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METHODS AND COMPOSITIONS FOR DETERMINING THE
PURITY OF CHEMICALLY SYNTHESTZED NUCLEXC ACIDS

Paul F. Agris, Christopher 1. J. Pearce, and Lloyd G. Miichell

Related Applications
This application is a continmaton-in-pat of commonly owned, copending
application Serial No, 09/476,975, filed December 31, 1999, the discloswre of which
is incorporated by reference herein in its entirety.

Field of the Invention
The present invention concerns the detection, identification md quantification
of protecting groups remaining afier chemical symthesis of oligomers, particularly

oligonucleotides.

Background of the Invention

Over the past decade automated chemical synthasis of nucleie acids such as
DNA and BNA on wolid supports has been developed. These chemical processes
includs the use of agents to protect the exocyelic amines of the nucleotide bases
adenine, thymine, cytosine and guanine and to direct the synthesis by hiocking the
2'0H of RNA's ribose. The bases within the nucleic acid product of the synthesis are
depratested upon cleavage of the nucleic acid from the solid support. However, the
extent of base deproteciion is not sasily determined.

For example, after base deprotection of synthetic RNA, products still contain
the 2°-dinethylsityl ferz-butyl group as a protection of the 2°0H of the ribose moiety.
This protecting oroup is removed carefully by chemical means so as nat to effect the
chemustry and structure of (he RWA. However, the extent of deprotection of the 2°0H
is not readily determined. The nucleic acid is purified by high pressure liquid

ctromatagraphy or by gel electrophoresis. However, some of the unwanted produsts

JP 2004-500370 A 2004.1.8
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of the synthesis are complets nucleie acid scquences that sl contain ene or move
proteeling groups, and shorter than full length (aborted) sequences diffionlt to separate
from fisll lenpth sequences, especially for oligomers of longer than 30 nucleosides. At
present, there is no easy method to detenmine how pch of each protecting group, if
any, still rsmaims on the product, and whit proportion of the produc is full-length.

See geperally Davis, G.E., Gehrke, C.W., Kuo, K.C., and Agris, P.F. (1975) Major and
Muodified Nucleosides in tRNA Hydrolysates by High Performance Liquid Chromatography.
J. Chromatogr. 173:281-298; Agris, P.E., Tompson, J.G, Gelwke, CW Koo, K.C., and Rice,
R.H. (1980} High-Performeance Liquid Chromategraphy and Mass Speotrometry of Transfer
RINA Bages for [sotopic Abundance. J, Chrematogr. 194:205-212; Gehrke, CW., Kuo, K.C,,
MeCune, BLA , Gerhardr, K.O., and Agns, PF. {1981) Quantitative Enzyoalic Hydrolysis of
tRNAs: RP-HPLC of tRNA Mucleosides, J. Chromatogr. 230:297-308; Chromatography
and Muodification of Mucleosides Volumes A, B and C {Gehrke, CW. and Euo, K.C.T., eds),
Elsevier Publishing Co. 1980; Agrs. P.F. and Sicreputowska-Erucz, 1. {1990 Thres
[Hmensipnal Dynamic Structure of tRINA's by Nuclear Magnetic Resonance. In Chromato-
Pubhshing Co., pp. 225-253; Agris, PLF., layden, 1., Sierputowska-Gracz, B, Ditson, 8.,
Degres, LA, Tempesta, M., Kuo, & .C. and Gehrke, C.W. (1990) Compendium on Biclegical,

raphy and Modification of Nucleosides {Gehrke, C.W. and Kuo, X.C.T., eds.), Elsevier

Biochemical, Chemical, Physical and Spectroscopic Properties of RNA and IINA.
Mueleosides, In Chromatography and Modification ef Nucleosides, Elsevier Publishing Co.

The incomplete removal of the protecting group and lack of a simple assay is «
problem for two indusiries and for numerous researchers world wide: (& the
multitude of companies now providing nucleic acid sequence syntlesis products by
overnight delivery have difficulty telling their customers the extent to which the
product is deprotected; (7} pharmaceutical companics cammot easily verify for
regulatory agemcies the purity and/or Jength of (he therapeutic or diagnostic
oligonucleotide products they seek to ntroduce or matket  Accordingly, there is a
need for simple and roliable techniques for determining the purity and proportion of
il fength of oligonvcleoiide products.

Summary of the Invention
A firet aspect of the present invention s an antibedy (e.g, a monoclonal or

polyclonal antibody) that specifically binds to & synthefic oligomer {ie, an

JP 2004-500370 A 2004.1.8
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oliganucleotide or oligopeplide) having a organic protecting group covalently bound
thereto, which antibody does not bind lo that synthetic oligomer when the organic
protecling group is not covalently bound thereto,

A sscond aspect of the present invention comprises a cell or cells, inchuding
cell cultures and isolated cells, that express an antibody as described above. Such
cells include ybridoma ceils, as well as recombinant cells that contain and oxpress &
heterologous nueleic acid encoding the antibody.

A third aspect of the present invention is a method for deteciing incomplete
deprofection of 4 synthetic aligomer by immuncussay, said immunoassdy comprsing
the steps of. [uj contacting a synthetic oligomer o an antibody as described above,
and then (B} detecting the prosence or absence of hinding of said antibody to said
aligomer, the presence of binding indicating incomplete deprotection of said synthetic
oligomer. Any suitable assay format can be emploved, meluding heterogensous and
homogenecus lomunoassays.  For example, the immunoassay may be an
imnunoblot-dot assay, or may he a sandwich assay.

A fowth aspzet of the present invention is a methed for separating protected
(incleding partially and completely protecicd) synthetic oligomers fom fully
deproiected synthetic oligomers. The methed comprises (4} sontacling 4 mixture of
prolected from [ully deprotecied synthetic oligomers to antibodies as described above,
wherein the protected synthetic oligomers have the organic protecling  group
covalently hound thereto, so thai the protected synthetic oligomers bind to the
antibody; and then separating the antibodies from the fully deprotected oligomers.
The anttbody may be unmobilized on a solid support to facilitate separation. The
protected synthetic oligomer may be a partially protected synthetic oligemer (for
which ene application is the identification and/or purification of full-length versus
abarted sequence oligomersy or 2 fully protected synthelic oligomer that has not
undergons deproteclion.  Any separation format may be used, including but not
Jimited to affinity chromatography.

A fifth aspect of the invention is an article useful for the determining
incomplete deprotection of a synthetic oligomer in an immunoassay, said atticle
comprising: (g} 4 solid support (e.g.. & hitrocellulose siip) having a surface portion,

said surface porlion having at least two separate discrete regions formed therson; () @

JP 2004-500370 A 2004.1.8
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first oligomer bound to one of said separate discrete regions, said [rst oligomer
having a protecting group bound thereto; and (¢) 4 second oligomer bound to wnother
of said separste discrete regions, said second oligomer not having said protecting
group bound thereto; whersin the nucleotide sequence of said first and second
oligomers are the same. In 2 preferred embodiment, the article further comprises (d)a
third sligomer bound to another of said separate discrete regions; said thivd aligomer
also having said pretecting group bourdd to said first oligemer bound thereto; whereln
said third oligomer i3 partially deprotected; and wherein the nucleotide sequence of
said fivsf, second, and third oligomers are the same.

A sixth aspeet of the present invention is a method of malking an antibody that
specifically binds fo a synihetic oligomer baving a orgenic protecting group
govalently bound thereto, which aniihody does not bind to the said synthetic oligomer
when spid organte protecting group is not covalontly bound theveto, said methiod
comprsing the steps of: (a} synthesizing said synthetic oligpmer on a solid particulate

support (and prefersbly covalently bound theveto, &g, with a succinyl linker) with

sakl orgenic protecting group covalently bound to said synthetic oligomer (or

synthesizing a mronomer of a single nucleotide on the solid support, with the single
meleotide having said protecting groop covalently bound thereto); and then, wilbout
removing sald oligomer frore said solid supporl, (b)) immuniving an ammal with said
synthetic oligomer bound to said solid support {for monomer hound to said solid
support} in an amount sufficient to produce szid antibody. Optionally, the solid
support can be replaced with a carrior group such s a profein (e.g, bovine serum
alburnin).

T summary, the anttbodies and methods of the present invention are useful in
mbmunoassays, such as for the gualilahve aud quantitative detzction of protecting
graps used in organic synihetic processes, with particular application fo
oligonucleotides or peptides in research, therapeutics, diagnostics and biomedical
science. The antibadies of the invention can be used in pwification techniques, such as
for the separation of final products from by-procdust contaminants. The instant
invertion can be used in the cowrse of quality contrel of oligonucleotide and peptide
synthesis, such as in the quality control of drugs for genc therapy, antisense, anligene

and contro! of gene expression, in the guality control of blomedical polymers that may

JP 2004-500370 A 2004.1.8
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. contain protecting groups, and as probes for purification and characterization of

syithetic oligomers, particularty oligonucieotides or peptides.
The present invention is explained in greater detail in the drawings herein and

the specification set forih below.

Brief Deseription of the Drawings

Figure 1 is a dot-blot immunoassay of monoclonal antibady 1 H11, which
seleclively bmnds te oligolbu-dG20mers.

Figure 2 is a dof-blot immunoassay of monoclonal antibody TH3, which
seloctively binds to oligoBz-dC20mers.

Fignre 3 shows ELISA (A} aud dot-blot (B) resulis demonstrating specificity
and detection sensifivity of a mencclonal antibody (mAb) el the voamnonly used
motecting group, benzoyl {Bz), for the chemical synthesis of nueleds acids. Partzally
deprotected oligomer oligo Bz-dC (center column) can be re-freated to remove the
remaining protecting groups, and re-tagted with mAb (L) An RMNA standard with
protecting sroups Bz, ibue and ipr-Pac wus synthesized and assayed for identification
af the protecting groups with the mAb against Rz (1),

Figure 4 shows ELISA (A} and dof-blot (B) results demonstraling specificity
and sensitivity of a monoclonal antibody (mAb) and its detection of the commonty
used proteciing group, scbutryl (ibu}, for the chemical synthesis of nucleic acids.
Dot-blot assay with high amounts of DMNA. demonstrales that the ibu profscting group
was recognized by the mAb no matter which nuckeobase was protected (C). Partially
deprotected oligomer oligo Bz-dC (centor column) can be re-treated to remave the
remaining proteciing groups, and re-tested with mAb (). An RNA standurd with
protectiag groups Bz, ibu and ipr-Pac was synthesized and assayed for identification
of the protecting groups with the mAb against ibu (E).

Figure 5 shows ELISA (A) and dot-blot {B) results demonstrating spacificity
wn sensitivity of 2 monoclonal antibody (mAb) and s detection of the commenly
used protecting group, isopropylphenoxyacetyl (ipr-Fac), for the chemical synthesis
of nucleis acids. Partially deprotecied aligomers olige ibr-Pac-dG and oligo ibu-dG
{colunus second from left and forth from lef, respeclively} can be re-treated to

remove the remaining protecting groups, and re-tested with mAb {C). An RNA

JP 2004-500370 A 2004.1.8
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standard with protecting groups Bz, ibu and ipr-Pac was synthesjzod and agsayed for
identification of the protecting groups with the mAD agaist ipr-Pac (D},

Yigure 6 shows 2 mAb dof-blot assay of protecting groups demonstrating the
sensifivity and quantifiable response of the technology as related to HPLC. Dot-blat
detection of Bz grovps remaining on a standardized 20mer obipe dC molecule wis
analzyed {A) and a quantitation of the mAb response (B was determined. The mAb
response was analyzed with an increasc in the amount of DNA on the dot-blot
membrane (€). The colunm on the Ieft is just the protected Bz-dC 20mer. The
column on Ibe vight is the protected Be-dC together with a 2500-fold excess of the
compictely deprotected oligo dC(R).

Figure 7 shows a dircct comparison of the mAb and HPLC detection of Bz in
the pmote {A) and nmol range (B), respectively.

Figure 8 shows a blind study demonsirating the detection of remaining
profecting gromps in commerelal samples. dA-dC oiigos were analyzed with anti-Bz
MmAb {A) and d3-dT oligos wete analyzed with anti-ipr-Pac mAL (B). The oligo dA-
dC samples from campanies #2 and #6 wers tested in higher emounts to contirm the
presence of the By profeciing group (). In addition, the samples were frealed to
remove the rempining protecting groups using 2 standard protocol.  The olige dG-dT
samples were asgayed for the ipr-Pac proteeting groups (D). The samples were re-
treated to remove remaining protecting groups and re-analyzed as in (C).

Figure % shows ke produciion and analvses of polycolonat antibody against
the terminal protecting proup, dimsthyltritgl (CMT

Figure 10 shows a substrate carrying different oligonucleotidas of the same
sequence, but with varying deprees of deprotection, that may be used as a iesting
standard fe soreen similer oligonucleotides of the same sequence for varying degrees
of pratection or deprotection.

Figure 1} iltustratcs an oligonueleotide array that may be sercened for the
presence of protecting groups or msufficient ¢longation with antibodies of the present

invention.

Detujled Description of the Preferred Embodiments
1. General Definitions.

JP 2004-500370 A 2004.1.8
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“Antibody” as used herein refers to both monoclonal and pelycional
antibodies, refers to anfibodies of any immunoglobuliz type (inchiding but not fimited
to JgG and JzM entibodies), and including antibody frapments that retain the
hypervariable or binding regions thereof. Antibodies may be of any species of origin,
but are typically mamunalian {e.g. horse, rat, mouse, rabbii, goat). Anlibodies may be
beund to or immobilized on solid supporta such as nitrocellulose, agarose, glass,
organic pelymers (“plastics”) and the like in accordance with known techniques, and
may be labeled with or joined io other detectable groups in accordance with known
techimigues.

“Binding” as used herein with respect 1o the scleetive binding of an antibody
to an oligomer hos ils usual meaning in the art. In gencral, to obtain useful
discrimination in an immuneassiy or an affinity purification technique, the anfibody
should bind to the protscted oligomer at sn affinity of al least abowt kg = 109, 167, or
w¥ M, and should bind to the unprateeted olipomer at an affinity of not greater than
aboutkg =107, 107, or 107 M.

“Qligomer” as used bereln refers w symthetic oligonucieotides and synthetic
aligopeptides, including syuthetic oligmuers in the naturally occmring form such as
DNA mid RNA, and modified baclkbone chemistrics as  discussed  Dbelow.
Oligonucleotides are curtently preferred in carmying out the present invention, and the
instaot invenlion is primerily explained with reference to oliponucleotides herein.
However, the methods and techniques desribed berein may also be applied to
oligopeptides, cligosaccharides, cote. {te, any synthetically produced polymer
requiring protecting groups for synthesis)

“Muclsotide” as used herein refers to a subumit of an cligonucleotide
comprising 4 pentose, a miirogenous heterocyclic base {typically bound io the |
position of the pentnse), and a phosphate or phosphoric acid group (typically bound at
the 5’ position of the pentoss) but absent, or considered tound at the 3° position, in
the 5 terminal nucleotide of an oligonucleotide. These structures are well known.
See, c.g., A, Lehninger, Blochemistry, 309-320). “Nucleoside” typically refers to a
muclentids, sbsont a phosphoric acid or phosphate group.

“Proteeting group” as uscd herein has its conventional megning in the art and

refers 10 a chemical molely, group or substituent that is coupled, typically covalently
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coupled, fo an atorn in a molecule pricr to 4 chemical rezction invelving that molecule
{iypically in an ovganic synthesis), so that the chemical reaction is averted at the atom
to which the protecting group 15 coupled.  Typieally, the protecting group 15 then
chemically remeved from the intermediate molecule for preparation of the fimal
product, although removal icchniques may not he entirely suceossful leading to only
partial deprotection of the final product {i.e., the presence of at lcast one protecting
group remaining on that molscule). Protecting groups may be intentionally left on a
molecutle for purposes of generating or testing an anfibody as described berein.

“Deprotection” or “deprotected” as used herein refers to the absence of
proteciing groups cmployed during chemical oligonucleotide synthesis from a
molecule.  Such protecting groups are deseribed below. The presonce of such a
protecting group may indicate insufficicnt elongation of the oligenuclcetide, when the
proteeting group is chain torminating. Chemically synthesized oligonucleotides are
ideally fully deprotected, but the present invention is employed fo detsct partial or
incompiete deprotection of suci oligonucleotides (that is, the presence of at least one
proteciing group as deseribed below in the ofigonucieotide).

“Base’™ as used herein with respect to oligonucieotides refers to a nitrogenous
heterocycelic bass which is a derivative of cither purine {e.g, ademine, guanine) or
pynmidine (e.g, vracil, thymine, cyiosing). TPyrimidine bases are bound to the
pentese by the | ring nitvegen; Purine bases are bonded to the pentose by the 9 ting
nitrogen. Preferred bases are those that contain a free aminoe grovp, sich as guanine,
adenine, and cytosine {ihe protecting group i1s then covalently bound lo the fee amina
group by substitution of one, or both, of the hydrogons on the Bee amine group).
However, the present invention may be used with any purine or pydmidine base,
whether standard or modified/rare, that contains a fice amino group for pratection, ot
other group requiring protection during synthesis thercof in an oligonucleotide,
Examples of standard and modified/rare bases are those found in the nucleosides set
Jorth in Table 1 below.

JP 2004-500370 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO O49745

Table J. Standard and modified nuclenzides and theic standard abbreviations.
i-a—lj\iiré\-ihtib; ]_!E:s'e - {

(44)

PCTATSNN3SE00

.

|—£7 o Janidie o 1
C cytidine 1
A adenosine i

G Jewenoswe
T thymidine

!‘_?fé _ ._jnﬂmmﬂﬁﬂaﬁﬂqsi_m___;!

| nlA | I-methyladenosine
m2A ! 2-meihyladenosine ]
inA W' —isopentenyladenosine

mE26A | Z-methylthio N isopentonyladenosine |
mBA | N'methyladenasine ]
16A | WP-threonylcarbamoeyladenosine

[m6h _ § N-momyl-i-theonyloarbomeyladenesine |
mEAUBA Z-methylthio-W-threonyleatbamoyladenosine
Am 2-O-methyviudenosine
1 Inosine

'F.nl_l _ o itmetybnestee |
Ay |25 phosphopihosyladenosine |
j06A Nﬁ—(cis-hydroxyisopentenﬂladcmsine

sz " odblooytidine ]
Cm 2'-O-methyluytidine o
acdiC N-acetyleytidine

[msC _ [Smetyleyidine

| m3 3-methylcytiding

k2 Tysidine
BC_ | Sfrmleidine |

(BCm L 2-Cmethyl-S-lormdoytidine |
G unknown modified zuanosine

| Grlp) 2'-0-{5-phospho)ribosylmuunosine

! mlG I-methylguanosine

[m2G— [3Pmethylmanosne ]

| Gm | 2-0-methylguanosine .

| m22G 1 NN -dimethylguanosine
m224Gm N ,N{Z’O—h‘imethylgummsme
wmiG ¢ Pemethylpuanosios R

| ]7d?G archacosme

-E}i gueyosine

| manQ} mannosyl-guenosine

| gl galaclosyi-quenosine o
Y wybutosine .
o2yW perorywybuiosine _ o
ie) unknovwn modified uridine o
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abbreviation | base T
mnm5U S-methylaminomethylunidine
|s26 | 2-thiouridine o
(Um0 S ——
54U 4-thiouridine
(nemSU_ | S-carbamoylwethyluridine |
mensU S-methey yearbonymefhryluridine .
mun5s2l S-methylaminomethyl-2-thicuridine J
men sl ¢ S-ngthexyearbonylmethyl-2-thiowridine —
|emosU | uridine S-oxyaceticacid !
meil 5-methoxyuriding :
emnrmSU S-carboxymethylaminomethyluridine _i
cimnmssa S-carboxymethylanpomethyl-2-thuouridine :
leop3U 13- (-amino-3-corboxypropylucidine |
mehmsy S-(carboxyhydroxymethyDuridinemsthyl ester

crmhmSUm 5-carboxymethylanrinomethyl-2'-O-methyluridine
nerixsUin 5-carbamoylmethyl-2'-O-methyluridine

D |Diwydourdine 3
e gpendowridwe ]
pmby | lwethylpsendoudidine
jwra ) 2'-O-methylpseudouridine o i
msU ribosylihymine

m5s21] S-methyl-2-thiouridine - |
mSUm 5,2'-O-dimethyluridine '

See Sprinzl et al., Nucleic Acids Res. 26, 148 (1958).
Applicants specifically intend that the disclosures of all United States patent

references cited herein be incorporated by reference herein in their entirety.

1. Protecting groups.

The particular protecting group will depend upon the eligomer being
synthesizad and ihe methodelogy by which that oligomer 1s synthesized.

For the synthesis of cligonuceotides, suitable prolecting groups include allyl,
aryl, alkykary!, arylalieyl groups, which may conlain one or more hetero atoms such as
N, O or 5, and which may be sabstituted or upsubstituted (e g, a carhonyl grovp)
BExamples of protecting groups include, but are not limited to, the following: acctyl;
isobuivryl; 2-(t-bulyldiphenyl-silyloxymethylbenzoyl; naphthaloyl; iso-
Gutyryloxycarbonyl; levulinyl; fluorenylmethoxycarbonyl; Z-mtrothiophenyl, 2,2.2-
trichloro-t-butoxycarbonyl,  ethoxycarbonyl, benzyloxycathonyl; p-nitraphenyl-
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ethyloxyearbonyl, MWN-dimcthylformamidine; formyf; benzoyl, toluvl, 2,4-6-
(nmethylbenzoyl; amisoyl; 2,4-dimetlrylphenyl; 2 4,6-Irimuthylphenyi;
(riphenylthiomethyl;  pivoloiloxymetbyl;  t-butoxycarbonyl, p-nitrophenylethyi:
methoxyelhoxymethyl; butviihiocarbonyl; Zamethyl-pynidine-5-yl; 2-nitrothiophenyl;
2 A-dinitrothdophenyl; Z-nitro-4-methylthiophenyl, p-nitrophenylsulphonylethyl; 5-
chloro-8-hydroxyquinoline; thiophenyl; fi-cyanoethyl; phenylethyt, n-
nitrophenyletlvyl;  pyridyletinyd;  2-N-methylimidazebdlphenyl, methyl;  allyl;
trichloroethyl; dibenzoyl, p-nitrophenylethoxycarbenyl; benzoyl and substituted
derivatives thereof, Z2(acetoxymethyl) benzoyl; 4,4°,4"-tris-(benzyloxyMrityl; 5-
methylpyridyno-2-yl; phenylthicethyl; dipehylcarbamoyl; 3,4-dimcthexybenzyl; 3-
chlorophenyl; Z-nitrophenyl; 9-pnenylxanthen-9-yl; 9-(p-methoxyphenylyxanthen-5-
yl; 9-(pccaiadecyloxyphenyl)xanthen-9-vl, “bridged” bis-dimethoxyirityl groups;
phthaloyly succinyl; benzensulphonylethoxycarboenyl; 4,4°4" - tris(bevulinyloxy)tritvl;
p-phenylazopbicnylexyearhonyl; o-subsiituted benzoyl, 4,44 4yis-(4, 5~
dichlorophalimidinitrityl; levelinyl: alkyloxy and aryloxyaceryl; 1,3-henzodithiol-2-
yi; tetrabydrofuranyl; {2-(merhyithio)phenyl thiemethyl, 1-{2-chloroethvoxyiethyl, 1~
[(2-fluoro-pitenyi]4-methaxy piperidin-4-vl,  4-nethoxytetrabydropyran-4-yl;  (1-
methyl-}-methoxylethyl; tetrahydropyranyl; 3-methoxy-1,5-dicarbomethoxypeniam-
3-yl; Z-nitrobenzyl; benzyl, 4-nitrophenylothyl-sulphonyl; t-tmtyldimethylsityl; 4-
methoxybenzyl; 3 4-dimethoxybenzyl; o-p-methexyphenylthioxanthen-0-yl;
compounds of the formula R RaRaC-, wherein R, Rz, and Rs wre each independently
selected  from  the proup eonsisting  of phenyl, p-movometboxyphenyl, o-
manoniethioxphenyl, biphenyl, p-fluorepnehyl, p-chlorophenyl, p-methylphonyl, p-
nitrophenyl, etc.

3. Oliganucleotides,

Hynthetic oligonuclentides that contain protecting groups and may be used to
carry out the present invention include both the naturally cccurring forms such as
DMA and BNA, and these with medified backbons chenustries, such as poly
(phosphate decivatives) suck as phosphonates, phosphoramides, phosphonamides,
phosphites, phesphinamides, efe., poly (sulfur derivatives) e.z., snlfones, sulfonates,

sulfites, suifonamides, sulfenamides, efe. It will be noted Hat axibodics of the
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invention may be characterized by their selechive binding to particulsr “reagent” or
“benchmak” oligonucleotides, but the saine antibodies may also bind to a varety of
other ohgonuckotides (e.g., longer nuclcotides) or other compounds that contam the
same protecting group.

For example, an oligotuelcotide to which the antibody selectively binds may
consist of from 3 o 20 nucleatides, and whersin one of seid nucleotides is a protected

nucleatide according to Formula (1) below:

Gasc— PRy

o
i %
O=p—OK
I{]

wherein:

R is H or a protecting group, such as dincthoxybityl; subject to the proviso
that R is a cavalent bond to an adjacent nucleotide when safd protected bage is not a
3 terminal nucleotide in said otiganucieotide;

Ry 15 H or a protecting group such as [f-cyanoethyl; subject to the proviso that
R is a covalent bond to an adjacent nucleatide when said protected base is not a 37
terminal nuclectide in said eliponucleotide;

Ry is Hor-0Ry;

Ra is H or a protecting group sush as rere-butyldimethylsilyl;

Basc is a purine or pyrimidine base; and

Ry is g protecting group bonded to an amino group of said base, such as a
protecting group is sslected from the group consisting of acetyl (Ac), benzoyl (Bz),
dimeihyiformamidine {dmf), isobutyr] {Ibu). phepoxyacetyl (Pac), and isopropyl-
phenoxyacetyl {lpr-pac);

and further subject to the praviso that when one of R, Ry, R; and Ry is a

protecting group, then the others of B, By, R; and Ry ave not protecting groups.
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1In one particular embodiment of the foregoing, the antibody 1oay e one ihat
selectively binds to an oligonucientide that consists of fom 3 to 20 mcleoindss and
bus a 5° nucleotide, and wherein said 57 nncleotide is a proiected nucleotide according

to Formula (I):

Tase

(‘3 La
o= 'EI'— O
B

wlierein:

R is # proteoting group such as dimethoxytrityl;

R is a cpvalent bond to ap adjacent nucleotide;

R; i -H or—OH; and

Base is a purinc or pyrimidine hasc.

In another particular embodiment of the foregoing, the untibody may be one
that selectively binds to an oligonucleatide that consists of fom 3 to 20 nucleotides
and has a 3* nucleohide, and wherein sasd 3° nucleotide 18 2 protected nucleolide

aceording to Formula (T).

Base

m

whetein:
R is a covalent bond to an adjacent nuclectids;

R s a protecting group such as P-cyanoethyl;
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K, is H or ~OH,; and

Basc 13 4 purine or pyrimidine base.

In another particular embadiment of the foregoing, the antibody may be one
that selectively binds to an ohigonucleniide that consists of from 3 to 20 nucleotides,

andt whersin one of said nuclentides s a protected nucleslide acconling te Foumula

(#:
Buase
R=0
m
7k
o= IIJ—DH

By

wherein:

R.is 2 covalent bond to an adjacent nucleotide;

B 15 a covalent bond o an adjacent nucleotids;

R;is —ORj;

R & protecting group such as fery-butyldimethylsilyl; and

Base iz a purine or pyrimidine base.

In sii}l another purticular embodiment of the foregoing, the antibody may be
onc that sclectively bipds to an ofigonaclectide that cousists of from 3 to 20
nucleotides, and whercin one of said nucleotides is a protected nucleatide according
to Ionmula (1)

Dase—Ry
R—1

o

wherein:
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R is a covalent boad to an adjacent nuclectide;

Ry is a covalent bond to an adfacent nucleotide;

R: H ur -GH;

Basc is & purine or pyrimidine base; and

R, is a protecting gronp honded to an amino group of said base, such as acetyl,
henzoyl, dimethylformamidine, isobuiyryl, phenoxyacsty!, and isopropyl-
phenoxyacetyl.

Thus, examples of protecied bases that may be employed m the struclures
shown above include, but are not limited to, adenine, guenine, and cytosine, as

follows:

NRiRy

NR Ry o
. N
N N ™ A N™
I J\/I[ Y |
&"N IT> s BRN A\N T cand L‘T

wherein By and R; are both H in an unprotected base, and either B, or R; are a
protecting group as described above (eg Pac, Ipr-pac, lbu, Bz, Ac, dnf) lor a
protected base.  Likewise, modified nucleosides have protecting groups at the
modifications that arc chemically reactive.

In one embodiment of the invention, the oliponucleclides are peptide nncleic
arcids, and the protecting, groups are those protecting groups ewployed in the synthesis
of peptide nucleic acids, inefudinb but nol limited to those described in U.8. Patent
New 6,133,444, )

In still another particular embodiment of the foregoing, the antibody may be
one that selectively binds to an oligonucleotide that consists of from 3 w 20
nucigotides, and wherein one of said nucleotides 15 a protected with 4 photolubile
protecting group, including but net Limited tu those described in U.S. Palents Nos,
5,744,101 and 5,480,678 fassigned w Affymax).

4. Antibodies.
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As noted above, the present invention provides antibodics (e.g., 2 menoclonal
or palyclonal antibody) that specifically bind to a synthetie olignnueleotide having a
organic protecting group covalently bound thereto, which antibody does not bind to
said symthetic oligonuclectide when seid organic profecting group is not covaiently
bound thereto.

The antibody may be provided immobilized an (or bound to) & solid support in
accordance with known technigques, or may be provided in a free, unbonnd form {eg.,
lyophilized, frozen, in an aqucons camier, etc.). Whethor or not an antibody is
immaobilized will depend upon the particulsr immuncassay or affinity purification
technigue 10 which the antibody is used, and is determined by the known parameters
for such techpiques. Similarly, the antibody may be hound to or conjugated with
suitable detccfable groups, such as an cnzyme (e.g. horscradish peroxidase), a
member of a binding pair such as biotin or avidin, a radicactive group or a fiuorescent
group such as green fluorescent protein, alse in accordance with known technigues,

typically depending upon the immunoassay format in which the antibady is used.

5. Tmmunoassay Methods.

The present invention provides a methed for detecting incomplete
deprotection of a synthetic oligonucieotide (ncluding acorted s=quences that still
contuin 4 protecting group) by immunecassay. In general, such an irmunoassay
comprises the steps of  (u} contacting a syntbetic oligonuclectide to an antibody as
described above, and then (&} detecting the presence or dbsence of binding of said
antibody to seid oligonucleotide, the presence of binding indicating incomplete
doprotection of said synthelic oligonucleotide. Aay sutable assay format can be
cmployed, including heterogeneous and homogeneous immunoassays. For example,
the imimunoassay nray be an immunacblot-dot assay. or may be a sandwich assay, The
oligonucleotides being tested for deprotection may be in any suitable form, such as in
solution or Immebilized on 3 solid suppert.

In a preferred embodiment, the detection method employs a “dip stick™ or the
like, in which binding of the antibody fo the test cligonueleotide is compared to
binding of the antibedy 1o a sel of koown oligonneleotides, all immobllized on a

commen solid support.  Such an ardicie, as illustrated in Figure 10, useful for
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deterrpining  incomplete  deprotection of a  synthelic  oliponuelestide in an
immmoassay, comprises: (@) a solid suppoit (2 g, a nitrocellulose strip} 25 having 2
surface portion, said surface portion having at least two sepavate discrete regions 26,
27 formed thereon; (&) & first oligonucleotide bound to one of said separate discrete
regions, said first oligonucleotide having a protecting group bound therelo (e.g., at
least one protucting group); and (¢} a seeond oligonueleolide bound to another of said
separatc diserete repions, said second oligonuclcotide not having sald protecting
group bound thereto; wherein the mucleotide sequence of said first and sccond
oligonucleotides arc the same. In # preferred embodiment, the article further
camprises (i} a thind ofigonnclectide bound o another of said separate diserete
vegions 28; said third oligonucleotids also having said proteciing group hound to said
first oligonucleotide bound thercto; wherein said third oligonvelectide is peartially
deprotected (f ., has a nmmber of profecting proups covalently bound thersto which is
intermedixie between that bound {o the first and second oligonucleotide, e.g., at least
one, two three or four mere protecting groups than the first oligonucicotide, up to at
least 10, 20 or more protecting greups then the first oliponucleotide); and witerein the
nucleotide sequence of said first, second, and third cligonncleotides are the same. Qf
conrse, still more obigomuclectides carrying varying numbers of proteciing groups
may he included opn the subsirate in additional separate and discrste locations, if
desired. The discrete regions to which the separate oligonucleatides are bound may

be in any form, such aé dots.

6. Affinity Purificativa Methods.

[n addition fo immunoassays, the present invention also provides affinity
purification techniques for the separation of fully deprotectad oligonmucleotides from
partially deprotected  (pcluding lully protecled) oligonncleotides  (eg, botl
ofigonuclectides that have been subjected [0 a deprotection process fo remove the
protecting group, and oligonucleotides that have not). Such a proccdure fypically
comprises {a) contacting a2 mixture of protected end fully deprotected synthetic
oligonuclentides 1o antibodies as described above, whersin the protected synthetic
oligomuclentides bave the organic projecting group for which the antibndy is selective

covalently bound thereto, so that the protected synihetic oligonucleatides hind to the
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antibody, and then sepacating said antibodies from said fully deprotected
aligonucleotides. The antibudy may be immebilized on a solid support to facititate
sepavation. The protected synibetic oligonucleotide may be a partially protected
synthetic oligonucleotide, or 2 fally protested symthetie oligonusleotide that has not
wndergone deprotection.  Any scparation format may be used, ncluding but vot

limited o affinity chromaicgraphy.

7. Productiva of Astibedies.

A method of making an antibody that specilically binds o a synthetic
oligonucleotidc having 2 organic protecting gronp covalently bound thereto, which
antibody does not hind to the said syothetic oligopucleotide when said organic
protecting group s not covalently bound thereto, comprises the sieps off ()
synihesizing the synthetic oligonucleotide on a selid particulate support (and
preforably covalently bound thereto, e.g., with & suceinyl finker) witk the organic
profecting group covalently bound to said synthetic oligonucleotide; and then, without
removing 1he oligomeleatide from. gaid solid suppert; and (b} immumizing an animat
with the syathetic oliganucleotide bound o the solid support in an amount sufficient
to produce ihe antibody. In addition, a single nucleotide can he bound fa the solid
particulare suppert with the organic protecting group bound thereto, and used as
described hersinabove.

The synthesis step mey be carried out on the solid support in accordance with
koown technigues. The solid support may be in particulate foxm prior to synthesis, or
may be fragmented into particles after synthesis. In peneral, the solid supports are
beads, which may be completely solid throughout, porous, deformable or hard. The
beads will generally be at least 10, 20 or 50 to 250, 500, or 2002 pm in diameter, and
are most typically 50 to 250 pm in diamater. Any convenient composition can bo
used for the solid suppott, including ceflulose, pore-glass, silica gel, polystyrenc
beads such us polystyrens beads cross-linked with divinylbenzene, prafted copolymer
beads such as polyethyleneglycol/palystyrene, polyacrylumide beads, latex beads,
dimethylacrylamide beads, composites such as glass particles coated with 2
bydrophobic polymer such as cross-linked polystyrene or a fluorinated ethylene

polymer to which is grafted linear polystyrene, and the like. Where separate discrete
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sohid supports such as particles or beads are emploved, they generally comprise from
about 1 to Y9 percent by weight of the toial reaction mixtare.

in a prefered embodintent, the synthesizing step is followed by the step of
fragmenting the solid support (e.g. by crushing) prior to the immunizing step.
Polyclonai antibodies may be collecied from the senun of the animal in accordance
with knowr techniqees, o spleen cells may be collected fom the auimal, a plurality
of hybridoma cell lines produced [om the splesn colls; and then a parlicular
hybridoma eell line that producss the antibody dsolated from the plurality of
hybridoma cell Jines

A particular protocel for the production of amtiseram/polyelonal antibodics
and monoclonal antibodies against profectng groups wsed 1o nucleic acid and other
synthesis typically involves the following steps: (aj preparation of oligonucleotides
and others that coatain or do nel confain  profecting groups; () nmunizalion of
animals with those preparations; (¢} sereening of animals to identily those that exhibit
antibodies agzinst protesting groups; () production of menoclonal antibody by
classical fusion methed; () optionally, production of scFab, Fab fragments and whole
antibody molecules by antibody engineering; and (¥) cvaluation and characterization
of mwonoeclonal antibedies agzinst the protecling groups,  Each of these steps is
discussed in greater detail below.

Synthetic eligonuclectides that contain proteciing groups can be synthesized
in a variety of ways known lo those skilted in the art. For example, prolecting groups
can be attached to ndividual nucleotides that arc linked to controlled pore glass
{CPG) beads. An exampleis:

CPG bead---dT (only with DMT group).

In the alternative, protecting groups may be alfached to oligonucleotide chaing

that are linked to CPG beads. Examples inciude:
Pac-dA—Puc-dA-—-CPG beads with Bz-(C and Thu-dG;
Ipr-ac-dG-—Tpr-Pac-dG-— CPG beads with Bz-dC and Ibu-dG,
Ac-dC—Ac-dC--- CPG beads with Bz-dC and Ibu-dG;
dof-G—-8mf-G--- CPG beads with B2-dC and Ibu-dG; and

mixtures of the four oligonuclestides described above.
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I another alterpative, protecting groups may be attached to oligomicleotide
chais that are partially deproteeted (the procedure for deprotection will be described
bellow). Examples includs:

Poly dT20me1s {only wiih DMT group);

Poly d'120mers {only with cyanosthyl groups);

Poly Jbu-dG 20mers (partially deprotected);

Poly Tpr-Pac-dG 20mers (partially deprotected);

Poly Bz-1C 20mers {partially deprotected);

Poly Pac-dA 20mers (partially depretected); and

Boly Ac-dC 20mers (partially deprotected).

Synthetic oligonucleotides prepared as deseribed herein may be partially
deprotected as follows: (@) add 30% anmonium hydrexide solution to synthetic
polynucleotides, then incubate at room temperature for different time perods (5, 10
and 30 min); (7] take (he ammenium solotion of treated oligomers and add info 1:1
diluted acetie acid pre-cooled at 4° C and according to 1:4 zatio of amaponium 1o
acctic acid; ¢/ kecp samples in fce bath for 30 min; (@ dry samples with speed-Vac;
fe} dissolvc the dried pollets in water; (7} dosait samoples with Sephadex (5-25 column;
(g} dry samipies with speed-Vac; and (4} dissolve the desalted samples in water.

Syathetic ohgonuciectides prepared as described herein may be completely
deprotected by any suitable technique. One particular technique is as follows: () add
30% ammenium hydroxide solution to synthetic oligonuclectides, then incubate at 65
° ¢ for 6 hrs; (B) dry samples with speed-Vac; () divsolve the dred pellets in water;
fd) desalt samples with Scphadex G-25 column; and (=) dry samples with speed-Vac;
(1 redissolve desalied samples In water.

Partially and completely deprotected oligonueleotides may be characterized
for further use or to verify procedures by any suitable meens, including but not
lingited to gel electrophoresis, urea-acrylamide gel electrophorssis, 5'end labeling
with T4 polyouciecide kinase, HPLC analysig, mass spectrometry, etc

Suitable animals can be immunized with fie oliponucieotides described above
by parenteral injection of the oligonuciectide in a suitable cairier, such as sterile

saline solution. [njection may be by any suitable route, including put not hmiwed to
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subcutanceus, Intraperiionsal, inlravepous, iniraarterial, fnframuscular, etc.  Suitable
animals are fypically marmals, including mice, rabbits, rats, ete.
In a partreular embodiment, for the prodonction of monoclonal antibodics,

young female BALB/c mice are uscd, and the time coarse of injection of the antigen

material is:
first day initial injection
14th day first boosting
28th day second boosting

4 duy before [usion  {inal buosting
Additional injections may be employed if degired. The antigen amount may be 50 ug
o 100 pg of ahgonueleotides  unprotected (for cantrol antibedy) or proteeted, for
each mmouse per time. When, as preferred, beads or other solid support used 2s the
suppart for oligonucleotids synthesis are injected jnio the animal, tho beads er
particles are suspended in water, then injeeted into mice. I a nucleotide sclution s
uscd, then the selution is mixed with eomplete or incomplete Fround’s adjuvant and
injected jnto mice.

Pelyclonal anmtibodiss can Dbe harvested from animals immunized or
imoculated as described above in accordamce with known techniques, or spleen cells
harvesled from the animals, hybridoma cell lines produced from the splesn cells, and
the hybridoma cell lines screensd for the production of desired antibodics, alse in
aceordance with known techniques.

Oligonucleatides thal contain or do not contain hiotin malecules at 3° or 57
ends {(for BLISA assay as described below) may be synthesized in accordance with
standard techmiques. Exumples are:

Poly 1bu~dG 20 mers (with or without biotin);

Poly Thu-da 20 mers (with er without biotin);

Poly Thu-dC 20 mers {with or withoul bietin);

Poly Ipr-Pac-dG 20 mers (with or without biotin);

Poly Bz-dC 20 mers (with or without biotin);

Poly Bz-dA 20 mers {with or without biotin};

Poly dT 20 mers (with or without hiolin);

Poly Pac-dA 20 mers {with ar withou! bictin};

JP
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Poly Ac-dC 20 mers {with or without biotin); and

Poly dmt-(r 20 mers (with or witheut biotin).

Antibodies produced a5 described above may be characterized by any suitable
technique to determine the binding properties thereof, including but not Hmited to
Western blot and irurnunodot-blot.

Tn addition to the use of polyelonal end monoclonal antibodics, the present
invention contemiplates the production of antibodics by recombinamt DNA, or
“mitibody engineering” techniques. For cxample, mRMA izolated {rom hybridona
cells may be used to construct a cONA library :md the sequence encoding whole
antibody or antibody fragments {e.g., scFab or Fab fragments) isolated and inserted
info snitable expression vector, and the cxpression vector inserfed into a host coll m
which the 1solated cBNA sncoding the antibody is expresscd.

Monoclonal Fub fragments may be produced in Escherichia coli by
reeombinant techmques known to those skalled in the art. See, ez, W, Huse, Scfence
246, 1275-81 {1989).

8. Screening of Antibodies.

Sereaning sera and hybridowa eell enlture media for protecting growp specific
antibodics may be carricd out as follows:

A. Sera

1. Pre-irmmune {pricr to imimunization) sera are collecied by standard moans
frotz the mice o be inceulated with protecting group vonfugated 1o a solid support
(directly or througl an aligomer).

2. Post-inmoculation sera are also coilected.

3. An ELISA assay is performed in which the specific protecting group
romains on a biotinylated oliponucleotide conjugated to the maicratiter plate. Olher
microtiter plate wells contain control oligomers that have no protecting groups, or
oligenmucleotides with other protecting groups. The secondary antihody is & goat anti-
mouse [gG with a conjupguted phosphotase for visualization of aniibody

4. Those mice thal have positive activity against the specific prolecting group
are boosled and sacrificed for the production of hybridemas.

E. Oybhridoma cell culture nredia
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1. Approximately 1000 cultures are gemerated from each spleen hybrid cell
production.

2. Cultures are grown in microtiter plate wells, 96 well plates.

3. Culture medium is removed from sach well amd used in ELISA assays as
described sbove in which each of the -~1000 microtiter plate wells contain the
protected oligonuclectide conjugated to the plate.

4. Those cultures producing antibody that has positive activity arg transferred
to larger outture wells, 24 well misrotrtor plates.

5. Culture media from the larger cultures are re-tested for zotivity against the
proteciing proup and are also assayed for specificity; ie. conirole of no protecting
proup and of oiher protecting groups.

6. Those cultures that are positive are cloned oul {diluted), re-tested and
cloned out again to the point that each final culture must be the result of one cell; ie.
mona-caittre. Media from these final cultures are thoroughly assessed for specifioity
and affinity. Speeificity and affinity are assessed using a dot-blot assay.

€. Drot-Blot assays in lieu of ELIS A assays

1. Antibodies against some protecting groups are not tractable to heing tested
in the microtiter plate well environment and must be tested using a dot-blot assay.
Qpe example is the S-terminal protecting group, dimethyl-trityl {OMT).

2. The Dot-blot assay on a nitrocellulose wmembrane is accomplished as
descrihed clscwherc in the application for most purposcs. However, this is nol
possible in assessing antibody production by ~1000 microtiter well culfures with little
media available. Thus, a novel adaptation has been developed.

) The protecled oligenucleotide is attached in dots io the nitroceliulose using
UV-crosstinking. With DMT, the presence of the 5-DMT on the membrane is
confirmed by treatment of a dot with muld acid - the dot turns vellow-orange. The
presence of the 3'-biotin can be confirmed with a commercial avidin stain.

b} The membrane is blocked (sce dot-blot assay).

b) The dry membrane dots are carsfully mnaked (peucil} and "punched” out of
the mernbranc.

&) Individual dots are added to the cell culiwe media m individual micertiter

plate wells and incubated.
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d) The individual dots arc removed and passcd on through the washing,
secondary antibody, phoaphotase reaction and color development using microliter
plate wells with the appropriate reagents.

<) Thase dots that are positive are related back to the original microtiter plate
well cultures from which the small amonnt of cultire media was obtamed.

) Furiber culturing and cloning is accomplished as deseribed in B,

9. Testing of Microarrays.

The present invention may be used to test or sereon oligonucleotides that are
immobilized on a solid supporl such &s & mivreaway for issufficient deprotection or
clongation of the oligonucleotides synthesized thercon,

Sclid suppetts used to cary oul the prescai invention are typically discrele
solid supports. Diiscrete selid supports may be physically separate from one another,
ar may be discrete regions on a surface portion of a umtary substrate. Such “chip-
type” or “'pin-type” solid sapports arc known. Sce, e.g., U.5. Patent No. 5,143,354 o
Pirrung; 11.8. Patent No. 5,288,514 {e Ellman {pin-based support); U.S. Patent No.
5,510,270 to Fodor et al. (chip-based support). Additiona] nen-limiting examples of
cligonuclsctide arrays which may be used to carry out the present invention, and
metheds of making the sams, include but ave not lmited lo those described in 115,
Patents Nos. 5,831,734; 5,598,605; 5,593,839; 5,578,832; 5,510,270; 5,571,639,
5,050,926; 5,445,934; and 3,703,223, Such devices may be used as dessribed therein
to carry out the instant invention.

The selid supporl or substrate from which the amay is formed may be
comprised of any suituble material, including silicon. The oligonucleotides may be
polymerized or grown in situ from monomers {or individual nuclectides) in siix on the
microarray (in which case none of the currently available techmiques for detecling
protesting groups would be useful for detecting incomplete deprotection or elongation
of the oligonnclentides on the amay, as one cannot pass ihe solid support through an
analytical device) or the oligonucleotides may b polymerized separately and then
linked Lo the appropriate regfons of the solid support. The amay may include any

number of differont oligopuclectides in different separate and discrete regions
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thereon, sxamples including arrays of at least 1,000, at least 2,000, at least 10,000, ar
at least 20,000 different oligonucleatides in different separate and discrete regions.

Io gencral, @ method of screenmg an oligonucleofids array for insufficient.
deprolection or nsuflicient elongation of cligonucleotides therein comprises the steps
of:

¢a} providing an oligonucleotide atray as described above;

(&) providing an antibody as described above (that is, an antibody that
specifically binds to a synthetic oligonuclectide having an organic protecting group
covalently bound thercto, which antibody does not bind to said synthetic
oligonuclestide when said organic proteching group is not sovalently bound thereto).
Freferably the antibady is one that specifically binds o ao oligonucleotide having a
proteciing group, wherc the profecting group was cmployed in the course of the
arganic synthesis of aligonucleotides carried hy that array. Then;

fc) contacting said oligonucleotide array to said antibody to thereby detect the
presence of insufficient deprotection or insufficienl elongation of oligouucleotides
therein. Such defectiow, which may be qualiiative or guantitalive, may be camied out
by any suitable immunoassay technigue as described above.

In the method, steps () 1o (¢) may be repeatsd at least onoe, with & different
antibody on each repetition, so that a plorality of different protecting groups which
may be presont on oligonucleotides in the arvey may be detected.

Preferabty, once insufficiemt deprotection {the presence of protecting groups)
in oligonucleolides in one or mere (e.g., plurzhiy) of the separate und discrete regions
15 detecled, the methad further comprises generating 2 record or lodicia recording the
presence of imsuflficient deprotection or insufficient clongation of oligonuclectides in
the least ape separate and discrete location (or plurality of separate and discrate
locations) on the array. The indicia may be a qualitative or guaptitative indieia of
insufficient depretection (including insufficient clongation).

The forsgoing meihods provide a comreclable oligonuclcolide amay as
illnstrated i Figure 11. The arcay compriscs, in combination:

(@} 2 substrate 30 having a plurality of different oligonocloctides immobilized
thercon, wilh the different oligenucleotides immobilized in different separale and

discrete focations 31 on said substrale; and
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(12} a plugatity of indicia associated with said anay, these indjcia recording the
presence of insufficient deprotection or insufficient elongation of a plurality of
different oligonuclectides, smd different oligomucleotides located in separate and
digerete locations on sald array. These indicia may be printed in a region of the array
32 by a technigue such a micrelithouraphy, printed on conventional medivm such as
paper and shipped with the aray, stored I a memory or memory device conuected fo
or formed on the array chip {which may be incorporated at lecation 32), provided in a
separate dafa or computer file which may be provided om 2 computer-readable
mediam such as a floppy diskette or CD-ROM, stored on a welb site on the world
wide web for duwnloadin.g by the end uzer of the array, ote. When the indicia are
provided in a separate dafa file, the array preferably further includes an identifier such
a2z a eode number formed on, connected (o or associated with the amay (e.g., poated
o a package containing the array, or on an information sheet packaged with the array,
and/or printed directly on the array). The indentifer may then be associated with the
separale mdicia (e.g., punted on 2 data sheef, used as a pass-word, file 1dentifier
and/or access code for the computer file, etc.) to insure the carrect indicia containing
the record of insufficient deprotection and/or elongation are vltimately associated with
the array by the ultimate end user of the arvay.

A data device or memory device connected to the array may be caried out in
accordancs with known techniques, as described in U.S. Paients Nos, 5,925,562;
6,017,496; §,751,629; and 3,741,462, and such devices used as described therein to
carry put the instant invention.

The end uwser of the array may utilize the indicia deseribed above to
compenegate for insufficient deprotection or insufficient elongation of oligonucleotides
an said array in @ method comprising:

(a2} providing a substrate as deseribed rbove.

(&) providing at least one, or a plurabity of, indicia associated with sald array
a3 described above,

() providing a fest compownd.  The test compound may be a member of a
library of test compounds, and way be any suitable compound such as & pratein,

peptide or oligonueleotide {e.g., a DINA or RWA, such as mRMNAY, and then
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{d) delecling the binding of said test compound to at least oue of said pluraiity
of different oligenucleotides (e.g., by contacting the test compound to the array); and
then

(1) detecting determining the degree of binding (including simply the presence
er absence of binding) of the test compound to one or more oliponucleotides on the
arrzy from. (%) said detected binding and ¥} said indicia recording the presevce of
insufficient deprotection or insufficient elongation. Thus, insufficient deprotection: or
insufticient elongation of oligonucleotides in one or more locations in the array may
be compensaied tor during the determinmg step. Such compensation may be achieved
by uny means, including ignoring particular separate and discrete regions on the army
(e.z., in favor of other separate and discrete regions of the array (hat contain the same
ohigonueicotide). Tn another exwnple, if one or more [ocations contain insufficient
deprotection or elongation such that binding te those locations is reduced, the binding
data darived from an experiment with that airay can be adjusted upwards for those
locativns to indicate greater binding than that which would etharwise be indicated
wilhout the control made possible by the recorded indicia.  The detecting or
determining step may be carried out by any suitable means, such 15 generating a color
indication of degreg of binding, generaling a numerie indication of degree of binding,
generating & graphic or other symbolic indicatiom of dsgree of binding, stc.  The
degree of binding may be an indication of binding is binding atfinity, binding ameuat,
or beth binding affinity and binding amount, but is typically an indication of the
amovnt of test compound that binds o a partivular scparate end discrete region of the
array.

The present invenlion is explained in greater detwl in the following non-

lirpiting Bxamples,

EXAMPLE ¥
Syuthesis of Oligonucleatides
Synthcsis was performed on an ABI DNA/RNA Synthesizer, Model 394 (PE
Biosystens, §50 Lincoin Centre Drive, Foster City, CA 94404} according fo

manofactoties prolocol. Slightly medified 1 micromaler scale cyele was used dwing
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synthesis {see manufacturer’s izstructions). The primary starting matenials (and
suppliersimanufactmrers in parentheses) were ay follows:

Activator (0.45 M tetrarvole in acetonitrile), CAP A (acetic anhydride’
tetrahydrofuran/ 2,6 lutidine), CAP B {N-methyl imidazolsferahydrofuun) and
oxidizer (2.02 M todine/pyridine/ THF/H20) (Prime Synthesis)

Pag-dA (5°-dimetlioxytrityl-N-phenoxyaectyl-2-decx yAdenosine, 3 -[(2-
cymoethy-(N,N-diisopropy!)]-phosphoramidite (Glen Research)

Ipr-Pac-dG {5'-dimcthoexytrityl-N-p-isoprapyl-phenostyacetyl-2'-
Guanosing,3'-[{2-cyaneethy])-(N,N-diisopropyl)]-phosphoramidire (Glen Rescarch)

Ac~-dC (5’ -dimethoxytrityl-acellyl-2’ -deoxyeytidine, 3-[ (2-cyancethyD-(H,N-
diisopmopyvl)]-plosphoramidite (Glen Research)

dmf-G (5'-dinethoxyirityl-dimeihylformamidine-Guangsine,2”-Q-TBDMS-
3*-[{Z-cyanoethy!)-{N,N-diisopropyl)[-phosphoramiditc (Glen Research)

By~dC---CPG beads (5°-dimcthoxytrityl-N-henzoyl-2"-denxycytidine, 3°-[ (2-
vyancethyl)-(NN-diisoprogyl)]-phosphoramidite-succinyl linker-beads (3060 Ang)
(CPG Toe.)

Tou-dG---CPG beads (5'-dimethexytrityl-N-isobutyl—2’-deoxyeytidine, 3 -
|{2-cyanoethyl)-(IN,N-diisopropy])]-phasphoramidite-suceinyl linker-beads (3000
Ang) (CPG Inc.)

The tollowing compounds were synthesized, the compounds being linked to
beads us shown:

Pac-dA---Pac-tlA-—Bz-dC-—suceinyl linker-—Beads
Pac-dp---Pac-dA—[bu-dG---succinyl linker---Beads
Ipr-Pac-dG-—Ipr-Pac-dG---Bz-dC---suceloy] lnker---Beads
Ipr-Pac-dG---Tpr-Pac-1G-—-Ibu-dG---succinyl linker---Geads
Ag-dC--- Ac-d - Bz C—-suceiny] linker---Beads
Ac-dC--- Ac-d{—Ihu-di3---auecinyl lukar-—Beads
UmF-G---dmf-G--- Bz-dC-—suceinyl linker—-Beads
dmf-G---8mf-G--- [bu-gG---suecinyl linker---Beads

The foregoing compeuids were adminstersd direclly to animals as an
Tmmunoger, without separating the oligonucleotide from the solid suppart, for the

production of antibodies, as forther desonbed in Fxample 2 below,
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EXAMPLE 2
Innoculation of Animals
Female BALB/ mice of eight to twelve wecks old were purchased from
Charles River, Raleigh, North Carolina, USA. The nice were housed in cases with
filter caps.

After oligonuelzotide chain synthesis was completed as described in Example

1, the beuds with nucleciides were genily crushed by hand-pressuring the glass plates,

between which beads were positioned.

5 M of each cight oligmmeleotides mentioned above wers mixed in 4 mi
PRS (130 mM sodiom chlotide in 100 mM phosphate buffer, pH 7.2).

The niixture was thoroughly vortexed suspending the erushed beads. 130 uL
of the vortexed mixnire was taken and added into 300 gL of PBS in a syringe. Just
belore injection, the solution containing beads was mixed again by shaking the
syringe to suspend the hroken beads. Then 150 pL or 300 pb of well-mixed solution
was injected inta mouse peritoneal cavity. This procedure was used for the first

injection and the following boosts.

Injection time schedule:

Iniection Date (dav)
frst 0
secand 14th
third 23th
4th 42ud
5th 56th
oth Foth
7th Stk
Slh O8th
ath 112th
10th 138th

{1th (final. 4 day before fusion) 142nd

Four days afier the fnal injection, spleen celle are harvested from the animals
and fused with myeloma cells (P3x.63.A28.653) in accordance with known

techpiques to produce hybridoma cell Yines, which are then screened to determine the
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binding characteristics as described below to isolate particular eell lines that produce

the desired antibody of the inveniion.

EXAMPLE 3
Immunedet-Blot Assay for Antibody Characterization
The Trrpunodot-klot assay ivolves UV cross linking of oligonucleotides ante
mgmbrane paper, and is directly applicable (o a test kit for detection, idenfification
and quantifying the protecting groups on product oligomers, This procedure mey be
carried out as follows: (2} wot membranc paper with TRS {10 mod Tuis, pH 7.2; 150
mM NaCl); 18) blat olizonucleotides to be tested onto menbrane paper undor
vacuo; (¢) LY cross link nucleotide onle membrane paper, (@} block membianc
paper with 1% casein-TBIT (VB3 plus 1'ween 20, 0.1% by velume) at room
temperature for 2 br or 4° € overpight; (&) wash membrane with TBST 3 times, cack
for 15 mi; (7} form antigen-antibady complex by incubation of plate with sample be
tested (diluted in 1% casein-TBST) at voom emperature for 1 he; () wash as dbove;
(k) react with sceond anbbody conjugate (diluted in 1% casein-TBS1) at romn
temperature for 1 hy; (1) wash as above; (i develap colar reaction by incubaticn of

meabrage with substrate solutien.

EXAMPLE 4
Dut-Blot Assay of Monoclonpl Antibody 1 H11

Monaclonal antihody 1 H11, produced as deseribed in Example 2 above, was
characterized by a dot-blot assay as described in Example 3 above. Results are shown,
as a bar graph in Figure 1. In Figure 1, lunes (or colwnns) 1 and 2 represent
ofigoPac-3A20mers treuted with NHGOM for § bours at 65° C and 15 minutes at 4° C,
respeetively. Columns 3 and 4 represent oligoBz-dC20mers trealed with NHLOH for ¢
hours at 65° C and 15 muinutes, respectively. Columuns 5 avd 6 represent oligoAc-
aC2tmers treated with NHLOLT for 6 bowrs at 65° C and 13 minutes, respectively.
Columns 7 and § represent oligoIpr-Pac-dG20mers lreated with N1140H for 6 hours at
65° C and 15 minntes, respectively. Columns 2 and. 10 represent oligolbu-dO20mers
treated with WH,OH for 6 hours at 65° € and 15 minutes, respoctively, Colunns 11,
12 and 13 ropresent oligod T20mers, completely depratocted, with DM T group ouly,
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and with cyanoethyl group only, respectively. Antibody activity is given ag optical
dengity {4789 nm) from ELISA (Example 7 below), and the positive or negative resuli
of the dot blot assay is given o the open or filled circle appearing ovet each column
in the bar graph. Wote the activity of moneclonel antibody 1 HI1 in selectively

binding to the oligoThi-dG20mer in colwmn 10,

EXAMPLE §
Dot-Blot Assay of Monoclonal Antibody 7 H3
Monoclonal antibody 7 B3, produced #s descrbed n Example 2 above, was
characterized by a dot-blot assay as described in Exarople 3 above. Resulis are shown
as a bar graph in Fignre I. In Figure |, lanes (or columms) 1 and 2 represent
oligoPac-dAZ0mers treated with NH4OH for 6 hours af 63° C and 15 minutes at 4° C,
respectively. Columns 3 and 4 represont oligoBz-dC2{mers ireated with NH,CH for 6
hours al 65° C and 15 winutes, respectively, Cotumns 5 and 6 represent oligeAc-
dC20mers treated with NELOH for 6 hours at 65° C and 135 minutes, respectively,
Columns 7 and 8 represent oligolpr-Pac-d(G20ncrs treated with NMILOH for 6 hours at
65° C and 15 minules, tespectively. Colomns 2 and 1€ represent oligolm-dC2imers
treated with NHyOH for 6 hours £t 65° C and 15 minutes, respectively, Colurmos 11,
12 and 12 represent oligodT20mers, completely deprotocted, with DM group only,
and with cyanoethyl group only, respectively. Antibody activity is given as optical
density as deseribed above, and the pesitive or nogative result of the dot blot assay is
given in the open or {illed circle appearing over each column in the bar graph. Note
the activity of mouoelanal antfvody 1 H11 in selectively binding to the oligeBz-

C20mer in columm 4.

EXAMPLE ¢
Western Blot Assay for Antibody Characterization
The Western blot assay imvolves low vollage transfer of oligonucleotides fiom
gel to membrane paper and LTV crogs linking of oligonucleotides onta the menbrane.
This assay may be carried out as follows: () cast 15% nen-denaturing pel containing
10 mM MpCl; (8} load oligonucleatides (oligomers) into the wells of the gel; £z} mn

el at 200 voltage n ice bath; (@) transfior oligopucieotides from gel to membrane
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paper at 25 voltage for 25 min in ice hath; fg) UV cross link polvnucleotides on
metmbrane; (f] block membrane paper with 1% casein-TBST at room temperature for
2T ot 4° G overnight; (k) wash membrane with TBST 3 times, each for 15 min; ()

mncubate samples be tested (dituted in 1% casein-TBST) at room temperature for 1 hr,

(i} wash as ahove; (7} incubate mernbrane will secontt antibody conjugate (diluted in
1% caszin-TBST) at room temperature for 1 o (k) wash as above, and ¢f) color-

devslop by incubation of memnbrane with subsirate solution.

EXAMPLE 7
Dictection of antibody using Bivtinybated Polynuclesiides as
Antigen and ap ELESA jinvolving Streptavidin-Biotin System

An enzyne-linked immunosoerhant assay {ELISA) for the detection of the
anfibody is carried out as foflows: (i) pre-screen microtiter plate that is pre-coated
with streptaviding (&) coat the plate with a preparation of biotinylated olizonucleotide
or olher matenials to be tested (at § pgfml in PRSH PBS: 150 oM NaCl, 10 m
Phosphaie buffer, pH 7.4}, then incubate at room temperature for 2 his; (4} wash 3
times with 0.1% Tween in PBS (PBST), each for 15 min; (@) block with 1% cascin in
PBST at roorn temperalure for lws or 4" C ovemight; &) wash as above; (7 form
antigen-antthody camplex by incubation of plate with untihody {or autibodies) at
room temparature for | hr; (g} wash as above; (B #eact with second antbody-
peroxidase conjugate (in 1% casein-PBST) at roowm temperature for 1 hu; (i) wash as
ahove; (7} develop calor reaction by adding tetremethwibenzidine (TMB) solution
{IB solution: 42 m TMB, §.004% Hz04, 0.1 M acelate buffer, pH 5.6) and
incubating at room temyperature for 15 min, then stop the resction with 2 M HaS0,
and (k) read absorplion value al 469 mn,

EXAMPLE 8
ELISA and Dot-Blot Assay of ¥onoclonal Antibody
Agairst Benzovl, Isobutryl, and Isopropylphenoxyacetivl
Monoclonal sutibodies (mAD) against protecting yroups benzeyl (Bz),
isolutryl (ibu), and isopropylphenexyacetiyl (ipr-Pac), produced as deseribed in

Example 2 above, were characterized by a standard ELTSA assay and a dol-blot assay
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as desctibed in Bxample 3 above. An ELISA assay developed with biofinylaled
nueleie acids of 2( restdues each attached to a 96-well microtiter plate demonstrated
the specificity of the antibodics for their respective antigens. Figure 3A, Figore 4A,
and Figure 5A show results for menoelonal antibodics against Bz, ibu, and ipr-Pac,
respectively. The figurcs show completely deprotected (<1% Bz remaining)
homopalymers of d residucs, designated oligo dC{B7), ic. ariginally protected with
Bz (lane 1, open bar), protscied (>47% Bz remaining) eligo Bz-dC (lane 2, shaded
far), completely (< 1% ipr-Pac remaining) deprotected olige dG(ipr-Pag) (lans 3),
pratected (»78% ipr-Pac) oligo ipr-Pacd(3 (lane 4}, completely (< 1% ibu remaining)
deprotected oligo dG(ibu} (lane 33, protected (%1% ibu remaining) oligo ibu-dG
{lane &), and completely deprotected oligo AT (lane 7). The dT polymer had but onc
pratecting group, dimethyltrityl (DMT) thai was removed from the 5°0H of the 5«
terminal residus with mild acid. Finally, lane 8 of shows olige dT with DMT
remaining.

Dot-Blot assays of anii-Bz mAb, anfi-lbu mAb, and anti-ipr-Pac mAb
activities were performed in which the Z0mer DNAs were linked to nitracellulose
membrane by UV. The amounis of 20mer DNA applied to the membrane are shown
o the right of Figure 3B, Figure 4B, and Figure 5B and dumonstrate the level of
sensitivity of the assay. Tha DNAs used to test anti-Bz mAb were those described for
the KLISA plus deprotecied oligo dA(Bz), protected olige Bz-dA, olige dCiibu), olige
ibu-dC, olige dA(ibu} and oligo ibu-dA. Figure 3B shows that the amti-Bz mAb
recognized the protecting group on da and dC. The DNAs used to test anti-ibu mAB
wetc those described for the ELISA plus protected oligo ibu-dA, deprolected oligo
dA(ibu}, oligo (bu-dC, olige AC(iba) and all are noted at the top of the dot-blot.
Figure 48 shows that the anti-ibu mAb recognized fbu on dG, the maost cominon use
af the protecting group, but also on dA. The DNAs used to test ati-ipr-Pac mAh
were lhose described for the ELISA plus protected olige ibu-dA, deprotected olige
dA(ibu), oligo ibu-dC, olige dC{ibu), oligo Bz-dA, oligo dA(BzZ) and all are noted at
the top of the dot-blot. Figure 5B shows that the auti-ipr-Pac mAb recoprdeed ipr-
Pac on 443, the most common use af the proteciing group, but also on dA and 4C. The
mAb also recognized the ibu protesting group {ibu-deE, bu-dA and ibu-dC). This

cross-reactivity indicates that the antibody was highly selective in its identifieation of
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a chemistry conmmon to both ipr-Pac and fbu, possibly CH(CHg). Thus the anti-ibu
and anti-iprPac mAbs could be vsed in combination to identify the prelecting group
remaining on an ofigo.

Greater amounts of DNA were tested in a dot biot assay of anti-fhu mAh
(Figure 4C). The results of this experiment demonstrated that the 1bu protecting
group was 1ecognized by fhe mAb no maiter which nuclecbase was profected.

Figure 3C, Figure 4D, ind Figure 5C demonstrate that partially deprotected
oligomets can be re-treated (e remove (be remaining protecting groups, and re-tested
with mAb. Figure 3C shows that ant-By mAb recognived re-deprotected oligomer
oligo Bz-dC (center column). Likewise, Figmee 41 shows that anti-ibu niAb
recognized re-deprotected oligomer oligo ibu-dG (center column) and Figure 5C
shows that anti-ipr-Pac mAD recognized re-deprotected olipomers olige ipr-Pac-dG
and oligo shu-dG {colimus second from lelt and forth fom Left, respectively). Thus,
this approach is applicable lo quality coutrol without having to discard cxpensive
ouelets acid samples.

AnRNA stundard with protecting groups B, ibu and ipr-Puc was synthesized
and assayod for identification of the protecting groups with the mAb against Bz
(Figare 3D}, {bu (Figure 4E), and ipr-Pac {Figure 5D). Dot-blot assays clearly show
that the inonoclonul antibedies do not differentiate RNA from DNA. Although there
way a higher baclground signal with RNA than with DNA, thore was & signi ficant
distinction between RMA with and without protecting groups, especially at the lower
amounts of RNA. The amount of RNA on the merbrane was gstimuted Som the

optical absorbance of the sample.

EXAMPLE ¢
mAb Dot-Blot Assay of Proteciing Grenps vs HPLC
Dot-blot detection of Bz groups remaining on a standardized 20mer oliga ¢C
malecule were parformed as desaribed in Bxample 3. Completely deprotectad and the
unireated otige dC 20mers were analyzed for the Bz profecting group using a totally
independent and different quantification method. The two aligomers were hrydrolyzed
to the copstituent nuclensides and then their nucleoside compasition identificd znd

quanhfied using a recognized high performanee liquid chromatography (HPLCY)
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methad with cencentrated saraples. Because of the laclk of sensitivity, HPLC
detection required 50-100 fold the amaunts of Bz-dC used in the mAb assays (sec
Figure 7). Figore 6A shows the resulf of imti-Bz mADb tested against nmole amcunts
of Bz groups on protected olipe Bz-dC (ight column) and the same nmole amowmms of
Bz- on Bz-dC (Jeft coluny), Each amount of Bz-dC olige was diluled with
sompletely deprotacted dC oligo of the same length (201mer) to demenstrate the
sengitivity of the mAb detection cven in the presence of 2500-fold dC (ie. 0.04%).

The mAb assay demonsirated that the mAb could detect the Bz group on DNA even

inn the presence of a 2500-fold excess of JC in DNA,

The dot-hlot shown in Figure 6A was subjceted to densitometry lo quantitate
{be mAD response. After background subtraction. the remaining density was plotted
&6  function of Bz groups in olige Be-dC determened by HPLC (Figure 6B). The
data indicated that the high sensitivily of the anii B4 mAb deiection was linear in 0.1-
1.0 pmol ranpge.

Next, it was deternlined whether the mAb response eould be erthanced with an
increase in the amownt of DNA on the dot-blot membrane. The amount of Bz was
determined by standard HPLC methods. This experinent showed tha! detection of
the Bz protceting group in a mixture of the protected sample with the deprotected
sumple et a ratio of 1/2300 cauld be cabanced by inereasing the amount of DNA on
the membrane, though the ratio was maintained (Figure 6C).

Finally, experiments were conducted Lo show o direcf comparison of the mAb
and HFLC detoetion of Bz. Anti-Bz rnAb was utilized in a dot-blot assay 1o detect Bz
on dC in the oligo Bz-dC {20mer). The density response of the Bz group detected Bz

‘ by the mAb assay und quuntified by densitometry was plofled against the amount of

Bz in the DNA on each dot (Kigure 7A). The amount of Bz in the DNA was
calibrated by digestion of a Jarge amount of DIVA. and analysis by HPLC
identification and quantification of the Bz-dC monenucleoside. For KPLC
experments, three sumples of Bz-dC oligo were hydrolyzed and analyzed for
composition by HPLC. The response of the UV-diode array deteclor was plotted
against the amount of Bz n the samples (Figure 7B). The sample amounts were
determined by comparison to samples spiked” with known amousts of Bz-dC. The

amotnts of Bz-dC added to samples as spikes were from 2 welghed stock of Br-dC.
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Thus, the HPLC response was calibrated with known amounts of Bz-dC. The results
of these experinients show that the detection of Bz by anti-Bz mAb was within the

priote range whereas HPLC detection of Bz wwas lnmited to the nmele range.

EXAMPLE 10

Detection of Remaining Protecting Groups in Commercial Samples

A blind sludy was conducted to demonstrate the detechion of remaining
protecting groups in commercial samples by mAb. The pupose of the this
experiment was to determine if protecting groups could be deteated and identified
with mAb technology in presumably completely deprotected saroples that had been
treated as cominonly sccomplished in the ¢lige synthesis industey. The nature of the
protecting groups used by eight selecied companies was not known, thus the
experiment was o blind study. Two 20mer oligos {(clige dA-dC end cligo dG-dT)
from each of the eight companies were ordered to be synthesized and deprotected, aind
salt removed under as ideniical conditions as possible. The oligos were shipped by
cxpress mail, as is often the case, and then subjected to mAb analysis by dol blot. The
dA-dC oligo frem ane campany (#6), and possibly a second (#2), had remaining Bz
protecting groups as delermined by anti-Bz mLAb testing (Figure 8A). The dG-dT
oligos from bwo companizs (#2 and #6) bad ipr-Pac protecting groups remaining as
determined by anti-ipr-Pac mAb (Figore 8B). The remuiniug profecting groups in the
commercial samples wers confirmed by increasing amounts of sample and further
deprotection and re-analyses. The oligo dA-dC samples from companies ¥2 and #6
were tested m Higher amounts to confiem the presence of the Bz protecting group. In
addition, the samples were treated to remove the remaining protecting groups uging a
standard protocol. The re-analysis after further deprotection indicated that the groups
wers now removed (Figure 8C). This also demensirates that expenstve nuclelc acid
samples ean be re-trealed to remove prolecting groups and that they need not be
discarded. The ofign dG-dT samples were re-treuted to rernove remaioing prolecting
groups and re-analyzed with anti-ipr-Pac mAb with the result that the fpr-Pac group
could be removed without sacrificing the DINA (Figure 811,

EXAMPLE I1
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Polyclonal Aniibody Apainst Dinethylirityl

Production and analyses of polycolonal antibody apainst the 5* terminal
protecting group, dimethyltrieyl (DMT) were as described in Example 2. Four mice
were inoculated with DMT and sera were drawn from the mice after some weeks of
beosting with antigen. DMT (DML —COH], three DMT at the 5°-end of the
decmucleotide trioner A0 [IOMT)a-d(T)a]; three DMT at the 57-end of the
deoxynuelootide 20mer d(Th with 3*-bictin [(DMT)s-d(Tho-liotind, one DMT at the
5*-end of the deoxynucleotide 20mer d(T )y with 3”-hiotin {DMT-d{Thq biotin], the
dT 20mer with 3'-biotin [d{T}zs-biotin], one DMT with biotin [DMT-biotin] and tris-
borate saline control were applied to a nitrocellulose membrane that was then assayed
with mouse sera (noculated mice #1-4 and 2 contrel serom, normal) to assess anti-
DMT antibedy, mild acid ta reveal presence of the DMT (TBS), and avidin to reveal
the presence of biotin (Figure %). Sera from micc #2 and #4 recognized DMT |as
(DMT)5-d(T)s], whereas mice #1, #3, and the normal mouse did net. Mild asid
revealed the presence of DM as o yellow coelor (pot visible In figure) and avidin
revealed the presence of biotin.

The foregoing is illustrative of the preseat invention, and is rot 1o be construed
as liniting hereof. The invention is defined by the following claims, with

eguivalents of the claims to be included therein,

JP 2004-500370 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(73)

WO 01749745 BOT/USIOL3SGO0

S38-

THAT WHICH 15 CLAIMED IS:

I. An antibody hat specifically binds 10 a synthetic aligonuclectide having a
organic profecting group covalently bound thereto, which antibody does not bind (o
said synthetic oligonueleotide when said organic pratecting group 15 mot covatently

bound thereta.

2. Ansnfibody aceording to claim 1, wherein ssid oligonucleotide consists af
frem 3 1o 20 nucleotides, and wherein one of seid puclectides is a protected

nuglestide acecerding to Forola (1)

Base— Ry

1}

wherein:

R.is H or a profecting group;

subject to the provise that R is a covalenl bond to an adjacent nucleotidc when
satd protected base Is not 4 57 tenminal nucleciide in said oligonucleotide;

R, is H ar a protecting group;

subject io the proviso that R, is a covalent bond o an adjacenl nucleotide
when said protected base isnof & 3' terminal nucleotide in said oligonuckeatide,

Ry is H or —ORs;

R is H or a protecting group;

Base is & purine or pytimidine hage;

Ry is a protecting oroup bonded to an amino group of said base;

and further subject to the provise (hat when ote of R, Ry, Ra and R is a

pratecting group, then the others of R, Ry, Ry and By are not protecting groups.

JP 2004-500370 A 2004.1.8
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3. An antibody according to claim 1, wherein said oligenucleotide vonsists of
from 3 fo 20 nucleotides and has a 57 mucleotide, and wherein said 3° nucleotide is a

profected nucleotide according 1o Formula (1):

Bawr

@

wherem:
R is a protecting group;
R is & covalent bond to an adjacent mucleclide;
R; 18 -H or -OH; and

Bise is a purine or pyrimnidine base.

4. A antibacly accarding to claim 1, wherein said oligonucleotide consists of
from 3 10 20 nocleotides amd has a 3 nueleotide, and wherein said 3° nucleotide is a

protected nucleotide accordfng to Formula (I):

Basc
R—=0

]

wherein:
R is & covalonl bend to an adjacent nucleotide;
R, is a profecting group;
Rz is H or —OH; und

Base 15 & prume ot pyrirmdine base.

2004-500370 A 2004.1.8
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5 An antibody aceording to claim 1, wherein said oligonusleotide consists of
from 3 to 20 nuclaotides, and wherein one of said nucleotides is a protected

nueleatide according 10 Farnula {I):

Buase

I
i ¥
0:1;-'—0[{
By
wherein:

R 1s & covalent bond to an adfacent nucleotide;
R, is 2 covalent bond o an adjacent nucleatide;
Bapis —ORj;

R a protecting group; and

Base is a purine or pynmidine base.

4. An aniibody aceording to claim 1, wherein said oligonucleatide consisis of
front 3 to 20 nucleatides, and wherein one of said nucleolides is a pratected

nuslestide acearding to Forprula (1)

Base— Ry

m

wherein:
R {8 & covalent hond to an adjacem mucleotide;
Ry is o covalent boud to an adjacent nucleatide;
Re s H or-0OH;
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Base is a purine or pyrimidine base; amd

Ry i5 a protecting group bonded to an amino group of said base.

7. An antibody according to ctaim 1, wherein said oligonucleotide consists of
from 3 to 20 muclentides, and whercin one of said nucleotides s a protected with a

photolabile protecting group.
8. An anlibody according to ¢laim I, wizich antibady is a pelyclonal antibody.

9. An antibody according o claim I, which antibody is a monoclonal

antibody.
100 A antibody according to elaim 1 immobilized on a solid suppoit.
11. A cell that expresscs an antibody according to claim 9.
12. A cell according to claim 11, which cell is a hybridoma.

13. A cell according to claim 11, which ceft contains and expresses a

heterologous nucleic acid encoding said antibody.

i4. A method for detecting incomplete deprotection of a synthetic
oligonucleatide by immunoagsay, said immunoassay comprising the steps oft

contacting a synthetic oligonueleatide to an antibody according io clatin 1 and
then

detecting the presence or absence of binding of said antibody to said
oligonueclzotide, the presence of binding indicating Incompleta depratection of said

synthetic nligonucleotide.

15, A method according to claim 14, wherein said immunoassay is a

heterogenenus immunoassay.
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16. A method according to clawn 14, wherein said immunoassay is a

holnageneous Immunoassay.

17. A method secording to claim 14, wherein said imruvaoassay is a

sandwich assay.

1§. A method aceording to claim 14, wherein said oligomeleotide is

immebilized on a solid support.

19. A method for separating protected from fully deprotesied syntheric
oligonuelentidos, comprising:

contacting a mixture of protected from fully deprotected synihctic
oligenuclectides to aitbodiss according to claim 1, whersin said protected synthetic
oligonucleetides have said organic protecting group covalently bound thereto, so that
said protected synthctic oligonucleatides bind to said antibody; and then

separating said antibodies from said fully deprotected synthetic

cligomicleotides.

20, A method according 19 ¢laim 19, wherein sakl antibody is nnowobilized oo

a sotid support

21. A method according to clatm 19, wherein suid protecied synthefic

aligonusleotide 15 a pariially protected synthetic oligonucleoiide.

22. A method according to claim 19, wherein said contacting and separating

steps are cantied oul by alflmty clmomatography.

23, Ap article useful for the determining inoomplete deprotection of a
synthetic cligonuclectide in an immunsassay, said article comprising:
a solid support having o surfece portion, suid surface portion haviny at least

two separate discrete vepions formed thereon;
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a first otigonuelectide bound o ons of sakd separate diserete regions, said (irst
oligotuclentide having a protecting group boudd thereto; and

a second ohgonueieohide bound te another of said separate discrete regions,
said second oligenueleotide not having said protecting group bound thersto;

wherein the nncleotide scquence of said first and second oligonucleotides are

the same.

24, An article according o claim 23, further comprising:

a third cligenucleotide bound to another of said sepurale diserete reglons; said
third oligonucleotide also having said protecting group bound to said frst
oligonucleotide bourd thercto;

wherein said third oligonucleotide is partially deprotected,

anid wherein the nucleotide scquence of said first, sccond, and third

oligenuciectides are the same.

25. An article according (o claim 23, wherein said substrate comprises a

nitrocellulose strip.

26. A method of making an antibody that specifically binds 10 a synthetic
oligonuclectide having a organic protecting group covalently bound thereto, which
antibody does not bind 1o the said synthetic oligonucleotide when said organic
protecting group is not covalently bound thereto, said method comprsing the steps of:

synthesizing said syathetic oligamicletide on a solid particulate support with
said ovganic profecting proup covalently hound o said synthetic oligonueleotide, or
synthesizing a nueleotide on said solid suppeort with said organic prolecting groop
bound to said nucleotide; and then, without removing said oligenucleotide or
nueleatide from said solid support;

nmunizing an animal with szid synthetic oligonuclectide or nuelcotide bound

ta said salid support in an amoeunt sufficient lo produce said antibody.

27. A methed according to claim 26, wherelp szid synthesizing step is

fallowed by the gtap of Fragmonting said boads prioy to suid immumzing step.

JP 2004-500370 A 2004.1.8
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2%, A method accovding to claim 26, firther comprising the slep of:

collecting swid antibody from said amimal.

28 A method according to claim 26, further comprising the steps of!
collecting spleen cells from safd animal; then

pioducing a plurality of hybridoma cell lines from said spleen cells; and then
isulating a particular hybridoma cell ling that produces said antibody from said

pluratity of hybridoma cell lines.

30. A method according te clzim 26, wherein said syathetic oligonuoleotido is

sovalently bound fo said solid suppart,

310 A method according te elaim 26, wherein said synthetic oligonuclestide is

covalently bound te said solid supyport with a suceinyl linker,

32, A method accondmng to claim 26, wherein said solid support comprises a

cemtrolled pore glass bead.

33. A method of screening an oligonuclootide array for insufficient
deprotection or insufficient elongation of eligonucleoiides thersin, said method
comprising the steps of: .

(@} providing an oligonuclentide array comprising a substyate having a
plurality of different oligmnucleatides immobilized theveon, with seid different
oligenucleotides immobilized in different separate and discrete locations on said
substrate,

&} providing an antibody that apecifically binds to a synthetic oliponucleatide
having an organic protecting group covalently bound thereto, which antihody docs not
bind to said synthetic oligonucleotide when spid organic protecting group is not
covaleatly bound thereio; and then

() contacting said antibody io said oligonucleotide array to thereby detect the

presenee or absence of binding of said antibady selected and discrete locations on
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saild artay, the presence of binding to separale and discrete locations in said asray
indicating insufficient deprotection or insufficient etongation of oligrnucleotides

therein.

34. A methed according to claim 33, wherein said subsizate comprises silicon.

35 A method according to ¢laim 33, whersin said step of providing an amay
is carried out by synthesizing said oligonucleotides in sifu on said substrate.

36. A method aceording to claim 33, further comprising repeating steps (&) to
fc) at least once with a different antibedy on each repetition sq that 4 pluzality of

different protecting groups on oligonucleotides in the array may he detocted.

37. A method according o claim 33, further comprising the step of:
generating an indicia recording the presence ol insufficient deprotection or
msufficient clongation of oligonucleotides in at least one separate and discrete

location on satd array.

38. A methed according o claim 37, wherein suid indicia is a qualitative

indicia.

39. A method accerding to claim 37, wherein said indicia is a quantitative

indicia.

40. A correctable oligenueteotide array, comprising, in combination:

{a} a substrate having a pluralily of different oligonucleotides immobilized
thergon, with said difforent oligonucletides immeobilized in different separate und
discrete locations on said substrate; and

b} a plurality of indicia asgociated with said array, said indicia recording the
presence of insufficient deprotection or inantficient clongation of at least one
oligouuclectide, cach of said at [east one oligonucleotide located in ¢ different

scparate and discrete location on said array.
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41. An ammay uccording to cluim 48, wherein said substrate has at least 1000
different oligonucleotides immabilized in difterent separate and discrete locations on

said substrale.

42, An amray according to claim 40, wherein said indicia are stored in or

printed on said array.

43. Ap array zccording to claim 40, wherein said indicia are contained in &
computer file, gaid array firther comprising an identifier associating said substrate

and satd indicia.

44. Am armay socording to claim 40, wherern said indicia are contained on a
web site, sald array further comprising an identifier aseociating said substrate and said

indicia.

43. A method of using an oligomuclentide axray and compensating for
insufficient deprotection or insulficient elongation of oligonucleotides on said array,
comprising the steps oft

{u) providing 2 substrate having a plurality of different eligonucleatides
immobilized therean, wilh said diferent ofigonuclectides immobilized in different
separate and discrete locations o safd substeale;

{b) providing indicia associated with said array, said indicia recording the
presence of insufficient deprotection or insufficient elongation of at least one
oligonucleotide, said at least one oligonuclestide located in a separate and discrote
locations on said array:

(¢} providing a test compound;

{d} detecting the binding of said test compound 1o at least one of said pluyality
of different oligonuclootides; and then

{d) determining the degree of binding of suid test compound to said
oliponucleatide from (i) said detected binding and (i) said indicia vecording the

presence of insufficient deprotcetion or insufficient clongation, so that said

JP 2004-500370 A 2004.1.8
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Insufficient deprotection or insufiicient elongation is compensated for during said

deterninmg step.

46. A method according te claim 43, whercin said test compound is a protein,

peptide, or oligopuclootide.

47, A mellod according to claim 45, wherein suid test compound is mRNA.

48 A mothod according to elaim 45, wherein said determining step is carried

out by generating a color indication of degree of binding.

49, A method according to claim 43, wherein said determining step is canfedt
ont by generating a numetic indication of degres of binding.

50. A method uccording to claim 45, wherein said degree of binding is

binding affinily, binding arcount, or both binding affinity and binding amount.

51. A method of using an oligonucieotide array while compensating for
insufficient deprotection or insufficient elengation of oligonucleotides on said array,
said method comprising the steps oft

{iz} providing a substrate having a plurality of differeat oligonucleotides
immobilized thareon, with said differont oligonncleatides immebitized tn different
separate and discrele locations on said substrale;

(b) providing mdicia associated with said array, sad indicia recording the
presence of msufficient deprotection or insufficient clongation of at least one
oligonucleotide, said et least onc oligenucleotide located in a scparaie and discrete
lacations on said arTay;

(¢) providing a tesl compound;

() contacting said test compound to said aray;

(d} deiefing frow analysis said at least one oligonucleotide in a separate and

discrete location having insufficient deprotection, with binding of aaid test compound
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to said avray being delected with the remaining oligonucleafides in separaic and
diserete tocaliong that have not buen deleted fom apalysiy; and then
(d} deteciing the binding of said fest compound to said remaining

oligonucieotides m separate and discrete locations in said array.

52. A methed according to claim 51, whercin said tesi compound is a protein,

peplide, or cligonucleotide.
53, A method according to slalm 51, wherein sald lest compound is mEMA.

34. A method accerding o claim 51, wherein said detecting step is carvied out

by generating a coloy indication of binding,

55. A methed according to claim 51, wheroin sai¢ deteoting step (s carried out

by generating a numeric indication of hinding.
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METHODS AND COMPOSITIONS FOR DETERMINING THE
PURITY OF CHEMICALLY SYNTHESIZED NUCLEIC ACIDS

Paul F. Agris, Christopher D. J. Pearce, and Lloyd . Mitchell

Relatkd Applications
This application is a continnatiop-in-part of commonly owmed, copsnding
application Serial No. 09/476,975, filed December 31, 1999, the disclosure of which

is incorporated by reference herein in its entlrety.

Field of the Invention
The present mvention concems the detection, identification and quantification
of protecting groups temaiming after chemical symthesis of oligomers, particularly

chgonucleofides.

Backgronpd of the Fnvention
Over the past decade autemnated chemical synthesis of nuclete acids such as

DNA and RNA on solid supports has been developed. These chemical procssses
include the use of agents to protect the exocyclic amines of the nucleotide hases
adenine, thymine, cytosine and gnanine and to divect the synthesis by blocking the
2’OH of RNA’s ribose. The bases within the nucleic acid product of the synthesis are
deprotected upon cleavage of the nucleic acid from the solid support. However, the
extent of base deprotection is not casily determined.

For example, aftar base doprotection of synthetic RNA, products still contain
the 2°-dimethylsilyl ters-butyl group as a protection of the 2°OH of the ribose moisty.
This protecting group is removed carefully by chemical mems so as not io effect the
chewnistry and structure of the RNA. However, the extent of deprotection of the 2°0H
15 not readily determaingd. The nucleic acid is purified by high pressure lguid
chromatograpky or by gel electrophoresis. However, some of the unwanted products

JP 2004-500370 A 2004.1.8
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of the synthesis are complete nucleje acid sequences that stil] contain one or more
protecting groups, and shorter than firll length (aborted) sequences difficult to separate
from £l length sequences, especially for oligomers of longer than 50 puclecsides. At
present, there is na easy method to determine how much of each protecting group, if
any, slill remains on the product, and what proportion of the product is full-length.
See generally Davis, GE., Gebrke, CW_ ¥uo, K C,, and Agris, P.F. (1979) Major and
Muodified Nucleosides in (RNA Hydrolysates by High Performance Liguid Chromatography.
J. Chromatogr 173:281-298; Agrnis, P F., Tompson, 1.5., Gebrlee, C.W, Kue, K.C.. and Rice,
R.H. (1980) High-Performance Liquid Chromatography and Mass Spectromelsy of Transfer
RNA Bases for Isntopic Abundance. ) Chromatogr. 194:205-212; Gelrke, C.W., Kuo, K.C.,
McCune, RA, Gerhardt, K.O., and Agriz, P.F. {1981) Quantitative Enzymatic Hydrolysie of
1ENAs: RP-HPLC of (RINA Mucleosides, J. Chromatogr, 230:297-398; Chromatogmohy
and Modification of Nucleosides Voluymes A, B and C {Gelrke, C.W. and Buo, X.C.T,, #ds.),
Elsevier Publishing Co. 1990; Agris, P.F. and Sierzpwtowska-Gracz, H. (1990) Three
Dimensional Dynamic Struciure of (RNA's by Nuclear Magnetic Resonance. In Chromato-
araphy and Modification of Mucleosides (Gebrke, CW. and Kuo, K.C.T., eds.), Elsevier
Publishing Co., pp. 225-253, Agris, B.F., Hayden, I, Siereputowsks-Oracz, H, Ditsen, 5.,
Degres, J.A., Tempesta, M., Kuo, K.C. and Oelrke, C.W. (1990) Compendium cn Biolegical,
Biochemical, Chemiral, Physical and Spectroscopic Properties of RNA and DINA
Nucleosides. In Chromatosrephy and Modification of Nucleosides, Elsevier Publishing Co.
The incomplete removal of the protecting group end lack of a simple sssay i3

prablem for two indusiries and for mumerous researchers werld wide: (#) the
multitude of companies now praviding nucleic acid sequence synthesis products by
overnight delivery have diffieulty telling their customers the extent to which the
product is deprofected; (%) pharmacentical companies cannot easily venfy for
regulatory agencies the purity and/or length of the therapeutic or diagnostic
oligonucleotide products they seck to intraduce or market.  Accordingly, there is a
need for simple and reliable techniques for determining the putity and proportion of
fall Jength of eligonucleotide products.

Summary of the Invention
A firs{ agpect of ihe present invention is an antibody {e.g., a monoclonal or
poiyclonal antibody} that specifically binds to a synthetic oligomer (ie, an

JP 2004-500370 A 2004.1.8
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oligonucleotide or oligopeptide) baving a organic motecting group covalently bound
thereto, which antibody does not hind to that synthetic oligomer when the orgunic
prﬁtwﬁ.ﬂg group Is not covslently bound therete.

A second aspect of the present invention comprises a cell or ¢ells, including
vell cultures and isolated cells, that express an aniibody as described above. Such
cells include hybridoma <ells, as well as recombinant cells that contain and express 2
heterclogous nucleic acid enceding the antibady.

A third aspect of the present invention is 2 metiod for detecting inconiplete
deprotection of a synthetic oligomer by immuncassay, said ioummpassay comprising
ihe steps off (4} contacting a synthetic oligomer to an antibody as described above,
and then (b} detecting the presence or absence of binding of said antibody to said
oligomer, the presence of binding indicating incomplete deprotection of said synthetic
oligemer. Any suitable assay format cun be employed, incloding heterogeneous and
homogencous immunoassays.  For example, the immumoassay may be an
immunoblot-dot assay, or may be a sundwich agsay.

A fourth aspeet of the present invention i3 a method for separating pretected
(including partially and completely proiected) synthelic oligomers from fully
deprotected synthetic eligomers. The method comprises (a) contacting a mixture of
protected from fully deprotected synthetic oligomers fo antibodies as described abave,
wherein the protected synthetic oligomers have the organic protecting group
covalently bound thereio, so that the protected synthetic oligomers bind to the
antibady; and then separating the antibodies from the fully deprotected oligomers.
The antibody may be immebilized on a solid support to facilitate scparation. The
protected synthetic oligomer may be a partially protected synthetic oligomer (for
which ong application is the idontification and/or purification of foll-length versus
aboited sequence oligomers) or a fully protected synthetic oligomer that has not
undsrgone deprotection.  Any separation format may be used, including but not
limrted to affimity shromatography.

A fifth aspect of the invention is an article usefnl for the determining
incomplete deprotection of a synthetic oligomer in an immuncassay, said article
comprising: (a) a solid support (e.g., 2 nitroceltutose stip) baving a surface portion,

said susface portion having at least two separate discrete regions formed thereon; (5) 2

JP 2004-500370 A 2004.1.8
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first oligomes bound to one of said separate discrete regions, said first oligomer
having a protecting groep bound (hereto; and (¢} a second oligomer bound to another
of said separate discrete regions, said secend oligomer not having said protecting
proup bound therefo; wherein the mucleotide sequence of said first and second
oligomers are the same. In a preferred emboediment, the article further comprises (dja
third oligomer bound to maother of said separate discrete regions; said third oligomer
also having said protecting grovp hound ic said first eligomer bound thereto; wherein
said third oligomer is partially deprotected; and wheorein the nucleotide sequence of
said first, second, and third oligemers are the same.

A sixth aspect of the present invention is & method of making an antibody that
specifically binds to a synthetic oligomer having o orgamic protecting group
covalently bound thereto, which antibody does not bind to the said synthetic oligomer
when said organic proteciing group is not covalently bownd thereto, said method
comprising the steps of. (a) synthesizing said synthetic nligomer on a solid particulate
support (and preferably sovalenily bound thereio, e.g., with a succinyl linker) with

szid orgamic protecting group covalently bound to said synthetic ofigomer (or

synthesizing a monemer of a single nucleotide on the solid support, with the single
nucleotide having szid protecting group covalently bound therets); and then, without
removing said aligomer from saié solid support; (b) immunizing an animali with said
synthetic oligomer bound to said solid support (or monomer bound to said solid
suppoit) m an amount sefficient to produce said anbibody. Opticnally, the solid
support can he replaced with 2 cartier group such as a protew {e.g., bovine serum
afbumnin).

In summary, the enfibodies and methods of the present invention are usefal in
immuneassays, such as for the qualitetive and quantitative detecton of protecting
groups wsed in orgamic synthetic processes, with perticular application to
oligonucleotides or peplides in reseasch, therapeutics, diagnostics and biomedical
science. The antibodies of the invention can be used i purtfication tectmiques, such as
for the separafion of final products from by-product contamsnants. The instant
invention can be used in the course of quality contrel of oligonucleotide ang peptide
synthesis, such as in the quality control of drugs for gene therapy, anij.se-'nse, antigene
and control of genc expression, in the quality control of biomedical polymers that may

JP 2004-500370 A 2004.1.8
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. contain protecting groups, and as probes for purificafion and characterization of

syathetic oligomers, particularly oligonucleotides or peptides.
The present invention is explained in greater detail in the drawings hersin and
the speeification set forth below.

Brief Description _of the Drawings

Figure I is a dot-blot immunoassay of monoclonal antibody 1 H11, which
sckectively binds to oligolbu-dG20mers.

Vigure 2 is a dot-biot immunoassay of mogoclonal antibody 7H3, which
selectively binds to oligoBz-dC20mers.

Figure 3 shows ELISA (A) and dot-blot (B) resuits demonstrating specificity
and detection seasitivity of & monoclonal antibody (mAb) of the commonly used
protecling gronp, benzoyl (Bz), for the cheraical syathesis of nacleic acids. Partially
deprofected olipomer oligo Bz-dC {center solutm) can be re-ireated to remove the
remaining protecting groups, and re-tested with mAb {€), An RNA standard with
protecting gronps Bz, ibu and ipr-Pac was synthesized and assayed for identification
of the protecting groups with the mAb against Bz (D).

Figure 4 shows ELISA (A) and dot-blot (B) resilts demonsirating specificity
and sensitivity of a monoclonal antibedy (mAb) and its detection of 1be commonly
used prafecting group, isobufryl {ibw), for the chermcal synthesis of nucleic acids,
Dot-hlot assay with high amounts of DINA demonstraies {hat the jbn protecting group
was recognized by the mAb no matier which nucleobase was protected {C). Partjally
deprotected. olipomer oligo Bz-dC (center column) can be re-treated to remove the
remaining protecting groups, and re-tested with mAb (D). An RNA standard with
psotecting groups Bz, ibu end ipr-Pac was synthesized and assayed for identification
of the protecting, groups with the mAb agaimst 1bu {E).

Figore 5 shows FELISA (A) and dot-blot (B} resulls demonstrating specificity
and sensitivity of 2 mozoclonal antibody (mAb) and ks detsction of the commonly
used protecting group, isopropylphenoxyacetyl (ipr-Pac), Jor the chemical synthesis
of nucleic acids. Partially deprotected oligomers oliga ibr-Pac-d( and oligo ibu-dG
{eolumns second from Jeft and forth from leit, respectively) can be re-treated to
remove the remaining protecting groups, and re-tested woth mAb {C). An RNA

JP 2004-500370 A 2004.1.8
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stanclacd with protecting groups Bz, ibu and ipr-Pac was synthesized and assayed for
identitication of the protecting groups with the m1Ab agaigst ipr-Pac ().

Figure 6 shows a mAb dot-blot assay of protecting groups demonsirating the
sensitivity and quantifiable response of the technology as related to HPLC. Dot-blot
detection of Bz groups temaining on a standardized 20mer oligo dC molecuie was
analzyed (A) 2nd 2 quantitation of the mAb response (B) was determmined. The mAb
response was analyzed with an increase jn the amount of DNA on the dot-blet
membrane {C). The colurmn on the leR is just the protected Bz-dC 20mer. The
column on the rght is the protected Bz-dC together with a 2500-fold excess of the
completely deprotected oligo dC(B7).

Figare 7 shows 2 direct comparison of the mAb and HPLC detection of Bz in
the pruole {A} and nmol range (B), respectively.

Figare 8 shows a blind study demonstrating the detection of remainmg
protecting groups in cornmercial samples. dA-dC oligos were analyzed wifh anti-Bz
mAb (A) and dG-dT cligos wern analyzed with anti-tpr-Pac mAb (B). The oligo 44~

"dC sampies from companies #2 and #0 were tested m higher amounts to confirm the

presence of the Bz protecting group (C}. Io addition, the samples were treated to
remove the remaining protecting groups using 2 standard protocol. The oligo dG-dT
samples were assayed for the ipr-Pac profecting groups (D}. The samples were re~
treated to remove temaining protecting groups and re-aualyzed as in (C).

Figure 9 shows the production and analyses of polycolonal antibody against
the 5°tenminal protecting gronp, ditmethyliiiyl (DM1).

Figure 10 shows a substrate canying different oligomrclectides of the same
sequance, but with varying degrees of deprotection, that may be nsed as a testing
standard to sereen similar oligovucleotides of the same sequence for varying degrees
of protection or dcprotection.

Figure 11 illustrates an oligonucleotide array that may be screened for the
prasence of protecting groups or msufficient elongetion with antibedies of the present

imveation.

Dretailed Description of the Preferrgd Embodiments
1. General Prefinitions.

JP 2004-500370 A 2004.1.8
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“Antibody” as used herein refers to both monoclopal and polyclonal
antibadiss, refers to antthodies of any immunoglobulin type (including but not lioited
to IzgG and IgM antibodics), and including antibedy fagents that tefain the
hypervariable or binding regiens thereof. Antibodies may be of any species of origin,
bat are typicaily mammalian (e.g., horse, rat, mouse, rabbit, goaf). Antibedies may be
bound to or immaobilized on solid supports such as nitcocellnlose, agarose, plass,
organic polymeers {“plastics™ and the like in accordance with known techniques, and
may be labeled with or joined to other detectable groups in accordance with known
technignes, '

“Binding™ as used Lerein with respect to the selective binding of an antibody
to an oligomer has its usual meaning in fhe art. In general, to eoblam useful
diserimination in an fmmmoassay or an affinity purification technique, the antibody
should hind to the protected oligomer at an affinity of at least about kg == 10°%, 107, ar
10 ¥, and should bind 1o the unprotected oligomer at an affinity of not greater than
about kg = 102, 10°%, or 167 M.

“Oligomer™ a3 veed hercin refess to synthetic olgonucleotides and synthetic
oligopeptides, including synthetic oligemers in the naturally occurring form such as
DMNA and RNA, and medified backbone chemistries as discussed below.
Oliponucleotidas are cnsrenfly preferred in carrying out the present invention, and the
instant inventon is primarily explained with reference to oligonucleotides bersin.
However, the miethods znd techniques described herein may also be applied 1o
oligopeptides, oligosaccharides, etc. (ie, any synthetically produced polymer
requiring, protecting groups for synthesis).

“Nucleotide” as used herein refers 1o a subupit of an oliponucleotide
comprising a pentosc, a nifrogenous heterocyclic base (typically bownd to the 1
position of the pentose), and a phosphate or phosphoric acid group (typically bound at
the 5° position of the pentose) but absent, or considered bound at the 3* position, in
ibe 5’ terminal mucleotide of an oligonncleotide. These structures are well known.
See, e.g., A. Lehninger, Biochemisiry, 309-320). “Nucleoside” typically tefers to a
nucleotide, absent a phosphoric acid or phosphate group.

“Protecting group” as used herein has its conventions] meaning in the art and
Tefers to 2 chemical moiety, group or substituent that is coupled, typically covelenily
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coupled, to an atom in a molecule prior to 4 chemical reaction involving that molecule
(typically in an organic synchesis), so that the chenvical reaction is averted at the atom
to which the protecting group is coupled, Typically, the protecting group is then
chemically removed from the intermediate motecule for prepacation of the final
product, although removal fechniques may not be entirely successful leading to only
partial deprotection of the final product (.¢., the presence of at least one protecting
group remaining on that molecule). Protesting groups may be intentionally left on a
molecule for purposes of generating or testing an antibody as described herein.

“Deprotection” or “deprotected” as used herein refers to the absence of
proleciing greups employed during chemival oligonucleoiide synthesis from a
inolecule, Such protecting groups are described below. The presence of such a
protecting group may indicate insufficient elongaiion of the oligonucleotide, when the
proteating group is chain terminating. Chemically synthesized oligonucleotides are
ideally fully deprotected, but the present invention is employed to detect partial or
incomplete deprotection of such oligonucleotides (that is, the presence of at feast nne
profecting group ae deseribed below i the oligonucleotide).

“Base" as used hercin with respect to oligommcleotides refers to a nitrogenous
beteracyclic base which is a derivative of cither purine (e.g., adenine, guaning) or
pyrondie (e.g., uracil, thymine, cyicsine). Pyrinudine bases are bound to the
pentose by the 1 ring nitragen; Puripe bases are bonded to the pentass hy the 9 ring
nitrogen. Preferred bases are those that contain a free amino group, such as guanine,
adenine, and cylosine (the protecting group is then covalently bound to the frse amino
group by sabsiitution of one, or both, of the hydrogens om the free amino group).
However, the present invention may be used with any purine or pyrimidize base,
whether standard or modifiedirase, that contains a free amino group for protection, or
other group requinizg protsetion during synthesis thersof in an oligonucleotide.
Examples of mandard and modified/rare bases arc those found in the macleosides set
forth in Table ¥ below.

JP 2004-500370 A 2004.1.8
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Table 1. Standard and modified nucleosides and their standard abbrevintions,

abhreviation | base

5] nzidine

¢ _ cytidine

A ademosine o A
G Enauosing

T thymidine o

A wnknown modified adenosine

miA 1-methyladenosine

A | 2-methyladenosine ]
i6A | N* —isopentenyladenosine

| msZi6A 2-methylthio-N"-isapentcnyladenosine )
mes N'-methyladenosine
I6A -threonyleashame yledenosine ]

inGithA | W-methyl-N"-threcnylcarbomoyladenosine
| ms2t6A 1 2-methylthio-N*-threonyjcarbamoyladenosine
Am 2"-0-methyladenosine
1 Inosine .
mil i-methylinosine
A 2'-0)-{5-phospho)ribosyladenosine
106A W-{ois-hydroxyisopentenyladenosine ]
HE Unknown medified cyiidine
s2C__ . | 2-thiccytidine
Cm 2'-Q-methyleytidine
“acdC N-acetylcylidine o
[m3C S-methylevtidine
| m3C 3-methyleytidine
e Iyeiding
@‘_ S-formyleytidine
faCm 2--0-methyl-3-formyleytidine
G umknown modified gnanosine B
| Gripy 2-O-(5-phospha)ribosylguanosine
mlG 1-methylguanosine
m2G | M-methylpuanosine
Gm 27-Q-methylgnanosing
m22G NN dimethylguanosine
m22Gm NN, 2 -O-iomethylgnanosine
m7G 7T-methylgranosine
fa?d?G archaeosine
Q qucnosine _
manQ mannosyl-gueuosine g
galQ gaiaciosyl-quenosine
Yw wybntosine
02yW neroxywybutosine
Kis) urknown modified urdice N
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shbrev-iiginn hase -

ronm3U S-methylaminomethyluridine

5217 2-thivuridine

Um 2'-0O-methyluridine

44U 4-thiougidine

nemsU S5-carbamoylmethyluridine

memsU S-methoxyearbonylmethylutidine
mnm5s21 S-mefhylaminomethyl-2-thiotridine
memSsil S-methos yearbonyhmethyl-2-thiouridine
emaSU uridine 5-oxyacetic acid
mosU S-methoxyuridine
conm3U 3-carboxymethylaminomethyluridine
cmnm5s2U | S-carboxymefhylaminamethyl-2-thiouridine
-‘EE'?;U | 3-[3-amino-3-carbexypropyluridine
mhmSU 5-{carboxyhydroxymethyluridinemethyl ester
conm3Um | 5-carboxymethylumicomethyl-2'-0-methyluridine

nemSUm s-catbamoyimethyl-2'-C-methyhmidine
D

| Dihydrouridine
W pseudouriding

mly 1-methylpseudouridine

v 2'-O-methylpseudouridine

m3l ribosyltbymine

mSs2l S-methyl-2-thionriding .

mS5TTm 3,2-0-dimethyluridine

See Sprinzl et al., Nucleic Aeids Res. 26, 148 (1998).
Applicants specifically intend fthat the disclosures of all Thited States patent

references cited herein be incorporated by reference herein in their entirety.

2. Protecting groups.

The particular protecting group will depend upon the oligomer being
synthesized and the methodology by which that oligomer is synthesized.

For the synthesis of oligonucieotides, suitable protecting groups include allkyl,
aryl, alkylaryl, arylalkyl groups, which may contais one or more hetero atoms such. as
N, O, or 8, and which may be substiiuted or upsnbstituted (e g, a carbony! grovp).
Examples of protecting groups include, bui are not limited to, the following: acetyl;
isobutyryl, 2-(t-buryldiphenyl-sil ylexymethyl)benzayl; naphthafoyl, iso-
butyryloxycarbonyl, levulingl; fluorenyimethoxycarbony); 2-nitroihiopheryl; 2,2,2-
tnehloro-t-butoxycarbonyl,  ethoxycarbonyl; benzyloxycarbonyl;, p-mitrophenyl-
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ethyloxyearhonyl; N'N-dimcthylformamidine; formyl, benzoyl, toluyl, 2,4-6-
trimmeihylbenzayl; anisoyl; 2,4-dimelhylphenyl; 2.4,6-tnmethylphenyi;
triphenylthiomethyl; pivoloiloxymethyl; t-butoxycarbonyl; p-nitrophenylethyl;
methoxyethoxymethyl, butylthiocarbonyl; 2-methyl-pyridine-5-yl; 2-nitrothiophenyl;
2, 4-dinigothiophenyl; 2-nitro-4-methyithiophenyl, p-nitrophenylsulphonylethyl; 5-
chioro-8-hydroxyquinolive;  thiophemyl:  B-cyanoethyk  phenylethyl,  p-
niirophenylethyl;  pyrdylethyl, 2-N-methylimidweolylphenyl;  methyl;  allbyl;
trichloroethyt; dihenzoyl; p-nitrophenylethoxycarbonyl; benzoyl and substituted
derivatives thereof) mcotoxymathyl) benzoyh 44" A"-bis-(beozyloxyityl; 5-
methylpyridyno-2-yl; phenyithivethyl; dipehyleabaoyl; 3,4-dimethoxybenzyl; 3-
chlorophenyl; 2-nittophenyl; 9-pnepylxanthen-9-yl; 9-(p-methoxyphenyflxanthen-9-
¥l Ydp-ocatadecyloxyphenyDranthen-9-yk “hridged” bis-dimethoxytrityl grovps;
phthaloyl; succinyl; benzensulphonylethoxycarbonyl; 4,47, 4”-iis(bevulimyloxy)rityl;
p-phenylazaphenyloxycarbonyl; o~substifuted benzoyl, 4,44 fris~(4,5-
dichlorophalimidin)trityl; levelinyl, alkyloxy and arylewyacetyl; 1,3-benzodithic)-2-
v1; tefrahydrofuranyl; {2-(meibylthio)phenyi]thioroethyl; [-(2-chioroethyoxy)ethyl; 1-
{(2-fluaro-phenyl]d-methoxy piperidin-d-yl;  4-methoxytetrabydopyran-4-yl;,  (1-
methyl-1-methoxylethyl; {etahydropyranyl; 3-methoxy-1,5-dicarbomethoxypentam-
3-yl; 2-nittobenzyl; benzyl; 4-nitrophenylethyl-sulphonyl; t-butyldimethylsilyl; 4-
methoxybenzyl; 3, 4-dimethoxybenzyl; A-p-methexyphenyiihioxanthen-0-yl:
compounds of the formmla R RgR;C-, wherein Ry, R, and Ry are each independently
selected from the group comsisting of phenyl, p-menomethoxyphenyl, o-
monomethoxphenyl, bipheny), p-flucropnehyl, p-chlorcphenyl, p-methylphenyl, p-
wirophenyl, efc.

3. Oligonucleatides,

Synthetic oligonucleotides that contain protecting groups and may be used to
carry out the present invention include both the maturally occurring forms such as
DNA and FNA, and those with modified backbone chemistries, such as poly
(phosphate derivatives) such as phosphonaies, phosphoramides, phosphonamides,
phosphites, phosphinamides, efc., poly (sulfin derivatives) e.g., sulfones, sulfonates,
suifites, sulfonamides, sulfenanrides, efc. Tt will be zoled that antibodies of the
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invention way be characterized by their selechive binding to particular “reagent” or
“benehrack” oligomcleotides, but ihe same antibodies may alse bind to a varisty of
other oligomucleatides (e.g., longer nucleatides) or other compounds that contain the
sarne profecting grovp.

For example, an oligonucleotide to which the amiibody selcciively binds may
consist of from 3 to 20 mulectides, aud wherein one of said nuclectides is a protected

nucleotide according to Furmmla (1) below:
Baze—Rs

o
0 &
O:{70H
Ky

wherein:

R is H or a protecting group, such as dimethoxytrityl; subject io the proviso
that R is a covalent hord to an adjacent nucleatide when said protected base is not a
S lerminal mueleatide in said oligonucleotide;

Ry is H or a protecting group such as P-cyanoethyl; enbject to the proviso that
R, is a covalent hond to &n adjacent nucleotide when said protecied base is not a 3°
terminal mucleotide in said oligonucleatide;

Ry 15 H or -ORg;

R; 1s H or a protecling group such as tert-butyldimethylsilyl;

Base 1s a puzrine ot pyritmidine base; and

Ry is a protecting group bonded to an amino group of said base, such as a
prolecting group is selected from the group consisting of acety] (Ac), benzeyl (Bz),
dimpethyliormamidine (dmf), isobutyrl (Ibu), phenosyacetyl (Fac); and isepropyl-
phenoxyacetyl (Ipr-pac);

and further subject to the proviso thal when one of R, Ry, R; and Ra i3 2
protecting group, then the cthers of R, R, B; and Ry are ol psotecting groups.

JP 2004-500370 A 2004.1.8
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In one particulatr embodiment of the foregoing, the antibody may be one that
selectively binds to an oligonucieotide that consists of from 3 1o 20 oucleotides and

has 1 5" nuclestide, and wherein said 3° mucleotide is a protected nucleotide according

to Formuia (I):
PBase
R~
m
P
Q= ]I’—OH

Ry

wherein:

R js a protecting group such as dimetboxytaityl;

R, is a covalent bond to an adjacent nucleotide;

Rz is-H or~OH; and

Base is a purine or pyrimidine base.

In another particular embodiment of the foregoing, the antibody may be one
that selectively binds to an oligonuoleotide that consists of from 3 to 20 nuclzotides
and has a 3" nucleotide, and wherein said 3° pucleotide is a protected nucleotide
according to Formula (Ty:

wherein:
R is a covalent band to an adjacent mncieotide;

R 15 a protecting group such as f-cyanoethyl;

JP
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Bz is H or—OH; and

Base is a puring ar pyrimiding base.

In another particular embodiment of the foregeing, the antihody may he cne
that selectively binds to sn oligonuclectide that consists of from 3 to 20 nucleotides,

and wherein one of said nucleotides i a protecied nucleotide according to Formula

a:
Buase
R—0
D
? Bz
0= ];— o

By

wherein:

R is a covelent bond fo an adsacent nucieotds,

R, is a covalent hond to an adjzcent nuclectide;

Ryis —OR;;

R; a proteciing group such as ters-butyldimethylsilyl; and

Base is a purine or pyrimidine base.

n still another particular embodiment of the foregoing, the antibody may be
onc that selectively binds to an oligonucleotide that consisis of from 3 to 20

muclentides, and wherein one of said nuciectides is a protected pucleotide according

o Formula (I)
Base—Ra
R0
@
C? By
0:];70H

Ry

wherein:
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R is a covalent bond to an adjacent nucleotide;

R is & covalent bond to an adjacent nuclectide;

E:Hor-GOH;

Base is a purine or pyrimidine base; and

Ry is a protecting group bonded to an amino group of said base, such as acetyl,
benzoyl, dimethylformamidine, isobufyryl, phenoxyacetyl, and isopropyl-
phenoxyasstyl.

Thus, examples of protecied bases that may be employed in the structures
shown above include, but are not limited to, adenine, guanine, and cytosine, as
follows:

NE Rz NE;Rz

0
NP N NﬁN\> N/I
N S T

[ |

wherein B, and R, are both H in an unprotected base, and either Ry ar R are a
protecting greup as described above {eg Pac, Iprpac, Ibu, Bz, Ac, dnf) for a
protected base.  Likewise, modificd nucleosides bave protecting groups af the
modifications that are chernically reactive.

Iz one embodiment of the inveation, the oligopuclectides are peplide nucleic
acids, and the protecting groups are those protecting groups employed in the synthasis
of peptide nucleic acids, includink but not himited to those described in 7.8, Patent
No. 6,133,444,

In still another particular embodiment of the foregoing, the antibody may be
one that selectively binds tc an oligonucleotide that copsists of from 3 to 20
nucleotidss, and wherein one of satd nucleotides is a protested with a phoiclabile
protecting group, including but not limited to those described in US Patents Nos.
5,744,101 and 5,489,678 (assigned to Affymmax).

4. Antibodies.



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(110)

WA 1749745 PCTTS0/3561H)

_16-

As nated ahove, the present invention provides antibodies (e.g., 4 monoclonal
or palyclogal antibody) that specificaily biad to a synthetic oligonucleatide having 2
otganic protecting group cavalently bound thereto, which antibody does not bind to
said synthetic oligonucieotide when. said organic protecting group is nol covalently
bound thereso.

The antibedy may be provided imumobilized on (or bound to) a solid support in
aceerdance with known technignes, or may be provided i a free, wmbound form (e.g.,
lyophilized, frozen, in an aqueous camier, etc.), Whether or not an antihady is
immobilized will depend upun the particular inupunoassay or affinity purification
technique in svhich the antibody is vsed, and is detenmined by the kmown parameters
for such techuiques. Similarly, the antibody may e bownd to or conjugated with
suifable detectable groups, such as an enzyme (g, horseradish peroxidase), a
member of a binding pair such as biotin or avidin, 2 radioactive group or 2 fluorescent
group auch as preen flworescent protein, also in accordagee with known techniques,
typically depending upon the Femunoassay format In which the antibody is used.

5. Immunoassay Methods.

The present iovention provides a methed for detecting incomplets
deprotection of a synthelic oligonucleotide (mcluding aborted sequences that stifl
contain a protecting group) by immunoassay. In general, such an iromuncassay
comprises the steps of: (@) contacting a synthelic oligonucleotide to an antibody as
described above, and then (2) detecting the presence or zbsence of binding of said
antibody fo said oliponucleotide, the presence of binding indicating incomplete
deprotection of said synthetic oligonuoleotide. Any suifable assay format can be
employed, mehading heterogeneous and homogeneous immunoassays. For example,
the immunoassay may be an immunoblot-dot assay, or may be a sandwich assay. The
oligonucleatides being tested for deprotection may be in any snitable form, such as in
solrtion or immobilized on a solid support.

In a preferred embodiment, the detection method employs a “dip stick” or the
like, in which binding of the antibody to the test oligonucleotide is compared to
binding of the antibody o a set of known oligonucleotides, all immobilized on a
eommen solid sapport.  Such an article, as illustrated 1 Figure 10, useful for

JP 2004-500370 A 2004.1.8
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determining incomplete deproiection of a syntheiic oligopuclectide in an
imumeassay, comprises: (a) a solid support (e.g., 2 aitrocellnlose strip) 25 having a
surface portion, said surface portion having at least two ssparate discrete regions 26,
27 formed thereon; (B) a first oligonucleotide boumnd to one of said separate discrete
regions, sai@ first oligonucleotide having a protecting growp bound thereto (e.g., at
lcast ope protecting group); and (5} a second oligonuclectide bound to another of said
scparate discrete regioms, said second oligomuclectide not having ssid protecting
group bound thereto; wherein the nucieotide sequence of said first and second
oligonuclectides are the same. In a2 prefared embodiment, the article further
comprises (4} a third oligonacleotide bownd to another of said separate discrele
regions 28; said third oligonucleotide alse having said protecting group bound fo said
first oligonuclectide bound thereto, wherein safd third oliponucleotide is partially
deprotected (1.2, has a pumber of protecting groupe covalently bound thereto which is
intermediate betwean that bound to the first and second oligonucleotide, e.g., at least
one, two three or four more protecting groups than the first oligonucleotide, wp to at
least 10, 20 o more proteciing proups than the frst oligenncleotide); amd wherein the
nucleotide sequence of sad first, second, and thitd oligomicleotides are the same. OF
course, still mere oligonucleotides carrying varying numbers of protecting groups
way be jnchided on the substrate in additional separate and discrete Jocations, i
desired. The discrete Tegions fo which the separate oligonucleotidas are bound raay
be in any form, such as dots.

6. Affinily Purification Methods.

In addition to immuncassays, the presenl invention also provides affinity
purification techniques for the separation of fully deprotected oligonucleotides from
partially deprotected {including fully protscted} oligonucieotides (e.g, both
ofigonuclectides that have heen subjected to a deprotection process to remove the
protecting group, and oligonucleotides that have not). Such a prosedare typically
comprises () contacting a mixture of protected and fully deprotected synthetic
oligonucleotides to antibodies as described mbove, wheréin the protected synihetic
oligonucleotides have the organic protecting group for which the antibody is selective
covalently bound thereto, so that the protected synthetic oligomucleotides bind to the
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entibody; and then separating said antibodies from said fully deprotected
olizonucleotides. The antibedy may be immobilized on a solid support to facilitate
separation. The protected synthetic oligenucleotide may be a patially protected
synthetic oligonnclectide, or a fully protected synthetic oligonucleotide that has not
undergone deprotection. Any separafion formai may be used, inchuding but not
limyited to affinity chromatography.

7. Prodaction of Antibodies.

A method of making an antibody that specifically binds to a synthetic
oligonuclestide having a organic protecting group covalently bound thereto, which
antibody does not bind to the said symthetic oligonucleoiide when said organic
protecting group js pot covalently bound thercto, comprises the steps of: fa)
synthesizing the synthetic oligonucleotide on a solid particulate support (and
preferably covalently hound thereto, eg., with a succinyl linker) with the organic
protecting group covalently bound 1o said synthetic oligorucleotide; and then, without
removing the oligonucteotide from said solid support; and (%) immunizing an animal
with the synthetic oligonuecleotide bound to the solid support in an amount sufficient
to produce the sntibody. In addition, a single nuclectide can be bound ic the solid
particulare support witk the orgamic pretecting group bound thereto, and nsed as
described hereinabove,

The synthesis step may be camed out on the solid support in accordance with
Jmown techniques. The solid suppart may bs in particulate form prior to synthesis, o
may be fragmented nto particles after synthesis. In general, the solid supports are
beads, which may be completely solid througheut, porous, deformable or bard. The
beads will generally be at least 19, 20 or 50 to 250, 500, or 2000 um in diameter, and
apz most typically 56 to 250 pm in diameter. Any convenient composition can be
used for the solid support, inciuding cellulose, pore-glass, silice gel, polystyrene
beads snch as polystyrene beads cross-linked with divinylbenzens, grafled copolyiner
beads aueh as polyethyleneglycol/polystyrene, polyacrylamide beads, latex beads,
dimethylacrylamide beads, composites such as glass particles coated with a
hydrophobic polymer such as cross-linked polystyrene or a fluorinated ethylene
pelymer to which is grafied linear polystyrene, and the like. Where separate discrele
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solid supportts such as particles or beads arc employed, they generally comprise fiosn
about I to Y9 percent by weight of the tolal reaction mixture.

In a preferred embodiment, the synthesizing step is followed by the step of
fragmeniing the solid support {e.g., by crushing) prior to the ummunizing step.
Polyclenal antbodies may be collected from the serum of the animal in accordance
with kpown techniques, or spleen cells may be collected from the arimal, a plurality
of hybridoma cell lines produced from the splesn cells; and then a particular
mybridomna cell line that produges the matihody isclated from the plurality of
hybridoma cell lines.

A particuiar protocal for the preduction of antissram/polyclenal antibodies
and monaclonal antibodies agaimst protecting groups used in nucleic acid and other
synthesis typically involves the following sieps: (@} preparation of oligonucleofides
and others that contain or do oot contain protecting groups; (b) immunization of
angmals with those preparations; (¢} soreening of animals to identify those that exhibit
antibodies against protecting groups; (d) production of moncclonal antibody by
classical fusion methed; () optionally, production of scFab, Fab fragments and whole
mtibody molecules by antibody engineering; and 7 evaluation and charactesization
of moenoclonal antibodies against the protecting groups. Each of these steps is
disenssed in greater detail below.

Synthetic oligonucleotides that contain protecting groups can be synthesized
in a variety of ways known to those skilled in the arf. For example, protecticg groups
<an be attached to midividual nucleotides that are linked to copirolled pore glass
{CPG) beads. An exzmple is:

CPG bead---dT {only with DMT group).

In the eltemaiive, protecting groups may be attached to oligenucieotide chains '

that ar¢ linked to CPG beads. Examples include:
Pag-dA---Pac-dA— CPG beads with Bz-dC and Iba-dG;
Ipr-Pac-dG—-Ipr-Pac-dG—-- CPG beads with Bz-GC and Ibu-dG;
Ag-dC---Ac-dC—-- CPG beads with Bz-dC and Ibu-dG;
dmf-G---dmf-G--- CPG beads with Bz-dC and Thu-dG; and

mixtures of the four oligonueleotides described above.
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In anothet alternative, proiecting groups may be attached to oligonucleotide
chains that are partially deprotected (the procedure for deprotection will be described
bellow). Examples include.

Poly dT28mets (onty with DMT group);

Poly dT20mers (oniy with cyanoethy! groups};

Poly Ibu-dG 20mers (partially deprofected);

Poly Ipr-Pac-dG 20mers {parfially deprotected);

Poly BzdC 20mers (partially deprotecied);

Poly Pac-dA 20mers (pastially deprotected); and

Paly Ac-dC Z0mers {partizlly deprotected).

Synthetic oligonucleotides prepared es described herein may be partially
deprotecied as follows: () add 30% ammoniue hydroxide solution to synthetic
polymicleotides, then incubate at room (emperature for different time pertods (5, 10
and 30 min); (&) take the ammoninm solution of treated oligomers and add jnte 111
diluted acetic acid pre-cooled at 4° C and according to 1:4 ratio of ammonium to
acetic acid; (g} keep samples in ice bath for 30 min; (&)} dry samples with speed-Vac;
(e} dissolve the dried pellets in water; (fF desalt samples with Sephadex G-25 colurmn;
{g) dry samples with speed-Vac; and (%) dissolve the desalted samples in water.

Synthetic aligenucleotides prepared as described herein may be completely
deprotected by any snitable technique. One particuiar techmique is as follows: (@) add
30% ammonimn hydroxide solution to synthetic oligomucieotides, then incubate at 63
" C for 6 lrs; (B) dry samples with speed-Vac, () dissolve the drisd pellets in water;
(d) desalt samples with Sepbadex. G-23 colunm; and (g} dry samples with spaed-Vac;
(1 redissolve desalied samples in water.

Partially and compleiely deprotected oligonucleotides may he characterized
for forther use or to verify procedmres by any suitable means, including but not
limited to gel clectrophorcsis, urea-acrylamide gel electophoresis, 3'end labeling
with T4 polynucleoide kinase, HPLC analysis, mags spectrometry, efc.

Suitable animals can be immunized with the oligamcleotides descnbed abave
by parenteral injection of the oligonuciectide in a suitable eamier, such as sterile

saline solution. Injection may be by any suitable route, including but net limited to
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subcutaneous, intraperitoneal, intravenous, intraarterial, intamusenles, ete. Suitable
animals are typically mammais, including mice, rabbits, rats, etc.
In a particular embodiment, for the production of monoclonal antibodics,

young female BALB/e mice are used, and the time courde of injection of the antigen

material is:
first day initial injection
14ih day first boosting
28th day second boosting

4 day before fosion  [nal boosting
Additional injections may be employed if desireit. The antigen smownt may be 50 pg
or 100 pg of oligonucleotides unprotected (for control antibody} or protected, for
each mouse per titne. When, as preferred, beads or other solid support used as the
support for oligomuclectide symthesis are injected into the animal, the beads or
patticles are suspended in water, then injected into mice. If & nucleotide solution is
used, then the solution is mixed with complcte or incorplete Fremmd’s adjuvant and
injected into mice.

Polyclonal antibodies can be harvested from animals immunized or
innocalated as described above in accordance with lmown techriques, or spleen cells
harvested from the animals, hybridoma cell {ines produced from the spleen ceils, and
the hybridoma cell lines screened for the produstion of desired antibodiss, also in
accordance with known techniques.

Cligonuclentides that contain or do not contain biotin molecules at 37 or &°
ends (for ELISA assay as described below) may be synthesized in accordance with
standard techniguss, Examples are:

Poly Ibu-dG 20 mers {with or without bietin};

Poly Thu-dA 20 mers {with or without biotin);

Poly Ths-dC 20 myers (with or without biotin);

Poly Ipr-Pac-dG 2{ mers {wiik or witkout biotin);

Poly Bz-dC 20 mers (with or without biotin);

Foly Bz-dA. 20 mers {(with or without bictin};

Paly AT 2} tners (with or without hiotin);

Poly Fac~dA 20 mers (with or without biotin);

JP
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Poly Ac-dC 20 mers (with or without biotin), and

Poly dmf-G 20 mers {with or without biotin}.

Antibodies produced as described above may be characterized by any suitable
technique to dstermine the hinding properties thereof, including but not limited to
Western blot and immunodot-tlot,

Tn addition w the use of polyclonal and moncclonal antibodies, the present
iovention comtemplates ths praduction of antibodics by recombinant DNA, or
“antibody engineering” techaiques, For example, mRNA jsolated fiow hybridoma
cells may be used to construct 3 cDNA Hbrary and the sequence encoding whole
antibody or antibody fragments (e.g., scFab or Fab fragments) isolated and inserted
into spitable expression vector, and the expression vecior inserted, into a host cell in
which the isolated cONA encoding the antibody is expressed,

Monoclonal Fab fragments may be produced i Escherickioc coli by
recerohinant techniques known to hose skilled in the art. See, ¢.p., W, Huse, Science
246, 1275-81 (1989).

8. Screening of Antibodies.

Scresning sera and hybridoma ceil culture media for protecting group specific
antibodies may be carved out as fallows:

A, Sera

1. Pre-immymne (prior to imrmunization) sera are cotlecied by standard means
from the mice to be inoculated with protecting group conjugaied to a =solid support
{directly or through an oligamer).

2. Post-innoculation sera are also collected.

3. An ELISA assay is performed in which the specific protecting group
remamns on a biotinylated oligonucleotide conjugated to the microtiter plate. Other
microtiter plate wells coniain control oligomers that have no protecting groups, or
oligonuclectides wifl other proiecting groups. The secondary antibody is a geat anti-
mouse 1g3 with a conjugated phosphotase for visnalization of antibody

4. Those mice that have pasitive activity against the specific protecting group
are boosted and sacrificed for the production of hybridemas.

B. Hybridoma ceil culture media
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1. Approximately 1000 cultnres are generated from each spleen hybrid cell
production.

2. Cultures are grown in micratiter plate wells, 96 well plates.

3. Culture medivm is removed from each well and used in ELISA assays s
described sbove in which each of the ~1000 microtiter plate wells contain the
protected oligonuclectide conjugeied i the plate.

4. Those cultures producing anfibody that has posifive sctivity are transferred
to Jarger culture wells, 24 well microtiter plaies.

5. Cubture media from the larger cultures are re-lested for activity against the
protesting group and are also assayed for specificity; ic contrels of no protecting
goup and of other protecting groups.

6. Those cultures that are positive are cloned out (diluted), re-tested and
cloned oui again to the point that each fina! culture roust be he result of one cell; iz,
mono-culture. Mediz from these final cubtures are theroughbly asscssed for specificity
and affinity. Specificity and affinify are assessed using a dol-blof assay,

C. Dot-Blot assays in lien of ELISA aysays

1. Anfibodies agamsi some protecting groups ars not tractable to bemng tested
in the microtiter plate well environment and nust be tested using a dot-blot assay.
Cne example is the 3'-terminal protecting group, dimethyl-trityl (DMT).

2. The Dot-blot 2ssay on a nitrocellulose membrane is accomplished as
described elsewhere in the application for most purpeses., However, this is not
possible in assessing antibody production by ~1000 microtiter well cultures with little
media availahle. Thus, a novel adaptation has been developed.

2) The protected oligonuclentide is attached in dots te the nitrecellulose using
TUV-orosslinking. With DMT, the presence of the 5-DMT on the membrape is
gonfirmed by treatment of a dot with mild acid -- the dot turns yellow-orange. The
presence of the 3-biotin can be confirmed with a commercial avidin stgin.

b) The membrans is blocked {see dot-blot assay).

b) The dry membrane dots are carefully marked (pencil) and "punched" out of
the membrane.

<) Individual dots are added 1o the cell culture media in individual micortiter
plate wells and incubated.
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d) The individual dols are removed and passed on throngh the washing,
secondary antibody, phosphotase veaction and color development using microtiier
phate wells with the appropriate reagents.

) Those dots That are positive are related back to the original microtiter plaie
well enftures fiom which the small amount of culture media was obtained.

£} Further culturing and cloning is accomplished as described in B.

9. Testing of Microarrays.

The preseat invenfion may be used to test or screen oligonucleotides that are
immobilized on a solid support such as a microarray for insufficient deprotection or
clongation of the cligonncleotides synthesized thereon.

Solid supports used to carry out the present invention are typically discrete
solid supports. Diserete solid supports may be physically separate from one another,
of may be discrete regions on a surface portion of a unitary substrate. Such “chip-
type™ or “pin-type” solid supports are known. See, e.g, U.S. Patent No. $,143,854 to
Pimung; U.S. Patent No. 5,288,514 1o Ellman (pia-based support); 1.5, Patent No.
5,510,270 to Fodor et al. (chip-based support). Additional nop-limiting exazples of
ohigonucleotide arreys which may be used to carry out the present mvention, and
methods of making the same, include buf are not limited to those described in 1.8,
Patents Mos. 5,631,734; 5,399,695; 5,593,839, 5,578,832, 5,510,270; 5,571,639;
6,056,926, $.445,934; and 5,703,273 Such devices may be used as described therein
to carry out the instant invention.

The solid support or substrate from which the array is formed may be
comprised of any suitable material, cluding silicon. The oligonucleotides mey be
polymerized or grown in site from moenomers (or individual nucleotides) in situ on the
microarray (in which case none of the cwrently available iechniques for detecting
protecting gronps wonld be useful for detecting incemplete deprotection or elongation
of the oligonuc]eotides on the array, as one canuot pess the solid support throngh an
analytical device) or the oligonucleotides may be polymerized separately and then
iinked to the eppropriate regions of the solid suppert. The amay may include any
number of different oligonucleotides in different separate and discrete regions
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thereon, examples including arrays of at least 1,000, at least 2,000, at least 10,000, or
at least 20,000 different aigonucleotides i different separate and discrete regrens.

In general, a methed of screening an oligomuclectide array for msufficient
deprotection or msufficient elongation of oligonucieotides therein comprises the stops
of

(e providing an oligenuclentide artay as described above;

(b} providing an antibody as described phove (that is, an antibody that
specificaily binds to a synthetie oligonueleotide having an organic protecting group
covalently bound thereto, which antibody does not bind to sald synthetic
ghigotmeleotide wher s2id organis protecting group is not covalently bound thereto).
Preferably the antibody is one that specifically binds to an oligonucleotide having a
protecting group, where the protecting group was employed in the course of the
organic synthesis of oligonueleotides caried by that amray. Then;

() vontacting said oligormcleotide array to said antibody to thereby detect the
presence of menfficient deprotection or insufficient elongation of oligonucleotides
therem, Suck detection, which mey be qualitative or quantitative, may be carried oué
by any suitable nmmunoassay fechnique as deseribed above.

In the method, steps (B) 1o fc) may be repeated at least once, with a differsnt
antibody on cach 1speiition, so that a phrality of different profecting groups which
may be present on oligonucleotides in the array may be detected.

Preferably, once insufficient deprofection (the presence of protecting groups)
in oligonucieaiides in one or mors {(e.g., plurality) of the separate and discrete regions
is detected, the methad further comprises generating a record or indiciz recording the
presence of insufficient depratection or insufficient elongation of oligonucleotides in
the Isast one separate and discrete location (or plurality of separate and discrete
locations) on the amay. The indicia may be a quabitative or quaniitalive mdicia of
insufficient deprotection (including insufficient elongation).

The foregoing methods provide a correciable oligenuclectide aray =s
illustrated iz Figure 11, The array congprises, in combination:

(2} a substrate 30 having a plurality of different oligonucleotides immobilized
thereon, with the different oligonucleotides immobilized in different separate and

discrete locations 31 on satd substrate; and
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(%} a plurality of indicia associated with said array, these indicia recording the
presence of insufficient deprotection or insnfficient clongation of a plurality of
different oligonucleotides, said different oligonuclectides located in sepurate and
discrete locations on said arsay. These indicia may be printed in a2 region of the amray
32 hy & technique such a microlithography, printed oo conventional medium such as
paper and shipped with the array, stored in 2 memory or memory device connected to
ar formed on the array chip {which may be incorporated at location 32), provided in a
separate data or computer file which may be provided on a computer-readahle
medium such as a floppy diskette or CD-ROM, stored on a web site on the world
wide web for duvmluadiné hy the end user of the artay, ete. When the indicia are
provided in a seperate data {ile, the array preferably further includes an identifier such
a5 a code lnumbcr formed on, connected fo or associated with the array (e.g., printed
on apackage containing the array, or on an information sheet packaged with the array,
and/or printed directly on the array). The indentifer may then be associated with the
separate indicla (e.g., prnted on 2 data sheef, used as a pass-wond, file identificr
and/or access code for the conmputer file, elc.) to insure the correct mdicia containing
the record of insufficient deprotection and/or elongation are ultimately associated with
the aray by the plimate end user of the array. )

A data device or memaory device connected to the array may be carried out in
accordance with known techniques, as described in U.S. Patents Nos. 5,925,562;
§,017,486; 5,751.629; and. 5,741,452, and such devices used as described therein to
carry out the instant invention.

The end user of the array ey utilize the indicia deseribed above to
compensate for insnfficient deprotection of insufficient £longation of oligenucleotides
on said array in a method comprising:

(a} providing 2 substrate as described ahove.

(&) providing at least one, or a plurality of, indicia associzted with said array
as described abave.

(¢} providing a test compound. The test compound may be a member of a
Hbrary of test compounds, and may be any svitable compound such as a protein,
peptide or oligoruclectide (e.g., a DNA or BNA, such as mRNA); and then
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(d} celecling the binding of said fest compound o &l least one of said plurality
of dilferent oligonucleotides (e.g., by contacting the test compound to the array); and
then

(d} detecting detenmining the degree of binding {including simply the presenice
or absenee of hinding) of the fest compound io one er more oligonucleotides on the
wray from (i) said detected binding and (2} said indicia recording the presence of
insufficignt deprotection or insufficient elongation. Thus, insufficient deprotection or
insufficient elongation of oligonuclectides in one or more locations in the amay may
be compensated for during the determining step. Such compensation may be achueved
by sny means, ncluding ignoring particular separate and discrefe regions on the agray
{e.g., in favor of other separate and discrete regions of the array that contzin the same
oligonuclestide}. In another example, if one or mere locations contain insufficient
deprotection or elongation suck that binding to those locations is reduced, the binding
datg derived from an experiment with that aray can be adjusted vpwards for those
locations to indicate greater binding tizan that which would otherwise be imdicated
without the conirol made possible by the recorded indicia.  The detecting or
determining step may he carried out by any suitable noeans, such as generating 2 color
indication of degree of binding, generating a numeric indication of degree of binding,
generating a graphic or other symbolic indication of degres of hinding. etc. The
degree of binding may be an indication of binding is binding affinity, binding amount,
or boih binding affinity and binding amount, but is typically an indication of the
amount of test compound that binds to a particular separate and discrete région of the
array.

The present imventon is explained in greater detadl in the fellowing non-
Limiting Exaraples.

EXAMPLE 1
Svathesls of Oligonuclentides
Synthesis was perfoored on an ABI DMA/RNA Synthesizer, Modzl 394 (PE
Biosystems, 850 Lincola Centre Dirive, Foster City, CA 94404} according to

manufactories protocol. Slighily modified I micromolar scale cyele was used during
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synthesis (see manufacturer’s instructions). The primary starting materials (and
suppliers/manufecthuers in parentheses) were as follows:

Activator (0.45 M tetrazole in agetoniirile), CAP A (acetic anhydside/
tetrahydrofuran/ 2,6 lutidine}, CAP B (N-methy] imidazole/tetzahydrofirany and
oxidizer {0.02 M iodine/pyridine/ THF/H2O) (Prime Synthesis)

Pac-dA (5°-dimetkoxytrityl-N-phenoxyscetyl-2° -deoxyAdenosine, 37-{(2-
cyanoethyl)-{N,N-diisapropyi)]-phasphoramidite (Gien Research)

Tpr-Pac-dG (5°-dimethoxytityl-IN-p-isopropyl-phenox yacetyl-2*-
Cinanosine, 3" -[(2-vyanoethyl-(N,N-diisopropyl)|-phosphoramidite (Glen Research)

Ac~dC (5°-dimethoxytrityl-acettyl-2'-deoxyoytidine, 3" {2-cyanoethyl)- (N, N-
diisopropyl)}-phosphoramidite (Glen Rescarch)

dof-G (5°-dimethoxyirityl-dimethyiformaridipe-Guanosine, 2’ -O-TBDMS-
3"-[(2-cyanoethyl}-(N N-diisoprapy1)]-phosphoramidite (Glen Research)

Bz-dC---CP( beads (5°-dimethoxytrityl-N-bepzoyl-2°-deoxycylidine, 3°- (2-
cyanoethyl)-(N,1¥-diisopropyl)]-phosphoramidite-succiny? linker-heads (3000 Ang)
(CPG Inc.)

Tou-dG-—CPG beads (53°-dimethoxyhtyl-N-isobutyl—2’-deoxycytidine,3 '~
[(2-eyancethyl}-(N,N-diisepropyl)]-phosphoramidite-szceinyl linker-beads (3009
Ang) (CPG Inc.)

The following compounds were synthesized, the compoimds being linked to
beads as shown:

Pac-dA-—Pac-dA—Bz-dC-—suceinyl linker-—Beads

Pac-d A---Pac-dATou-0G—suceiny] linker---Beads
Ipr-Pac-dG---Tpr-Pac-dG---Bz-dC-—succinyl linker---Brads
Ipr-Pac-dG---Ipr-Pac-dG---Thu-gG---succinyl linker—Beads
Ac-dC---Ac-dC-~Bz-dC---suceinyl linker-—Beads
Ag-dC---Ac-dC---Tbu-GG--succinyl linker—-Beads
dmf-G-—dmf-G-— Bz-dC---succinyl linker-—-Beads
Amf-Godmf-G— Tou-dG-—guccinyl linker---Beads

The foregoing compounds were administered directly to animals as an
immuncgen, without separating the oligonucleotide from the solid support, for the

production of antiodies, as further described in Example 2 below,
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EXAMFLE 2
Inpoculation of Animals

Female BALB/c mice of eight to twelve weeks old were purchased from
Charles River, Raleigh, North Caroling, USA. The mice were housed i cases with
filter caps.

After oligonucleotide chain synthesis was completed as described in Bxample
1, the beads with bucleotides ware gently crushed by hand-prassuring the plass plares,
between which beads were positioned.

5 uM of each eight oligonuclectides mentionad above were mixed in 4 mj
PBS (150 mM sodium chloride in 100 mivi phosphate budfer, pH 7.2).

‘The mixture was thoroughty vortexed snspending the crushed beads. 150 pl,
of the vortexed mixture was taken and added into 300 pL of PBS in a syringe. Tust
before njection, the selution containing beads was mixed again by shaking the
syringe to suspend the broken beads. Then 150 pL or 300 pl of well-mixed seltion
was injected inte mouse peritones] cavity, This procedure was used for the first

injection and the following boosis.

Injection tixne schedule:

Injcction Date {day}
first 0
second 14th
third 28th
dth 42nd
Sth S6th
6ith 76th
Fth R4th .
8th 98th
Sth 112th
10th 138th

11th (final, 4 day before fusion) 142nd

Four days after the final injection, spleen cells ere harvested from the animals
and fused with myeloma cells (F3%.63.Ag8.653) in accordance with known
techniques to produce hybridoma cell tines, which are then screeneq to determine the
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binding characteristics as described below te isolate particular cell hines thai produce
thre desired antibody of the Invention.

EXAMPLE 3
Immungdet-Blot Assav for Antibody Characterization
The Immanodot-blat assay invelves UV cross linking of oligonucleotides onto
membrane paper, and is directty applicable to a test kit for detection, ideniification
and guantifying the protecting groups on product cligomers, This procedure may be
catried out as follows: () wor membrane paper with TBS (10 mM Tris, pH 7.2; 150
mM NaCl); (b biot oligenucieotides to be tested onto membrane paper under
vaculm; () UV cross link nucleotide onso membrane paper; (@) block membrane
paper with 1% casein-TBST (1BS plus Tween 20, 0.1% by volume) at roora
temperature for 2 br or 4° C overnight; fg) wash membrane with TRET 3 times, each
for 15 min, ¢ form antigen-antibody complex by.incubatitm of plate with sanple be
tested (diluted in 1% casein-TBST) at room temperatare for 1 br; () wash as above;
(%) react with second antibody conjugate (dikried in 1% casein-TBST) at room
temperature for 1 hr; (7} wash s abave; ¢} develop color reaction by incubation of

membrane with substate solution.

EXAMPLE 4
ot-Blot Assay of Monoeclons! Antibedy 1 H11

Monaclopal antibody ! #11, produced as described in Example 2 abave, was
cheracterized by a dot-blot assay as described in Example 3 above. Results are shown
as a bar graph in Figure 1. In Figure 1, lanes {or columns) ! and 2 represent
oligoPac-dAé.Omem treated with NHOH for 6 hours at 65° C and 15 minutes at 4° C,
respectively. Columns 3 and 4 represent oligoBz-dC20mers treated with NHAOH for 6
hows at 65° C and 15 manutes, respectively. Columns 5 and 6 represent oligoAc-
dCZ20mers treated with NHGH for 8 hours at 65° C and 15 munutes, respectively.
Columns 7 and 8 represent oligolpr-Pac-dG20mers treated with NIT,0H for 6 hours at
65° C and 15 minutes, respectively. Columns 9 and 1G represent oligoThu-8G20mers
treated with NHLOH for 6 hours at 65° C and 15 minutes, Tespestively. Columns 11,
12 and 13 represent oligodT20mers, completely deprotected, with MT graup only,
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and with cyanoethy! group only, respectively. Antibody activity is given as optical
density (479 nmt) froro. ELISA (Cxamople 7 below), and the positive er negative result
of the dot blot assay s given in the open or filled circle appearing over each column
in the bar graph. Note the activity of mococlonal antibody 1 211 in selectively
hinding to the oligoTou-dG20mer in columin 16

EXAMPLE §
Dot-Blot Assay of Monoclonal Antibody 7 H3

Monoclonal antibody 7 H3, produced as described m Example 2 above, was
characterized by a dot-hlot assay as described in Example 3 above. Rosulis are shown
as 2 bar graph in Figure 1. Tn Figure 1, Janes (or columns) [ and 2 represent
oligoPac-dAZ0mera treated with NH,OH for 6 bours at §5° C and 135 mimuies ai 4° C,
respectively. Colurms 3 and 4 represcni cligoBz-dC20mers treated with NH4OH for 6
hours at 65° C and 15 minutes, respectively. Columws § and ¢ represent alignAc-
dC20mers treated with NHLOH for ¢ hours at 63° C and 15 miutes, respectively.
Columgs 7 and B represent oligolpr-Pac-dG20mers treated with NIL.OH for ¢ hours at
65° C and 15 minutes, respectively. Columms 9 and 1€ repraset oligolu-dC20mers
treated with NH-OH for ¢ hours at 65° C and 15 minntes, respestively. Columns 11,
12 and 13 represent oligodT20mers, completely depratected, with DMT group only,
and with cyanoerthyl group only, respectively. Antibody activity i3 given as optical
density as described above, and the positive or negative result of the dot blat assay is
given in fhe open or filled eircle appearing over each column in the bar graph. Nate
the activity of monoclonal antibody t HLL in selectively binding to the oligoBz-

dC20mer in columm 4.

EXAMPLE 6
Western Blof Assay for Antibody Characterization
The Western blot assay invalves kow voltage fransfer of oligonucleotides fom
gel to membrans paper and UV cross linking of oliganucleotides onfo the membrane.
This assay may be carnied oul as follows: () cast 15% non-denaturing gel containing
10 mM MgCl; (&) load oligonucleotides (oligomers) into the wells of the gel; (z) ran
gel at 200 voltape m ice bath; {d} transfer oligonucleoiides from gel to membrane
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paper at 25 voltage for 25 min in ice bath; () UV eross link polynuclectides on
membxang; () block membrane paper with 1% casein-TBST at oo tenperapire for
2 hr of 4° C avernight; (g) wash membrane with TBST 3 tines, each for 15 min; (&)
incubate samples be tested (dilated in 1% casein-TBST) at room temperatare for 1 hry
{i} wash as above; () incubate membrane with second antibody conjugste (diluted in
1% cascin-TBST) at room temperature for 1 hr; (k) wash as above; and (1} color- |

develop by mcubation of membrane with substrate sojutian.

EXAMFLE 7
Detection of antibody nsing Biotinylated Polynucleotides as
Antigen and an ELISA ivolving Strepiavidin-Biotin Sysfern
An enzyme-linked immunosorbent assay (ELISA) for the detection of the
antibady is carried oui as foflows: () pre-screen microtiter plate that is pre-coated
with strepiavidin (b} coat the plate with a preparation of biotinylated oligonucleotide
or other materials 1o be tested (at § pg/ml in PREWPES: 150 mif NaCL 10 mM
Phasphate buffer, pH 7.4}, ihen incubate at room temperature for 2 hrs; (¢ wash 3
times with 0.1% Tween in PB3 (PBST), each for 15 min; (#} block with 1% casein in
PEST at room temperaiare for hes er 4° C ovemight; fe) wash as above; (i form
anligen-antibody complex by incubation of plate with amtibody (or antibodies) at
room temperature for 1 hr; (g} wash as abovs; (k) react with second antibody-
peroxidase conjugate {in 1% cascin-PBST) at room temperature for 1 hr; (3 wash as
above; () develop color reaction by adding tetramethyibenzidine (TMB) solution
(1B solution: 42 wM TMB, 0.504% Hz0z, 0.1 M avetate butler, pH 5.6} and
incubating at room femperature for 15 mwin, then stop the reaction with 2 M HzSOy
and (&} read absorption value a1 469 me,

EXAMPLE 8
ELISA and Poi-Blot Assay of Menocloral Antibody
Against Benzovyl, Isobutryl, and Isnpropylphenosyacetiyl
Maozoclonal enlibodies (mAb) against protecting groups benzoyl (Bz),
isobutryl {ibu), and isopropylphenoxyacetiyl (ipr-Pac), produced as desceibed in
Example 2 above, were characterized by a standard ELISA assay and a dot-blot assay
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25 described in Example 3 above. An FLISA assay developed with biotinylaied
nucteic acids of 20 residuss each attached to a 26-well microtiter plate demonstrated
the specificity of the antibodies for their respective anfigens. Fignre 34, Figure 44,
and Figure 5A show results for monoclonal antihodies against Bz, ibu, and ipr-Pac,
respectively. The figures show completely deprotected {<1% Bz remanting)
hormopoiymers of dC residues, designated oliga dC(Bz), ie. arignally protected with
Bz (lanc 1, open bar), protected (~97% Bz remaining) olige Bz-dC (lane Z, shaded
bar), compietely (< 1% ipr-Pac remaining) deprotected oligo dG(ipr-Pac) (tae 3),
protected (>76% fpr-Pac) oligo ipr-PacdG (lane 4), completely (< 1% ibu remating)
deprotected oligo dG(ibu) {lane 5), protected (>91% ibu remaining) olige ibu-dG
{lane 6), and completely deprotected alige AT (fane 7). The 4T polymer had but one
protecting group, dimethyltrityl {DMT) that was removed from the 5°0H of the 5°-
terrainal residue with mild acid. Finally, lane 8 of shows oligo 4T with DMT
Teraining.

Dot-Blot assays of anti-Bz mAb, anti-ibu mAb, and anh-1pr-Pac mAb
activities were performed in which the 20mer DNAs were linked to niirocellulose
membrane by UV, The amounts of 20mer NA applied to the mernbrane are shown.
to the right of F.igure 3R, Figure 4B, and Figore 5B and demonstrate the level of
sensitivity of the assay, The DINAs used to test anti-Bz mAb were those described for
the BLISA. plus deprotectad oligo dA(Bz}, protected oligo Bz-dA, oliga dC(ibu), oligo
ibu-dC, olige dA(ibu) and olige ibu-dA. Fignre 3B shows that the anti-Bz mAb
recognized the protecting group on dA and dC. The DNAs used 1o test anti-fbu wAB
were those described for the ELISA plus protected cligo ibu-dA, deprotected sliga
dAfibu), olige ibu-dC, olige dC(iku) and all are noted at the top of the dot-blet.
Figure 4B shows that the anti-ibu mAb recognized ibu on dG, tic most common use
of the protecting group, but also on dA. The DNAz used to test anti-inr-Pac mah
were thase described for the ELISA plus protected olige tbu-dA, deprotected oligo
dAfibu), oligo ibu-dC, olige AC{ibu), oligo Bz-dA, olige JA(BZ) and &il are noted at
the lop of the dot-blot. Figure 5B shows that the anti-ipr-Pac mAb recognized ipr-
Pac an d(, the most common use of the protecting group, but lse on dA and 4C. The
mAb also recognized the ibu protecting grovp (ibu-dG, ibu-dA and ibu-dC). This
cross-reactivity indicates that the antibody was ughly selective in its jdentification of
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a chemistry common fo both ipr-Pac and ibu, possibly CII{CH;)z. Thus the anti-ibu
and anti-iprPac mAbs couid be used in combmation (o identify the protecting group
remaininy on an oligo.

Greater amounts of DNA were tested in a dot blot assay of anti-ibu mAb
(Fignve 4C). The results of this experiment demonstrated that the ibu protecting
group was recognized by the mAb no matter which nucleobase wes profecied.

Figure 3C, Figure 4D, and Figure 5C demonstrate that partially deprotected
oligomers can be re-treated to remove the remaining protecting groups, and re-tested
with mAb. Figure 3C shows that anti-Bz mAb recognized re-deprotected oligomer
aligo Bz~dC (center colurmn). Likewise, Fignre 41 shows that anti-ibn AL
recoenized re-deprotected oligomer olige ibu-dG {center column) and Figure 5C
shows that angi-ipr-Pac b recognized re-deprotected oligomers oligo ipr-Pac-&G
and olign ibu-dG (volumns second from left and forth fiom left, respectively). Thus,
this approach is applicable to quality control without having to discard expensive
nucleic acid samples.

An RNA standard with proteeting groups Bz, ibu and ipr-Fac was synthesized
and assayed for identification of the protecting groups with the mAb agamst Bz
(Figure 3D}, ibu (Figure 4E), and ipr-Pac (Figure 5D). Dot-blot assays clearly show
that the monaclonal antibodies do ot differentiate KNA from DNA. Although there
was a higher background signal with RNA than with DNA, there was a significant
distinction between RNA with and without protecting groups, especially at the lower
amounis of RNA. The amount of RINA on the membrane was estimated from the
optical shsorbance of the sample.

EXAMPLE %
mAb Dot-Blot Assay of Frotecting Groups vs HPLC
Dot-blot detection of Bz groups remmaming on a standardized 20mer oligo d4C
molecule were performed as described in Example 3. Corapletely deprotected and the
unireated olige dC 20mers were analyzed for the Bz proteeting group using a totally
independent and different quantification methad. The two oligomers wers hydrolyzed
1o the constitnent nucleosides and then their nucleoside coriposidon identified and

quantified using a recognized high performance liquid chromatography (HPLC)
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method with concentrated samples. Becanse of the lack of sensitivity, HPLC
detection required 50-150 fold the arpounts of Bz-dC used ir the mAb assays (see
Figure 7). Figore 6A shows the result of anti-Bz mAb tested against rmale amonnis
of Bz groups on ptotecied oligo Bz-0C {right colum) mnd the same nmals amounts of
Bz- on Bz-dC {left column). Each amount of Bz-dC oligo was diluted with
completely deprotected dC oligo of the same length {20mer) fo demonsirate the
sensilivity of the raAb detection even in the presence of 2500-fold dC (ie. 0.04%).

The mAb assay demonstrated that the mAb could detect the Bz group on DINA. even
in the presence of 2 2500-fold excess of AC in DNA.

The dot-blot shown in Fignre 6A. was saljcoted to densitometry to quantitatc
the mAb response. After background subtraction, the remaining density was plofted
ag a function of Bz groups in oligo Bz-dC determened by HPLC (Fignre 68), The
data indicated that the high sensitivity of the anti Bz mAb detection was lingas in 0.1-
1.0 mpol range.

Next, it was determined whether the mAb response cowld be enbanced with an.
increase jn the amount of DNA on the dot-blot merbrane. The amount of Bz was
determined by standard HPLC methods. 'This experiment showed that detection. of
ihe Bz protecting group in # mixture of the protected sample with the deprotected
sample at a ratio of 1/2500 could be enhanced by increasing the amount of DNA on
the membrane, though the tatio was maintained (Figure 6C).

Finally, expetiments were conducted to show a dizert comparison of the mAb
and HPLC defection of Bz, Anti-Bz mAb was utilized in a dot-hlat assay to detect Bz
on dC in the olige Bz~dC {20mer). The density response of the Bz group detected Bz

‘ by the mAb assay and quantified by densitometry was plotted against the amount of

Bz in the DNA on cach dot (Fignre 74). The ameount of Bz in the DNA was
caiibrated by digestion of a large amount of DINA and analysis by HPLC
identificafion and quautification of the Bz-4C monopuclenside. For HPLC
expsriments, Lhree samples of Bz-dC olige were bydrolyzed and avalyzed for
composition by IPLC. The response of the UV-diode array detector was plotted
zgainst the amount of Bz in the samples (Figure 7B). The sample arcunts were
determined by comparison to samples “spiked” with inown amounis of Bz-dC. The
amounts of Bz-dC added {0 samples as spikes were from a weighed stock of Bz-dC.
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Thus, the HPLC response was calibrated with known amounts of Bz-dC. The results
of these experiments show that the detection of Bz by anti-Bz mAb was within the

proole range whereas HIPLC detection of Bz was limited to the nmole range.

EXAMPLE 1D

Detection of Remaining Protecting Groups in Comemercial Sampiles

A blind study was conducied to dernonstrate the detection of remaining
protecting groups in commercial samples by mAb. The purposc of the this
experiment was to defermine if protecting groups could be detected and identified
with mAb techaology in presumably completely deprotected samples that had been
treated as commonly accomplished in the olige synthesis industry. ‘The nature af the
protecting graups uged by eight selected companics was not known, thus the
experiment was a blind study. Two 20mer oligos (olige dA-d€ and oligo dG-dT)
from each of the eight companies were ordered o be synthesized and deprorected, and
salt remaved under as identical conditons as possible. The oligos were shipped by
express mail, as is often the case, and then subjected to mAb analysis by dot blot. The
dA-dC oligo [rom oue company (#6), and possibly a second (#2), had remaining Bz
pratecting groups as determined hy anti-Bz mAb testing (Figure 84). The dG-4T
oligos from two companies (#2 and #6) had ipr-Pac profecting groups remaining as
determined by anfi-ipr-Pac mAb (Figure 8B). The remaining proieciing groups in the
cormenersial samples were confirmed by increasing amounts of sample and further
deprotaction and re-analysss. The oligo dA-dC samples from conspanies #2 and #6
were tested in higher amovnts to condinm the presence of the Bz protecting group. In
addition, the saoples were treated to remove the remaining protecting groups using a
standard protocel. The re-analysis after further deprotection indicated that the groups
were now removed (Figare §C). This also demonstrates ihat expensive nucleic acid
samples can he re-treated to remove protecting groups and that they need not be
discarded. The oligo AG-dT samplos wers re-treated to remove remaining protecting
graups and re-analyzed with anti-ipr-Pac meAb with the result that the ipr-Pac group
ceuld be removed without sacrificing the DNA. {Figure BD).

EXAMPLE 11
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Polyclonal Antibody Against Drimethyltrityl

Production and analyses of polycolonal antibody against the 57 ternainal
protecting grovp, dimethyltrity] (DMT) wege as deseribed in Bxample 2. Four mice
weare inoenlated with DMT and sera were drawn: from the mice after some weeks of
boosting with antigen. DMT [DMT—OH), three DMT at the 5°-cnd of the
deoxymucleotide timer d{T); [(DMT)-d(T)s], three DMT at the 5°-end of the
deoxynucleotide 20mer &{T)z with 3™-biotin [(DMT)s-d(T)g-biatin], one DMT at the
5"-end of the deoxynucleotide 20mer d(T ) with 3'-biofin [DMT-d(T)ebiotin], the
dT 20mer with 3'-biotin [d(})z0-biotin], one DMT with biotin [DMT-biotin] avd tris-
borate saline control were applied to a nitrocellulose membrane that was then assayed
with mouse sera (inocnlafed mice #1-4 and & control serum, normal} to assess anti-
DT antibody, mild acid to reveal presence of the DVIT (TBS), and avidin to reveal
the presence of biotin (Figure 9). Sera from mice #2 and #4 recognized DMT [as
(DMT}3-d(T)s], whereas mice #1, #3, and the normal monse did nol. Mild acid
revealed the presence of DMT as a yellow color (not vistble in Ggure) and avidin
revealed the presence of biotin.

The foregeing is illustrative of the present wvention, and is nof to be construed
as limiting thereof. The invention ig defincd by the following claims, with

squivalents of the claims to bo included tiercin.
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THAT WHICH 18 CLAIMED IS:

1. An antibody that specifically binds lo a synthetic oligonucleotide having a
organic protecting group covalently bound thereto, which antibody does not bind ta
said syntholic oligonucleotide when said organic protecting group is not covalently
bowmd thereto.

2. An antibody according to elaim 1, wherein said oligomuclectide consists of
from 3 to 20 nucleotides. and wherein one of said nucleotides is 2 protected

nuciectids according to Formuia ({):

Pase—Fy
E—0
[}
OI By
o= l"— QH
R
wherein:
R is H or a protecting group;

subject to the provise that B.is a covalent bond to an adjacent nucieotide when
said pratected hase is net a 5° tetminal nusleotide in said oligonucleotide;

R is H or a protecting group;

subject to the proviso that R, is a covalent hond to an adjacent nucleotide
when said profested base is not a 3" ferminal nucleotide in szid oligonucleatide;

Rz is H or -ORs;

Ry is H or a protecting group;

Base is a purine or pyrimidine hase;

Rais a protecting group honded to an amino group of said hase;

aiad further subject to the proviso that when one of B, R, Ry and Ruisa
protecting group, then the others of R, Ry, Ry and Ry are not protecting groups.
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3. An antibody acconding to claim 1, wherein said ofigonuclectide consists of
from 3 1o 20 pucleotides and has a 5° nucleotide, and wherein said 5 pucleotide 15 &
protected nncleatide acearding to Formula (T):

Baze
E=-0
m
C‘) Ry
0:1]"-01‘[
Ey
wherein:
R 15 a protecting group;

R is a covalent bond 1@ an adjacent nucleotide;
R, is -H or -OH; and
Base is a purine or pyrimidine base.

4. An antibody according fo claim 1, wherein said cligonuclectide consists of
from 3 to 20 nucleotides and has a1 37 nucleatide, and wherein said 3' nuclectide is a

protected muclestide according o Formula (T):

Base

o

1
o= ?—OH
Ry

wilerein:
R is a covalent bond to an adjacent puclgotids;
R; is a protecting gronp;
R is H or —OH; and
Base is a purine ar pyrimidine base.
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5. An antibody according te claim I, wherein said oligonucleotids consisis of
from 3 to 20 nuclectides, and wherein one of said nucleotides is a protected

nueleatide according to Formula ()

wherein:
B.is a covalent bond fo an adjacent nuclectide;
R, is a covalent bond to an adjacent nucleofide;
Rzis—ORy;
R; a protecting group, and
Base is a purine or pyrimiding base.

€. An anfibody according to claim 1, wherein said oligonucleotide consists of
from 3 to 20 nucleotides, and wherein oue of said nucleotides is a protected
nmucleotide according to Formuela (T):

Base—Ra

wherein:
R.is a covalent bond fo an adjacent nucleotide;
R, i5 a covalent bond to an adjacent nncleatide,
R;isH or—~OH;
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Dase is # puting or pyrimidine base; and
R is a protecting group bopded to an amino group of said base.

7. An antibody acconding to claim 1, wherein said oligonucleotide consisis of
from 3 to 20 nucfeotides, and wherein one of said nucleotides is 2 protected with 2

photolabile pratecting group.
8. An antibody according te claim 1, which antibody is a polyclonal antibody.

9. An antibody according to claim I, which antibody is a monocicnal
antibody.

19, An antibody according to claim 1 imamobilized oo a solid support.
11. A cell that expresses an antibody accordiog to claim 5.
12. A cell accerding to claim 13, which cell is a hybridoma.

13, A cell agcording to claim 11, which cell contains and expresses a

heterologous nucleic acid encoding said antibody.

14. A method for detecting incomplete deprotection of a synilictic
oligonucleotide by mmunoassay, said imgumoassay comprising the steps of:

centacting & synthetic oligonucteotide to an antibody according 1o clair 1; and
then

deteciing the presence or absence of binding of said antibody to said
oligonnclzotide, the presence of binding indicating incompleie deprotection of said
synthetic oligonucleotide.

15. A meibod according to claim 14, wherein said immuncasszy is a

heterogeneous immunoassay.
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16, A method according to olaim 14, whersin said immunoassay is a

HOmMoEeReous EImunoassay.

17. A method according to claim 14, wherein said immunoassay is a

sundwich assay.

18, A method according to claim 14, wherzin said oligonucleotide is

immobilized on a solid support.

14, A method for separaiing protected from fubly deprotected synthetic
oligonucleotides, comprising:

contzacting 2 mixtute of protected fiom fully deprotected synthetic
oligonucleotides 1o antibodies according to claim 1, whereig szid protected synthetic
oligonucleotides have said organic protecting group covalently bound theteto, so that
said protected synthetic oligomuclectides bind to said antibody; and then

separating said antibodies from said fully deprotected synthetic
oligonucleatides.

20. A method according ta claim 19, whezein said antibedy is immobilized on

asolid support.

21. A method according to claim 18, wherein said protected synthetic
aligonucleotide is a partially protected synthetic oligenucieotide.

22. A method according to olaim 19, wherein safd contacting and separating
steps are carried out by affinity chromategraphy.

23. An article useful for the determining incomplete deprotection of a
synthetic oligonucieotide in an immnoassay, said article comprising:
u solid support having a swiace portion, said surface poriion having at least

two separate discrete regions formed thereon;
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g firet oligonucleoatide hound to one of rald separate discrete Tegions, said first
oligonueleotide having a protecting group bound thereto; and

a seeond oliganuclectide bound 1o ancther of said separate discrete regions,
sa1d second olisonnclentide not having said pratecting groop bound thereto;

wherein the nueleotide sequence of said first and second oligomucleotides are

the same.

24, An article accoxding to claim 23, fuxther comprising:

a third oligonucleotide bownd to another of said separate discrete regions; said
third oligotmsiectide also having said profecting group bound 1o said first
oligonseleotide bound thereto;

wherein said third oligonucleotide is partially deprotected;

aud wherein the nucleotide sequence of said first, second, and shird

oligonucleoiides are the same.

25, An arficle accozding Lo claim 23, wherein said substrate comprises a

nitrocellnlose strip.

26. A method of making en antitody that specifically binds 1o a synthetic
oligonucleotide having a arganic protecting group covalently bound thereto, which
antibody does not bind to the seid synthetic olisonucleotide when said organic
protecting group is not covalenily boupd thereto, said method comprising the steps of:

synthesizing said syetketic oligonucleotide ca a selid particulate support with
said organic protecting group covalently bound to said synthetic oligonecleciide, ox
synthesizing a nucleotide on said solid support with said organic profecting group
bound to sajd micleotide; and then, without removing said ohgoenucleotide or
nucleotide fom said solid support;

immunizing an animal with said syntketic oligonucieotide or nucleotide bound

to said solid support in an amount sufficient io produce gaid antibody.

27. A method according to claim 26, wherein said synihesizing step is
followed by the step of Fagmenting said beads prior (o s:d immunizing step.
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28. A method according to elaim 26, further comprising the step oft
collecting said antibody firom. said animal.

29, A method according 1o ¢laim 26, further comprising the steps of:

collecting spleen cells from said animal; then

producing a plurality of hybridoma cell lines ftom s«id spleon cells; and then

isolating & particular hybridoma cell Line that produces said antihody from said
plurality of hybridoma cell Lines.

30. A method according to claim 26, wherein said synthetic oligonuclectide is
covalently bound te said solid support.

31. A method according to claim 26, wherein said synthetic oligonuclectide is
covalently bound to said solid support with a succiny] linker.

32. A metbod according to claim 26, whersin said solid support comprises 3
controlied pore glass bead.

33. A method of acreening an oligonucleatide array for insufficient
deprotection or msufficicnt elongation of oligonucleotides therein, said method
comprising the steps of:

() providing an oligonucleotide array comprising a substrate having a
plurality of different oligonucleotides immobilized thereon, with said different
oligonuelestides immobilized in different separate and discrets Jocations on said
substrate;

(%) providing an antibody that specifically binds to a synthetic oligonuclectide
having an organic protecting group covalently bound thereto, which antibody does not
bind to said synthetic cligonucleotide when said organic protecting group is not
covalently bound thereto; and then

{c} contacting said antibody to said oligonveleotids amay to thereby detect the

progence or sbsence of binding of said antibody selecied and discrate locations on
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said array, the presence of binding to separate and diserste locations in said array
indicating jmsufficient deprotection or insufficient elongation of oligomicleotides

therein.
34. A metbod aceording to clain 33, wherein said substrare comprises sillcon.

35. A method according to claim 33, wherein said step of providing an array

is carried oul by synthesizing said oligomucieotides i si on said substrate.

30. A method accordmg to clawn 33, forther comprising repeating sieps (b) to
fc) at least once with a different antibody on cach repetition go that a pheality of
different protecting groups on cliponuelectides in the array may be detected.

37. A method according lo claim 33, further comprising the siep of:
generating an indicia recording the presence of insufficient deprotection or
insufFcient elongation of oligonucleotides i at least one separate and discrete

locaiion on said array.

3B. A methed according o clai 37, wherein said indicia is a qualitative

indicia.

39, A method according to claim 37, wherein said indicia is 2 quantitative
indicia-

40. A eorrectable oligonucleotide array, comprising, in combination:

{a) 2 substrate having a piugelity of different oligonucleotides immobilized
thereon, with said different oligonneleatides immobilized in different separate and
discrete Jocations on said substrate; asd

(b} 2 plurality of indicia aseociated with said array, said indicia recording the
presence of insufficient deprotection or insuflicient elongation of at least one
cligonuclectide, each of said at least one ohigonucleotide Jocated in & different

separate and discrete location on said array.
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41, Anarray according to cluim 40, whereiz said substrate has at least 1000
different oligopucleotides immobilized in different separate and discrete locations on
said subsirate.

42, Ap amray according to claim 40, wherein said indjcia are stored in or

printed on said array,

43, An array according to olaim 40, wherein said indicia are contafned in a
computer file, said array further comprising an identifier associating said substrate

and said indicia.

44. An array pceording to claim 40, whersin said mdicia are contamed-on a
web site, said array further comprising an identifier associating said substrate and said

indicia.

45. A method of using an oligenucleotide array and compensating for
insufficient deprotection or insnfficisnt elongation of oligonuclentides o said array,
comprising the staps of:

(a} providing a substrate having a pluratity of different cligonuclectides
immobilized thereon, with said different oligonucleotides immobilized . different
separate and discrete Jecations on said substrate;

(hj providing indicia associated with said array, said indiciz recording the
presence of insufficient deprotection or insufficient elongation of at least one
oligonuslectide, said at least one oligonucleotide located in a separate and discrete
locations on said array;

(c) providing a tesl compound;

(d) detecting the binding of said fest compound 1o at least one of said plurality
of different oligonucleotides; and then

(d) detenoining the degree of binding of said test compound to said
oligonucteotids from (3) said detected binding and (i) said indicia recording the

presence of insufficient deprotection or insufficient elongation, so that said

JP 2004-500370 A 2004.1.8
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insufficient depratection or insufficient elongation is compensated for dwing said

determindng step.

46. A method according to claim 45, wherein said test componnd is a proten,
peptide, or oligonucleotide.

A7. A method according fa claim 45, whercin said test componnd is mRNA.

48. A method according to claim 45, wherein said determining siep is carried

out by generanng a color sndicatzon of degree of binding,

49. A method according to claim 45, wherein said determining step is carded

out by generating a numcric indication of degree of binding.

50. A method according to claim 45, wherein said degree of binding is
binding affisty, binding amount, or both binding affinity and binding amount.

51. A method of using an oligonucieotide array while compensating for
insufficient deprotection or insuflicient slongation of oligonucleotides on said amay,
said method comprising the steps of:

fa) providing a substrate having a plurality of different oligonucleotides
immobilized thereon, with said diffsrent oligonueleotides immobilized in different
separate and discrete locations on said snbstrate;

¢b) providing indicia associated with said atray, said indicia recording the
presence of insufficient deprotection or insufficient elongation of at least ons
oligorneleotide, said at [east one oligonncleotide focated in 2 separate and discrete
locations on said array;

fe) providing 2 test componnd;

{d) contacting said test compound to said array;

(i deleting from analysis said at least one oligonucleotide in a separate and

digcrete location having insufficient deprotection, with binding of said test compound

JP 2004-500370 A 2004.1.8
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to said array being defected with the remaining oligenucleotides in separate and
discrete locations that have not been deleted from analysis; and then
(d) deteciing the binding of said test compound i said remaining

oligonucizolides in ssparate and discrete locations it sad array.

52. Amethod according o claim 51, wherein said test compound is a profein,

peptide, or oligonucleatide,
53. A method according 1o claim 51, wherein said test compound Is mBEMNA.

54. A method according to claim 51, wherein said detecting step is carried out
by generating a color ndication of binding,

55, A method according te clains 51, whercin said detecting step is carried out
by genecating a numerje indication of binding.

JP 2004-500370 A 2004.1.8
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