellulose. After transfer, the IMs were

incubated in one of the following conditioqs: (i) 15 miﬁ
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in 0.5% glutaraldehyde in PBS, (ii) 1 hr. in 25% isopropa-

nol-10% acetic acid, and (iii) 1 hr. in PBS alone. Next

‘the IMs were rinsed a number of times in PBS and subse-

quently washed overnight in 0.1% Triton X-100 in PBS. ,The.
amount of label on each IM was determined after both trans-
fer and detergent wash. - In the case~of nitrocellulose, it
was found that 80% of the 1ZSI—labeled BSA was washed away
from unfixed IMs; aithough results were variable,'dt least;‘

1.5-2 times more counts could be retained on-such Ms after

the glutaraldehyde or the acidic-alcohol treatments. When

CMMM was used, >65% of the original counts were retained

in the absence of any fixation and.fiiatiod increased this

value to >90%. Furthermore, the retention of protein to

CMMM scemed practically unaffected by variation in the pH
(ranging from 2.0 to 8.3) of the washing solutions.

"4, Overlaying of Transfers: |

Before one-can use a transferred pattern in any-
overlay technique, residual potential binding sites on the
filter must be quenched to minimize nénspecificAbackground.
CMMM was quenched effectively when incubated in 10% BSA in
PBS overnight at 45-50°C. Lower temperature (e.g., 37°C.),
lower concentrations of BSA, or shorter incubations of the

filter with the above solution at 50°C. resulted in unac—'

ceptably high background in overlays when these probes were
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used. Hemogi;bin (1% in PBS at 45-50°C.) was also found
torbe effecfive for quenching CMMM transfers.

¥ - Overlays of protein patterns were transferred to
CMMM or nitrocellulose with antibodies or leétins. In
particular, aliquots of bovi@e brain cortex ﬁomogenates
(25 ug each) were resolved bn a 10% SDS—polyacrylamide gel
and electrophoretically transferred to éither'CMMM or
nitrocellulose over two hours in Tris-glycine buffer at
200 mA. After quenching with BSA, the IMs wére'overlaid
for one hour with dilute (1:300)'rabbit serum containing
anti-protein I (synapsin), washed and subéequently incu-

1

bated with 12°I-labeled protein A (10° cpm total) for one

hour, washed again and then autoradiographed. The same

procedure was carried out using aliquots-of murine eryth-
rocytic ghésts (25 ug each), filters quenchea with hemo-
globin and 125I—labeled concanavaiin A (5 x 105 cpm total)
as the probe. The greater binding capacity of CMMM over

nitrocellulose rendered these techniques more sensitive

‘when CMMM is used.

The specificity of lectin binding was tested by
using appropriate haptens. In the case of the autoradio-

graphs of the 125

I-labeled concanavalin A, for instance,
the net radioactivity bound to the respective IMs was
determined by deducting from the total counts the back-

ground counts measured on the lower parts of the lanes.

o)

w

"
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The net signal on CMMM was 1.6 times higher than on nitro-
cellulose. A first wash in PBS containing'loo mM X-methyl-
glycoside removed 82 and 76% of the signal from CHMMM énd
nitrocellulose, respectively, A second waéh in PBS con-
taining 100 mMo(Qmethylmannoside increased the removal to
90% for CMMM and 84% for nitrocellulose.

‘The acetylcholine receptor has also been analyzed

by protein blotting. Electric opgan_membranés prepared

from Torpedo were run at 4°CAon polyacrylaﬁide gels con-

taining lithium dodecyl sulfate. The electrOphoretogramé

_were electroblotted to CMMM, which were then quenched with

hemoglobin and overlaid with 125

I-labeled & -bungarotoxin.
Only the K -subunit of the receptor bound the toxin. This

binding could be competed with nonradiocactive X '-bungaro-

" toxin and with tubocurarine, another acetylcholine antago-

nist.

Various chaﬁges and modifications can be made in
the process and products of this invention without depart-
ing from the spirit and scope thereof. The various embodi-
ments which have been disclosed herein were for the purpose

of further illustrating the invention, but were not in-

tended to limit it.
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WHAT IS CLAIMED IS:

oy

" 1. A product comprising a chromatographic sub=
strate having on a surface thereof as an- immobilizing |
matrix a-hydrophilic charge modified microporous membrang'-
comprising an organic microporous membrane having a charge
modifying amount of a cationic charge mbdifying agent
bonded tdssubstantially all of the wetted surfaces of said

membrane.

2. the product of claim 1, wherein the organic

" microporous membrane is hydrophilic.

3. The product of claim 2, wherein the hydro-

philic organic polymeric microporous membrane is a cellu-

lose ester.

4. The product of claim 2, wherein the hydro-
philic organic polymeric microporous membrane is a poly-

amide.

N

5. The product of claim 2, wherein the charge

modifying agent comprises a water-soluble organic polymer

L

having a molecular weight greater than about 1,000, wherein

each monomer thereof has least one epoxide group cépable
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of boéding to the surface of the membrane and.at least one
tertiary amine or quaternary ammonium group.
X
- 6. The product of claim 5, wherein said watef-
éoluble organic polymer is a polyamido-polyamine epichloro-

hydrin resin.

7. The macromolecule blotting product of cléim 6

is a polymer having repeating monomer units of the fo;mula:

10

CH2 CH2
\+ /
N
/\ c1”
H - -
C 3 CH /CH CH2

8. The product of'claim 7, wherein said'membrane

is polyhexamethyiene adipamide.

9. The product of claim 8, wherein said substrate

is an electfophoresis gel.
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10. The product of claim 9, wherein said gel
comprises polyacrylamide.

X

o)

11. . The product of claim 5, wherein a portion of
the epoxy groups of the organic polﬁmer charge modifying
agent are bonded to a secondary charge modifying agent ;
selected from the group consisting of:

| (i) aliphatic amines>having at least one .
primary amino or at least t&o sécondary amino groups; and
" (ii) aliphatic amines havingrathleast one

secondarf amino and a carboxyl or hydroxyl substituent.

12. The product of claim 11, wherein said secon-

-

dar& charge modifying agent is tetraethylenepentémine.

13. The product of claim 12, wherein said sub-

strate is an electrophoresis gel.

14. The product of claim 2, wherein said charge
modifying agent is selected from the group consisting of:

(i) aliphatic amines having at least one

5)

primary amino or at least two secondary amino groups; and

(ii) aliphatic amines having at least one

op

secondary amino and a carboxyl or hydroxyl substituent,

and wherein said charge modifying agent is bonded to the
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microporous membrane structure through an aliphatic poly-
epoxide crosslinking agent having a molecular weight of

legs than about 500.

15. The product of claim 14, wherein the poly-

epoxide is 1, 4-butanediol diglycidal ether.

16. The product of claim 15, wherein said charge

modifying agent is tetraethylenepentamine!

17. The product of claim 16, wherein said sub-
strate is an eIectrophoreéis gel. .

18. The product of claim'4, wherein the membrane

has a pore size of from about 0.05 to about 1.2 microns.

19, 1In é method for the transfer of macromolecule
from a chromatogréphic substrate to an immobiliéing matrix,
the improvement which comprises emplo&ing as said matrix,

a hydrophilié charge modified microporous membrane com- .
prising an organic micropqrbus membfane having'é charéé
modifying amount of a cationic charge modifying agént
bonded to substantially all of the wetted surfaces of said

membrane.
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20. The method of claim 19, whrein said organic
microporous membrane is hydrophiliec. .
3 . | .
21. -The method of claim 20, wherein the hydro-
"philic organic polymeric microporous membrane is a éellu—

lose ester.

22. The method of claim 20, wherein -the hydro-
philic organic polymeric microporous membrane is za paly-

amide.

23. The method of claim 22, wheréiq the charge
modifying agent comprises a water-soluble organic pol&mer
having a molecular weight greéter than about 1,000, wherein
each monomer thereof has least one epoxide group capable

of bonding to the surface of the membrane and at least one

tertiary amine or quaternary ammonium group.

24. The method of claim 23, wherein said water—

soluble organic polymer is a polyamido-polyamine epichloro-

-

hydrin resin.

Ry

o

4]
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25.  The method of claim 24, wherein said polymer

has repeating monomer units of the f

L]

ormula :

10

Q
=]
NI
(@]
m\
/w
(@]
fu g

26. The method of claim

is a polyhexamethylene adipamide.

27. The method of claim

is an electrophoresis gel.

28. The method of claim

prises polyacrylamide.

Cc1l™

25, wherein said membrane

25, wherein said substrate .

27, wherein said gel com-
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29.” The method of claim 23, wherein a,portion of
the epoxy groups of the organic polymer charge ﬂodifyiﬁg
aggnt are bonded to a secondary charge modifying~égent'
seleéted from the group consisting of:

(1) aliphatic.amineg having at least one
primary amino or at least two secondary amino grbups; and
(ii) aliphatic amines having at least one

secondary amino and a carboxyl or hydroxyl substituent.7

30. The method of claim 29, wherein said secondary

charge modifying agent is tetraethylenepentamine.

31. The method of claim 30, wherein said substrate

is an electrophoresis gel.

32. The method of claim 20, wherein said charge
modifying agent is selected from the group coﬁsisfing of:
(1) .aliphatic.amines having at least one
primary amino or at least two secondary amino groups; and
(ii) aliphatic amines having at least ofe
secondary amino and a carboxyl or hydroxyl'substituent,
and wherein said ¢harge modifying agenf is bonded to the
micfoporous membrane structure throﬁgh an aliphatic poly-
epoxide crosslinking agent having a molecular,weight of

less than about 500.

Bt

[4/]

iy
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33. fhe method of claim 32, wherein the poly-
egéxide is 1, 4-butanediol diglydidal ether; ‘
y | |
34. The method of claim 33, wherein said charge

modifyipg agent is tetraethylenepentamine.

35. The method of claim 20, wherein said sub-

strate is an electrophoreéis gel.

36. The method of claim 22, wherein the membrane

has a pore size of from about 0.05 to about 1.2 microns.

37. The method of claim 20, wherein the trans-

ferred protein is incubated with a ligand.

38. The method of claim 37, wherein the charge
modified micropofous membrane is quenched after transfer

of the protein and before incubation with the ligand.

39, The method of claim 38, wherein the gquench-

ing is effected by incubating the membrane with bovine

serum albumin or hemoglobin at elevated temperature.
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40. The method of claim 22, wherein said transfer

is by electroelution.

*

41. 1In a solid phase assay system wherein a macro-

which comprises employing as said solid phase, a hydrophilic

molecule is immobilized in the-solid phase, the improvement

charge modified microporous membrane comprising an organic

microporous membrane having a charge modifying amount of a

cationic charge modifying agent bonded to substantially

all of the wetted surfaces of said membrane.

42, The system

of claim 41, wherein

microporous membrane is hydrophilic.

43. The system
philic organic bolymeric

lose ester.

44. The system
philic ofganic polymeric

amide.

45. The system

of claim 42, Wherein

‘microporous membrane

of claim 42, wherein

microporous membrane

of claim 43, wherein

said organic -

the hydro-

is a cellu-~

the hydro-

is a ﬁoly-

the charge

modifying agent comprises a waer-soluble organic polymer

‘havipg a mqlecular weight greater than about 1,000, wherein-

o

")"

£/

i1
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each monomer “thereof has at least one epoxide group capable
5 of bonding to the surface of the membranes and at least one

tertiary amine or quaternary ammonium group.
! .

46. The system of claim 44, whereinhsaid water-
soluble organic polymer is a polyamido—polyamine‘epichloro-

hydrin resin.

47. The system of claim 46, wherein said polymer

has repeating monomer units of the formula:

cH,
CH — CH
5 T CH ;
5
CH, c,
N
/ \ -
i H - '
ch, c\ /CH CH,
10 0

48. The system of claim 47, wherein said membrane

is a polyhexamethylene adipamide.
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49. The system of ciaim 45, wherein é_portioﬁ of
the epoxy groups of the organic polymef charge modifying
agent are bonded to a secondary chapge modifying agent
selected from the group consisting of: '

(i) aliphatic amines-having-at least one '
primary amino or at least two secondary amino groups; anﬁ
. (ii) aliphétic amines having at least one

secondary amino and a_carboxyl or hydroxyl substituent..-

50. The system of claim 49, wherein said secondary

charge modifying agent is tétraethylenepentamine;

51. The system of claim 41, wherein said chargé
modifying agent is selected from the group consiéting of :

(i) aliphatic amines having at least one .

primary amino or at least two secondary amino groups; and

(ii) aliphatic amines having at least one
secondary amino and a carboxyl or ﬁydroxyl substituent,
and wherein said charge modifying agent is bonded to the
microporous membrane structure through an aliphatié poly-
epoxide crosslinking agent héving a molécular Qeight of

less than about 500.

52. The system of claim 51, wherein the poly-

epoxide is 1, 4-butanediol diglycidal ether.

vy

[&]

W
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53. The system of claim 52, wherein said charge
modifying agent is tetraethylenepentamine.

k|

54. The system of claim 42, wherein the charge

modified miciroporous membrane was quenched..
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