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ThlS“lnventlon'relates i sle) hlghly functlonallzed
solid substrates, methods for their pre-

paration and conjugation of the functionalities to a
wide variety of compositions. Articles of this type
find extensive use in diagnoéis, therapy, processing,
as well as other applications, where binding of a par-

‘ticular moiety to a solid surface is desired.

Background

Solid surfaces play a significant role in the
ability to separate a component from a mixture of com-
ponents, to localize one or more moieties to a specific
area, to'investigate characteristics of various mole-
cules, molecular aggregations, cells or tissue, or in
other situations where having a moiety in a defined
region, optionally in relation to a particular medium,
is of interest. Thus, solid substrates find applica-
tion in.diagnoétics, for haptens, antigens and nucleic
acids, affinity chromatography, apheresis, cytophoresis

.a8 well as other applicationsl There are many charac-
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25

teristics of interest with the solid substrate, such as
degree of non-specific binding, clarity, ease of fabri-
cation, availability, etc. The characteristics are of
varying importance,,depending upon the particular
application. For purposes of the subject invention
important characteristics include the ease with which
functionalities may be introduced, the convenience of
such functionalties for linking other groups, the
interaction between such functionalities and the moie-
ties attached to such functionalities, the density of
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ared, to investigate characteristics of various nole- cules, nolecular
doggregations, cells or tissue, or in other situations where having a noiety
1aya defined 15 region, optionally in relation to a particular medium is
of ;interest. Thus, solid substrates find applica- tion in diagnostics, for
hébtens antigens and nucleic acids, a2finity chromatography, apheresis,
cytbphore5|s as well as other appllcations There are many charac- .20

terl stics dfuriottimmsstizdtion evabl ablle ufxen rlaitrtlﬁamkrem‘qmgrﬁeibf

noh- speci f iy gtI;P | d}6 :“d fé(naff‘fft%nfﬁp& thé eé enéﬂ] xﬁi@dﬂ:}@f' lity. |

The charact stics are vary | mpor tance,
particul ar fspliddtagm. m?emrb%séés@fam h@%ﬂ}tﬂ%ctiﬂ r’RReWeS aple

to easily view the contents of a container, such as a
5 bottle or flask. | |
In many situations, it is highly desirable to
have a2 high density of a particular moiety on the sur-
.face. By having a high density a greater number of
interactions can be achieved in a predetermined surface
10 area. This allows for smaller volumes to be used,
shorter contact times, greater intensity of signal, as
well as other advantages.
There 1is, therefore, a continuing interest in the
problem of developing new methods and compositions
15 which allow for improvements of solid substrates. Such
improvements can have effects on the sensitivity'and
efficiency of diagnostic assays, the efficiency of sep-
aration of components in a complex mixture, the ability
to pack particular moieties into a small surface area,
20 as well as other improvements.

Literature References

Olah et al., J. Am. Chem. Soc. (1962) 84:3687
reports nitration in teéramethylenesulfone. Fﬁnction~
alization of polystyrene is described in U.S. Patent

25 Nos. 3,956,219; 3,886,486; 3,974,110; 3,995,094; and
4,226,958. Linking through a Schiff's base to a solid
support is described in U.S. Patent Nos. 4,419,444 and
4,217,338.

In the invention, functionalizéd solid substrates
30 comprising addition-polymerized aromatic monomers are pro-
vided. The preferred substrates are polynitrilo substi-
tuted substrates produced by nitration of the aromatic
polymer surface by an electrophilic agent, particularly
a nitrating agent, in a solvent substantially incapable
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254 nportant characteristics include the ease with which functionalities
.nay be introduced, the conveni ence of sugh functionalties for |inking other
v ups, the |nteraction bet ween such furrctionalitles and the noie- ties

hed t d t
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methods enpl o?eﬂolél‘ FPﬂR&Q%abifF&eﬂéen% allsbigh propeetion PhHehRy able to

easily view t geofidBteNgPolhs daFenbab I tutedCh1dh Aitro groups. The
nitro groups may’ then be reduced to nitrilo groups,

- S particularly amino groups or other reduced nitrogen

’ groups which may serve as a site for linking to a wide
‘variety of molecules. The resulting solid substrates
find particular use fqr separations or high density
packing of a moiety of interest.
10° - .

Preferably functionalized aromatic substrates are

provided, where substantially the entire surface of a
solid arqmatic substrate 18 functionalized. Highly - .
15 functionalized surfaces are achieved emploiing electro-
philio agents capable of aromatic electrophilic substi-
tution, particularly a nitrating agent, and a solvent
whioh is relatively non-polar and in which the polymer
is substantially immiscidble and not swelled. 1Included
20 in the reaction medium i{s & small amount of a polar
Substance. particularly a hydroxylic compound, which
can coordinate with the electrophilic asont.
The solid substrate will be a homo~ or co-
polymer, usually non-cross-linked or having a low level
25 of oross-links (<2.0% polyene monomer) wherein at least
50 mol%, more usually at least about 80 mol¥ will be
aromatic addition polymerizable hydrocarbon monomers,
particularly having aryl groups of from 1 to 3 rings
and ‘having from 0 to 1 alkyl substituents, from 1. to 3
30 carbon atoms, usually at other than the para-position.
Fo; the most part, the substrate will be polystyrene i
which {8 produced in accordance with conventional ways
and appears in a variety of forms, guch as _vials,
microtiter plates, ?etri dishes, plaﬁes. containers,
'35 fabricated articles, and the like. Instead of con-
tagners, the solf{d substrate may be particles, hollow
fibers, strands, chopped strands, membranes, or the

-
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5 bottle or flask. In many situations, it is highly desirable to have a
Pigh density of a particular noiety on the sur- face. By having a high
demrsity a greater nunber of interactions can be achieved in a predetermn ned
surface 10 area. This allows for snmaller volunmes to be used, shorter

cofgtact tines, greater intensity of sigpal, as well as other advantages.
There is, therefore, a continuing interest in the problem of devel opi ng new

rej hods and £epos! o Limdl @l b o1 ¥ | TNRERY! st 5d ¢

substr at es. ts can have e on thée senS|t|V|ty and
efficiency d?hﬂlhbh%stﬂ%ué%%&ygesﬂhﬁi%ﬁfi%n%ﬁﬂ%ﬁ%ﬁ redgtively

smooth surface.
For the most part, electrophilic agents are
5 employed, particularly nitrating agents, where the ni-
tronium ion is coordinated with an anion which allows
for significant ionization in the solvent medium, par-
ticularly a complex anion, more particularly a poly-
halide anion. Illustrative polyhalide anions include
10 tetrafluoroborate, antimony hexafluoride, phosphorous
hexafluoride, etc.

The solvent will be one in which the polymer
is neither soluble nor swelled, particularly tetrameth-
ylenesulfone (TMS). 1Included in the solvent will be a

15 polar coordinating compound, which is able to coordi-
nate with a nitronium ion. Conveniently, water may be
used, but other oxy compounds may also find use, such
as methanol. The polar compound _should be capable of
displacing both the anion and the solvent from coordi-

20 nation with the nitronium ion. The polar component
will preferably be present in not greater than about
equimolar amount to the nitronium ion concentration,
usually present in at least about 0.05, more usually in
at least about 0.25, and generally at least about 0.5

25 -times the molar concentration of nitronium ion.

The nitronium ion will generally be at a con-
centration of at least about 0.05 M, usually at least
about 0.1 M, and usually not greater than about 0.8 M.
The particular concentration is primarily one of con-

30 venience, so long as there is a sufficient amount of
reactant to substantially completely functionalize the
polymeric surface.

The température of the reaction will vary with
the nature of the reagent, generally being at least

.35 about 4°C, and not more than about 60°C, usually not
more than about 40°C, preferably ranging from about
30°C to 40°C. The time for the reaction will vary with
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aration of conponents in a conplex mxture, the ability to pack particul ar
-moieties into a small surface area, 20 as well as other inprovenents.
“Lijterature References O ah et al., J.-Ah Chem Soc. (1962) 84:3687 reports
nitration in tetranethyl enesul fone. Function- alization of polystyrene is

déscribed in Whest turs.\go thagshonger Limes widd be selated;
3,895, 094; angb Aot Tehperiaitiltiedy t CeAdpal by Sctlié freadtdoa wala solid

Thventfon. 1 dike ditaiehet Jome B ?‘ﬁismé‘sé‘iéxfﬁ‘f‘@% SR nol yirer zed
_aronmatic non@anerakly punning from about 2 to 24 hrs.

) 5 The reaction medium is contacted with the
polymeric surface to provide an amount of reactant
stoichiometric with the available aromatic groups at
the surface, usually at least about 1.5 excess, where,
greater molar excess may be employed as convenient. In

10 some instsnces it may be desirable to prepare a number
of reaction mixtures using differing amounts of nitro-
nium fon to optimize the level of functionalization of
the surface. ' '

_ After completion of the reaction, the reaction

15 mixture may be discarded and the surface washed to re-
move any residual materials. Various solvents may be
used for cleaning the surface, such as methanol, etha-
nol, dimethylsulfoxide (DMSO), water, nitromethane or
the like. The partiocular material employed for

20 oleaning {s not critfcal to this invention and is
primarily one of convenience, so long as the polymer ia8
insoluble and is not swelled by the solvent.

The resulting polymeric surface is found by
eleotron spectroscopy for chemical analysis (ESCA) to

25 have a ratio of nitrogen to aryl of at least 0.1, usu-~
ally at least about 0.15, more usually at lgaaé about
0.25 to about 100A depth. Preferably the ratioc of polar
qrohp e.g. nitrogen to aryl will be from about 0.25 to 1.

_ The resulting surface nitrated polyaryi solid

30 supstrate has a number of desirable characteristiecs.
Prepared in accordance with the above procedure, the
resulting functionalized polymer is clear, so that it
can be used for the transmission of light through the
polymer without significant interference. Thus, the

35 nitrated polyaryl solid substrate can be used for var-
ious applications, particularly where one wishes to
transmit light through a sample and have the light tra-

\
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~virded. The preferred articles are polynitrilo substi- tuted substrates
- produced by nitration of the aromatic polymer surface by an electrophilic
T agent, particularly a nitrating agent; in a solvent substantially |ncapable
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‘ as cell proliferation, plaque rormatlon. cell viabil-

. ) ity, agglutination, ete. For these purposes, the nitro
| ' group Will usually be modified to provide a more conve-

nient functfonality for linking various compounds.

o In these applications, one is usually con-

cerned with the effect of irradiation on a sample,

10 where a sample may absorb light, fluoresce, or alter-~
natively, a chemiluminescent reaction may be ifanvolved, -
where the sample will emit light.

- The nitro groups are capable of undergoins
reactions- through "intersediate reduced ‘states to pro-

15 vide a nitrilo group such as nitroso, oxime, azoxy,
azo, hydrazino or amino, depending upon the particular
conditions which are emplbyod. In some instances where
the product hes two nitrogens, the nitrated surface may
be rescted with a seoond nitro compound, so that a

20 mixed product will be obtained connected by a nitrogen
bridge having from one to two nitrogen atoms, or, al- .
ternatively, an amino compound may be employed whioch

-can react with an intermediate. partially reduced funoc-
tionality, such as nitroso, where the nitroso group may

25 react with the amino group to form an azo group. Of

" . partieular interest are the diaza (~N-N-) groups, such
as diazo, hydrazone, semicarbazone, hydrazino, etec.
Most of the conventional reagents employed
for reducing nitro groups can be employed with the

30 nitrated substrates. These reducing agents include
catalytic hydrogen, e.g. with platinum or palladium.
stannous chloride; sodium dithionite;
metal, e.g. zinc, iron, or tin -acid or -water couples;
Al(ﬂg)—ad. ethanol; aluminum hydrides; borvohydrides;

35 ammonium sulfide; sodium arsenite; electrolytic
reductfon; etc.

Depending ubon the nature of the function-
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ot her reduced nitrogen groups which may serve as a site for linking to a

wi de variety of nolecules. The resulting solid substrates may find
particul ar use for separations or high 10 density packing of a noiety of
interest. EP-A-0145386 di scloses a nethod of derivatizing only the surface
of J polyner containing aryl groups, by ntroducing substituents into at

| east sone of the aryl groups on the surface of the article. The derivation

~cap 15 be obtlfigd iy oA hay?bd! ¥ak18h BLLCES! 15kt

reaction. As preV|ous scusse It may esirabl e provi de a higher
dgnsity of Stﬂﬁﬁﬁqqnqsoh’f Vs tenes t m&h@hapladhﬁghércraéﬁsisuyf@pe.

substitution yapin des Hc e\t i s id1GraR yosyPeher s627R04NBssvalieas water
The reaction of nitroso groups with amines has already
5 been indicated. Aryl amines are known to undergo a
wide variety of reactions. The aryl amines may be acy-
lated under a variety of conditions, using the non-oxo-
carbonyl (carboxy carbonyl of functionality) such as
acyl halides, anhydrides, active esters, such as para-
10 nitrophenyl, N-hydroxy succinimidyl, p-nitro-o-chlioro-
phenyl, etc., or carboxylic acids activated with acti-
vating agents such as carbodiimides.
The amino group may be reacted with a nitroso
compound to form an azo linkage. Amino halides may be
15 employed to form hydrazines with'the amino group.
Aldehydes or ketones may be reacted, particularly under
reducing conditions, e.g. sodium borohydride, to form
imines or alkylated aminés, respectively.
Amines may be diazotized, where the amines may
20 be substituted with a wide variety of functional
groups, such as'halides, acyl groups, oOXy groups, mer-
capto groups, cyano groups, silyl groups , or_the like.
Alternatively, the azo group may be coupled '
with an activated aromatic compound, such as a phenolic
25 or a N,N-dialkylaniline compound. Additionally, tyro-
' sinyl compounds may be coupled with diazo groups, where
the tyrosine may be part of a larger molecule, such as
an oligopeptide or protein. Instead of tyrosine, vari-
ous purines or pyrimidines may be coupled with the azo
30 group, where the purines or pyrimidines may be mono-
meric or part of RNA or DNA single stranded or double
stranded chains.
Furthermore, the amino group may be function-
alized to provide various reactive functionalities,
35 such as isocyanate, urethanes, cyanamides, or-the'iike,
where the functionality may be reacted with alcohols,

amines, or thiols to form urethanes and ureas. e
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20_fn the el ectrophilic substitution step. In one aspect the present
dnvention provides a nmethod to functionalise a solid substrate conpri sing
addition polymerised aromati c nononers wherein said surfaces are highly
fupctionalised and wherein the resulting 25 functionalised substrate is
- optiically clear which nmethod conprises; - 3a - contacting the surface at
said polyaryl addition polymer with a éubstituting el ectrophilic agent
cqprdinated Instead of amino groups, hydrazihb groups may
be prepared as indicated, or alternatively by the re-
duction of the diazo group, where the hydrazino group
may also serve as a site for linking. Hydrazino groups
5 can be oxidized with a variety of agents to form diazo

groups or with nitrogen.oxides to form azido, where the

azido group under UV-irradiation forms nitrene. The

highly reactive nitrenes will insert into a wide vari-

ety of compounds, particularly unsaturated compounds,
10 both aliphatic and aromatic. Thus, aziridines may be

formed which may serve as a'site for bonding of a

compound to the substrate.

Because of the significant interest in cou-

pling peptides to the surface, a number of specific
15 1linking groups or spacer arms will be preferred for

linking the peptidé or other molety to the surface.

One group of linking group reagents will iﬁvolve car-

boxyl groups resulting in amide formation. The carbox-

ylic acids will be functionalized with a variety of
20 active functionalities to produce covalent bonds with

peptides, as they naturally exist or have been modified

to provide a coupling site.

The functionalities for linking include alde-

hyde, carboxyester, haloacetamido, mercapto, and di-
25 thioether. The carboxylic acid group may be further

substituted with oxy groups, hydroxy or ether, cyano,

substituted amino free of hydrogen atoms, quaternary

ammonium, ete. The hydrocarbon chain may be aliphatic

or aromatic.
30 Spéeific linking reagents include p~formyl-~

benzoie acid, N-succinimidyl tartarate, mono~hydrazide

of tartaric acid, p-iodoacetamidobenzoic acid, 3-

mercaptopropionic acid, and 5-a-pyridyl-3-dithio-

propionic acid.
35 Reagents other than carboxylic acids may bé

employed to provide stable linkages, such as poly(dial-

dehydes), e.g. polyglutaraldehyde, where the amino S ————
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w th an anion which exhibits ionisation in a solvent so 5 that the
glectrophilic agent is a cation and wherein the polyner is neither soluble
nor” swelled in said solvent, so as to effect functionalisation of the aryl
‘groups at the surface with sald cation. The solvent further contains an
oxypol ar conmpound 10 capabl e of displa?ing both the anion and the sol vent

[

fromco-ordination with the el ectroph

I c agent wherein said oxypol ar

cofmpound |Sg96&ﬁeaﬁdbnb§l ﬂ@bﬁaéﬁt h@di0idhe RéLEinNddbyddibaid t uti ng agent

of 0.05 to

by the abov@lREiRo8rQHRPefRTa

resent .i nv ton al so €IOV|des an article 15 obtai nabl e
ur her 8e2%%i9%e aryl groups to a depth of 1

x 10[err]m (10A), asldeadditbed, bghel amimorngroup may be efficient-

10

15

20

25

30

35

ly diazotized and the resulting diazo group used in a
variety of ways. Diazo groups may be substituted with
oxy or thio functionalities, to produce functionalities
which may be linked to a variety of groups, may be _
reacted with nucleophilic functionalities such as phe-
nols, anilines, amino, ete, to form a bridge, or may be
reduced to a hydrazino or amino group. The bridge may
be relatively short or long depending on the purpose
for the sipport.

Illustrative linking ‘groups include bis-p-
hydroxybenzamide of diaminopolyethyleneglycol, where
one phenolic group is coupled to the diazo group and
the other phenolic group may be coupled to nucleic
acids or proteins through a g;di(diazo)benzene or
p.,p'~di(diazo)biphenyl. The diazo group may be direct-
ly coupled to a protein through a tyrosyl group. The
phenolic group may be extended with ethylene oxide to
provide a linking group, which may terminate in an
amino functionality. This bridge may find application
in in situ peptide éynthesis. The hydrazino group may

"be coupled, as may an amino group, to a glycol cleaved

glycoprotein, to form an imine or Schiff's base, which.

‘may be reduced to a methylenehydrazine or -amine. The

hydrazine may be coupled with glyoxylic acid, leaving
the carboxyl functionality for linking.

The mercapto group may provide a thiol for
linking or the diazo group may be substituted by a
mercapto group to form a thioether, such as reacting
the diazo group with dithioerythritol.

Other bridging or linking grdups employing
different synthetic scenarios may also be employed.
The literature has an extensive variety of reagents’and
procedures for coupling molecules, such as proteins,
lipids, saccharides, nucleic acids and small naturally
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spectroscopy for chemcal analysis (ESCA), are functionalised with said

gl ectrophilic agent and the renmining aryl groups are substantially
unsubstituted. 20 Preferably at |east 25% of the aryl groups on the
surface are substituted with the electrophilic agent. Preferably
fungtionalised aromatic substrates are pgovi ded, where substantially the
entire surface of a solid polyaromatic substrate is functionalized. Highly

25, functi onaldd@ﬂbﬁm% a8 Ss Pl En @1 NAE ANRIPWN T uRletibhaliitliies agent s
capable of aronallg ectrophlllc

The bridging or 1inking-groups may be a single

bifunctional group, an oligbmer or polymer, such as

_5 poly(amino acid), polyurethane, polyurea, polyalkylene
‘oxide, polyester, polyamide, nucleic acid, or the like.
In some situations it may be desirable to have a cleav-
able linkage, o that a bound molecule may be freed
from the surface. Linkages may be employed which are

10 cleaved by reduction, oxidation, hydrolysis, or the
like, conveniently employing enzymatic catalysis. The
linking group may therefore include specific recdgni-
tion sites for such enzymes as dipeptidases, e.g. KEX1,
collagenase, papain, neuraminidase, amylase, other

15 endosaccharidases, endonucleases, phosphatase, pyro-
phosphatase, where the linkage involves an amide, _
ether, phosphate ester, or the like. Chemically cleav-
able bonds include disulfides, peroxides, acetals, azo,
carboxylate ester, etc. The cleavable linking group

20 will be selected to avoid the presence of the same or
similar cleavable groups present in the moiety to be
released.

‘The subject products, by being coupled to a

wide variety of substances, can find extensive applica-

25 tions in diagnosis, therapy, processing, synthesis, and
the like. The various groups of interest may be linked
directly'to the functionality bound to the aryl carbon
atom or a spacer or linker arm may be used. The
spacers find use where steric hindrance may be of con-

30 cern, where separation of the group from the solid sub-
strate is of interest, or where the spacing may provide
an environment of interest for the group, such as po-
larity, charge, or the like. Usually, linking groups
will be from about 1 to 30 atoms or greater, more

35 usually from about 1 to 20 atoms in the chain and may
include, carbon, oxygen, nitrogen, sulfur, phosphorus
or the like. The particular choice of spacer or link-
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-3b- substitution, particularly a nitrating agent, and a solvent which is
relatively non- polar and in which the polyner is substantially immscible
and not swelled. Included in the 5 reaction nediumis a small anount of a
poLar substance, particularly a hydroxylic conmpound, which can coordinate
W tth the el ectrophilic agent. The solidisubstrate will be a hono- or

co-pol ynmer, usually non-cross-linked or having a | ow | evel of cross- 10
l'inks (< 2. O%ngohymnm1aandwpehdwbereha aunbeaenaEOgnnu9$ iovelwedal |y at

0
e ool aty lelsle, AR, 4l pEBpRRLLEE bEbhecRTEecrheRe IO o,
tic convenience, spacer length, and the like.

As already indicated, a wide variety . of mole-

5 cules having different functions may be linked to the
surface, effectively in a monomolecular layer, or poly-
molecular layer, if desired, and used in a wide variety
of applications. The subject techniques provide for a
desirable orientation of the molecules bound to the

10 - surface, in many situations enhancing their availabil-
ity for binding and/or manipulation.

The compounds which are linked include 1li-
gands, such as haptens and antigens, receptors, such as
antibodies, enzymes, naturally occurring receptors,

15 such as surface membrane proteins, lectins, blood pro-
teins, e.g. thyroxine binding globulin, complexing
agents, such as eryptands, crown ethers, porphyrins,
phthalocyanines, etc., nucleic acids, both RNA or DNA
or oligonucleotideé,-dyeq; fluorescers, chemilumine-

20 scers, enzymes, where the enzymes are used as catalysts
rather than receptors, enzyme substrates,. inhibitors or
co-factors, or other molecules which may be of interest
for detection of the same or different molecules, or
used for manipulation, isolation, reaction, interac-

25 tion, or other phenomena, where a result of interest is
produced.

"The literature has an extensive repertoire of
groups which may be used to link almost any functional-
ity through an amino functionality to a solid surface.

30 U.S. Patent No. 3,817,837 describes a large number of
functionalitieé which may be used for linking proteins
or haptens to amino functionalities, which disclosure
is incorporated herein by reference. Other references
which show linking to affinity coiumns, surfaces for

35 apheresis, surfaces for diagnostics, surfaces for c¢hro-
matography, surfaces for reaction and the like may be
found in references cited in such catalogs as the BRL
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alkyl substituents, from1 to 3 carbon atons, usually at 15 other than the
para-position. For the nmpst part, the substrate will be polystyrene which

i s”produced in accordance with conventional ways and appears in a variety
ofsforms, such as vials, mcrotiter pla{ , Petri dishes, plates,
co@tainers or fabricated articles. Inst®ad of 20 containers the solid

SUBSt T2t Rl B Rl S O R T F e WA e
* log, Pharmacia catalog, etec. It is evident that the
. particular manner in which the compound of interest is
bound to the surface may be varied widely. In particu-
5 lar situations one spacer arm may be selected over
another because of particular properties.

The subject solid substrate may allow orien-
tation of immunoglobulins, either as Fab fragments or
Fab' fragments, or as intact immunoglobulins. For ex-

10 ample, the amino groups of the substrate may be iodo-
acetylated, followed by reaction with the available
mercapto groups of the truncated immunoglobulin. Al-
ternatively, the intact immunoglobulins may be oxidized
with a glycol cleaving agent, e.g. periodate, and the

15 resulting dialdehyde reacted with an amino group or
hydrazine to form a Schiff base or imine.

Nucleic acids may be linked to éhe solid sub-
strate using a polyalkylene glycol arm, where the al-
kylene—will be of 2 to 3 carbon atoms, and the chain

20 may be of from 2 to 100, usually 2 to 30 alkyleneoxy
units. The linking éroup can be achieved by using the
diazo functionality on the solid substrate with a
diacylated o,w-diaminopolyethylene glycol, e.g. m~
dimethylaminobenzoyl derivative of diaminopolyéthylene

25 glycol. The dimethylamino activated aroyl group may be
used as a site for linkage, where one will become cova-
lently bonded to the diazo group, leaving the other to
be used for linking to another compound. In this
manner, phenylenediamine, benzidine, or other aryl

- 30 diamino compound may be diazotized to form a link be-
tween the dimethylaminoaroyl and a nucleic acid. The
use of the diazo group for iinking nucleic acidé to the
surface has already been discussed.

The applications of the sdbject invention will

35 now be considered. The first use to be considered will
be diagnostics. Diagnostics involving solid surfaces
are for the most part referred to as heterogeneous in
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usuélly resulting in a clear relatively snooth surface. For the nost part,
electrophilic agents are 5 enployed, particularly nitrating agents, where
th& ni- troniumion is coordinated-with an ani on which allows for
significant ionization in the solvent nedium par- ticularly a conplex
anion, nore particularly a poly- halide §nion [l'lustrative pol yhalide
anions include 10 tetrafl uoroborate, antlnDny hexaf | uori de and phosphorus

hexaf | uori de¢ e t1ly §lvotivie! ab%etya%triows%gt h%hBﬁbM”@ﬁebé i‘§' hper
sol ubl e nor smelled, partlcularl tetrameth | enesul f one

Included in dRETEGSIEE AHMPETHOT, q&ﬂ$%°5§d€r@TﬁéppﬂéchﬁﬁBﬁnﬂ ﬂh? his

able to coor @urface is involved without the necessity for a separa-
tion step. In diagnostics, there may be of interest
5 the bindiﬁg of members of a specific binding pair, com-
prising ligand and receptor, which bind to form a com-
plex, where the homologous members of the specific
binding pair have a high association constant for each
other, usually greater than 108 1l/mol.

10 The haptens will generally be from about 150
to 5000 daltons, usually up to about 2000 daltons-énd
may include naturally occurring hormones, naturally oc-
curring drugs, synthetic drugs, pollutants, affector
molecules, growth factors, lymphokines, amino acids,

15 oligopeptides, chemical intermediates, nucleotides,

. oligonucleotides or the like. Diagnosties for such
compounds may be in the detection of drugs of abuse,
therapeutic dosage monitoring, health status, detection
of disease, e.g. endotoxins, and the like. Proteins

20 are of intereét'in a wide variety of diagﬁostics, such .
as detecting cell populations, blood type, pathogens,
immune responses to pathogens, immune complexes, sac-
charides, naturally occurring receptors, and the like.
Receptors may find use in binding to haptens, proteiné.

25 other receptors, or the like, or detection of the pres-
ence of pathogens, the level of a particular protein in
a physiological fluid, the presence of haptens in a
wide variety of samples, such as physiological fluids,
air, process streams, water, etc. Nucleic acids may

30 also find use in the detection of proteins specifically
binding to nucleic¢ acids, complementary strands, and
the like. )

'Of particular interest is the binding of
microorganisms and cells, including viruses, prokary-
35 otic and eukaryotic cells, unicellular and polycellular
organism cells, e.g., fungi, animal, mammal, etc., or
fragments thereof. Usually, these large aggregations
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nate with a nitroniumion. Conveniently, water may be used, but other oxy
conmpounds nmay al so find use, such as nefjanol. The polar conpound should
“ bé& capabl e of 20 displacing both the anion and the solvent from coordi -

nation with thelnib éOﬂou%wmbeJm Yuid ¢oNRABERhCrALS hﬂﬁfé@ét@bl y be
Dt i oobodefEi AL ARTaR ok e U, opbiataho. cop SaT}YE B o | ot
25 0. 25, and géghrdbhylav 6£abinding tremberishbomndatocohe emirpdcon of f
Teatt"o'gs b coliceF, vifbdhy e oqo AT By, JErkh ASREEE 2 01,
The partlscul apiasﬁesnpa&mmmbers. provxdins very strons anchoring
of the cell, virus, or rragment. The system may then
~be subjected to vigorous treatment without concern for
dislodging the specifically bound entity, while non-
specifically bound materfals may be readily removed.
10 A large number of protocols exist for detect-
ing the varfous analytes of interest. The protocols
may involve use of a signal producing system, which in-
volves a labeled conjugate, which may be directly or
indirectly detected. These techniques may employ dyes,
15 enzymes, enzyme substrates or co-faotors, enzyme inhib-
' itora, fluorescers, chemilumineacers, particles, or the
iike, _ : _ _ ; ]
For the presently described purposes, ‘the label
used preferably provides a signal related to the presence

20 of analyte in the sample which resulta in.the detection
of electromagnetic radiation, particularly light in the
ultra-violet, visidble or infrared range. By use of the
_subject solid substrate, the light may be deteoted
through the solid substrate, rather than requiring re-

25 rlection, which is. normally subject to significant er-
ror. In addition, techniques involving total internal
reriectton may be employed aa described in U.S. Patent
No. 3,939,350. Other patents of interest, both domes-
tic and roréién. which desoribe protocols of interest

30 inolude U.S. Patent No. 3,654,090, 3,850,752,
4,347, 312. EPA 2,963, and references oited therein.
Assays can be carried out in accordance with
the various protocols. In accordanoe with the subject
invention, the sample i{s contacted with the subject

35 solid substrate and various operations may be carrfied
out, such as the addition of various reagents, incuba-
tions, washings, and the like. The final result of the

/// .
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30 primarily one of convenience, so long as there is a sufficient anount of
Jfeactant to substantially conpletely functionalize the polyneric surface.
Th& tenperature of the reaction will vary with the nature of the reagent,
generally being at least 4[err]C, and 35 not nore than 60[err]C, usually
not. nore than 40[err]C, preferably rang Bng from30[err]Cto 40[err]C. The
tlne for the reaction wll vary with the tenperature, so that |onger

‘times will Bgsspsaledl ve the change in the amount of a product
which absorbs or produces light, either by light ab-
sorption or by light emission in relation to the pres-
ence or amount of the analyte of interest. Usually,

5 this is as a result of formation of a speéific binding
complex between complementary members of a specifice
binding pair, where one of the members may serve as a
bridge to form a sandwich, or there may be a single
complex, or complexes may be bound £o complex binding

10 proteins, such as S. aureus protein A, rheumatoid fac-
tor, immunoglobulins specific for immune complexes, or
the like.

'By having fluorescent markers, such as fluo-
rescent parficles, fluorescent conjugated antibodies,

15 or the like, the sample may be irradiated with light
absorbed by the fluorescers and the emitted light mea-
sured. For example, where one has microtiter wells,
one can measure the fluorescent light emitted through
the sides of the well, substantially minimizing the

20 background resulting from the activating light. Where
dyes are employed as the label or produced as é result
of a reaction, e.g. an enzymatically catalyzed reac-
tion, the light ﬁai be transmitted through the sample
and the container and measured as an indication of the

25 presence of the analyte, since there is a relatively

- " low level of absorption by the container. Thus, highly.
sensitive assays can be employed with thé subject
system.

Similarly, with nucleic acid assays involving
30 hybridization, one can carry out the necessary steps to
determine whether complementary sequences are present,
and by employing a wide variety of protocols, provide
‘for a colored or fluorescent label or product of the
label, which will indicate the presence or absence of
35 the complementary sequence. ' : '
For example, one could activate the surface

immediately prior to carrying out the assay by diazo- .
EAA—
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to lower tenperatures. Generally, the reaction will take at least 1 hr, and
hot. nore than about 48 hrs, generally running fromabout 2 to 24 hrs. 5

Thé reaction nediumis contacted with the polymeric surface to provide an
anmpunt of reactant stoichionetric with the available aromatic groups at the
sucface, usually at |east about 1.5 ex &8ss, where greater nolar excess may
be enpl oyed as convenient. In 10 sone instances it nmay be desirable to

e "o Tl RS0, Pl ShaELtenc) SAA LAY, ATRURLS i 0,
conpl eti on ofampd & &&ctbingn acthdakedcerphace, so as to be covalently
bound, and then employ probes ‘having a sequence comple-
mentary to the sequence of interest and functionalized,
5 for example, by having a biotin label. After completion
of the hybridization step, one could add enzyme conju-
gated to avidin, which would bind to any biotin bound
to the surface through hybridization. After washing
away non-specifically bound avidin, the substrate for
10 the enzyme could be added and the formation of product
would be indicative of the presence and amount of the
complementary sequence.

The subject containers may also be used for
detecting«pathogensi Monoclonal antibodies may be

15 linked to the surface to serve as catching antibodies.
The sample would then be added and cells having the '
epitope recognized by the antibody would bind to the
antibody on the surface. Non-specifically bound cells
are washed away 1eaving'substantia11y only specifically

20 bound cells. Labeled monoclonal antibodies are then
added to the container which are specific for an epi-
tope other than the epitope recognized by the catching
antibody. After iﬁcubating to allow reaction between
the antiﬁodies and cells, non-specifically bound

25 antibodies are washed away and the presence of the
label determined, as described previously.

A variation would be to employ an antigen rec-
ognized by a cell receptor. The antigen would be bound
to the surface to catch the cells and a labeled antigen

30 used to label the cells. The receptor could be surface
immunoglobulin (sIg). In this way the presence of the
specifically bound cells could be determined, whereby
having the antigen of interest complementary to the
receptor bound to the surface, cells having the slg

35 specific for such antigen could be determined. Inétead
of having antigen, one would have antibodies to the
antigen bound to the surface to non-covalently bind the
‘antigen to the surface.
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15 mxture may be di scarded and the surface washed to re- nove any
reS|duaI materials. Various solvents may be used for cleaning the surface.
suéh .as net hanol,. etha- nol, dinethylaul foxide (DVSO, water, nitronethane
-the like. The particular material enployed for 20 cleaning is not
cr{;ical to this Invention and is prinafTIy one of conveni ence, so |long as
the polyner is insoluble and is not swelled by the solvent. The resulting

-polyneric surface is fndyyjedeaddian m%ttr:@%%pbahoal%e%calsed
anal ysi s. (ESCA to 25, have a ratio of nitrogen to tr | east 0.1,

of
uau- al Iy at fJ%adffHdbiktY Fol BNy SHTATAUABLrRP Y Saa OF gﬂ@ gl 3925 to about 1
X 10[err] m (wlf&l{eerar]pania'lduld?r efuystianece e bauind ¢b phleasurface

and complex formation or other binding event can be de-
5 tected. With the subject solid substrates, one can
visualiy observe along the length of a column and de-
termine the particular site at which complex formation
occurs. This technique can also be used for diagnosis,
where different antigens or receptors may be bound at

10 different sites along the column, followed by introduc-
ing the sample through the column, followed by adding
the signal producing system, e.gQ enzyme bound specific
binding pair member ang developef, and detecting the
areas of color formation. o

15 The subject solid substrates may also find use
in isolating various products of interest, such as
blood plasma proteins, growth factors, clotting fac-
tors, anti-clotting factors, or the like, which may
then be released from the complex by various salt

20 solutions.

' The solid substrates may be used for a variety
of other purposes, whenever one wishes to provide a
high density of oriented molecules at a surface or vis-
ualize events or provide for ready transmission of

25 light, where a substance is non-diffusively bound to a
solid surface.

The following examples are offered by way of
illustration and not by way of limitation.

30 EXPERIMENTAL
Into the wells of a 96 well microtiter plate
of molded polystyrene is introduced a 0.5 M nitro
tetrafluoroborate solution in tetramethilenesulfone
(TMS) and the reaction allowed to proceed at 37°C for 6
35 nrs. At the end of this time, the reaction mix is
discarded and the wells washed with methanol. Into the
plates is then introduced a 1 M solution of stannous
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graup e.g. nitrogen to aryl will -be fromabout 0.25 to 1. The resulting
surface nitrated polyaryl solid 30 substrate has a nunber of desirable
gharacteristics. Prepared in accordance with the above procedure, the
resulting functionalized polyner is clear, so that it can be used for the
trahsm ssion of light through the pol ympg w thout significant interference.
Thus, the 35 nitrated polyaryl solid substrate can be used for var- ious

applications,cwpsiigal il § Neqeeane hdiemilorild awd tanld @He t hrough a

sanpl e and hqygéééfbﬁiéqﬁoééékto proceed at room temperature for 2
hrs to reduce the nitro groups to amino groups. The
resulting amino groups are diazotized by addiné a 1%

5 sodium nitrite solution in 1 N aqueous hydrochloric
acid at 4°C and allowing the reaction to proceed for 20
min, after which time the reaction mixture is washed
away and a solution of a protein containing tyrosine is

added at 0.1, 1.0, or 10 mg/ml in 0.1 M borate pH 9.3

10 at 4°C. The reaction is allowed to proceed for 16 hrs,
whereby the protein becomes covalently bonded to the

surface. .

- The above reaction procedure was repeated _
whereby water was included in the nitration medium at a

15 concentration of 0.5 M, in equimolar concentration to
the nitronium fon.

In order to evaluate the number of function-

alities introduced, electron spectroscopy for chemical .
analysis was employed. Instead of covalently linking a

20 protein by means of a tyrosine, the dye 3,6-disulfona-
tonaphthol-1 was employed. In this analysis, the sur-
face is irradiated with soft X-rays where ejected elec-
trons are a function of the kind of atom hit by the X-
ray. The number of electrons of a given energy re-

25 fleéts the number of atoms of a given type. The
following table indicates the results. '

30

35
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verse the container, so as to determ ne the amount of |ight transmtted
through the container. O, one may wi sh to observe events occurring in the
¢conit ai ner, such as cell proliferation, plaque fornmation, cell viabil- 5
|ty, or agglutination. For these purposes, the nitro group will wusually
bexnodified to provide a nore conve- nient functionality for |inking
-various conpounds. In these applications, one is usually cons derned with
the effect of irradiation on a sanple, 18 where a sanple nay absbrb
li'ght, fluoresce, or alter- natively, a ohem | unmi nescent reaction nmay be

i nvol ved, where the sanple will enit light. The nitro groups are capabl e of
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reactions- through internedi ate reduced states to pro- 15 vide a nitrilo
group such as nitroso, oxine, azoxy, azo, hydrazino or am no, depending
upon.the particular conditions which are enployed. In sone instanced where
the product has two nitrogens, the nitrated surface may be reacted with a
sefond nitro conpound, so that a 20 gn xed product w Il be obtained
connected by a nitrogen bridge having %ron1one to two nitrogen atons, or,

al - ternat'%%'%hea%é%H'E%da%”pQH%Q1%%YO?G35§ph8£ﬁ@oﬁ@h6hlﬁSQléSaCt with an
i nt er nedi at e, partlally reduced func- tiona such as nitroso, where the

ni.troso grody e 59 aeq%iﬁﬁ?QMEW?StﬁéaéﬁﬁnbngSBBnPB”Fﬁﬁﬁ1an azo group.
Of particular interesi. ar § 3w-nditdza abelleb- hvgdaodps - bsuen >5-Meth-

ionine]~N-succinimidyl ester (Amersham), 830 Ci/mmole)

5 was used to label the e€-amino groups of lysine residues
of avidin employing the reaction conditions of the sup-
plier. The labeled avidin was diluted into a 10mg/ml
solution of avidin (Sigma) in 0.1 M borate buffer, pH
9.3, to give a final specific activity of 428 dpm/ug.

10 B. Diazotization of T-25 flask containing
surface aniline groups and covalent attachment of [355—
met]-labeled avidin.

25 flasks were nitrated with 5 ml 0.5 M nitro-
tetrafluoroborate in the'presence or absence of 0.5 M

15 water in TMS at 37° for 16 hrs. After decanting reac-
tion medium and thorough washiﬁg with distilled water,
5 ml of 1 M stannous chloride in 6 N HCl was added and
the reaction allowed to proceed for 2 hrs at room
temperature. The flasks were washed with 0.01 N HCl to
20 provide the amino functionalized surface. '

The amino groups were then diazotized by addi-
tion of 5ml 2% sodium nitrite in cold (4°C) 1 N HC1,
followed by gentle agitation on a platform rotator at
4oC for 20 min. The resulting diazonium functionalized

25 flasks were rinsed with cold 0.01 N HCl and 2.5 ml cold
10 mg/ml [35S-met]<labeled avidin in 0.1 M borate buf-
fer, pH 9.3 was added. After gently agitating for 16
hrs at 4°C, the flask contents were aspirated, the '
flasks rinsed with 0.1 M borate buffer at room temper-

30 ature until the total counts in the wash were below
2000 dpm. Approximately 3 of. 4 sub-units of the bound
avidin were removed by treatment with 2.5ml1 6% sodium
dodecyl sulfate (SDS)/0.1 M dithiothreitol (DTT) for 48 .
hrs at room temperature. Based on the dpm recovered in

35 the SDS/DTT eluate and the specific activity of the
[35s-met]-labeled avidin, the amount of avidin cova-
lently bound to the activated T-25 flask was calcu-
lated. The following table indicates the results.
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et hanol ;

sodi um ar senite;

Dependi ng upon gthe nature of the function-

Al (Hg) - aq.

Mbst of the conventi onal
sodiumdi thionite;

amoni um sul fi de;

TABLE 2

reducing nitro groups can be enpl oyed with the 30
or tin -acid or -water couples;
35

These reduci ng agents include catal ytic hydrogen,

sem car bazone and hydrazi no.

zi-nc. iron,
bor ohydri des;

hydr azone,
al um num hydri des;
el ectrol ytic reduction.

J eagents enpl oyed for

&

with platinumor palladium stannous chloride;
e.g.

ni frated substrates.

as .di azo,
netal ,
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7 ality, various reactions may be carried out to |ink conpounds of interest
to the solid substrate surface, while still retaining clarity of the solid
substrate. The reaction of nitroso groups with am nes has already 5 been
indicated. Aryl am nes are known to undergo a wi de variety of reactions.

The aryl ami nes may be acy- |ated unde£ a variety of conditions, using the
non- oxo- carbonyl (carboxy carbonyl of ?unctionality) such as acyl halides,

S Best “ohs. R B R 33k o B LR s YO
acti vated wiemployed as the brldging group.
Polyglutaraldehyde (PG) was prepared according
to the proéedure of Rembaum et al., J. Immun. Methods
5 (1978) 24:239. The product was vacuum dried at 90° to
complete dehydration and remove residual monomeric glu-
taraldehyde. The dried PG was dissolved in dry TMS at
37° to give a 10 mg/ml solution. Into T-25 amine func-
tionalized flasks was introduced 5ml of the TMS solu-

10 tion and the flasks incubated at 37° for 16 hrs. After
rinsing with warm TMS and distilled water, 2.5ml of
[35s-met]-labeled avidin in 0.1 M borate buffer, pH
9.3, was added and the flasks incubated for 16 hrs at
room temperature. After thorough washing with 0.1M

15 ©borate buffer, pﬁ 9.3, [3584met]~labeled avidin sub-
units were released with 6% SDS/0.1M DTT as previously
described and the radioactivity counted. The calcu-
lated amount of bound avidin in the PG-treated flask
appears in the above table.

20 The above experiment was repeated using [3°2S-
methionine] in place of the avidin. The polyglutaral-
dehyde derivitized flasks were incdbated with 5 ml of
0.1 M [3SS]fmethionine and 283 dpm/mmole prepared from
[35s-methionine (Amersham), 1250 Ci/mmolel] diluted in

25 cold 0.1 M methionine in 0.1 M NaHCl3 at 37° for 16
nrs. After washing with 0.5 M NaCl, the flasks were
rinsed with distilled water, dried and broken. Flask
bottom pieces were recovered, weighed, and counted.
From the known weight of the flask bottom (3.2 g/25

30 cm?), the specific activity of the £35s-methionine] and
the counts recovered, the amount of methionine co-
valently attached to the flask bottom was calculated to

be 43 nmoles/cm2.

35
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activating agents such as carbodiim des. The am no group rmay be reacted
with-a nitrodo conpound to forman azo |inkage. Am no halides may be 15
enpl oyed to form hydrazines with the am no group. Al dehydes or ketones may
be reacted, particularly under reducing conditions, e.g. sodium
bonbhydrlde to formimnes or al kyl ategl, am nes, respectively. Am nes may
be di azotized, where the am nes may 20 be substituted with a w de

vari ety of functi onal THOWRYt %L‘:%)ﬂ% %L_Lg,gcasthgck%egwu éngroups
mer- capto groups, cyano groups or A roups ter t he azo
group may bePd@GﬁﬁedDMﬂﬁﬁﬁﬁm actlvated aronatlc conmpound, such as a

phenolic A solution of nitronium tetrafluoroborate
(Fluka, 0.5 M) in tetramethylenesulfone (TMS, Phillips)
5 was prepared and made to 0.9% H,O0. The solution was

added to the 96-well Dynatech Immulon2 plates via a
Transtar 96 (Costar) delivery system inside of a glove
box equipped with a Drierite drying column and circu-
lating blower. For each well of the plate, 100 ul of

10 the TMS solution was added, and the plate was sealed
with an adhesive-backed cellulose acetate cover (Dyna-
tech) and incubated at 37°C for 6 hrs with gentle
shaking. After incubation, the plate seal was removed
and the'nitrating solution drained, followed by washing

15 with copious amounts of Hy0.

The previously preﬁared nitrated plate was
shaken dry, and to each well was added 200 ul of 1.0 M
SnCl, in 6 N HCl. The plate was shaken for 2 hrs at
room temperature'and washed with copious amounts of

20 'H,0. The plates could be stored at 4°C over 0.2 N HC1
(200 pl/well) or used directly after the H,0 wash.

The derivatized amine plate was shaken déy and
cooled to U4°C. A solution of 2% NaNO in 1 N HCl was
prepared at_héc (noxious odors produced),'and 200 ul of

25 this solution was added to the 96-well plates. After
shaking at 4°C for 30 min, the plate was shaken dry,
rinsed with cold (4°C) 0.01 N HCl, and treated with
various protein coating solutions.

35s-1abeled human IgG (Sigma) in 0.1 M borate

30 (Na*), pH = 9.2, was prepared in dilutions of 10, 1.0,
0.1 and 0.01 mg/ml. The 1.0, 0.1 and 0.01 mg/ml solu-
tions were also prepared with O. 2% Tween 20 present.
The previously described derlvatized diazonium plate
was treated immediately after preparation with the

35 protein solutions at 4°C. 1In exactly the same manner,
an underivatized Immulon2 plate was also coated at 4°cC.
After incubation for 96 hrs, the excess coating solu-
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25, or a N, N-dialkylaniline conpound. Additionally, tyro- sinyl
conmpounds may be coupled with diazo groups, where the tyrosine may be part
of “a l arger nol ecule, such as an oligopeptide or protein. Instead of
tykosine, vari- ous purines or pyrimdines may be coupled with the azo 30
group, where the purines or pyrimdinessgay be nono- neric or part of RNA
-or DNA single stranded or double stranded chains. Furthernore, the am no

group may be §ib¥téHd-rahdved ﬁ&mrme 4L MAdd Qi RCiiena d W%Q'Te‘ onalities,

35 such as jsoc anate [e £ane cyananldes where th tlonallty
may be react it 4#8 h%#% ¢ bt AW e SR L?rfetEiWax‘é? and
ur eas. at 4°C. The wells were then placed in scintillation
fluid and counted. The following Table 3 provides the
5 results.
10
15
20
25
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8 I'nstead of anmino groups, hydrazino groups may be prepared as indicated,

or alternatively by the re- duction of the diazo group, where the hydrazino
‘grroup may al so serve as a site for linking. Hydrazino groups 5 can be
oxidized with a variety of agents to formdiazo groups or with nitrogen
oxides to formazido, where the azido ggoup under WV-irradiation forms
nitrene. The highly reactive nitrenes Will insert into a wde vari- ety of
conmpounds, particularly unsaturated conpounds,

<

TABLE 3

10

2.08 (5.9)
0.46 (9.0)
0.35 (6.0)
0.18 (6.0)

POLYSTYRENE

15

0.08 (43.;
0.01 (8.3)
0.01 (44.)

n.d.

e

c .0,2% TWEEN({CV)NO TWEEN(CV)

8SURFACE AREA IN MICROTITER WELL 1S 1,264 CM2

20

Table 3
23.6 (7.8)
4.37 (5.3)

SURFACE DENSITY -)ng/cmz a
0.81 (10.4)
0.28 (2.3)

~ DIAZONTUM

25

355-LABELED HUMAN IqG BINDING TO DYNATECH

2.47 (2.0)
0.50 (3.5)
,0.12 (5.6)

‘n.d;

IMMULON 2 AND DIAZOTIZED IMMULON 2 MICROTITER PLATES

¢ 0.2% TWEEN{CV)NO TWEEN(CV)

=i

30

10 mg/mL
1 mg/mL
0.1 mg/mL
0.01 mg/mL

COATING CONC.

35 —_—
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10 . both aliphatic and aromatic. Thus, aziridines may be formed which may
serve as a site for bonding of a conpound to the substrate. Because of the
significant interest in cou- pling peptides to the surface, a nunber of

specific 15 |inking groups or spacer arnms will be preferred for |inking
the peptide or other noiety to the surfgge. One group of |inking group
reagents will involve car- boxyl groups resulting in amde formation. The

carbox- ylic acids w |Th@&1éwcéﬂlmbﬁ|iir2\&ﬂwdd h:h'e \Hiriding &f 2 active
Lt onal L o LAY By b R SE o Bt el 1
surface through the use of hydrazone links.

Following the proéedure of O'Shannessy et al.,

5 Immunol. Lett. (1985) 8:273-277, a 2 mg/ml solution of
IgG (mono- or polyclonal) in 0.1 M acetate (Na*), pH =
5.5, was cooled to 4°C. The solution was treated with
an appropriate amount of 0.25 M NalOy in H>0 to bring
the total IOy~ concentration to 10 mM, and the solution
10 was gently shaken at U4°C for 1 hr. The crude product
was purified by a G-10 spun column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml reaction mixture). The
void volume typically contains 70% of the oriéinal
protein in the same volume. The aldehyde splutions
15 were used immediately to aQoid oxidation to the acid. .
. To the oxidized IgG solution described above
was added sufficient tartaric dihydrazide (Lutter et
al., FEBS Lett. (1974) 48:288-292) to bring the
concentration to O. .5 M in tartaric dihydrazide. After
20 30 min with shaking, the solution became clear. The
reaction was stopped after 2 hrs by passing the solu-
tion through a G-10 spin column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml reaction mixture) followed
by dialysis at 4°C (0.1 M acetate, pH = 5.5, 1 L for 8
25 hrs and 2 L for 8 hrs). Final purification was
achieved with a G~10 spin column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml dialyzed solution). The
void volume was found to contain 50% of the original
oxidized protein with a slightly greater volume. The
30 solution was diluted to 0.1 mg/mi (4280 - 0.160) and
used to coat the aldehyde surface (see below).

A solution of 0.25 terephthalaldehydé in
glacial acetic acid was éxposed to an aminopolystyréne
surface (0.15 ml/cmz) prepared as described above. The

35 reaction proceeded for 2 hrs at room temperature.z The
solution was then removed and the surface washed with
absolute ethanol (1 mi/cm?) for 15 min, a total of 6

This Sheet Has Been Reilaced '




The functionalities for linking include al de- hyde, carboxyester,
haloacetan1do nmercapto, and di- 25 thioether. The carboxylic acid group
may’ be further Substituted with eg. oxy groups, hydroxy or ether, cyano,
substituted amino free of hydrogen ato and quaternary anmoni um The
hydr ocarbon chain may be aliphatic or g?&natlc Specific

mono- hydr at deL 851 ar A SR e ot Rl R VR sBe fRy addd AT

mer capt opr opi vhngingi dncen!dlshablptg/femiyﬂ 3n1df antft 0-0 P dplaneixafe&:.l H 35

Reagents ot heg 5ya@hga£995¥5écw§§'ngé%ﬁht%hmedlately with the IgG
hydra21de.

5 _ The IgG hydrazide (0.1 mg/ml, 0.1 M acetate,
pH = 5.5) was coated onto the'previously'prepared alde-
hyde surface (0.10 ml/cm?) by gentle shaking or rolling
for 14 hrs at réom temperature. Depletion of the pro-
tein could be monitored by reduction of the 224 nm

10 absorbance of the IgG hydrazide. The surface was
rinsed with PBS 5 times (1 ml/cm?) and stored at 4°C
until needed. '

Alternative Procedure

15 A 0.5 M solution of tartaric dihydrazide in
10% aqueous acetie acid was coated onto the previously
prepared aldehyde surface (0.15 ml/cmz) for 2 hrs at
room temperature. The solution was drained off and the
surface washed with copious amounts of HZO.

20 A O. 1 mg/ml solution of oxidized IgG in O. 1 M
acetate, pH = 5.5, was coated onto the previously pre-
pared aldehyde/hydrazide surface (0.10 ml/cm?) by incu-
bating with gentle shaking at room éémperature for 18
hrs. The solution was drained and the surface washed

25 with PBS 5 times (1 ml/cm?) and stored at 4°C until
needed. '

In the next study, polystyrene beads.were
functionalized with immunoglobulin.
Following the previously described procedure,
30 polystyrene beads (1/4 and 1/8 inch diameter, specular
finish) were amine functionalized. A portion of the
beads were diazotized and 3_groupé of heads, untreated,
amine functionalized, and diazotized, were incubated
for 16 hr at 4°C with 10mg/ml [35S-met]-labeled human
35 1gG [35s-1gG]l in 0.1M borate buffer, pH 9.2. After the
reaction, the [3SS~IgG]—1abe1ed beads were washed ex-
haustively at 4°C with 0.1 M borate buffer, pH 9.2,
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enpl oyed to provide stable I|inkages, such as poly(dial- dehydes), e.g.
Jbolygl ut aral dehyde, where the amino 9 group adds by M chael addition,
IeaV|ng al dehyde and ol efin groups for further reaction. In addition, the
ankno group nmay be efficient- |y diazotized and the resulting diazo group
used in a5 variety of ways. Diazo-grd®¥ps may be substituted with oxy or

thio functionalities, to produce functionalities which dy be Ilnked to a
variety of gﬁﬂni$1QﬁﬂF[ﬂ?5 NaCl. Washing was continued until the

totai wash counts per ‘2 hrs wash dropped below 200 dpm

for untreated beads and 2000 dpm for diazotized

beads. The amount of [3°S-IgGl, specific activity 1.48
5 dpm/mé was determined by counting the beads directli'in

Opti-~Fluor (Packard). Results are shown in the

following table. '

Table 4
10 Binding Of 3°S-IgG to Activated Polystyrene Beads

Untreated Amine . Diazonium
1/4 in. 1/8 in. 1/4 in. 1/8 in. 1/4 in. 1/8 in.

15  dpm x 10~3/bead  3.640  0.7905 6.165  1.309 405.2  93.40

| Area/bead (em®)  1.267  0.3167 1.267 0.3167  1.267 O. 3167
Density (ug/em®)  1.94 1.69 3.29 2.79 216 199
Denity Ratio 1.00 1.00 1.70 1.65 111 118

20
In the next study, antibodies were bound to
amine functionalized T-25 flasks providing for high
levels of available binding sites.
In a T-25 flask was combined 50 mg of p-

25 formylbenzoic acid (FBA) and'uso mg of tosylate N-cy-
clohexyl, N'~(N''-methyl morpholino-2-ethyl) car- _
bodiimide in 10 ml of TMS and the mixture sonicated for
30 min. The FBA functionalized flasks were contacted
with sucecinic acid dihydrazide (0.2 M) in glacial

30 acetic acid for 2 hrs at room temberature on a platform
rocker. The flasks were then washed 5 times with
distilied water, 3 times with 0.1 M borate buffer, pH
9.2, 3 times with distilled water, 3 times with
iéopPOpanol, and 3 times with distilled water. The

35 flasks were stored at room temperature with acetate
buffer (0.1 M, pH 5.5)‘until used.
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reacted w th nucleophilic functional ties such as phe- nols, anilines, and

an1no to forma bridge, or may be 10 reduced to a hydra2|no or am no
group. The bridge may be relatively short or |ong depending on the purpose
forthe support. Illustrative |inking groups include bis-p-

hydr oxybenzam de of di am nopol yet hyl ensggl ycol , where 15 one phenolic group
I's coupled to the diazo group and the ot her phenolic group may be coupl ed
to nucleic acids or mnmﬁemaa—nhm@ugblanaidhﬁdinﬁw&besseﬂﬁlwized as

2o (AR ERERY oot o83 B Yo Eo "B e 2BBh 02,
with ethyleggsgxuuedtgbove. The resu1t1ng anti-Leu-1 conJugated
flasks were then used in the following study.

5 Monocyte-depleted peripheral blood lymphocytes
(PBL) were prepared from human blood as follows. Buffy
coat cells were added to 75 ml HBSS-E (Hank's Balanced
Salt Solution with 1mM EDTA) and mixed well. The
blood-HBSS~E solution was then divided into U4 aliquots

10 and placed into 50 cc clinical centrifuge tubes. The
solution was underlayered with approximately 14 ml of
pre-warmed Histopaque. The cells were centrifuged at
1500 rpm (J6B6 centrifuge) for 30 min at room temper-~
ature. The interface layer was harvested and the cells

15 washed once with HBSS-E. After centrifugation at 1000
rpm for 10 min at room temperature the supernatant was
aspirated and the cells cooled. The cells were then
washed 2 more times then re-suspended in HBSS-CMF
(Hank's~calcium and magnesium free) plus 1% serunm

20 without EDTA then transferred to T-75 flasks. The
flasks were incubated on their sides for 30 min at 37°C
to allow monocytes to adhere to the surface. After 30
min, non-adherent cells were removed by gently swirling
the contents of the flasks. The flasks were washed

25 twice with HBSS-CMF and the non-adherent cells col-
lected by centrifugation at 1000 rpm for 10 min at room
temperature. The cells were then re-suspended in HBSS-
E containing 1% serum. The cells were then seeded into
T-25 flasks, 2.5 X 107 cells per flask. The flasks

30 were incubated on their sides for 1 to 2 hours at room
temperature with gentle swirling of the cell suspension
at 20 to 30 min intervals. At the end of the incuba-
tion period the non-adherent cell suspension was
removed and the flask washed 3 times with HBSS-E to

35 remove remaining non-adherent cells.

-
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provi de a linking group, which may termnate in an amno functionality. -
This bridge may find application in irggsitu peptide synthesis. The -
hydrazi no group may be coupl ed, as nay an ami no group, to a glycol cleaved
25 glycoprotein, to fAffuerarincubasiog 8Sthicoén stempanatufrieciforay e reduced to
a et hyl ene | NY.ayLlie I th glyoxylic
aci d, |eavi Mﬁét{:’gr agilﬂ;}f"'u(rif(':atul gnapl‘?aé%o%d?{ JJG‘;SC#Q er.gr \ggpt 0 group
may provi de QWﬁ(ﬂ"#Qﬂ'@ifﬁﬂahﬁWﬁgYo?OtnéndaeﬁRﬁIﬁQhﬂrqnﬁlq@dl§ubstltuted by
a nmercapto glen debdvardd figh waharmgsucmﬁécé:ﬂ@Cdu% iwiaedi azo ‘group with

dithioeryd hrdflved” "Ys W 119% 22135 Wels' Ile QRS SRR Yg)
viabjlity. 20 x 108 cells were bound to the flasks.
The non-adherent cells were analyzed by fluorescence
agtivated cell sorting (FACS) vhich showed a 98.7% and
95% depletion respectively of Leu-1 and Leu-U-positive
10 cells. After & mM magnesium chloride elution some of
the flasks were reused with 20 x 108 PBL_(monocyte-
depleted). 99% and 91% depletion of Leu~1 and Leu-4§
positive cells was achieved.
It is evident from the above results that the
15 aubject invention provides a substantial improvement
over previously available solid substrates, particular-
ly as containers, slides. beads, wells, or the like.
By use of the methods described, high concentrations
of substanoes can be applied to the surface in a non-
20 diffusive manner to insure the retention of the sub-
stances at the surface. Thus, small volumes may be em-
ployed for high efficiency and sensitivity in determin-
ing or isolating a wide variety of compounds of inter~
eat. The amino functionality is a very versatile fung-
25 tionality, so that relatively easy procedures may be
developed for linking various functionalities to the
surface, either directly or through a spacer arm. By
virtue of being able to achieve high clarity, reactions
can be observed, cell growth can be odbserved, and can
_30 be transmitted through the surface and be measured,
providing for greater efficiency and sensitivity. 1In
~addition, desirable orientations of ligands and recep-~
tors can be achieved to provide for high levels of

epitopes and binding sites.
35
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dift8rent synthetic scenarios may al so be enployed., 35 The literature has
an. extensive varjety of reagents and pr@&dedures for coupling nol ecul es,

dugh as proteins, |ipids, saccharides, <nucleic acids and snall naturally
REPLACEMENT SHEET | I¢ deceviidegtof rognehrtabovie nasults « Shat
fugctionaliti Gupfhct SHlVedtdon! HPo¥iLtds! Ao Fubdtail IO Yiprevedde a
singl e bifunction group, an oligomner pol yner,

solid substrates for use in a wi e variecy 5¥;appl£ca~
tions. A high proportion of the available aryl groups

5 present on the surface may be functionalized, so that a
large number of moieties of interest may be Jjoined to
the surface, either covalently or non-covalently, to
provide solid surfaces with a high degree of function- .
alization. In this manner, a variety of processes,

10 diagnostic, therapeutic, processing, or the like may be
carried out with greater efficiency, using smaller
volumes, and having improved results.

i
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5 ~ poly(am no aC|d) pol yur et hane, pol yurea, polyal kyl ene oxi de,
polyester pol yam de. or nucleic acid. In sone situations it nay be
- desirable to have a cleav- able linkage, so that a bo

und-—releectte—may be )
freed fromthe surface. Linkages may be enpl oyed which %y
eg.. reduction, oxi dati on, hydr ol ysi%d, convenientl yﬂ“i“ mi\ \ﬁ
enzymati c cat al ysi s. The |inking group may therefor pe

CI
recogni - tion sites for such enzynes as di pepti dases, e.g. KEX1,
col | agenase, papai n, neuram ni dase, anyl ase, other 15 endosaccharldases

endonucl eases, phosphat ase., pyro-:- phosphatase, where the |inkage involves
eg. and am de, ether or phosphate ester. Chem cally cl eavabl e bonds

1. An article comprising a surface function-
alized poi&aryl addition polymer having at least about
5% of the aryl groups to a depth of 100K, as determined
by ESCA, substituted with a polar gréup, with the
5 remaining aryl groups substantially unsubstituted with
said polar groups.

2. An article according to Claim 1, wherein
said polar group is amino, hydroxy or mercapto.

3. An article according to Claim 2, wherein
" 10 a ligand, receptor or nucleic acid is covalently joined
to said polar group directly or through a spacer arm.

4. An article comprising a functionalized
polystyrené having at least about 25% of the styryl
groups at the surface functionalized, capable of being

15 prepared by a process comprising:

contacting a surface of said polystyrene with
an electrophilic substituting agent comprising a
polyhalo complex anion as the counterion to said

electrophilic substituting agent in tetramethyisulfone_

20 in the presence of from about 0.1 mol% to about 1 mol¥%
based on said electrophilic substituting agent of an
oXy polar compound.

5. An article according to Claim 4, wherein
said oxy polar compound is water.

25 6. An article according to Claim 5, wherein
said water is present in at least 0.5 mol%.

‘\
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i ncl'ude eg. disulfides, peroxides, acetals, azo, and carboxylate ester..

‘I;hec‘ cl eavabl e | i nki ng group 20 w |l be select ﬂ m
presence of the sane or simlar cleavabl e groups preseﬁ ml”mal mmmoi
be:rel eased. The subject products, by Qeing coupl ed to a w‘det'vafiety of |
‘suldst ances, can find extensive applica- 25 tions in eg. diagnosis, '

th 5Si d_synthesis. .T ' - ' t
b 1Tnked directly tdthe NuREGIGLS) COIPEORAS: B¢ RBLAPy FUBSEBE at om of
a spacer or |iaikderedarmolyst hrenesddvifigeaspaeess abodtu@b%whér eéhsteric

hi ndrance mey dig:f1 Gkupd at 3 urtaeeriRBREshaRY 28k ,t BELULIUPEr Om the

solid sub-

being prepared by-a process comprising:

5 contacting a surface of said polystyrene with
a nitronium nitrating agent comprising a polyhalo com-~
plex anion as the counterion to said nitronium agent in
tetramethylsulfone in the presence of from about 0.1
mol% to about 1 mol% based on said nitronium agent'éf

lOlan OXy polar cémpound to provide nitro groups; and

reducing said nitro groups to amino groups.

8. An article according to Claim 7, wherein
said articlé further comprises a ligand, receptor or
nucleic acid bound to said surface through said amino

15 group.

9. A method for producing an article com- .
prising a functionalized polystyrene having at least
about 25% of the styryl groups at the surface function-
alized, said method comprising:

20 contacting a surface of said polystyrene with
an electrophilic substituting agent comprising a poly-
halo complex anion as the counterion to said electro-

- philic substituting agent in tetramethylsulfone in the
presence of from about 0.1 mol% to about 1 mol% based

25 on said electrophilic suﬁstituting agent 6f an oxy
polar compound.

10. A method according to Claim 9, wherein
said electréphilic substituting agent is a nitronium
nitrating agent to provide nitro groups.

30 : 11 A flask or bead prepared according to a

method according to claim 9 or claim 10.

—_—

—————
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sgfate Is of interest, or where the spacing nmay provide an environnent of
dfgerest-for the group, such as po- larity or charge. Usually, |inking
0

g‘-'up*s will be froml to 30 atons or greater, nore usually from1l to 20
até6ns 35 in the chain and may include eg. . carbon, oxygen,
nit r ogen, _osul fur or phospherus. The particul ar choi ce of
spacer or | i nki ng armw || depend on eg. the functional groups

involved in the linking arm the Rrogerties of interest, synthe- tic
conveni ence and spacer |ength.  ABSIRACT .

ACTIVATED AND CONJUGATED POLYARYL SUBSTRATES

Solid substrates and methods for their prepar-
ation are provided, where °nhanced functionallzatlon of
solid substrates is achieved, so that hlgher levels of
binding of a wide variety of moieties can be obtained.

5 The surface is nitrated with a nitronium agent, where
the nitro groups may be modified in a variety of ways
to serve as sites for linking. The resulting solid
substrates find use in therapy, diagnosis and
proce331ng.

e
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As ;]reaéy‘indicated, a wide variety of - Fes—trayi YT T Er ent
functions may be Tinked to the surface, ef Q{Eﬂfﬂngﬁv ngﬁEE%a:[oml ecul ar
| ayer, or pOInhmgﬂkg%ghgﬁRk ¥&g§, if desirgd,j and used in \Ade variety of

appl i cati ons. chnlques pr oJi de 10rAade q e orientation
of the nDIecuIe surfage, in many situftfons enhancing
their avail abil

. . |ng and/ or ni pul-atrom—Fxe! cpnpounds whi ch
are Ilnked_lnclude li- gands such as hdptens. and antigens,|receptors, such
as antibodi es, enzynes, naturally occurring receptors, 15 such as
surface nenbrane proteins, |ectins ro- Jein [
bi ndi ng g4ebulu&di£¥ﬁﬂ4£qﬂﬂ£ CONJUGATID PéiYARYL 6bg§k£&géﬁYf°¥'?¢_=“mﬂ
Lﬁ - ’stﬁﬂ%;ﬁj 5 ;':fif.:-rf-;-;,;.u?q"
Vo T
: : DTN e
ThlS inve Elon relates to hlghly functlonallzed“iw;w---«
- solid substrates, methods for their pre-
27 paration and conjugation of the functionalities to a

ag

wide variety of compositions. Articles of this type

5 find extensive use in diagnoéis, therapy, processing,
as well as other applications, where binding of a par-
ticular moiety to a solid surface is desired.

Background

Solid surfaces play a significant role in the
10 ability to separate a component Irom a mixture of com-
'ponents, to localize one or more moieties to a specific
area, to investigate characteristics of various mole-
cules, molecular aggregatlons. cells or tissue, or in
other situations where having a moiety in a defined

i B 15 region, optionally in relation to a particular medium,

is of interest. Thus, so0lid substrates find applica-
tion in diagnoétics, for haptens, antigens and nucleic
acids, affinity chromatography, apheresis, cytophoresis
as well as other applications. There are many charac-
20 teristics of interest with the solid substrate, such as
degree of non-specific binding, clarity, ease of fabri-
cation, availability, etc. The characteristics are of
varying importance, depending upon the particular
application. For”purposes of the subject invention
_25;1mportant characterlstlcs include the ease with which
functlonalltxes may be 1ntroduced the. convenlence of
"sucn functionaltles for linking. other groups, “the.
1?'1nteraction between such funct1ona11t1es and the moxem
“txes attached to such functionalitxes. the density of
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agents, such as cryptdnds, crown ethets, porphyr%nsr‘phthafﬁEVéﬁTﬁES,

nucl eic acids, both

pal
o

NA QORUGDIS60| 1 1 GONUC] £01 {6 s SYPRepiEdatior esCEr s,

chem [ um ne- 20 seeys} enzynes, whgrg the enzy catal ysts
rat her than receptors,|ehzyme—subsitates, inhi bltgmlﬁumﬁm Ers, or
ot her nol ecul es which fray be of intere for dete me or

di fferent nolecules, or—used for manipul atd on, isolation, reaction,

i nterac- 25

tion, or other phenonmena, where a result of interest is

produced. The Twreb4PuRéinasign expdisitle fefertlpkrgeof FGPEQPFSCMRIIdT may be
used to |ink a ppsérapyel oakit@BAla iidat it Quahtae adkRgdkuBableR@dldty to a

solid surface.
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25
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for linkage. There is also an interest in being able
to easily view the contents of a container, such as a
bottle or flask.

In many sdtuations, it is highly desirable to
have a high density of a particular moiety on the sur-
face. By having a high density a greater number of
interactions can be achieved in a predetermined surface
area. This allows for smaller volumes to be used,
shorter contact times, greater intensity of signal, as
well as other advantages.

There is, therefore, a continuing interest in the
problem of developing new methods and compositions
which allow for improvements of solid substrates. Such
improvements can have effects on the sensitivity and
efficiency of diagnostic assays, the efficiency of sep-
aration of components in a complex mixture, the ability
to pack particular moieties into a small surface area,
as well as other improvements.

Literature References

Olah et al., J. Am. Chem. Soc. (1962) 84:3687
reports nitration in teﬁramethylenesulfone. Function-
alization of polystyrene is described in U.S. Patent
Nos. 3,956,219; 3,886,486; 3,974,110; 3,995,094; and
4,226,958, Linking through a Schiff's base to a solid
support is described in U.S. Patent Nos. 4,419,444 and
4,217,338.

In the invention, functionalized solid substrates
comprising addition—polymerized aromatic monomers are pro-
vided. The preferred substrates are polynitrilo substi-
tubed_substfaﬁes.produced'by.nitration of the arbmat;c.

polymér surface. by an electropnilic agehty_éarticﬁlably

4 'ritrating‘agent, im a solvent substantially tncapable



30 U S. Patent No. 3
whi ch may be used for Hi
Q her references which
apheresis, surfaces f
chromatography or su

s a Iar e nunber of functionalities

ha is ﬂ $ Pesn Reptaced onal i ti es.
i 0 afflnl rfaces for
surface

on be found In references
cited in such catal ogs —- cagpyog Bi o- Rad catal og, Signa
catal og, Pierce cata- g.and Pharn30|a catalog. It is evident that the

of dissolving the polymer, containing a small amount of
a polar coordinating agent. A high propoction of the
aromatic groups are substituted with nitro groups. The
niteo groups may then be reduced to nitrilo groups,

S particularly amino groups or other reduced nitrogen
groups which may serve as a site for linking to a wide
variety of molecules. .The resulting solid substratas
find particular use for separations or high density
packing of a moiety of interest.

10 '

Prefarably functionalized aromatic subatrates are

provided, where substantially the eantire surfece of a
80olid aromatic substrate i{s functionalized. Highly

15 functionalized surfaoes sre achieved emploiing alectro-
philic agents capable of aromatic electrophilic substi-
tution, particularly a nitrating agent, and a solvent
whioch {s relatively non-polar and in which the polymer
is substantially immisoible and not swelled. Included
in the reaction medium is & small amount of a polar
substance, particularly a hydroxylic compound, which
can coordinate with the electrophilic agent.

The solid subs%tate will be & homo- or co-

- polymer, usually non-cross-linked or having a low level
6f cross-links (<2.0% polyene monomer) wherein at least
50 mol%, more usually at least about 80 mol¥ will be
aromatic_addition polymerizable hydrocarbon monomers,
particularly having aryl groups of from 1 to 3 rings
and having from O to 1 alkyl substituents, from 1 to 3
cagbon atoms, usually at other than the para-position.
For the most part, the substrate will be polystyrene '
which i{s produced in accordance with conventional ways
and appears in a variety of forms, such as vials,

. ‘microtiter plates, Petri dishes, plates, contalners.

35 fabricated articleé. and the like. Instead of con--

' tainers. the s0liaq substrate’ may be particles, hollow
: ribers. atrands. chopped strands. memhranas. or the

20

25

30



particul ar manner in | of intengL_Lgﬂgggﬂg_Lg_Lhe_surface
may be varied w dely. [l REPBAGHMENT §HEET ltar situafions one spacer arm nay be
sel ect ed over another {b ~+f Cll ar propeyt §1R& HadBen Reghdcetct sol i d
substrate may al |l ow orji h@ébgn of i noglobuI| Fab
fragments or Fab' fragn nt§ #%ntagt i munogl x- 10

anple, the am no grougs iof the substrate ngy be i

by reaction wit
i mmunogl obul i n. §
oxidized with a

resul ting dial dé&

ed, followed
h the qvallable mer capt o groups of the truncat ed

Y ' tﬁ%hde“U@ngQQHh'”&a@ﬁXnQ@ or
%9dCO| cIeaV|nqtagent e.g. periodate, and the

S keactodaklon LaPUkHIAG dRodpoopar relatively”

- smooth surface.
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For the most part, electrophilic agents are
employed, particularly nitrating agents, where the ni-
tronium ion is coordinated with an anion which allows
for significant ionization in the solvent medium, par-
ticularly a complex anion, more particularly a poly-
halide anion. Illustrative polyhalide anions include
tetrafluoroborate, antimony hexafluoride, phosphorous'
hexafluoride, etc.

, The solvent will be one in which the polymer
is neither soluble nor swelled, particularly tetrameth-
ylenesulfone (TMS). Included in the solvent will be a
polar coordinating compound, which is able to coordi-
nate with a nitronium ion. Conveniently, water may be
used, but other oxy compounds may also find use, such
as methanol. The polar compound should be capable of
displacing both the anion and the solvent from coordi-
nation with the nitronium ion. The polar component
will preferably be present in'not.greater than about
equimolar amount to the nitronium ion concentration,
usually present in at least about 0.05, more usually in
at least about 0.25, and generally at least about 0.5
times. the molar concentration of nitronium ion.

The ﬁitronium ion will generally be'at a con-
centration of at least about 0.05 M, usually at least
about 0.1 M, and usually not greater than about 0.8 M.
The particular concentration is primarily one of con-'
venience, so long as there is a sufficient amount of
reactant to substantially completely functionalize the
polymepic-surface.

| The températuré of the reaction will vary with
the nature of the reagent, generally being at least
about. 4°C, "and not more than about 60°C.~usua11y not

‘'more than about H0°C prererably ranging from about~
© 30°C to“u0°c. The time for the reaction will vary wzth o
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5 The reaction medium is contacted with the
polymeric surface to provide an amount of ceactant
stoichiometric with the available aromatic groups at
the surface, usually at least about 1.5 excess, where
greater molar ?xoeas may be employed as convenient. In

10 some instances {t may be desirable to prepare a number

of reaction mixtures using differing amounts of nitro-

nium ion to optimize the level of functionalization of

the surface.

After ocompletion of the reaction, the readtion

15 mixture may be discarded and the surface washed to re-
move any residuval wmaterials. Various solvents may be
used for cleaning the surface, such as methanol, etha-
nol, dimethylsulfoxide (DMSO), water, nitromethane or
the like. The partiocular material employed for
oleaning'is not critical to this invention and is
primarily one of convenience, so long a&a the polymer ia
insoluble and is not swelled by the solvent.

The resulting polymeric surface is found by
eleotron spectroscopy for chemical analysis (ESCA) to
25 have a ratib of nitrogen to aryl of at least 0.1, usu-

ally at least about 0.15, more usually at least about
0.25 to about 100A depth. Preferably the ratioc of polax
group e.qg. nitrogen to aryl will be from about 0.25 to 1.
The resulting surface nitrated polyaryl solid
30 supstrate has a number of desirable characteristies.
Prepared in accordance with the above procedure, thé
re;ulting functionalfzed polymer i3 ¢lear, so that it
can be used for the transmission of light through the
polymer without significant interference. Thus, the
nitvated polyaryl solid substrate can be uysed for var—
fous applications, particularly. where one wishes to
. transmit kight through a sample and have tha light tra-

20

35
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erogeneous in

vergse the container, so as to determine the amount of
light transmitted through the container. Or, one may
wish to observe events occurring in the container, such

as cell proliferation, plaque formation, cell viabil-

ity, agglutination, ete. For these purposes, the nitro

group wWill usually be modified to provide a more conve-
nient functionality for linking various compounds.

| In these applications, one is usually con-
cerned with the effect of irradiation on a sample,
where -a sample may absorb light, fluoresce, or alter-
natively, a chemiluminescent reaction may be ifanvolved, -
where the sample will emit light.

—~—

The nitro groups are capable of undergoing
reactions- through intermediate reduced ‘states to pro-
vide a nitrilo group such as nitroso, oxime, azoxy,

azo, hydrazino or amino, depending upon the particular

conditions which are employed. In some 1nsbancea where

the product has two nitrogans. the nitrated aurrace may
be reacted with a second nitro compound, so that a
mixed produot will be obtained connected by a nitrogen
bridge having from one to two nitrogen atoms, or, al- .
ternatively, an amino compound may be employed which
ocan react with an intermedfate. partially reduced func-
tionality, such as nitroso, where the nitroso group may
react with the amino group to form an azo group. Of
particular interest ‘are the diaza (-N-N-) groups, such
as diazo, hydrazone, semicarbazone, hydrazino, etc.
Most of the conventional reagents employed
for reducing nitro groups can be employed with the
nitrated substrates. These reducing agents include
catalytic hydrogen, e.g. with platinum or palladium;
gtannous chloride; sodiunm dithionxte,
metal, e.g. zinc, {ron, or tin -acid or -water couples,
Al(Hg)~ad. ethanol; aluminum hydrides; borohydrides;
ammonium sulfide; sodium arsenite; electrolytlv

reduction; etc. .

Depending upon the nature or che tunctidn-
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The reaction of nitroso groups with amines has already
5 been indicated. Aryl amines are known to undergo a
wide variety of reactions. The aryl amines may be acy-
lated under a variety of conditions, using the noﬁ—oxo—
carbonyl (carboxy carbonyl of functionality) such as
acyl halides, anhydrides, active esters, such as para-
10 nitrophenyl, N-hydroxy succinimidyl, p-nitro-o-chloro-
phenyl, ete., or carboxylic acids activated with acti--
vating agents such as carbodiimides. _
The amino group may be reacted with a nitroso
compound to form an azo linkage. Amino halides may be
15 employed to form hydrazines with the amino group.
Aldehydes or ketones may be reacted, particularly under
reducing conditions, e.g. sodium borohydride, to form
imines or alkylated amines, respectively.
Amines may be diazotized, where the amines may
20 be substituted with a wide variety of functional
groups, such as halides, acyl groups, OoXy groups, mer-
capto groups, c¢yano groups, silyl groups , or the like.
Alternatively, the azo group may be coupled '
with an activated éromatic compound, such as a phenolic
25 or a N,N-dialkylaniline compound. Additionally, tyro-
sinyl compounds may be coupled with diazo groups, where
the tyrosine may be part of a larger 'molecule, such as
an oligopeptide or protein. Instead of tyrosine, vari-
ous purines or pyrimidines may be coupled with the azo
30 - group, where the purines or pyrimidines may be mono-
meric or parﬁ of RNA or DNA single stranded or double
stranded chains.
'Furthermoré. the amlno group may be function-
alized to provide various reactive functlonalltles. '
35 - such as 1socyanate. urethanes, cyanamides, or the like,
o "uhere the functionalxty may be reacted with alcohols,-ﬁ
amines. or thiols to rorm urethanes and ureas
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may also serve as a site for linking. Hydrazino groups

—

5 <c¢an be oxidized with a variety of agents to form diazo
groups or with nitrogen oxides to form azido, where the
azido group under UV-irradiation forms nitrene. The
highly reactive nitrenes will ‘insert into a wide vari-~
ety of compounds, particularly unsaturated compounds,

10 both aliphatic and aromatic. Thus, .aziridines may be
formed which may serve as a site for bonding of a
compound to the substrate.

Because of the significant interest in couj
pling peptides to the surface, a number of specific

15 1linking groups or spacer arms Will be preferred for
linking the peptide or other moiety to the surface.

One group of linking group reagents will involve car-
boxyl groups resulting in amide formation. The carbox-
ylic acids will be functionalized with a variety of

20 active functionalities to produce covalent bonds with
peptides, as they naturally exist or have been modified
to provide a coupling site.

The functionalities for linking include alde-
hyde, carboxyester, haloacetamido, mercapto, and di-

25 thioether. The carboxylic acid group may be further
substituted with oxy groups, hydroxy or ether, cyano,
substituted amino free of hydrogen atoms, quaternary
ammonium, etc. The hydrocarbon chain may be aliphatic
or aromatic. :

30 Specific linking reagents include p-~formyl-

" benzoic acid, N-succinimidyl tartarate, mono-hydrazide
of taptaric.acid,_E;iodoacetamidobenzoic acid, 3-
mercaptopropionic acid, and 5-a~pyridyl-3-dithio-
propionic acid. . ' ' '

35 .~ Reagents other than carboxyiic acids may be

'.  employed to provide stable 11nkages,'such as poly(dlal-

._;:dehydes). e g polyglutaraldehyde. ‘wheré the amino



of Haptens in a wde varggﬁécnggrﬁﬂFgg, such aéﬂaﬁyglologlcal f|UIdS

conpl enentary strands. | particul ar i nt er est

process streans or watgrt Nucl eic acids jmay aIsonsﬁda RP detectlon
of eg. 30 proteing | spe®iAJG Q%Y i ndi ng t “
m croorgani sns and cel s

II

ndlng

manmal , or fragnents theréof. Usually, t hése | ar ge aggregations

10

15

20

25

30

35

group adds by Michael addition, leaving aldehyde and
olefin groups for further reaction.

In addition, the amino group may be efficient-

ly diazotized and the resulting diazo group used in a

variety of ways. Diazo groups may be substituted with
oxy or thio functionalities, to produce functionalities
which may be linked to a variety of groups, may be
reacted with nucleophilic functicnalities such as phe-
nols, anilines, amino, etc, to form a bridge, or may be
reduced to a hydrazino or amino group. The bridge may
be relatively short or long depending on the purpose
for the support.

Illustrative linking groups include bis-p-
hydroxybenzamide of diaminopolyethyleneglycol, where
one phenolic group is coupled to the diazo group and
the other phenolic group may be cpupled-to nucleic
acids or proteins through a p-di(diazo)benzene or

p,p'-di(diazo)biphenyl. The diazo group may be direct-

ly coupled to a protein through a tyrosyl group. The
phenolic.group may be extended with ethylene oxide to
provide a linking group, which may terminate in an
amino functionality. This bridge may find application
in in situ peptide synthesis. The hydrazino group may
be coupled, as may an amino group, to a glycol cleaved
glycoprotein, to form an imine or Schiff's base, which
may be reduced to a methylenehydrazine or -~amine. The
hydrazine may be coupled with glyoxylic acid, leaving
the carboxyl functlonallty for linking.

The mercapto group may provide a thiol for
linking or the diazo group may be substituted by a
mercapto group to form a thioether, such as reacting
the diazo group with dithiocerythritol.

Other bridging or linking groups employing
different synthetic sceharios may also Be employed.

The literature has an extensive variety of reagents and

.. procedures for coupling molecules, Such as proteins,

lipids, saccharides, riuclei¢ acids and small naturally

air,

of

, T neruotng—vir yses, prokaryotlc 35 and eukaryotic
cells, unicellular andipolycellular or n;snlcells e.qg., fungi, animal,
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The bridging or 1inking groups may be a single

bifunctional group, an oiigomer or polymer, such as

5 poly(amino acid), poiyurethane, polyurea, polyalkylene
oxide, polyester, polyamide, nucleic acid, or the like.
In some situations it may be desirable to have a cleav-
able linkage, co that a bound molecule may be freed
from the surface. Linkages may be employed which are

10 cleaved by reduction, oxidation, hydrolysis, or the
like, conveniently employing enzymatic catalysis. The
linking group may therefore include specific recdgni-
tion sites for such enzymes as dipeptidases, e.g. KEX1
collagenase, papain, neuraminidase, amylase, other

15 endosaccharidases, endonucleases, phosphatase, pyro-
phosphatase, where the linkage involves an amide,
gther, phosphate ester, or the like. Chemically cleav-
able bonds include disulfides, peroiides; aéetals, azo,
carboxylate ester, etc. The cleavable linking group

20 will be selected to avoid the presence of the same or
similar cleavable groups present in the moiety to be
released.

‘The aubject products, by being coupled to a

wide variety of substances, can find extensive applica-

25 tions in diagnosis, therapy, processing, synthesis. and
the like. The various groups of interest may be linked
directly.to the functionality bound to the aryl carbon
atom or a spacer or linker arm may be used. The
spacers find use where steric hindrance may be of con-

30 cern, where separation of the group from the solid sub-
strate is of interest, or where the spacing may provide
an .environment of interest for the group, such as po-
larity, charge, or the like. Usually, linking groups
will be from about 1 to 30 atoms or greater, more

35 ‘usually from about ‘1 to 20 atoms in the chain and may

o '1nclude, carbon. oxygen, nltrogen. sﬁlfur. phosphérus

or the like. The particular ehoice of spacer or link—
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As already indicated, a wide variety of mole-

surface,
molecular layer,
of applications.

cules having different functions may be linked to the
effectively in a monomolecular layer,
if desired,

or poly-
and used in a wide variety

The subject techniques provide for a

desirable orienﬁation of the molecules bound to the

10 surface,

in many situations enhancing their availabil-

ity for binding and/or manipulation. _
The compounds which are linked include 1li-

gands, such as haptens and

antigens, receptors, such as

antibodies, enzymes, naturally occurring receptors,

15

agents, such as cryptands,

such as surface membrane proteins, lectins, blood pro-
teins, e.g. thyroxine binding globulin,

complexing
crown ethers, porphyrins,

phthalocyanines, etc., nucleic acids, both RNA or DNA

or oligonucleotides, dyes,

20 scers,

fluorescers, chemilumine-

enzymes, where the enzymes are used as catalysts

rather than receptors, enzyme substrates, inhibitors or
co-factors, or other molecules which may be of interest

for detection of the same or different molecules,
used for manipulation, isolation, reaction,
tion, or other phenomena, where a result of interest is

25

produced.

or
interac-

‘The literature has an extensive repertoire of
groups which may be used to link almost any functional-

ity through an amino funct
30

ionality to a solid surface.

U.S. Patent No. 3,817,837 describes a large number of

funetionalitieé which may be used for linking proteins
or haptens to amino functionalities,' which disclosure

is incorporated herein by reference.

which show linking to affi
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log, Barddd@d cdwsidd, Ofc. ther is evident that the

particular manner in which the coampound of interest is

"bound to the surface may be varied widely. In particu-

lar situations one spacer arm may be selected over
another because of particular properties.

The subject solid substrate may allow orien-
tation of immunoglcbulins, either as Fab fragments or
Fab!' fragments,.or as intact immunoglobulins. For ex-
ample, the amino groups of the substrate may be iodo-
acetylated, followed by reaction with the available
mercapto groups of the truncated immunoglobulin. Al-
ternatively, the intact immunoglobulins may be oxidized
with a glycol cleaving agent, e.g. periodate, and the
resulting dialdehyde reacted with an amino group or
hydrazine to form a Schiff base or imine.

Nucleic acids may be linked to the solid sub-
strate using a polyalkylene glycol arm, where the al-
kylene-will be of 2 to 3 carbon atoms, and the chain
may be of from 2 to 100, usually 2 to 30 alkyleneoxy
units. The linking éroup can be achieved by using the
diazo functionality on the solid substrate with a
diacylated a,w-diaminopolyethylene glycol, e.g. m-
dimethylaminobenzoyl derivative of diaminopolyethylene
glycol. The dimethylamino activated aroyl group may be
used as a site for linkage, where one will become cova-
lently bonded to the diazo group, leaving the other to
be used for linking to another compound. In this
manner,. phenylenediamine, benzidine, or other aryl
diamino compound may be diazotized to form a 1link be-
tween the dimethylaminoaroyl and a nucleic acid. The

_use of the diazo group for -iinking nucieic acidé to the

surface has already been discussed.
The applications of the subject fnvention will
now be considered. The first use to pe considered will

be d;agnos;1c3u ,Dxagnostics_idiolvihg solid surfaces

' are ‘for the most ‘part referred t6 as heterbgenébgs in



produces i ght,

15 assays will be the |c i g pynt of a product which absorbs or
ngmzbﬁ@ﬂr tion or by This Gleet Hag cpch
relation to the pres- Jerjce or anount ¢f |the anal yte ﬂl EE ual ly,

this is as a result off fior W@t AUG 99 aispeci fic bind
conpl enmentary nenbers jof} a specific bifnging pair, where one of the nenbers

ei t her

ween

5

may serve as a bridge fto Torma sanawich, o there may be a single conplex,
or conpl exes may be bdund to conplex bipding 10 proteins, such as S.
aureus protein fnathensqt ophdoiast ar separation step, though there is an

10

15

20

25

30

35

increasing number of diagnostic protocols where a solid
surface is involved without the necessit} for a separa-
tion step. In diagnostics, there may be of interest
the bindiﬁg of members of a specific binding pair, com-
prising ligand and receptor, which bind to form a com-
plex, where the homologous members of the speéific
binding pair have a high association constant for each
other, usually greater than 108 1/mol.

The haptens will generally be from about 150
to 5000 daltons, usually up to about 2000 daltons and
may include naturally occurting hormones, naturally oc-
curring drugs, synthetic drugs, pollutants, affector
molecules, growth factors, lymphokines, amino acids,
oligopeptides, chemical intebmediates, nucleotides,
oligonucleotides or the like. Diagnostics for such
compounds may be in the deteétion of drugs of abuée,
therapeutic dosage monitoring, health status, detection
of disease, e.g. endotoxins, and the like. Proteins
are of intereét'in a wide variety of diagﬁostics. such
as detecting cell populations, blood type, pathogens,
immune ﬁesbonses to pathogens, immune complexes, sac-
charides, naturally occurring receptors, and the like.
Receptors may find use in binding to haptens, proteiné;
other receptors, or the like, or detection of the pres-
ence of pathogéns, the level of a particular protein in
a physiological fluid, the presence of haptens in a
wide variety of samples, such as physiological fluids,
air, process streams, water, etc. Nuclelc acids may
also find use in the detection of proteins specifically
binding to nucieic acids, complementary strands, and
the like. o |

of particular interest is the binding of.
microorganisms and cells, inéluding viruses, brokapy—
otic and eukaryotic cells, unicellular and polycellular
6néanism=qells} e.g., fungi, animal, mammal, etc., or

fragments théreof. . Usually, these large aggreg?tidnS'-"
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5 binding pair members, providing very strong anchoring
' of the cell, virus, or fragment. The system may then -
ve subjected to vigorous treatment without concern for ¢

dislodging the specifically bound entity, while non-
specifically bound materials may be readily removed.

10 A large number of protocols exist for detect -
‘ing the various analytes of interest. The protocols
may involve use of a signal producing system, which in-
volves a labeled conjugate, which may be directly or
indirectly detected. These techniques may employ dyes,

15 enzymes, enzyme aubétrates or co-faotors, enzyme inhib-
' itors, fluorescers, chemilumineacers, particles, or the
like,

For the presently described purposes, 'the label
used preferably provides a signal related to the presance

20 of analyte in the sample which resulta in.the detection
of electromagnetic radiation, particularly light in the
ultra-violet, visidle or infrared range. By use of the
subject solid substrate, the light may be deteoted
'through the solid substrate, rather than requiring re-

25 fleotion, which is. normally subject to aignificant er-
ror. In addition, techniques involving. total internal
reflection may be employed aa described in U.S. Patent
No. 3,939,350. Other patents of interest, both domes-
tic and foreign, which desoribe protocols of interest

30 inolude U.S. Patent No. 3,654,090, 3,850,752,

4,347, 312. EPA 2,963, and references oited therein.

- Assays can be carried out in accordance with
the various protocols. In accordance with the subject
invention, the sample {s contacted with the subject

35 30lid substrate and various operations may be carried
out, such as the addition of various reagents, 1n6uba-
tions, washings, and the like. The final result of the
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25 presence of the analyte, since there is a rel ativety-+owlevel of

absorption by the contaRpr, ghl y sensitive gssays can be enployed
with the subject syst E?E%?FF?&F DHEE? nucl ei ¢ a0|3i' FRjgcedy 30
hybri di zati on, one caf ¢a td out the ne essary steps t et her
conpl ementary sequencésjar and by enpl oyi ng of
protocols, provide fo colored or f rescent | abel or product of the

| abel , which will indfjcate the presenc 15absence of 35 t he
conplenentary sequence— : e couhg activate }he suréace

i medi ately pridtstd chHyidy Ui TRTESsh) biearBognt © product

which absorbs or produces light, either py lignt ab-
sorption or by light emission in relation to the pres-
ence or amount of the analyte of interest. Usually,

5 this is as a result of formation of a speeific binding
complex between complementary members of a specific
binding pair, where one of the members may serve as a
bridge to form a sandwich, or there may be a single

complex, or complexes may be bound to complex binding

10 proteins, such as S. aureus protein A, .rheumatoid fac-
tor, immunoglobulins specific for immune complexes, oOr
the like.

‘By having fluorescent markers, such as fluo-
rescent -particles, fluorescent conjugated antibodies,
15 or the like, the sample may be irradiated with light
absorbed by the fluorescers and the emitted light mea-
sured. For example, where one has microtiter wells,
one can measure the fluorescent light emitted through
the sides of the well, substantially minimizing the
20 background resulting from the activating light. Where
dyes are employed. as the label or produced as a result
of a reaction, e.g. an enzymatically catalyzed reac-
tion} the light ﬁa& be transmitted through the sample
and the container and measured as an indication of the
25 presence of the analyte, sihce there is a relatively
low level of absorption by the container. Thus, highly
sensitive assays can be employed with the subject
system.
' Similarly, with nucleic¢ acid assays involving
30 hybridization, one can carry out the necessary steps to
determine whether complementary sequences are present,
and by employing a wide Variety of protocols, provide
for & colored or fluorescent label or product of the
label, which will indicate the presence or absence of
35° the complementary sequence
| For example, one could activate the subface
i'immediately prior to carrying out the assay by d{azo-
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activated surface, so as to be covalently bound, &n

1 6 tizing the anino functionalities, add the nucleﬂq;‘€£@;$ 2tp the
! EIE

having a sequence conpl e- nentary to the sequence]of interest and

“priobes

functionalized, 5. for exanple, by having a biot|n IétﬁblAUGMQ%r chrpI etion

of the hybridization step,

whi ch woul d bind to any biotin bound to tp surfgce through hybridi
After washi ng away non-specifically bound §v
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one could add enzyme cpnju- gated to gviidin,
ifzat i on.

i di n,*~the_substrate fo
tizing the amino functionalities, add the nucleic acid

sample to the activated surface, so as to be covalently
bound, and then employ probes having a sequence comple-
mentary to the sequence of interest and functionalized,
for example, by having a biotin label. After completion
of the hybridization step, one could add enzyme conju-
gated to avidin, which would bind to any biotin bound
to the surface through hybridization. After washing
away non-specifically bound avidin, the substrate for
the enzyme could be added and the formation of product
would be indicative of the presence and amount of the
complementary sequeﬁce. '

The subject containers may also be used for
detecting~pathbgens; Monoclonal antibodies may be
linked to the surfaée to serve as catching antibodies.
The sample would then be added and cells having the '
epitope recognized by the antibody would bind to the
antibody on the surface. Non?specifically bound cells
are washed away leaving'substantially only specifically
bound cells. Labeled monoclonal antibodies are then
added to the container which are specific for an epi—“
tope other than the epitope recognized by the catching
antibody. After incubating to allow reaction between
the antibodies and cells, non-specifically bound
antibodies are washed away and the presence of the
label determined, as described previously;

‘A variation would be to employ aﬁ antigen rec-—
ognized by a cell receptorL The antigen would be bound
to the surface to catch thé cells and a labeled antigen
used to label the cells. The receptor could be surface
immunoglobulin (sIg). 1In this way the presence of the
specifically bound célls,could be determined, whereby
having the antigen of interest complementary to the
receptor bound to the surface, cells héviﬁg the slg
spec1flc for such antlgen could. be determined. Instead

of havxng antxgen, one would have antxbodles to the

o antigen b0und to the surrace to ‘non- covalently b1nd thé:

' lantigen to the surface._
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10  the enzyme could pe formati on of product wo
indicative of the presepce %Bg anount t he conpl enmentary sequence. The
subj ect containers may Bl po AUE9%0r] det ecti ng p@&pgggmﬁstWRﬂﬂwﬁbna

anti bodi es may be 15 | tnked {0 the Hurfface to ser
anti bodi es. The sanpl e poul d then be addgd and cell sv\mmg g t ope
recogni zed by the anti boty~wetHtd-bind tg]ft ant i body surface.

Non-specifically bound cells are washed amgi | eavi ng substantlally onIy

specifically 20 bound_cel b I I i_bqdi
added to the cont ai ner MﬂﬁChngéeC%eglﬁ ﬁggggégggﬁs n %q %h

epi t ope recogni fed byruhetqanohumgs. chromatographs, or the 11ke,

where a particular substance is bound to the surface

an the

and complex formation or other binding event can be de-
5 tected. With the subject solid substrates, one can
vlsually observe along the length of a column and de-
termine the particular site at which complex formation
occurs. This technique can also be used for diagnosis,
where different antigens or receptors may be bound at

10 different sites along the column, followed by introduc-
ing the sample through the column, followed by adding
the signal producing system, e.g. enzyme bound specific
binding pair member and developer, and detecting the
areas of color formation.

15 The subject solid substrates may also find use
in isolating various products of interest, such as
blood plasma proteins, growth factors, clotting fac-
tors, anti-clotting factors, or the like, which may
then be released from th complex by various salt

20 solutions.

The solid substrates may be used for a variety
of other purposes, whenever one wishes to provide a
high density of oriented molecules at a surface or vis-
ualize events or provide for ready transmission of

25 light, where a substance is non-diffusively bound to a
solid surface.

The follow1ng examples are offered by way of
illustration and not by way of limitation.

30 | EXPERIMENTAL
Into the wells of a 96 well microtiter plate
of molded polystyrene is introduced a 0.5 M nitro
tetrafluoroborate solutxon in tetramethylenesulfone
(TMS) and the reactxon allowed to proceed at 37°C for 6
35 ' .nrs._ At the end of this time, the’ reaction mix is -
o discarded and the wells washed with' mebhanol Into the
'plates is then introduced a 1M solution of stannous




anti body. After incubating to allow reaction between the antibodi es and
cells, non-specifically bound 25 anti bodi es are washed away and the
presence of the | abel determ ned, as described previously. A variation
woul d be to enploy an antigen rec- ognized by a cell receptor. The antigen
woul d be bound to the surface to catch the cells and a | abel ed anti gen 30
used to label the cells. The receptor couléd be surface i munogl obulin
(slg). In this way the presence of the specifically bound cells. could be
det er mi ned, wheckebyrhagi hg 6hk angtegen pfdrotel@stccaopl eardt thy to t he
receptor bound {9, bBeasUL] 86FeqCEb! oAV 0% L NfoSh 9 dRperatBEE! b Or such
antigen-could. bée determned. Instead

hrs to reduce the nitro groups to amino groups. The

resulting amino groups are diazotized by adding a 1%

5 sodium nitrite solution in 1 N aqueous hydrochloric
acid at 4°C and allowing the reaction to proceed for 20
min, after which time the reaction mixture is washed
away and a solution of a protein containing tyrosine is
added at 0.1, 1.0, or 10 mg/ml in 0.1 M borate pH 9.3

10 at 4°C. The reaction is allowed to proceed for 16 hrs,
whereby the protein becomes covalently bonded to the

surface.
" The above reaction procedure was repeated
whereby water was included in the nitration medium at a
15 concentration of 0.5 M, in equimolar concentration to
the nitronium ion. '

In order to evaluate the number of function-
alities introduced, electron spectroscopy for chemical
analysis was employed. Instead of covalently linking a

20 protein by means of a tyrosine, the dye 3,6-disulfona-
tonaphthol-1 was emplojed. In this analysis, the sur—~
face is irradiated with soft X-rays #here ejected elec-
trons are a function of the kind of atom hit by the X~
ray. The number of electrons of a given energy re-

25 flects the number of atoms of a given type. The
following table indicates the results. '

30
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of . havi ng anti gen, one woul d have anti bodi es-to the'antigen bound to the

surface to non-covalently bind the antigen to the surface. 1 7 The
subj ect solid substrates can al so be us eg. affinity colums or

chr omat ogaphs, where a particu- larly subst ance S bound to
t he’ suf ace and conpl ex formation or other binding event can be de- 5
t ect ed.

Wth the subject solid substrates, one can visually observe al ong
the length of a colum and de-
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termne the particular site at which conplex fo
techni que can al so be used for diagnosis, wheref{djftere
receptors may be bound at 10 different sitesjajo
\ ing the sanple through the col um,!
. signal producing system e.g. enzynme bound spedq f

devel oper, and detecting the areas of colgr forgmation.
subj ect solid substrates nay also find use in isolaftl
interest, such;gs
or antl-clottlng

by introduc-
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vari ous Salt seNitilonso activated T 25 flasks is demonstrated.
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A. [358 met}-labeled avidin t-boc- [3%°s-Meth-
ionine]-N-succinimidyl ester {(Amersham), 830 Ci/mmole)
was used to label the e-amino groups of lysine residues
of avidin employing the reection conditions of the sup-
plier. The labeled avidin was diluted into a 10mg/ml
solution of avidin (Sigma) in 0.1 M borate buffer, pH
9.3, to give a final specific activity of 428 dpm/ug.

B. Diazotization of T-25 flask containing
surface aniline groups and covalent attachment of [358-
met]-labeled avidin.

25 flasks were nitrated with 5 ml 0.5 M nitro-
tetrafluorobnrate in Ehe presence or absence of 0.5 M
water in TMS at 37° for 16 hrs. After decanting reac-
tion medium and thorough washihg with distilled water,
5 ml of 1 M stannous chloride in 6 N HC1l was added and
the reaction allowed to proceed for 2 hrs at room
temperature. The flasks were washed with 0.017 N HCl to
provide the amino funetionalized surface.

The amino groups were then diazotized by addi-
tion of 5ml 2% sodium nitrite in cold (4°C) 1. N HC1,
followed by gentle agitation on a platform rotator at
4oC for 20 min. The resulting diazonium functionalized
flasks were rinsed with cold 0.01 N HCl and 2.5 ml cold
10 mg/ml [3ss—met]-labe1ed avidin in 0.1 M borate buf-

‘fer, pH 9.3 was added. After gently agitating for 16

hrs at 4°C, the flask contents were aspirated, the
flasks rinsed with 0.1 M borate buffer at room temper-
ature until the total counts in the wash were below
2000 dpm. Approximately 3 of U sub-units of the bound
avidin were removed by treatment with 2.5ml 6% sodium
dodecyl sulfate (SDS)/0.1 M dithiothreitol (DTT) for 48

" hrs at room temperature Based on the- dpm recovered in

the SDS/DTT ‘eluate and the $pPle10 a0t1v1ty of the

'[358 -met ]- labeled avidin, the amount of.-avidin cova-.

léntly bound to’ the: act1vated T- 25 flask was calcu--

‘lated. The fqllowxng.table ;ndlcates the resulta.

mn,
ol P?m@é@ﬁégdi rgf t Ihle'owed

and

30u5~broducts of
FRL@%M' a%maﬁpr QHW M9y of" O%; ;0nb 26 BhSne -§hBkhkng factors
hen be released fromthe conpl ex by
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where a substance is non-diffusively bound to a solid surface.

ualize events or provide for

30

whenever one wi shes to provide a high density of oriented nolecules at a
mcrotiter

20 The solid substrates may be used for a variety of other purposes,
foll ow ng exanples are offered by way of

surface or vis-
limtation.
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(TM5) and the reaction allowed to proceed at 37[err]C for 6 35 hrs. At
the end of this time, the reaction nmx is discarded and the wells washed
with methanol. Into the plates is then introduced a 1 M sol ution of

st annous chloride in 6 N aqueous hydrochloric acid and the reaction
allowed-to proceed at roomtenperature for 2 hrs to reduce the nitro groups
to amno groups. The resulting am no grou are di azotized by adding a 1% 5
sodiumnitrite solution in 1 N aqueous hydrochloric acid at 4[err]C and

al lowing the reaction t?anRgeﬁngOothy polyglutaraldehyde was
' employed as the bridging group.
Polyglutaraldehyde (PG) was prepared according
to the procedure of Rembaum‘gg al., J. Immun. Methods

5 (1978) 24:239. The product was vacuum dried at 90° to
complete dehydration and remove residual monomeric glu-
taraldehyde. The dried PG was dissolved in dry TMS at
37° to give a 10 mg/ml solution. Into T-25 amine func-
tionalized flasks was introduced 5ml of the TMS solu-

10 tion and the flasks incubated at 37° for 16 hrs. After
rinsing with warm TMS and distilled water, 2.5ml of
[35s-met]-labeled avidin in 0.1 M borate buffer, pH
9.3, was added and the flasks incubated for 16 hrs at
réom temperature. After thorough washing with 0.1M

15 ©borate buffer, pH 9.3, [3584met]—1abeled avidin sub-
units were released with 6% SDS/0.1M DTT as previously
described and the radioactivity counted. The calcu-~
lated amount of bound avidin in the PG-treated flask
appears in the above table.

20 The above experiment was repeated using [358-
methionine] in place of the avidin. The polyglutaral- ~
dehyde derivitized flasks were ineﬂbated with 5 ml of
0.1 M [3°s]-methionine and 283 dpm/mmole prepared from
[35s-methionine (Amersham), 1250 Ci/mmole] diluted in

25 cold 0.1 M methionine in 0.1 M NaHCl3 at 37° for 16
hrs. After washing with 0.5 M NaCl, the flasks were
rinsed with distilled water, dried and broken. Flask
bottom pieces were recovered, weighed, and counted.
From the known weight of the flask bottom (3.2 g/25

30 cm?), the specific activity of the [35S-methionine] and
the counts recovered, the amount of methionine co-

valently attached to the flask bottom was calculated to

be 33 nmoles/cmz.

35
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mn, after which time the reaction mxture is washed away and a sol ution of

a proteln containing tyrosine is added at 0.1, 1h a.in 0.1 M
borate pH 9.3 10 at 4[err]C. The reaction s ’MWENTCS}:@ pceed for 16
hrs, whereby the protein becomes coval ently bohdgd to" ; c . The
above reaction procedure was repeated whereby in the
nitration mediumat a 15 concentration of O

concentration to the nitroniumion. In ordef tf er of

function- alities introd ectron spec che csi.a al ysis
was enpl oyed. | nstead of*%&vgﬁgﬁtﬁfﬂdynkPﬂﬁagp Q T 2

plates (Dynatech).

A solution of nitronium tetrafluoroborate
(Fluka, 0.5 M) in tetramethylenesulfone (TMS, Phillips)
5 was prepared and made to 0.9% H>0. The solution was
added to the 96-well Dynatech Immulon2 plates via a
Transtar 96 (Costar) delivery system inside of a glove
box equipped with a Drierite drying column and circu-
lating blower. For each well of the plate, 100 ul. of
10 the TMS solution was added, and the plate was sealed
with an adhesive-backed cellulose acetate cover (Dyna—
tech) and incubated at 37°C for 6 hrs with gentle
shaking. After incubation, the plate seal was removed
and the-nitrating solution drained, followed by washing
15 with copious amounts of H,O.

The previously preoared nitrated plate was
shaken dry, and to each well was added 200 ul of 1.0 M
SnCl, in 6 N HCl. The plate was shaken for 2 hrs at
room temperature.and washed with copious amouhts of

20 H,0. The plates could be stored at 4°C over 0.2 N HCL
(200 ul/well) or used directly after the Hy0 wash.

The derivatized amine plate was shaken déy and
cooled to U4°C. A solution of 2% NaNO in 1 N HCl was
prepared at 49¢ (noxious odors produced),'and 200 ul of

25 this solution was added to the 96-well plates. After
shaking at 4°C for 30 min, the plate was shaken dry,
rinsed with cold (4°C) 0.01 N HC1, and treated with
various protein coating solutions.

35g-1abeled human IgG (Sigma) in 0.1 M borate

30 (Na*), pH = 9.2, was prepared in dilutions of 10, 1.0,
0.1 and 0.01 mg/ml. The 1.0, 0.1 and 0.01 mg/ml solu-
tions were also preoared with 0. 2% Tween'20 present.
The previously descrlbed derivatized diazonium plate
was treated 1mm°d1ately after preparatlon with the

35 protein solutlons at 4°C. ‘In-exactly 'the same manner,
o " an underlvatlzed Immulon2 plate was also coated at- Jec.. -
"After incubatlon for 96 hrs. the excess coatlng solu-



20 protein by nmeans of a tyrosine, the dye 3, 6-disul fona- tonaphthol -
was enployed. In this analysis, the sur- face is irradiated with soft
X-rays where ejected elec- trons are a function of the kind of atom hit by
the X- ray. The nunber of electrons of a given energy re- 25 fleets the

nunber of atons of a given type. The follow ng table indicates the
results. 30 19 TABLE 1

‘3 1
el ',’

tion was removed from tne plates and the wells wera
rinsed with PBS (7 x 15 ml) over the course of 43 hrs
at 4°C. The wells were then placed in scintillation

fluid and counted. The fdllowing Table 3 provides the
5 results.
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[err] 20 In the next study, binging of 35-nethionine-I|labeled avidinto
activated T-25 flasks is denonstrated. A [ 35S-net] -1 abel ed avidin
t-boc-[35S-Met h- ionine]l-Nsuccinimdyl ester (Amrershan), 830 Ci/nmole) 5
was used to | abel the E-am no groups of |ysine residues of avidin enploying
the reaction conditions of the sup- plier. The | abeled avidin was diluted.
into a 10ng/ M solution of avidin (Signa)zgn 0.1 Mborate buffer, pH

TABLE 3

10

2.08 (5.9)
0.46 (9.0)
0.35 (6.0)
0.18 (6.0)

POLYSTYRENE

15

o.oa(43.f
0.01 (8.3)
0.01 (44.)

c.0.2% THEEN(CV)NO TWEEN(CV)
n.a.

20

Table 3
SURFACE DENSITY = /n_;/cm2 a
23.6 (7.8)
4.37 (5.3)
0.81 (10.4)
0.28 (2.3)

DIAZONIUM

25

358-LABELED HUMAN IgG BINDING TO DYNATECH

BSURFACE AREA IN MICROTITER WELL IS 1,264 CM2

2.47 (2.0)
0.50 (3.5)
0.12 (5.6)

‘n.di

IMMULON 2 AND DIAZOTIZED IMMULON 2 MICROTITER PLATES

¢ 0,2% TWEEN(CV)NO TWEEN(CV)

i

30

10 mg/mL

1 mg/mL
0.1 mg/mL
0701 mg/mL

" 'COATING CONC.




9.3, to give a final specific activity of 428 dpm | : =
D azotization of T-25 flask containing surface anil g vial ent

attachment of [35S- net]-I|abeled avidin. 25 fl asks 5m
0.5 Mnitro- tetrafluoroborate in the presence or

water in TMS at 37[err] for 16 hrs. After decanti m and
t horough washing with distilled water, 5 nds of 1 M st annous in 6 N

HCl was added and the reaction allowed to proceed for 2 hrs at room
tenperature. The flasks weeeneashsdudiyt bn@oDtedl ke band@ngpoovkde the

ani no. functi onalj;zed 396EA95n £3°aAhA?ng-PHRSE YBRS15H2Y Ho35etipedebY
surface through the use of hydrazone links.
Following the procedure of O'Shannessy et al.,
5 Immunol. Lett. (1985) 8:273-277, a 2 mg/ml solution of
1gG (mono- or.polyclonal) in 0.1 M acetate (Na'), pH =
5.5, was cooled to 4°C. The solution was treated with

an appropriate amount of 0.25 M NaIOy in H50 to bring
the total Iou’ concentration to 10 mM, and the solution

10 was gently shaken at 4°C for 1 hr. The crude product
was purified by a G-10 spun column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml reaction mixture). The
void volume typically contains T0% of the original
protein in the same volume. The aldehyde solutions

15 were used immediately to avoid oxidation to the acid.

- To the oxidized IgG solution described abové
was added sufficient tartaric dihydrazide (Lutter et
al., FEBS Lett. (1974) 48:288-292) to bring the
concentration to 0. .5 M in tartaric dihydrazide. After

20 30 min with shaking, the solution became clear. The
reaction was stopped after 2 hrs by passing the solu~ -
tion through a G-10 spin column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml reaction mixture) followed
by dialysis at 4°C (0.1 M acetate, pH = 5.5, 1 L for 8

25 hrs and 2 L for 8 hrs). Final purification was
achieved with a G-10 spin column (0.1 M acetate, pH =
5.5) (10 ml bed volume/1 ml dialyzed solution). The
void volume was found to contain 50% of the original
oxidized protein with a slightly greater volume. The

30  solution was diluted to 0.1 mg/ml (4289 - 0.160) and
used to coat the aldehyde surface (see beloéj.

A solution of 0.25 terephthalaldehydé in
glacial acetic acid was éxposed'to an aminopolystyrene

surface (0.15 ml/cm®) prepared as described above. The

35 - reaction proceeded for-2 hrs at room temperature. The
. ._ solutlon was then remcved -and the surface washed w1th
absolute ethanol (1 m1/cm2) for - 15- min.,a total of 6.



tion of 5m 2% sodiumnitrite in cold (4[err]C 1;

Dy
gentle agitation on a platformrotator at 4[err] | rgsul ting
di azoni um functionalized 25 fl asks were rinsed wift i and 2.5
m cold 10 ng/m [35S-net]-1abeled avidin in 0. 1fM&%arate bu ¢r§ pH 9.3
was added. After gently agitating for 16 hrs at L.afkf contents

were aspirated, the flasks rinsed mnth 0. 1 NI borat t enper -

30 ature until the total_counts mg ?8 =) re
Approxi mately 3 %*miSSUbTﬁﬁl?grg?c?héaﬁﬁuﬂdpgvfﬁ} PRIFEnbGRE- byAfter
treatment with 2cbn$ibgo sodeuridodeayFesultani/¢6DS) P01 1MMadet bt et hpéi tol
(DTT) for 48 hrss?é)rPRH1E8FP§E§tH5§-tr§§§8Q PHnLBE2ERTVT GEOKELRE HBc

hydrazide.

5 The IgG hydra21de (0 1 mg/ml, 0.1 M acetate,
PH = 5.5) was coated onto the previously prepared alde-
hyde surface (0.10 ml/cmz) by gentle shaking or rolling
for 14 hrs at room temperature. Depletion of the pro-
tein could be monitored by reduction of the 224 nm

10 absorbance of the IgG hydrazidé. The surface was

rinsed with PBS 5 times (1 ml/cm®) and stored at U4°C
until needed.

Alternative Procedure

15 A 0.5 M solution of tartaric dinydrazide in
10% aqueous acetlc acid was coated onto the previously
prepared aldehyde surface (0.15 ml/cmz) for 2 hrs at
room temperature. The solutlon was drained off and the
surface washed wfth copious amounts of H,O.

20 A O. 1 mg/ml solution of oxidized IgG in O. 1 M.
acetate, pH = 5.5, was coated onto the previously pre-
pared aldehyde/hydrazide surface (0.10 ml/cm?) by incu-
bating with gentle shaking at room temperature for 18
hrs. The solution was drained and the surface washed

25 with PBS 5 times (1 ml/cm?) and stored at 4°C until
needed. ' |

" In the next study, polystyrene beads were
functionalized with immunoglobulin.
Following the previously described procedure,

30 polystyrene beads (1/4 and 1/8 inch diameter, specular
finish) were amine functionalized. A portion of the
beads were diazotized and 3 gfoupé of beads, untreated,
amine functionalized, and diazotized, were incubated
for 16 hr at 4°C with 10mg/ml [358—met]—labe1ed human

35 IgG (3°s-1gG] in 0.1M borate buffer, pH 9.2. After the

 reaction, the [35s-IgGcl-labeled beads were ‘washed ex- -
haqsn;yeiyJan 4eoC with 0.1 M borate buffer, pH 9.2,



35 the SDS/DTT eluate and the specific activity of the [35S-net]-| abel ed
avidin, the anmount of avidin cova- |lehtly bound to the activated T-25 fl ask

was calcu- lated. The follow ng table indicates the results. 2 1 TABLE
2 [err] '

-~

N
<

containing 0.5 M NaCl. Washing was continued until the

total wash counts per 2 hrs wash dropped below 200 dpm

for untreated beads and 2000 dpm for diazotized

beads. The amount of [358—1301, specific activity 1.48
5 dpm/mg'was determined by counting the beads directly in

Opti-Fluor (Packard). Results are shown in the
following table. '

- Table 4
10 Binding Of 3SS—IgG to Activated Polystyrene Beads

Untreated Amine ‘Diazonium
1/4% in. 1/8 in. 1/4 in. 1/8 in. 1/4 in. 1/8 in

15  dpm x 10”3/bead  3.640  0.7905 6.165  1.309 405.2  93.40
Area/bead (cm®)  1.267  0.3167 1.267  0.3167  1.267 0.316
Density (ug/em?)  1.94 1.69 3.29 2.79 216 199
Denity Ratio 1.00 1.00 1.70 1.65 111 118

20

In the next study, antibodies were bound to
amine functionalized T-25 flasks providing for high
levels of available binding sites.

In a T-25 flask was combined 50 mg of p-

25 formylbenzoic acid (FBA) and U450 mg of tosylate N-cy-
clohexyl, N'-(N''-methyl morpholino-2-ethyl) car-
bodiimide in 10 ml of TMS and the mixture sonicated for
30 min. The FBA functionalized flasks were contacted
with sucecinic acid dihydrazide (0.2 M) in glacial

30 ' acetic acid for 2 hrs at room temberature on a platform
rocker. The flasks were then washed 5 times with
distilled water, 3 times with 0.1 M borate buffer, pH
9.2, 3 times with distilled water, 3 times with
iéopropanol, and 3 times with distilled.water. The

35 flasks were stored at room temperature with acetate

" buffer (0.1 M, pH 5.5) until used.

10 AUG 1996
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22 In the next study pol ygl utaral dehyde was enpl oyed as the bridging group.
Pol ygl ut ar al dehyde (PG was prepared according to the procedure of Renbaum
et al., J. Inmmun. Methods 5 (1978) 24:239. The product was vacuum dri ed
at 90[err] to conplete dehydration and renove residual nononeric gl u-

taral dehyde. The dried PG was dissolved in dry TMS at 37[err] to give a 10
mg/ m solution. Into T-25 am ne func- tiopalized flasks was introduced 5n
of the TM5 solu- 10 tion and the flasks incubated at 37[err] for 16 hrs.

After rinsing with war mIMS-2ad-§1 fbhbbedn¥e! #ht 180891 wel b35&178kI ababel ed
avidin in 0.1 Mborate buffer,

descrlbed above’ and conjugated to form the hydrazone as
described above. The resulting anti-Leu-1 conjugated
flasks were then used in the following study.

5 Monocyte-depleted peripheral blood lymphocytes
(PBL) were prepared from human blood as follows. Buffy
coat cells were added to 75 ml HBSS-E (Hank's Balanced
Salt Solution with 1mM EDTA) and mixed well. The
blood-HBSS-E solution was then divided into ¥ aliquots

10 . and placed into 50 cc clinical centrifuge tubes. The
solution was underlayered with approximately 14 ml of
pre-warmed Histopaque. The cells were centrifuged at
1500 rpm (J6B6 centrifuge) for 30 min at room temper-
ature. The interface layer was harvested and the cells

15 washed once with HBSS-E. After centrifugation at 1000
rpm for 10 min at room temperature the supernatant was
aspirated and the cells cooled. The cells were then
washed 2 more times then re-suspended in HBSS-CMF
(Hank's-calcium and magnesium free) plus 1% serum

20 without EDTA then transferred to T-75 flasks. The
flasks wére incubated on their sides for 30 min at 37°C
to allow monocytes to adhere to the surface. After 30
min, non-adherent cells were removed by gently swirling
the contents of the flasks. The flasks were washed,

25 twice with HBSS-CMF and the non-adherent cells col-
lected by centrifugation at 1000 rpm for 10 min at room
temperature. The cells were then re-suspended in HBSS-
E containing 1% serum. The cells were then seeded into
T-25 flagks, 2.5 x 107 cells per flask. The flasks

30 were incubated on their sides for 1 to 2 hours at room
temperature with gentle swirling of the cell suspension
at 20 to 30 min intervals. At the end of the incuba-
tion_period the non-adherent c¢ell suspension was '
removed and the flask washed 3 times with HBSS-E to

35 ‘remove remaining non-adherent cells.




9.3, was added and the flasks incubated for 16 hrs at roomtenperature.
After thorough washing with 0.1M 15 borate buffer, pH 9.3,
[35S-net] -1 abel ed avidin sub- units were released with 6% SDS/ 0. 1M DTT as
previ ously described and the radioactivity counted. The cal cu- | ated anount
of bound avidin in the PGtreated flask appears in the above table. 20

The above experinent was repeated using [§pS- nethionine] in place of the
avidin. The polyglutaral - dehyde derivitized flasks were incubated with 5
m of 0.1 M:355]-nethi afites amduﬁaﬁldgﬁhﬂﬂbbempté@ﬁé@dt@f@”tor 1.5

Lg?ﬁigﬁfggophngr W?Q%E%ﬁ%e %% %%é?g? ?LP éggakgdzésc scribeyI
above, with mixlng every 20 min.. non-adherent cells
were recovered for staining. Adherent cells were

5 counted. 25 x 108 cells were introduced with 99%
viability. 20 x 106 cells were bound to the flasks.
The non-adherent cells were analyzed by fluorescence
activated cell sorting (FACS) which showed a 98.7% and
95% depletion respectively of Leu-1 and Leu-U4-positive

10 cells. After 4 mM magnesium chloride elution some of

the flasks were reused with 20 x 106 PBL (monoocyte-

depleted). 99% and 91% depletion of Leu~1 and Leu-4§
positive c¢cells was achieved.

It 1s evident from the above results that the
subject invention provides a substantial fmprovement
over previously available solid substrates, particular-
ly as containers, slides, beads, wells, or the like.

By use of the methods described, high concentrations

of substanoces can be applied to the surface in a non-

diffusive manner to insure the retention of the subd-
stances at the surface. Thus, small volumes may be em~-
ployed for high efficfency and sensitivity in deteramin-
ing or isolating a wide variety of compounds of inter-~
eat. The amino functionality {s a very versatile funa-
tionality, so that relatively easy procedures may be
developed for linking various functionaljities to the
surface, either direcgtly or throggh & apacer arm. By
virtue of being able to achieve high clarity, reaotions
can be observed, cell growth can be observed, and can

30 ve transmitted through the surface and be measured,

providing for greater efficlency and sensltivity. 1In

addition, desirable orientations of ligands and recep-
tors can be achieved to provide for high levels of
epitopes and binding s{tes.

15

20

25

35
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hrs. After washing with 0.5 MNaCl, the flasks were rinsed with distilled
wat er, dried and broken. Flask bottom pi eces were recovered, weighed,
counted. Fromthe known weight of the flask bottom (3.2 g/25 30 cnR), the
specific activity of the [35S-nethionine] and the counts recovered, the

anount™~of nethionine co- valently attached to the flask bottom was
calcul ated to be 43 nnol es/cnferr] 23 Tiwe next study involved the use of
| nmrul on 2 _

and

It i{s evident from the above results, that the
subject invention provides for substantially improved
soild substrates for use in a wide variety of applica-
tions. A high proportion of the available aryl groups

5 present on the surface may be functionalized, so that a
large number of moieties of interest may be joined to
the surface, either covalently or non-covalently, to
provide solid surfaces with a high degree of function-
alization. In this manner, a variety of processes,

10 diagnostic, therapeutic, proceasing, or the like may be
carried out with greater efficiency, using smallser
volumes, and having i{mproved results.
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pl ates (Dynatech). A solution of nitroniumtetrafluoroborate (Fluka, 0.5 M
i*n tetramet hyl enesul fone (TMS, Phillips) 5 was prepared and nmade to 0. 9%
H err]0. The solution was added to the 96-well Dynatech | mmul on2 plates
via a Transtar 96 (Costar) delivery systeminside of a glove box equi pped
with a Drierite drying colum and circu- l|ating bl ower:
the plate, 100 [err]l. of 10 the TMB sdékution wes | at e .
was seal ed with an adhesive-backed cellul ose acetate m,m&&ﬂﬂtﬁ ) | and
i ncubated at 37[err]C for 6 hrs with gentle shaking. Artet

pl ate seal was renoved and the nitratin" solution drained, followed by'
washi ng

1. An article comprising a surface function-
alized polyaryl addition polymer having at least about
5% of the aryl groups to a deptn of 100&, as determined
by ESCA, substituted with a polar group, with the

5 remaining aryl groups substantially unsubstituted with
said polar groups.

.2. An article according to Claim 1, wherein
said polar group is amino, hydroxy or mercapﬁo.

3. An article according to Claim 2, wherein
10 a ligand, receptor or nucleic acid is covalently joined
to said polar group directly or through a spacer arm.

_ 4. An article comprising a functionalized
polystyrené having at least about 25% of the styryl
groups at the surface functionalized, capable of being

15 prepared by a process comprising:
‘eontacting a surface of said polystyrene with
an electrophilic substituting agent comprising a
polyhalo complex anion as the counterion toc said

electrophilic substituting agent in tetramethylsulfone

20 in the presence of from about 0.1 mol% to about t mol%
based on said electrophilic substituting agent of an
OXy polar compound.

5. An article according to Claim 4, wherein
said oxy polar compound is water.

25 6. An article according to Claim 5, wherein
said water is present in at least 0.5 mol}%.
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15 with copious anounts of Herr]0. The previousL¥_pL§Q§L§9_%L%L%;§d
pl ate was shaken dry, and to each well was added 200 [err]l
SnCl[err] in 6 NHC. The plate was shaken for 2 hr mml Mﬂmture

and washed wi th copi ous anbunts of 20 H err]O.
stored at 4[err]C over 0.2 N HO (200 [err]l/mell) or used difreétly after
the H20 wash. The derivatized anine plat’© was shaken dry and cooled to

0

otor s produced) . and 200 Terr it ot e 1e o REREE Aad it {6t he
96-wel | pl ates. alAdfzas %?ﬂa)kf‘rfmgf‘%ﬁe At i aC Ftorl 3G tniabouthe? 5 aife s¥es shaken
dry, rinsed withwolyd (daupd Qe G Mitdoe FUhdUiAHLAGL Md D capable of
being prepared by é process comprising:

contacting a surface of said polystyrene with
a nitronium nitrating agen; comprising a polyhalo com-
Plex anion as the counterion to said nitronium agent in
tetramethylsulfone in the presence of from about 0.1
mol% to about 1 mol% based on said nitronium dgent'éf
10 an oxy polar cbmpound to provide nitro groups; and

reducing said nitro groups to amino groups.

8. An article according to Claim 7, wherein

said article further comprises a ligand, receptor or

nucleic acid bound to said surface through said amino
15 group.

9. A method for producing an article com-
prising a functionalized polystyrene having at least
about 25% of the styryl groups at the surface function-
alized, said method comprising:

20 contacting a surface of said polystyrene with
an electrophilic substituting agent comprising a poly-
halo complex anion as the counterion to said electro-
philic substituting agent in tetramethylsulfone in the
presence of from about 0.1 mol% to about 1 mol% based

.25 on said electrophilic suﬁstituting agent 6f-an oXy
polar compound. '

10. A method according to Claim 9, wherein
said electréphilic substituting agent is a nitronium
nitrating agent to provide nitro groups.

30 11. A flask or bead prepared according to a

3
‘method according to claim 9 or claim 10.
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vari ous*totein coating solutions. 35S-1abgled human 1gG (Signma) in 0.1 M
borate 30 (Na), pH = 9.2, was prepared in dilutions of 10, 1.0, 0.1

and 0.01 ng/m. The 1.0, 0.1 and 0.01 ng/m solu- tions were also prepared
with 0.2% Tween 20 present. The previously described. derivatized di azoni um
plate was treated i medi ately after preparation with the 35. protein
solutions at 40[err]C. In exactly the sarm¥ manner, an underivatized

| mul on2 plate was al so coated at 4[err]C. After incubation for 96. hrs.,

t he excess coating sol u- ABSTRACT

ACTIVATED AND CONJUGATED POLYARYL SUBSTRATES

Solid substrates and methods for their prepar-
ation are provided, where 2enhanced functionalization of
solid substrates is achieved, so that higher levels of
binding of a wide variety of moieties can be obtained.

5 The surface is nitrated with a nitronium agent, where'
the nitro groups may be modified in a variety of ways
to serve as sites for linking. The resulting solid
substrates find use in therap}} diagnosis and
processing.

i
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- TpF3asd wPos
tioh was renoved fromthe plates and the wells were rinsiﬁhﬁ£t§¥§§§ ﬁi X 1?
m ) over the course of 48 hrs at 4[err]C. The wells were en- d .
Scintillation fluid and counted. The following Table 3 provides the 5
results. 10 15 20 25 30 1

ACTIVATED AND CONJUGATED POLYARYL SUBSTRATES

= e o e rt————

SG

o UThis i nvention.x
solid substrates, methods for their pre- -

paration and conjugation of the functionalities to a
wide variety of compositions. Articles of this type

5 find extensive use in diagnoéis, therapy, processing,
as well as other applications, where binding of a par-
ticular moiety to a solid surface is desired.

Background
Solid surfaces play a significant role in the
10 ability to separate a component from a mixture of com-
ponents, to localize one or more moieties to a specific
area, to investigate characteristics of varibus mole-
cules, molecular aggregations, cells or tissue, or in
other situations where having a moiety in a defined
15 region, optionally in relaéioh"to a particular medium,
is of interest. Thus, solid substrates find applica-
tion in diagnoétics, for haptens, antigens and nucleic
‘acids, affinity chromatography, apheresis, cytophoresis
as well as oqher applications. There are many charac-
.20 teristics of interest with the solid substrate, such as
degree of non-specific binding, clarity, ease of fabri-

cation, and availability. The characteristics are of
varying importance, depending upon the particular
application. For purposes of the subject invention

25 important characteristics include the ease with which
functionalities may be introduced, the convenience of
such functionalties for linking other groups, the
interaction between such functionalit{es ahd the moie-
ties attached to such functionalities, the density of
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TABLE 3 [err] 51 0 25 The next study involved the binding of an

i mmunogi obulin to an am no-functionalized pol ystyrene surface through the
“use of hydrazone links. Follow ng the procedure of O Shannessy et al., 5
| mrunol . Lett. (1985) 8:273-277, a 2 ngfénl sol ution of

10

15

20

25

30

functionalization available for linkage, reproducibil-
ity of the functionalization and the methods employed
for linkage. There is also an interest in being able
to easily view the contents of a container, such as a
bottle or flask.

In many situations, it is highly desirable to
have a high density of a particular moiety on the sur-
face. By having a high density a éreéter number of
interactions can be achieved in a predeterminediéuiface
area. This allows for smaller volumes to be used,
shorter contact times, greater intensity of signal, as
well as other advantages.

There is, therefore, a continuing interest in the

problem of developing new methods and compositions

which allow for improvements of solid substrates. Such
improvements can have effects on the sensitivity and
efficiency of diagnostic assays, the efficiency of sep-
aration of components in a complex mixture, the ability
to pack particular moieties into a small surface area,
as well as other improvements.

. Literature References

Olah et al., J. Am. Chem. Soc. (1962) 84:3687
reports nitration iﬁ—teébamethylenesulfone. Function-
alization of polystyrene is described in U.S. Patent
Nos. 3,956,219; 3,886,486; 3,974,110; 3,995,094; and
4,226,958. Linking through a Schiff's base to a solid
support is described in U.S. Patent Nos. 4,419,444 and
4,217,338.

In the invention, functionalized solid articles
comprising addition-polymerized aromatic monomers are pro-
vided. The preferred articles are polynitrilo substi-
tuted substrates produced by nitration of the aromatic
polymer surface by an electropnilic agent, particularly
a nitrating agent, in a solvent substantially incapable




| gG'(nmono- or polyclonal) in 0.1 Macetate (Na+), pH = 5.5, was cooled to
4[err]C. The solution was treated wth an appropriate anount of 0.25 M
NalJerr] in H20 to bring the total I0[err]- concentration to 10 nM and

t he solution 10 was gently shaken at 4[err]C for 1 hr. The crude
product was purified by a G 10 spun colum (0.1 M acetate, pH = 5.5) (10 n
bed volunme/1 m reaction mxture). The vd d vbl une typically contains 70%
of the original protein in the same volune. The al dehyde solutions 15

were used i miedli@Esalving &he dolymend gentrimng@ enagld dwount kel | gG
sol ution descri bed above was added sufficient tartaric dihydrazide (Lutter

et al., FEBPASN cqominatinodgent) A Sukstantial proportion, at
least 5%, of the aryl nuclei are substituted with the

5 relevant e.g. nitro groups. Nitro groups méy then be
reduced to nitrilo groups; particularly amino groups or
otﬂér reduced nitrogen groups which may serve aé'&-site for
linkiﬂg to a wide variety of molecules. The resulting solid
substrates may f£ind particular use for separations or high

10 density packing of a moiety of interest.
EP-A-0145386 discloses a method of derivatizing only
the surface of a polymer containing aryl groups, by

introducing substituents into at least some of the aryl

'groups on the surface of the article. The derivation can
15 be obtained by using Lewis acid catalysts or Friedel
Crafts reaction. As previously discussed it may be

desirable to provide a higher density of substitution.

We have found that a highet density of substitution

can be achieved by using an oxypolar coﬁpound such as water
20 in the e;ectrophilic substitution step.

In one aspect the present invention provides a method
to functionalise a solid substrate comprising addition
polymerised aromgtic monomers wherein said surfaces are
highly functionalised and wherein the resulting -

25 functionalised substrate is optically clear which method

comprises:
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contentration to 0.5 Min tartaric dihydrazide. After 20 30 mn with
shaki ng, the solution becanme clear. The reaction was- stopped after 2 hrs
by passing the solu- tion through a G 10 spin colum (0.1 M acetate, pH =
5.5) (10 m bed volume/1l m reaction mxture) followed by dialysis at
4[err]C (0.1 Macetate, pH= 5.5 1 L fqQr <8 25 hrs and 2 L for 8 hrs).
Final purification was achieved wwth a G 10 spin colum (0.1 M acetate, pH

= 5.5) (10 m bed yohtaBLing! tHbakyELacs 0kt EQDN. polPEryQi davakiem was
found to contain 50% of the original oxidized protein with a slightly

greater vol unpolyer 3@ith &okubsobtuedngi ébéetrbph@licnggeht(4832dind+:a0)
and used to coat the al dehyde surface (see bel ow).
with an anion which exhibits ionisation in a solvent so
5 that the electrophilic agent is a cation and wherein the
polymer is neither soluble nor swelled in said solvent, so
as to effect functionalisation of the aryl groups at the
surface with said cation.
The solvent further contains an oxypolar compound
10 capable of displacing both the anion and. the salvent from
co-ordination with the electrophilic agent wherein said
oxypolar cbmpbund is present in a mole ratio to the
electrophilic substituting agent of 0.05 to 1.
The present invention also provides an article
15 obtainable by the above method wherein at least 5% of the
aryl groups to a depth of 1004, as determined by electron
spectroscopy for chemical analysis (ESCA), are
functionalised with said electrophilic agent and the
remaining aryl groups are substantially unsubstituted.
20 Preferably at least 25% of the aryl groups on the
surface are substituted with the electrophilic agent.
Preferébly functionalised aromatic substrates are
provided, where substantially the entire surface of a solid
polyaromatic substrate is functionalized. Highly
25 functionalized surfaces are achieved employing

electrophilic agents capable of aromatic electrophilic

e
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A sblution of 0.25 terephthal al dehyde in glacial acetic acid was exposed to
an am nopol ystyrene surface (0.15 m/cnierr]) prepared as descri bed above.

"The "35 reaction proceeded for 2 hrs at roomtenperature. The solution
was then renoved and the surface washed with absolute ethanol (1
m/cnferr]) for 15 mn, a total of 6. tinmes. The surface gave a

positive Schiff test. After rinsing once I th buffer (1 M/cnferr], 0.1 M
ﬁ;gﬁg;?aePH :sébg%igggiggtfgggt¥@§lg£f§tSdnﬁggEQEﬁﬁegﬁeWEahaEB?a!%glvent
which is relatively non-polar and in which the polymer is
substantially immiscible and not swelled. Included in the
5 reaction medium is a small amount of a polaf'substance,
particularly a hydroxylic compound, which can coordinate
with the electrophilic agent.™~ S
The solid substrate will be a homo- or co-polymer,
usually non-cross-linked or having a low level of cross-

- 10 -links (< 2.0% polyene monomer) wherein at least 50 mol%,
more usually at least 80 mol% will be aromatic addition
polymerizable hydrocarbon monomers, particularly having
aryl groups of from 1 to 3 rings and having from 0 to 1
alkyl substituents, from 1 to 3 carbon atoms, usually at

15 other than the gggg-position. For the most part, the
substrate will be polystyrene which is produced in
accordance with conventional ways and appears in a variety
of forms, such as vials, microtiter plates, Petri dishes,
plates, containers, or fabricated articles. Instead of

20 containers, the solid substrate may be e.g. particles,

hollow fibers, strands, chopped strands or membranes.
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5 The 1gG hydrazide (0.1 ng/m, 0.1 Macetate, pH = 5.5) was

coated onto the previously prepared al de- hyde surface (0.10 m/cnferr]) by
gentle shaking or rolling for 14 hrs at roomtenperature. Depletion of the
pro- tein could be nonitored by reduction of the 224 nm 10 . absorbance of
the 1gG hydrazide. The surface was rinsed with PBS 5 tines (1 ni/cn2) and

stored at 4{fﬂ%2§bﬂfﬁéfdﬂ gﬁaz|g%teﬁ8§aéae Bieeade6e oS machined A 0.5

M sol ution % a ueQus acetic acid was coated’

onto the pre¥5eRElY %@%ﬁb?éﬂgaiﬁeﬁyﬂéeéﬁrF&&é tyely FReelte SYHEASHE. 2 hrs
at roomtenperature. ghe gRLULLOD YRSt Ira1Bedr8phi 28 LBEnts are
5 employed, particularly hitrating agents, where the ni-
tronium ion is coordinated-with an anion which allows
for significaht ionization in the solvent medium, parJ
ticularly a complex aniqn, more particulariy a poly-
halide anion. Illustrative polyhalide anions include
10 tetrafluoroborate, antimony hexafluoride and phosphorus
hexafluoride.

N The solvent will be one in which the polymer
is neither soluble nor swelled, particularly tetrameth-

15 ylenesulfone (TMS). 1Included in the solvent will be a
polar coordinating compound, which is able to coordi-

nate with a nitronium ion. Conveniently, water may be
used, but other oxy compounds may also find use, such
as methanol. The polar compound_should be capable of

20 displacing both the anion and the solvent from coordi-
nation with the nitronium ion. The polar component

will preferably be present in not greater than about
equimolar amount to the nitronium ion concentration,
usually present in at least 0.05, more usually in at least

25 0.25, and generally at least 0.5 times the molar
concentration of nitronium ion.

' The .nitronium ion will generally be at a concentration
of least 0.05 M, usually at least 0.1 M, and usually not
greater than 0.8 M. The particular concentration is

30 primarily one of convenience, so long as there is a
sufficient amount of reactant to substantially completely
functionalize the polymeric surface.

The temperature of the reaction will vary with the
nature of the reagent, generally being at least 4°C, and

35 not more than 60°C, usually not more than 40°C, preferably
ranging from 30°C to 40°C. The time for the reaction will
vary with
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surface washed with copious amounts of Herr]0. 20 AO0.1 ng/m
.solution of oxidized IgGin 0.1 Macetate, pH 5.5, was coated onto the.
previously pre- pared al dehyde/ hydrazi de surface (0.10 m/cnierr]) by incu-
bating with gentle shaking at roomtenperature for 18 hrs. The sol ution was
drained and the surface washed 25 °~ witR PBS 5 times (1 m/cnferr]) and

Functi onal | redVBFEh SHARAHAIRARn OR8PS AGLETREn SRt abrYRGe gt | bed .
procedure, - 30 1ighool trsdnynding ededthe oighd thadeddBaimexh diozyebeae, magecul ar -
finish) were afjpe {INGldQRA 'eiehts” oRBUbLPRE fn (1o contatner, such

as cell proliferation, plaque formation, cell viabil=

5 {ty, or agglutination. - For these purposes, the nitro
group will usually be modiffied to provide a more conve~
nient functionality for linking -various compounds.

" In these applicetions, one {s usually con-~
Gerned with the effect of irradiation on a sample,

10 where & sample aay absorb light, fluoresce, or alter-
natively, a chemiluminescent reaction may be favolved, -
where the sample will emit light.

- " THe nitro groups are capable of undergoing
reactions- through ‘{nterzediate reduced ‘states to pro-

15 vide & nitrilo group such as nitroso, oxime, azoxy,

' azo, hydrazino or amino, depending upon the particular
conditions which are employed. In some instances where
the product hes two mitrogens, the nitrated surface may
be reacted with & second nitro compound, so that a

20 mixed product will be obtafined connacted by a nitrogen
bridge having from one to two nitrogen atoms, or, al- .
ternatively, an amino compound may be employed whioh
oan react with an intermed{ate.partially reduced funo-
t{onal{ty, such as nitroso, where the nitroso group may

25 reaot with the amino group to form an azo group. Of

. particular {ntereat ‘are the diaza {(-N-N-) groupé. suoh
as diazo, ‘hydrazone, semicerbazone and hydrazino.

Most of the conventional reagents employed
for reducing nitro groups can be emplofed with the

30 nitrated substrates. These reducing ageqts include
caéalytic hydrogen, e.g. with platinum or palladium;
stannous chloride; sodium dithionite;
metal, e.g. zinc, {ron, or tin -acid or -water couples;
Al(Hg)~ad. ethanol; alumfinum hydrides; botohydrides;

35 ammonium sulfide; sodium arsenite; electrolytic

reductfoa-
Depending upon the nature of the function-
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beads were di azotized and 3 groups. of beads, untreated, am ne
functionalized, and diazotized, were incubated for 16 hr at 4[err]Cwth

10ng/'mM [35S-net] -1 abel ed human 35 lgG [35S-1gF in 0.1M borate buffer,
pH 9.2. After the reaction, the [35S-1g{-1abel ed beads were washed ex-
haustively at 4Cwith 0.1 M borate buffer, pH9.2,' containing 0.5 M

dr opped bel ovA3bB7aprrspianaaboppantl 53 LEHCL S S ADR zoa -
beads.  The amompounfis| 85Sihg&estpbei the selidisubsikriEe surface,
while still retaining clarity of the solid substrate.
The reaction of nitroso groups with amines has already
5 been indicated. Aryl amines are known tQ_undérgo a
wide variety of reactions. The aryl amines may be acy-
lated under a variety of conditions, using the non-oxo-
carbonyl (carboxy carbonyl of functionality) such as
acyl halides, anhydrides, active esters, such as.égggf
10 nitrophenyl, N-hydroxy succinimidyl, and p-nitro - o-
chloro - phenyl, or carboxylic acids activated with
activating agents such as carbodiimides.
The amino group may be reacted with a nitroso
compound to form an azo linkage. Amino halides may be
15 employed to form-hydrazines.with-the amino group.
Aldehydes or ketones may be reacted, particularlj under
reducing conditions, e.g. sodium borohydride, to form
imines or alkylated aminés, respectively.
Amines may be diazotized, where the amines may
20 be substituted with a wide variety of functional
groups{ such as halides, acyl groups, OXy groups, mer-
capto groups, cyano groups.or silyl groups.
Alternatively, the azo group may be coupled
with an activated aromatic compound, such as a phenolic
25 or a N,N-dialkylaniline compound. Additionally, tyro-
' sinyl compounds may be coupled with diazo groups, where
the tyrosing may be part of a larger molecule, such as
an oligopeptide or proteini Instead of tyrosine, vari-
ous purines or pyrimidines may be coupled with the azo
30 group, where the purines or pyrimidines may be mono-
meric or part of RNA or DNA single stranded or double
stranded chains.
Furthermore, the amino group may be function-
alized to provide various reactive functionalities,
35 such as isocyanate, urethanes or cyanamides,
where the functionality may be reacted with alcohols,
amines, or thiols to form urethanes and ureas.
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5  dpm ny
(Packard) .-
Binding O 3
Di azoni um 1/
10[ err]/ bead

(Cﬁ[e”])

3 29 2.7
1.65 111

was determ ned by counting the beads directly in Opti-Fluor
Results are shown in the followng table. Table 4 10
55-1gG to Activated Pol ystyrene Beads Untreated Am ne
4 in. 1/8 in. 1/4 in. 1/ in. 1/4in. 1/8 in 15 dpm x
5. 640 0.7905 .6.165 1.309 405.2 93. 140 Area/bead
1.267 3167 267 316 1>

Bast48dgor abEh orfudSroyadedlis 500t " 1 oo
Be préflred asl9AdDeatey,Rari @lternativély by 1tH® re-~ 1.70

duc%%gnzgf the diazo group, where the hydrazino group
may also serve as a site for linking. Hydrazino groups
can be oxidized with a variety of agents to fo?m diazo
groups or with nitrogen oxides to form azidé, where the
azido group under Qy—irradiation forus nitbene. The

- highly reactive nitrenes will insert into a wide vari-

10

15

20

25

ety of compounds, particularly unsaturated compounds,
both aliphatic and aromatic. Thus, aziridines may be
formed which may serve as a'site for bonding of a
compound to the substrate.

Because of the significant interest in cou-
pling peptides to the surface, a number of specific
linking groups or spacer arms will be preferred for
linking the peptide or other moiety to the surface.

One group of linking group reagents will involve car-
boxyl groups resulting in amide formation. The carbox-
ylic acids will be functionalized with a variety of
active functionalities to produce covalent bonds with
peptides, as they naturally exist or have been modified
to provide a coupling site.

The functionalities for linking include alde-
hyde, carboxyester, haloacetamido; mercapto, and di-
thioether. The carboxylic acid group may be further

' Substituted with eg. oxy groups, hydroxy or ether,

30

35

cyano, subst;tuted' amino free of hydrogen atoms, and
quaternary ammonium. The hydrocarbon chain may be
aliphatic or aromatic.

Specific linking reagents include p-formyl-
benzoic acid, N-succinimidyl tartarate, mono-hydrazide
of tartaric acid, p-iodoacetamidobenzoic acid, 3-
mercaptopropionic acid, and S-a-pyridyl-3-dithio~
propionic acid.

Reagents other than carboxylic acids may be
employed to provide stable linkages, such as poly(dial-
dehydes), e.g. polyglutaraldehyde, where the amino
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In the next study, antibodies were bound to amine functionalized T-25
flasks providing for high levels of available binding sites. In a T-25

fl ask was conbi ned 50 ng of p- 25 formyl benzoic acid (FBA) and 450 ng of
tosyl ate N-cy-. clohexyl, N -(N -nethyb nor phol i no-2-ethyl ) car- bodiim de
in 10 Ml of TMS and the nixture sonicatfed for 30 min. The FBA

functionalized flas X c is S -] j j zide (0.2
in glacial ﬁ‘OJP Zac&éfsl ﬁ??lgﬁ%tgﬁ %%ﬁri\sﬁﬂlgp'r g%%v?grgrpgggtgﬁ?gegﬁﬁg pl at 1£ orm Y
rocker. Theldfhigkgmeips thean furdhed searkd8nwith distilled water, 3 tinmes

With 0.1 Mborate buffelaaditib, the! biithoWgrbupl byl bedepeistend-times
ly diazotized and the resulting diazo group used in a
5 variety of ways. Diazo_groups may be substituped with -
oxy or thio functionalities, to produce functionalities
which may be linked to a variety of groups, may be
reacted with nucléBphilic functionalities such as Rhe—
nols, anilines,and amino, to form a bridgé; or méy be
10 reduced to a hydrazino or amino group. The bridge may
be relatively short or long depending on the purpose
for the support.
Illustéative linking groups include bis-p-
hydroxybenzamide of diaminopolyethyleneglycol, where
15 one phenolic group is coupled to the diazo group and
the other phenolic group may be coupled to nucleic
acids or proteins through a g;di(diazo)benzene or
p,pt-di(diazo)biphenyl. The diazc group may be direct-
1y coupled to a protein through a tyrosyl group. The
20 phenolic group may be extended with ethylene oxide to
provide a linking group, which may terminate in an
amino functionality. This bridge may find application
in in situ peptide éynthesis. The hydrazino group may
be coupled, as may an amino éroup, to a glycol cleaved
25 glycoprotein, to form an imine or Schiff's base, which
‘'may be reduced to a methylenehydrazine or -amine. The
hydrazine may be coupled with glyoxylic acid, leaving
the carboxyl functionality for linking.
The mercapto group may provide a thiol for
30 1linking or the diazo group may be substituted by a
mercapto group to form a thioether, such as reacting
the diazo group with dithioerythritol.
Other bridging or linking groups employing
different synthetic scenarios may also be employed.
35 The literature has -an extensive variety of reagents and
procedures for coupling molecules, such as proteins,
lipids, saccharides, nucleic acids and small naturally
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| sopr opanol ,

stored a

Anti - Leu-1 nonocl onal

t

and 3 tines wth'distilled water.
roomtenperature wth acetate buffer
anti body was oxidi zed as descri bed above and

The 35
(0.1 M pHS5.5) until, used.

fl asks were

conjugated to formthe hydrazone as descri®ed above. The resulting

anti-Leu-1 conjugated flasks were then used in the follow study. 5
Monocyt e- depl ePEGUSEEREhEF af YREBBEL ¢ yARIRRYAES Y PHYnGidiod g‘é;deﬁ'%d”?

rom

human bl ood as f ghlrewee .Buffy coat cells were added to 75 ml HBSS-E (Hank's
The bridging or linking groups may be a single
bifunctional group, an oligomer or polymer, such as
poly(amino acid), polyurethane, polyurea, polyalkylene

Bal anced

10

15

20

25

30

35

oxide, polyester, polyamide or nucleic aecid. . -+~

"
L
H

In some situations it may be desirable to havé a cleav-
able linkage, o that a bouqd-moleeule may be freed

from the surface.
cleaved by eg.

conveniently

Linkages may be employed which@?re

reduction,

ewmploying

enzymatic

oxidation,

hydrolysis,

catalysis. The

linking group may therefore include specific recogni-
tion sites for such enzymes as dipeptidases, eig. KEX1,
collagenase, papain, neuraminidase, amylase, oﬁhéf '
endosaccharidases, endonucleases, phosphatase, pyro-
phosphatase, where the linkage involves eg. and amide,

ether or phosphate ester.

include eg. disulfides,

carboxylate ester.
will be selected to avoid the presence of the same or
similar cleavable groups present in the moiety to be

released.
‘The subject products, by being coupled to a
wide yariety of substances, can find extensive applica-
tions in eg. diagnosis,-therapy processing and synthesis.

The

. I3
various groups

The

of

peroxides,

cleavable

interest

acetals,

Chemically cleavable bonds

azo, and

linking group

may

be linked

directly to the functionality bound to the aryl carbon

atom or a spacer or linker arm may be used.
spacers find use where steric hindrance may be of con-
cern, where separation of the group from the solid sub-
strate is of interest, or where the spacing may provide

an environment of interest for the group, such as po-
larity or charge. Usually, linking groups will be from 1

The

to 30 atoms or greater, more usually from 1 to 20 atoms

in the chain and
oxygen, nitrogen,
The particular choice

may
sulfur

of

include
or

spacer

eqg. carbon,
phosphorus.
or linking
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~

Salt” Sol ution with 1mv EDTA) and mi xed wel|. The bl ood- HBSS- E sol uti on was
then divided into 4 aliquots 10 and placed into 50 cc clinical centrifuge
t Ubes. The solution was underl ayered with approximately 14 m of pre-warned
Hlstopaque The cells were centrifuged g 1500 rpm (J6B6 centrifuge) for 30
mn at roomtenper- ature. The interface |ayer was harvested and the cells

15 vashed ongeguikia HBSBas o 1Y camrfirmtohéa ob00 b Lor 10 mi

at roomtenperature the Supernatalt was asplrate | ed. The
cell's were  Hoh SREHR rr%aevmtv. LT R R L

(Hank' s- cal citie amhv‘agirmajejanﬂrepaacpi:%eﬁg’tﬁerum 20 . wi t hout EDTA then
transferred to T-75 flfi 5S.Lre J} indicated, a wide variety of mole-

5 cu1Q§ having different functions may be linked to the
surface, effectively'in a monomolecular 1ayeb{ or poly-
molecular layer, if desired, and used in a wide variety
of .applications. The subject techniques provide for a
desirable orientation of the molecules bound to tle

10 surface, in many situations enhancing their availabil-
ity for binding and/or manipulation.

The compounds which are linked include 1li-
gands, such as haptens and antigens, receptors, such as
antibodies, enzymes, naturally occurring receptors,

15 such as surface membrane proteins, lectins, blood pro-
teins, e.g. thyroxine binding globulin, complexing
agents, such as eryptands, crown ethers, porphyrins,
phthalocyanines, - nucleic acids, both RNA or DNA
or oligonucleotides}'dyes{ fluorescers, chemilumine-

20 scers, enzymes, where the enzymes are used as catalysts
rather than receptors, enzyme substrates, inhibitors or
co-factors, or other molecules which may be of interest
for detection of the same or different molecules, or
used for manipulation, isolation, reaction, interac-

25 tion, or other phenomena, where a result of interest is

"~ produced.

"The literature has an extensive repertoire of
groups which may be used to link almost any functional-
ity through an amino functionality to a solid surface.

30 U.S. Patent No. 3,817,837 describes a large number of
functionalities which may be used for linking proteins
or haptens to amino functionalities. Other refererces
which show ég. 1inkihg to affinity columns, surfaces J;Eor
apheresis, surfaces for diagnostics, sﬁrfaces for

35 chromatography or surfaces for reaction may be

found in references cited in such catalogs as the BRL
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fl asks were incubated on their sides for 30 mn at 37[err]C to allow
nonocytes to adhere to the surface. After 30 mn, non-adherent cells were
"renoved by gently swirling the contents of the flasks. The fl asks were
washed. 25 twice with HBSS-CMF and t hel fion-adherent cells col - |ected by

Chen re- Suspetedain RASSRaE CaELRrng LEASePERLOENCP LEFFE RBFE T hen
seeded into To2h famdkPharmicia 10psrlbgcellts per dvidekt Tieatf | &bks 30 were
et e o oS B 40 RaBR e ook RBI PP BEERBaY L 05 €
t he i ncuba- tbiowndpen atet Barfaceadiagr bet veeliedswégehyi onInaparticu-
5 lar situations one spacer arm may be seleéted over
another because of particular properties. '

The subject solid substrate may allow orien-
tation of immunoglobulins, either as Fab fragments or
Fab' fragments, or as“intact immunogibbulins. For ex-

10 ample, the amino groups of the substrate may be iodo-
acetylatéd. followed by reacfion with the available
mercapto groups of the truncated immunoglobulin. Al--
ternatively, the intact immunoglobulins may be oxidized
with a glycol cleaving agent, e.g. periodate, and the

15 resulting dialdehyde reacted with an amino group or
hydrazine to form a Schiff base or imine.

Nucleic acids may be linked to the solid sub-
strate using a polyalkylene glycol arm, where the al-
kylene_will be of 2 to 3 carbon atoms, and the chain

20 may be of from 2 to 100, usually 2 to 30 alkyleneoxy
units. The linking éroup can be achieved by using-the
diazo functionality on the solid substrate with a
diacylated a,w-diaminopolyethylene glycol, e.g. m-
dimethylaminobenzoyl derivative of diaminopolyéthylene

25 glycol. The dimethylamino activated aroyl group may be
used as a site for linkage, where one will become cova-
lently bonded to the diazo group, leaving the other to
be used for linking to another compound. In this
manner, phenylenediamine, benzidine, or other aryl

30 diamino compound may be diazotized to form a link be-
tween the dimethylaminoaroyl and a nucleic acid. The
use of the diazo group for linking nucieic acidé to the
surface has already been discussed.

The applications of the sﬁbject invention will

35 now be considered. The first use to be considered will
be diagnostics. Diagnostics involving solid surfaces
are for the most part referred to as heterogeneous in

St
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renoved and the flask washed 3 tines with HBSS-E to 35

renove remai ni ng

non- adherent cells. 30 After incubating at roomtenperature.for 1.5
hrs-with the anti-Leu-1 surface prepared as descri bed above, with m xing
every 20 mn., non-adherent cells were recovered for staining. Adherent
cells were 5 counted. 25 x 10[err] cells wege introduced with 99%

viability. 20 x 10[err] cells were bound to the fl asks.

The non- adher ent,

cells were anal ynad kyelyl uavedeenae separation step, though there is. an
increasing number of diagnostic protocols wheré a solid
surface is involved without the necessity for a separa-
tion step. In diagnostics, there may be of interest

5 the bindiﬁg of members of a specific binding pair, com-

prising ligand and receptor, which bind to form a com-
plex, where the homologous members of the specific
binding pair have a high association constant for each

other, usually greater than 108 1/mol.
10

The haptens w111 generally be from 150 to 5000

daltons, usually up to 2000 daltons and may include eg.

naturally occurring hormones, naturally occurring drugs,

synthetic drugs, pollutants, affector molecules, growth

15 factors, lymphokines, amino acids,

oligopeptides,

chemical intermediates, nucleotides, or oligonucleotides.

Diagnostics for such compounds may be in the detection of

drugs of abuse, therapeutic dosage monitcring, health

status, detection of disease, e.g. endotoxins. Proteins

20 are of interest in a wide variety of diagnostics, such as

detecting cell populations, blood type, pathogens, immune

responses to pathogens, immune complexes,

saccharides or

naturally occurring receptors. Receptors may find use in

binding to eg. haptens, proteins, or other receptors, or

25 detection of the presence of pathogens,

the level of a

particular protein in a physiological fluid, the presence

of hapténs in a wide variety of samples, such as

physiological fluids, air, process streams or water.

Nucleic acids may also find use in the detection of eg.

30 proteins specifically binding to nucleic acids or

complementary strands.

Of particular interest is the

binding of

35

microorganisms and cells, including viruses, prokaryotic
and eukaryotic cells, unicellular and polycellular

organism cells, e.g., fungi, animal, mammal, or fragments

thereof. Usually, these large aggregations
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activated cell sorting (FACS) which showed a 98. 7% and 95% depl et1 on =
respectively of Leu-1 and Leu-4-positive 10 cells. Aftgr |4 Bﬂlygﬂ%abhr}\
..chloride elution sone of the flasks were reused with 20 ¥ 106 ,
PBL. (nmonooyt e- depleted). 99% and 91% depl eti on of Leu- U .t
positive cells was achieved. It is evidentt¥from the ab esults thatl
the 15 subject invention provides a substantial inprovenentr over ——
previ ously avai leblk b@lﬁ@hsnhmarenniy boandi tol hhe| yueRaceghmuughai ners,

sl i des, beads or % £1 0 BYi AiBn f dgmbggdaog sgg?ed,eg;gﬁvin

concentrations o? stances ca e Surface 1n ahdh- 20
di ff usi ve manner iﬁhlﬂ%%$%§xrﬂ¥rQ&QﬂﬂﬂSbNe@PeFﬁebgﬁ%d to the surface, a

¢ell or virus may be complexed by a large number of

5 binding pair members, providing very strong anchoring
of the cell, virus, or fragment. The system may then
be subjected to vigorous breatmént without concern for
dislodging the specifically bound entity, while non-
specifically bound materfials may be readily removed.

10 ..~ A large number of protocols exist for detect-
ing the various analytes of intervest. The protocols
may involve use of a signal producing system, which in-
volves a labeled conjugate, which may be directly or
indirectly detected. These techniques may employ eg.

an

15 dyes, enzymes, enzyme substrates or oo-factors, enzyme

inhibitors, fluoresocers, chemiluminescers or particles.

For the presently described purposes;'ﬁhe label
used preferably provides a signal related to the presence

20 of analyte in the sample which resulta in.the detection
of electromagnetic radiation, particularly light in the
ultra~-violet, visi{dble or infrared range. By use of the
~subject solid substrate, the light may be deteoted

. through the solid substrate, rather than requiring re-

25 rfleotion, which is. normally subject to aignificant er-
ror. In addition, techniques involving- total internal
reflection may be employed as described in U.S. Patent
No. 3,939,350. Other patents of intereat, both domes-
tio and foreign, whioh desaribe protocols of interest

30 inolude U.S. Patent No. 3,654,090, 3,850,752,

y, 3"7 312, EPA 2,963, and rererenees ocited therein.
Assays can be carried out in accordance with

the various protocols. In accordanoe with the subjact

invention, the sample {3 eoqgaqggg with the subject

35 Solid substrate and various operations may be carried
out, Such as the addition of various reagents, incuba-

tions or washings. The final result of the



stahces at the surface. Thus, small volunes nmay be em pl oy, cﬁﬁ%MCEm T —
efficiency and sensitivity in determn- ing or isolating afwfd€ elly - of 7
conmpounds of inter- eat. The amino functionality is a veryjfver ile funa-

25 tionality, so that relatively easy procedures nmay be dgvgl d“ﬂbamm
l'i nking various functionalities to the surface, either dir t hr oug
a spgcerbarn1 dBy v:{tue ofhbeing able tol2chieve high cldrity, reacti
can be observed, cell growh can be observed, and can 3Q be (T '
through the sulE&edSartt ide o%e 46y é’g‘,a"[ﬁem}i“ditr'?& PEPUBESE P BFPFEPENCY an
sensitivity. | Rnadh tduFor e dricdiuresentighitgne idhelri Yandg ghhdabecep- tors

can be achieved to ' ' . :
sorp\:piro%wodre bfyorlihg'h%h elmel\éesli%nOfin relation to the pres-
ence or amount of the analyte of interest. Usually,
5 this is as a result of formation of a specific binding

complex between complementary members of a specific
binding pair, where one of the members may serve as a
bri&ée to form a sandwich, or there may be a siﬁgle
complex, or complexes may be bound to complex binding
10 proteins, such as S. aureus protein A, rheumatoid factor

or immunoglobulins specific for immune complexes.

By having fluorescent markers, such as fluo-rescent
particles or fluorescent conjugated antibodies, the
15 sample may be irradiated with light
absorbed by the fluorescers and the emitted light mea-
sured. For example, where one has microtiter wells,
one can measure the fluorescent light emitted through
the sides of the well, substantially minimizing the
20 background resulting from the activating light. Where
dyes are employed as the label or produced as a result
of a reaction, e.g.. an enzymatically catalyzed reac-
tion, the light da& be transmitted through the sample
and the container and measured as an indication of the
25 presence of the analyte, since there is a relatively
' low level:of absorption by the container. Thus, -highly
sensitive'assays can be employed with thé subject
system.
h ' Similarly, with nucleic acid assays involving
30 hybridization, one can carry out the necessary steps to
determine whether complementary sequences are present,
and by employing a wide variety of pretocols, provide
for a colored or fluorescent label or product of the
label, which will indicate the presence or absence of
35 the complementary sequence. ' _
For example, one could activate the surface
immediately prior to carrying out the assay by diazo-



epitopes and binding sites. 31 It is evident fromthe a oR pir’ﬁ@§MEM'S SHEET
thgt t he sufject I nvention provides for substantially inprpv d sol
‘substrates for use in a wide variety of applica- tions. g ortio
of the available aryl groups 5 present on the surface may (b EZPJBH fﬂ}m

non- coval ent| Q

functionalized, so that a | arge nunber ofdgpletles of int
solid surfaces with ";'I.‘hgi thﬁ'é&lé égoﬁcd fé{wl:irg.eés can also be used for

joined to the surface either covalently
eg. affinity columns or chromatogaphs, where a particu-

larly substance is bound to the suface
and complex formation or other blndlng eveﬁgﬂgan be de-
5 tected. With the subject solid substrates, one can
visualiy observe along the length of a column and de-
' termine the particular site at which complex formation
" occurs. This technique can also be used for diagnosis,
where different antigens or receptors may be bound at
10 different sites along the column, followed by introduc-
ing the sample through the column, followed by adding
the signal producing system, e.gi enzyme bound specific
binding pair member and develope&, and detecting the

areas of color formation.

15 The subject solid substrates may also find use in°
isolating various products of interest, such as blood
'plasma proteins, growth factors, clotting factors or
lanti-clotting factors, which may then be released from

‘the complex by various salt solutions.
20 SRR R

The solid substrates may be used for a variety
of other purposes, whenever one wishes to provide a
high density of oriented molecules at a surface or vis-
ualize events or provide for ready transmission of
25 light, where a substance is non-diffusively bound to a
solid surface. |
The following examples are offered by way of
illustration and not by way of limitation.
30 EXPERIMENTAL
Into the wells of a 96 well microtiter plate
of molded polystyrene is 1ntroduced a 0.5 M nitro

tetrafluoroborate solutlon in tetramethylenesulfone
(TMS) and the reaction allowed to proceed at 37°C for 6
35 nrs. At the end of this time, the reaction mix is
diséarded and the wells washed with methanol. Into the
plates is then introduced a 1 M solution of stannous



al i zation.
therapeutic or

In this manner, a variety of processes, 10 diagnostic,
processing, may be carried out. with greater efficiency,

Using snaller volunes, and having inproved results. 32 CLAI M5 1. A
nmet hod to functlonallse a solid substrate conprising addition polynerised
aromati c nononers wherein said surfaces are highly functionalised and

wherein the 5

.10

15

20

25

30

35

resulting functionalised substrate is optically clear which

30

After incubating at room temperature for 1.5
hrs-with the antf{-Leu-~1 surface prepared as descridbed
above, with mixing every 20 min., non-adhervent cells
were recovered for stainfng. Adherent cells were
counted. 25 x 106 cells were introduced with 99%
viabflity. 20 x 106 cells were bound to the flasks.
The non-adherent cells were analyzed by fluorescence
activated cell sorting (FACS) vwhich showed a 98.7% and
95% depleﬁion respectively of Leu-1 and Leu-4-positive
cells. After 4 mM magnes{um chloride elution some of
the flasks were reused with 20 x 106 PBL_(monooyte-
depleted). 99% and 91% depletion of Leu~1 and Leu-4

positive cells was achieved.
It is evident from the above results that the

subject invention provides a substantial improvement over
previously available solid substrates, particular-ly as.
eg. containers, slides, beads or wells.
By use of the methods Qdesoribed, high concentrations
of substances can be applied to the surface in a non-
diffusive manner to insurs the retention of the sub-
atances at the surface. Thus, small volumes may be em-
ployed for high efficiency and sensitivity in determin-
ing or isolating a wide variety of compounds of inter-~
eat. The amino functionality i{s a very versatile funa-
tl&hality} so that relatively easy procedures may ba
developed for linking various functionalities to the
" surface, either direotly or through a spacer arm. By
virtue of being able to achieve high clarity, reactions
can be observed, cell growth can be observed, and can
be téénsmitted through the surface and be measured,
providing for greater efficlency and sensitivity. 1In
addition. desirable orientations of ligands and recep-
tors can be achieved to provide for high levels of

epitopes and binding s{tes. ~
- g REFLAQEMENT SHEET

sz JUN 2000

|




met hod conprises: contacting the surface at said polyaryl addition polyner
W th a substituting el ectrophilic agent coordi nated with an ani on which
exhibits ionisation in a solvent so 10 that the electrophilic agent is a
cation and wherein the polynmer is neither soluble nor swelled in said
solvent, so as to effect functionalisation of the aryl groups at the
surface with said cation wherein said solvent further contains an oxypol ar
conmpound capabl e of displacing both 15 th%Eanion and the solvent from
coordination with the electrophilic agent tation and said oxypol ar conpound

s present in a mole ratig tq Ghe dhiCrEdR"EAL RN e SRIIEY, AndtUEE"
subject invention provides for substantially improved
soilq substrates for use in a wide variety of applica~
tions. A high proportion of the available aryl groups

S present on the surface may be functionalized, so that a
' large number of moieties of interest may be jofned to
the surface, either covalently or non-covalently, to

ﬁro?lde'solid surfaces with a high degree of function-
alization. | In this manner,. a variety of processes,
10 diagnostic, therapeutic or procéssing, may be carried out
with greater efficiency, using smaller volumes, and

having improved results.
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2. * An article obtainable by the nethod of claim 1,20 wWherein at Ieast 5%
of the aryl groups to a depth of -1 x 10-8 m (100[err

el ectron spectroscopy for chem cal analysiga( ESCA) a“mm“mmﬂ mng WI th
said electrophilic agent and the remaining aryl groups afe ‘sul¥sténtiall
unsubstituted. 25 3. The article CcLATIMBI m 2, wherein at |east 25%)

of the said aryl groups to a depth of 1 x rr 100A) are substituted
with the el ectrophiltc afjefethed t°TﬁB“&FﬂPBF3 él%P%:g sRsterata 00% of
satd aryl orougsmbPs 8iA§PhAaRt15n* pbbieth sBu( 420Mh c3e ndttid e Wik XL L]
said surfaces are highly functionalised and wherein the
5 resultinq_functionalised substrate is optically clear which
method comprises: | | !
coﬁtacting the surface at said polyaryl addition
polymer with a substltutlng electrophlllc agentiéoordlnated
Vlth an anion which exhibits ionisation in a solvent so
10 Ehag the electrophilic agent is a cation and wherein the
polymer is neither soluble nor swelled in said solvent, so
as to effect functionalisation of the aryl groups“at the
surface with said cation wherein said solvent further
contains an oxypolar compound capable of displacing both
15 the anion and the solvent from coordination with the
electrophilic agent cation and said oxypolar compound is
present in a mole ratio to the electrophilic agent cation
of between 0.05 and 1.
2. An article obtainable by the method of claim 1,
20 wherein at least 5% of the aryl groups to a depth of 100 &
as determined by electron spectroscopy for chemical
analyéis (ESCA) are functionalised with said electropﬁilic

agent and the remaining aryl groups are substantially

unsubstitutéd.
25 3. The article of claim 2, wherein at least 25% of

the said aryl groups to a depth of 100 & are substituted
with the electrophilic agent.

4. The article of claim 3, wherein 100% of said aryl
groups to a depth of 100 A are substituted with said

30 electrophilic agent.
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33 5. The article of claim4, wherein the polyaryl addition polyner is
pol ystyrene. 6. The article of any one of.clains 2 to 5, wherein said

el ectrophilic agent has been converted t33a polar 5 group. 7. The article
Qr nucla(:éfld is coval ently bound

of claim®6, wherein a |jgand, cept
to said polar grodp di F‘g‘ Wt&F P&ﬁ&}ad‘msﬁa{céfhea”r n gthe RYLYarYicie of
claim7, whepghRtiahdpbhgaas lgopougggygahéw nucleic acid is a nenber of

speC|f|c bi ndi ng pair.
6. The article of any one of .claims 2 to 5, wWherein

said electrophilic agent has been converted to a -polar
S group.
7. The article of claim 6, wherein a ligand,
receptor, or nucleic acid is covalently bound to said polar

group directly or through a spacer arm. )
8. The article of claim 7, wherein said ligand,

10 receptor or nucleic acid is a member of specific binding
pair.

9. Method to detect or remove an analyte from a
sample which method comprises contacting a sample
containing the analyte with an article of claim 8, wherein

15 the analyte is capable of being bound to said specific

binding pair member and detecting or recovering the analyte

bound to the article.
10. The method of claim 9, wherein the analyte is a

cell or microorganism.

20 11. The method of claim 9, wherein the analyte is a
drug, a pollutant, an.effector molecule, a growth factor, a
lymphokine, an amino acid, an oligopeptide, a chemicai

'intermediate, a nucleotide or an oligonucleotide.

N O O
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9. - ivethod to detect or renove an anal yte froma sanpl e which neREg o
conprises contacting a sanple containing the analyte with an article of
‘claim8, wherein 15 the analyte is capable of being bound to said specific
bi ndi ng pair menber and detecting or recovering the analyte bound to the
article. 10. The nmethod of claim9, wheregin the analyte is a cell or

m cr oor gani sm 20 11. The nethod o6f claim9, wherein the analyte is

1
an ammo acid,  an S ASsEAy FERET STELECE B Aol P e X T de or an
ol i gonucl eotdfi§mer with a substituting electrophilic agent coordinated
with an anion which exhibits ionisation in a solvent so
5 that the electrophilic agent is a cation and wherein the
polymer is neither soluble nor swelled in said solvent, so
as to effect functionalisation of the aryl groups at the
surface with said cation.
The solvent further contains an oxypolar compound
10 capable of displacing both the anion and. the solvent from
co-ordination with the electrophilic agent wherein said
oxypolaf compound is present in a mole ratio to the
electrophilic substituting agent of 0.05 to 1.
The present invention also provides an article
15 obtainable by the above method wherein at least 5% of the
aryl groups to a depth of 1 x 10® m (1004), as determined by electron
spectroscopy for chemical analysis (ESCA), are
functionalised with said electrophilic agent and the
remaining aryl groups are substantially unsubstituted.
20 Preferably at least 25% of the aryl groups on the
surface are substituted with the electrophilic agent.
Preferably functionalised aromatic substrates are
provided, where substantially the entire surface of a solid
polyaromatic substrate is functioné}iéed. ﬁiqh;y
25 functionalized surfaces are achieved employing

electrophilic agents capable of aromatic electrophilic

REPLACEMENT ST |

T N peaen
i - r—~——

" appveny P N SR




I'g)

10

15

20

25

.30

35

5
the temperature, 8o that longer 'times wi{ll be related
to lover temperaturés. Generally, the reactfon will
take at least 1 hr, and not more than about 48 hrs,
generally running from about 2 to 24 hrs.

The reaction medfum {3 contacted with the
polymeric surface to provide an amount of ceactant
stoichiometric with the avallable aromatic groups at
the surface, usually at least about 1.5 excess, where
greater molar excess may be employed as convenient. 1In
some instances'it may be desirable to prepare a number
of reaction mixtures using differing amounts of nitro-
nfum fon to optimize the level of functionalization of
the surface. '

After completion of the reaction, the reaction

mixture may be discarded and the surface washed to re-

move any residual materials. Various solvents may be
used for cleaning the surface, such &8s mefhanol, etha-
nol, dimethylsulfoxide (DMSO), water, nitromethane or
the like. The particular material employed for
oleaning is not eritical to this fnvention and is
primarily ohe of convenienée. 80 long asa the polymer {a
insoluble and 18 not swelled by the solvent.

The resulting polymeric surface {s found by
eleatron spectroscopy for chemioal analysis (ESCA) to
have a ratio of nltrogen to aryl of at least 0.1, usu-~
ally at least about 0.15, more usually at least about

0.25 to about 1 x 10° m (1003) depth. Preferably the ratio of polar

group e.g. nitrogen to aryl will be from about 0.25 to 1.
The resulting surface nitrated polyaryl solid
substrate has a number of desirable characteristics.
Prgpared in accordance with the above procedure, the
resulting functionalized polymer is clear, so that it
can be used for the transmission of light through the
polymer without significant interference. Thus, the
nitrated polyaryl solid substrate can be ysed for var-
fous applications, particularly where one wishes to
transmit light through a8 sample and have the light tra-
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CLAIMS
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1. A method to functionalise a solid substrate

comprising addition polymerised aromatic monomers wherein

said surfaces are highly functionalised and wherein the

resulting functionalised substrate is optically clear which

method comprises:

contacting the surface at said polyaryl addition

?olymer with a substituting electrophilic agent coordinated

with an anion which exhibits ionisation in a solvent so

that the electrophilic agent is a cation and wherein the
polymer is neither soluble nor swelled in said solvent, so

as to effect functionalisation of the aryl groups at the

surface with said cation wherein said solvent further

contains an oxypolar compound capable of displacing both

the anion and the solvent from coordination with the

electrophilic agent cation and saia oxypolar compound is

present in a mole ratio to the electrophilic agent cation

of between 0.05 and 1.

2. An article obtainable by the method of claim 1,
wherein at least 5% of the aryl groups to a depth of 1 x 10° m (1004)

as determined by electron spectroscopy for chemical

analysis (ESCA) are functionalised with said electrophilic

agent and the remaining aryl groups are substantially

unsubstituted.

3. The article of claim 2, wherein at least 25% of

the said aryl groups to a depth of 1 x 10 m (100A) are substituted

with the electrophilic agent.

4, The article of claim 3, wherein 100% of said aryl

groups to a depth of 1 x 10°® m (1004) are substituted with said

électrophilic agent.
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