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The present invention relates generally to nethods and conpositions for
anal yzi ng nu®@p#27asi d nol ecul es, and nore specifically, toPCRESIHUOTES

speci al i zed tags and |inkers which may be utilized to enhance
sensitivity of the analysis of a w de 1 Vvariety of biological-based
assays. 10 BACKGROUND OF THE | NVENTI ON Det ecti on
and anal ysis of nucleic acid nol ecul es are anong the nost | mpor t ant
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Generally, fo Y& ng essentially all biochem cal reactions, analysis

entails sone formof detection step. O especial concern is the detection

of nucleic acid hybri di zati ons and anti body-anti gen binding. Ideally,
detecti Onih%ﬂ{rﬂ%&i@ﬂﬁw ve and al | ow processing of multiple
sanpl es. wever, ‘current detection techniques are somewhat limted in

both these charact eri stheresenpinvention relates generally o metheds and commesitippgion ¢
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| abel or by eerS| %%%Z?mﬁﬁgrﬁt@%&l |z§et %%%hg;}%%gq%coﬁ?agsnssgfagﬁgi el,
such as YBHY phbiglogigalsredassayhat i s recogni zed by an enzyne- coupl ed
anti body mr 1|igand. When a radi ol abel ed probe is used, detection by

aut or adi ogr aphy~ b@ﬁ\ﬁ)bpqﬁgmglg—ﬁoﬁ imtations, such as reciprocity

failure and non-lTrnearity. These filmlimtations can be over cone by

detecting the |abel byDHRSOBIHGA auakge of murlsiciacid malgeyles arerarpng) the anast

have safety impptianeweitiques imbiclogg.i Mheyr 26 atthe heant ¢fl haledulad biclogy adqdasa t at i ng

soec 1 o it BAIE R ARG Lo ng. For such fessons, L

such syst®¥ms, nucl eot i Gensradigntfaliqyving | essratiallys @éln bigghemical reactions, analysis
entails some form of detection step. Of especial concern is the detection of nucleic acid
hybridizations and antibody-antigen binding. Ideally, detection should be sensitive and
allow processing of multiple samples. However, current detection techniques are
somewhat limited in both these characteristics.

20 Hybridization of nucleic acid molecules is generally detected by
autoradiography or phosphor image analysis when the hybridization probe contains a
radioactive label or by densitometer when the hybridization probe contains a label, such
as biotin or digoxin, that is recognized by an epzyme-coupled antibody or ligand.

When a radiolabeled probe is used, detection by autoradiography suffers from film

25  limitations, such as reciprocity failure and non-linearity. These film limitations can be
overcome by detecting the label by phosphor image analysis. However, radiolabels
have safety requirements, increasing resource utilization and necessitating specialized
equipment -and personnel training. For such reasons, the use of nonradioactive labels
has been increasing in popularity. In such systems, nucleotides contain a label, such as

30 Dbiotin or digoxin, which can be detected by an antibody or other molecule that is labeled
with an enzyme reactive with a chromogenic substrate. Alternatively, fluorescent labels
may be used. These systems do not have the safety concerns as described above, but
use components that are often labile and may yield nonspecific reactions, resulting in
high background (i.e., low signal-to-noise ratio).

35 Antibody-antigen binding reactions may be detected by one of several
procedures. As for nucleic acid hybridization, a label, radioactive or nonradioactive, is
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conditions, and for icle I rst
menber to a @é@(ﬂ;ﬁgﬁ% FH?eP‘“d\Rﬁ @f ) Qrsg pegpber to a second mem a ligand patir,
comprising the steps of (a) combining a set of first tagged members thh a biological

sample which may contain one or more second members, under conditions, and for a
20 time sufficient to permit binding of a first member to a second member, wherein said
tag is correlative with a particular first member and detectable by non-fluorescent
spectrometry, or potentiometry, (b) separating bound first and second members from
unbound members, (c) cleaving the tag from the tagged first member. and (d) detecting
the tag by non-fluorescent spectrometry, or potentiometry, and therefrom detecting the
25 binding of the first member to the second member.
A wide variety of first and second member pairs may be utilized within
the context of the present invention, including for example, nucleic acid molecules (e.g.,
DNA, RNA, nucleic acid analogues such as PNA, or any combination of these),
proteins or polypeptides (e.g., an antibody or antibody fragment (e.g., monoclonal
30 antibody, polyclonal antibody, or a binding partner such as a CDR), oligosaccharides,
hormones, organic molecules and other substrates (e.g., Xenobiotics such as
glucuronidase - drug molecule), or any other ligand pair. Within various embodiments
of the invention, the first and second members may be the same type of molecule or of
different types. For example, representative first member second member ligand pairs
35 include: nucleic acid molecule/ nucleic acid molecule; antibody/nucleic acid molecule;
antibody/hormone; antibody/xenobiotic; and antibody/protein.
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non-f | uor escent spectronetry, or potentionetry, (b) separating bound
first and second nenbers from unbound nenbers, (c) cleaving the tag

fromthe tagged first nenber, and (d) detecting the ta
non-fl uoresceMO%¥RERronetry, or potentionetry, and therefrg'?f%'é%@{qﬂ'%g t he
A

25 binding of the first nenber to the second nenber.

wi de variety of first and second nenber pairs nmay be utilized within

t he context of the present invention, i nct udi ng for exanple, nucleic acid
nol ecul es (e.g., DNA, RNA, nucleic acid anal ogues such as PNA, or any

cogbjiongt i ]g)n of the?e), Preferabl, Qﬁcehl&‘igxﬂémmlt\yme%k&giﬁél éiﬁxleg-w se@&tet%%écgﬁtﬂy or
antibody fragnent (e. Q. ocl opa . ant y onal antibo or a
bi ndi ng part nW"‘i’EfcfPeg’gcggp(%ﬁ) ,{0 i%@ﬁ%kﬂ‘;ﬁ ésr?lagg 'Xglﬁ%‘} ndsd cgf‘béfn c
mol ecul es andrefatédbsecendraember awleculey (e, 2-cedlaisioftelated recaptors)s Preferably the first
glngogr oni ?as em‘em@é#*@ilmh&%' 1) secdd :ﬁmee_tvhe{ad AfBARF oA feast \Aﬁ&mo’ﬁmga%@uts ]
enbodi nen / irst and s rs e the
cane type &t sty W0, Y, 16%, 10, ki SreyBrtad TEERE, SRRy oF s

r epr esent at i vmoleculetfone sdvend melcould came bk esadily detemhipad bys ortbofi ordinageskilhirc| ei ¢
acid nol ecul e{he%c(}&igg:%@#,m_lﬁgpkgdd At 5 PesdvéAUsdael ¢ aci d nol ecul e;

\6,‘\?; |9t7);)3¥g2(7)r one; ant| ﬁzl othes Qélgtt (a:s’pegtg of %t i':g&%ﬁ%&g&g&snm provided for

PCT/ US97/ 010748nalyzing the pattern of gene expression from a selected biological sample, corBprising

Pr ef er abl t | « o W : Hoht aSHi et e nths

menber spégi f@ga%;%/&%@(gf%&?%ﬁnhg?g%ﬁg?on f:é{)lﬁgﬁal?%ﬁg%e’eg;g% cu’ags e, or a
class of exnoped BeFlde AGY YR AT o PR Csisted tagegd nugleis) acid p fr,e»r;’éd
receptors). Peakitionblayd fdra ime sifficient forrsaid probes td hybridite to sdith musleicanilisrenber
w th an affinjty.of CRN : . Ir1/'m
10[err]/ M 10%%? /%[a{ai%[ err or gi’%ﬁ‘%‘%‘%“ﬁ%ﬁdﬂfb er?ﬁa?lg\l/l?[’%%mé% 9 i[nﬁflty of
a first TERCEMt SREE Ot Yo 95 rRPITAYPREY o (Q a¥7PHRNNg. a¥fridized cPnoPSs fOE by
one of or diSnanghybiidizéd probes, (d) cldaeing ithe (ag_efmn_S&xcttagyd dragruent, Ahdy(e) detmatirgci .
Tnvent ] on. " mophad o, pa-Quotsseet spectromety. b S ufdndl, 8 b wphdug, | 1e
expr 6ssi on 11 B EAErCP1LReie SXIFBIOn i it biolagifeL sekgalfn WG god smopdient s of
(a) exposi ng biokigizak sanplel sndyr enstimiated ovjthc alselected nwlechls) pricyrtoi the rstept bt

exposed nucl eho8hb e Hididic 98s, ORepRichtafitd Sinfifles! FOSGHuRHE ﬁ%ﬁxd@%&leﬁf obes,
under O AN o O binant. sang deliviry yehitles Srgasia waolomer honaones
hybri di ze 2o 2§ dnoierdiss; recgmpigant & 1very ve » Ofg » DOTIMODES,
proteins, inflammatory factors, cytokines, drugs, drug candidates, paracrine and
autocrine factors, and the like.
Within the context of the present invention it should be understood that
“biological samples™ include not only samples obtained from living organisms (e.g.,
25 mammals, fish, bacteria, parasites, viruses, fungi and the like) or from the environment
(e.g., air, water or solid samples), but biological materials which may be artificially or
synthetically produced (e.g., phage libraries, organic molecule libraries, pools of
genomic clones and the like). Representative examples of biological samples include
biological fluids (e.g., blood, semen, cerebral spinal fluid, urine), biological cells (e.g.,
30 stem cells, B or T cells, liver cells, fibroblasts and the like), and biological tissues.
Within various embodiments of the above-described methods, the
nucleic acid probes and or molecules of the present invention may be generated by, for
example, a ligation, cleavage or extension (e.g., PCR) reaction. Within other related
aspects the nucleic acid probes or molecules may be tagged at their 5’-end, and the so-
. 35 tagged molecules function as oligonucleotide primers or dideoxynucleotide terminators.
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Within yet other embodiments of the invention, the bound first and
second members, or exposed nucleic acids, may be separated from unbound members or
molecules by methods such as gel electrophoresis, capillary electrophoresis. micro-
channel clectrophoresis, HPLC, size exclusion chromatography, filtration,

25 polyacrylamide gel electrophoresis, liquid chromatography, reverse size exclusion
chromatography, ion-exchange chromatography, reverse phase liquid chromatography,
pulsed-field electrophoresis, field-inversion electrophoresis, dialysis, and fluorescence-
activated liquid droplet sorting. Alternatively, either the first or second member, or
exposed nucleic acids may be bound to a solid support (e.g., hollow fibers (Amicon

30 Corporation, Danvers, Mass.), beads (Polysciences, Warrington, Pa.), magnetic beads
{Robbin Scientific, Mountain View, Calif.), plates, dishes and flasks (Corning Glass
Works, Corning, N.Y.), meshes (Becton Dickinson, Mountain View, Calif)), screens
and solid fibers (see Edelman et al., U.S. Patent No. 3,843,324; see also Kuroda etyal.,
U.S. Patent No. 4,416,777), membranes (Millipore Corp., Bedford, Mass.), and

35 dipsticks). If the first or second member, or exposed nucleic acids are bound to a solid



Wthin further enbodi nents of the invention, the tag(s) nay be detected
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WO 97/ 27327 Figutes 3-6 and § depict the flowchart for the synthesis of

PCT/ US97/ 0107 @trafluoropheny! esters of a set of 36 photochemically cleavable mass spectroscopy
tags.

Figure 7 depicts the flowchart for the synthesis of a set of 36 amine-
25 terminated photochemically cleavable mass spectroscopy tags.
Figure 9 depicts the synthesis of 36 photochemically cleavable mass
spectroscopy tagged oligonucleotides made from the corresponding set of 36
tetrafluorophenyl esters of photochemically cleavable mass spectroscopy tag acids.
Figure 10 depicts the synthesis of 36 photochemically cleavable mass
30  spectroscopy tagged oligonucleotides made from the corresponding set of 36 amine-
terminated photochemically cleavable mass spectroscopy tags.
Figure 11 illustrates the simultaneous detection of multiple tags by mass
spectrometry.
Figure 12 shows the mass spectrogram of the alpha-cyano matrix alone.
35 Figure 13 depicts a modularly-constructed tagged nucleic acid fragment.



5 support, within certain enbodi nents of the invention the nethods
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20
For reasons described in detail below, sets of T-L-MOI compounds may
be purposely subjected to conditions that causc thc labile bond(s) to break, thus
releasing a tag moiety from the remainder of the compound. The tag moiety is then
characterized by one or more analytical techniques, to thereby provide direct
25 information about the structure of the tag moiety, and (most importantly) indirect
information about the identity of the correspending MOI.
As a simple illustrative example of a representative compound of the
invention wherein L is a direct bond, reference is made to the following structure (i):
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON As not ed above,
the present invention provides tags and |inkers that may ilized
to enhance seMQ¥®Ty and sanple nunber in a wide variety o’fc'%ﬁ%l%g)ﬁéal -

based assays. Described in nore detail below are representative tags and
linkers that 5 may be utilized, a wide yariety of methods wherein the
tags may be useful, and nethods for detecting the tags.

Briefly stated, in one aspect the present invention provides conpounds
wherein a nol ecul e of igthgmRsl), Or pregursor thereto, is linked via a

| abid e bond (or labile 10 bonds) to a fjag. Thus, conpounds of the invention
may be viewed as having the gBgera f oftNmglei: Acid Fragment)

T-L-X whereinTistet

pgnéht, L is the linker conponent that
either is, or contains, opdgand X is either the nol ecul e of
interest (MJ) conponent I onfal group conponent (L[err])

t hrough which the MO ma d Linker{L).compomatinds of the invention
may therefore be representes e nore specific general formnulas:

T-L-MJ and T-L-Lh 20 For reasons described in detail

bel ow, sets of T-L-MJ cYmpoomds—Tay— ‘“—be—purposey—subjetted to
conditions that cause the | Tdgicouponsnid(s) to Wokabls ofiverest rel easing a
tag moiety fromthe remai nder of the conpound. cbhgodey noi ety is then
characterized by one or nore anal ytical techniques, to thereby provide

direct 25 i nfxpghmjr@ i) 2Pavta ﬁiﬂ@g&t®ﬂﬁ§ﬁﬁ§p&§0§cﬂ@.a}@&tﬁoﬁ§%¥$ﬂ beHaEd (post

oY) gt Bbun. s 4 O G sl Kb A i obsn o, o
r epr esent ati vamine gpup) dndi. is the bond whicnfosms awamide graspn The amidg bond sdabilzond,
reference is piite i tHeBonti®hid TVBedshss ! dsebdghided i the art, an amide bond may be
chemically cleaved (broken) by acid or base conditions which leave the bonds within
the tag component unchanged. Thus, a tag moiety (i.e., the cleavage product that
contains T) may be released as shown below:

10
Structure (i) o
N N _(Nucleic Acid Fragment)
I
(I3
l acid or base
leic Acid Fragment
on o grer)
Tag Moiety Remainder of the Compound

However, the linker L may be more than merely a direct bond, as shown
in the following illustrative example, where reference is made to another representative
15 compound of the invention having the structure (ii) shown below:
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7 [err] In structure (i),
pol ycyclic aromati c noiety bonded to a

relative to the bonds in T because,
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T is a nitrogen-containing
carbonyl group, Xis a MJ (and
specifically a nucleic acid fragnent termnating in an 5 amne group),
and L is thevwmsmkdri ch forns an anmi de group. The ani de bondctms$aperbe
as recognized in the art, an am de bond

may be chem cally cl eaved (broken) by acid or base conditions which
| eave the bonds within the tag conpoBlent unchanged. Thus, a tag noiety
(i.e., the cleavage product that contains T) may be rel eased as shown
bel ow. 10 [err]
Structure (i) o NO,
N \
= f 171
O H $/ﬂ\ _ANucleic Acid

%

\

Fragment)

lﬁ,

T

i

MOl

It is well-known that compounds having an ortho-nitrobenzylamine moiety (see boxed
S atoms within structure (ii)) are photolytically unstable, in that exposure of such
compounds to actinic radiation of a specified wavelength will cause selective cleavage
of the benzylamine bond (see bond denoted with heavy line in structure (ii)). Thus,
structure (i) has the same T and MOI groups as structure (i), however the linker group
contains multiple atoms and bonds within which there is a particularly labile bond.
10 Photolysis of structure (ii) thus releases a tag moiety (T-containing moiety) from the

remainder of the compound, as shown below.

Structure (i)

/fj\/m o
‘ Fragment)
N
l /(N ucleic acid
‘ Fragment)

Tag Moiety

Remainder of the Compound

15 The invention thus provides compounds which, upon exposure to

appropriate cleavage conditions, undergo a cleavage reaction so as to release a tag



However, the linker L nmay be nore than nerely a direct bond, as shown
in the followng illustrative exanple, where reference is made to anot her
representative 15 conpound of the invention having the structure (ii) shown

bel ow. WO 97/ 27327
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[err]

moiety from the remainder of the compound. Compounds of the invention may be

N described in terms of the tag moiety, the MOI (or precursor thereto, L), and the labile

bond(s) which join the two groups together. Alternatively, the compounds of the

invention may be described in terms of the components from which they are formed.

5 Thus, the compounds may be described as the reaction product of a tag reactant, a linker
reactant and a MOI reactant, as follows.

The tag reactant consists of a chemical bhandle (T,) and a variable

component (T,,), so that the tag reactant is seen to have the general structure:
10 Ty Ty

To illustrate this nomenclature, reference may be made to structure (iii), which shows a

tag reactant that may be used to prepare the compound of structure (ii). The tag reactant

having structure (iii) contains a tag variable component and a tag handle, as shown
15  below:

- .
Tag Variable Tag
Component Handle

In structure (iii), the tag handle (-C(=0)-A) simply provides an avenue

20 for reacting the tag reactant with the linker reactant to form a T-L moiety. The group

“A” in structure (iii) indicates that the carboxyl group is in a chemically active state, so

it is ready for coupling with other handles. “A” may be, for example, a hydroxyl group

or pentafluorophenoxy. among many other possibilities. The invention provides for a

large number of possible tag handles which may be bonded to a tag variable component,

25 as discussed in detail below. The tag variable component is thus a part of “T" in the

formula T-L-X, and will also be part of the tag moiety that forms from the reaction that
cleaves L.



It is well-known that conpounds having an ortho-nitrobenzyl am ne noiety
(see boxed 5 atonms within structure (ii)) are photolytically unstable, in

t hat exposure of such conpounds to actinic radiation of a specified
wavel ength wi |l cause sel ective cl eavage of the benzyl am ne bond (see
bond denot ed Wp®t2Bavy line in structure (ii)). Thus. Porshigero 1 1)

has the same T and MJ groups as structure (i), however the |inker group
contains multiple atons and bonds within which there is a particularly
| abile bond. 10 Photolysis of structurel{ii) thus releases a tag noiety

(T-containing noiety) fromthe remai nder of the corrpound as shown
bel ow. Ak%sro] discussed 11115deta11 below the ta e{] ngi[) 'r%gt thus

provi des conpoun‘gl whi ch, upon exg ttsure
condi ti ons grause, |1y BE SR ?°5?P°§'@fise?§°‘{r‘é‘ng§? weauqrag is destred

that members of a set have unique variable components, so that the individual members
may be distinguished from one another by an analytical technique. As one example, the

5 tag variable component of structure (iii) may be one member of the following set, where
members of the set may be distinguished by their UV or mass spectra:

N N

10 Likewise, the linker reactant may be described in terms of its chemical

handles (there are necessarily at least two, each of which may be designated as L,)
which flank a linker labile component, where the linker labile component consists of the
required labile moiety (L) and optional labile moieties (L' and L?), where the optional
labile moieties effectively serve to separate L’ from the handles L,, and the required

15 labile moiety serves to provide a labile bond within the linker labile component. Thus,
the linker reactant may be seen to have the general formula:

L,-L'-L2-L%L,

20 The nomenclature used to describe the linker reactant may be illustrated
in view of structure (iv), which again draws from the compound of structure (ii):

Structure (iv)
NO,
H_ |
_N 0O
Linker H /[k
Handle P | Linker
12 3 / Handle
L
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fromthe remai nder of the conpound. Conpounds of the invention may be
described in terns of the tag noiety, the MJ (or precursor thereto,
L[err]), and WI¥2E¥7| e bond(s) which join the two grouﬁgrmwgf‘ﬁﬁr

Al ternatively, the conpounds of the I nvention may be described in
ternms of the conponents from which they qie formed. 5 Thus, the conpounds
may be described as the reaction product '0of a tag reactant, a |inker
reactant and a MJ reactant, as foll ows. The tag
reactant consists of amm(mmmeéxmsrnkaymlammm@b@efmm]

conmponent (] eéer] )lhus§?n tsnﬁlcturteq%/)}&g ﬂeﬁ%ﬁtn%genﬁimc%%ﬂs b9a ctapgargi?ner al

structure:
i1 lustrate thallowiegrthedinketreactantde doin e thetag resstantvia ancanyt[lﬁmmmgereeqtﬁon)

whi ch shows agng subsehaam&%%tse.%s amec%my%n%m strctife R WLlabilembefund  of
structure react ant avi ng structure(lll) contains a tag

vari abl e c%rrp@ném ﬂ&naer&y{*%gmﬁamv@s%@%ma@suls%y cseeptible to | phofalytic
In structure {ledvage. Sthenre@vhasdilfstratés(tid)a likesteagtnt nidychave e [Agroapginue 20

for reacting Ehkk gn{eﬁﬁ%ég}oug, raﬂhc%dgﬁ nbt lﬁ%@%n Le%&tl L lk&g‘ﬁég{n&ﬁe&:&ﬁox |

noi ety. The gro
group is in ameh e Lt eronpyquy potandy’ @roupgor may bave 1j' and Lhgrpupsy pr @enbaveng

with ]9|t her hﬁﬁujmexs@ﬂ,"ﬁg r Dhgrobps. IﬁGﬁuﬂmr(bl)&heﬁrekbﬁdstf(ﬁﬁk gEHuPUP” next to tHe d
t
pent a “Orlﬂf’a?agg&% g@@&%&%&%& %bB@ﬁMlﬁ gllo\‘f;’ﬁ%]tcdm?n J'egt\étﬁ)% 'GVeth V' es

for a 0SSl honded
tag variabl e %‘tﬁﬁﬁﬁ‘ﬁ@‘% e actxvatcd carboxy! group of the tag reactant (3ii) may cleanly react

with the amine group of the linker reactant (iv) to form an amide bond and give a
compound of the formula T-L-L,.
The MOI reactant is a suitably reactive form of a molecule of interest.
15  Wherc the molecule of interest is a nucleic acid fragment, a suitable MOI reactant is a
nucleic acid fragment bonded through its 5° hydroxyl group to a phosphodiester group
and then to an alkylene chain that terminates in an amino group. This amino group may
then react with the carbony! group of structure (iv), (after, of course, deprotecting the
carbonyl group, and preferably after subsequently activating the carbonyl group toward
20 reaction with the amine group) to thereby join the MOI to the linker.

When viewed in a chronological order, the invention is seen to take a tag
reactant (having a chemical tag handle and a tag variable component), a linker reactant
(having two chemical linker handles, a required labile moiety and 0-2 optional labile
moieties) and a MO reactant (having a molecule of interest component and a chemical

25 molecule of interest handle) to form T-L-MOI. Thus, to form T-L-MOI, either the tag
reactant and the linker reactant are first reacted together to provide T-L-L;, and then the
MOI reactant is reacted with T-L-L,, so as to provide T-L-MOI, or else (less preferably)
the linker reactant and the MOI reactant are reacted together first to provide L,-L-MOI,
and then L,-L-MOI is reacted with the tag reactant to provide T-L-MOI. For purposes

30 of convenience, compounds having the formula T-L-MOI will be described in terms of
the tag reactant, the linker reactant and the MOI reactant which may be used to form
such compounds. Of course, the same compounds of formula T-L-MOI could be
prepared by other (typically, more laborious) methods, and still fail within the scope of
the inventive T-L-MO] compounds.



25 as discussed in detail below. The tag variable conponent is thus a part

of "T" in the formula T-L-X, and will also be part of the tag noiety
that forns fromthe reaction that cl eaves L. WO 97/ 27327
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As al so di scueserthsssy detail below, the tag variabl e conponepbriggysiioro

named because, in preparing sets of conpounds according to the invention,
it is desired that nmenbers of a set have uni que vari abl e conponents,
so that the individual nenbers may bBe di stinguished fromone anot her
by an anal ytical technique. As one exanple, the 5 tag variable conponent

of structure (iii) ma e . the f.ol |l owi n wher e
nenbers of th(e _se% nay“ﬁg"’gigg?ﬁggi’éﬁ%&“’%&”ﬂ%@%ﬂ %a%{—iﬁ@?g CEwoppd, be
[err] 1@ubjected to c¥eavage copdifiang, such thai@ thg micisty isaeleased fromathe bemalederr | bed -

in terms of iof SheChRiPound. The tdgansicOSwill dopirRise bE1eAR GRS B8 VakiXbid bomBaiihe, t WO,
each of which ey %ei%siag&gt%g. asmké.er% . l(\#Al'ch f K li nker l'abile
component , wAZT & PiGallY pdduipaally comptist somme qr ally s*‘%?@mﬁgﬂ’%g‘e tag i red
| abi | e noiet yome 2y athpfithe gtoms feom the dinker hendle thas wag ufedrte joimthe tag racthit towher e
the optional the linkePitabtenti oplicfal RbilefloieteL Yif9E Youp was PRALRLS THLRIG] from
| 2bi 1o bond A Rk BBREes Ay SACER O e S 19 Froke 1 WERaafhe Hacthe *°
react ant may Piesiss stvctuts of 3 and the ngairropfithe tieayage shemistry. For convenience, the
[err] tag moiety may be referred to as the T-containing moiety because T will typically
10 constitute the major portion (in terms of mass) of the tag moiety.
Given this introduction to one aspect of the present invention, the
various components T, 1. and X will be described in detail. This description begins with
the following definitions of certain terms, which will be used hereinafter in describing
T,Land X,
15 As used herein, the term "nucleic acid fragment" means a molecule
which is complementary to a selected target nucleic acid molecule (i.e., complementary
to all or a portion thereof), and may be derived from nature or synthetically or
recombinantly produced, including non-naturally occurring molecules, and may be in
double or single stranded form where appropriate; and includes an oligonucleotide (e. g,
20 DNA or RNA), a primer, a probe, a nucleic acid analog (e.g., PNA), an oligonucleotide
which is extended in a 5' to 3' direction by a polymerase, a nucleic acid which is cleaved
chemically or enzymatically, a nucleic acid that is terminated with a dideoxy terminator
or capped at the 3' or 5' end with a compound that prevents polymerization at the 5’ or 3'
end, and combinations thereof. The complementarity of a nucleic acid fragment to a
25 selected target nucleic acid molecule generally means the exhibition of at least about
70% specific base pairing throughout the length of the fragment. Preferably the nucleic
acid fragment exhibits at least about 80% specific base pairing; and most preferably at
least about 90%. Assays for determining the percent mismatch (and thus the percent
specific base pairing) are well known in the art and are based upon the percent
30 mismatch as a function of the Tm when referenced to the fully base paired control.
As used herein, the term “alkyl,” alone or in combination, refers to a
saturated, straight-chain or branched-chain hydrocarbon radical containing from 1 to 10,
preferably from 1 to 6 and more preferably from 1 to 4, carbon atoms. Examples of
such radicals include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl,
35 iso-butyl, sec-butyl, tert-butyl, pentyl, iso-amyl, hexyl, decyl and the like. The term
“alkylene” refers to a saturated, straight-chain or branched chain hydrocarbon diradical



20 The nonencl ature used to describe the |inker reactant may
be illustrated in view of structure (iv), which again draws fromthe
conpound of structure (ii): [err] WO 97/ 27327
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As structure WOU2TRTustrates, atons may serve in nore than BTEPHAYN onal
role. Thus, in structure (iv), the benzyl nitrogen functions as a chem cal
handl e in al l owi ng the linker reactg t to jointo the tag reactant via
an am de-form ng reaction, and subs auently al so serves as a necessary
part of the structure of the |labile noiety L[err] 5 in that the benzylic
Ci'ir bon:- ni t r ogeyntdieing frofa P&V 10| prefepdbly from Qe Bant hﬁmlt Prefebadlyofrorh i 1o 4, carbon

cl eavage. Str r ' s re B ' r t ave
an L[err] gr 0%8&%1 ﬁxe{rh;yl bs (?fjhslﬁgl Jéllédg ieb?fségérlrlg .Fehg)/\tte neegcﬁr1 f(‘)‘ﬂ%? ?o’a m%ghetﬁg%n{ave
an L[err] grob%ﬂzﬁ*kév@@@,’leﬂ%ﬁ@éhe ctants may have an L[err] group

but not an L[err] grouprheQémitiykehiylyCalddet i catmsindtion] feferio QuaGighEhaiyr have

nei ther of _L[err] noy .LEerr ra ucture (4 th resence of the
group "P' Rexy eii'ﬁémi 4 5r8%arr i Q{i‘%%héﬁigé %{118?5 E g?ee% ‘M’%ﬁ"rbto R goﬁbé? E%Ihyﬁn 4r oup
i's protected fotabef fromc? to}0, prgfetablyffing 2 to 6 and grgre raferatly from 2 ¢0 dcedrben ed
car boxyl grougomk. tEMmipds sfesuch aaticals includeBlyutCdreaot Yimiteded, ethenyl, VEL nd he

compound of tfiEarHufapppbShrE ik 2lolten)? £ Wi 2RoRSE £ ZBpol %
sui tably reacddconyl pad thedike.o Thegeme (plkenglene” referstoa straight-ahgiaros branghadothainu| e of
i nt Fr est ilpdalwwdaﬂioﬁ maidalflﬁﬁigganle?]st _a:tms eirbabdacboldouble %ﬁidiﬂxzaoio&l 3f from
il o1 ! 3 RO R0 R ol pISAS PSP Sy, . |
an ani no gr oulxamphess ofy fiqhodigadingls ipalpde, but arpenet dispited igi msthylidenea (HIdy
group of Zt r Uﬁ?ylf&rglé (-EHFOGB)‘,bﬁ:@yﬁdbﬁgc.mm=@e—pa@menk@g t ?e cgr bonyl
oroue 537 Pl Oy St VIS Aot
i nker. 15 branched-chain hydrocarbon radical having at Jeast one carbon-carbon triple bond in a

total of from 2 to 10, preferably from 2 to 6 and more preferably from 2 to 4, carbon

atoms. Examples of such radicals include, but are not limited to, ethyny! (acetylenyl),

propyny! (propargyl), butynyl, hexynyl, decynyl and the like. The term “alkynylene”,

alone or in combination, refers to a straight-chain or branched-chain hydrocarbon

20 diradical having at least one carbon-carbon triple bond in a total of from 2 to 10,

preferably from 2 to 6 and more preferably from 2 to 4, carbon atoms. Examples of

such radicals include, but are not limited, ethynylene (-C=C-), propynylene (-CH,-
C=C-) and the like.
The term “cycloalkyl,” alone or in combination, refers to a saturated,
25 cyclic arrangement of carbon atoms which number from 3 to 8 and preferably from 3 to
6, carbon atoms. Examples of such cycloalkyl radicals include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The term
“cycloalkylene” refers to a diradical form of a cycloalkyl.
The term “cycloalkenyl,” alone or in combination, refers to a cyclic
30 carbocycle containing from 4 to 8, preferably 5 or 6, carbon atoms and one or more
double bonds. Examples of such cycloalkenyl radicals include, but are not limited to,
cyclopentenyl, cyclohexenyl, cyclopentadienyl and the Iike. The term
“cycloalkenylene” refers to a diradical form of a cycloalkenyl.
The term “aryl” refers to a carbocyelic (consisting entirely of carbon and
35 hydrogen) aromatic group selected from the group consisting of phenyl, naphthyl,
indenyl, indanyl, azulenyl. fluorenyl, and anthracenyl; or a heterocyclic aromatic group



When viewed in a chronol ogical order, the invention is seen to take a tag
reactant (having a chemcal tag handle and a tag vari abl e conponent), a

| i nker react ant (having two chemical l|inker handles, a required labile
noiety and 0-2 optional |abile noieties) and a MJ reactant (having a
nol ecul e of woswestr conponent and a chem cal 25 nol ecul e périrsirRiEst
handle) to formT-L-MJ. Thus, to formT-L-MJ, either the tag

reactant and the linker reactant are first reacted together to provide
T-L-L[err], and then the MO reactaddt is reacted with T-L-L[err] so as
to provide T-L-MJ, or else (less preferably) the linker reactant and

t he MO t | ' I Lh- L.- d
then L err] - Fafggd iul BRCERGp SHBNRE of Bt bl WdA, Wiwil Sueotyty o,
pur poses 30 thigzobdimiderelik pyrazalyipdrayasolingl pregzelidinyl.dsoxazalylTisothizblykill | be
(Iil/gscri bed i n2f eroxadiatolyl, 1, 2,hd-tiizglyt,eaCBankthiddiagolyl, Fﬂj@iaa%iﬁﬁgt Hhﬁ@ﬂg,thteh
react ant . . M e s : aunds. course, the
S conpounBLEAR, [ s elBEq, Ps-lefthihyt, indotBASY, AT I prrdRdEI
(typical |y, Hdplnylapobenze[blfunapyln g, a?ré’hﬁ’flﬁob?nzﬁg\rqﬂyw t Renzo{bithiephony, of

the/i nve /nt | veHindazblpl, benzmidmelyl, benzthiazolyl, purinD SLqRRSZnyl, quimla!inyl,

PCT/ US97/ 010 . . . . . . . .

I n any event ?sgg.LHgolanbecwpp%wl,p??&ﬁlagxeng’ l’t.%ug}az%lwl’.lf‘-‘fwahé‘ghﬂoﬁ'ﬁﬁp}ﬁgy““zmyl’

subj ect ed t oPleridiaylaersbazelyliaciiding, phenaginy!ipbenqthiazinylnandehendxezingl eased from
tEe r emai nder of “tAlrE” @ectps s defidddein g aﬁmcﬁtltc?ﬁ My idn_d&_féﬁ’&éﬂit &oftair] €aSt
the tag Mari . i C addi tional [y .conpri se
sonme or \giﬁl g@?hfgg{a%agﬁsﬁ%gso%m%aeﬁg g%e%n ﬁt‘%?e'“g“’ f)s{o SEHOH O %t“f% at ons
fromthe I|i nkerogeanfplegany Mydiaxy. aming. wiprq, drifluerpmethyly trifugromethoxyo alkyl, t he
i nker r eact slaényl{iteyngDieyamdatarbaab] batbduliony Y| LR dyléncl Bl aefiotsr
present in Txi. MO, : ntai n,some part of the require
| abi | e noi etgl/] )C| e#’r allgéagéxﬁ@i ﬁigeg‘?h”‘?ﬁ‘é’ %“3%?“2‘3%’ saéhpgl? cuc‘fuf‘%’"@f"cﬁcyé’nd t he
nature of t halkeXy aBRROy st r y alkylsplfonylaraine.ence, mempholinocarbenylamgnet y may
be refernsd fhivnesplidligockrimplaning, ng MakYly begamamo] W hhikiMBiisdlifonyl0

constitute the.oRlar1PORELAR (el EF . . o, &}
G ven this int }(gﬁtj@{ |]’on to'q{(}r? lI(gles,abec ﬁiﬁf’(ﬁgﬁ%% eg&ﬁgﬂﬁ%@%gt {T‘(?H?\} {aﬁgl
various conp durea; peterpeyclyly fhgargaxyyabstititsd aryln Neh-(amy), alkyhibydrazise: i pti on
begi ns wi t h Ar-substihged sulfonydhewgrodgdlyIniardliylsutstinged haecicylmeyclvdlkyhangi | | be
used her ei naljofiayd1- AR8G R Hifbrocyclyl; cycloalkyl-fused aryl; aryloxy-substituted alky),
20 heterocyclylamino; aliphatic or aromatic acylaminocarbonyl; aliphatic or aromatic
acyl-substituted alkenyl; Ar'-substituted aminocarbonyloxy; Ar’,, Ar'-disubstituted aryl;
aliphatic or aromatic acyl-substituted acyl; cycloalkylcarbonylalkyl;
cycloalkyl-substituted amino; aryloxycarbonylalkyl: phosphorodiamidy! acid or ester;

“Ar"” is a carbocyclic or heterocyclic aryl group as defined above having
25 one to three substituents selected from the group consisting of hydrogen, halogen,
hydroxyl, amino, nitro, trifluoromethyl, trifluoromethoxy, alkyl, alkenyl, alkynyl,
1,2-dioxymethylene, 1,2-dioxyethylene, alkoxy. alkenoxy, alkynoxy, alkylamino,
alkenylamino or alkynylamino, alkylcarbonyloxy. aliphatic or aromatic acyl,
alkylcarbonylamino, alkoxycarbonylamino, alkylsulfonylamino, N-alkyl or N,N-dialkyl

30 urea.

The term “alkoxy,” alone or in combination, refers to an alkyl ether
radical, wherein the term “alkyl” is as defined above. Examples of suitable alkyl ether
radicals include, but are not limited to, methoxy. ethoxy, n-propoxy, iso-propoxy,
n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the like.

35 The term “alkenoxy,” alone or in combination, refers to a radical of
formula alkenyl-O-, wherein the term *“alkenyl” is as defined above provided that the



T, LandX. 15 As used herein, the term"nucleic acid

fragnent” nmeans a nol ecul e which is conplenentary to a sel ected target
nucleic acid nolecule (i.e.. conplenentary to all or a portion

t hereof), and be deri ved fromnature or synthetically or

r econbi nant | yWQP%;HE%"ed i ncl udi ng non-natural Iy occurring m3CEEHFEWI?0,nqg
may be in doubl e or single stranded form where appropriate; and

i ncl udes an ol igonucl eotide (e.g., 20 or RNA), a priner, a probe, a
nucl eic acid analog (e.g., PNA), an oligonucl eotide whi ch i s extended

inab to 3 direction by a polynerase, a nucleic acid which is cl eaved
chem cally orraaaﬂ)iﬂMtian&hbMthea Bxumhiescofaaitabld dlldnokg retdmah:imeimmd but dréinat
di deoxy termnad of allglox Q?ﬂm@{hy%ﬁ‘iréfmn agdt eW th a conmpound that

prevents pol yneri zat conbl nat i ons thereof.

The conpl enentarity of Taer*r‘?}'ﬂ‘l é#le/n&'e falong P iR c?’Bb'&aIM refers de @egdical et
nucl-ei ¢ aci d fonhee dlkgngedre mhkdein thieaerm talignelXlis bs defined abowet proeided thab thet

70% speci fic b s t u J 3% Mﬁﬁ Fageaf (€rably
t he nucl er% Baes &Rﬂcia#j?g of ep!8 gfts E east a%o%?agdﬁﬁg%g%?tfﬁﬁiase
pai ring; and %‘é‘td‘&r%? éibutynyoxx ut 90% Assays for

determ ning the per centl‘hmmﬁ‘tthxhal(cmyd refetsSo tanthiopthec adical of forrggle alkyl-S-,base
pairing) are w&ll and are based upon the percent 30

m smat ch as nctr &iﬁ@@%ﬁf\men referenced (o the fuIIy base paired
control . e term “alkylanaino.f @fopr 97 ig gembigatine: gfRES| 102 PR | n

conbi nati o0. d:ail@t-SuHsﬁtua:d amino sadical @leg @, radital aif gbvimudhalkyl-WH- br @liopaN-xhai n
hydrocar bon rgliéigl @airyrng XE 6EtBe abével Gxamples oP&ﬁLﬁE it Ralenls© ©

and nore prefer T o on a

radi cal s i nclifglade. gﬁ‘t“’%ﬁ‘@l tedrtq m@y 180, errg'qupo, Péqnﬂﬁmmwwfﬂmammo

i so- propyl, Hm;tlathmo,aﬁN-dxethylhmimla,ndm%utyl tert-butyl, pentyl

i so-anyl, hexyl, decyl 1g oy hglkkdr%}i h%io?n@% in mbm ﬁb%% 8arx§ £l o a

at rated tra ht cha an 0
\S/\D 57/ 273%% Ilﬂa alkenyllNH~ or (al eny erelm the &c {1 St me% above,

PCT/ US97/ 0107;ii)ov1ded that the radical is not an enamine. An example of such alkenylamino th8icals
cont ai ni ng frlgme;“y‘gm},g,m&ggf erably from1l to 6 and nore pref erably from1

to 4, carbon s .of, sych diradicals_ .include, not
linited to, methyl enemi'éf gﬁlgynyaxmne,_ ¢ @hL gom %‘F&‘%Ir ‘%’rf&élf’ﬂé’ li ke.
The term "al kKemylla akklyayieaNK ori (alkgxytNn atliecein theaérer GalkymyH is tas dcﬁﬁtﬂ -abbed,n or

g glr angh ﬂ %?@r:&mglw&eaﬁms EGnGAmERY iAA%xahple 32 Sich WS G RMAN FalRABON
oubte bon is the propargyl amino radical.

The term “amide” refers to either -N(R')-C(=O)— or -C(=0)-N(R')-
where R' is defined herein to include hydrogen as well as other groups. The term
“substituted amide™ refers to the situation where R} is not hydrogen, while the term

25 ‘“unsubstituted amide” refers to the situation where R' is hydrogen.

The term “aryloxy,” alone or in combination, refers to a radical of
formula aryl-O-, wherein aryl is as defined above. Examples of aryloxy radicals
include, but are not limited to, phenoxy, naphthoxy, pyridyloxy and the like.

The term “arylamino,” alone or in combination, refers to a radical of

30 formula aryl-NH-, wherein aryl is as defined above. Examples of arylamino radicals
include, but are not limited to, phenylamino (anilido), naphthylamino, 2-, 3- and
4-pyridylamino and the like.

The term “aryl-fused cycloalkyl,” alone or in combination, refers to a
cycloalkyl radical which shares two adjacent atoms with an aryl radical, wherein the

35 terms “cycloalkyl” and “aryl” are as defined above. An cxample of an aryl-fused
cycloalky! radical is the benzofused cyclobutyl radical.



total of from2 to 10, preferably from2 to 6 and nore preferably from2 to

4, carbon atons. Exanpl es of such radicals include, but are not
limted to, ethenyl, E- and Z- propenyl, isopropenyl, E- and Z-butenyl,
E- and Z-isobutenyl, E- and Z-pentenyl, decenyl and the like. The term

"al kenyl ene" webgis2d 0 a straight-chain or branched-chai n 1@cthikshgemr bon
diradi cal having at | east one carbon-carbon double bond in a total of from
2 to 10, preferably from?2 to 6 and nore preferably from2 to 4, carbon

at ons. Exanpl es of such diradicals Itnclude, but are not linited to,
met hyl i dene (=CH err]), et hylidene (-CH=CH ), propylidene

-CH err] - CH=CH and ke nyl , "

<(al on[e' or] in corrbl) nation rer*‘n dkj{lcmbong am““’g alon aclrnmoc:aﬁlfig'a{’%? arﬁtcﬁ%&yghai n
hydr ocar bon ﬁmaéaffoﬂaﬂaﬁ&wpqwaé’{mm‘heMd‘ﬁ&dbrlbmeﬁnmb@mond in a

Zot al gf from2 to 10, Th¢ @irar‘aldoxydartdny th@'ﬁalaﬂaoﬁ}}{g,m@g@fla}&éfs kggm2 to
, carbon S a Sic ude are not
limted to e‘fdnynyfﬁ)(lgcetgml'g'i @ﬁ{ H'Bge{n qug’l’ﬁ !k ?' 153? ?\b"fé lfi’lYf’ynyI

hexynyl , oﬁecyny| And. t KBe fere “alkyleloayipping; k ﬁw ehdn combinaticy, gefersoto n
conbi nati on, rﬁdiéa@bﬁfohﬁulaaﬂctyl-aom oharcih the telrh & edsa:sh@ﬁﬁbd%dwcar bon 20

di radi cal haV|ng at le e« o triple .a total of from
2 to 10, eferab?ﬁé oﬁg'y&% oﬁmalieone Of}ara?ﬂl n{hrogm ‘%E"iso 1042

F o
car bon at ons radi nﬁoeguéml-sozNHumewmhesm “eryd] ig@edefined abave. not i nited,
et hynyl ene (-C=C-), pr Wféﬁhe‘mﬁalkylﬁdb,e raldne or in corﬁliiﬁ‘aﬁonafﬂeﬁ B¢ alrhdi@al of

The term ;£y¢loal éﬂé’f“Nﬁ ﬁ}f)rwﬁé?m:ﬁ,\ﬁm :1%%, ish efgﬁ a saturated, 25

cyclic arrangenen at ons 8 and cgref er abl y

from3 to 6, car bEhe mmN anylupagp| @gneoﬁr smqmlzzwmanef@ys tor agiacical of
i ncl ude, but fmml-ummedﬂWheremtheteu@f‘@pr’epasldefﬁmbewtyl cyclopentyl,

cycl ohexyl and the § aI k ene f.er.s to a .
di radi cal form of a cy eteﬁb}?nlég%ﬁ tneans fluorinlé, clorie] om"t'ea?ﬁ ((i,‘?%l oal kenyl ,

al one or in conbinati ofhe fegpe hxdre‘@rlamcry@ml rfgers e ar poRgeent o sedoniand) f r om
4 to 8, prefaydbhsh foMk whichCrivel oflyal Sfifle Adrofdtatom 10D &n indeperlieditsbidonds.

Exampl s of SHilkRY PR K0bolat! SRl KIS 5en Uilnd el Ll G

cycl opent eny cl xeny I enyl

"cycl oal keny tEpegh Whick the hydrogar W'&@!F%la!‘ayft&hﬂ’@ffd tq °35?&$‘8‘&($leﬁ!}qyl alkenyl,
The term - ar gclodlieflpdts akexamples bbipedcarbofi ealixalsst i ng entirely of carbon and

35 hydrogen) aronmatic s@ &Pg I ggg% f nyl
napht hyl , i ndenyl %e%@n d?& g?h{ u%@%ﬂl h’% 4&?%81& (F
het er ocyc?q c hydragen stemg meigh need two hydrogcn atqm gprgqrgg ‘e an independent stable
PCT/ US97/ 010 ffdlecule. Thus, a hydrocarbon radical has two open valence sites on one or two carbon
atoms, through which the hydrocarbon radical may be bonded to other atom(s).

Alkylene, alkenylene, alkynylenc, cycloalkylene, etc. are examples of hydrocarbon

term

diradicals.

25 The term “hydrocarbyl” refers to any stable arrangement consisting
entirely of carbon and hydrogen having a single valence site to which it is bonded to
another moiety, and thus includes radicals known as alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl (without heteroatom incorporation into the aryl ring), arylalkyl,
alkylaryl and the like. Hydrocarbon radical is another name for hydrocarbyl.

30 The term “hydrocarbylene” refers to any stable arrangement consisting
entirely of carbon and hydrogen having two valence sites to which it is bonded to other
moieties, and thus includes alkylene, alkenylene, alkynylene, cycloalkylene,
cycloalkenylene, arylene (without heteroatom incorporation into the arylene ring),
arylalkylene, alkylarylene and the like. Hydrocarbon diradical is another name for

35 hydrocarbylene.



14 selected fromthe group consisting of furyl, thienyl, pyridyl,
pyrrolyl, oxazolyly, t hi azolyl, im dazolyl, pyrazolyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, 1, 2, 3-oxadiazolyl, 1, 2,
3-triazolyl, 1 3, 4-thi adl azolyl, pyridazinyl, pyrimdinyl,

pyrazinyl, 1,W89%8™%iazinyl, 1, 3, 5-trithianyl, indolizi anT"Fﬁ?‘c’rB%"y?

I soi ndol yI 3H—| ndolyl, 5 i ndoI i nyl, benzo[ b] f uranyl ,

3-di hydrobenzof ur anyl , benzo[ b] t hi ophezﬁ | Hi ndazol yl,

benzi m dazol yl , benzthiazolyl, purinyl, 4H quinolizinyl, quinoli nyI :

I soqui nolinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,

1, 8- napht hyri di nyl, The tpine ‘hydrovybyl- Oalyhﬂmaiby]lene”aefei-sctb —yHydrooirepiagroay | |
phenot hi azi ny,, d%ﬁd tcggfggﬂ @(Anlx where e oxygen atom is 11 ise !9)519 o &S

defined in this app °i Ca contain one to our

my
substituents Wriresarbylenc ZEipAL ARROH: tﬁ@&%‘fﬂi@fa jteg f*bw%nm*e BROFAIEYRRS &IPYRg of
hydrogen, hal Qgﬁmded'tpd:ltmmo;emm Tile, termd ﬂnydrot:arbﬂl-&hydmmﬁwdn,e” “hydrocarbyl-

trifluorongth II(;F,;{P(.E Fémél. ar Y,

car boal kog‘;, : é?eh | ene, SR en tyd?%i??l’eng e‘ﬂ‘/nvalem
al kyl ani no, aM@é‘HygsaﬁYh?EF oarasp Féﬁ?%ep ami pHEY Fulfls, N AR e canaéewgmup,
al koxy- car bonydspettinely. al kyl sul f onyl am no,

nor phol i nocar bonyI amn t Qi &Q@l

guani di no, ar al kyl a(r;r n%ﬁmrl s @?8{)‘ ihg&%%% l'El%l\la! hyl}# Eirjlﬁ?eea
N hydr oxyl ur e&5oup \whereie o9F ¢f é‘éF tWo Kalepce RS fS bondéd tmyden)qm%aan that
het erocyclil ; nitldpaninsno sinniltaséoubly tbeddek ipla; hylddbgen ud a hgldioydrbylygto

SRESTE %‘*’mﬁwﬂi}ﬁ”fi pEl AJé*bffleﬁ%Jf*%g’ke%’éfdécyc =F'98%§F‘%h§f%£& 4used

aryl; aryl oxyo5thsstvy H@Wa’r‘%‘?l's wrledhigr 2 PHERER Ol FY, A P’GH&?‘} G‘OEF is

aromatic acyl amuutmn&lpbvﬁdedadmwmabaxbyl gbﬁpmt I C acyl substituted
al'kenyl; Ar'-substitut eg,Agy ocarbglrcn =0 gDSb 1 4 WyBfbeaby]
al i phatic or aronat | c

cycl oal kyl'Gar By bengsd| thr aﬂc’%‘lé 18)r) %ra&fq prf: @gths v ralence sites of a

aryl oxycar bonuydtbd@yﬁyjexﬁigmmhorodl am dyl acid or ester;

"Ar" is a carbocyclic heﬂ@ﬁrnr‘ lc* ﬁ?*h"a%ﬂ&da%e{éﬁic pqepep?Vﬁy‘g@él ng 25

one to three substituents Selecte up consisting o

hal ogen, M'a.agﬁgaemeaﬁﬁfﬁ@msn‘r’wlbmcm s #iA up tp foyr)

al kyl , al kenyto ascliekeyoardms) seicctedﬁﬁnthmm’miﬂ‘qglemnﬁpsphpﬁls dndeﬁIrhWhem@;;hc

al koxy, a'éée“%%g o ﬁ‘t ’mﬁleWﬁﬁg?e{]fBono tﬁlg‘%%\(‘} %rQrbxcgk*fé’HX%Bf" no,

al kyl car bonyl Lc or orrat I C, a carb

R
al koxycar bonyg‘alry'rﬂmin Isﬁtr‘ﬁartﬁﬁl °rl'@/"§}t’¥9ﬁ°dé’|“a&ﬂgﬂ F "@55 a'lﬂ' ea.
The term "al komwy optwdaﬂyé)echenzqﬁlsedtnmlmencmd snkﬁirentmns m tha rmglmziy bd ireany

radi cal, Ws*;&zwg: efdaudﬁlghxéguatanééa fhehi Jresh wtab'e

TN R °B¥ﬁ‘18£§ftb°$r§§hqr§%§6&‘l§)rué§‘cfe’ﬁﬁf aﬁé SRR Bt ox)
and t he | i26e. a35table structure,  Preferrddh ehetazoayclylliyeoakyls " ingludee5-Gr mambered
combi nat i on, ﬁz%B@Jy%h& Moéﬁﬁk@&{tm%g one or%rnmﬂg@n RltkSMYins. O . wherein the
term“al kenyl 'S as de/LI neg bstltu % pr C}xetcrocyclygyarocargyl refers to a
heterocyclylhydrocarbyl as defined above, wherein at least one ring atom thereof is
bonded to an indicated substituent which extends off of the ring.
30 In referring to hydrocarbyl and hydrocarbylene groups, the term
“derivatives of any of the foregoing wherein one or more hydrogens is replaced with an
equal number of fluorides” refers to molecules that contain carbon, hydrogen and
fluoride atoms, but no other atoms.
The term “activated ester” is an ester that contains a “leaving group”
35 which is readily displaceable by a nucleophile, such as an amine, and alcohol or a thiol
nucleophile. Such leaving groups are well known and include, without limitation,
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radical is not an enol ether. Exanples of suitable al kenoxy radicals

i ncl ude, but are not limted to, allyloxy, E- and

Z- 3- met hyl - 2wo opsarxy and the |ike. Thectegssfo1070

"al kynyl oxy," alone or in conbination, refers to a radical of formul a

al kynyl -0, wherein the term"al kynyl" is as defined above provided that
the 5 radical is not an ynol ether. Exal¥ples of suitable al kynoxy radicals
I ncl ude, but are not limted to, propargyloxy, 2-butynyloxy and the

like. - s a Ty r1 ) pavA fens, t t hi.oet her
radi cal of for 'r%‘ﬁ’%"yé'l“i?%“f“g?’ ﬁm‘{%‘;e%?%%g?ky“ﬂ"%gg ElRh? sfhot) dﬁ‘g%}@!@

The term " al k&Hallneraphendlates, thiogikoxy,andqtheliket iThp termdpratestedoester reafers toan 10

di - al kyl - subetért proepl thatiinmaskedi crabthéiveise wiredotislé.C alee,0€.gf, Wradtea “PlofectindH  OF

(alkyl)[err] jn.4+he term"alkyl" is as defined above.
Exanpl es of sdﬁl?‘%’*’aé‘f‘(e)rga gﬁoﬁsd radical s, i nclude, but are not limted

to, methyPanino, et hyl@¥§of feabyyedetingions.cothar shemisal temms used throughout
t - but yl am nothis\appliditiohley begasity @idrstdod bl ithdse of skill in the art. Terms ma{y belid&s term

“al kenyl am ngy * < | ' ef ar. a radical .of 15 formula
al kenyl - o oo 8 35y PlpbifERTRAR 1P prefHeald bSrrpRitef Hait lenghoef | e
above, Presedicaltianphap all seehcqmbingtionss not an enanine. An exanpl e of such
al kenyl am no radicals Is the allylamno radical.
The termqypal Kynyl am ' Laati ol LSO a radical of
formul a alloky%yl - ' s N She et al kynyl " is as
dfefl neg albgve, | 20 pr qquﬁ&sh_ l&ﬁm, 6d8§hsﬁei%ﬁb§ﬁ’)e ﬂre%eﬂqfweﬁﬂpﬂgmdgga%%ﬂe,gﬁawpl e
of such al kynyl am.n i cal s. - ropar am radi caj .
The term™" arr?%‘gme f%?%&g ﬁeguegflf‘ﬁ&h’th\f?ﬁ“)ﬁgg%)c’? r%q\;e -ﬂﬂ’:%)@ﬁ‘?? sach lane;  here
R is defi newithepatinnoupdétertioncbe g can be detsctosk hid the sequeece gadapthe siike term
;\;u:ast It th ut teds@aiizad&s st Rb@fifig, ljost hmitaicbial@hh&&]g m&é?eﬁteﬁfaléd_ si'teﬁuéti‘l_gfnghvy[m%s()gem
Ile e o | e' refers.to e sltuation ere
Rlerr] i glshy%f?g'ag K apBcHEb aﬁyéﬁge BNA s_eqlﬁflémlgé?cm“q AER0) P SIZG SEREAP |
conbi nat i on, of taggedgmelecules; Syjteble tags and linkersofopseawishizy thepresephioveritionaasy| | s
as defined aleN as mEtkodsrbeseqidnciag YeI¥iY atidsiaferdiSussed in thoreldeddA beldw,. are not
limted to, phenoxy, naphthoxy, pyridyloxy and the |iKke.
The term"arylam no," alone or in conbination, refers to a radical of 30
fornula aryl - NH,Lwherl@% aryl is as defined above. Exanples of arylanino
radi cal s

20 "Tag", as used herein, generally refers to a chemical moiety which is
used to uniquely identify a "molecule of interest", and more specifically refers to the tag
variable component as well as whatever may be bonded most closely to it in any of the
tag reactant, tag component and tag moiety.

A tag which is useful in the present invention possesses several

25 attributes:

D It is capable of being distingnished from all other tags. This
discrimination from other chemical moieties can be based on the chromatographic
behavior of the tag (particularly after the cleavage reaction), its spectroscopic or
potentiometric properties, or some combination thereof. Spectroscopic methods by

30 which tags are usefully distinguished include mass spectroscopy (MS), infrared (IR),
uitraviolet (UV), and fluorescence, where MS, IR and UV are preferred, and MS most
preferred spectroscopic methods.  Potentiometric amperometry is a preferred
potentiometric method.

2) The tag is capable of being detected when present at 10 10 10°¢

35 mole.



I nclude, but are not limted to, phenylam no (anilido), naphthylamno, 2-.

3- and 4-pyridylam no and the |ike. The term
"aryl -fused cycloal kyl," alone or in conbination, refers to a

cycl oal kyl radical whi ch shares two adjacent atons with an a% % 9"

wherein the 3¥Q¥AR7 cycloal kyl" and "aryl" are as defined ¥ 'UV
exanpl e of an aryl-fused cycl oal kyl radical is the benzofused

cycl obutyl radical. WO 97/ 2327
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The term "al kyl carbonyl am no," alone or in conbination, refers to a
radi cal of formula al ky3) CO\H;e mgepoesesses laechemioad haxhd{gllhkough which df lcmeﬂe
above. hed to the Moxmcﬂﬁs finkewmrumw:&%aga 'a&

conbi nat i on, e
term "al kyl " |§“¥§§ee’é?‘iﬂﬁé‘dﬂ‘ﬁ%é€ “"g CﬁYth“’“g 2 Minker' EYe: term
"al kyl sul fonyl am no, " a#one Tre wgischernicaldy stable tavestd als manipalations to wdikhcial  of
formla al ky éqb %md 056G o Gl ke ML a0 BB RRKE

su a n

The term"aryl am no, one or .In c ation, refe

EI‘EI}I,’I -t he

radi cal of forhtieM e4hp ge is atgehaddPit- the term "aryl” is as def| ned
above. 5) THEhet tag Rivés\aat| sigdificaady 'Intedfere avithr the nnanipddations | on,
refers to a re

Lo s gllfg,ﬁl gsixi%eomdl%ﬁyk@&ém:aéﬂkh%%plnmqtﬁ%a Furmea

al one or in c&dr H]é&qr’Bﬂe"tfd@f the dag rgust nptsignificantly interferc Pih@y hybridization or
aryl - NH CC}(I\IHenzthﬂb eeaotiérizde. g.o POR sequenéing ﬁeaabnﬂ)eﬁdrmﬁﬂeme oligonucleotide.

The term "hal ggen anl 1 WdcEq PO BBy, PRI P BRI BErfere with |

The term"” hydr ocar bn ra ers arr angenefit
hydr ogen at omEDN#FREsFORREED 'f“?aﬁn@dﬁgl e hydrogen atomto be an i ndependent
stabl e nol ecul e. TAusg mmetwdndcsrxiﬁemﬂedadbeaétedmsbmecmhmmadsm]ﬂe site

on a carbon a P?btwokmﬁufxé‘ Wl&Boés@k@ ﬁ?ﬁ@ﬁf&ﬁ%{h‘i’éﬂnﬁﬁﬁk‘iﬁé séﬁ?ii‘iv{?yea&?“ded

to other ato etc. are exa es of
hydr ocar bot? r &efcHiety. of detection by that method. Bi’B’ci‘ e fagameietr Wih haYer g9scal
refers to an propanigebeatseaheydarbbernalesigit inth it 1ag earishleawpadient,whiele wilt wo

hydrogen ato "hyidl eﬂ.%huﬁ@mbﬁ,aﬁﬁ bﬁﬂﬁﬂ?&d%gm Efgb i the follo vmve% non,-mé’s’
hydr ocar bon r as cgi val.ence.sites ,0n one or car P n
use o ¢ word tan ly refers to the tag moiety (i.e., the cleavage product that
contains the tag vanable component), however can also be considered to refer to the tag
20 variable component itself because that is the portion of the tag moiety which is typically
responsible for providing the uniquely detectable properties. In compounds of the
formula T-L-X, the “T™ portion will contain the tag variable component. Where the tag
variable component has been designed to be characterized by, e.g., mass spectrometry,

the “T” portion of T-L-X may be referred to as T™. Likewise, the cleavage product
25 from T-L-X that contains T may be referred to as the T™-containing moiety. The
following spectroscopic and potentiometric methods may be used to characterize T™-

containing moieties.

a Characteristics of MS Tags

30 Where a tag is analyzable by mass spectrometry (i.e., is a MS-readable
tag, also referred to herein as a MS tag or “T™-containing moiety™), the essential
feature of the tag is that it is able to be ionized. It is thus a preferred element in the
design of MS-readable tags to incorporate therein a chemical fumctionality which can
carry a positive or negative charge under conditions of ionization in the MS. This

35 feature confers improved efficiency of ion formation and greater overall sensitivity of



atons, through which the hydrocarbon radical nmay be bonded to ot her

aton(s) . Al kyl ene, al kenyl ene, al kynyl enc, cycl oal kyl ene, etc. are
exanpl es of hydrocarbon di radi cal s. 25 The term
"hydrocarbyl" refers to any stable arrangenment consisting entirely of

carbon and hwb ommrhavi ng a single valence site to which i petsdImnggd to
anot her noiety, and thus includes radicals known as al kyl, al kenyl,

al kynyl , cycl oal kyl , cycl oal kenyl , aryl (w thout heteroatom
incorporation into the aryl ring), aryl alkyl, al kyI aryl and the Iike.
Hydrocar bon radical is another nane for hydrocar byl . The
term "hydroc n t range nt consi st

entirely of gg‘?%{?ﬁ ?a‘é{ ﬁl@ﬂiﬁaeﬁe@%ﬁf %&n\%él e NEF‘P&I e W{F‘Bg’ that | g
bonded t o ot PRPPOTS an iofized ¢ m@)héef’c"ﬁ m'ﬁ'&loaéretybaﬂkyﬁasmthaudaemwrme

al kynyl ene, m;cruamaqehﬁﬁmy of an analyt! terghdected b, matk ¥hRBEmENY 5l Yiklcussed
het er oat om i H:CQ h@;%rq,n et Qt O Lp%h%gér?elgﬁo_r]é@pg%s)s anaryl al kyl ene,

al kyl aryl ene an drocar I'ra ot her nane for 35
hydr ocar bfl ene. emg@xg:yxp pality to facilitate the carrying of a negative charge is

PCT/ US97/ 010&10 organic acxd such as phenolic hydroxyl, carboxylic acid, phosphonate, p]13s. hate,
The term hyﬂ:ﬁr?fo% lgmk? ?[ nﬁégﬁ%ﬁﬂﬁpﬁ‘hg&& and%(:ﬁé S t o a hydrocar Byl group

bonded to an 0xygén a n%ﬂ_ 3@' |‘I kewi se bonded to a
hydr ocar byl ene group dretsped Smctiprality,éo léﬁeethslcmzmatofvmmsitiwdweharge

hﬁ)@/l(r]I ?gig lr)%;/lemﬁiegﬁgrfnihmnpcﬁnaﬁgﬁmmedgmwbgefon{&b Hnifss: E?%n lrggb A eaﬁnéne and
hydrocar byl - am% %ﬁ%ﬁ: cé’? lg%gﬂlya %f/gé é‘abull“\’/' (Tfelgg_tags ‘“Cﬁ@a G2 nher e
oxygen has bdiges g amaemtrh% ey rbondsp\lFFCth carbon ratages, gqeoe;g;mm Us.

r efspect i vel yi’:;ent No. 5 240 859) and tertiary@nihé€s' (e Nahﬁé@ﬁﬁ&i%@h&é&%ﬂé:%aﬂoe”e
refers to a

erein_one o val epce sites
i s bonded to aﬁ{nl t ro en %fmdudes %ﬁ@?@qﬁ R ﬁogé’ﬁesﬁﬁudﬂﬂyé\ggf‘ i F’S?Feousl y
bonded to a Fhir dg&n # 6& 4983 Byren gpal.. Hnal Biochemer22d:364, 1995).

N, N- di (hydr QHﬂjdme Yoty ammcbyﬂeq;amcmeﬂyp&fdrmawxﬂfy%ar QMERES aBfiftd Rnadh er e' n

one | en 488 trogen

ni trogen at om I lsc§lvé§?a¥ﬁ A ?T?t girlleou Iﬁmgtgr}@&gb 4 a ét ‘(’Z&r OC%S%# é?sog

The term hy'&%@%%i?l’ﬁ%‘?l 8pssies. rpscftﬂﬁc cheagr state isoy isingle
ionized species per tag. Accordmgly, it is preferred that each T™-containing moiety

{and each tag variable component) contain only a single hindered amine or organic acid
20 group.
Suitable amine-containing radicals that may form part of the T™-
containing moiety include the following:

3—0 @o (C;—C10)—N(C;—Cyo)z

""Cm)

~
$—C—Cip—N_ ) \l ;
é—CN —(Ci—Cy); %‘(CI_CIO)“N ]



15 group bonded through an acyl (-C(=0)-) group to one of the two val ence
si tes of a hydr ocar byI ene group. The terns

"het erocycl yl hydrocarbyl " and "heterocylyl" refer to a stable, cyclic
arrangenent of atons which include carbon atons and up to four

(referred WQ¥2Z¥ 7 het er oat ons) sel ected from oxygen, ni trBﬁ’gﬁS”'“mm
phosphorus and sul fur. The cyclic 20 arrangenent may be in the formof a
nmonocyclic ring of 3-7 atoms, or a bicycld,c ring of 8-11 atons. The
rings may be saturated or unsaturated (including aromatic rings), and

may optionally be benzofused. N trogen and sulfur atons in the ring may be

in any oxi di zed form includi;ng the quaternized formaf nitrogen. A
het er ocycl yl hydr ocgr byl y attached docy carbon or
het er oat om whi ch rgs_dh?qlp?‘@ati on of 2%'_(?] t(gl ure.
Preferred heterocyclyl hydrocar i ncl ude 5-7 nenber ed nonocycl i c

het er ocycl es contai ning one or two nitrogen heteroatons.

A substituted het er ocycl dr ocar byl refers to a
het erocycl yl hydro l.__@% ned) above, wh_e{._el fﬁlm%l f_aMrl ng atom
en

t hereof is bonded to an i ated substi Pch ¥xtends off of the
ring. 30 In referring to hydrocarbyl and hydrocarbyl ene
groups, the term "derivati@es-@f) any of the foregoi ng Gre€e)n one or
nore hydrogens is replaced wt equal nunber of flygprides” refers

ot her atons. THe term "actfvated ester S an ester that
contains a "leaving group” 35 which is readily displaceable
nucl eophil e, such as an am ne, and al cohol or a thiol k\{,-4cu=|cleophlle

to nol ecul es t hat %‘_omla.l.cmq.a.q\bon ydr ogen an?—-(c,—dzllo)au/ e~pt ons, but no
[ i

Such | eavi ng grou e 0 nd includ Lheu tlati on
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N- hydr oxysucci ni m deN(NrWdr oxybenzot riazol e, hal ogery (halides), al koxy

i ncl udi ng tet%.a uor &t eand t hi oal kpxyand/ihe like. The term
protected ester” o} an ester group t i sked or otherw se

unreacti ve. See, e.g., Greene "Protecting G, n Organi c

Sol uti ons. 5 w of _the above definiti of h

chemical terns used t hrgl?gﬂ@mﬁc‘mm °fﬁ|t§g 2y gnass SPeHRmESy, 1% gg{)lp*yb
under st ood by updiisemolecin thiss itmchange @mtio (m/Epr Fbe peferoé modeedlar mass range of

MS tags is from about 100 to 2,000 daltons, and preferably the T™-containing moiety

5 has a mass of at least about 250 daltons, more preferably at least about 300 daltons, and
still more preferably at least about 350 daltons. It is generally difficult for mass
spectrometers to distinguish among moieties having parent ions below about 200-250
daltons (depending on the precise instrument), and thus preferred T™*-containing
moieties of the invention have masses above that range.

10 As explained above, the T™ -containing moiety may contain atoms other
than those present in the tag variable component, and indeed other than present in T™
itself. Accordingly, the mass of T™ itself may be less than about 250 daltons, so long
as the T™-containing moiety has a mass of at least about 250 daltons. Thus, the mass

of T™ may range from 15 (ie., a methyl radical) to about 10,000 daltons, and

15 preferably ranges from 100 to about 5,000 daltons, and more preferably ranges from
about 200 to about 1,000 daltons.

It is relatively difficult to distinguish tags by mass spectrometry when

those tags incorporate atoms that have more than one isotope in significant abundance.

Accordingly, preferred T groups which are intended for mass spectroscopic



al one or in any conbination thereof. The preferred and nore preferred chain

| engt hs of the radicals apply to all such conbinations. 10 A
GENERATI ON OF TAGGED NUCLEI C ACI D FRAGVENTS As not ed
above, one aspect of the present invention provides a general schene

for DNA sequeporamnhi ch all ows the use of nore than 16 tagariosewemin | ane;
Wi th continuous detection, the tags can be detected and the sequence read.

as the size - separation is occurring, just as with conventi onal
fl uorescence-based sequencing. This 15 2dchenme is applicable to any of the
DNA sequenci ng t echni ques based on si ze separation of tagged

nol ecul es. $E& M t hi the nvention,
as vel e%t%J ﬁ?f‘o@% s)ea(gl}léﬂc il °‘F‘r %@iﬁ orgcqtg\g F'ga’?ﬂsg é‘ise n nore
det ai | bel oveptional atoms selectedlfrom oXygens nmgen sulfur, phosphorus andliadine. a®hilessed '
herein, gene |

uni quel y i de‘?f?y %&g%ng%e??ﬁsgmq? Fest p?&n%?%ddgrp%n&l (i cﬁfl Feters to
the tag smeual alatacsomsmibataone de@cu}éJ |PreferablyathevET gnaups thevehomly edrbonst

closely te ifitrbgentdhd oﬁﬁgeh%ms.m adaﬁagnr:@ﬁﬁﬁ@gzhma/ammaponent and tag
noi et Y. in the .Pr eqnent i nventi on

se
possesses several 25 FA‘E‘P‘F‘FB%F%gpmnaFy“ P“’fg Jatom to haye in a| ™ jggoupa plip| e of
bei ng di sti n@m pakigsh {or Birapeh, MidRide is, F Sourdd)irBuch heavieh. STHusMtHRFrkseRced OM

ot her chemc ties,ca ased, on momat ogr behavi or
of the tag (@“a‘}”{@@fﬂ &?’éﬁy n@l“@’?ﬁ/’tﬁﬁ‘g PBI c &% ﬂ?&? T st ths<opi ¢ or
pOEﬁné | onet r dlbwik@ihe hrlf‘f S%up wmrnfdeﬁwddaa%asmfgrmh gﬁh 28}96%1&6@8&&@!1&

met hods i C u isti i she ude

spectr os? ép ‘9%9\,5\4)% a3 ﬁ%ﬂﬁ?"éﬁﬂbﬂﬁ) In a‘u‘g"”& e ﬁgﬂﬁq"&“ (’d’ffdcﬂ’%o“'%?aﬂ?ré‘?cence
where MS, | Roafis ghtater evolafilifycon éut TardotBingompiety, and [greate rvobuilipef theoscopi ¢
met hods. PRl eAREds! éénﬁﬁﬂ)ii&r QH&% fnMsd &e&r&ﬁéxfyeirs rt?cﬂlg used aB FhEREeQBRI M1 C

met hod. he tag 1 s capabl e of being detected when
present at 18fBPY] to 10[err] 35 rml e. WD 97/ 27327
PCT/ US97/ 01070 The molecular formula of T™ falls within the scope of C,_s9oNg.100C%-

15 100S0.10Po.10HoFpls Wherein the sum of o, B and 3 is sufficient to satisfy the otherwise
unsatisfied valencies of the C, N, O, S and P atoms. The designation C;_s5¢N¢.10004.
10050-10Pg-10H Fpls means that T™ contains at least one, and may contain any number
from 1 to 500 carbon atoms, in addition to optionally containing as many as 100
nitrogen atoms (*Ng.” means that T™ need not contain any nitrogen atoms), and as

20 many as 100 oxygen atoms, and as many as 10 sulfur atoms and as many as 10
phosphorus atoms. The symbols a, f and & represent the number of hydrogen, fluoride
and iodide atoms in T™, where any two of these numbers may be zero, and where the
sum of these numbers equals the total of the otherwise unsatisfied valencies of the C, N,
0, S and P atoms. Preferably, T™ has a molecular formula that falls within the scope of

25  Cy.56Np.1000.10H,F where the sum of a and B equals the number of hydrogen and

fluoride atoms, respectively, present in the moiety.

b. Characteristics of IR Tags

There are two primary forms of IR detection of organic chemical groups:

30 Raman scattering IR and absorption IR. Raman scattering IR spectra and absorption IR
spectra are complementary spectroscopic methods. In general, Raman excitation
depends on bond polarizability changes whereas IR absorption depends on bond dipole
moment changes. Weak IR absorption lines become strong Raman lines and vice versa.
Wavenumber is the characteristic unit for IR spectra. There are 3 spectral regions for IR



19 3) The tag possesses a chem cal handl e t hrough

which it can be attached to the MJ which the tag is intended to

uni quely identify. The attachnent nmay be nmade di rectly to the MO, or
indirectly through a "linker™ group. The ta |s
chermically st M9%2f8%ard al |l nanipulations to which it W’@

I ncl udi ng attachnent and cl eavage fromthe MJ., and any manl pul ati ons

of the MJ while the tag is attachedt0|tj 5) The
tag does not significantly interfere vvlth' t he mani pul ati ons per f or med
on the MJ while the tag is attached to it. For instance, if the tag is
attached tdg® wiithHaiv¢ Saparatecapplichions: heeat HRYatM2S00 KOO0 @m SfhiddRt 4t OO0

intecfere wth, Gt col R4 1R £ 860 %rboo&? i Op o G YJLB b e%a&‘rén? %e&% tngpoE{RB

sequenci ng reac nsy “perfor he ol I gonuc
the tag is at tsagme%amtamen Wiy MO, mmormneéut hgmid spetral yegionsey

Wi t ht whi aﬂt bQﬁd@feﬁﬁﬁOB&I leDhe CitBor@y birddelfifl 850 to 1750 cm™) would be measuted ag
ot ent i onecr i O EIBIE A, AT ehed bt Sl LA WA B3F BibSeates, '

sensitivity aﬁ%ibwtessﬁé‘ckqt?@ﬁ V‘Hfbee@ﬂé&?ﬁ@rfo B0 e W?é‘ldﬂ@ﬁjuseﬁ;lpllé@l‘lfw t he
tag moiety w hﬁnn'&éi\éﬁnﬁ&iﬁl&ﬂmns, and RfAdRe. Al $40000 Q256 Emt TR H Barllingas Betelted gned

o 1, S SOl Dl bt il 1,

maj or por tion i
of the vord "1eep0 qnyp(e,-ii bending} 1 H bensing-for AdNHa)o Setujated C, olefine, wpmatiaige

produgt tg'l@: ring s,d@tﬂﬂéﬁ%d‘t& k%na@mgrwmkqmﬂman?mvnméoﬁ z::éﬁ]ot be
consi aer e (0] | cau a
o e por t 1 ofl S oifled, Afed Woilee NAKARNS, ST "‘%?5390%; nek,' ificoct “ERIRTIC -

provi di ng t heatids, qudey, lafé%f@lﬁl’el’%?%b&bﬁﬂe g dgta (sgecPretsch
formul a T-L- Xet dll)eSpediralidid: j@nsmadt&rem&;awﬁmzbhe;ﬂagamara'@moanm lspﬂﬂ@m.

Wh the t h i zed
inere NS ! 20y NG APL 5RO PRRGI BiniiER, 558 S 55 MEnSHE BRI 20
to as T[erld] . whig més atw #rong \pitgle ﬁm&r«hmgtwlz@ﬂon o3 3P-tp- 25%19 - cfath@rau ns T
may be referragfilloypss bheohpunds -6 Atcbhdtic Ngkyhes evbich hage a stronfgObthetohing
?Fgﬂ ]r oscopi ¢ V%I‘LI%OH Wt %ﬁ‘}e‘& qﬁ% i 8 sHEp MBSt TR baBE veSdn 5‘1’4(? DR 3fdPEh®ea

Char acteri st WGP“W%EC 153}@ aromatic azides which exhiby ap E“%PSF absorrtiogband imp) e
by mass SpeCt 1he12260 3o 2i20em™ region Whiotynastedire representhmg:, ofabmpotirek eliat dave 0

herei n as B t%&%a%gox?%—c{ ea{tﬁhsctgrﬁ 4hhg noiety"), the essential

feature o eto be ionized. It is thus a preferred
el enent in the design of Ms-readable tags to incorporate therein a
chem cal functional ity ewhi clChasmieristics g8 Kagh positive or negative charge
under conditions of ionization in the M5. This 35 feature confers inproved
ef ficiency of ion fornehicompiatign of exgasic dyamephpresiypesi and\theiy respective UV-

visible properties is given in Scott (Interpretation of the UV Spectra of Natural

25  Products, Permagon Press, New York, 1962). A chromophore is an atom or group of
atoms or electrons that are responsible for the particular light absorption. Empirical
rules exist for the © to 7* maxima in conjugated systems (see Pretsch et al., Spectral
Data for Structure Determination of Organic Compounds, p. B65 and B70, Springer-
Verlag, New York, 1989). Preferred compounds (with conjugated systems) would

30 possess n to n* and © to n* transitions. Such compounds are exemplified by Acid
Violet 7, Acridine Orange, Acridine Yellow G, Brilliant Blue G, Congo Red, Crystal
Violet, Malachite Green oxalate, Metanil Yellow, Methylene Blue, Methy! Orange,
Methyl Violet B, Naphtol Green B, Oil Blue N, Oil Red O, 4-phenylazophenol,
Safranie O, Solvent Green 3, and Sudan Orange G, all of which are commercially

35 available (Aldrich, Milwaukee, W1). Other suitable compounds are listed in, e.g., Jane,
L. etal., J. Chrom. 323:191-225 (1985).
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detection, particularly in electrospray ionization. The chem cal
functionality that supports an ionized charge may derive from T[err]
or L or bot hwoPagv3¥s t hat can increase the rel ative ssorswdsmmiory of an
anal yte being detected by nass spectronetry are di scussed in, e.g.,
Sunner, J., et al., Anal. Chem 60:1300-1307 (1988). 5 A

preferred functionality to facilitate tR& carrying of a negative charge is
an organi c acid, such as phenolic hydroxyl, carboxylic acid, phosphonate,

phosphat e, tetrazol e, sulfonyl urea, perfluoro al cohol and sulfonic
aci d. d rﬁﬁferred f(fc}lonallt to facilitate the carrying
of a positive charge & gedereristis o g iuHesm 98 ons are aI i phatlc or

aromatic am nes. Exa t S

enhanced det ect abi | i %@eﬁ%‘ ?’Q%s i nc‘FeJﬁgg:“ql‘jdé‘?g%g%e%u ost egy ?F“ ,
am nes that aba%v%an Blyprgacenceaemistion wrﬂmmsnntegsmesAeﬁmrssmospems
Pat ent Nos S(flaéfscthbs arilyhobstokdsconye)aiié MAch £nbﬁ> sensHive @ peltAf nfeR Specfticee

bonds, each t 0 ch ncI S suc as are
present in pl§/’$a|s en&ité%\ E%&?Qﬂﬁ SP@Q ﬁt ghyé}%fcg*é“ﬁ?’?"'z ”’3% 3995;
Bures et al .excilgdsstate Hifetime gnd ;_fmreamce mgcsyopy 1a8e logs rwidels cusedr tTheer rostni nes
are parti CU|%’bhéﬁéllij1%Eﬁl rigensitye pirhétyrs aae myahaamkﬂncﬁm rb%amzﬁxt (e) forP€

al kyl or Sl JUST on oni zabl e
spe%:ll es, butab‘%rl:'l 'Lg{d’d‘e g&%‘% ﬁoﬂg(ﬁﬁ SSFeBH e@‘ﬁlvgfug Bgﬁfsé‘gecl%#ea

pref er r ed0 crmgéw@v@mth Susyally fbg|a§sorpnon m@m@mofs@emr@s) pehereaa Y is a

Accor di ngly, médsuﬂesofﬁhei&ilrmdtohfbﬁhssﬁﬂxc&eﬂ' Eh@reiﬂxrecﬂﬁ&@sbéﬁcég %ﬁﬁ%ﬁle A (and

h t bl
gﬁganl 2ga\é?2f‘a§8 e°p %”PB&},%W’A:},C(Q% hf 1 ﬁliss%‘gﬁ’é' %W'ée"fﬁﬁf“ﬂgﬂ??lév‘?adl cal s
that may f orﬁW?IaﬁQn)oWhPWés thee fipgrescence detastion hardyvidthi ist pueh ojorr] waishie,

follow ng: [redigibg from full spectrum for maximal sensitivity to narrow band (~20 nm) for
15 maximal resolution. Fluorescence intensity per probe molecule is proportional to the
product of € and QY. The range of these parameters among fluorophores of current
practical importance is approximately 10,000 to 100,000 cm’M™! for £ and 0.1 to 1.0 for
QY. Compounds that can serve as fluorescent tags are as follows: fluorescein,
rhodamine, lambda blue 470, lambda green, lambda red 664, lambda red 665, acridine
20 orange, and propidium iodide, which are commercially available from Lambda
Fluorescence Co. (Pleasant Gap, PA). Fluorescent compounds such as nile red, Texas
Red, lissamine™, BODIPY™ s are available from Molecular Probes (Eugene, OR).

e Characteristics of Potentiometric Tags

25 The principle of electrochemical detection (ECD) is based on oxidation
or reduction of compounds which at certain applied voltages, electrons are either
donated or accepted thus producing a current which can be measured. When certain
compounds are subjected to a potential difference, the molecules undergo a molecular
rearrangement at the working electrodes’ surface with the loss (oxidation) or gain

30 (reduction) of electrons, such compounds are said to be electronic and undergo
electrochemical reactions. EC detectors apply a voltage at an electrode surface over
which the HPLC eluent flows. Electroactive compounds eluting from the column either
donate electrons (oxidize) or acquire electrons (reduce) generating a current peak in real
time. Importantly the amount of current generated depends on both the concentration of

35 the analyte and the voltage applied, with each compound having a specific voltage at
which it begins to oxidize or reduce. The currently most popular electrochemical
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[err] The identification of a tag by mass
spectronmetry is preferably based upon its nol ecular mass to char
ratio (mz). W7¥erred nol ecul ar mass range of VB t BGTUSY/0¢

about 100 to 2,000 daltons, and preferably the T[err]-containing noiety 5
has a mass of at |east about 250 daltons shor e preferably at | east about
300 daltons, and still nore prefer ab%y at | east about 350 daltons. It
Is generally difficult for mass . spectroneters to distinguish anong
noi eti es havi deegar Bnthe iamperometriovdetdotn tin 20ich2the potential ds kepnon§tastpaxdhag on

the precise 'Qa&&hg;@&&&ed #fh 1R eﬁfiéa@%ﬂiﬁﬁéj el thalsl¥el I This typfBret! €3
of the invention hdve nasses ove‘ﬁf t‘ranq,e. . )
expl ai ned aboVRSCUPREIY| df r PUEFHY aj ‘ng nORtERUPSIARS, ABRETIMEYT ofeompial

t han-t hose prempabmeteridreatadgblw&omdiﬁﬁelmrﬁ&mtmfmtd,%ﬂnd i ndeed ot her than
present ingsTferr] Whed the ARGAHH 07 Qetbotidnlie 10945 Rl spddifilztd dét%&sisfargﬂy be

| ess than about 250 deilton T[err]-containing_ nol et

has a mass of tamef cglomeHe T CZB‘%?"?FQ‘?‘E SFFE"“’"WM% sensfve fghich have Efn“!‘{b5¥ of may

range from 15pfactieal advantspéshwith regatd aaselectivityedrasensitiiif) Gthictamaketheseayysés of
detectors useful in an array. In coulometric detectors, for a given concentration of
analyte, the signal current is plotted as a function of the applied potential (voltage) to

10 the working electrode. The resultant sigmoidal graph is called the current-voltage curve
or hydrodynamic voltammagram (HDV). The HDV allows the best choice of applied
potential to the working electrode that permits one to maximize the observed signal. A
major advantage of ECD is its inherent sensitivity with current levels of detection in the
subfemtomole range.

15 Numerous chemicals and compounds are electrochemically active
including many biochemicals, pharmaceuticals and pesticides. Chromatographically
coeluting compounds can be effectively resolved even if their half-wave potentials (the
potential at half signal maximum}) differ by only 30-60 mV.

Recently developed coulometric sensors provide selectivity,

20 identification and resolution of co-eluting compounds when used as detectors in liquid
chromatography based separations. Therefore, these arrayed detectors add another set of
separations accomplished in the detector itself. Current instruments possess 16 channels
which are in principle limited only by the rate at which data can be acquired. The
number of compounds which can be resolved on the EC array is chromatographically

25 limited (i.e., plate count limited). However, if two or more compounds that
chromatographically co-elute have a difference in half wave potentials of 30-60 mV,
the array is able to distinguish the compounds. The ability of a compound to be
electrochemically active relies on the possession of an EC active group (i.e., -OH, -0, -
N, -S).

30 Compounds which have been successfully detected using coulometric
detectors  include  5-hydroxytryptamine,  3-methoxy-4-hydroxyphenyl-glycol,
homogentisic acid, dopamine, metanephrine, 3-hydroxykynureninr, acetominophen, 3-
hydroxytryptophol, 5-hydroxyindoleacetic acid, octanesulfonic acid, phenol, o-cresol,
pyrogallol, 2-nitrophenol, 4-nitrophenotl, 2,4-dinitrophenol, 4,6-dinitrocresol, 3-methyi-

35 2-nitrophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, 2.4,5-trichlorophenol, 4-chloro-
3-methylphenol, 5-methylphenol, 4-methyl-2-nitrophenol, 2-hydroxyaniline, 4-




15 preferably ranges from 100 to about 5,000 daltons, and nore preferably
ranges from about 200 to about 1,000 daltons. It is
relatively difficult to distinguish tags by nass spectronetry when

t hose tags incorporate atons that have nore than one isotope in significant
abundance. wo%enrdi ngly, preferred T groups which are i neermissdnios nass
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identification (T[err] groups), contain2arbon, at |east one of hydrogen
and fluoride, and optional atons sel ected from oxygen, nitrogen,

sul fur, PhOSRRRGHARRRAE 1 9%haftentiibhfhe benzodiichfiln, BRI, PR¥nRtuRh HERE, | N L he
T[err], theif’ présence can réender anal ysis of th(g, mass spectral "data
somewhat ror BORFPRYP finpronomethabromuron, mgtoxynon, mpnolinyiass mepwenomeioniiehon, 5
ni trogen andirgptypien, gtainge, 4-amimtiehzbicarid, d-hiyshdxgigparoia acid 04-hf drokycotfaric
Fluoride is opt.i r L red t OpaBIE adi r . In
conpari son t%a?fygF%gg%!yu?ﬁ%ﬁ ?évﬁegﬁ) é:?{c%(g)?gf se, %up lah%%%lhgé’. ]c?%'g%t he
presence &f chlorogenig, ﬁlﬁi»d@‘d&t"&n%a"is%ﬁ“ﬂe OFREHi, Fg}ﬁﬂf%%g%n@%@%@bmr[ err]

g )r( gg 23 gf mrins ghgzllorwr hmtda?ite,mugenozl, q:aulphtbﬁwfaﬁﬁ laad,_Tf;senn,] g%hgnp ghlfic agidch and
expl ai ned abga\fg.lr_m%n%g%%ﬁﬁ (r)%?tf%‘ﬁe cr,ép{léé% elr_%lerjt &rgg?%én&%g%&i/\g IE: %%' %ﬁérﬁi de
confers gr e atusoligo magngpstiny meFn, h@yrl‘feéfﬁf ]“—%‘&af‘?f_ﬂ'ﬁ Bt atgpndin peepidiag er

vol gt! | ity oOphlbdetin, pratease, Y tpeotesabeingie s asidNs tHaimnktiny \Mnemems%amﬁsaih,orret ry

i s being,use e jon_, . od,. .. .. . .\ e .

nmol ecul ar]Bf o?cr‘rlu%?lglte (F)l}' %F@(ra?euhfaﬁnsnge\lnd%% ?ﬂgnglgopaéldbf ( eerrlt}']’( o-é-‘re ?m& err]
15 [err] [eppbeliifeems yanilie agidnl .drdimethyl dptrahydisisoquingline; e-hydrpxy et o

sat i sf yTL h edﬂtd_mmml__s dl-methyl-rsaisalinelf erahydadisoqainekne) fam%ti‘iptyﬁhe, Iupoxﬁbrpﬁixﬁﬂ d P

at ons. e ti N e - . -ﬁ%,g]] me 1 hat
T[err] cont gaﬁ)hgé}gt N g’éﬁﬁg‘#e‘&g aﬁg&%ﬁ/ﬁ cont df“rﬁ“"é'%bs&%u r"?%el ,ne' c?oﬁg%hl to
500 carbon atlepyeting fluggepam. dmipranigs sdneeieeel BRtharamipg merphiag,ymerphingy

ni t r ogen 18t oBagluctdnide) fortripeding, dxazdparh| plieh}yleplede, nixiipanminiea astofbixy adid,IN-0gen
and a8’ rany 420 erdBith 83 ApABIVIEARIRTS  SH BN S MY, TP
represent t hasimserxyphenklaggtisgasi &?Qﬂ?@ﬁéﬁ'dﬁ‘y oxpphegyplaing: G OPANT er r ] |
wher e any t wd4aihydreyphenpighers(DHBG) 8-hydrogyanthmahilihanidy 2Helroxyphenylacetic

acid (ZHPAC)., 4-hydroxybenzoic acid (4HBAC), 5-hydroxyindole-3-acetic acid

20 (SHIAA), 3-hydroxykynurenine, 3-hydroxymandelic acid, 3-hydroxy-4-
methoxyphenylethylamine, 4-hydroxyphenylacetic acid (4HPAC),
4-hydroxyphenyllactic =~ acid (4HPLA), S-hydroxytryptophan (SHTP), 5-
hydroxytryptophol (SHTOL), S-hydroxytryptamine (SHT), S5-hydroxytryptamine
sulfate, 3-methoxy-4-hydroxyphenylgiycol (MHPG), S-methoxytryptamine, 5-

25 methoxytryptophan,  S-methoxytryptophol,  3-methoxytyramine  (3MT),  3-
methoxytyrosine (3-OM-DOPA), S5-methylcysteine, 3-methylguanine, bufotenin,
dopamine  dopamine-3-glucuronide,  dopamine-3-sulfate,  dopamine-4-sulfate,
epinephrine, epinine, folic acid, glutathione (reduced), guanine, guanosine,
homogentisic acid (HGA), homovanillic acid (HVA), homovanillyl alcohol (HVOL).

30 homoveratic acid, hva sulfate, hypoxanthine, indole, indole-3-acetic acid, indole-3-
lactic acid, kynurenine, melatonin, metanephrine, N-methyltryptamine, N-
methyltyramine, N,N-dimethyltryptamine, N,N-dimethyltyramine, norepinephrine,
normetanephrine, octopamine, pyridoxal, pyridoxal phosphate, pyridoxamine,
synephrine. tryptophol, tryptamine, tyramine, uric acid, vanillylmandelic acid (vma),

35 xanthine and xanthosine. Other suitable compounds are set forth in, e.g., Jane, 1., et al.

J Chrom. 323:191-225 (1985) and Musch, G., et al,, J Chrom. 348:97-110 (1985).




sum of these nunbers equals the total of the otherw se unsatisfied

val encies of the C N, O S and P atons. Preferably, T[err] has a

nol ecul ar fornula that falls within the scope of 25 [err] where the sum of
[err] and [err egual s the nunber of hydrogen and fluoride ato 0
respectively, “!9’ in the noiety. b. PCTms”’“”"
Characteristics of IR Tags There are two prinmary forns
of IR detection of organic chem cal groups, 30 Raman scattering IR and
absorption IR Raman scattering IR spectra and absorption IR spectra

are conpl enentary spectroscopi ¢ nethods. In general, Raman excitation
depends on bomHiegeabmipbumisidah by imdogogedal inkecongpuhd? effoanyih iToh-X by exetimden

bond. di pol e 4o ATRITRAL, rphmgsampﬁven ﬁ%ﬁ?ﬁ?&aﬂ% hoaardoscgﬁcza&&%% fiky 809

Raman |i nes and vice versa teristrc It fo
| R spectra. THeFEd 3yith amiap,mdroxyl, ey i fremy agpids, gster an °‘h“ inkagggrbetwysensh o7
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tags which jagge separ at%‘ogdﬁ?ﬁr%ngﬁ wgbov@eaapér&s tan&%@%%dﬁé} 8 ag%&e&l

md IR at r the
uses descri beéem@toéllﬁetmfbr"elsd’“’(f ficthe tag halv%atf’éP"é‘@F\‘f‘Ee%alagﬂt“ﬁ‘yrq 0

l de]pt l fydan Malds iar ﬂiaecmsmmtﬁoﬁeasf ldegee nainblers efC sttueturalBo irelaed ags dsing the de
preferre For 8 &/ 20 cni e Wou

be neasured E’P‘Sﬁgggc(gfr%%gb aﬁ%}FagCI é‘lﬂsaza?%%xﬁ(am Ry t%e s §r°d'pn;ﬁs t]é} b2} d

al kyl and ar ykeweral lpooyetties., It dcsnablardoanats%ﬁmnnbdabgmnpsyhmh stdperisliangngld 750
to 160 cnigyri). da‘grmms and
am des. Atﬁg4%)%‘ %Qﬁ%&%g%&g%{%?%ﬁﬂe Eﬁg@i}‘%ent(lﬁ momyaig‘é&?ic(t:t e as we

the C- N stret {hotersimaply aeferredie apat n@ssweeimmmmhpmer esroup, ar MSEE) e Ao at
900 to 6%04&1?1@; Eln s&vbapeﬁuﬂmeﬂmeﬂ\knd BRNH SIOTPUonfilEd Glofdiks, witid!" at ed

C-H, olefins, aromatic rings, bl e and triple bonds, esters acetal s,
ketals, anmonMEmben| oL ‘hq\}f@’(%r?ﬁ%‘b ﬁ’ége a diffeggpt Hmass/chargqrgatio. nhoweyer Maysi des,
and ni trates, apgroximbielly the edmssensjtivinoindke magrspectpivier. Thus, deintisnbetdfdbs and

lactanms al{s pg ﬁﬁﬁﬁ&es}{'hlfig% é’ﬂx@'sah@%ﬁ@dh{:%d%? ﬂlio%ﬁ%%@aﬁéﬁ%&fﬁﬁ g%‘

et al., Spectr truc fm nati on
Spri nger - comypundsy it lagy begsy found 9’897"“@? & &?W&%ﬁ%ﬁa§ Yie 4 H’°fiﬁléT ude

~an aromati ¢ niynthdsid scheme, so that the tag components themselves may be viewed as comprising
modules.
In a preferred modular approach to the structure of the T™ group, T™
20 has the formula
T(-T%),

wherein T? is an organic moiety formed from carbon and one or more of hydrogen,

fluoride, iodide, oxygen, nitrogen, sulfur and phosphorus, having a mass range of 15 to

25 500 daltons; T® is an organic moiety formed from carbon and one or more of hydrogen,

fluoride, iodide, oxygen, nitrogen, sulfur and phosphorus, having a mass range of 50 to

1000 daltons; J is a direct bond or a functional group such as amide, ester, amine,

sulfide, ether, thioester, disulfide, thioether, urea, thiourea, carbamate, thiocarbamate,

Schiff base, reduced Schiff base, imine, oxime, hydrazone, phosphate, phosphonate,

30 phosphoramide, phosphonamide, sulfonate, sulfonamide or carbon-carbon bond; and n

is an integer ranging from 1 to 50, such that when n is greater than 1, each T and J is
independently selected.

The modular structure T2-(J-T%),- provides a convenient entry to families

of T-L-X compounds, where each member of the family has a different T group. For

35 instance, when T is T™, and each family member desirably has the same MSSE, one of

the T° groups can provide that MSSE structure. In order to provide variability between



15 which exhibits a very strong nitrile stretching vibration at 2230 to

2210 cnjerr]. O her useful types of conpounds are aromatic al kynes
whi ch have a strong stretching vibration that gives rise to a sharp
absorption band between 2140 and 2100 cnferr]. A third conpound type

i s the aronawioe7azizdes whi ch exhibit an intense absorpti on lcurdsszoi07e t he
2160 to 2120 cnferr] region. Thiocyanates are representative of conpounds
that have 20 a strong absorption at 2275 to 2263 cnjerr].

C. Characteristics of UV Tags 28 A conpi l ation of
organic chrormphore types and their respective UV- vi si bl e properties

i's givenin t S f Nat.ur al.

Pr oduct s, égrﬁ(qg?'etgéﬁgl ﬁé%g?ﬁmefb%ﬁ OWM gﬁ g P’eay b§ vé’ﬁeci?%lﬁf’%r

group of faxml)onmmbersel Eqrt instance; oot fam@ mﬂummablkmvé dP = Inethydr whitell ar

l'i ght absor pLi@her WP £ bR and anotheHhR? ksl e the [err] to [err]* maxima
i n conj ugat ed systems se PretscE et al a.g% ectral Data for Structure.
Det ermi nati on of O gar PSS gl d“‘Bl?’bm Bass; fdegroup may Yoy | ag,
New Yor kK, 5198@;}gneﬂ>wé1icéraddds:gmﬁpmmm Qmmhe@mmugke@oﬁmassmm th-H 30

possess n to L&{ A "rsagﬂmﬁeﬁﬁ% b réﬁfrs& *o aanasuﬁe,xemar Pﬁ!.ae@re
exenplified by - , %ur I ne ?rg g ACI’I ow G
Brilliant Bl E@“Ef Jo ARYR ’érq%?‘éﬁe 1if one {5 Worktng with ??‘ eﬂf"‘éﬁ‘éal ate,

Met ani | Yel | ww;chwaﬂhwenmss& emndmgtdvytamrm@;mnge Asnim&eybf'lﬁ gbeps xﬁay
Napht ol G eej, seon lg nie O

Sol vent een , Va%m whi ch am(g) cdO inge
avai | abI (APHNOth ém e TG h Eﬁ%ﬂaﬁﬁ%‘l&%ﬁ’&&ﬂ%}aﬁ@ Pflted in,
e.g., Jane, groups hffords aahass range Qi 1156346 2BttdrB 1foP BE THL,986 pddition of a single WO

gé{l_/z ZJ% s; /0 10%RA , having, as an exemplary number 100 dalton, as a T* group provides access to the

d. Char ac @5 @pgeoh 354449 delfons while uging the same set of T* groups. S‘m#?r% A% cent
probes are i ddditiorf ofoveatld daltentMWat gmiuproachdasr Tl grpup)yprovides access to the

15 mass range of 450-540 daltons, where this incremental addition of WRA groups can be
continued to provide access to a very large mass range for the T™ group. Preferred
compounds of the formula T%-(J-T-),-L-X have the formula Rywc-(Rwradw-RusseL-X
where VWC is a “T>” group, and each of the WRA and MSSE groups are “T*” groups.
This structure is illustrated in Figure 12, and represents one modular approach to the

20 preparation of T™.

In the formula T2(J-T-),-, T? and T® are preferably selected from
hydrocarbyl, hydrocarbyl-O-hydrocarbylene, hydrocarbyl-S-hydrocarbylene,
hydrocarbyl-NH-hydrocarbylene, hydrocarbyl-amide-hydrocarbylene, N-
(hydrocarbyl)hydrocarbylene, N,N-di(hydrocarbylhydrocarbylene, hydrocarbylacyl-

25 bydrocarbylene, heterocyclylhydrocarbyl wherein the heteroatom(s) are selected from
oxygen, nitrogen, sulfur and phosphorus, substituted heterocyclythydrocarbyl wherein
the heteroatom(s) are selected from oxygen, nitrogen, sulfur and phosphorus and the
substituents are selected from hydrocarbyl, hydrocarbyl-O-hydrocarbylene,
hydrocarbyl-NH-hydrocarbylene, hydrocarbyl-S-hydrocarbylene, N-

30 (hydrocarbyl)hydrocarbylene, N,N-di(hydrocarbylyhydrocarbylene and
hydrocarbylacyl-hydrocarbylene. In addition, T and/or T> may be a derivative of any
of the previously listed potential T? / T> groups, such that one or more hydrogens are
replaced fluorides.

Also regarding the formula T>-(J-T’-)-, a preferred T° has the

35 formula -G(R?-, wherein G is C,¢ alkylene chain having a single R* substituent.
Thus, if G is ethylene (-CH,-CH,-) either onc of the two ethylene carbons may have



absorption and fluorescence em ssion wavel engths and intensities. Em ssion
spectra 5 (fluorescence and phosphorescence) are nuch nore sensitive and

permt nore specific nmeasurenents than absorption spectra O her

phot ophysi cal characteristics such as excited-state lifetine and

fl uorescence ¥MA¥BI¥py are | ess widely used. The nost PEHEoig70
useful intensity paraneters are the nolar extinction coefficient ([err])
for absorption and the quantum yi el dz (QY) for fluorescence. The val ue
of [err] is specified at a 10 single wavélength (usually the absorption
maxi mum of the probe), whereas QY is a measure of the total photon

em ssi on over atRe selﬁmnmﬂt,fdndok’eax:eeim;ﬁ@nt raﬂdyl,pzlbényl ealkythyl cycloadicyl,ow

optical band\/\%ﬁ}é%g 28, 13 Meﬁ ié&ér?]a&i on (via

absorption reas oresce *ﬁ'r nor e

var i aEI e, ) a“‘P’QHgi")‘nﬂ"‘?%ﬂﬂrﬂlu‘Psﬁﬂ Edsgl&}e ﬁ%"?‘&??ny ‘g‘?sﬁﬁ‘lteds@ﬁ’?aﬁ?y i P narrow
band- (~20 nm) akkexy,1&kenvxy; mtklynoxys calralkoxyn arfisubstinged nlenoxyt ensdlkynoper probe
nol ecul e i s pgﬁg%ﬁé)naﬁﬁﬁk or 8Hrﬁﬁr ntpf J,ﬁrsqd,stﬁ;}gd Q ky]_zﬂx% pange of

these paranet anon rophor. es of o

ctical i nrportance is
appr oxi nat el y 2-sehstt ae; er?] M WW" [ eraﬁ? oX¥nd BYlamiBo.1 0 for
QY. Conpounds N—Maylumanumnnal as flatkylescent N-mgmrmmbaﬁut&bl | ows :alkyl,

fl uorescein, agggpa 47 I ar‘rgﬂg red 664,
| anbda red 66glkyacr [ gﬂ”ﬁ. Jtr an and pr g’ﬁﬁ"l I um %ﬁg{ﬁted (lzll’ e
commerci al |y Betsrocysiyle F'G’P?F“L%lr?ﬂ ftutee P’horh?&"&‘?ﬁ&'§ W‘?We%ﬁ? Gap,
PA) . Fl uoriés c emboxyaligyb suteitituted cdnalleyd, oxdeerbbeyit]yl Tesed&:yl and t&fbcyclylalkyl

| ssam nef er r byoi iRl dbsfn BT 3hd, 20 RI0DR S Eugene,

1f1§
OR) . ace % Potet frlc ags 25
The princi pl es‘&sug@c?*&%%%ﬁ“ ’SPES &h‘éf BREPEY-i on

or reduction sdbsuquoundsalwm ch a:tnmcesubmmtedppl | eatkyy,0l taQtB?l‘subbﬂntedons are

ei t her ga%on%ﬁﬁr%ssbs{,& arkgp' Ui Suik it gr%ga Wbt
reasiren. el LEH e g AT SR T i

wor ki ng el ect srdxsasftedsalkylahgdmatﬁylaciyllaxﬂlmﬁsxbéumtededik)d;nl)etﬂocyglyﬂacyﬁﬁnno-
indergo e uRkd AR, biuieRAURAT Y ‘iﬁ %’*8%‘%““"?”6"&3“‘5‘8?“‘2‘ 2"at an
el ectrode surF"IH’é“](g‘?ﬂéﬁ'mm‘s“W H‘Q‘YHP %‘I‘%‘Et réﬁ‘é”l ve
conpounds el umo@oimmﬂkyhethmmWﬂnhm-alkgk morpholdmnaarbonyl!-sdsstlmtesi aikyi,di ze) or
acquire e'ﬁtﬁg&ﬁ ﬁ&ﬂi&ﬁﬁ-ﬁo&%\%@tﬁ{eﬂgﬂl@l CW{ Qf:‘& 1 bfal l)— (o NN e.

gl

L (s S —

concentration
havi ng a spechétcmcypwamgecabonyl whi ch it bédgiensylybilkylenchmmigomarbangtjuce. The

currently nmoSheRQRHAMBLEFEIILABIEGRE alkyl, heterocylylalkyleneaminacarbonyl-
substituted alkyl, N,N-[dialkyl]alkyleneaminocarbonyl, N,N-
25 [dialkyljalkyleneaminocarbonyl-substituted alkyl, alkyl-substituted
heterocyclylcarbonyl, alkyl-substituted heterocyclylcarbonyl-alkyl, carboxyl-
substituted alkyl, dialkylamino-substituted acylaminoalky! and amino acid side
chains selected from arginine, asparagine, glutamine, S-methyl cysteine, methionine
and corresponding sulfoxide and sulfone derivatives thereof, glycine, leucine,
30 isoleucine, allo-isoleucine, ftert-leucine, norleucine, phenylalanine, tyrosine,
tryptophan, proline, alanine, omnithine, histidine, glutamine, valinc, threonine,
serine, aspartic acid, beta-cyanoalanine, and allothreonine; alynyl and
heterocyclylcarbonyl. aminocarbonyl, amido, mono- or dialkylaminocarbonyl,
mono- or diarylaminocarbonyl, alkylarylaminocarbonyl, diarylaminocarbonyl,
35 mono- or diacylaminocarbonyl, aromatic or aliphatic acyl, alkyl optionaily
substituted by substituents selected from amino, carboxy, hydroxy, mercapto, mono-
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detector is the anperonetric detector in which the potential is kept
constant and the current produced fromthe el ectrochem cal reaction is
t hen nmeasur edwvo F7327t ype of spectrometry is current| pcraséioearo
"potentiostatic anperonetry". Commerci al anperoneters are avail abl e
fromESA Inc., Chelnford, MA. 5 When the efficiency of
detection is 100% the specialized detec¥ors are termed "coul onetric".
Coul onetric detectors are sensi tive which have a nunber of practi cal
advant ages wi t n ﬁﬁ% Jihy ese
types of Ele 1@%&% ﬁxgg Flclmrzl‘we{%l%grgr glk§ ihY &%g\fmﬁlﬁ&d g‘%t %Jr]s for a

gi ven concengiegylaminog plkoxy, aMFXth °E‘Yre‘h$q alanY, téma}l@mxyh ghipalkynoxy, as a
function of thiearplopy atthepenbayolyl.al (voltage) to 10 the working el ectrode.

The resul tant signoi daj '] 3=\ Ol Cens WY

hydr odynam ¢ vol tamgrﬂ%&pﬁlﬁ;&d%ﬁﬁﬁg&m )bg'sit(%c ol gtéu%fnappl i ed
potential %o the working electrode that pernits one to nmaxinize the
observed signal. A maj or advantage of ECD is its inherent sensitivity
with current |levels of detection in the subfentonol e range. 15

Nuner ous chem cal s and conpounds are el egidgchem cally active

i ncl udi ng many bi ochem cal s, pharnmaceuti¢als and pestici des.

Chr omat ogr aphi cal |y coel uting ¢conp@OHgs can be effectively resol ved
even if their half-wave potentials he | EOt ential at half signal

maxi mum) differ by only 30-60 nV. Recently devel oped
coulonetric sensors provide seélec N7 ty\,n/)go Xj dentification and

resol ution of co-eluting conpounds V\/neh used as detectors in liquid
chromat ogr aphy based separati ons. Ther®fore, these arrayed detectors add
anot her set of separations acconplished in the detector itself.

Qurrent inst GUORH & 1\%3 ﬁ???s&cﬁ thl 3 ”@%@m on ong’%ﬁfbn?yr 6nd S'f{ﬁé'éﬁ' ngpﬁpé imted

only by the rate at afa, can
conpounds whF@Eeserd F@gé\é‘d‘sdﬁpi‘?ﬁg l’i&y"‘we‘é'ﬁf"énﬂ%do %rsmr&a&rq y 25
limted (30 emmqmleabe:hedomﬁulé CraNa0).H Fowehahat thd sunwof aranddrie safficfeatids t hat

coronml oor anGidf) e Giefuitl SnfRaVALAIST ANAE €N N BRUERROGERY & S Of

30- 60 nv, he array Is I'stinguish thé conpounds ility
of a conpound to e eI eﬁzt rochem cally active relies on the possession
of an EC active, gdoup (d N, -S). 30

Conpounds whi chj have beén succ&isfully detected using coul onetric

det ectors incImH 5- hydr oxyR'y pgaqi
3- et hoxy- 4- hydroxy henyl - gl ycol , PRAL h@ﬁmﬁ‘g" el ?i ‘%a]kyl c%anémf)gder rangmg

met anephr i nefrom.(y @R@/km‘éﬁgﬁrmng&@eff%lﬁ%%%h that when n is greater than 1,
hydr oxyt r ypt GpBoAmide; RY4ad Tt felisieparienty sleetedd, oct anesul foni c acid, phenol,

?1 grglsg: tlrsocresolyrOgalllnglhﬂﬂﬂae g;géfé,géﬁhé?{ﬁ&g é’to%&;‘%%& T’oro"'ﬁleno(‘f’rﬂlephenoI

2, 6-di chl orob-ﬂe‘?(oh“ﬂgsn?‘lgﬂerl chl orophenol 4-chl oro- 3- et hyl phenol ,
5- met hyl phenol , 4-net hyl - 2- nltrophengrl,, 2- hydr oxyani |l i ne, 4-

{

Amide
O (CHz)c ]I{ O
N _X
TZ)léN m\(/‘]\L
0 (CHZ)C
Almde
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hydr oxyani | i ne, 1, 2-phenyl enedi am ne, benzocat echin, buturon,

chl ort hol uron, diuron, i soproturon, |inuron, nethobronmuron t oxur on,
nmonol i nuron, ‘HBRU?"&?]", met hi oni ne, trypt ophan, tyrosi ne,Pc%wqﬁB enzoi c
aci d, 4-hydroxybenzoic acid, 4-hydroxycounmaric aci d,

7-met hoxycounarin, apigenin baicalein, cgffeic acid, catechin, centaurein,
5 <chlorogenic acid, daidzein, datiscetin, diosnetin, epicatechin gallate,
epi gall o catechin, epigallo catechin gall ate, eugenol, eupatorin,
ferulic acid,whedrgefll is, angegaamgheistygdithe formda ;N 0, [ dachi that thesins bfan,
genti sic aci dygHeAPRIEGLR 1o shiisBP HeNothdraRRTBEAlstied CUERIANIWE C, N, and O

| ut eol i n, ITHI’]?OS'[_I n ;r,o'r;}l 0. mér,l cetin, naringin, nariruti nd. pél ar gondi n,
peoni din,  amhped Lt iRudes e fPringAr qUatpmer EHRe oA o5ean 4g1d: i 7R diteger
quercetin, sakngisgfom9:49]6nd EcTt &/,|Laandi X havedegoprevibusly dsfinedgal dehyde,
syringic cid, tanger iah i vi i QAeH VAN blLi & acid,
13 dinethyl ¢ et AN é?’sg‘a’u‘?’ﬁ’??‘?‘%“é‘?'*‘%*l“ﬁ%? 5&%2%32“‘%“&32’? 0P B0 tyd e 20
N- et hyl - r-sé?aglﬂ“aﬁ\étf‘,‘c“{r%t rahydr oi soqui nol i ne, amitriptyline, aponorphine,
capsai cin, chlordi azepoxi de, chl orpromazi ne, daunorubi cin, desipram ne,

doxepi n. fl uoxetine, flurazepam im pram ne, isoproterenol,

nmet hoxam ne, nor phi ne, norphi ne- TI5 3-gl ucuroni de, nortriptyline, oxazepam
phenyl ephrine, trim pram ne, asc%&,g&ec acid, N acetyl serotonin,

3, 4-di hydr oxybenzyl am ne, 3, 4-di fydroxynmandel ic acid (DOVA),

3, 4-di hydr oxyphenyl acetic addd ( MR, 3, 4-di hydr &yphenyl al ani ne

(L- DOPA) , 3, 4-di hydr oxyjgheny glygol 3-Jpydr gxyant hranilic acid,
2- hydr oxyphenyl aceti c T>2{TN” > 4- r6ic acid (4HBAC),

5- hydr oxyi ndol e- 3-aceti c aci D B AA),  3-hydroxykynureni ne,

3- hydr oxymandel i ¢ aci d, 3-Nydr oxy- 4- ) phenyl et hyl am ne,

4- hydr oxyphenyl aceti c acid (4HPAC) , Lﬁhydr oxyphenyl lactic acid
(4HPLA), 5-hydroxytryptophan (5HTP), 5- hydr oxyt rypt ophol (5HTQL),

5- hyd J: N@s - '
S nethony 4 RS el S APl s e e e
t , hilere ' » 1Y ,  3-

<

) ny {
met hoxyt r ypt GBA$his sufficiéns i¢, 53658 the
net hoxyt yr osiatns; and WV iRCIBEs a tértiangtoh yhatyrhirg iamine o3-aetdayicauidnin’ie an bisdget eni n,
dopam ne dQ’Pr?grf%gnﬁdrﬁ DQW&W’PW@,’R', ‘qﬂﬂﬂg’, @,ea'nﬁ fﬁgvg 8Ln previously defined.
dopam ne- 4- sul tat'e, s . ;
In the above structures that have a T° group, -Amide-T’ is preferably
15 one of the following, which are conveniently made by reacting organic acids with free
amino groups extending from “G™:

—-NH%—Q; ——-NHﬁ—@——O—-(Cz—~Cm)—N(C,~—C,o)2
0 ]

O
Ci—Cip
N

) N
—NHC—(C;—C;p)—N » —NHC—(Cy—C,q) .
I t 2
o) O
—NHﬁ—CN—(C;—-Cw); and '—NH%—(CI-CIO)_N: j
8] o)

Where the above compounds have a T* group, and the “G” group has a
20 free carboxyl group (or reactive equivalent thereof), then the following are preferred



epi nephrine, epinine, folic acid, glutathione (reduced), guanine,

guanosi ne, honogenti sic acid (HG), honovanillic acid (HVA),
honovani I | yl al cohol (HvOL). 30 honoveratic acid, hva sulfate,
hypoxant hi ne, indol e, indole-3-acetic acid, indole-3- | actic acid,

Kynureni ne, WeI932B2T n, netanephrine, N-nmethyltryptan ne, NPCI/US7/01070
met hyl tyram ne, N, N-di net hyl tryptam ne, N, N-di net hyl tyram ne,

nor epi nephri ne, nor met anephri ne, oc¢topam ne, pyridoxal, pyridoxal
phosphat e, pyri doxam ne, synephrinés tryptophol, tryptam ne, tyram ne,
uric acid, vanillylmandelic acid (vma), 35 xanthine and xanthosine. QO her
sui t abl e conpewiBelT* Frcups %xcfhoﬁ:hﬁ cbﬂiheni%nay be | by &kt the appropgiateChr OM
323:191- 225 &1985;mandps t(r:ee % 1 3 rom ,348 ]%l7 Sp 1[%85
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These conpounds_c orgfed\nto ool | a\T- L- X by
met hods know e&}ﬁ t(g r‘@. r arrpl e, || conp dngé'oLav ng A carboxylic
acid group may beO reacted w am ne, (ydroxyl, etc. form am de,
ester and other |inkages between T and L. 5 In
addition to the above propertiesN d regardl ess of the in ed

det ecti on net hod, Nh icd'p_r—éf [r t the_ | ar Ghem' cal

structure. ThIS i ards i copstructipn of argé’gmwm
structurally rel @ed tags using the t @hni ques of conbimatori al

chem stry. For exanple, the T[errg _grcﬁﬁp desirably has c wl
properties. It desirably contain ctional group which gupports a
single 10 ionizgsy the Tlg ntai Ring-Ted ety is
subj ected to massuspg-a{ (fror e snir\rlpﬁy rlef er“’?ed to ds:a "nass

spec sensitivity thancer gr oup, or MSSE).OAl so, it—destrably can
serve as one nenber in a famly of T[err]-containing noi eti/egs_.T wher e

menbers of the f ch_hav fferent however have
approxi matel y t %& §en§l"}31 \ﬁ({}y%lﬁbt he ggﬁ @o}tr WET 2& Thus, the
menbers of the 1 fam |y desirably have theOsame MSSE. In er to allow

the creation of fa s of conpounds, it has jeen found convenient to.

generate tag reagtants duI%_[d SYNIMHESI chenme, so that the tag
conponent s thensgv}g;_rya lbe CWenetas corrpr 5| n?a/ modul es.
u

In a preferred néa approach to the struc lur e e-T[err] group,
Tlerr]
5 In three preferred embodiments of the invention, T-L-MOI has the
structure:
7
| H
Amide !
| O N '
0O (?Hz)c 11{ Cy—Cjg)—ODN—3—OH
G N
o I

|
R' NO,

10  or the structure:



20 has the formula wherein T[err] is an organic noiety formed from
carbon and one or nore of hydrogen, fluoride, iodide, oxygen,
nitrogen, sulfur and phosphorus, having a mass range of 15 to 25 500

dal t ons; T[errbpls an organic noiety forned from carbon and one or nore of

hydr ogen, TR8%1 de, i odi de, oxygen, nitrogen, sul fur af§THISEPAYr us,
havi ng a nass range of 50 to 1000 daltons; J is a direct bond or a -
functional group such as am de, ester, a§? sul fide, ether,

t hi oester, disulfide, thioether, urea, ourea car bamat e, thi ocarbanat e,

Schi ff base, reduced Schiff base, imne, oxinme, hydrazone, phosphate,
phosphonate, 30 phosphoram dg, phosphonam de, sul fonate, sulfonam de or

car hon- carbon bond; and n i is an integer ranging froml to 50, such

that when n is greater than lam@ach T[err] and J is i ndependent |y

sel ect ed. ; dul ar structure T[err]-(J-T[err])[err]-
{ ta%?l i es of T-L-X conpounds, where each

provi des a conveni ent enyry

menber of the famly h fe t T group. For 35 instance, when T is
T[err], and each fam ably has the same MSSE, one of t he
T[err] groups can prOV|de ipat E strqggure In order to provide
variability between

PCT/ US97/ 01070 28
menbers of a famly in terns of th ’of Tlerr] the T[err] group may be

vari ed anong famly nmenbers. FoiZi nst\g(?:ﬂ |y nber may have
Tl[err] = nmethyl, while another Has T T_gog_wﬁ@ é‘aggnot her has
Tlerr] propérl etc, In order to provide "gross" or
large junps i ‘h%\ C“ﬁeT[ err] group may be 5 designed which adds
significant (e.g., one or sqyeral hundreds) of mass units to T-L-X

Such a T[err] group may be rjeferred tHas a nol ecul ar wei ght range adj uster
group("VRA") . s qui/el%e ul if one is working with a single set of
Tlerr] or oups T / \%m "W | ses extending over a limted range.

A single set of T[err] roups kﬂ be gsed to create T[err] groups
havi ng a w de range of GHas si nply BY clgfporating one 10 or nore WRA
T[err] groups into the gr]. Thus, 4B1 N % an , ~4f a set of
T[err] groups affords a mass range of 0- 349 ons T8 t he T[err],
t he additign of a singl

o

wherein T* and T* are organic moieties of the formula C,,NqO0qsS,.5Po:H Fyl; such
that the sum of o, B and & is sufficient to satisfy the otherwise unsatisfied valencies of
the C, N, O, S and P atoms; G is (CH,),; wherein one and only one hydrogen on the
CH, groups represented by each G is replaced with <(CH,).~Amide-T*; Amide is
) O
Ii i
—N—-C—or ——C—I?I—;

10 liti R! R! is hydrogen or C,, alkyl; ¢ is an integer ranging
from 0 to 4; “C,-C,,” represents a hydrocarbylene group having from 2 to 10 carbon
atoms, “ODN-3’-OH” represents a nucleic acid fragment having a terminal 3" hydroxyl
group (i.e., a nucleic acid fragment joined to (C,-C,,) at other than the 3’ end of the
nucleic acid fragment); and n is an integer ranging from 1 to 50 such that when n is

15 greater than 1, then G, ¢, Amide, R' and T are independently sclected. Preferably there
are not three heteroatoms bonded to a single carbon atom.

In structures as set forth above that contain a T2-C(=0)-N(R")- group,
this group may be formed by reacting an amine of the formula HN(R')- with an organic
acid selected from the following, which are exemplary only and do not constitute an

20 exhaustive list of potential organic acids: Formic acid, Acetic acid, Propiolic acid,



WRA, having, as an exenplary nunber 100 dalton, as a T[err] group provides
access to the mass range of 350-440 daltons while using the sane set
of T[err] groups. Simlarly, the addition of two 100 dalton MM groups
(each as a T[err] group) provides access to the 15 nmass range of 450-540
dal tons, wheW@9STRi327 i ncrenental addition of WRA groups can pog/Uss? /01070
continued to provide access to a very large mass range for the T[err]
group. Preferred compounds of the formula T[err]-(J-T[err]-)[err]-L-X
have the formula Rerr]-(Rerr])[err]- R[érr] L- X where WL is a
"T[err]"™ group, and each of the WRA and MSSE groups are "T[err]" groups.

Thi's struct upRpioid lhtids R gyr f ar
A l%heiogb ki wfﬁﬁﬁ' afilg lzmliﬂmc 2B, @Qfo?)ﬁﬁ%éca%ﬁylfp%

;
formul a T[ er PYYTS 'I‘f’ etic Eéfr] iflneroqsetie ; 12cith o HPerBID| poidel ect ed
from h y@yeidaxtfgybarboxyhh y choisk a r3H3DirGethylderpliar yidené/aleric acnd N,N-

vl ocar byl - aeefipgELaY MRSyl Cly-OBY EteRjayae Hod) A ocarscflene
A i (hyd% g’ﬁ‘b‘a ﬁ%’g’%@ Qf;(f‘ g&eém%?‘dﬁ* Jé"d‘ﬁb‘;}?‘é boxyis 26 it

het er ocycl yl #jdjr Sifudrgicetvh ecidi Hexreih atidy dai—@ly(@]ﬂ aFIéyc&&;t}emxﬁsﬂnyﬂlmyﬁc
oxygen, nitragen, Bé&&f:“racﬁ[‘dmﬁi%hoici&s 25}‘95)9 A{%ﬁy acid,

het er ocycl yl hydr ocar b e are sel ectt gd from
oxygen, ni tr%‘y &’8 %U’r éfﬁé %@?Hﬁ%@a“gﬂﬂ a‘f‘i’re&"?"l’cn Insetic acise A8)s(-)-2rr e

sel ected frEurrohdbyeiﬁmmboWic acidy NaMethat-bypreliBehHelptamae hyileaeb-Ala-OH, 2-

hydr ocar hyl g{lﬁls,pyg a}gg};%ngmd, 2.(2 J,) h YL Geid, 6. N 30
GRESET i oty ek RO
derivative ofartamxylic acid, df-Flubmquzavlmﬁsl345%mtthgﬂannﬁml&-4—adrb&{yabrdcnd S err]

groups, suchg d?éﬁen .Inam lfﬁhyd NNrﬁme& ?sq Aa%i dfz
Al so regardi ge err]-(J- ési‘:)[ erre as
the 35 fornﬂ?& ’é’fr F“f‘ %laﬁdG‘ﬁ e éF’ﬂyIPeﬁ@S’éha‘Pﬁ’ H ng a
singl e Rlgr r]‘rxmethglpyﬂoie-lﬁt—carboxyhc Thaos, I-Fﬁoroszi—ﬁicﬂiylbeMn( Gidider r AcDif-err] -)

g ICEI'? (LaJrSQ (73? 8 0 H}Eylkl%m@t RV TRGoreAEMYIButBY A2RYY ©1-Piperidinepropionic V\%ﬁ ThR132 7
Ascsdppoling S Rilprgbepzois, arid. Asdl-VpbAHa Mdple-2-spRerie acid iy |

55 glr {)LI E; PS t l;enmﬁmtrbbxﬁle acidyBénzotrikzdle-5-cgrbbxydiclacidy4-p-Propyilbenzoia héiy) 3-
aryl - substi tlyﬁx?c% KiROdenz&E acid, 4~Eﬁ'loKW£mc axg! falkmlmisyBetofc e N xy!
cycl oal k%ﬁ' y! Furo q?gtl}lfcti#e %d(kﬁé{tﬁylguo)m&timc acldy I3 ~Fluoro-4-methoxybenzoic acid, Tfa-
Gly-OH, 2-Napthoic acid, Quinaldic acid, Ac-L-Ile-OH, 3-Methylindene-2-carboxylic
acid, 2-Quinoxalinecarboxylic acid, 1-Methylindole-2-carboxylic acid, 2,3,6- .
Trifluorobenzoic acid, N-Formyl-L-Met-OH, 2-[2-(2-Methoxyethoxy)ethoxylacetic
acid, 4-n-Butylbenzoic acid, N-Benzoylglycine, 5-Fluoroindole-2-carboxylic acid, 4-n-
25 Propoxybenzoic acid, 4-Acetyl-3,5-dimethyl-2-pyrrolecarboxylic  acid, 3,5-
Dimethoxybenzoic acid, 2,6-Dimethoxynicotinic acid, Cyclohexanepentanoic acid, 2-
Naphthylacetic acid, 4-(1H-Pyrrol-1-yl)benzoic acid, Indole-3-propionic acid, m-
Trifluoromethylbenzoic acid, 5-Methoxyindole-2-carboxylic acid, 4-Pentylbenzoic acid,
Bz-b-Ala-OH, 4-Diethylaminobenzoic acid, 4-n-Butoxybenzoic acid, 3-Methyl-5-CF3-
30 isoxazole-4-carboxylic acid, (3,4-Dimethoxyphenyl)acetic acid, 4-Biphenylcarboxylic
acid, Pivaloyl-Pro-OH, Octanoyl-Gly-OH, (2-Naphthoxy)acetic acid, Indole-3-butyric
acid, 4-(Trifluoromethyl)phenylacetic acid, 5-Methoxyindole-3-acetic acid, 4-
(Trifluoromethoxy)benzoic acid, Ac-L-Phe-OH, 4-Pentyloxybenzoic acid, Z-Gly-OH,
4-Carboxy-N-(fur-2-ylmethyl)pyrrolidin-2-one,  3,4-Diethoxybenzoic acid, 2.4-
35 Dimethyl-5-CO,Et-pyrrole-3-carboxylic acid, N-(2-Fluorophenyl)succinamic acid,
3,4,5-Trimethoxybenzoic acid, N-Phenylanthranilic acid, 3-Phenoxybenzoic acid,




al koxy, al kenoxy, al kynoxy, aral koxy, aryl-substituted al kenoxy or
al kynoxy, 5 alkylamno, alkenylamno or alkynylam no,

aryl -substituted al kyl am no, aryl -substituted al kenyl am no or
al kynyl am no, | oxy, aryl am no, N- al kyl ur ea- subst i

al kyl | WR? 3(? Flr ea- subst i t ut ed al kyl , S
al kyl car bonyl am no- substituted al kyl , am nocar bonyl - substi tut ed

al kyl , heterocyclyl, heterocyclyl-sygstituted al kyl,

het er ocycl yl -substituted am no, 10 carboxyal kyl substituted aral ky],
oxocar bocycl yl -fused aryl and heterocyclyl al kyl; cycl oal kenyl

aryl - subst i t uNedarmiylGly-QHd, a2-Bhdopkypynidihedxoarbnxiplic i t wacsld al R§iDinsthybty -

substituted abifaﬁlyl yﬁ‘BﬁLji%Uméﬁpﬁéxﬁ L8 d-@hiMbronatty DXinatMb SEiat w‘-ﬂﬂn@hbyl
ar al koxy- Pst [ bstitute

(aryl -substit B ?&W%xﬁlg’r b%gypﬁﬂ?}%?“yg‘lﬁ? PLAE etFdy 1 yMeS"’x}/ oz
t hi ol - substi tnteﬂrjhaddl«yB-actaicIayﬂdstmwunnﬁ@arbguﬁsmmse&ﬁahihwalem acid, 4-

(hydr oxy- subs H'e& eﬁiowacm ON=(3MNBSthodyl ﬁ&gl)ﬁlckmhmmt htigal X8%YOH, 4-(3.4-
substituted abﬁy’ rblacylamnos Stit I

het erocycl yl a Gibsti t ¥ al kytSo" doro-BLPheton, N-(4-
hydr ocar byl - sEbtemphmyé)glﬂtmftmmocycﬂdyl aé\yﬁthyir%bnphwmmmlmd adekdyl | 1,2,34-

al kyl sul f onyl ?@M@a&ﬁ%&%&@zmal kaekd af_Pheéhidk m&:aa&ao Sifsti thieg.

al kyl, hollno 0|n(g1lg |no

car bonyl - subgﬁl‘f 1 W ﬁo ‘?"tyLﬁ'E’&ﬁ‘H* Ryl ,

[ N-(al kyl ,10al k&ph}halencacahd(wmyll )&(Tnﬂummcthoxy)c{miamicky(ud m-EdrthEL-quM-QHky nyI
or (alkyl, al lseuhh-MahOQlLaaMANheRyFhehylseRE 2latdl . Bz-DL-Lew-OH, 4-

h |yl [ . .
hgi g; gngyya?%qﬁwﬁﬁ%@&h ?ceuc acid, 4-Heptyloxybenzoic acid, 2.3.4-

het er ocycl yl a'ri’rmmdmxm;ahucsubstadd,lt ed Zl6Dimethoxybenzoyl-Gly-OH, 3-(3.4,5-
Rﬁ\f{ glcgl yl aI {F}ﬂn% thne kol boé acid, 2,3 39@¢@mh%pheno@a5éﬂc’ acid, N-(24-
[ di al kyl ] % LORDS %‘%‘letq ngﬁcré@oyl-ég-%ﬁkgT(4-Fluorobenzoyl)benzoxc

al kyl - subst i taméc&Tnﬂuomcthev@;deleya-@mbWhy lacid ANKYH-120lverophenyRdiglycolamic
het erocycl yl cagonwe-1aln bH carfmxnﬂeny 1ycme-'mlpst Bilya&dnz%ickWamd 3-(4-n-

di al kyl am no i tut | a and f1
RISl AR TS i K N R X e
met hi oni ne  acid,anBzdeMet© ncﬁ,‘h@-TSI@ﬂlbb)’&eu@lan@csiul fPJ)-Mm&El‘GlXa@Hves3 5-

t her eof , @byCB&ﬁnﬂ{x&Bﬁn‘dﬁ?l)be%Qoxc lagial @cs Nﬁmyﬁmorﬂpsmh e@%dﬁherﬁy%&nd gsgi ne,

nor | euci ne, ro i han I

ornit EI Ine 2??%’“@ Hﬁ"l’ﬁ?zé)ﬁ‘ﬁy ?lcéds’ 53&1‘%’%%’“'"{“ @RT"% GBI ack] ié?’faﬁg}% IZ? b%rt iC
aci d, beta- cy@hloa@l—lamyﬂ@wquwaacndat%('&@ﬂnwmnetbylgrar;bkphamcarboxyhc acid, Bz-L-

het er ocycl yl CPHORY | N-TRidtdABEA! d‘?ﬁ"ﬁ” 3amx§tmﬂdmn@em yhdiyedc&yd asdnocaLponyl

AU G i e o e AT e A
optional | g5 (o, a@h@ﬁwltoml'é@lywﬂm i t uentid, sel ertfh'aan rom agithno, c4tdboxy,
hydr oxy, mer CHpdexyH#RéMoroisopropyl)benzoic acid, N-Myristoyl-Gly-OH, 3-(4-n-
Octylbenzoyl)propionic acid, N-Octanoyl-L-Phe-OH, 4-Undecyloxybenzoic acid, 3-
(3,4,5-Trimethoxyphenyl)propionyl-Gly-OH, 8-lodonaphthoic acid, N-Pentadecanoyl-
Gly-OH, 4-Dodecyloxybenzoic acid, N-Palmitoyl-Gly-OH, and N-Stearoyl-Gly-OH.
30 These organic acids are available from one or more of Advanced ChemTech, Louisville,
KY; Bachem Bioscience Inc., Torrance, CA; Calbiochem-Novabiochem Corp., San
Diego, CA; Farchan Laboratories Inc., Gainesville FL; Lancaster Synthesis, Windham
NH; and MayBridge Chemical Company (c/o Ryan Scientific), Columbia, SC. The
catalogs from these companies use the abreviations which are used above to identify the
35 acids.
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or dial kyl am no, nono- or diarylam no, al kyl aryl am no, diarylam no, nono-

or di acyl am no, al koxy, al kenoxy, aryl oxy, thioal koxy, thioal kenoxy,

t hi oal kynoxywo0 9727327t hi oar yl oxy and heterocyclyl. PCT/US97/01070 A
preferred conpound of the forrmula T[err]-(J-T[err]-)[err]-L-X has the
structure: 5 [err]
wherein Gis (CHerr])[err] such that a ?ﬁ/drogen on one and only one of the
CH err] groups represented by a single "G' is replaced

with(CH err])[err]-Am gle- T[ epmbinaBHal Chenite Nt | s 10
noi eties of the for nulg [err] stglcz:th ‘t hate th‘g’asum of S?Jerrq;r%;‘gﬁ% 2?gfr] i's
sufficient to saCombinatorial celrdstiyi ise typs af bynkhietid stmbSNGihRh 1eddsthe C,
N, and O attﬁg*r% I: [¢S . LTI ] ¢l g r .err
alkyl; c is an i_n?%éﬂle%erdgng{%? chemical Plr’rgﬁ%)?{eé’ z{érsaen r%gl gﬂgﬁ /’ﬁpﬁuéaéxg .
rangi ng fr omPbligpatiop No, WP FHOB051) e Thesejcombingtorial, likrarigs can be used as@agefor Ani de.
Rlerr] ands Tt identificatiom d€ piedeles lof istelee (MQIs). 16ombinatorial chemistfy May Bt her

pr ef erred eTOQHLIPR! 1SRRI SbpdFe’ QRN AcoHhBHloh dr's thP ifren
[err] “building blocks olg' varying structures to each other to yield a large array of diverse

molecular entities. Building blocks can take many forms, both naturally occurring and
synthetic, such as nucleophiles, electrophiles, dienes, alkylating or acylating agents,

10 diamines, nucleotides, amino acids, sugars, lipids, organic monomers, synthons, and
combinations of the above. Chemical reactions used to connect the building blocks
may involve alkylation, acylation, oxidation, reduction, hydrolysis, substitution,
elimination. addition, cyclization, condensation, and the like. This process can produce
libraries of compounds which are oligomeric, non-oligomeric, or combinations thereof.

15 If oligomeric, the compounds can be branched, unbranched, or cyclic. Examples of
oligomeric structures which can be prepared by combinatorial methods include
oligopeptides, oligonucleotides, oligosaccharides, polylipids, polyesters, polyamides,
polyurethanes, polyureas, polyethers, poly(phosphorus derivatives), e.g., phosphates,
phosphonates, phosphoramides, phosphonamides, phosphites, phosphinamides, etc., and

20  poly(sulfur derivatives), e.g., sulfones, sulfonates, sulfites, sulfonamides. sulfenamides,
ete.

One common type of oligomeric combinatorial library is the peptide
combinatorial library. Recent innovations in peptide chemistry and molecular biology
have enabled libraries consisting of tens to hundreds of millions of different peptide

25 sequences to be prepared and used. Such libraries can be divided into three broad
categories. One category of libraries involves the chemical synthesis of soluble non-
support-bound peptide libraries (e.g., Houghten et al., Nature 354:84, 1991). A second
category involves the chemical syhthesis of support-bound peptide libraries, presented
on solid supports such as plastic pins, resin beads, or cotton {Geysen etal.,, Mol

30 JImmunol. 23:709, 1986, Lam etal., Nature 354:82, 1991; Eichler and Houghten,
Biochemistry 32:11035, 1993). In these first two categories, the building blocks are
typically L-amino acids, D-amino acids, unnatural amino acids, or some mixture or
combination thereof. A third category uses molecular biology approaches to prepare
peptides or proteins on the surface of filamentous phage particles or plasmids (Scott and

35 Craig, Curr. Opinion Biotech. 5:40, 1994). Soluble, nonsupport-bound peptide libraries
appear to be suitable for a number of applications, including use as tags. The available
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wherein T[err] is an organic noiety of the fornula
Cerr]Nerr]err]Herr]Ferr] such that the sumof a an&sjyerré1 | S
sufficient toVa¥¥233% the otherwi se unsatisfied val enci es of PERUSE/OO ang
@) atons; and T[err] includes a tertiary or quaternary am ne or an
organic acid; mis an integer r angi ng fromO0-49, and T[err], T[err],
Rlerr], L and X have been previously defi Ld. s Anot her

preferred conpound having the formula T[err]-(J-T[err]-)[err]-L-X has the
particul ?r t ﬁ te rx}ég%rwhi@iof chéhikal d[iversit]ies in rpeptilga ehwdaﬁf eir?l])él' émdetdi Y ﬁfpﬁgﬁgﬁﬁ g f
lorry” ° anoPT‘é‘?%{‘%‘.i‘g Brfpar ] %@é’t%%%%h?%t?ﬁéﬁm&sée%{ sati sfied
val encies of the C,~ N, Afwneus variaps Hfspeptidk) combinatpripinkibradessarg passibleainy or
quat ernary am Wkick thepepiicdRtkbonaw odified, Sndiér thé kaiiiRbonds have 88 r8fladed By
Gt o2 oo b 5k g g8 o oy 3 B URSU !
group, - Ani de-adegarhonyimethlensr groups. 1 SResiructuing: the pegkbend sech et sileghams
conveni ently ngfigate)rdie aled driide AitgRBAC oK amitiol &tid, riter than (HRNAIPIA-GFKIARS
extending fr Onéi'\'re% 'l'ibrarge% rorf]compounds known as peptoids (Simon et al., Proc. Natl. Acad. Sci.,

US4 89:9367, 1992).

10 Another common type of oligomeric combinatorial library is the
oligonucleotide combinatorial library, where the building blocks are some form of
naturally occurring or unnatural nucleotide or polysaccharide derivatives, including
where various organic and inorganic groups may substitute for the phosphate linkage,
and nitrogen or sulfur may substitute for oxygen in an ether linkage (Schneider et al.,

15  Biochem. 34:9599, 1995; Freier etal, J Med Chem. 38:344, 1995; Frank, J
Biotechnology 41:259, 1995; Schneider et al., Published PCT WO 942052; Ecker et al.,
Nucieic Acids Res. 21:1853, 1993).

More recently, the combinatorial production of collections of non-
oligomeric, small molecule compounds has been described (DeWitt et al,, Proc. Natl.

20 Acad Sci. US4 90:690, 1993; Bunin et al., Proc. Natl. Acad. Sci., USA 914708, 1994).
Structures suitable for elaboration into small-molecule libraries encompass a wide
variety of organic molecules, for example heterocyclics, aromatics, alicyclics,
aliphatics, steroids, antibiotics, enzyme inhibitors, ligands, hormones. drugs, alkaloids,
opioids, terpenes, porphyrins. toxins, catalysts, as well as combinations thereof.

25

g Specific Methods for Combinatorial Synthesis of Tags

Two methods for the preparation and use of a diverse set of amine-
containiné MS tags are outlined below. In both methods, solid phase synthesis is
employed to enable simultaneous parallel synthesis of a large number of tagged linkers,

30 using the techniques of combinatorial chemistry. In the first method, the eventual
cleavage of the tag from the oligonucleotide results in liberation of a carboxyl amide.
In the second method, cleavage of the tag produces a carboxylic acid. The chemical
components and linking elements used in these methods are abbreviated as follows:

) R = resin

FMOC fluorenylmethoxycarbony! protecting group

L]



Where the above conmpounds have a T[err] group, and the "G' group has a 20
free carboxyl group (or reactive equivalent thereof), then the follow ng
are preferred
PCT/ US97/ 01070
whi ch may coweenizemt|y be prepared by reacting the approprimrrRusy7omrgani c
amne with a free carboxyl

10

15

20

25

All
CO.H

CONH,

NH,

OH

CONH

co0

NH, - Rink - CO,H

OH - IMeO - CO,H
OH - 2MeO - CO,H
NH,-A-COOH
X1...Xn-COOH

oligol... oligo(n)
HBTU

WD 97/ 27327

32 -Am de-T[err] group,

group extending froma "G' group:

38

allyl protecting group

carboxylic acid group

carboxylic amide group

amino group

hydroxy! group

amide linkage

ester linkage

4-[(o-amino)-2,4-dimethoxybenzyl]- phenoxybutyric
acid (Rink linker)
(4-hydroxymethyl)phenoxybutyric acid
(4-hydroxymethyl-3-methoxy)phenoxyacetic acid
amino acid with aliphatic or aromatic amine
functionality in side chain

set of n diverse carboxylic acids with unique
molecular weights

set of n oligonucieotides
O-benzotriazol-1-y1-N,N,N',N'-tetramethyluronium
hexafluorophosphate

The sequence of steps in Method 1 is as follows:

OH - 2MeO - CONH -R
FMOC - NH - Rink - CO,H; couple (e.g.. HBTU)

J

FMOC - NH - Rink - COO - 2MeO - CONH - R

3

piperidine (remove FMOC)

NH, - Rink - COO -2MeO - CONH-R

N

FMOC - NH - A - COOH; couple (e.g., HBTU)

FMOC - NH - A - CONH - Rink - COO - 2MeO - CONH-R

3

piperidine {remove FMOC)

NH, - A - CONH - Rink - COO - 2MeO - CONH - R

3
W

divide into n aliquots
couple to n different acids X1.... Xn - COOH

X1 ..... Xn - CONH - A - CONH - Rink - COO- 2MeO - CONH - R

AR

Cleave tagged linkers from resin with 1% TFA



[err] 5 In three preferred enbodi nents of the

I nvention, T-L-MJ has the structure: [err] 10 or the

structure: WO 97/ 27327

PCT/ US97/ 0107%0 97127327 PCT/US97/01070
39

Xlonee Xn - CONH - A -CONH - Rink - CO,H

ARARAS couple to n oligos (oligol ..... oligo(n))
5 (e.g, via Pfp esters)

X1 ... Xn-CONH - A - CONH - Rink - CONH - oligo! ..... oligo(n)

¥ pool tagged oligos
10 $ perform sequencing reaction
{ separate different length fragments from
sequencing reaction {(e.g., via HPLC or CE)
A2 cleave tags from linkers with 25%-100% TFA
15 Xl...Xn-CONH-A-CONH
2
analyze by mass spectrometry

20

The sequence of steps in Method 2 is as follows:

OH - 1MeO - CO, - All

2 3 FMOC - NH - A - CO,H; couple (e.g., HBTU)
FMOC - NH - A - COO - 1MeO - CO, - All

30 { Palladium (remove Allyl)
FMOC - NH - A - COO - 1MeO - CO,H

s ! OH-2MeO - CONH - R; couple (e.g.. HBTU)

FMOC-NH - A - COO - IMeO - COO - 2MeO - CONH - R
¥ piperidine (remove FMOC)
40 NH,- A -COO - IMeO - COO - 2MeO - CONH -R

y divide into n aliquots

A2’ couple to n different acids X1 ..... Xn - CO,H
45 X1 ... Xn - CONH - A - COO - IMeO - COO - 2MeO - CONH - R

NARANA cleave tagged linkers from resin with 1% TFA

X1.... Xn-CONH - A - COO - IMeO - CO,H

50

RNARARA couple to n oligos (oligo] ..... oligo(n))

(e.g., via Pfp esters)

X1 ... Xn - CONH - A - COO - 1IMeO - CONH - oligo] ..... oligo(n)



33 [err] 5 wherein T[err] and T[err] are
organic noieties of the formul a

Cerr]Nerr]err]S[err]P[err]H err]F[err]I[err] such that the sum of
[err], [err] and [err] is sufficient to satisfy the otherw se unsatisfied
val enci es ofwosmmeghe C, N, O S and P atons; G is (CH err]ndrauseposter ei n
one and only one hydrogen on the CH err] groups represented by each G
is replaced with -(CH err])[err]-Amde-T[err]; Armide is [err] 10

Rlerr] is hydrogen or CJerr] alkyl; c i Oan i nt eger ranging fromO to
4, "Cerr]-Cerr]" represents a hydrocarbyl ene group having from2 to 10
car bon atons, "ODN-3'-COH' represents a nucleic acid fragnent having a
termnal 3 hydroxyl | group (,j,l.tgggedgﬁgggcleic acid fragnment joined to

(Clerr]-Clerr]) at othgr than tberferm §eeneingréRtion nucleic acid
fragment); and n is anlinteger sengiediffereantedgth faffeBtiftbnt hat when n is 15

greater tWan 1, then c, Am de, R[ swquincngeation (dg avie HPhQap@Rjent |y
sel ected. Preferably there clgae tags from hakertwite 254 084 Fdonded to a

..... n-CONH - A - CO,H
10 \
analyze by mass spectrometry
2. Linkers

15 A "linker"” component (or L), as used herein, means either a direct
covalent bond or an organic chemical group which is used to connect a "tag” (or T) to a
"molecule of interest” (or MOI) through covalent chemical bonds. In addition, the
direct bond itself, or one or more bonds within the linker component is cleavable under
conditions which allows T to be released (in other words, cleaved) from the remainder

20 of the T-L-X compound (including the MOI coraponent). The tag variable component
which is present within T should be stable to the cleavage conditions. Preferably, the
cleavage can be accomplished rapidly; within a few minutes and preferably within
about 15 seconds or less.

In general, a linker is used to connect each of a large set of tags to each

25 of a similarly large set of MOls. Typically, a single tag-linker combination is attached
to each MOI (to give various T-L-MOI), but in some cases, more than one tag-linker
combination may be attached to each individual MOI (to give various (T-L)n-MOI). In
another embodiment of the present invention, two or more tags are bonded to a single
linker through muitiple, independent sites on the linker, and this multiple tag-linker

30 combination is then bonded to an individual MOI (to give various (T)n-L-MOI).

After various manipulations of the set of tagged MOIs, special chemical
and/or physical conditions are used to cleave one or more covalent bonds in the linker,
resulting in the liberation of the tags from the MOls. The cleavable bond(s) may or
may not be some of the same bonds that were formed when the tag, linker, and MOl

35 were connected together. The design of the linker will, in large part, determine the
conditions under which cleavage may be accomplished. Accordingly, linkers may be
identified by the cleavage conditions they are particularly susceptible too. When a
linker is photolabile (i.e., prone to cleavage by exposure to actinic radiation), the linker
may be given the designation L™, Likewise, the designations L2 pbase 1101 1 [R]

40 L°2 L L and L™ may be used to refer to linkers that are particularly susceptible to



In structures as set forth above that contain a T[err]-C(=O-N(Rerr])-
group, this group nay be fornmed by reacting an amne of the fornula
HN(R[err])- with an organic acid selected fromthe followi ng, which are
exenplary only and do not constitute an 20 exhaustive |ist of I{))otential
organi ¢ aci dsWO¥f2M23 acid, Acetic acid, Prop| olic acid. 89701070 \\D

97/ 27327

PCT/ US97/ 01070 34

Propionic acid, Fluoroacetic acid, 2-But y?‘n‘m c acid, Cyclopropanecarboxylic
aci d. Butyric acid, Met hoxyacet ic acid, Difluoroacetic acid,

4- Pent ynoi ¢ aQJiléix%ge by aciawbsapufeﬂxwammm thHemidl fbduction: mermﬁatymb&ewﬂyldr

acid, Valeric aci

Et hoxyac etic &8 &ZYT%TWI?W%) acetrc” aL%@&cﬂ@@m%ﬁd{%g % 'X%ucggg'g(yell?v@tegC| d,
3- Furoi ¢ aci d,temhpesataned|‘bemmna’a enrbthial exchangedrespectivaly.3- Hexenoi ¢ acid,
Trifluoroacetic aCI d, H@éﬁﬁﬁltﬁneélﬁf ﬂnkeéare@hwe@da ﬁngé/eyp%m%a@uamﬂ&xyrl c

aci d, Benzo C aCI r,azinecar

Vot hut 28 © witSea ot et taBlicto Bl orfes CYLBBIABE SAUPRAL, IrCadaionciin inkers

Cycl opent yI ac ethieh areicapableg)f-bonding multiple taB%/ftP &ivied h’eLM@hmDQ)‘éWqﬂyeﬁcmh
N- Met hyI L- pr QJfi 'tiﬂﬁa -bemti6ies mag béllabile t(bdxﬂkﬁn@ﬂ:avgge cbfditions. For example, in

Et hyl - 2- hyd th | d,
o Nk LSl"ﬁf‘@‘S‘ﬁ";‘ﬂc’{? 3o %S%%‘gﬂzﬁéw 1‘9”?&{;1;2#) A B%Q@'OP tg/bege i fhe 2"
2, 5- Di et hyl pwthemﬂwiscnlytoph%dVMXyl ic acid, 4-Fluorobenzoic acid,

3, 5- Di net hyg i soxazol e- 4AC gre XMkl iRebdful Br the preseﬁ}/%@ﬂ&sﬂ éb&&é&@d Q&Vefal
acid, Cctanoi atC| d, NN-D nmet hyl succinamc ~ acid henyl propiolic
aci d, Ci nnani @%58 M8 4- Et hyl benzoic acid, p-Anisic acid, 1,25 15

Tri met hyl pyrr oi e 3 car de)<§Ibe Onkez pospesseBa Ehmcathmmamme.mhich gean be
Ac- DL- Pr NMeLne, 3-(Tri fl uoronethyl)butyric acid,

| - Pi peridi neprop| on| c aC| é Acetyl proline, 3,5-Difluorobenzoic
acid, Ac-L-Val- OH, |ndolz)33‘bebdfﬂbaszs;¢qsesvamld, separate cheminal bandie-(helthtongly | i c

aci d, Benzgsriaag] eﬁagcgrahgeﬁéh 1 1Rnfler. A Bl Vg SAZMathedth s su?g1e linker
D met hyl am nob qm Et rso ben20| c ,acid, (f r}ﬁ benzoi c
acid, N(2- 26 ?BF'E‘rW erhaﬁﬁnﬁieélﬁtts i eec t@tgd

3- Fl uor o- 4- nmet hoxybenzoB):Tac:lmkerTs‘mble toward@lhm@ipulationa pt which lmlscbjected
Qui nal di ¢ aci qm'{o‘ﬁfel-éxké]ﬂi'o%f 1 Bbtidltionk Wﬁdﬂﬁal?ﬂ\@ @i"e@%éé’ lshéh that a 'laé‘dn%mmg

2- Qui noxal i necar.bo

X 1- Met.hyl i ndol e- rb llca
Trifl uor obenzd??}?‘taégl Eﬁeaﬁ%r_fb erEm u¥e g\e compounad mc mg the R)I(Sjl ’ﬁius tge
2-[2- (2- Me2th oxynktrhsxtybletqumm of the tagdo ithet, linkex, a@ashupeisenfaind linksctodthe
N- Benzoyl gl yciNge, ard Ehy' SlafipRidér -of 1AVOPWhkiE thetad thd Hrke (T-L) are attached to
it.

4) The linker does not significantly interfere with the manipulations

performed on the MOI while the T-L is attached to it. For instance, if the T-L is

25 attached to an oligonucleotide, the T-L must not significantly interfere with any
hybridization or enzymatic reactions (e.g., PCR) performed on the oligonucleotide.
Similarly, if the T-L is attached to an antibody, it must not significantly interfere with
antigen recognition by the antibody.

5) Cleavage of the tag from the remainder of the compound occurs in a

30 highly controlled manner, using physical or chemical processes that do not adversely
affect the detectability of the tag.

For any given linker, it is preferred that the linker be attachable to a wide
variety of MOls, and that a wide variety of tags be attachable to the linker. Such
flexibility is advantageous because it allows a library of T-L conjugates, once prepared,

35 to be used with several different sets of MOls,
As explained above, a preferred linker has the formula



25 Propoxybenzoic acid, 4-Acetyl-3,5-dinethyl-2-pyrrolecarboxylic acid,
3, 5- D met hoxybenzoi ¢ acid, 2,6-D nmethoxynicotinic acid,

Cycl ohexanepent anoi ¢ aci d, 2- Napht hyl aceti c aci d,

4- (1H Pyrrol -1-yl )benzoic acid, Indole-3-propionic acid, m

Trifl uor oxnemryéieasezoi ¢ aci d, 5- Met hoxyi ndol e- 2- car boxyl i ¢ a€rUse7/01070

4- Pent yl benzoi ¢ acid, Bz- b- Al a- OH, 4-Di et hyl am nobenzoi ¢ acid,

4- n- But oxybenzoi ¢ acid, 3-Methyl-5-CF3- 30 isoxazol e-4-carboxylic acid,
(3, 4- Di et hoxyphenyl )acetic acid, 4-Bi phéhyl carboxy]ic acid,

Pi val oyl - Pro- OH, COctanoyl -3 y-0OH, (2-Naphthoxy)acetic acid,

| ndol e- 3-butyric acid, 4-(Trifluoronethyl)phenylacetic acid,

5- Met hoxyi ndol e- 3-acetic acid, 4- (é&i f] uor onet hoxy) benzoi ¢ aci d.

Ac- L- Phe- OH, 4-Pentyl oxybenzoic acilﬁ,—
4- Car boxy- N- (fur-2-yl nmethyl)pyrrolidi n-2-one, 3,4-D ethoxybenzoic acid,
2,4- 35 Dinmethyl-5-Cq err] Et-pyrrole-3-carboxylic acid,

N- ( 2- Fl uor ophgaydin s4hqi, 18 Hiréachive hndle that can Bo ted té R R RRENS Q] '

N- Phenyl ant hrani |l i ¢ aci d, 3- Phenox benazm C aC|e %9\% %%@%27
PCT/ US97/ 01070d a molecule of interest reactant, L’ is an essential part of the linkegSecause L?

Nonanoy! - G y+ slagnlahﬁrméx%' @"Hfdﬁ*ﬁéo? &ﬁ feca%eg, BHIELNYI - 1-
phenyl pyrrol e -car oxy ic acld, trans-4-( uor CI nnam ¢ aci d,

(5- Met hyl - 2- separate by frpia) the e§l%y| )acetic acid,

4-(2- Cyclohexenyloxy)b n | t cetic
acid, trans-4-Cotini negag‘gg% Q,?géglglﬁomg H%%,&%Tntg\a/% err:ﬂ?c;%‘}(’ialE g@g’éfﬁmﬁ‘%ﬁ

Hexyl oxybenzdtom thei l’@qmﬁd(@ﬂ?@ﬂweti(}phéﬂ\}ﬂ Jeparstiommay be assfdl, wiknShe clehyagd- (3, 4-

D net h
oo e et g g S Sl i g

1,2, 3, 4- ﬁ? aﬁ“r‘Fé‘HaPE&Fy entaiging wtys SR slssMEitedget i c
aci d N- ( 2,fdrther scparﬁledlftm djeh @ rophiaininge imodety, ctherei 6, a hedbesdalikefihoéd YhaOH,

(+) 6- Met hoxy r@ac gtlegfonﬁgd aﬂ@ﬂ%@ﬁ@%ﬁhisﬁxﬁﬁie@@cﬁm of the T-containing

3- (Tr|fluororret ci nnam c acj

(R) (+) - a- MetPB% y % F? CiHy g%%‘}ya&?fﬁ?%‘ nthe §-contaiginermoielyy. o,
(13 i fthese LOamirs auay)imiparn o dssiralelt igaality arxhd',l‘—comﬂmhkgpﬁqib@x Foeaaaiple,

aC| d, 2,3.4- ,EI'I‘I nmet hoxyci nnam

6o i et hoxHETe, 1 TepHBoHE ety ds 4 Em-confAisg, maisth aRg HuRMEFSL ISR I
acid, 2,3,4, @e.ﬁraB redehtiay ﬁﬁhﬂ'weﬁid s tﬁé?'l"(frcohk‘aﬁﬁnélmofb@ (to serve, e.g., as

Difluor ophenyl ) ut a@am C ndecanoyl 5
2- (4-Fl uor obé‘ng%:‘ anstere e ‘5%3’  preseRtingy E@F}Sm%xyl ndol e- 2- car boxylic

acid, N-(2,4-Difluoroppesuts dittlcoés Q' aMlifer L® may be present in a linker component

20 merely because the commercial supplier of a linker chooses to sclt the linker in a form
having such a L' and/or L? group. In such an instance, there is no harm in using linkers
having L' andfor L> groups, (so long as these group do not inhibit the cleavage reaction)
even though they may not contribute any particular performance advantage to the
compounds that incorporate them. Thus, the present invention allows for L andfor L’

25  groups to-be present in the linker component.

L' and/or 1> groups may be a direct bond (in which case the group is
effectively not present), a hydrocarbylene group (e.g., alkylene, arylene, cycloalkylene,
etc.), -O-hydrocarbylene (e.g., -O-CH,-, O-CH,CH(CH;)-, etc.) or hydrocarbylene-(O-
hydrocarbylene),,- wherein w is an integer ranging from 1 to about 10 (e.g., -CH,-0-Ar-

30 ,-CHy-(O-CH,CH,)y, etc.).

With the advent of solid phase synthesis, a great body of literature has

developed regarding linkers that are labile to specific reaction conditions. In typical
solid phase synthesis, a solid support is bonded through a labile linker to a reactive site,



acid, Ac-L-Trp-OH, Tfa-L-Phenylglycine-OH 3-1odobenzoic acid, 3-(4-n-
Pent yl benzoyl ) propi oni ¢ aci d, 2-Phenyl-4-quinolinecarboxylic acid,

4- Cct yl oxybenzoi c acid, Bz-L-Met-OH, 3,4,5-Triethoxybenzoic acid,
N-Lauroyl -A@y-0OH, 3,5- 20 Bis(trifluoromethyl)benzoic acid,

Ac-5- Met hyl - DO4278, 2- | odophenyl aceti ¢ aci d, 3- | odo- RCHESHPIBNZ 0i C
acid, 3-(4-n-Hexyl benzoyl)propionic acid, N-Hexanoyl L- Phe- OH,

4- NonyI oxybenzoic acid, 4'-(Trifl uoronet hXJ) 2- bi phenyl car boxylic acid,

Bz- L- Phe- OH, N-Tridecanoyl -d y- OH,

3,5-Bis(trifluoronethyl)phenylacetic acid, 3-(4-n-
Hept yl benzoyl )aﬂ&@ﬂhél@éxﬂe @%eckynﬂicdrﬁﬂ% g&&)Idted-atRH@reﬁHxvelkxtDeWﬂeﬁ&h@ﬁx@k@hl@

acid, N 25 err [err r]-.trifuo m, 1.0l rani
Niflumic acr ‘JlétL ﬂ{ﬂf?e % Q’gf F‘ﬂ'&r 8?1%")8?] %ﬁﬁ%l%msmﬂ 'a
N-Myri st oyl - Grsbe@Hed to c@a‘(age gonditions wbsqurely@m_sdm metesple dreing thecsadid support.

E\EOZ t gn$yl Lt Eﬂ‘lﬁ 1£ﬂr*]te ik 49 Ghitaahl 1A%y bem.z(wvéaopéal far tés%'m this ﬁcntext (or wlnch may be
ri 0X n [ ny odona oi C

N pent adecahoyed t e polRf R Rhssche ity e BE ke efel i b presaty - o
and N- Stear oylln@nyolu-l 30 These organic acids are avai | abl e from one or
$Dr e of Advanced ChemTtebydlwmﬁaiﬁﬁ Pl &t al, “Con%YgenBsslktﬁmaBé P&fﬁdery‘ygm'eélﬁ
orrance, V. e ar chan
Labor at or es Ir?g’?“geé 2@9?'\#? ’Lg}@sﬁé’w@gﬂ?hég% P\#ﬂ‘gﬁﬁaﬁ‘? eXIensig;  and
MayBri dge Cherﬁlsgadismnovﬁiaﬁyrs(‘thl@h Rydabllsap@numc iradjatiog(. anphatoly€s, asThvell as
catal ogs fye makmﬁﬁea@dmw‘mvag&@oﬁdiﬁoﬁb [ARIM11Rohal RBSrc oM b dToriaBiol 866kt MpA¥e tO

::,(é%nblsfgw 52873151*&%%{3 well known in the art. VO 97/ 27327 36
f Conbi nat ori al Chdsi deseriped abaveyidifierentolinker dpggnsnyillr gepfer cleavability

Conbi nat ori al (CaEilEyS} 'ix)(ddtsdlﬁ"er%ﬁtpﬁ)e&ﬁc Splﬂfsxbﬁtércclﬁahﬁ&l %ﬂdl%}isChEkﬁﬂ §s lof
the production 8‘5 Jar ch ergtca | i brarl%ﬁg&se F@ﬁ%ﬁ%jﬁ
Appl i cati on O, 3111%5% R§NRYHIFD “i‘ﬂ‘gg neY idw
libraries tan rb@cusradluasdqﬁg@exdrangcspbmlysxs.@ndmymncmdmonml ecul es of
i nt ;ar es: (MJs). Co {rb It NEk&fpied of awaté ﬁMco?@tiﬂ‘laMn?fy the giﬂéml’l@dm?asfo'& himtcers
systematic an petitive, onn i of, di en
“bui | di ng bl qus{eﬁ ﬁlpve gyﬁ“ ‘be Wc‘ﬁta#n%c {r%’e@o mn t(l?le ag 8§1de {hog ugxdl 1grt8%
array of divercgalog avallﬁbiﬂfééﬂf’&ﬂﬁéﬁt)@hﬁ?fésm) BE’FMI%QH%WCKS can t ake many
forns, both naturallys Ogtiylend dycdbi(succinimidylsuccinate) (EGS), an amine reactive

20 cross-linking reagent which is cleavable by hydroxylamine (1 M at 37°C

for 3-6 hours);

¢ disuccinimidyl tartarate (DST) and sulfo-DST, which are amine reactive .
“cross-linking reagents, clcavable by (0.015 M sodium periodate;

e Dbis[2-(succinimidyloxycarbonyloxy)ethyllsulfone (BSOCOES) and

25 sulfo-BSOCOES, which are amine reactive cross-linking reagents,
cleavable by base (pH 11.6);

e 14-di-[3'-(2"-pyridyldithio(propionamido))butane (DPDPB), a
" pyridyldithiol crosslinker which is cleavable by thiol exchange or
reduction;

30 e N-[4-(p-azidosalicylamido)-butyl]-3'-(2'-pyridydithio)propionamide
(APDP). a pyridyldithiol crosslinker which is cleavable by thiol
exchange or reduction;

» bis-[beta-4-(azidosalicylamido)ethyl]-disulfide, a photoreactive
crosslinker which is cleavable by thiol exchange or reduction;



synt hetic, such as nucl eophiles, electrophiles, dienes, alkylating or

acyl ating agents, 10 diam nes, nucl eotides, am no acids, sugars, lipids,
or gani ¢ nononers, synthons, and conbi nati ons of the above. Chem cal
reacti ons used to connect the building bl ocks may invol ve al kyl ati on,

acyl ati on, owodakran, reduction, hydrolysis, substitution, pcTase7eiore
elimnation, addition, cyclization, condensation, and the |ike. This
process can produce | i brari es of conpounds which are oligoneric,
non-ol i gomeric, or conbinations thereof,4415 |f oligoneric, the conpounds
can be branched, unbranched, or cyclic. Exanples of ol i goneric

structures whi ch ca | g%[ﬁp iy
ol i gopeptides, oli ggnﬁlsg%t [ gﬁ{ﬂ (QF;&C J&"Eg% ;&iﬁ;‘;ﬁwf?g‘pé}?w% yegt ers,
pol yam des, pol yu hotorgastice thds & byp gl srebepgroous
derivati ves), e.g., phaﬂwdmh,es phosphonat es, phosphoram des,

phosphonam des, phosgph| BH% nd.,2 | fur
derivatives), e.g., S' u?%%"ecg ﬁ ﬂfi&écg)j "?M%E‘g“%aﬁ?%?rgﬁ%&ﬁ‘ 3=

sul f enam des, et cdlthlopmplonate (SAED), aPhOtQm@t'&'@mmnksfp@Mf isfldayabier i c
combi natorial |ibrary bythiohexdhaiieiofl @duction; conbi natorial library. Recent

I nnovations in pepti des? ?Qm’ﬁ‘ﬁlﬁﬂﬁﬁg“ggidgg%%ﬁegﬂ% have enabl ed

| i brari es consisting of tens of ' m o?ha“fferent pepti de
25 sequences to be prbpdithioprapignaie (FANRIce [phoforeastivg eegnslinkerdiwhiideds i nt o
t hree broad cat egaéavem‘abp&ﬁol@aemgéﬁr@duchmbrarl es | nvoI ves the

chem cal nt hesi s of iLbraries
(e.g., Holu%éht en et al. 6%%&'8%§£d§?ablf3§%€rg '2‘ %ﬂv °n ‘é%ﬂség%

i nvol ves t he be Headite seleass tagm ateias felfowsy ghain lipking aroyp sen breclpaved éw.tbrgnde
present ?ge or utier a@dic dosdiines 14 35 uC|s- ,aaqwua%mmed-wmmeﬁ x@ dieads, s-or
cotton S p a t UI’ e
354: 82, 10915 £ R@m‘ed'wg‘k%b% ‘J"Wﬂ{g g‘éﬁ%c%?be]c?"%gedsb g‘fﬁé H 199
these first mt@&%-‘égoﬁl 33 4 fe %ﬁswbsﬂgwr%elkgxwh@oxy or 2yFcahl g 6 am no
aci ds, D-1i Bbstifuitedss- aluatwhwoﬁy HARIA® @ouplScanObe SEl8@velll K UCENH,),(NO

3)
conbi nati on E&&&a{% %)e ﬁﬂa@br @F&ﬁﬁnn%?m?r%%ﬁ%e &Qg&gf%y&k%dggg(asgy% 1‘95 to

prepare s or he su

particles ork eé%ch(’%o‘i?'?&ﬁﬁnﬂﬁz butamyd, or dehutenyldinkingosrom eanders e"!‘5’3“40
1994). Sol ubbg 0, gmnﬁpafrﬂémwmbxidaﬁnn)de\ 1 [y &r dreSsubstituted{fiRgHoxyt ki

\S/\;.I:)i gz;;)IZ(;SfZ(?)r gﬁ;uﬂ%ﬁﬁpﬁéclé’&cve@%pbiz,cﬁq}, m,oirg&b_udi ng use as tags. The avail abl e
PCT/ US97/%1070 Conditions for the cleavage of other labile linking groups ipglude:

t-alkyloxy linking groups can be cleaved by acid; methyl(dialkyl)methoxy or 4-
substituted-2~-alkyl-1,3-dioxlane-2-yl linking groups can be cleaved by H,0O";
2-silylethoxy linking groups can be cleaved by fluoride or acid; 2-(X)-ethoxy (where

X = keto, ester amide, cyano, NO,, sulfide, sulfoxide, sulfone) linking groups can be

25 cleaved under alkaline conditions; 2-, 3-, 4-, 5-, or 6-substituted-benzyloxy linking
groups can be cleaved by acid or under reductive conditions; 2-butenyloxy linking
groups can be cleaved by (Ph,P),RhCI(H), 3-, 4-, 5-, or 6-substituted-2-bromophenoxy
linking groups can be cleaved by Li, Mg, or BuLi; methylthiomethoxy linking groups
can be cleaved by Hg™"; 2-(X)-ethyloxy (where X = a halogen) linking groups can be

30 cleaved by Zn or Mg; 2-hydroxyethyloxy linking groups can be cleaved by oxidation
{e.g., with Pb(OAc),).

Preferred linkers are those that are cleaved by acid or photolysis. Several
of the acid-labile linkers that have been developed for solid phase peptide synthesis are
useful for linking tags to MOIs. Some of these linkers are described in a recent review

35 by Lioyd-Williams et al. (Tetrahedron 49:11065-11133, 1993). One useful type of
linker is based wupon p-alkoxybenzyl alcohols, of which two, 4-



repertoire of chemcal diversities in peptide |ibraries can be expanded by
steps such as pernmethyl ation (GCstresh et al., Proc. Natl. Acad. Sci.,
USA 91:11138, 1994). Nuner ous variants of peptide
conbinatorial libraries are possible in whi ch the peptide backbone is
nodi fi ed, and™®92fB7ani de bonds have been replaced by 5 nFPAEPFOYBups.
Am de m netic groups which may be used include ureas, urethanes, and
car bonyl net hyl ene groups. Restructuring tﬂ@ backbone such that sidechains
emanate fromthe am de nitrogens of each dmno acid, rather than the

al pha- car bons, gives libraries of conpounds knomn as peptoids (Sinon

et al., Proc. W&iokymé«hﬁljbherﬁxyaceﬁc acid hm%hﬁﬁﬁn@mﬂ%é)metﬁ&yphenoxy)butyric
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Ecker et al. rﬁ’ﬁgy :
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ol i goneric, srdlemTesh Bd ﬁ’§m asulipioibgratiep PB%G“PW\‘/’FPE“‘@(%W’
Proc. Natl 10 ZQelaﬁeﬁdngm : USA 90: 690, 1993; Bunin et al., Proc. Natl.
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into smal |l -nol ecule |jibrar enc g} gani ¢
nol ecul es, f ormesk 2% develened fgt yelid B*Ease ém}ﬁiﬁtﬁyﬁ‘b"ﬁ%ﬁeﬁ}dwdc ﬂhams Te‘"ew)
al i phatics, stihes liskersatidsuallyi iased e 2 nitFobeidyldlietsO6rS2-nittoherirs lamidssr NDwes,

drugs, al kal oi eS8mples of ;ﬁf?}?&l?&gﬂ%ﬂk&?ﬁﬁf’m’m&ﬁﬁpt}é’eﬁ'r@ﬁoneﬁQﬁ(h%slltexﬁﬁﬁ‘%xslt S, as

wel | as conbl nat | ons g
Met hodsf or 1ot }TngSF'Iaaﬁm‘%?th}T% Qethogy-Smifgephenoxy)butanoic acid (Holmes 1ORES hods
for the prepatatOrgnCand 66:2318t2329,d1955) aed SeFmot-amina}8-(2-nitrophetylippopionig MS

tags are outli, g@%k)&bﬁ%ﬂ P DRLARYF4. 190} 4 PR GcRUTLAPEL ko v
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tagged | i nker $he eagpoxilic agid foan qrain AR thsadO Bf %%F%%Pfgle%&ﬁhgtlw ¥n the
first nethod, ntdde bg\ferniing kn amide beiveaw agarbotylichaeidt augthé tagrantiitbe amine on the

ol i gonucl q&ﬁk{e%lkéva é?f%}iolﬁﬁa{ 'mereis@su&lgr G}hﬂ%v;n to :isot
carpo

second net eava a roduces X aci em cal
conponent s and"qVF ﬁ%‘hg t {ofeosibey @ddg’é% Knqwp @ those iy dé Fgﬁ?"%’oﬁ’ fShe ifﬂé‘ﬂs as
foll ows: resuls in liberation of a primary amide on the tag. riixamples of phdtddl¥avable linkers

= f I uor eny li fEpl AOXMGATRPN ¥lyciBE Rbtefs! eRY HdOMRIo-2-benzonorborneyl chlorides and
methane sulfonates, and 3-amino-3(2-nitrophenyl) propionic acid. Examples of
25 enzymatic cleavage include esterases which will cleave ester bonds, nucleases which

will cleave phosphodiester bonds, proteases which cleave peptide bonds, ete.

A preferred linker component has an ortho-nitrobenzyl structure as
shown below:

30
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allyl protecting group CJerr]H = carboxylic acid
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acid (R nk Iinker) - 1MeO - CCIerr]H =
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(4- hydr oxynet%e%%lg?’ggg %%F#e ;glllgg% ’C §bd af ¢35 bceg T ey gnd L
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d:J\r/]gﬁ lscemgalr Lg F img%rl em;l is sr%xsc(%téble ¢ seli'ecuve pimoto-mduced cleavage of the bond

mol ecul ar vveﬁgtvtmn the carhwlml@hvleli “a” andiﬂﬂljb(ﬁ)c identity of Rbis nof typically critical to

ol i gonucl ept ides,
O benzotriaz otﬁ il lj%uoﬁ however & 1y o1 prefersbly, sclected from hydrogen and
hexaf | uor ophdygmmbyl The pmwts@m@myowegmm the) abdye stractire] IN(RY)- fcotitows :

% -er rzivﬁlo -Coupl o ? th -O-, QILSO in the abjg_zve § chﬁ#_,‘ro]ne ﬁlr OM:I%%N%OQ or &O\IH )
R 10 may optlor[aélp/r Fe s Slﬂ‘ltﬁ%r\rvgﬁl )(l,r AHKO¥E, Fﬂm:a chIondeNHlyérqul,- R nk

- COO - 2MeOcarbGihie- orRamide, where these substituents are independently selected at each
10  occurrence.

n

A further preferred linker component with a chemical handle Ly, has the
following structure:

d
C e
NO,
—N
¥ C—R?
R i
o

wherein one or more of positions b, ¢, d or ¢ is substituted with hydrogen, alkyl, alkoxy,

15 fluoride, chloride, hydroxyl, carboxylate or amide, R' is hydrogen or hydrocarbyl, and
R? is -OH or a group that either protects or activates a carboxylic acid for coupling with -
another moiety. Fluorocarbon and hydrofluorocarbon groups are preferred groups that
activate a carboxylic acid toward coupling with another moiety.

20 3. Molecule of Interest (MOI

Examples of MOIs include nucleic acids or nucleic acid analogues (e.g.,

PNA), fragments of nucleic acids (i.e., nucleic acid fragments), synthetic nucleic acids

or fragments, oligonucleotides {e.g., DNA or RNA), proteins, peptides. antibodies or

antibody fragments, receptors, receptor ligands, members of a ligand pair, cytokines,

25 hormones, oligosaccharides, synthetic organic melecules, drugs, and combinations
thereof.

Preferred MOls include nucleic acid fragments. Preferred nucleic acid

fragments are primer sequences that are complementary to sequences present in vectors,

where the vectors are used for base sequencing. Preferably a nucleic acid fragment is



[err] FMOC - NH - A - COOH, couple (e.g., HBTU) 15 FMOC - NH - A -

CONH - Rink - COO - 2MeO - CONH - R [err] pi peri di ne
(renmove FMOC) 20 NH[err] - A- CONH - Rnk - COO- 2MeO - CONH - R

[err] divide into n aliquots [err] couple to n different
acids X1.... WO®2080H 25 X1.... Xn - CONH - A - CONH - Ri RKTUSEON70o\e0
- CONH - R [err] Cl eave tagged linkers fromresin with
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X1..... Xn - CONHA-CONH - Rink - CJerr]H [err] coupl e

to n oligos (Quhdel directly®rigiixeet)y) to atag at other than the 3’ end of the fragment; and most

oligo .. . ) 9
[err] prepareditfagadrtipon geretis idatgbasey (8- oRib et al., Nature 380:152-154, ¥i6ran
separate di ff arEpH Gevgipe Dafabase tpl/vaiv.cephb.fi) and commercial vendors (e.g.,
sequenci ng ge?,ct i on dgbn a HPLC or CE) [err]

cl eave tags froffFEnKErS WitTH 25% 100% TFA 15 X1 . ... Xn- CONH A- CONH

As used herein, MOl includes derivatives of an MOI that contain
functionality useful in joining the MOI to a T-L-L, compound. For example, a nucleic
acid fragment that has a phosphodiester at the 5” end, where the phosphodiester is also
bonded to an alkyleneamine, is an MOI. Such an MOI is described in, e.g., U.S. Patent
10 4,762,779 which is incorporated herein by reference. A nucleic acid fragment with an

internal modification is also an MOI. An exemplary internal modification of a nucleic
acid fragment is where the base (e.g., adenine, guanine, cytosine, thymidine, uracil) has
been modified to add a reactive functional group. Such internally modified nucleic acid
fragments are commercially available from, e.g., Glen Research, Herndon, VA.
15 Another exemplary internal modification of a nucleic acid fragment is where an abasic
phosphoramidate is used to synthesize a modified phosphodiester which is interposed
between a sugar and phosphate group of a nucleic acid fragment. The abasic
phosphoramidate contains a reactive group which allows a nucleic acid fragment that
contains this phosphoramidate-derived moiety to be joined to another moiety, e.g, a T-
20 L-L, compound. Such abasic phosphoramidates are commercially available from, e.g.,
Clonetech Laboratories, Inc., Palo Alto, CA.

4, Chemical Handles (1.;)

A chemical handle is a stable yet reactive atomic arrangement present as

25 vpart of a first molecule, where the handle can undergo chemical reaction with a

complementary chemical handle present as part of a second molecule, so as to form a

covalent bond between the two molecules. For example, the chemical handle may be a

hydroxy!l group, and the complementary chemical handle may be a carboxylic acid

group (or an activated derivative thereof, e.g., a hydrofluroaryl ester), whereupon

30 reaction between these two handies forms a covalent bond (specifically, an ester group)
that joins the two molecules together.

Chemical handles may be used in a large number of covalent bond-
forming reactions that are suitable for attaching tags to linkers, and linkers to MOlIs.
Such reactions include alkylation (e.g., to form ethers, thioethers), acylation (e.g., to

35 form esters, amides, carbamates, ureas, thioureas), phosphorylation (e.g., to form
phosphates, phosphonates, phosphoramides, phosphonamides), sulfonylation (e.g., to



anal yze by mass spectronetry 20 The sequence of steps in Method 2 is

as follows: OH- 1IMeO- Cderr] - Al 25 [err]
FMOC - NH- A - CJerr]H couple (e.g., HBTU) FMOC - NH - A -
COO- 1 MO- CJerr] - Al 30 [err] Pal | adi um (renove
Al lyl) woor237FMOC - NH - A - COO - 1IMeO - CJerr]H peruseriotnro

[err] OH- 2MeO - CONH - R couple-(e.g.. HBTU 35 FMOC - NH -A -
COO - 1MeO - COO - 2MeO - CONH -R [err] pi peri di ne
(renobve FMOC) 40 NH err]-A-COO 1MeO COB 2MeO CONH- R

[err] divide into n aliquots [err] couple to
160 - oD - ok criopy suffhamides Ehidehsay €5 o o i corifghed

| i nkers fr omhydeageneg), silylatigny disulfide formation, and)generaB@ENGf reagtive i@OnedidtkeO -
CJ err]H 50 such as nitrenes b€édrbenes, by photolg4!PII# geferdl, Rhdd¥QSarldObdrdForming -
% 9. s i s it i sty g o S e s e
5 linkers to MOIs, and vice-versa. In some cases, the MOl may undergo prior
modification or derivitization to provide the handle needed for attaching the linker.

One type of bond especially useful for attaching linkers to MOIs is the
disulfide bond. Its formation requires the presence of a thiol group ("handle”) on the
linker, and another thiol group on the MOI. Mild oxidizing conditions then suffice to

10 bond the two thiols together as a disulfide. Disulfide formation can also be induced by
using an excess of an appropriate disulfide exchange reagent, e.g., pyridyl disulfides.
Because disulfide formation is readily reversible, the disulfide may also be used as the
cleavable bond for liberating the tag, if desired. This is typically accomplished under
similarly mild conditions, using an excess of an appropriate thiol exchange reagent, e.g.,

15 dithiothreitol.

Of particular interest for linking tags (or tags with linkers) to
oligonucleotides is the formation of amide bonds. Primary aliphatic amine handles can
be readily introduced onto synthetic oligonucleotides with phosphoramidites such as 6-
monomethoxytritylbexylcyanoethyl-N,N-diisopropyl phosphoramidite (available from

20 Glenn Research, Sterling, VA). The amines found on natural nucleotides such as
adenosine and guanosine are virtually unreactive when compared to the introduced
primary amine. This difference in reactivity forms the basis of the ability to selectively
form amides and related bonding groups (e.g.. ureas, thioureas, sulfonamides) with the
introduced primary amine, and not the nucleotide amines.

25 As listed in the Molecular Probes catalog (Eugene, OR), a partial
enumeration of amine-reactive functional groups includes activated carboxylic esters,
isocyanates, isothiocyanates, sulfonyl halides, and dichlorotriazenes. Active esters are
excellent reagents for amine modification since the amide products formed are very
stable. Also, these reagents have good reactivity with aliphatic amines and low

30 reactivity with the nucleotide amines of oligonucleotides. Examples of active esters
include N-hydroxysuccinimide esters, pentafluorophenyl esters, tetrafiuorophenyl
esters, and p-nitrophenyl esters. Active esters are useful because they can be made from
virtually any molecule that contains a carboxylic acid. Methods to make active esters
are listed in Bodansky (Principles of Peptide Chemistry (24 ed.), Springer Verlag,

35 London, 1993).
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pool tagged oligos per f orm sequenci ng
reaction [err] separate different |ength
fragments froWp 9927327 seqURTTIS1YM9¢hct i on
(e.g., via HPLC or CE) cl eave tags from
|l inkers with 25-100% TFA X1..... Xg- CONH - A- CJerr]H 10

[err] anal yze by mass spec ?orretry 2.

Li nkers 15 A "linker" conponent (or L), as used herein,
nmeans either a direct Linker t bond or an organic chem cal group which
is used to connect a "tag" (or T) to a "nol ecule of interest” (or MJ)
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of a large setinglé typegf Iinke_reklm 2§ngl_c,funa"pm pjobedurc/tol twrepplieet fof clédving. all
Typically, a fiRgHigustBO-MONKRInERMRAIEAL 1hNs bdvalbbRBHEH a large s& 3r $aCMAO (toO

give variqus T-L-MJ but.in so cases, ,bore than one, tag-Jlinker

Sombi nat i Ol rEPoIEEeaPicatsdhe £, TR FROERSY (u Perkiish Tepeitiye, (o Apigmated
(T-L)n-MJ'). wamner.  anot her enbodi nent of the present invention, two or
more tags are bonded t oryRreSdré)Bbever, othdriebSdimehd (U pradént inRbiionl RGRRNdENt

sites on the |i nléer and thi0 | ti eIe t -Icionke %& ctog‘msazsatéfon | sot hen
bonded to an T¥PdiPyi B DRES ?t i \}‘é‘l"qag?)s (“ﬁcf] CRER ¢ tags 1
corresponding subsets of MOIs. In this case, selective cleavage conditions may be used
15 to cleave each of the linkers independently, without cleaving the linkers present on
other subsets of MOls.
A large number of covalent bond-forming reactions are suitable for
attaching tags to linkers, and linkers to MOls. Such reactions include alkylation {e.g.,
to form ethers, thioethers), acylation (e.g., to form esters, amides, carbamates, ureas,
20 thioureas), phosphorylation (e.g., to form phosphates, phosphonates, phosphoramides,
phosphonamides), sulfonylation (e.g., to form sulfonates, sulfonamides), condensation
(e.g., to form imines, oximes, hydrazones), silylation, disulfide formation, and
generation of reactive intermediates, such as nitrenes or carbenes, by photolysis. In
general, handles and bond-forming reactions which are suitable for attaching tags to
25 linkers are also suitable for attaching linkers to MOIs, and vice-versa. In some cases,
the MOl may undergo prior modification or derivitization to provide the handle needed
for attaching the linker.
" One type of bond especially useful for attaching linkers to MO is the
disulfide bond. Its formation requires the presence of a thiol group ("handle") on the
30 linker, and another thiol group on the MOI. Mild oxidizing conditions then suffice to
bond the two thiols together as a disulfide. Disulfide formation can also be induced by
using an excess of an appropriate disulfide exchange reagent, e.g., pyridyl disulfides.
Because disulfide formation is readily reversible, the disulfide may also be used as the
cleavable bond for liberating the tag, if desired. This is typically accomplished under
35 similarly mild conditions, using an excess of an appropriate thiol exchange reagent, e.g.,
dithiothreitol.
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1) The linker possess s.a chemca
attached to afAbign Also, these reagents have goody °a°I"H@YI Wﬁké‘r“ﬂ%§s@§’§§%aﬁd devond,

separ at e merremlmynaam the @htipotideraminds df&lxgbhkdl:d@txtl&be Ef@nplss off dcli¢desledso t he
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type structures a se ﬁ exl s ag,
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T-containiNg gre fisted in Bodansky (Principles of Peptide Chemistry (2d ed)), Springer Verlag,
20 London, 1993).

Numerous commercial cross-linking reagents exist which can serve as
linkers (e.g., see Pierce Cross-linkers, Pierce Chemical Co., Rockford, IL). Among
these are homobifunctional amine-reactive cross-linking reagents which are exemplified
by homobifunctional imidoesters and N-hydroxysuccinimidyl (NHS) esters. There also

25 exist heterobifunctional cross-linking reagents possess two or more different reactive
groups that allows for sequential reactions. Imidoesters react rapidly with amines at
alkaline pH. NHS-esters give stable products when reacted with primary or secondary
amines. Maleimides, alkyl and aryl halides, alpha-haloacyls and pyridyl disulfides are
thiol reactive. Maleimides are specific for thiol (sulfhydryl) groups in the pH range of

30 6.5 to 7.5, and at alkaline pH can become amine reactive. The thioether linkage is stable
under physiological conditions. Alpha-haloacetyl cross-linking reagents contain the
iodoacetyl group and are reactive towards sulfhydryls. Imidazoles can react with the
iodoacetyl moiety, but the reaction is very slow. Pyridyl disulfides react with thiol

groups to form a disulfide bond. Carbodiimides couple carboxyls to primary amines of
35 hydrazides which give rises to the formation of an acyl-hydrazine bond. The arylazides
are photoaffinity reagents which are chemically inert until exposed to UV or visible



noiety is released fromthe remai nder of the conpound, including the MJ.

Thus, the 20 Ilinker is stable during attachnent of the tag to the I|inker,
attachnment of the linker to the MO, and any nanipul ati ons of the MJ
while the tag and linker (T-L) are attached to it.
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performed on the MJ while the T-L is attached to it. For instance, if the

T-L is 25 attached to an oligonucleotide5 the T-L nust not significantly
interfere with any hybri di zati on or "enzymatic reactions (e.g., PCR
perfornmed on the oligonucl eoti de. Simlarly, if the T-L is attached to
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PCT/ US97/ 0107 first bonded to a linker, then the T-L is bonded to a DNA primer or oligonuclegjxe,

I[gar rk] ) I1_0 kthhebme@aséa, fof exairipld, i #seqeaing\weactindl e that can be used to

I nk the I nker to at . . cu | [ Lt r ant .
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15 compatible with most methods of MS ionization, including electrospray.

The invention compositions for mutation analysis. A composition

useful for mutation analysis comprises a pair of compounds of the formula:

T™-L-MOI

wherein T™ is an organic group detectable by mass spectrometry,
20 comprising carbon, at least one of hydrogen and fluoride, and optional atoms
selected from oxygen, nitrogen, sulfur, phosphorus and iodine. In the formula, L is
an organic group which allows a T™-containing moiety to be cleaved from the
remainder of the compound, wherein the T™-comtaining moiety comprises a
functional group which supports a single ionized charge state when the compound is
25 subjected {0 mass spectrometry and is selected from tertiary amine, quatemnary
amine and organic acid. In the formula, MOI is a nucleic acid fragment wherein L
is conjugated to MOI at other than the 3" end of the MOI. The composition
comprises’ pairs of compounds where the members of a pair have non-identical T™
groups, and have identical sequences except at one base position where the bases are
30 non-identical. In another embodiment of the inventive composition, the member of
the pairs of compounds have non-identical T™ groups, and have identical sequences
except at one base position where the bases are non-identical. These compositions
are then added to a support-bound nucleic acid sequence, which is identical to the
sequence of one of the members of each pair. Thus, the invention provides for a
35 composition comprising a plurality of compound pairs as described above, and
further comprising an equal plurality of nucleic acids immobilized on a solid



fromthe required labile moiety L2. This separation nmay be useful when the
cl eavage 10 reaction generates particularly reactive species (e.qg., free

radi cal s) which may cause random changes in the structure of the
T-containing noiety. As the cleavage site is further separated from
the T-contai iwog7emeety, there is a reduced likelihood that pcrussveanti ve
species formed at the cleavage site will disrupt the structure of the

T- cont ai ni ng noiety. Also, as the atons in L1 will typically be
present in the T-containing moiety, 15 ®Rese L[err] atons nay inpart a
desirable quality to the T-containing noiety. For exanple, where the

desi rabl y ”?e“@h?ﬁywﬁéz*?fl%?ﬁtfh%%ﬂ'%ﬁ%%?hﬁ*c b LY e o ety
(to servg IOe atlss@ctiycomaquseytowemﬁm rof ehahihemairny be pr esent in y
L[err] labile noiety. I n other instances, L[err] and/or

L[err] may be present '"ﬂ\e% éﬁﬂ&?ﬁlﬁ&gﬁpﬂ%gkn% lmt?fﬁﬁ(ﬁ{ aﬂ@%%ﬁafmglp%a

conmer ci al suppl ier ? éaﬁfx ses to se 'n*a

havi ng sucf aPlpralipy p &ﬂ‘&?‘&F‘SL[ ] CogtaBEh connﬁn%eﬁcaqpahofr@mm@s efhtbee is no
harm i n usi ngfokmoabaer s having L[err] and/or L[err] groups, (so long as
these group do not inhibit the cleavaeer hggetion) even though they may
not contribute any particul ar_performnce advantage to the conmpounds
that incorporate them Whetn K tﬁ@ 3y erganie groupcdetactshleaby Bwss smsetretbetry,| and/ or

Llerr] 25 grchpsising &ebqn; e dedst e ol chybioght and APAGS Ndnd optlonal atoms

L[e”] an?p ?erge rﬂor?gtgﬂgg%sl{@ﬁ{%’ eg%uﬁﬁphﬁ&gg?lﬁgg% l()hlgeV\"iHI%F - nu?a,tl_llgylg;ﬁgp
ar yI ene, cycl BnPrEphigfEoUp which "I‘??’&F‘B%ﬁa’ﬂﬂ&?%l%ebf &legved fromahperr] -

O CH err] CH( Gidpeairidkn of thé Cx:o)npﬁunchy\dllimmihyl Phieorthining moiety comprises a
hydr ocar byl en I ut 10
(e Sy o Ltg gﬂ growgh%\_[,iﬁo 24 g%g-. Bas! ?Jégf%@] [zﬁ &mc%mso&g,?&ig

Wth the advettiested ste|meﬁspﬁﬂsc§@n§wmés$§e egted fEm t95bery BRing.| quafespasy e has
devel oped 15egamle agd bigakie asidt hﬂtheffﬁm\dliﬂMd)Elstamxﬁ]aRﬁcfd fagheac vherdin L

condi tions.
bonded t hr oug QL’W non-z%me} mﬁ@zgﬁ?eﬁmgﬂ(ﬁ h@th%%t’ fhe MB%H&/ 27327

PCT/ US97/ 0107 groups, an c? have identical sequences exgept at and
a nol ecule t mximeorswntblamp&ﬂnbmvﬂxegethe ibates dreatontilenticaladhiavyeefefred kit ihen t he

ol ecul e N ﬁ?gﬁ]&@ﬂ%ﬁhﬁ)&é’pﬂé}’ﬁbﬂ% hﬁlg%xst he solid

support-1li nkel - e construct ected to cl eavage conditions
whi ch rel édses the nol ecul e fromthe solid support.

B. ASSAYS
As noted above, the present invention a wide variety of assays wherein
the tags and detection methodology provided herein can be utilized in order to greatly
increase the sensitivity and throughput of the assay. Within one aspect, such methods
25 can be utilized o detect the binding of a first member to a second member of a ligand

(@) U)

pair, comprising the steps of (a) combining a set of first tagged members with a

biological sample which may contain one or more second members, under conditions,

and for a time sufficient to permit binding of a first member to a second member,

wherein said tag is correlative with a particular first member and detectable by non-

30 fluorescent spectrometry, or potentiometry, (b) scparating bound first and second

members from unbound members, (c) cleaving the tag from the tagged first member,

and (d) detecting the tag by non-fluorescent spectrometry, or potentiometry, and
therefrom detecting the binding of the first member to the second member.

A wide variety of first and second member pairs may be utilized within

35 the context of the present invention, including for example, nucleic acid molecules (e.g..

DNA, RNA, nucleic acid analogues such as PNA, or any combination of these).



The | abil e |inkers which have been devel oped for use in this context (or
which may be 5 wused in this context) nay also be readily used as the

| i nker reactant in the present i nventi on.

Ll oyd-WIllianms, P., et al., "Convergent Solid-Phase Peptide Synthesis",
Tetrahedr on R¥WIM2TVE. 347, 49(48):11065-11133 (1993) provi dBSTVEP7TERRnsi ve
di scussion of linkers which are labile to actinic radiation (i.e.,

photol ysis), as well as 10 acid, base and_other cl eavage conditi ons.
Addi ti onal sources of information about |3hile | i nkers are wel |l known
in the art. As descri bed above, different |inker designs

W'hl I colnf er Chﬁﬁﬁﬂb Fi bbup¢;>tﬁges (c'd. o bxit%blﬂi):s ?hndxﬁfbod}" fﬂfa%h@l!ith (é?%ﬂdcnhﬂonal t
S| Ccal oOor chem C cCQNGl Tt L OoNS. ,.xXa Q n ns. wnli erve 1o
P Yave var | oudthpssies, Tl fiBocits 3F Balihe Bhrmers sucfl 805 DI O bl
reduction, fl dermenss, torgabic analemiirge anghethes| pubstrates nty. gan 2pnelioticsc ourdli @k ons.
lExa{mljesbof C|g_ﬁ|ik|¥iﬂ4§l¢ﬁsd 1 Fiﬁ%rrﬁolbmet), &9dnly &ftyertlitgﬁxlcgeﬂﬁﬂigb%d?ﬁdiﬁ eV«:jiﬁxir{ Pdrioub Pker 3

I ste apove W e own. 1O n ar an 1,NCL ude ose oun
nthe 0%, rrege it AUoh ik 90 nd Recbif pinvert iy S6C Sime BB 01 Lo
* et hyl ene gl yeadesuts euef differpntylypee c Fan eIyl GTpresentative first msmbei second

Cr oss- I6i Rki ng)xﬁm Ntigatldi hird Sincth@av atdidc bicidyAbryMbRHuBRIC( lactfl Holdtleer r] C
or - ours) .

. . . * disucci.nin,dyl tartarate, (DST). and
sul f o- DST, \Ahiagﬂb%y'g’“glﬂcneacﬂ%a&‘)ll?f & atibodyhoimone! ant'%"i‘%@‘é’-“ﬁl‘%ﬂ?i ngnd
reagents, cl eantbidy/pegtein. 015 M sodi um peri odat e; *
bi s[ 2- (sucgg ni m dyl oxychi kedet! exyuthdty lah S tihdetsidhding( BECESER) widdH caR be
i luL;Séglsgngfsggc\é%{p?%ﬁ%ﬁy%%pﬁség s%%':[ M%dgcf 198?6%11,'3' b%lék' chursselglg %n;;[rosvided below
1, 4-di - [ 3' - ( 2'of pgrrainipardcuiasiyaeefersed aspaYs do) ) but ane  (DPDPB), a

pyridyldithiol crosslinker which is cleavable by thiol exchange or

reduction; 30 l;i . 4 Assays

N- [ 4- (p- azi dosal i el ani NESlEiEACdASSAYs o. i dydi t hi o) propi onani de
(APDP). a pyridyldithiol crogshizRises Which is cleavable by thiol
exchange or reduction; *

bi s-[ bet a- 4- (azi dosal i cik anied abete)yie] preseauinverdion also providgha tvide aariety of

\3\;) 03 ? } 'zgggg Wi titbdl SvieteRPiR BbSveldest e c1ea b RABEE atlor RIS th) be utilized in
PCT/ US97/ 0 107@lace of traditional labels (e.g., radioactive, fluorescent, or enzymatic), in order enhance

the specificity, sensitivity, or number of samples that may be simultaneously analyzed,
20 within a given method. Representative examples of such methods which may be

enhanced include, for example, standard nucleic acid hybridization reactions (see

Sambrook et al., supra), diagnostic reactions such as Cycling Probe Technology (CPT)

(see U.S. Patent Nos. 4,876,187 and 5,011,769) or Oligonucleotide-Ligation Assay

(OLA) (Burket et al., Science 196:180, 1987). These as well as other techniques are
25 discussed in more detail below.

b. Hybridization Techniques

The successful cloning and sequencing of a gene allows investigation of
its structure and expression by making it possible to detect the gene or its mRNA in a
30 large pool of unrelated DNA or RNA molecules. The amount of mRNA encoding a
specific protein in a tissue is an important parameter for the activity of a gene and may
be significantly related to the activity of function systems. Its regulation is dependent
upon the interaction between sequences within the gene (cis-acting elements) and
sequence-specific DNA binding proteins (trans-acting factors), which are activated

35 tissue-specifically or by hormones and second messenger systems.



44 * N-succi ni mdyl -(4-azi dophenyl ) -1, 3" di t hi opropi onat e

( SADP) , a phot oreacti ve crosslinker which is
cl eavabl e by thiol exchange or reducti on;
* sul fosucci ni m dyl - 2- (7-azi do- 4- met hyl counmari n- 3-acetani de)ethyl -1,3"'- 5

di t hi opr opi omas ®208AED), a photoreactive crossli nker whi ch y@r;géﬁmy@bl e

by thiol exchange or reduction;

sul f osucci ni m dyl - 2- (m azi do- o- ni t robenzam do) - et hyl -

1, 3' dit hi opropi onate (SAND), a photoreacid ve crosslinker which is

cl eavabl e by thiol exchange or reduction. 10 O her exanpl es

of cleavable linkers apd t eavage conditi.ons t hat .ca be used to
rel ease tags are as fo ?vgwgqecimg}lfs %’elﬁ ﬁ%q’flu 1 - 45l sis %Ba'?ff‘d%éwebys
fluoride regyfatorl heguenedsd its smrfm R ami\tl& regulatiorbof ity rexpression; these

6- subst i t ut eghobdei SoufHeANGYNeHérOBloPanalydis; ribonuclease (RNhse) protection assay and

6-substituted-4 tro zvl oxy Ilnklng group can be cl eaved by a photon
source 8&%?'!%‘?2?5} l){A 3-, 4-, 5-, or 6-substituted-2-al koxyphenoxy or

2-, 3-, 53, or 6- 15 Yemiations int the- npcleblidex gqhpsition dflanmmgn groe upay he ofe
cleaved by Cofehfhédh): E:Slb@ﬂcﬁi”@fe%rﬁ:l) Me‘h] locahzed fnOomé dah-coia rééld}l%’eﬁ'r]

(uret hane) I | gégé%can be y X%rog@{ ?ﬁ ase() aci og

LiAlH err] (F %B e edfeNatog, f—e'b‘h?’@ﬁe;?F‘oP-l SFIAg gr oup
can be cl eavebhormal a@yatiqneorr]‘lhlbqoer rWisirelocilizedjire the] codingr regibinOpthe | genc

(oxi dation). (dogs) ﬁey mfly res@ inulis#aBSh b L sl%télﬂﬁmbﬁw dy&Hddfal proteind! OUP can
be cl eav<ca]1 by gerr] (t:% i'tions
e

for the avage of ot ﬁéﬁk ?ﬁ%@"e“eﬂ‘?eﬂﬁ‘? W&ﬁlﬁﬁcﬁfﬁ%%ﬂrrerfalaﬁ to a specific %EF‘F@?‘F oXy
| i nki ng grouped cambbasefhlcasva thatker af ithe; diseasdy IOhel ipgintayy poadtdforseah id-the

s Fgm tOFg re?] dredickhield 1s3ttiiké?&’e3tﬂ%i%|ct\’nth?§r?' Kétf@vaﬁﬁ@&ﬂ%s e&@n&ac %&&\Aﬁg f‘ﬁgr de

or acid; 2- (&R B‘b‘%"% n fof the 57(%‘?‘59 Pé?‘°§‘?ﬁ8%?§° %@@W&O’"ﬁé err],

sul fide, sulfoxide, suTlieorbee)lc Imﬂtmmgorgﬂmupsalm obea PBpulaticna vegdrdimgl ahe

Gr 0upS. car. benueRl vt » Seaid pene s DIVA Bay c? ?’3’3%ﬁ§?‘5*?§“‘%*°“&‘t‘%‘ﬂkl L‘Ey

kg By e ashomt O I BTt e reer (i), Fosulting B

or 6-subst it atlade Buinberrad JMeA dsegments of iffekanh ipngtheydsterminad by thd prasende b§/ L| :

%i or] Bu;i ( Q?]ih& mcagiaﬁ&pme dfltﬂthEQnQﬂh@lgE&)me AllG& of0L c&lafry & m
err];

cl eaved b Z?l"(')uf)a n ktl}gl%roxvl%('h ;l}aq [ ne[?v):d 0 %Tﬁg'ge" Oﬁudgiierﬁrﬁ@gg'z’ﬁr by

oxi dat i oZ0 and lengt. Thwnt mlp@)(c@q@sl?reﬁ@qn)cm len polymorphlsm (RFLP) apd edebe ed

i nkers are hh rﬁhﬁdna@bﬁlﬁh&w&dﬂhﬁar@ﬂpﬁl&hoﬂ&mt ol ysi s Sever al of

e sor a1 nkers Cag e S et Ll DR BRA,
are descri befragmenis ﬂ!@%éﬁtlnmp‘é\fw%o‘g?’ D%WW’# mingng S@PCIE*F prabtet Flalsedr on
49:11065-1118MA 1P ecte@l@ dl&ﬁﬁpﬂoréttépﬂacﬂﬁnatmn usingdfi€dgardsé geld FIRFvedUBON
p-al koxy%nz&msfer atid fita t%dn m%fnylo\ﬁ’m glnrocgmﬁmc membrane. The fixed, single-stranded
DNA is hybridized to a tagged DNA which is complementary to the DNA to bc
detected. After removing non-specific hybridizations, the DNA fragment of interest can
be visualized by MALD1-MS as described in more detail below.
The presence and quantification of a specific gene transcript and its
30 regulation by physiological parameters can bc analysed by means of Northern blot
analysis and RNase protection assay.
The principle basis of these methods is hybridization of a pool of total
cellular RNA to a specific probe. In the Northern blot technique, total RNA of a tissue
is electrophoretically fractionated using an agarose gel, transferred and immobilized to a
35 labeled antisense RNA (cRNA), complementary to the RNA to be detected. This cRNA
probe is then tagged as described herein. By applying stringent washing conditions,
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hydr oxynet hyl phenoxyacetic acid and

4- (4- hydr oxynet hyl - 3- net hoxyphenoxy) but yri c acid, are commerci al
avai | abl e fr oY ed ChemTech (Louisville, KY). Both PPPW§§W§“@an be

attached to a tag via an ester |linkage to the benzylal cohol, and to an .
am ne-containing MJ via an am de |inkagec.t{o the carboxylic acid. Tags

| inked by 5 these nolecules are released”iromthe MJ w th varying
concentrations of trifluoroacetic acid. The cl eavage of these linkers
resul ts in thenohisperifidallgbomid raolecules araelmingied c Spaxificatiy bolre raelgculdsc wdlich

cl eayage of L SL@%H bd hg]e@myrﬁgﬁb@% EldionSfElificity canR controlled
2, 4-di net h ﬁ€ Pablle
avanced |V ?’ia o ke RN Wi T rrcited e of B RN Phof

carboxylic amxdEre@n the 10 reI eased t ag. The

phot ol abi | el i nkers usefy) I'ag{d 1 1855 2B ?&ﬂh@%o{]\ﬂé{ﬁnéﬂ(\see QSEQ{W!P\QQ

nost part devel oped for s ase pep t| e synthesi s

revi ew. aphibe Netther agxeeptpthate theo RNA i @P‘B‘B@nﬂ%@s?@ﬂsthér
2-ni trobenzy!| afgMierane withiout preccdmgarqnhmnoﬁ PloRNAdbinmobilized baspebifitallyaivie
recently beentfg ‘ﬁd inthe literature are 4- 15

(4-(1- Fnoc-am no? thyl) - 2 met hoxy- 5 nltrophenoxy) but anoi ¢ _acid (Hol nes and
Jones, J. Og. Cherhhe @epshsnesifissmethod Joryletgetipn of an mRNA species is the

3-( Froc- am'IOIO)RNasé Proiection pdsayn \Brigilyoptad RINA from a tsiechr 8l culturesis hebridized to

Mol ecul ar 9

t he car boxyl [ garzécg%d jsgéhn glr{nﬁ%eée)ﬁo E&EV\H‘H&%PS Cf?&c Elrtgtl% %%%%h% byto
the |inker is subsequensdRNase digeptiong alomhy dedy YA i andy ci"d“on
the tag and t hpedfitally hybridibeal Rﬁgmehtsnm evenl @&Magﬁma&h@hwloﬂead&bd@uled rakd@rs is

usual 'y perf Oré@%(w»ﬁ}me%ubfegsﬁm lﬁ@%d? rE'orn lote F@ﬂ(ﬁl}é‘){]% ﬁbt%c&ﬁ%ﬁant%' £ €S

and tinmes known ava ults
' 1§ ber at Aon BFRe B Al b BFFRGledorhAeRaSTRanE RRaro PR Broliasn b digriaD #5f ¢

| i nkers |pheh¢1®tm¢ttonomh aepecifigprpecred fagimeniscancbecseparated from degradation
endo- 2- benzon rJ

3-am no- 3( 2- n%’?@%ﬁ oﬁdiﬁ’@%ugﬂggolgacry%@ es ofirhg enezdy?rig?lcgn be

cl eavage i ncl Lﬁh@"k&gtbe fhe ssay s 4“’“31*’8% "§§F’e"e ‘Bﬁﬂ‘bg byuiondliogesesyti ch
wi || cl eave phpepiontirgst potetbioney. pr ot eases whi ch cl eave pepti de bonds,
etc. Th@pﬁ&:‘é‘é RbARA Jf' arléi%n ﬁmoﬂne‘{‘ipe&ﬁé poPulation of cells

ortho-nitr obenz.}/hm Satt{sgu%tc%%e%etermmed gy m s1tubhybn\3§zanon This method is analogous

with the immunocytochemical technique and can in fact be used simultaneously with |
immunocytochemistry on the same section to discover, for example, whether a certain
protein is really synthesized Jocally or actually taken up from other sources. Apart from

25 the possibility of identifying the cell type expressing a specific mRNA, in situ
hybridization can be even more sensitive than analysis of a total tissue RNA preparation
using the techniques described above. This is the case when the mRNA is expressed in
high concentrations in a very discrete region or cell type within the tissue and would be
diluted by homogenization of the whole tissue. The analysis of gene expression by in

30 situ hybridization is therefore of particular importance for heterogeneous tissues like the
brain. For in situ hybridization, the tissues have to be frozen or perfusion-fixed and
sectioned according to histochemical protocol. The hybridization protocol for tissue
sections and the labeled probes used are similar to the other hybridization methods
described above. A semiquantitative analysis is possible.

35
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wherein one carbon atom at positions a, b, ¢, d or e is substituted with
-L[err]-X ameb s3] (which is preferably a direct bgagiussmigpesent
to the left of N(R err]) in the above structure. Such a |inker

conponent is susceptible to selective photo-induced cl eavage of the bond
bet ween the carbon labeled "a" and N(R[e¥¢]). The identity of Rerr] is not
typically critical to 5 t he cl eavage reaction, however Rerr] is

preferably selected fr %{,&gfép Iéy%trernﬁ%t{ve p%’”‘ﬁ%cary('ﬁ]ﬂ] %glség% e

i nvention provides that ove ure
repl aced W|th O. Aso |n the above structure, one or nore of positions b,

c, dor may OpMosN RNAD @reS tHassciibdat ﬁ‘dm“&x&%l 8&&@ ' @én%@Q(yAncItﬁét'or | de,
ch o e, ks g GO R ] e LA e U ™
further prief dtrasg presekedp theophsernasemalyversion of mast gevles.h Thelreprashntation varizs
fol l owi ng st fiegt Briecgene to another but can be vérgIsighificant as many genes cover more than
100 kb in genomic DNA, represented in a single cDNA. One possible use of molecular
hybridization is the use of probes from one species to find clones made from another
species. Sequence divergence between the mRNAs of mouse and man permits specific
10  cross-reassociation of long sequences, but except for the most highly conserved regions.
prevents cross-hybridization of PCR primers.

Differential screening in complex biological samples such as developing
nervous system using cDNA probes prepared from single cells is now possible due to
the development of PCR-based and cRNA-based amplification techniques. Several

15 groups reported previously the generation of cDNA libraries from small amounts of
poly (A)Y+ RNA (1 ng or less) prepared from 10-50 cells (Belyav et al., Nuc. Acids Res.
17:2919, 1989). Although the libraries were sufficiently representative of mRNA
complexity. the average cDNA insert size of these libraries was quite small (<2 kb).

More recently, methodologies have been combined to generate both

20 PCR-based (Lambolez et al., Newron 9:247, 1992) and cRNA-based (Van Gelder et al.,
Proc. Natl Acad Sci. USA 87:1663, 1990) probes from single cells. After electrical
recordings, the cytoplasmic contents of a single cell were aspirated with patch-clamp
microelectrodes for in situ cDNA synthesis and amplification. PCR was used to
amplify cDNA of selective glutamate receptor mRNAs from single Purkinje cells and

25 GFAP mRNA from single glia in organotypic cerebellar culture {(Lambolez et al.,
Neuron 9:247, 1992). In the case of cRNA amplification, transcription promoter
sequences were designed into primers for cDNA synthesis and complex antisense
cRNAs were generated by in vitro transcription with bacteriophage RNA polymerases.

Thus, within one embodiment of the invention, tagged ¢cRNAs can be

30 utilized as tagged probes to screen ¢DNA libraries randomly or in "expression
profiling" experiments to screen Southern blots containing cDNA fragments of interest
(receptors, growth factors, ion channels etc.). It appears that the lack of linearity of
amplification, often encountered with PCR-based approaches, is minimized with
c¢RNA-based methods.

35



wherein one or nore of positions b, ¢, d or e is substituted with hydrogen,
al kyl, al koxy, 15 fluoride, chloride, hydroxyl, carboxylate or amde, R

i s hydrogen or hydrocarbyl, and Rlerr] is -OH or a group that either

protects or activates a carboxylic acid for coupling with her

moi ety. Fl uor o¥@®H8H2%and hydr of | uor ocar bon groups are preferr"éa‘ﬂbs?'géwgo t hat
activate a carboxylic acid toward coupling with another noiety. 20

3. Mol ecul e ‘of Interest (MJ) Exanpl es of MJs

i ncl ude nucl eic acids or nucleic acid analsz)gues (e.qg., PNA) ,
fragnents of nucleic acids (i.e., nucleic acid fragnents), synthetic
nucl ei ¢ aci ds or fd agméhigenuchotidehigatimodisdes (e.g., DNA or RNA),
proteins, peptides. antibodies or anti body frag ment s receptors,

receptor |igands, menber&igopudeqtideligationzassay 'é)?f‘(?k‘?eﬁ%“ 0§ BCRasef, praeening
ol i gosacchar i dhat, ussy ah IBHIS A-basedamssay (01lAg Nitlessondn whs Proan Vad Odtid Sti AL

t her eof §7:8923,1990) to detecf{h‘éfp%&i nﬁ%dm tﬁa:'cB n!aiﬁ%e &'rd%elt gégglel?(%l Gl"hM gagent s-

Preferred nuclel S are
conpl enent afy que@emmﬁmaﬁﬁi@slwhx Vé‘é‘l’bﬂ%elmmmd Rriefly tb%@L@e@E}d?ﬁ are

used for base swqadaehingligoiuciéatidenl ya trepuret'eprobd ¢laggddr AGHEH ehd) and 2 5-

WO 97/ 27327 o " " . . .
PCT/ US97/ 0107 Ophosphorylated/3 biotinylated “anchor" probe. The two oligonucleotides, 4\s§h|ch are

attached di r ec¢amyplesmentaryite seauenees internal 19, the: PR peimexshare appealed: to ggrgetdPNAne
fragment; and gAdsif there is petfettasoripleynentarity) theStwoeaebes fret li‘g%tefdrb@gl’@DNA Ijaé.ei c

it abases (8. oCHPR= 3% R BiEBATRRY Mlchor prop GO RRRGIAISEEp AR A8 B for
Genot ype Dat abTéSéOVﬂ?lttb’ Drkggiepetss prebe) teginfor éb?rms@}calorv@ﬁ@m f(the gerget 5

Promega, Madi seguenéésamong the PCR products. As used herein, MJ includes
derivatives of an MJ that contain funct lonality usef ul in joining the
MJ to a T-L-L[err] conpound. For ex a nucleic acid fragnent

t hat has a phosphodi est & at PA’(@“B""@f b’W’?@ﬁ“B‘Tﬁﬁé’“ﬁi‘f’ésphodl ester is also
bonded to 39 al kyl eneam ne, |s anFIVDI ’ Such an MO is described in, e.g.,
U S. Patent i orensics

The identification of individuals at the level of DNA sequence variation
offers a number of practical advantages over such conventional criteria as fingerprints,
bloed type, or physical characteristics. In contrast to most phenotypic markers, DNA
analysis readily permits the deduction of relatedness between individuals such as is

20 required in paternity testing. Genetic analysis has proven highly useful in bone marrow
transplantation, where it is necessary to distinguish between closely related donor and
recipient cells. Two types of probes are now in use for DNA fingerprinting by DNA
blots. Polymorphic minisatellite DNA probes identify multiple DNA sequences, each
present in variable forms in different individuals, thus generating patterns that are

25 complex and highly variable between individuals. VNTR probes identify single
sequences in the genome, but these sequences may be present in up to 30 different
forms in the human population as distinguished by the size of the identified fragments.
The probability that unrelated individuals will have identical hybridization patterns for
multiple VNTR or minisatellite probes is very low. Much less tissue than that required

30 for DNA blots, even single hairs, provides sufficient DNA for a PCR-based analysis of
genetic markers. Also, partially degraded tissue may be used for analysis since only
small DNA fragments are needed. Forensic DNA analyses will eventually be carried
out with polymorphic DNA sequences that can be studied by simple automatable assays
such as OLA. For example, the analysis of 22 separate gene sequences, each one



10 4,762,779 which is incorporated herein by reference. A nucleic acid
fragnment with an Internal nodification is also an MJ. An exenplary
i nternal nodification of a nucleic acid fragment is where the base
(e.g., adenine, guanine, cytosine, thymdine. uracil) has been

nodi fied to XEPVactive functional group. Such internal | pcvose7ionesd
nucl eic acid fragnments are commercially available from e.g., den
Research, Herndon, VA. 15 Another exenplary internal nodification of a
nucleic acid fragnment is where an abasi c38 phosphorami date is used to
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(L[err]) 5 The detectibn ofreind] o8 kellubur dheogefiesds sdotiker émpsttant AAQlIFVeE

atom c arran RELL

handl e can u%ﬁ%ﬁa g%ﬁg‘i regg%'l1 on ‘ﬂ&al %néagléﬁéc(%kﬁ?%%eﬁ% 5’\,\% 'ﬁ'@#ﬁ &al

handl e preseny T§ 0‘6&3?3 while, their csHplas e LS (SYDYOEERSS) ALY y presentdwal ent

oy %‘ hile, thej uptegpasts ( ) ghiead

lrologd belt veen nbiealt vellsol Freubelhular Focogereanian, Holeverhdai adivaieansl esp B%ﬁc ble a
r ox ro a_carboxylic

a%:ll d o r(ll)% d,e?&ao%{]g%gxgg %gtteggagg!w&/a?‘et\glegﬁé%ggg&g%n%lg@wﬁ?’m’f]ﬁyoar yl

ester), V\Hg é&‘gé‘h calgreciab ARPOTS) PEIRGI iR E‘W@§eg?‘\ma‘ﬁéﬁ’&?@§ (e imghea Nemyeall ent

bond (speci f iohedgette inthe ¢ of nagrdbl&t)oma) or thé Rrafrangeinant dfldBroinisoriey ﬁ&ﬂﬂ 88

of Coval ent amslocation of e c-sbl GAFRE Hon BlEsonilY 1 syl D7 in o e 1 101
tags to |ink&f ghrogisgmysleid é?%mw N@P%h of the actiygeipn pragesspsoleads; frceaniinction
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Form ** “Tpinate  SMAnRpERie tnlimer JA BER e RTOHEY o Kt fre ©°
sul f onyl at Poppn(ug és ?xi retm astoma (Rb p p sarcoma can also be detected

PCT/ US97/ 010 %dth the help of DNA probes. Using probes against 1mmunoglobuhn genes and against
T-cell receptor genes, the detection of B-cell lymphomas and lymphoblastic leukemia is
possible.

20
iti. Transplantation analyses

The rejection reaction of transplanted tissue is decisively controlled by a
specific class of histocompatibility antigens (HLA). They are expressed on the surface
of antigen-presenting blood cells, e.g., macrophages. The complex between the HLA

25 and the foreign antigen is recognized by T-helper cells through corresponding T-cell
receptors on the cell surface. The interaction between HLA, antigen and T-cell receptor
triggers a.complex defense reaction which leads to a cascade-like immune response on
the body.

The recognition of different foreign antigens is mediated by variable,

30 antigen-specific regions of the T-cell receptor - analogous to the antibody reaction. Ina
graft rejection, the T-cells expressing a specific T-cell receptor which fits to the foreign
antigen, could therefore be eliminated from the T-cell pool. Such analyses are possible
by the identification of antigen-specific variable DNA sequences which are amplified
by PCR and bence selectively increased. The speciﬁé amplification reaction permits

35 the single cell-specific identification of a specific T-cell receptor.



48 form sul fonates, sul fonam des), condensation (e.g., to form

I m nes, oxines. hydrazones), silylation, disulfide formation, and
generation of reactive internediates, such as nitrenes or carbenes, by
photolysis. In general, handles and bond-form ng reactions which are
suitabl e for ﬁ‘fcg%%’ﬁ?zﬁg tags to linkers are also suitable for?SPVSEMYY s
linkers to MJs, and vice-versa. In sone cases, the MJ may undergo prior
nodi fication or derivitization to provi d% t he handl e needed for attaching
the |inker. One type 8f bond especially useful for
attaching linkers to MJs is the di sul fide bond. Its formation
requires the presence ofimilat iablsesyare ppesénthopeformngd (3 thdRientificatibh 0K @tito- and

anot her thiol. 4 Mk X1 @iz J il n jce to
10 bond the [HBUERe Pge?i@ﬁ%}c“%é&a&a%%ﬁ%gﬁ%‘@hF‘?{%lg B Rleie
al so be i nducawhrifis. or encephalopyyelitis- excess of an appropriate disul fide
exchange reagent, e.g., pyridyl disulfides. Because di sul fide

formation is readily reversiple, ' ' may al so be used as the
cl eavabl e~bond for |iberati ﬁg thge?lg’éefjblﬂfél’%éggl red. This is typically
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and rel at ed bmethodgcapsidetsbly (rcregses the range ofigenerng diagnostiasl f onani des) with the
iAgt lr od ;chcl_spr i hmar y ?m' rllﬁ,theadége JFHeniin[gerl{HﬁQ ld@easieg%&ﬁwi)s@aﬁoaéf ju?t_ one of the

Isted I n e ecu Nl eg. ca 0] ne, . a par R
enurer at 1 on ofV e Foticieh 356 Risfilt RhobdOERRm( mofgBic defierp: in
car boxyl i ¢ esmany cases, both; allgles mpsithe snodifiedt(rcessivglyransmitted mogpganicdefectds,  and
di g_h:c or OE riaz ﬁ_ﬂ@ﬂ:ird:[‘\ ' Nfegeg&lcede&cﬁrtﬁb outbrealegmb ldeedse ﬁseﬁa%lysfti&alfni@mﬁe
nodlirticatli on | Nce a (0] [ Le .very,. S . SO,
These. r oagent DeetmofaRilon Bublohl Thaord R ik nBin e cadoF daBeralbe
reacti vi t 0w efterioselerasie) ardkg kifestylgi(indhbe egse of rapserdc Veon fraguentlyriheppdiseasesf
active esterSoccur in adVahded gt Djseasex et 06 isChisBpheen®s ks depeitia diuspilepdieny |
esters, tetr agll}o\'xfd’ %Pohﬁe“%%m'o ed inHis %élﬁexr%gig(lds .18111@:' L QRDEN 'i{&ét Glbeak oF e ©
esters are useru ecause H%e_y can e e rom VIir UaPP any m)el ecul e
that cont ai nsdigeaseibdhepe jcasesdh dlepepdent cepont envirpmpentd t fagtarscast weld as on ther e

listed in Bodaaaifitatdn ofieich] 8enedin diFErbhtdhrdaiiabms tdeitidndd ed. ), Spri nger
Verlag, 35slondon, 1993}ne direot and indirect DNA analysis, the diagnosis of a series of
genetic diseases has become possible: sickle-cell anemia, thalassemias, al-antitrypsin
deficiency, Lesch-Nyhan syndrome, cystic fibrosis/mucoviscidosis, Duchenne/Becker
muscular dystrophy, Alzheimer's disease, X-chromosome-dependent mental deficiency,
Huntington's chorea
30
v Infectious Disease

The application of recombinant DNA methods for diagnosis of infectious
diseases has been most extensively explored for viral infections where current methods
are cumbersome and results are delayed. In situ hybridization of tissues or cultured

35 cells has made diagnosis of acute and chronic herpes infection possible. Fresh and
fomalin-fixed tissues have been reported to be suitable for detection of papillomavirus
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5. Li nker Attachnent Typically, a single type of
linker is used to connect a particular set or famly of tags to a

particular sWO#H27Bnmi |y of MJOs. In a preferred enbodi nent pOf/UBIMP1070

I nvention, a single, uniformprocedure nay be followed to create all the
various T-L- -5 MO structures. This is especially advantageous when the
set of T-L-MJ structures is Iarge,5(because it allows the set to be
prepared using the nethods of conbinatori al chem stry or other
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There are,_hovwever, othe L present, | nyent 1 on
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W t hout cl eavin

ker resent
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form phosphat es, phosphonates, phosphor am des, phosphonani des),
sul fonyl ati on (e g, t Brofeim-Based| Assavat es, sul f onani des), condensation
(e.g., to formimnes, oxinges, hydrazones) silylation, disulfide
f or mat | on, and geﬁeratf”éfﬁ fior eact i ve | nt ernedi ates, such as nitrenes
or car benes by phot ol ysi s gdener al nd es .and bond-torm
reactions which are suf't 886 s B 4 ac‘ﬁ‘"ﬁ% oifgﬁose’f' asse asyay s oAy %‘E‘E\‘?"ée E?so
sui t abl e }or cabangedhbydghd FaﬂkéP%ﬂ'PQS’ harrin (segn@-gyidneibodiess o Lpboratome Mangels

the MO may umllewg@dmme f(ed%l)dCéld(Spth Mator dRbdriioly Bikd, 988, ORBgS:@sendzﬁv& he
handl e needed type

of bond espe&THTRSs 'g g’?tgél"attac OAﬁ' afsg%iélrmsh £ MOPPTEATERE imano-
di sul fi de bo ﬁ&fctrvmlgrrq'sxgr(%l@lnomzy@qdmke% tmrn@nqamlyehessax@f (E&.184). dhhibjtion or

("handl e") Omoﬁxbaltﬁﬁ | dsgiys;r , andnardvatn € hsshyd| Obinfilt@ndud N ihGnddsdays Mahdl
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di sul fide: sul ornaton can al's
enhance including for example, hgand receptor assays and the like.

b. Immunoassays

Since the development of RIAs for insulin and thyroxin, methods

25 involving radioisotopically labeled antigens have been widely applied in the
measurement of haptenic molecules such as hormones and drugs. The methods are
based on the competition between a labeled antigen and an unlabeled antigen for a
limited amount of antibody. These methods might also be described as "limited
reagent” methods because of the limited amount of antibody used in the assay.

30 Although labeled antibodies have been used in immunofluorescence
methods since 1941, they were not more widely applied in quantitative methods until
the introduction of radioisotope-labeled antibodies in IRMA. IRMAs, as well as other
solid-phase-based double-antibody or “sandwich" assays (ELISA, IFMA.
immunofluoresence staining assays), are characterized by an excess of antibodies over

35 antigens; they could thus be called "excess reagent" methods. In principle, using excess



usi ng an excess of an appropriate disulfide exchange reagent, e.g., pyridyl

di sul fides. Because disulfide fornmation is readily reversible, the

di sul fide may al so be used as the cl eavabl e bond for liberating the
tag, if desired. This is typically acconplished under 35 simlarly mld
condi ti ons, uSYNFH#excess of an appropriate thiol exchangeP Sé e. g.,
di t hi ot hrei tol. - WO 97/ 27327
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O particular interest for linking tags to oligonucleotides is the
formation of am de bonds. Primary aliphatic am ne handl es can be

readi |y i ntr odesgents sivirens the insubatitvetime and potengallyuvintreases dasitivitywi Ehe solid
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3. Gene Expression Analysis

One of the inventions disclosed herein is a high through-put method for
measuring the expression of numerous genes (1-2000) in a single measurement. The
method also has the ability to be done in paralle] with greater than one hundred samples

25 per process. The method is applicable to drug screening, developmental biclogy,
molecular medicine studies and the like. Thus, within one aspect of the invention
methods are provided for analyzing the pattern of gene expression from a selected
biological'sample, comprising the steps of (a) exposing nucleic acids from a biological
sample, (b) combining the exposed nucleic acids with one or more selected tagged

30 nucleic acid probes, under conditions and for a time sufficient for said probes to
hybridize to said nucleic acids, wherein the tag is correlative with a particular nucleic
acid probe and detectable by non-fluorescent spectrometry, or potentiometry, (c)

- separating hybridized probes from unhybridized probes, (d) cleaving the tag from the
tagged fragment, and (¢) detecting the tag by non-fluorescent spectrometry, or

35 potentiometry, and therefrom determining the patter of gene expression of the biological
sample.



by homobi functional im doesters and N-hydroxysuccini mdyl (NHS) esters.
There al so 25 exist heterobifunctional cross-linking reagents possess two
or nore different reactive groups that allows for sequenti al
reactions. Imdoesters react rapidly with am nes at al kal i ne pH.

NHS- est ers gweyxsx73dyl e products when reacted with prinmary oPCHeEsTIedEmYy
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bonded tol% EdAwgll ofresmple cotaigem amd thotdodents bl thevvelt lare medsined wittea mdsor
exanmpl e, in RHIMEREITH abs@ﬁnb@af specific mass spectrometer tags {icatd ¥ wese‘neé min

which a tag ¢ he reversi bl y at to an, .M
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?g:ﬂ thi 1 iemps;f?ﬂnﬁlgsgrig{é alrblg &gé)’:an be %nysnsae&) in deta1 as follows. Brie y,stns%ue

(liver, muscle, etc.), primary or transformed cell lines, isolated or purified cell types or

any other source of biological material in which determining genetic expression is
useful can be used as a source of RNA. In the preferred method, the biological source
material is lysed in the presence of a chaotrope in order to suppress nucleases and
25 proteases and support stringent hybridization of target nucleic acid to the solid support.
Tissues, cells and biological sources can be effectively lysed in 1 to 6 molar chaotropic
salts (guanidine hydrochloride, guanidine thiocyanate, sodium perchlorate, etc.). After
the source biological sample is lysed, the solution is mixed with a solid support to effect
capture of target nucleic acid present in the lysate. In one permutation of the method,
30 RNA is captured using a tethered oligo(dT) capture probe. Solid supports can include
nylon beads, polystyrene microbeads, glass beads and glass surfaces or any other type
of solid support to which oligonucleotides can be covalently attached. The solid
supports are preferentially coated with an amine -polymer such as polyethylene(imine),
acrylamide, amine-dendrimers, etc. The amines on the polymers are used to covalently
35 immobilize oligonucleotides. Oligonucleotides are preferentially synthesized with a 5'-
amine (generally a hexylamine which is includes a six carbon spacer-arm and a distal



The invention conpositions for nutation analysis. A conposition usef ul
for nmutation analysis conprises a pair of conpounds of the fornula:

Tlerr]-L-M wherein T[err] is an organic group
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position where tJ;e bg_ies are non-identical. These conpositions are
t hen added tos’%{l ‘Tﬁ‘BBo t - bound nucleic acid sequence, which is identical to
t he sequence of onBheofolihsupperthetan bF userd: fin narallel pnd sare ¢ preferentialhy i on
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a pair of conpewséseffdct tdpfure of the tgetmbélzic acid onto the solid support. In general, the
Tlerr]-L-MJ "capture" of the target nucleic acid is through complementary base pairing of target
RNA and the capture probe iromobilized on the solid support. One permutation utilizes
the 3' poly(A) stretch found on most eucaryotic messengers RNAs to hybridize to a
20 tethered oligo(dT) on the solid support. Another permutation is to utilize a specific
oligonucleotide or long probes (greater than 50 bases) to capture an RNA containing a
defined sequence. Another possibility is to employ degenerate primers
(oligonucleotides) that would effect the capture of numerous related sequences in the
target RNA population. Hybridization times are guided by the sequence complexity of
25 the RNA population and the type of capture probe employed. Hybridization
temperatures are dictated by the type of chaotrope employed and the final concentration
of chaotrope (see Van Ness and Chen, Nuc. Acids Res. for general guidelines). The
lysate is preferentially agitated with the solid support continually to effect diffusion of
the target RNA. Once the step of capturing the target nucleic acid is accomplished, the
30 lysate is washed from the solid support and all chaotrope or hybridization solution is
removed. The solid support is preferentially washed with solutions containing ionic or
non-ionic detergents, buffers and salts. The next step is the synthesis of DNA
complementary to the captured RNA. In this step, the tethered capture oligonucleotide
serves as the extension primer for reverse transcriptase. The reaction is generally
35 performed at 25 to 37°C and preferably agitated during the polymerization reaction.
After the cDNA is synthesized, it becomes covalently attached to the solid support since



wherein T[err] is an organic group detectable by mass spectronetry,
conprising carbon, at |east one of hydrogen and fluoride, and optional
atons 10 selected from oxygen, nitrogen, sulfur, phosphorus and iodine. In

the fornmula, L is an organic group which allows a T[err]-containing
noi ety to be wbemarazy fromt he remai nder of the conpoun#criuser®ren the
T[err]-containing noiety conprises a functional group which supports a
single ionized charge state when the conpound is subj ected to mass

spectrometry and is selected fromtertiaf$y amne, quaternary 15 amine and
organic acid. In the fornmula, MJ is a nucleic acid fragment wherein L
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assigned a specific cleavable tag. The tag(s) is then attached to the respective

20 oligonucleotide(s). The oligonucleotide(s) are then hybridized to the cDNA on the solid
support under appropriate hybridization conditions. After completion of the
hybridization step, the solid support is washed to remove any unhybridized probe. The
solid support or array of supports are then place in solutions which effect the cleavage
of the mass spectrometer tags. The mass spectrometer tags are then subjected to

25 measurement by a mass spectrometer, the mass each tag present is identified, and the
presence (and abundance) or absence of an expressed mRNA is determined.

4, Detection of Micro-Organisms. Specific Gene Expression or Specific
Sequences in Nucleic Acid

30 The use of DNA probes with cleavable tags can be used to deteci the
presence or absence of micro-organisms in any type of sample or specimen. Typically,
the sample will be subjected to a lysis step using ionic detergents or choatropes, the
nucleic acid is then specifically or non-specifically immobilized on a solid support, and
then probed with tagged DNA probes. Unhybridized probe is removed is a washing

35 step, the tags are cleaved form their respective probes, and the measured.



proteins or polypeptides (e.g., an antibodies or antibody fragnents (e.g.,
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Y The fragment to be analyzed should be separated from the pool of DNA

fragments and distinguished from other DNA species using specific probes. Thus,

DNA is subjected to electrophoretic fractionation using some type of gel or
chromatography, followed by ftransfer and fixation to a nylon or nitrocellulose

25 membrane. The fixed, single-stranded DNA is hybridized to a tagged oligonucleotide,
complementary to the DNA to be detected. After removing non-specific hybridizations,
the DNA fragment of interest is identified by cleaving the tag(s) from the hybridized
probe. With the technology described here, over one hundred probes can be used
simultaneously.

30 The presence and quantification of a specific gene transcripts can be
analysed by means of Northern blot analysis and RNase protection assay. The principle
basis of these methods is hybridization of the pool of total cellular RNA to a specific
tagged probe or set of specific tagged probes. In the Northem blot technique, total
RNA of a tissue is electrophoretically fractionated using an agarose gel, transferred and

35 immobilized to a solid support (nylon, nitrocellulose, etc.). The RNA is hybridized to a
tagged oligonucleotide, complementary to the RNA to be detected. After removing non-
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ri bonucl ease (RNase) protection assay and in situ hybridization. 5
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regions (5, 3 flanking regions and intron), they can affect the
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20 ‘expressed in high concentrations in a very discrete region or cell type within the tissue
and would be diluted by homogenization of the whele tissue. For in situ hybridization,
the tissues have to be frozen or perfusion-fixed and sectioned according to
histochemical protocol. The hybridization protocol for tissue sections and the labeled

probes used are similar to the other hybridization methods described above. A

25 quantitative analysis is possible.

S. Mutation Detection Techniques

The detection of diseases is increasingly important in prevention and
treatments. While multifactorial diseases are difficult to devise genetic tests for, more
30 than 200 known human disorders are caused by a defect in a single gene, often a change
of a single amino acid residue (Olsen, Biotechnology: An industry comes of age,
National Academic Press, 1986). Many of these mutations result in an altered amino

acid that causes a disease state.
Sensitive mutation detection techniques offer extraordinary possibilities
35 for mutation screening. For example, analyses may be performed even before the
implantation of a fertilized egg (Holding and Monk, Lancet 3:532, 1989). Increasingly



The presence and quantification of a specific gene transcript and its 30
regul ati on by physi ol ogi cal paraneters can be anal ysed by neans of Northern
bl ot anal ysis and RNase protection assay. The
principle basis of these nethods is hybridization of a pool of tota

cel lular RNA W9%2&82cific probe. In the Northern bl ot techrﬁ%"éswf'ﬂ’f’%l RNA

of  a tissue I's electrophoretically fractionated using an agarose gel,
transferred and imobilized to a 35 |abgked anti sense RNA (cRNA),
conplementary to the RNA to be detected. "This cRNA probe is then

t agged as descri bed herein. By applying stringent washing conditions,
WO 97/ 27327 efficient genetic tests may also enable screening for oncogenic mutations in cells
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nucleotide position can partially denature, resulting in retarded migration, when

20 electrophoresed in an increasingly denaturing gradient gel (Myers etal, Nafture
313:495, 1985; Abrams et al., Genomics 7:463, 1990; Henco etal., Nucl. Acids Res.
18:6733, 1990). Although mutations may be detected, no information is obtained
regarding the precise location of a mutation. Mutant forms must be further isolated and
subjected to DNA sequence analysis.

25 Alternatively, a heteroduplex of an RNA probe and a target strand may
be cleaved by RINase A at a position where the two strands are not properly paired. The
site of cleavage can then be determined by electrophoresis of the denatured probe.
However, 'some mutations may escape detection because not all mismatches are
efficiently cleaved by RNase A.

30 Mismatched bases in a duplex are also susceptible to chemical
modification, Such modification can render the strands susceptible to cleavage at the
site of the mismatch or cause a polymerase to stop in a subsequent extension reaction.
The chemical cleavage technique allows identification of a mutation in target sequences
of up to 2 kb and it provides information on the approximate location of mismatched

35 nucleotide(s) (Cotton et al., PNAS US4 85:4397, 1988 Ganguly et al., Nucl. Acids Res.



wWithin a tissue can be determned by in situ hybridization. This method is

anal ogous with the imunuocytochem cal technique and can in fact be
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20 mutation in a limited segment of DNA and some of them allow approximate
localization within the segment. However, sequence analysis is still required to unravel
the effect of the mutation on the coding potential of the segment. Sequence analysis is
very powerful. allowing for example screening for the same mutation in other
individuals of an affected family, monitoring disease progression in the case of

25 malignant disease or for detecting residual malignant cells in the bone marrow before
autologous transplantation. Despite these advantages, the procedure is unlikely to be
adopted as a routine diagnostic method because of the high expense involved.,

A large number of other techniques have been developed to analyze
known sequence variants. Automation and economy are very important considerations

30 for these types of analyses that may be applied, for screening individuals and the
general population. None of the techniques discussed below combine economy,
automation with the required specificity.

Mutations may be identified via their destabilizing effects on the
hybridization of short oligonucleotide probes to a target sequence (see Wetmur, Crit.

35 Rev. Biochem. Mol Biol, 26:227, 1991). Generally, this technique, allele-specific
oligonucleotide hybridization involves amplification of target sequences and subsequent



Differential screening in conplex biological sanples such as devel opi ng
nervous system usi ng cDNA probes prepared fromsingle cells is now possible

due to t he devel opnment of PCR-based and cRNA-based anplification
techni ques. Several 15 groups reported previously the generation of cDNA
libraries froW@¥8@27anounts of poly (A)+ RNA (1 ng or FE'E’S?”’%P‘E’%M ed
from10-50 cells (Belyav et al., Nuc. Acids Res. 17: 2919, 1989).

Al though the libraries were sufficiently ggepresentative of nRNA

conplexity. the average cDNA insert size of these libraries was quite snall
(<2 kb). More recently, methodol ogi es have been conbi ned
t 0 gener at e bdiyhridi@atioRGRitlp ab@tl oligansblodtile mobes! . An Naplified Pra2iagt cabohay band
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anplification,/9t39andédipti on pronoter sequences were designed into

By 1 Vi 1o transel] ption St Bact e R e Bl i sias o alfnef ot of
Thus, w ¢t GHECSHsDIEHH om0 FYHPEE yiln bt PREVERRIRUAL & foF Birlegde
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cDNA fragments I nt er%ire gYecept or nnel s
etc.). It appdEuad s xerighie, ppsition ‘F’i"ﬁe%?ﬂ‘ ‘B?sma“"h PHimgs | tf t en
encount er ed wit¢chnigQf:- dm&e:etheaqnpammhmswdd-&ypmsaqumzedom tray be recoghixdéd bad ed

met hods. 35  (leaved arestnmngeyzﬂggiﬁram lification (Chen et al., Anal. Biochem. 195:51,
PCT/ US9/ 01 aved by P ( nas. Sochet

0
d. a i gbhudPbieyest ol -aegReas 397, 1991).
O i gonucl eot i de- | i gat i oAnatherayethad exploits therpuoperty diat ROPligrmudcbtisie peiswr thyt

that uses an B inpndangdo asamkt Sdghéhce M BT PoRulfhate! positibh Qehibih lredutedd
Sei . USA capacity to serve as a primer in PCR. However, some 3' mismatches, notably G-T, are
less inhibitory than others limiting its usefulness. In attempts to improve this technique,
20 additional mismatches are incorporated into the primer at the third position from the 3'
end. This results in two mismatched positions in the three 3' nucleotides of the primer
hybridizing with one allelic variant, and one mismatch in the third position in from the
3' end when the primer hybridizes to the other allelic variant (Newton et al., Nucl. Acids
Res. 17:2503, 1989). It is necessary to define amplification conditions that significantly
25 favor amplification of a 1 bp mismatch.

DNA polymerases have also been used to distinguish allelic sequence
variants by determining which nucleotide is added to an oligonucleotide primer
immediately upstream of a variable position in the target strand.

A ligation assay has been developed. In this method, two

30 oligonucleotide probes hybridizing in immediate juxtaposition on a target strand are
joined by a DNA ligase. Ligation is inhibited if there is a mismatch where the two
oligonucleotide probes abut.

a. Assays for Mutation Detection.

35 Mutations are a single-base pair change in genomic DNA. Within the
context of this invention, most such changes are readily detected by hybridization with



87:8923, 1990) to detect the PCR products that contain the target sequence.
Thus, both 5 gel electrophoresis and col ony hybridization are elim nated.
Briefly, the OLA enpl oys two adj acent oligonucl eotides: a "reporter”
probe (tagged at the 5° end) and a 5'- phosphoryl at ed/ 3' - bi oti nyl at ed
"anchor" prob@okieart wo ol i gonucl eoti des, which are corgiresyenioasy to
sequences internal to the PCR priners, are annealed to target DNA -and,
if there is perfect conplenentarity, the two probes are ligated by T4 DNA
|igase. 10 Capture of the biotinylated #nchor probe on innmobilized
streptavidin and anal ysis for the covalently |inked reporter probe

broducts, | CHRERGRICY ind 1€ afiplhela, &P Shauence n SRUEH T BTN 1*TCC
25 ' described here, twp oligonpgleatides @ze employed to detect a mutatiope One !
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rel ated donor and Ay disqussed aboveed 6 4o 7°fdifferepessinghe by ofewilditype vemsus n use
for bDNA_ f i NQgigdkatdHel _ragrlby phiifits the realdy Rteﬁﬁﬁd?zﬁbﬁlapdiﬁé}ixﬁnéﬂoﬂi otakeivd iygFPNfA
probes identij i . 1. . .present . in vari e forns
in di ffeﬁ@nt o{%l#\%%ua?g. hugggg%gra ?"ng‘?%’é‘%‘%aé‘ﬁ’ﬂégi’ otrmgq at t&%eﬂ" g ex and
hi ghl y vari apfisoasbeddaplex indheespestive hybpirepie padwiion. {The gxtestyof &ypridization is
3 e]g]tcjences | NtHeh eneguredor the!set tof 0l gorElaoeIeCH6be¥R YWhEh &Eeﬁtﬁmﬁf fh8 gbéﬁn{h er 30

i fferent t | ui she t he size
of ' the. 1 dent pytridiaiB bEk VRIABEBroRP B 3 35 Bhed brBhL BNLBURS, Yot
i ndi vi dual s W/l [to grggter thaw A0/ dnebtaipest | Hhesetypesrofsesulta permit the development of pl e
VNTR or msni fobhstlabdalyfop rktion detestidny | ow. Mich | ess tissue than that
required 30 for DNA I.nql | ' . SUffj.ci ..DNA for
a PCR-based anal ysi s %?Qgem}ﬂé—g %‘é‘?’lo%g’n%re E%l’rég?orﬂ% g’?‘hglgﬂﬁltoﬁéf %Foagg{rhg%fed
ti ssue may bETESS BErclsip acid gy gfnomic PNA)Awd pligonuciegtidg probpythatshamihsiaseaqr e
needed. For eolinterdshAThe eligemadeotide Iprabes afeugtdtar dreqadits 2¢ Gt in lengtBivithial h

pol yror phi ¢ nﬁx%%?%%? 3{5 'I&@%n‘&"i?be?e% Mgg@@r&){mﬂ "R $UQTBLARE G ASSAYS
such as C2](_)A. olior e,ixa[;rl}) e, the analysis of 22 separate gehe sedquences, each
one gonucleotide probe. The target nucleic acid is obtained via the lysis of tissue culture
cells, tissues, organisms, etc., in the respective hybridization solution. The lysed
solution is then heated to a temperature which denatures the target nucleic acid (15-
25°C above the T, of the target nucleic acid duplex). The oligonucleotide probes are
added at the denaturation temperature, and hybridization is conducted at the T,, of the
25 mismatched duplex for 0.5 to 24 hours. The genomic DNA is then coliected and by
passage through a GF/C (GF/B, and the like) glass fiber filter. The filter is then washed
with the respective hybridization solution to remove any non-hybridized
oligonucleotide probes (RNA, short oligos and nucleic acid does not bind to glass fiber
filters under these conditions). The hybridization oligo probe can then be thermally
30 eluted from the target DNA and measured (by fluorescence for example). For assays
requiring very high levels of sensitivity, the probes are concentrated and mcasured.

Other highly sensitive hybridization protocols may be used. The
methods of the present invention enable one to readily assay for a nucleic acid
containing a mutation suspected of being present in cells, samples. etc., ie., a target

35 nucleic acid. The “target nucleic acid” contains the nucleotide sequence of
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) whose presence is of interest,
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present in tw different fornms in the popul ation, could generate 1010
di fferent outcones, permtting the unique identification of h
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The detection of viral or cellular oncogenes is another inportant field of
application of nucleic acid diagnostics. .)Q ral oncogenes (v-oncogenes) are
transmtted by retroviruses while their cellular counterparts
(c-oncogenes) are already present in normal cells. The cellular
oncogenes can,an (wise presdnee ac bbsendeeisl 6 pe sipiected ifar in the hytilfiatioaassaps Thech s
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The target nucleic acids are then probed with tagged oligonucleotide probes under
conditions described above in hybotrope-based solutions. Unbound enzyme is then
25 washed away and the membrane is immersed in a substrate solution. Signal is then
detected by MALD1-MS essentially as described below.

b. Sequencing by hybridization

DNA sequence analysis is conventionally performed by hybridizing a

30 primer to target DNA and performing chain extensions using a polymerase. Specific

stops are controlled by the inclusion of a dideoxynucleotide. The specificity of priming

in this type of analysis can be increased by including a hybotrope in the annealing

buffer and/or incorporating an abasic residue in the primer and anmealing at a
discriminating temperature.

35 Other sequence analysis methods involve hybridization of the target with

an assortment of random, short oligonucleotides. The sequence is constructed by
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Simlar analyses are presently performed for the identification of auto-
| mune di seas®OP?XB27 uveni |l e di abetes, arteriosclerosis, nulpcralseroioro

sclerosis, rheumatoid arthritis, or encephal onyelitis. 5

i V. Genone Di agnosti cs Four percent of all newborns
are born with genetic defects; of the 3,830 hereditary di seases
descri bed which are caused by the nodification of only a single gene,
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protein locus require a more stringent level of control of multiplexed probes.

20 6. Arravys

Nucleic acid hybridization to arrayed DNA samples has long been
employed for a wide variety of applications in basic biological research, and are
currently beginning to be used in medical diagnostics, forensics and agriculture. As
described in more detail below, nucleic acid molecules or proteins may be attached to a

25 solid support to form an array, and tested with tagged molecules of the present
invention.

For example, within one embodiment of the invention, arrayed DNA
samples can be utilized in the identification of individual clones. Briefly, known DNA
molecules are tagged to make a tagged probe, and tested by hybridization against an

30 array of unknown clones. Clones which show specific hybridization to the probe may
then be isolated. Such assays may be accomplished using unordered arrays of clones
(Sambrook et al., “Molecular Cloning: A Laboratory Manual “Cold Spring Harbor,
N.Y., 1989). Alternatively, membranes carrying regularly spaced arrays of clones of
known individual identity (although typically of unknown sequence) may also be

35 purchased (e.g., Research Genetics, BAC clone arrays, Huntsville, AL).
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Duchenne/ Becker muscul ar dystrophy, Al zheiner's di sease,

X- chr onosone- dependent nental deficiency, Huntington's chorea 30

V: I nfecti ous Di sease The application_of reconbi nant
DNA net hods f YO8 osi s of infectious di seases has beBfRTHEL{01070
extensively explored for viral infections where current nethods are

cunbersone and results are delayed. In S|§u hybri di zati on of tissues or
cultured 35 cells has nmade di agnosi s of acute and chronic herpes infection
possi bl e. Fresh and fomalin-fixed tissues have been reported to be
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a | nt r odu&ashgp labelled with a different tag. Thetwq, sammles gt peoledang;hybridiged tetthe of
pr ot ei n based anss wgethemyAferhgbiidieation of the pestearctd ahyy, thl hads desed ahded

herein (see, Gy foedRtdeDPeE Withth HRIEBLCIYLMABH Fbr each tag hybridized to each
15 sample in the array. For a given gene, the ratio of hybridization to each labeled
complex cDNA sample is a measure of the relative gene expression in the two tissue
samples. The use of internal controls and of two (and potentially up to four) distinct
tags is crucial for this application.
Many of the other applications described below are variations on this
20 basic experiment using different sources of arrayed DNA and different sources of probe
DNA, but each application is limited by the use of conventional detection methods to
fewer than 4-6 distinguishable probes in the hybridization mix.
Another application of hybridization to DNA arrays which has been
demonstrated in principle and has the potential for very wide application is sequencing
25 by hybridization (SBH). The concept of sequencing by hybridization (SBH) makes use
of an array of all possibie n-nucleotide oligomers (n-mers) to identify n-mers present in
an unknown DNA sequence. Computational approaches can then be used to assemble
the complete sequence (see generally, Drmanac et al., Science 260: 1649-1652, 1993).
Applications of SBH include physical mapping (ordering) of overlapping DNA clones,
30 sequence checking, DNA fingerprinting comparisons of normal and disease-causing
genes, and the identification of DNA fragments with particular sequence meotifs in
complementary DNA and genomic libraries.
DNA arrays also have wide application in the detection of genetic
variations and polymorphisms. Single base pair changes, deletions and insertions,
35 mutations and polymorphisms can be detected by immobilizing known sequence
variants and probing with labeled PCR products from patients or pathogens (see, e.g.,




Harl ow and Lane (eds.), Cold Spring Harbor Laboratory Press, 1988.

Representati ve exanpl es include antigen - anti body assays such as:
countercurrent inmuno- el ectrophoresis (ClEP), enzyme-Ilinked

I mmuno- sor bent assays (ELISA), inhibition or conpetition assays, and
sandwi ch asssys9729327ul t aneous i ”Mmunoassays and 20 i nmunofi | pepriSsTnIEBSaYS.
A w de variety of other assays however may |ikew se be enhance, :
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b. | nmunoassays Si’Ace the devel opnent of RIAs for

i nsulin and thyroxin, nethods 25 involving radioisotopically |abeled

anti gens havguhegn ai dgldleie o Héase%&n 2h%456-54?]§m?§d4 SMffkewtle, NABLENLE

nol ecul es suc hof nones._ an
conpet i ti on YiERELFPLes BBEPR Eﬁ‘g Fogra??same%ﬁvcwﬁvm+ weluding thedetaction af

| i mted anoudrugofestahi adydmghessitive tvatdsts nofyHIVa(se, kg, deyshitace ab,
“limted Bm;&wg% ToRiNpES R ause of the limted amount of anti body

used in the assa Al t hough | abel ed anti bodi es have been
used in i Amunof | uor esdeifearrays canybe pERfucas; psing ableast twaediffonentetepkstiquest e
wi dely appl i sithesis Gw&’ﬁi addadepmtmmdﬂmmeu pidduced separitBl§ (hpdittir U Cink QF tief

di t - | abel | th
Gol T 0 phase. B8 AbaEsAl i gﬁf%"dgmm%" T DN Sl 10 Pl dight- |
i mrunof | uor edieasted SX?"H?ﬁ’ﬁ Hfphgeugicetdes describerbin Fease et alpd. Msaﬁ Se&@éssg%‘f

anti bodi es 06,e19935 Brizfly, ay@ns of ddfinyd DINA skquéness hre peciubeiby’ @ @es 5f piRagent "

gECEI'? agg7 /18 1 o@%ﬂi@ BloRkifip @/ilpd%o We&Scligonucleotide synthestéOnd At dsing mpdern

reagents shophosplithagraphicmetbads JMasks aee prappreshsush each arayielrment thas needs a
sensi ti Vi ty. paHiculfdasdlin the nex3psithesisastéy istantl @&pdseP & BHtOA siafld nbiblotidegnal i s

directly pr [Q&dﬁé Eéqgédch%trg& %lﬁib‘ Wat qxfas exgosv;-ﬁnl;)J gﬁ%askaﬁaeom% ggfhégiet he

i nverse relations I p I'n conpetl

avi di n- bi ot |ﬁf“§1¥$éhﬁh®ﬁ@§fyﬂ§§m!?é@d}¥éh? H%S“r‘é&%‘?‘hﬁl’&ask anshanoger 01‘85’“Pﬁe¢$lﬂ?er ous
areas of 1bi oekigie. sSéquentiad lapplication &ff thisofptocdingn e dised mequidkihe buitli B very

det ecti on Ofnffye%w%f%g&p;aree@aega%ﬁev Gkl o oFLRNEILEAL in

st ai ni ng, | SO el Cc acl
det ecti on ofSchgaastpl-£1 ection with the use of arrays for transcnptlon analysis.

Within one embodiment of the invention, second members are arrayed
on a solid support such as silica, quartz or glass. The array may then be treated to block
20 non-specific hybridization, followed by incubation of first member labeled probes on
the solid support. Within certain preferred embodiments the array is then washed with a
solution {at a defined stringency) in order to remove non-specifically hybridizing
nucleic acids, rinsed with a solution which includes a matrix material appropriate for
spectrometry or potentiometry (e.g., for matrix-assisted laser desorption and ionization
25 mass spectrometry), dried to form an appropriate matrix, and exposed to light in order
to cleave tags from the nucleic acid probes. The cleaved tags may then be analyzed by
spectrometric or potentiometric techniques (e.g., MALDI-MS).
Within certain embodiments, cleavage and laser desorption occur in a
single step. In other variations, laser desorption and ionization is performed without a
30 matrix. In some experiments, reference-tagged oligonucleotides or other tagged
compounds are added to the matrix solution to control for variations in the efficiency of
photo-cleavage, laser desorption and MS detection efficiency. By measuring the ratio of
abundance between a test tag and a series of reference tags, quantitative information is
extracted from the MALDI-MS data.
35 Within other embodiments the array is composed of oligonucieotides of
less than 50 bp in length. This can be utilized to detect polymorphisms (e.g., single




sequences by hybridi zation. The technique derives its usefulness fromthe

extrenely high affinity of the avidin-biotin interaction (association
constant 1015M 1) and the 10 ability to biotinylate a wi de range of target
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step in the | ¥IHEH! of a target nolecule is its bi ot | nyl at POHUSII078, ¢+ he
biotinylation of a bionolecule which ultimately binds to the target

nol ecul e (e.qg. an anti body or hybrlfg zation probe that forns a target
conpl ex). The b| otinyl at ed nol ecul e or the target conplex is then
separated fromother nolecules in a 15 heterogeneous m xture by using
affinity nedi dasesmid ciemgeshefon\gentitio-thapping, or no efewet thonwesence or absence of a

Thus, within AR d 5% anRySR 'oPQorﬁﬁ' 1Bk gﬁerﬁh{i‘

| mmunoassays l‘:Eieg-)gj‘(j:ucorrpl?agreél uty, 9[‘{15 %g é/c:?ges nts,” rat héelrfmte 'gsﬁ t he
typi cal |a§($F'EF&°(%4PPV‘gi Yoy i ﬁ’t p3pd oL p Eﬁﬂ%s result in greatly
I ncreased sensitivity, as wel | as the capability of anal yzi ng many

sanmpl es si nyl t@neogi-gxg E%QPNOFN#CLEIC Q%ID F!% @@#pressi on Anal ysi s
One of the 1 nventi 0 ough- put nethod for
measuring the expre55| oA anpmxﬂﬁrrénﬁreg&ﬁmﬁstiﬁviﬁﬂﬁ)mﬂxwr@oﬁnw} &)mponcxlttls I
nmeasur enent . | e e ﬁ aralle
with greater t an or xh%tgg ﬁ s§’8n gssc&ﬁaem" ra&nesosn? &n%‘et fggPoRents
appl i cabl e t omst Wlﬁﬂg‘ wihep phrihat ?Phb‘? Yidep) componenpesnceiiientified

medi ci ne st Udlb?&)tlibﬁ dndliecal mkmodsTmﬁ,semétia;hrprmﬁxea@pﬂﬁtcoﬁ.boﬁém inVRXdren

net hods arg, provi ded for na I n t ssion froma
sel ect ed fo 5 T tu{i’lderc ;(%& @(’)‘rtir(%lgt %% geftﬁé“ osntcg e’&tm‘%t?’ n'%ei En
nucl ei ¢ aci ds t¢ Adaeti Bﬂ‘bl%@t@ale&c of theaeamponerty) Sushisireredures faee émméenl
nucl ei ¢ aci ds cidohiatspidphity anteleCraphbetit athltigigeparatibns.nucl ei ¢ aci d probes,
under conditions and for a tinme sufficient for said probes to

hybridize to said nucleic¢ aC| ds wher ei n the tag |s correl ative with a
particul ar nucleicl-  HightRerfermange biquid(Ghramatography(HPLCR - f | uor escent

Chhybr i d 22 probes, - (dl ‘%aﬁém%l igeig g AR L iRt

and (e) det ecisépmpations tqchngtmmmkmmmedst thaharetdisspived yn solutics HPLC

pot enti onet ry instiifhehtd Q:bﬂitit%a@@ie@s‘oﬁﬂ of ﬁ%l%/\oﬁ\aﬁéltat ﬂfm_lypfangﬂﬁ@lof?@&%ﬁﬁhé‘@ of

the bi ol ogi cal olumn anda ant?etecior Compounds are se atecz {a in ectm an aliquot of the sample

PCT/ US97/ 0107§%M™™ P parated by trjecting an a1q p
mixture onto the column. The different components in the mixture pass through the

20 column at different rates due to differences in their partitioning behavior between the

mobile liquid phase and the stationary phase.

Recently, IP-RO-HPLC on mnon-porous PS/DVB particles with
chemically bonded alkyl chains have been shown to be rapid alternatives to capillary
electrophoresis in the analysis of both single and double-strand nucleic acids providing

25 similair degrees of resolution (Huber et al, 1993, Anal.Biochem., 212, p351; Huber et
al., 1993, Nuc. Acids Res., 21, p1061; Huber et al., 1993, Biotechniques, 16, p898). In
contrast to ion-excahnge chromoatrography, which does not always retain double-strand
DNA as a function of strand length (Since AT base pairs intereact with the positively
charged stationary phase, more strongly than GC base-pairs), IP-RP-HPLC enables a

30 strictly size-dependent separation.

A method has been developed using 100 mM triethylammonium acetate
as ion-pairing reagent, phosphodiester oligonucleotides could be successfully separated
on alkylated non-porous 2.3 puM poly(styrene-divinylbenzene) particles by means of
high performance liquid chromatography (Oecfner et al.,, 1994, Anal. Biochem., 223,

35 p39). The technique described aliowed the separation of PCR products differing only 4
to 8 base pairs in length within a size range of 50 to 200 nucleotides.
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a six carbon spacHLledhA%s 3Psbtrdmdic! Bised upon ESI have been described (Olivares et al.,
Anal. Chem. 59:1230, 1987; Smith et al., Anal. Chem. 60:436, 1988: Loo et al.. Anal.
Chem. 179:404, 1989; Edmonds et al., J Chroma. 474:21, 1989; Loo et al.,
30 J Microcolumn Sep. 1:223, 1989; Lee et al., J. Chromaiog. 458:313, 1988; Smith et al.,
J. Chromatog. 480:211, 1989; Grese et al., J. Am. Chem. Soc. 111:2835, 1989). Small
peptides are easily amenable to CZE analysis with good (femtomole) sensitivity.
The most powerful separation method for DNA fragments is
polyacrylamide gel electrophoresis (PAGE), generally in a slab gel format. However,

35 the major limitation of the current technology is the relatively long time required to
perform the gel electrophoresis of DNA fragments produced in the sequencing
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am ne). digonucleotides can be 15 to 50 nucleotides in | ength.
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DNA 25 orders of magnitude. The most popular method of preconcentration in CE is sample
stacking. Sample stacking has recently been reviewed (Chien and Burgi, Anal. Chem.
64:489A, 1992). Sample stacking depends of the matrix difference, (pH, ionic strength)
between the sample buffer and the capillary buffer, so that the electric field across the
sample zone is more than in the capillary region. In sample stacking, a large volume of
30 sample in a Jow concentration buffer is introduced for preconcentration at the head of
the capillary column. The capillary is filled with a buffer of the same composition, but
at higher concentration. When the sample ions reach the capillary buffer and the lower
electric field, they stack into a concentrated zone. Sample stacking has increased
detectabilities 1-3 orders of magnitude.
35 Another method of preconcentration is to apply isotachophoresis (ITP)
prior to the free zone CE separation of analytes. ITP is an electrophoretic technique




conplenentary to the captured RNA. In this step, the tethered capture

ol i gonucl eoti de serves as the extension prinmer for reverse
transcri ptase. The reaction is generally 35 performed at 25 to 37[err]C
and preferably agitated during the polynerization reaction. After the

CcDNA is syntwestzmds it beconmes covalently attached to the mulisd7eppor t
since WO 97/ 27327
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capture ol igonucl eotide serves as the ex8ension priner. The RNA is then
hydrol ysed fromthe cDNA/ RNA dupl ex. The step can be effected by the use of
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tags. Th%OnaSlgctgo%ﬁg}etrlg gc%gr%{xoxg t%gt?loc?. | gsm%rrl] (&%s xﬁ"a%te? al. t(xoenet Anal. Tech. Appl.
9:9, 1992) have shown that considerable advantage is gained when a tube gel format is
used in place of a slab gel format. This is due to the greater ability to dissipate Joule
heat in a tube format compared to a slab gel which resuits in faster run times (by 50%),
and much higher resolution of high molecular weight DNA fragments (greater than
25 1000 nt). Long reads are critical in genomic sequencing. Therefore, the use of cleavable
tags in sequencing has the additional advantage of allowing the user to employ the most
efficient and sensitive DNA separation method which also possesses the highest

resofution.

30 4, Microfabricated Devices

Capillary electrophoresis (CE) is a powerful method for DNA
sequencing, forensic analysis, PCR product analysis and restriction fragment sizing. CE
is far faster than traditional slab PAGE since with capillary gels a far higher potential
field can be applied. However, CE has the drawback of allowing only one sample to be

35 processed per gel. The method combines the faster separations times of CE with the
ability to analyze multiple samples in parailel. The underlying concept behind the use



25 measurenent by a mass spectroneter, the mass each tag present is
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certain gene with mutations inside this restriction site will be cleaved
Into 20 D CLEAVAGE OF TAGS

As described above, different linker designs will confer cleavability
{"lability") under different specific physical or chemical conditions. Examples of
conditions which serve to cleave various designs of linker include acid, base, oxidation,
reduction, fluoride, thiol exchange, photolysis, and enzymatic conditions.

25 Examples of cleavable linkers that satisfy the general criteria for linkers
listed above will be well known to those in the art and include those found in the
catalog available from Pierce (Rockford, IL). Examples include:

‘e ethylene glycobis(succinimidylsuccinate) (EGS), an amine reactive
cross-linking reagent which is cleavable by hydroxylamine (1 M at 37°C

30 for 3-6 hours);

e disuccinimidyl tartarate (DST) and suifo-DST, which are amine reactive
cross-linking reagents, cleavable by 0.015 M sodium pertodate;

¢  bis[2-(succinimidyloxycarbonyloxy)ethyljsulfone (BSOCOES) and
sulfo-BSOCOES, which are amine reactive cross-linking reagents,

35 cleavable by base (pH 11.6);



fragnents of different nunber and | ength. The resulting restriction
fragment |ength pol ynor phi sm (RFLP) can be an inportant diagnostic of
a mcro-organismif the 20 fragnent can be specifically identified.
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t agged ol i gonucl eot;dw.s,fcgmﬁ,ﬁ b ﬁ&yi)h%ﬂﬂ&p}&h&ﬁtedet ng) Af ter

Ir:,eCTn;)\l/JISgg /1 28-7 0 photoreactlvx\ile) cross%m!%er which is cleavable by thiol exchange or

speci fic hybridi zati omeductiong RNA fragnent of interest is identified by
cleaving the tag(s)e suxfosuwﬂﬁdﬂ@ @Mdbmﬁaﬂynea‘ﬁbﬁm-ﬁ&eanﬁw&ﬂﬁ g4I 1 ngent

washi ng condi ti ons, re eli gl\gnat ed

due to their weaker h@gps%Q?P?tS#L%Db&%‘gWﬁWevﬁr?sﬁle i W%“’Eb’é?,]f’?"a Iy

bound nol ecul es. Mor e by Siiplexchange pregductionci fic, is the dot bl ot method, 5
which isjperformed as smk&umwtgxm-(m.&hd&&ﬁﬁ%aﬁﬁnmyaa&1-t hat the RNA is

A Speci i method for 'OBIPTBISHE Gy NRlne cpIBetTe. Tistsieacuhie s O

protection assay. Tot &gleavatye biyrthiol exchangegprednctionl | culture is hybr| di zed to
a ri bonucl eot i deker eﬂﬁﬂpﬂwéﬂwwﬁﬂl@ﬂﬁk&s&nﬁm&vﬁé%dmgﬁﬁﬁﬂdaﬁ' ty is

acconpl i s heq)ebt}éed to release tags are as follows. A silyl linking group can be cleaved by fluoride
20 or under acidic conditions. A 3-, 4-, 5-, or 6-substituted-2-nitrobenzyloxy or 2-, 3-, 5-,
or 6-substituted-4-nitrobenzyloxy linking group can be cleaved by a photon source
(photolysis). A 3-, 4-, 5-, or 6-substituted-2-alkoxyphenoxy or 2-, 3-, 5-, or 6-
substituted-4-alkoxyphenoxy linking group can be cleaved by Ce(NH,),(NO,),
(oxidation). A NCO, (urethane) linker can be cleaved by hydroxide (base), acid, or
25 LiAlH, (reduction). A 3-pentenyl, 2-butenyl, or 1-buteny! linking group can be cleaved
by O,, 0,0,/10,, or KMnO, (oxidation). A 2-[3-, 4-, or 5-substituted-furyljoxy linking
group can be cleaved by O,, Br,, MeOH, or acid.

Conditions for the cleavage of other labile linking groups include:

t-alkyloxy linking groups can be cleaved by acid; methyl(dialkyl)methoxy or 4-

30  substituted-2-alkyl-1,3-dioxlane-2-yl linking groups can be cleaved by H,0%;
2-silylethoxy linking groups can be cleaved by fluoride or acid; 2-(X)-ethoxy (where

X = keto, ester amide, cyano, NO,, sulfide, sulfoxide, sulfone) linking groups can be
cleaved under alkaline conditions; 2-, 3-, 4-, 5-, or 6-substituted-benzyloxy linking
groups can be cleaved by acid or under reductive conditions; 2-butenyloxy linking

35 groups can be cleaved by (Ph,P),RhCI(H), 3-, 4-, 5-, or 6-substituted-2-bromophenoxy
linking groups can be cleaved by Li, Mg, or BuLi; methylthiomethoxy linking groups



10 subsequent RNase digestion. Non-hybridized, single-stranded RNA and

non- specifically hybridized fragnents wth even small m smatches w ||
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subsequent | y measur ed. 8 The precise |ocation of a given
NMRNA (or any nucl eic acid sequence) in a specific population of cells
wWithin a tissue can be determned by in situ hybridization. In situ
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descri bed abowy. Lidy@Willgoandt al {Temdsednmonl 49511965-411335 9098)e. One useful type of 5.
Miutation Det eghign I?lekéwe%pmn p-alkox benzgl alcohols] NGordCLREN WOl 4.
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t hese nut ati of@ipeseapfaining MO vip ag amyde, fipfage to the carbayyhie, gpidc ol pge dinked by case
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Zﬁ; Ir 32;2‘ nary ofsobddbtid WhiS Fhe fcilaviPet 6t 1l HRKEENERMs iff Othe Qﬁfmhif?’of a

b T or ned fore th [ant r tilized
203 Hol di Ty MDY Eeld 156 a6 A Floay St tge el e relaed tiners, Such '

97/ 27327 as 2,4-dimethoxy-4'-(carboxymethyloxy)-benzhydrylamine (available from Advanced
PCT/ US97/ 0107 @hemTech in FMOC-protected form), results in liberation of a carboxylic afdide on the
released tag.

The photolabile linkers useful for this application have also been for the

20 most part developed for solid phase peptide synthesis (see Lloyd-Williams review).

These linkers are usually based on 2-nitrobenzylesters or 2-nitrobenzylamides. Two

examples of photolabile linkers that have recently been reported in the literature are 4-

{4-(1-Fmoc-amino)ethyl)-2-methoxy-5-nitrophenoxy)butanoic acid (Holmes and Jones,

J. Org. Chem. 60:2318-2319, 1995) and 3-(Fmoc-amino)-3-(2-nitrophenyl)propionic

25 acid (Brown et al., Molecular Diversity 1:4-12, 1995). Both linkers can be attached via

the carboxylic acid to an amine on the MOL The attachment of the tag to the linker is

made by forming an amide between a carboxylic acid on the tag and the amine on the

linker. Cleavage of photolabile linkers is usually performed with UV light of 350 nm

wavelength at intensities and times known to those in the art. Examples of commercial

30 sources of instruments for photochemical cleavage are Aura Industries Inc. (Staten

Island, NY) and Agrenetics (Wilmington, MA). Cleavage of the linkers results in

liberation of a primary amide on the tag. Examples of photocleavable linkers include

nitrophenyl glycine esters, exo- and endo-2-benzonorbomey! chlorides and methane

sulfonates, and 3-amino-3(2-nitrophenyl) propionic acid. Examples of enzymatic

35 cleavage include esterases which will cleave ester bonds, nucleases which will cleave
phosphodiester bonds, proteases which cleave peptide bonds, etc.



efficient genetic tests may al so enabl e screening for oncogenic mutations

in cells exfoliated fromthe respiratory tract or the bladder in
connection with health checkups (Sidransky et al., Science 252: 706,
1991). Also, when an unknown gene causes a genetic disease, nethods to

nonitor DNA seopsenRHe variants are useful to study the 5 i nfefissnsdo of
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di agnosi ng mutations in individual genes poses technol ogi cal and econom c
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are both efficient and I nexpensi ve enough for truly w descal e
application. Mut ati ons involving a single nucleotide can
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nucl eot i de( syadiationtegntinyes an its oFigingl dmll% 39 3mall F@etiorGensatteredin ather Nucl .
Acids Res.  directions. Light that is scattered at the same wavelength as the i incoming light is called

Rayleigh scattering. Light that is scattered in transparent solids due to vibrations

25 (phonons) is called Brillouin scattering. Brillouin scattering is typically shifted by 0.1
to 1 wave number from the incident light. Light that is scattered due to vibrations in
molecules or optical phonons in opaque solids is called Raman scattering. Raman
scattered iight is shifted by as much as 4000 wavenumbers from the incident light.
Specific scattering spectroscopic methods include Raman spectroscopy.

30 IR spectroscopy is the measurement of the wavelength and intensity of
the absorption of mid-infrared light by a sample. Mid-infrared light (2.5 - 50 pm, 4000
- 200 cm™) is energetic enough to excite molecular vibrations to higher energy levels.
The wavelength of IR absorption bands are characteristic of specific types of chemical
bonds and IR spectroscopy is generally most useful for identification of organic and

35 organometallic molecules.
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requi red speci tontinbgus light sources are selected with\vh tvasvelemgth separdter sudleas iafprisoh ot a
their destabil paiRgmBhdfdat@" Sp&&ra are obtained by scanning the wavelength separator and
quantitative measurements can be made from a spectrum or at a singie wavelength.

25 Mass spectrometers use the difference in the mass-to-charge ratio (m/z)
of ionized atoms or molecules to separate them from each other. Mass spectrometry is
therefore useful for quantitation of atoms or molecules and also for determining
chemical and structural information about molecules. Molecules have distinctive
fragmentation patterns that provide structural information to identify compounds. The

30 general operations of 2 mass spectrometer are as follows. Gas-phase ions are created,
the ions are separated in space or time based on their mass-to-charge ratio, and the

quantity of ions of each mass-to-charge ratio is measured. The ion separation power of
a mass spectrometer is described by the resolution, which is defined as R = m / delta m,
where m is the jon mass and delta m is the difference in mass between two resolvable

35 peaks in a mass spectrum. For example, a mass spectrometer with a resolution of 1000
can resolve an ion with a m/z of 100.0 from an ion with a m/z of 100.1.



hybri di zati on of short oligonucleotide probes to a target sequence (see
Wetmur, Crit. 35 Rev. Biochem Mdl. Biol., 26:227, 1991). Cenerally, this

techni que, allele-specific ol i gonucl eoti de hybridi zati on invol ves
anplification of target sequences and subsequent WO 97/ 27327
PCT/ US97/ 010 WD 97/27327 PCT/0897/01070
hybri di zation wth short oligonucl eotide probes. An anplified product can

t hus be scanned for nmany possible sequence variants by determning its
hybridi zation pattern to an array of irmmobilized oligonucl eotide

pr obes. However, establishing conditions that
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ield accelerates all ions into a field-free drift region with a kinetic energy of qV, where
q is the ion charge and V is the applied voltage. Since the ion kinetic energy is
0.5 mV?, lighter ions have a higher velocity than heavier ions and reach the detector at
the end of the drift region sooner. The output of an ion detector is displayed on an
oscilloscope as a function of time to produce the mass spectrum.

25 The ion formation process is the starting point for mass spectrometric
analyses. Chemical ionization is a method that employs a reagent ion to react with the
analyte molecules (tags) to form ions by either a proton or hydride transfer. The reagent
ions are produced by introducing a large excess of methane (relative to the tag) into an
electron impact (EI) ion source. Electron collisions produce CH,' and CH,* which

30  further react with methane to form CH," and C,H,". Another method to jonize tags is by
plasma and glow discharge. Plasma is a hot, partially-ionized gas that effectively
excites and ionizes atoms. A glow discharge is a low-pressure plasma maintained
between two electrodes. Electron impact ionization employs an electron beam, usually
generated from a tungsten filament, to ionize gas-phase atoms or molecules. An

35 electron from the beam knocks an electron off analyte atoms or molecules to create
ions. Electrospray ionization utilizes a very fine needle and a series of skimmers. A



variants by determ ning which nucleotide is added to an oligonucl eotide
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mut ati on det sueh asrnieatiniq acids A UV laser pulse ablates the matrix which carries some of the
large molecules into the gas phase in an ionized form so they can be extracted into a

mass spectrometer. Plasma-desorption ionization (PD) utilizes the decay of *Cf which

produces two fission fragments that travel in opposite directions. One fragment strikes

20  the sample knocking out 1-10 analyte ions. The other fragment strikes a detector and

triggers the start of data acquisition. This jonization method is especially useful for

large biological molecules. Resonance ionization (RIMS) is a method in which one or

more laser beams are tuned in resonance to transitions of a gas-phase atom or molecule

to promote it in a stepwise fashion above its ionization potential to create an ion.

25 Secondary ionization (SIMS) utilizes an ion beam; such as *He*,'*O", or *°Ar’; is

focused onto the surface of a sample and sputters material into the gas phase. Spark

source is a method which ionizes analytes in solid samples by pulsing an electric current
across two electrodes.

A tag may become charged prior to, during or after cleavage from the

30 molecule to which it is attached. Ionization methods based on ion "desorption”, the

direct formation or emission of ions from solid or liquid surfaces have allowed

increasing application to nonvolatile and thermally labile compounds. These methods

eliminate the need for neutral molecule volatilization prior to ionization and generally

minimize thermal degradation of the molecular species. These methods include field

35 desorption (Becky, Principles of Field lonization and Field Desorption Mass

Spectrometry, Pergamon, Oxford, 1977), plasma desorption (Sundgvist and Macfarlane,



target nucleic acid (e.g., genom c DNA) and ol i gonucl eoti de probes that
span the area of interest. The oligonucl eotide probes are greater or
equal to 24 nt in length (with a maxi nrum of about 36 nt) and | abel ed
with a fluorochrone at the 3" or 5° end of the 20 oligonucl eotide probe.
The target nwdeizr3zacid is obtained via the |lysis of tissuePrcuiusswe7o
cells, tissues, organisns, etc., in the respective hybridization solution.
The | ysed solution is then heated to a tenperature which denatures
the target nucleic acid (15- 25C attbve the T[err] of the target

nucl eic acid duplex). The oligonucl eotide probes are added at the
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upper molecular mass for TS is about 8000 daltons (Jones and Krolik, Rapid Comm.
Mass Spectrom. 1:67, 1987). Since TS is practiced mainly with quadrapole mass
spectrometers, sensitivity typically suffers disporportionately at higher mass-to-charge
ratios (m/z). Time-of-flight (TOF) mass spectrometers are commercially available and

25 possess the advantage that the m/z range is limited only by detector efficiency.
Recently, two additional ionization methods have been introduced. These two methods
are now referred to as matrix-assisted Jaser desorption (MALDI, Karas and Hillenkamp,
Anal. Chem. 60:2299, 1988; Karas et al., Angew. Chem. 101:805, 1989) and
electrospray ionization (ESI). Both methodologies have very high ionization efficiency

30 (ie., very high [molecular ions produced)/[molecules consumed]). Sensitivity, which
defines the ultimate potential of the technique, is dependent on sample size, quantity of
ions, flow rate, detection efficiency and actual ionization efficiency.

Electrospray-MS is based on an idea first proposed in the 1960s (Dole et
al., J Chem. Phys. 49:2240, 1968). Electrospray ionization (ESI) is one means to

35 produce charged molecules for analysis by mass spectroscopy. Briefly, electrospray
ionization produces highly charged droplets by nebulizing liquids in a strong




probes of a known source, the specific presence of a target nucleic acid

can be 10 est abl i shed. A typical hybridization assay
protocol for detecting a target nucleic acid in a conpl ex popul ation
of nucleic acids is described as follows: Target nucleic acids re
separated by ¥PIH2BH a gel matrix (el ectrophoresis), cloned BAFSPYYPE, eq,
sub- di vi ded into pools, or left as a conpl ex popul ation. The target
nucleic acids are transferred, 15 spottgd, or inmobilized onto a solid
support such as a nylon nenbrane or nitrocell ul ose menbrane. (This

"imobilization" is also referred to as "arraying”). The inmobilized

nucl ei.c aci dselentstatiefielduFfhedtighly thargedsoptiétngentrally formel/in adiabatiogas #hi ch
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and -Jones, Nuxxheti medhmnids BE donizafion 62 tontid8réial anddeveyal- fratipsd havedput forthmi | k
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menbrane is imMmersed 1Q,a E@bstr% sol ution. Si %1”3' IS then det ect ed
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hybot rope in (thesgtui@fd endl., Proteil Stlehte 7:494-863,1 19997 BREE! 4N, 30aP B
residue i ?St hfoﬁrﬁ% gyd annealing at a discrimnating tenperature.
35 ’ w2 sequence anal ysis nmet hods invol ve hybridizati on of
the target with aFElestresprayndonization r &#ndlesoribechoint nedré gdetait | ssotfoliaes. The

sequence is OOaKokpey &6 R¥duction requires two stepl cﬂife&ZlSt?ﬁhighly charged droplets at
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near atmospheric pressure, followed by conditions to induce evaporation. A solution of
analyte molecules is passed through a needle that is kept at high electric potential. At

20  the end of the needle, the solution disperses into a mist of small highly charged droplets
containing the analyte molecules. The small droplets evaporate quickly and by a
process of field desorption or residual evaporation, protonated protein molecules are
released into the gas phase. An electrospray is generally produced by application of a
high electric field to a small flow of liquid (generally 1-10 ul/min) from a capillary

25 tube. A potential difference of 3-6 kV is typically applied between the capillary and
counter electrode located 0.2-2 cm away (where ions, charged clusters, and even
charged droplets, depending on the extent of desolvation, may be sampled by the MS
through a small orifice). The electric field results in charge accumulation on the liquid
surface at the capiliary terminus; thus the liquid flow rate, resistivity, and surface

30 tension are important factors in droplet production. The high electric field results in
disruption of the liquid surface and formation of highly charged liquid droplets.
Positively or negatively charged droplets can be produced depending upon the capillary
bias. The negative ion mode requires the presence of an electron scavenger such as
oxygen to inhibit electrical discharge.

35 A wide range of liquids can be sprayed electrostatically into a vacuum,
or with the aid of a nebulizing agent. The use of only electric fields for nebulization



72 overlap hybridization analysis. In this techni que, precise
hybri di zation is essential. Use of hybotropes or abasic residues and
annealing at a discrimnating tenperature is beneficial for this
technique to reduce or elimnate m smatched hybridi zati on. The goa

I's to devel oposarmmtt ed hybri di zati on nethods in order to praissst/eroge
arrays of 5 ol i gonucl eoti de probes or | arge arrays of nucleic acid

sanpl es. Application of such t echnol ogi es i nclude gene mappi ng, clone
characterization, medical genetics and é@ne di scovery, DNA seguence
anal ysi s by hybridization and finally, sequencing verification.
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Geneti cs, BAagd(ixl'agsnn%t 2 tJljlan cf¥icx cy’ ﬁle) wide range of solutes already found to
be amenable to ESI-MS, and the lack of substantial dependence of ionization efficiency
25 upon molecular weight, suggest a highly non-discriminating and broadly applicable
ionization process.
The electrospray ion "source" functions at near atmospheric pressure.
The electrospray “source” is typically a metal or glass capillary incorporating a method
for electrically biasing the liquid solution relative to a counter electrode. Solutions,
30 typically water-methanol mixtures containing the analyte and often other additives such
as acetic acid, flow to the capillary terminus. An ESI source has been described (Smith
et al, Anal. Chem. 62:885, 1990) which can accommodate essentially any sotvent
system. Typical flow rates for ESI are 1-10 uL/min. The principal requirement of an
ESI-MS interface is to sample and transport ions from the high pressure region into the
35 MS as efficiently as possible.
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Wt hin anot her enmbodi nent, arrays may be utilized to nmeasure the
transcription levels of a | arge nunber of genes sinultaneousl

general |y, C&9727327 al., Mammalian Genone 3: 609-619, 15%%?§97§?q7%fly,
pools of cDNA may be tagged an utilized as probes on | arge arrays of
CDNA clones to identify the genes exprDl\ﬁfd 5 abundantly in specific

ti ssues. Mcroarrays from i ndividual cl ones may al so be utilized
to quantitatively neasure the relative expression of each gene in the array
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electrophoresis buffers and milieu, (4) cleave the tag from the DNA fragment,
25  (5) separate the tag from the DNA fragment, (6) dispose of the DNA fragment, (7) place
the tag in a volatile solution, (8) volatilize and ionize the tag, and (9) place or transport
the tag to an electrospray device that introduces the tag into mass spectrometer.
The interface also has the capability of "collecting” DNA fragments as
they elute from the bottom of a gel. The gel may be composed of a slab gel, a tubular
30 gel, a capillary. etc. The DNA fragments can be collected by several methods. The first
method is that of use of an electric field wherein DNA fragments are collected onto or
near an electrode. A second method is that wherein the DNA fragments are collected by
flowing a stream of liquid past the bottom of a gel. Aspects of both methods can be
combined wherein DNA collected into 2 flowing stream which can be later concentrated
35 by use of an electric field. The end result is that DNA fragments are removed from the



DNA arrays al so have.w de application in the detection of genetic
vari ations and pol ynorphi sns. Single base pair changes, deletions and
i nsertions, 35 nutations and pol ynor phi snms can be detected by i mobilizing

known seqguence variants and probing with | abel ed PCR products from
patients or wetdhempens (see, e.d., WO 97/ 2732 7pcTuse7/01070
PCT/ US97/ 01070 74

GQuo, et al., Nucleic Acids Res. 22: 5456-5465, 1994). Likew se, arrays of
ol i gonucl eotides may be utilized to mea8¥re genetic variation, including
t he detection of drug resistant and drug sensitive variants of HIV
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P 5| afrreversxb e destrucuon of the excited fluorophore {photobleaching) becomes the factor

limiting fluorescence detectability. The practical impact of photobleaching depends on

the fluorescent detection technique in question.
It will be evident to one in the art that a device (an interface) may be
interposed between the separation and detection steps to permit the continuous
25 operation of size separation and tag detection (in real time). This unites the separation
methodology and instrumentation with the detection methodology and instrumentation
forming a single device. For example, an interface is interposed between a separation

technique and detection by mass spectrometry or potentiostatic amperometry.
The function of the interface is primarily the release of the (e.g., mass
30 spectrometry) tag from analyte. There are several representative implementations of the
interface. The design of the interface is dependent on the choice of cleavable linkers.
In the case of light or photo-cleavable linkers. an energy or photon source is required. In
the case of an acid-labile linker, a base-labile linker, or a disuifide linker, reagent
addition is required within the interface. In the case of heat-labile linkers, an energy
35 heat source is required. Enzyme addition is required for an enzyme-sensitive linker
such as a specific protcase and a peptide linker. a nuclease and a DNA or RNA linker, a



25 mass spectronetry), dried to forman appropriate matrix, and exposed to

light in order to cleave tags fromthe nucleic acid probes. The

cl eaved tags may then be anal yzed by spectrometric or potentionetric
techni ques (e.g., MALDI-M5). Wthin certain eng gll ment s,
cl eavage and W@8¥73¥esorption occur in a single step. FRIGEREPO™
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base- pair changes), foft etlen pessibie)tn sepcepfrate dhegtage dor pyrdeip asiddinker-tog

anence of a constmc{)@biptﬁulewcuamrdmal@ 2Ad1thed, release AR blyothdlg r&@exﬁm&mg

cl ones, pater e .
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pr ocedur es ar p onmat oq
anal yti caft é,f@m:gon of the interface is to deliver tags from multiple columns into a mass

spectrometer, with a rotating time slot for each column. Also, it is possible to deliver
tags from a single column into multiple MS detectors, separated by time, collect each

set of tags for a few milliseconds, and then deliver to a mass spectrometer.
The following is a list of representative vendors for separation and
20 detection technologies which may be used in the present invention. Hoefer Scientific
Instruments (San Francisco, CA) manufactures electrophoresis equipment (Two Step™,
Poker Face™ II) for sequencing applications. Pharmacia Biotech (Piscataway, NJ)
manufactures electrophoresis equipment for DNA separations and seguencing
{PhastSystem for PCR-SSCP analysis, MacroPhor Systemm for DNA sequencing).
25 Perkin Elmer/Applied Biosystems Division (ABI, Foster City, CA) manufactures semi-
automated sequencers based on fluorescent-dyes (ABI373 and ABI377). Analytical
Spectral Devices (Boulder, CO) manufactures UV spectrometers. Hitachi Instruments
(Tokyo, Japan) manufactures Atomic Absorption spectrometers, Fluorescence
spectrometers, LC and GC Mass Spectrometers, NMR spectrometers, and UV-VIS
30 Spectrometers. PerSeptive Biosystems (Framingham, MA) produces Mass
Spectrometers (Voyager™ Elite). Bruker Instruments Inc. (Manning Park, MA)
manufactures FTIR Spectrometers (Vector 22), FT-Raman Spectrometers, Time of
Flight Mass Spectrometers (Reflex II™), Ion Trap Mass Spectrometer (Esquire™) and
a Maldi Mass Spectrometer. Analytical Technology Inc. (ATI, Boston, MA) makes
35 Capillary Gel Electrophoresis units, UV detectors, and Diode Array Detectors.
Teledyne Electronic Technologies (Mountain View, CA) manufactures an lon Trap




1. Hi gh- Performance Liquid Chromat ography (HPLC) 15
H gh- Performance |iquid chromat ography (HPLC) is a chronmat ographic
separations technique to separate conpounds that are dissolved in solution.

HPLC i nstruments consist of a reservoir of nobile phase, a punp, an
I njector, a wepagakyon colum, and a detector. Conpounssresogonepar at ed
by injecting an aliquot of the sanple m xture onto the columm. The

di fferent conponents in the m xture pass through the 20 colum at
different rates due to differences in ti#ir partitioning behavior between
t he rmbi le | iqui d phase and the stationary phase.

Recent |y, Byt Ha 2 1y
bonded al kyI al'ns %avgp@ sﬁ &R%)/ @SQS%Wn ?‘?5%?% ary
el ect r ophor e§¥°§)’ﬁi“ﬂnsc H@lmﬁﬁ?gprst@f, %twfaqgm %wggglwmm (trpde ei
aci ds provi dipa@gnipdle BC/MBAS, the gARIe $00/500) Owhich!tis @BmEHENE fwi exébtrosﬁ%?i%

51061, ﬂﬁBZP‘* Rl backgg KoutBRE, Ly r°d“&L%“*9%E“ v Bl SO
i on- excahAgeMér r"rﬂafr Mes APsromsre (ﬁ%o 56, 1061&%&%%0@0@& enitst r and
DNA as a funHPLOMnit (P1090}ad wellahUV Specorieierd A Fenniian rpdﬁtﬁfngﬁﬁ Jodet h the
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A et hod hasspseteameters (MBS ST gandofuprother ir | masgoREdmomateedat Bainin - as
i on-pairing (Eaagpille, PO mmtmm@ng@gﬁuﬁg eot [ des coul d be successfully

separate on al k n
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PCT/ US97/ 010(fmthe case of a Sanger sequencing reaction) or prcferably both. Specifically, ke tag

2. El @8t r @hOio6s pimer type which in turn maps to a vector type which in turn maps to a
sample identity. The tag may also may map to a dideoxy terminator type (ddTTP,
ddCTP, ddGTP, ddATP) by reference into which dideoxynucleotide reaction the tagged
primer is placed. The sequencing reaction is then performed and the resulting fragments
are sequentially separated by size in time.

20 The tags are cleaved from the fragments in a temporal frame and
measured and recorded in a temporal frame. The sequence is constructed by comparing
the tag map to the temporal frame. That is, all tag identities are recorded in time after
the sizing step and related become related to one another in a temporal frame. The

sizing step separates the nucleic acid fragments by a one nucleotide increment and

25 hence the related tag identities are separated by a one nucleotide increment. By
foreknowledge of the dideoxy-terminator or nucleotide map and sample type, the
sequence is readily deduced in a linear fashion.

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

Unless otherwise stated, chemicals as used in the examples may be
obtained from Aldrich Chemical Company, Milwaukee, WI1. The following
abbreviations, with the indicated meanings, are used herein:

ANP = 3-(Fmoc-amino)-3-(2-nitrophenyl)propionic acid
35 NBA = 4-(Fmoc-aminomethyl)-3-nitrobenzoic acid



El ectrophoresis is a separations technique that is based on the nobility of
ions (or DNA as is the case described herein) in an electric field.
Negatively charged 5 DNA charged migrate towards a positive el ectrode
and posi tivelé char ged ions mgrate toward a negative el ectrﬁ&% For
safety reason¥OdHé™El ectrode is usually at ground and

bi ased positively or negatively. Charged species have di ffer ent mgr atl on
rates depending on their total charge, sigge, and shape, and can therefore
be separ at ed. An el ectrode apparatus consists of a high-voltage power
supply, electrodes, buffer, and 10 a support for the buffer such as a

pol yacryl am dHAJ&I = Oof-azebenaptriakalrlyyNbEN’ Nptetraoethylbtonivn hexafludrobes are used
for .many types of %@ﬂla&s and the other gel supports are usually used for
bi ol ogi cal |l es such a ot ein mxtures or DNA fragments.

3. Capi | | Zﬁ?% ?IE‘“?CE) 15 Capillary

el ect r ophor esMCI(=€ﬁ)onoahlawmana¢i ous mani festations (free sol ution,

i sot achophgreﬁwaﬁﬂ@{wgﬁgﬂ,&l,ﬁ,gcum ng, polyacrylam de gel, mcellar

el ectr oki net|]<\:I chro l:#"%/ is devel oping as a nethod for rapid high
resol ution %’aﬁ“& ¥ ery smal |l sanpl e volunmes of conpl ex

m xtures. In AﬁtfﬂiihartAﬁ'ﬁBiM peptidér eynthesizer frbrar AdanednGheniTech,VInandoseliflet i vity
of M5, CE-MS kg a potential powerful technique for 20 bioanalysis. In the

novel appllca i,scl os n, .the jnterfacing of these two

met hods wi | | #gid"gﬁvagﬁﬁﬁ’e(ﬁ?eﬂ’rqem 'rg{(rret hods that eclipse the
current rdpe NovannhtemGd@aleocham]-hbmﬂmglethmaﬂbﬁl Sanddego, G magni t ude.
The corresponflpg gﬁ&y@g&mggdand el ectrospray ionization (ESI) flow
rates and the$ t bo‘th are facilitated by (and primarily used for)

i oni ¢ speci es! uozQACEl on provide the basis for an extrenely attractive
conbi nati on. iNIB=0bMutidiserdpecoticacid both capillary zone el ectrophoresis

(CZE) and capf I_a—fé{rajfﬁ%ﬁgelﬁ phoresis with quadr apol e nass

spectrone agg pan ESI hav axgrﬁ‘descrlbed (divares et al.

Anal . Che 0 2 BRoPORYFRROBY NI Anal | Chem  60: 436, 1988, Loo et
al., Anal. MC’IGhmnnmhRﬁotd@epe1989 Ednonds et al., J. Chroma. 474:21,
1989; Loo et @laol-GION =)5'-aMifoh Jwgao{:}g&eo,gyngglgmd@%Q Lee et al., J.

Chr omal og. 458: 313, 1988; Smth et al J. Chromat og. 480: 211 1989;
Gese et al., J. Am Chem Soc. 111: 2835, 1989). Snal | peptldes are

easily anenable to CZE analysis wth good (fentonole) sensitivity.

The nost powerful separation nmethod for DNA fragnents is

pol yacryl am de gel el ectrophoresis (PAGE), generally in a slab gel format.
However, 35 the major limtation of the current technology is the
relatively long tinme required to performthe gel electrophoresis of
DNA fragments produced in the sequencing
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reactions. An increase magnitude (10-fold) can be achieved with the use of
capillary el ectrophoresis which utilize ultrathin gels. In free
solution to wd9ems327approxi mation all DNA mi grate w t hpthessaieo
nmobility as the addition of a base results in the conpensati on of nass

and charge. In polyacrylanm de gels, DNA fragnents sieve and 5 migrate as a
function of length and this approach ha®4now been applied to CE.
Remar kabl e pl ate nunber per neter has now been achieved with cross-1inked

pol yacryl am de (100[err] plates per @Mhen et al., Proc. Natl. Acad
Sci., USA 85: 9660, 1988). Such s as described can be enpl oyed
for DNA sequenci ng. The method of CEis in principle 25 tines faster

than slab gel electrophoresis in a l@Exagipddard sequencer. For exanpl e,
about 300 bases can be Eg-?? hou Tar ation speed is limted
in slab gel electrophor ?Rt?s] D ‘ﬁ”&‘%@%ﬁfé’“&%ﬁrl c field which
can be applied to the gel wth@bﬁAWJ&sﬂG&the&cm oduction. Therefore, the

greater speed of CE is achieved through the use of higher field
strengths (300 Vigm.in CE v 10, V/cmin slap gel electrophoresis).
The capillar fo% 1%&1@ oropher Sters ) of , Chen Gisavable) Mass
resultant heat g : gthers (Smth et

al ., Nuc. Acids Res. 1 ShowsIB%e suggest ed enpl oying nultiple
capillaries in parall g:?gto I nocreaseaétlﬁ}‘gﬁ}g’geﬁ’put Li kew se, Mat hi es and

Huang (Mabhi es and Huang, Nature 359: 167, 1992) have introduced

capi | l ary el $tep AopFentasizl § AQ resin (chmsap'drmtaivmmﬁmme olréqexhscsﬂs;ﬁnw al | el
?L y Z%gog : 22 wﬁ}@g?g:pam e 20MecHEAORSe Eﬁfefi:eh%@'i*ﬁ'}" Q*Ht 4 Bend

64: 2149, 199‘5‘3‘“1"’!’1‘?8 Ir@"@rr? H@é&&iﬁﬂigﬂd 83182 Uﬁﬁ@pﬁﬂg yatg| added apthiheesi s i s
the I'imted coltection whseh shstre far Halr. CEhe sobvehbindremiovedtandithe resin washapivtithar y. By
concent Tas! M (R0.0cOHIN, Rl DMFeL, 2fne! oI Bk Blin RS PPl 27,

prior to separation abi |1t Crease tection S can be
| over ed seveﬁtﬁﬂsaﬁcp%Fege?sg‘Yﬁwﬂ%@mm The nost popul ar et hod of

preconcentration in CEis sarrpl e st acki ng. Sanpl e stacking has

recently beegjed BV TRVRAin((Edth ) Bdield w4, g%@ﬁa:ne in DM#F%md g:ﬁt’cn $3292) .

Sanpl e stac ends. matrl i.C ngt h
be{mvveen t hekgs’é'ﬁbdﬁ'ﬁﬁfﬁ? E%%YFF@ thER |"Y’T“%é§% Biperidine m?M" fis'ﬁiéng? g@t 3| c
field ac?®ssminhdhe solvers aswenovedythe resin washed with INMP (23 Me@b (2D5) andrBMFon. | n

sanpl e StaC@R?méuéﬁr&%c lg{gﬁcof 30 sanple in a | ow concentration buffer
is introduced preconcentration at the head of the capillary

colum. The capillary is filled with a buffer of the same conposition, but
at hi gher cdteegt rlieideprotevied mesirhfrorm atepl B is suspendabiolDMRand apitlis addedfanf f er

and the | OWEF‘MOC- rot%!;t@&tﬁrhiﬁof hd, dcoﬂtﬁﬁﬂl Shifé icforfli riﬁeﬁ"} rqie nginne:
Sanpl e spackp rﬂpounﬁ WSy rvmocs }3-pyn£;i)-a'1§:fm%s available foen SSy?thetrgc?hg ni'tude.

Albany, OR; 3 eq.), HATU (3 eq.), and DIEA (7.5 eq.) in DMF. The vessel is shaken

for 1 hr. The solvent is removed and the resin washed with NMP (2X), MeOH (2X),

and DMF (2X). The coupling of IV to the resin and the wash steps are repeated, to give

compound V.

30

Step D. The resin (compound V) is treated with piperidine as described in step B to

remove the FMOC group. The deprotected resin is then divided equally by the ACT357

from the collection vessel into 16 reaction vessels.

35 Step E. The 16 aliquots of deprotected resin from step D are suspended in DMF. To
each reaction vessel is added the appropriate carboxylic acid VI, (R, ,;CO,H; 3 eq.),



35 Anot her net hod of preconcentration is to apply

| sot achophoresis (I TP) prior to the free zone CE separation of
analytes. ITP is an el ectrophoretic techni que WO 97/ 27327
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which al | ons WO¥BFFer vol umes of sanple to be | oaded on t FTHE AR ary,
I n contrast to the low nL injection volunes typically associated with
CE. The technique relies on insertig the sanple between two buffers
(leading and trailing electrolytes) of higher and lower nobility

respectively, than the analyte. The technique is inherently a 5

concent r at i onHREEh(S e ,andMEA (ifeeqpninl DMFs Thneesstls ateeshakenofopdrier. ZHires

mgrating wt : | [ S pul ar
Ivent is remGyeUHR @ﬁﬁﬁm B0 GestnOaMBE RN NME mp?nﬁ?nn tgg@ R

b
t han the stackl ng net S ri bed, abpve because t
several choi CQMFngX)ea'gP%&’WBg P?;\ﬁi-ifiﬁﬁ the ahqu@}se%fr;egpﬁngstpe Aragh SIEBS AR | ity
t o separat e orpsataiatd gine compouads Vilj.,¢ species during a separation
process. 1Q The heart of the DNA sequencing process is the

remar kably se| ectiv . electrophoretic ratio f. [

ol i gonucl got iéﬁ%n-&( a@ﬁeﬂ’cqé‘?tsl"? TSt CQPPBP‘R‘EIBI\Bﬁ-I?ﬁ are @?‘5‘8%‘%&#@&‘@& i S
resol ved and ehich bthe reaction vgssels o zeklbd i%. TFe po€CH}Clomrl thé vessels shaken forRO0
fragments (1000, bR BKenOECHIS ﬁoﬂeﬁlne %&wﬁ t@&%xsaﬂ%a&hﬁ%.aphu%gqmm ng

W th cl eavable tags 1s as_toll A ere 1's, no requlrene 0 uUse a

sl ab gel for niidugeef zesin f5gwashed, ‘g\tAéHeG}e( %P@@}Bgz)ﬁb%éﬁ‘ﬁﬁmﬁtﬁe gel

el ect r ophdpeséombidaning deviahivilual tubes agbe ardividumd ltabyes dire Siapomtaduinevazus,

sanpl es are coERuRELom 2QR0) there is no need to run sanples in

parallel as is t {eh%casé(ﬁvfngfh c’t]'%rent dye-primer or dye-term nator

met hods (i. e., ABI373 sequencer). Since there is no reason to run parall el

| anes, there $tep G. Eanip of elxs free tarborgidic cacaks WG gl is diselved ir ®MBINeToc eachenpl oy

a tube gel T ogion {9Tadidipflineti505! &P ORI CoyS PRI RbloRRerVP ifibroaBhiais Tan

(G ossman gt é’?@fmég aet.,%y’r){gn.m érec &P&gg)l ; v 9:9, fggeZ?FhavF?s ovv% t hat

consi der alPe @dvein aH MEES e STGTAr 40 Mifh @t fpom Epprrghur. sThe solutoas.gre;

place of a sldibitgewith Ecdae, washidswith | Meqt diricheidy3Xated 5%bigd. NajIG® @K3si pat e

Joul e h_e&;ed'o%xaN%ﬂbe: filefelBind COAPRRI& N V01, ﬁbﬁhmg%m%una@m,ggul tsin

faster run tinmes (by 0%, and ruch hi gher resolution of high

nol ecul ar wei ght DNA fragnents (greater than 25 1000 nt).

critical in gBnomiSynthesiseofi Pk hényl e g Shg 84
20 Spectroscopy Tags, to Liberate Tags with Carboxyl Acid Termini

Long reads are

Figure 2 shows the reaction scheme.

Step A. 4-(Hydroxymethyl)phenoxybutyric acid (compound I; 1 eq.) is combined with
DIEA (2.1 eq.) and allyl bromide (2.1 eq.) in CHCI, and heated to reflux for 2 hr. The

25 mixture is diluted with EtOAc, washed with 1 N HCl (2X), pH 9.5 carbonate buffer
(2X), and brine (1X), dried over Na,SO,, and evaporated in vacuo to give the allyl ester
of compound I.

Step B. The allyl ester of compound I from step A (1.75 eq.} is combined in CH,Cl,

30 with an FMOC-protected amino acid containing amine functionality in its side chain
(compound II, e.g. alpha-N-FMOC-3-(3-pyridyl)-alanine, available from Synthetech,
Albany, OR; 1 eq.), N-methylmorpholine (2.5 eq.), and HATU (1.1 eq.), and stirred at
room temperature for 4 hr. The mixture is diluted with CH,Cl,, washed with 1 M agq.
citric acid (2X), water (IX), and 5% aq. NaHCO,; (2X), dried over Na,SO,, and

35 evaporated in vacuo. Compound Il is isolated by flash chromatography (CH,Cl,-->
EtOAc).



tags in sequencing has the additional advantage of allowi ng the user to

enpl oy t he nost efficient and sensitive DNA separation nethod which

al so possesses the highest resolution. 30 4,

M crof abri cat ed Devi ces Capillary el ectrophoresis (CE)
is a powerfuWOrs@RT38d f or DNA sequenci ng, forensic analRHVESI7HICR
product analysis and restriction fragnent sizing. CE Is far faster
than traditional slab PAGE since with ca illary gels a far higher potenti al

field can be applied. However, CE has t A& drawback of all ow ng only one
sanple to be 35 processed per gel. The nethod conbines the faster
separations tinmes of CE with the ability to analyze nultiple sanples
n parall el s I0R ¢adgohd s SRNSHHRn RENEN DA PhII3607 eq) and Nomethysipilna | 2732
m crof abri cefed.)deadded, and thenmixaise ke at eodom tompamture e 4 Inf dieixore densi ty
in el edihxiéaﬂbﬂ@ﬁ@llz bi/ashzdwith Y NiZdgNEirdd&id @eﬂa%ﬁl(wgg @wt 100

n cro

m cronet e ronics ndust r,ou rication
A ab BV £ T KR T O P R R
current dendCHChi>E#RALFIIQADrrays is limted the 5 outside di ameter of
the capillary tube. Mcrofabrication of channels produces a hi gher

density of rays. als ermits SiC S not
possi bl e wi tas%-n—ﬁ T@'Fﬁé@ ?Btg’lefegm \P’t L@qéﬁﬁg?%i’%de |‘Y‘§‘C§Wpi'b t her
devi ces on aollbition vessel efahs AET 35@)@&(18 Synﬂiweiscr (AdmaicediIChenilesh hmd. CAGThi ps f or
separati g t@&mﬂim S CofhpBti HATENA e q)andﬁfBAr(’/i%&)ﬁLromtOEraph

Trans. Electr ED- 26 1 g
(Manz et at .20 5%&?%%{*8? espgl s %ﬁn iy Hhe o Ysabl rraded i b e
silicon chi ps;ashtﬂJMth INMR (2Fy MsO @X\).enndd)MBé%)ﬁ) viltebedoyplinged 1VSe vier mbingr oups

have r%ﬁ&ﬁ&ﬂasﬁ%%E%'ré}ﬁatE& lﬂ&éﬁé@@rﬁﬁoﬂﬁ%ﬁ and am no acids on
m crof abri cat ed devi ces (Manz , J. Chromat ography 593: 253, 1992,
Ef f enhauser et al., Anal. Chem 65: 2637, 1993). Recently Woll ey and

Mat hi es {Yod@temE. Thelreviat(tnmpoundViios miked| withR5el pipediding & DIIE agd Siken k994)
have shown tygin, PiHRirediA tshnﬂfeapmyn ﬁaﬂ@d%ﬁ‘x@%{np&‘i&iﬁé RDOMB AndShall&Lfor 10
meke |arge rubers of  Separall 9N, AaN0S Sadie UiBSRvIBR)LER )% ghanne s
DMF (2X). The deprotected resin is then divided equally by the ACT357 from the
collection vessel into 16 reaction vessels.
20
Step F. The 16 aliquots of deprotected resin from step E are suspended in DMF. To
each reaction vessel is added the appropriate carboxylic acid VII, ;, (R,,,CO,H; 3 eq.),
HATU (3 eq.). and DIEA (7.5 cq.) in DMF. The vessels are shaken for 1 hr. The
solvent is removed and the aliquots of resin washed with NMP (2X), MeOH (2X), and
25 DMF (2X). The coupling of VII, ,, to the aliquots of resin and the wash steps arc
repeated, to give compounds VIH, .

Step G. The aliquots of resin (compounds VIII, ;) are washed with CH,Cl, (3X). To
each of the reaction vessels is added 1% TFA in CH,Cl, and the vessels shaken for 30

30 min. The solvent is filtered from the reaction vessels into individual tubes. The
aliquots of resin are washed with CH,Cl, (2X) and MeOH (2X) and the filtrates
combined into the individual tubes. The individual tubes are evaporated in vacuo,
providing compounds IX, .

35 Step H. Each of the free carboxylic acids IX, ,, is dissolved in DMF. To each solution
is added pyridine (1.05 eq.). followed by pentafluoropheny! triflucroacetate (1.1 eq.).



wi th hydroxyethyl cellul ose (HEC) separation matrices. It was shown that
restriction fragnments could be separated in as little as two

m nutes. 20 D. CLEAVACE OF TAGS As descri bed above,

different linker designs will confer cleavability ("abll é»mﬂgger

different spe®X¥"Bhysical or chemical conditions. Exanples

condi ti ons which serve to cleave various designs of |inker include acid,

base, oxidation, reduction, fluoridgg thiol exchange, photolysis, and
enzymatic conditions. 25 Exanpl es of cleavable Iinkers that
satisfy the general criteria for linkers listed above will be well

known to thos@he mixtiwes ancistimerifor T inird et obmgempeyatng. iThe sdlutions are dibutesl| wigh

avai | abl e frogdag r%héNﬁKfIOMdaq kivic abiy IR B S%quuﬁlﬁﬂco, (JX% dried over
et hyl ene gl ycgp@eﬁ?c%% utpél nat e ﬁﬂ)’(ﬁ@ﬁo reactive
cross-1inking ROTRYER M 6 1e P gs(1 Mat 37[err]C
30 - for 3-6 hours), * d| succi ni m dyl
tartarate gDST) and sul fo-DST, which are am ne reactive

cross-1linking reagents, cleavable byw sodi um peri odat e;
* bi s[ 2- (succi ni m dyl oxycar bonyl oxy) one (B SO CCES) and
sul f 0- BSOCCES, whi ch are aBMEMONSERATION OF EBHORMHMRLBAYAGEagent s, 35

cl eavabl e by base (pH 11.6); oF T-L-XO 97/ 27327
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* 1,4-di-[3" -(2" -pyridyldithio(propi onam do)) but ane (DPDPB), a
pyridyl di tIBi ol crossli rkdrL Mowgi @Im@awﬂlimEMnmlhilbWaekwmt@bNidrnear-
reduction; UV light for 7 min at’room temperature. A Rayonett ﬂuorescence UV lam uthern

N-[ 4- (p- azi d | ] dydi th

N ot 22t doxgl Akl ¥ s Rual il STLETELD i
exchange or ruestdasiacource of UV light. The lamg is placed at a 15-cm dlstance from the Petri
bi s- [ bet a- 4- (aghadosil savpiadi §0% Qleh¥lelrdphsrdbil lsBvs thaP>85% RFWOLEAELArS B

15 cleaved under these conditions.

EXAMPLE 3
PREPARATION OF FLUORESCENT LABELED PRIMERS AND
DEMONSTRATION OF CLEAVAGE OF FLUOROPHORE
20
Synthesis and Purification of Oligonucleotides
The oligonucleotides (ODNs) are prepared on automated DNA
synthesizers using the standard phosphoramidite chemistry supplied by the vendor, or
the H-phosphonate chemistry (Glenn Research Sterling, VA). Appropriately blocked
25 dA, dG, dC, and T phosphoramidites are commercially available in these forms, and
synthetic nucleosides may readily be converted to the appropriate form. The
oligonucieotides are prepared using the standard phosphoramidite supplied by the
vendor, or'the H-phosphonate chemistry. Oligonucieotides are purified by adaptations
of standard methods. Oligonucleotides with 5-trityl groups are chromatographed on
30 HPLC using a 12 micrometer, 300 # Rainin (Emeryville, CA) Dynamax C-8 4.2x250
mm reverse phase column using a gradient of 15% to 55% MeCN in 0.1 N
Et;NH'OAc™, pH 7.0, over 20 min. When detritylation is performed, the
oligonucleotides are further purified by gel exclusion chromatography. Analytical
checks for the guality of the oligonucleotides are conducted with a PRP-column
35 (Alltech, Deerfield, IL) at alkaline pH and by PAGE.



crosslinker which is cleavable by thiol exchange or reduction;
*  N-succini mdyl -(4-azi dophenyl)-1, 3" dit hi opropi onate ( SADP) , a 10
phot oreacti ve crosslinker which is cleavable by thiol exchange or
reduction; *
sul f osucci ni WSHZT7(7- azi do- 4- net hyl coumar i n- 3- acet ami de) ePOyUsd7 /3070
di t hi opropi onate (SAED), a photoreactive crosslinker which is cleavable
by thiol exchange or reduction; 15 9 *
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cl eaved by GCeigdNekelugidn [cRroidatdydphy rdn) heGrsh SephadekOind@idcRn)p; N%I ]
(ur et hane) 'L&lﬁ.ﬁﬁ can be cl eaved by hydroxi de (ba(spe) , g%?({xsc@tra + Koy
Li AlH err] (reduction). A 3-pent egyl , 2-butenyl, or 1-butenyl [Iinking group
can be cl eaved bylhejastivated pyrified] qligonudlgotik ds then reactedMeith ar 1d0-fold
(oxi dat i dn) . mbla? ekcss 6f cystimibe Sv1OSHST MUSRIEmE ok Xy 18 NN 1, LRUP can
be cleaved by ﬁf"ﬁl ’TKErI%@E{a&L . meﬁreacvisegb ] M:l -5 o m&oﬁd‘?’f’?‘ons for
the cleavage of _othér labileé fe5 NG Oronps < ion 176 frelusion chrqmatpgrophy,ap
li nki ng gr oupS-2hAcphadey ealyma Phederived ARNpyarg dhenl tegdtydrmith anyinereadtive30
srbst i tqut ed]-ﬂtcﬁbdhydmds, 3|TH& dutiRed COBNY preparitidnnB digidad o @:fotGSn%% by g
H err err] intinm ic vorSdal Vel ki N roups e.cl eaye [l uoride
or acid;  2-( rt-weli ﬁ&%/&(iv\%gfge&%ﬁa) 595?=dwg?l%,ex é’fageff% , ﬁlgé%l ciNgmide; r],
sul fi de, 13ul @plecuiar Prohes.ofingena, ORY with gbl0foldomelat excess of Libsapminedsulfoniyr
al kal i ne coamﬂajmmgﬁ&glmwrpbé; EuBene, OR)5 (@ Ultsfold H{oﬂaj&%ﬁ%foﬂﬂcgeécmk: ng
groups can bg,g ] . . : i t.ions: 2- yl oxy
i nki ng. 35 g@%uai?%‘an Jhe ?ﬁ%gzagﬁmﬂiﬁg{yﬁﬁiﬁ ‘%‘@r%ﬁﬁ%‘t‘ﬂ) et acpl €35 Y,
6- subst i t ut egE 2- MR AbFeah mperature. | The ngrgcly chramep erectegwyed] bpysizei , My,
or BulLi; netdxylusibhohmemamgsaphy oika GgSISeplifdex column. WO 97/ 27327
PCT/ US975§1070 To cleave the fluorochrome from the oligonucleotide, the 0D§~il's are
adjusted to 1 x 10 molar and then dilutions are made (12, 3-fold dilutions) in TE (TE is
0.01 M Tris, pH 7.0, 5 mM EDTA). To 100 pl volumes of ODNs 25 pl of 0.01 M
dithiothreito] (DTT) is added. To an identical set of controls no DDT is added. The
mixture is incubated for 15 minutes at room temperature. Fluorescence is measured in a
25 black microtiter plate. The solution is removed from the incubation tubes (150
microliters) and placed in a black microtiter plate (Dynatek Laboratories, Chantilly,
VA). The plates are then read directly using a Fluoroskan 1I fluorometer (Flow
Laboratories, McLean, VA) using an excitation wavelength of 495 nm and monitoring
emission at 520 nm for fluorescein, using an excitation wavelength of 591 nm and
30 monitoring emission at 612 nm for Texas Red, and using an excitation wavelength of

570 nm and monitoring emission at 590 nm for lissamine.



can be cleaved by Hg[err]; 2-(X)-ethyloxy (where X = a hal ogen) |inking
groups can be cl eaved by Zn or My; 2-hydroxyethyl oxy |inking groups
can be cl eaved by oxidation (e.g., with Pb(QAc)4).

Preferred linkers are those that are cleaved by acid or photolysis. Several
5 of the aciWoPEIBE |inkers that have been devel oped for FEFEPHEHLY

pepti de synthesis are useful for linking tags to MJds. Sone of these
| i nkers are described in a recent review9 by Ll oyd-WIlians etal.
(Tetrahedron 49:11065-11133, 1993). One aseful type of |l i nker is based

upon p-al koxybenzyl al cohols, of which two, 4-
Zy?aoﬁigff)%%gﬁ méigveaz Lgxsgh&%wt yric chlﬁpye@ d, are coggrci ally

- (4- a ,
avai |l abl e fron(}A nced Chenilech 6E{toui sville, 5)& Bot h Jah kers can be
attached to d9% a an ester |linkage to the gylalcohol, nd to an
am ne-cont ai Ahy 1™ via an anm d&4inkage to tMSlcarboxylic adb®l. Tags
| i nked by 1.1 khesg nol ecul es argyrel eased froypsthe MO w t hiy@ryi ng
concentrationg, of, .; trifluoroggcgetic acid. The,cl eavage of these linkers
results in tﬂxzu‘ifl%é'?ati on of a 13,;; car boxylic gél d on the tag‘& Aci d
cl eavage of tlayys1@Mached througBlRel ated |inkdds}, such 60
2, 4- di met hoxyg Ax 16%ar boxymet hyl ogy}- benzhydryl agigne (avail abl g jf rom
Advanced ﬁg?ﬁgﬁm i n FMOC- pégéect ed form ,2r5esul ts in li B%ati on of a
car boxylic anr t he rel ed tag. ) The
phot ol abi | e 145ké0PMuseful for tRBil& applicati ondBave al so bee®@For the 20
nost part devel oped for solid phase peptide synthesis (see Lloyd-WIIlians

review. mE?}%&einhicﬁ% e tREEisWdUR d YooRREMcRsedn PhbFROGRALLERE SHien O
2-ni tr obenzyl gmé es. Two, qeéa%%ﬁ?lgf photol abile I'inkers that have
recent|y beeri's Byppehems i5 ddegeed Fem e QPR 4re 4-

(4- (1- Fnoc- am no) et hyl ) - 2- met hoxy- 5- ni t rophenoxy) but anoi ¢ aci d (Hol mes and
Jones, 5 J. Og. Chem 60:2318-2319, 1995) and

3- (Frmoc-am no) - 3- (2-ni trophenyl ) pr opm acid (Brown et al., Mol ecular
Diversity 1:4-12, 1995). Both |inker attached vi a t he
carboxylic acid to an anfRERARATIONEOF VAGGEL IVH 3BEQHERGEPRIMBERS t he tag to the

l'i nker is made by forsigWemonSRhERNGHOERvAgeORTRERY! 1 C acid on the
tag and the am ne on the | i nker. Cl eavage of photolabile linkers is
usual ly performed with UV Ilight of 350 nm wavel ength at intensities

and timesl®&nown to t hoPepamtiothel 246-trichienopiagive derivedmligomicidoti@s: 1860unges of
[ nft r grrent s fgr photigghsd cal a,ﬁlh_@av?gme Awégog\;}g&ga% :c e;s h(qulfcl,{#&,?tr;,gt en
rosults in TOrARARCRACAOEEATENS A3 B wo" iR rel Bl esosy
phot ocl eavablrecrystallizedscyamuicuchdoride in 16V noptiahpyrrolidope akaling @ik 8.3ete8-5 and
g”do_' 2- bgnzorw{fé‘am Uﬁflf&ml 9 itsles @fst IBb h%(] Qnimlxtes. PhH M%a@ftiqn @cgﬂitiolns
mel Ude ob{ orRGHY %?@EW AR bRk P b SRRl Sl Ry i
cl eave 198 sitmicriespsetive dligaasleotidet Thesureated syantiris phisride i temoverbbyls,
etc. size exclusion chromatography on a G-50 Sephadex column.
The activated purified oligonucieotide is then reacted with a 100-fold
molar excess of cystamine in 0.15 M sodium borate at pH 8.3 for 1 hour at room
20 temperature. The unreacted cystamine is removed by size exclusion chromatography on
a G-50 Sephadex column. The derived ODNs are then reacted with a variety of amides.
The derived ODN preparation is divided into 12 portions and each portion is reacted (25
molar excess) with the pentafluorophenyl-esters of either: (1) 4-methoxybenzoic acid,
(2) 4-fluorobenzoic acid, (3)toluic acid, (4) benzoic acid, (5)indole-3-acetic acid,
25 (6) 2,6-difluorobenzoic acid, (7) nicotinic acid N-oxide, (8) 2-nitrobenzoic acid, (9) 5-
acetylsalicylic acid, (10) 4-ethoxybenzoic acid, (11)cmnamic acid, (12)3-



WD 97/ 27327
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E. DETECTI ON OF TAGS Det ecti on nmethods typically
rely on the absorption and enmi ssion in sone type of spectral field.

When at ons owOeW23| es absorb |ight, the incom ng energy BCTASTINIES a
quanti zed structure to a higher energy level. The type of excitation
depends on t he wavel ength of the light. Electrons are pronoted to

hi gher orbitals by ultraviolet or WG&i bl e Iight, nolecular vibrations
are excited by infrared light, and rotations are excited b

i cr ovaves. én,n%p%%% 28, SARSHNE bord SRR AL oof M fyghbea@Suslaunt on

of wave an atom or I fS
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mol ecul es 5t hpH 70,6 m%EDJA)mthrﬁ()&hB YV kel ilavolutaesanf QINs 25 ul bHwer
level s by enpl iviaithidthréol @TT)iSaddet! T8lan $dEntd! 98 df Softild &dnﬁrt&@ hgggence if

the 15 t tat f t

7S b RS R s R b B R o
eni ssi on i nt eelumes oH EtQH ismddedtte nrecipitateothe| QDNs.  Ther@PYs reoreatoved from
concent rat i ogylatiin §&n€tﬁﬂ§#ﬁhraﬁl4 00039: G ANBC Br 185 aibhted. OThebtPBinhdats Bge t he

emtting l%pem es. I{?):Sﬁ;m(’ Ssio @t rof}g?’gé‘&@ﬂ‘%h%gg&t’%ﬁ‘ggpyﬁ%?sf

em ssi on
mol ecul ar | apébtmnhhmdeﬂemmﬂﬂsm&gmm@r(mmm&wta‘gsr ay fluorescence

matt b, most The oD s bk 1k @ﬂeﬂﬁmﬁs&‘ﬁfﬂﬁgﬁm
a small f rac{:?‘m?r't?n%m RCICL ‘I?’"&Ieﬁwy §ﬂf’£\ B‘ﬂEA ﬂ’E?‘%I'B I’I‘éﬁi
scattered ataretispasitad ondhectine nfje direet prohs andcmmp@tma thetion sowed. | When the

Rayl ei gh 13Cajdnfild ROirrabliaftl twith @ lasér @&awng aRextracibd %ﬁpﬁIE QRireS Pd pssdlie to

vi brations 25 onon I,s. cal I I I ow scatte B
scattering lg’t‘fé& B¢ § Hn&f uses and Fﬁnsf"% %%EIT}VIS?MY%
i nci dent | gell Iomtghnsxdhﬂt bpee @eammﬁuemmu brations in rml ecul es

or ?Pt ' Cg' | phg{lons in b&ra%@éld@fe foBowing lifdmnaidan P‘éﬂétwfaﬁlfiﬁ B infBR5BN  dent
Uight. Gy f%gf S e B IPoviBl RERRE Sl A "
spect r os@8pyamu indicating 4-methoxybenzo:c acid derivative, (2) 200.1 indicating 4-fluorobenzoic
acid derivative, (3) 196.1 amu indicating toluic acid derivative, (4) 182.1 amu indicating
benzoic acid derivative, (5)235.2 amu indicating indole-3-acetic acid derivative,
(6)218.1 amu indicating 2,6-difluorobenzoic derivative, (7) 199.1 amu indicating
nicotinic acid N-oxide derivative, (8)227.1 amu indicating 2-nitrobenzamide,
25 (9) 179.18 amu indicating S-acetylsalicylic acid derivative, (10) 226.1 amu indicating 4-
ethoxybenzoic acid derivative, (11)209.1 amu indicating cinnamic acid derivative,

(12) 198.1 amu indicating 3-aminonicotinic acid derivative.
The results indicate that the tags are cleaved from the primers and are
detectable by mass spectrometry.
30



30 | R spectroscopy is the measurenent of the wavel ength and

I ntensity of the absorption of md-infrared Iight by a sanple.
Md-infrared light (2.5 - 50 [err]m 4000 - 200 cnferr]) is energetic
enough to excite nol ecular vibrations to higher energy |evels. The
wavel engt h of WOBEBRbr pti on bands are characteristic of spe@CFBSRIBYs of
chem cal bonds and IR spectroscopy is generally nost useful for

i dentification of organic and 35 organoq%ﬁallic nol ecul es. WO
97/ 27327

PCT/ US97/ 01070 83

Near -i nfrared absorption spectroscop%s the nmeasurenent of the
wavel ength and intensity of rared light by a
sanpl e. Near - i nfrared I At% @iﬁﬂl’hﬁg 5 [err]m (12,500 -

4000 cnierr]) range and |SOEWWARI“-L'€$(G®W){M\%TE?W overtones and
conbi nati ons of nolecular vibrations to higher energy 5 levels. N R

spectroscopy is typica ed for uant at ,ve npasur

functlonalsogroups esp&#‘ﬁel%@mﬁ‘%? %LW&W%?‘S@%@%@%@"’Q& esi gn

of NIR (st nwhératlj,,omamamvsﬁe&bktmr(spmﬁmuy,ltetrmusmphénwastﬁ'o,elc’txsefret ers.

The light sour eLllps ten agnig and tg, g&k to

usual ly a PbS x‘n&obc{:g geé?rocif o MetBYIERe PR hat E’g' S or

quartz and t 8 ao Ssurtuse Jnere fe#f? acidgreuprqf lysharchas Joinadito 10
yhos dylgr ah mh b xyém idgrenprqf ] h chm inad

i nst runent at Izﬁ@nﬁfogé\u Roﬁ&ﬁ@ﬁé@s&ﬁﬂylmﬂﬁ%%‘iodptto Fokd ﬁbhﬁ:d&%n& Ninl iaNRiriable

noni torin tr V|0Iet and

Vi si bl e orvﬁ?@gr‘fo E‘é‘ﬁ‘f@e&g‘ﬁ’gﬁgg’?ﬁ% ?ﬁ&ﬁ%‘fﬁgﬁf i dehas and

measur enent  dhay be inteeduded i B at] thensneribic toprborylig plisteshhetin) is bonded
near - ul travi qhRhgltthd o-ami noﬁg dupliif ehel tySiR¢, vitlled HATRPR sexﬁim nhaXtet Broks

vacuum WV ocgurs at 10 é?ée]% :r (rﬁ‘l)\}fé?%’ﬁ‘ggg?“ggg,‘gn% lwgrg ﬂftﬁ UV at

200- 350 nm Y5 38
(28,570-12, 50psmmf err]) and is described by the Beer-Lanbert-Bouguet |aw.
Utraviol g and VI si bl Rcfehg,gttog{gam@erget e enough to pronote outer

2ppl 1 eq to moGEA Dovasys 1THE e @Vafiabie sy NoGpiRBe! PREPRaSRRent iR Tl
uv-vi s spect Mn@thelcnﬂ@@dnmlﬁﬁmwmﬁee@mm@f (AP avdilgbie oot AET; The
l'i ght source;;l&IdyJ mmwms )?ummmh&déaahertw&uecnon vessel

measur enent s en for Y e_neasu ngt hs
of these Sﬁ%ﬁﬂ?‘i’ Slt §%{ﬁ"& ‘P 5538’0?'?@%%@%%3{
separ at or2% ud&xhsthMH @Pﬁ)o e coupling aﬂl ta @Imﬁam eraiash steSree tepeated, o

obt ai ned by sgaRpeuddI® Wavel ength separator and

Step B. The resin {(compound II) is mixed with 25% piperidine in DMF and shaken for
S min. The resin is filtered, then mixed with 25% piperidine in DMF and shaken for 10

25 min. The solvent is removed, the resin washed with NMP (2X), MeOH (2X), and DMF
(2X), and used directly in step C.

Step C. The deprotected resin from step B is suspended in DMF and to it is added an
FMOC-protected amino acid, containing a protected amine functionality in its side

30 chain (Fmoc-Lysine(Aloc)-OH, available from PerSeptive Biosystems; 3 eq.), HATU (3
eq.), and NMM (7.5 eq.) in DMF. The vessel is shaken for 1 hr. The solvent is
removed and the resin washed with NMP (2X), MeOH (2X), and DMF (2X). The
coupling of Fmoc-Lys(Aloc)-OH to the resin and the wash steps are repeated, to give
compound I'V.

35



guantitative neasurenents can be nmade froma spectrumor at a single

wavel ength. 25 Mass spectroneters use the difference in the
mass-to-charge ratio (nifz) of ionized atons or nol ecules to separate
them from each other. Mass spectronetry is t herefore useful for

quantitation V¥ 9H7¥s or nol ecul es and al so for determ ni ngpcrusemheni cal
and structural information about nol ecul es. Ml ecul es have distinctive
fragnentation patterns that provide structural information to identify
conpounds. The 30 general operations ofl02 nass spectroneter are as

foll ows. Gas-phase ions are created, the ions are separated in space

or tine base gl R Sigods . ' t quantity of ions
of each massié o?%:hgfélresr i oéoﬁg&mgggvrageh%&%ed?&hé@pﬁ?%meﬁﬁ“ﬁ e

a mass spect FYHHEPEP ?fg’ (DYEd 1) andePhYHp|(1R pohin W,Ch. | Bhedmiditmedsas R =-
m/ delta m shaken fattiche Thé soltdneis emowesandothe rélfl isawathidwilClichf esgnce in
mass bet ween l; S, i . mass spectrum, For ‘exanple, a
mass spect ro%%}i@ﬁq ﬁqt ¥§Pr1§rsc§?a&d?§ﬁl¥eosfol\%§€ﬁ rf:moveﬁcagﬁ eEoIne "é?ﬁi‘(:? Withi th a
mz of 108. 0CFEnER), i N-disopronylethylagumonpm dicthyldithiocarbamate inVIDIVE (20327
PCT/ US97/ 010DMF (2X) to give compound V. 84

In general, a nass spectroneter (MS) consists of an ion source, a nass-
sel ective anal yzer, and an ion detector. The nmagnetic-sector, quadrupol e,
and time- of - Steb E- The(deppatectgd sssiprfeora step Dris ouripled veith N-amsthiydisomipebotic acili ¢ at | on
i on optics tdestsibadsih eep D ivelcOlipound V1. t he source region into the mass
anal yzer 4gThe details of several mass anal yzer designs 5 (for
magnetic-sector M, quadrupole Ms or time-of-flight M5) are discussed

bel ow. Step By dheFimpsi Frotestad irgsine M is dividedopqualixc by dist ACTSS7 Wrdmh ithee 2
particl e bearolleatidn vebselHilo 36 reaction ¥sseld bo £0c &lsioAds viTje various forces

I nfl uencing the particle separate ions wth di fferent mass-t o- charge

ratios. Wth double-focusing analyzers, an electrostatic anal yzer is
added in t hi2eREnJhgresincomponnds Viios) deirtedivithpiperidinieas desictihedlinfsteprmce i n
10 ki netlsc emervgileFMOC group. A quadrupol e mass filter for
~quadrupol e M5 consists of four netal rods arranged in parallel. The
applied voltages affect the trajectory of ions traveling down t he
flight path mrm Fetliquets of depretscted resinsfronrsiep G are suspendeddn AMF ol Toages,
onl y | } ealn!s reaaftion asseln i add RS apptoprints @E’odk?lri]d &i@a§§6tc@;§99%a.),tmru - al
quadr upol e [ 2 A i r u eir origina
path. A ggss(iss ectr uml\'@g_n'gteg"ﬁlneé%ﬁ? ?nge?l‘ll 0e§s| f SEalln for'1 fr. Foe’solved is

removed and the aliquots of resin washed with NMP (2X), MeOH (2X), and DMF (2X).

The coupling of R, ;,CO,H to the aliquots of resin and the wash steps are repeated, to

give compounds VIII, ,,.

Step I. The aliquots of resin (compounds VIII, ,5) are washed with CH,Cl, (3X). To
25 each of the reaction vessels is added 90:5:5 TFA:H20:CH,Cl, and the vessels shaken
for 120 min. The solvent is filtered from the reaction vessels into individual tubes. The
aliquots of resin are washed with CH,Cl, (2X) and MeOH (2X) and the filtrates
combined into the individual tubes. The individual tubes are evaporated in vacuo,
providing compounds IX, .
30
Step J. Each of the free carboxylic acids IX, 4 is dissolved in DMF. To each solution is
added pyridine (1.05 eq.), followed by tetrafluoropheny! trifluoroacetate (1.1 eq.). The
mixtures are stirred for 45 min. at room temperature. The solutions are diluted with
EtOAc, washed with 5% aq. NaHCO, (3X), dried over Na,SO,, filtered, and evaporated
35 invacuo, providing compounds X, .



t he ions passing through the quadrupole filter as the voltages on the rods

are vari ed. A tine- of-fI I ght mass spectroneter uses the
differences in transit tine through a "drift region" to separate ions
of different masses. It operates in a pul sed node so iQns rru_g%l pe
produced in pYP3EE3Ehd/ or extracted in pulses. A pul sed el eHAEIINON | ¢ g
accelerates all ions into a field-free drift region with a kinetic energy
of qV, where gis the ion charge ang,V is the applied voltage. Since
the ion kinetic energy is 0.5 nV[ert], lighter ions have a higher

vel ocity than heavier ions and reach the detector at the end of the

drift region sooner. The output of arEXAMPHEeector is displayed on an

oscill oscope as a function r% JRGR spectrum 25
?ﬁe%‘bﬂ& r?[. or

The ion formation process i arting_ pol NBss spectrometric
anal yses. Chemical i oni zat PHFHE EORMUe: RiodL Y HatNENIYRBA-IFR reagent ion to
react with the anal yte nol ecul es (tags) to formions by either a

t dride t t
Pt oduct ng a1 ar ge. oxdiiee ISR EHERkaisl m 38 B0 80 o SO TR soibaymas
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ski mmer s.
PCT/ US97/ O 10 7Agid) is bonded through the g-amimo group of the lysine. 85

sanpl e solistion is sprMﬁgle‘:Wsource chanber to formdroplets. The

droplets carr | | vent
vapori zes th éée B | et s‘;%hsappear @&uﬁéidtmw ng‘;r&%ml% ﬁﬁgA}p‘g’e@a d’?lg

mol ecul es. ESP theprospdure of Brown eisads MOIW@Y@@% of‘d §953) according F?o!hécul es
that are diffprocediireidescribpdini sfep o6f Exampless, td:gséemﬁpumdbnnbardrrent ( FAB) 5
utilizes a high-energy beam of neutral atons, typically Xe or Ar, that
strikes a SO|Id sanpl e cau5|n?mdesor ption_and ionization. It is used

for Iarge2Bi oxteRsiB-d Theresin (eampound i treatedaéﬂsmheﬂmmswowwmﬂpé ®he gas
phase. FAB cagiﬁea&rdpohﬁds@(m{ agnentation and usually gives

4

EXAMPLE 7
PREPARATION OF A SET OF COMPOUNDS
25 OF THE FORMULA INIP-LYS (£-R,.;,)-ANP-TFP

~ Figure 5 illustrates the parallel synthesis of a set of 36 T-L-X compounds

(X =1L,), where L; is an activated ester (specifically, tetrafluoropheny! ester), L? is an

ortho-nitrobenzylamine group with L* being a methylene group that links L, and L2, T

30 has a modular structure wherein the carboxylic acid group of lysine has been joined to

the nitrogen atom of the L? benzylamine group to form an amide bond, and a variable

weight component R, ,,, (where these R groups correspond to T? as defined herein, and

may be introduced via any of the specific carboxylic acids listed herein) is bonded

through the e-amino group of the lysine, while a mass spec sensitivity enhancer gronp

35 (introduced via N-methylisonipecotic acid) is bonded through the a-amino group of the
lysine.



a large nol ecular ion peak, making it useful for nolecul ar wei ght

determ nation. The atom c beamis produced by accelerating ions from
an ion source though a charge- 10 exchange cell. The ions pick up an
electron in collisions with neutral atons to forma beam of hi gh

ener gy at onsWOI8mR7 i oni zation (LIMS) is a nethod in which rETIZRTe10U| Se

abl ates material fromthe surface of a sanple and creates a m cropl asm
that ionizes sonme of the sanple constituents. Matrix-assisted | aser
desorption ionization (MALDI) is W4LI MB net hod of vaporizing and

ioni zing | arge biological nolecules such as 15 proteins or DNA fragnents.
The bi ol ogi cal nol eculpes. at sed in a solid matrix such as
nicotinic acid. A W F%ser uléépgﬁlates the matrix which carries sone of
t he | aMteps Al Semeas in % gas phase in an ionized formso they can
be extracted into a nass spectroneter Pl asma- desor ption ionization

(PD) utiliz C &m fISSI
fragnents t%ﬁ‘pr 'ﬂ%r@é’in?éon{ EHR;) ire gtgd(gvrlltgpl rf% é%‘%cﬁflﬁo%f"rftﬁ% t he
sanpl e kn cl@m@p&ﬁmmev MQC grene:.  The ot her fragrrent strikes a
detector and triggers the start of dat a acqui si tion. This ioni zation

met hod i s esfecial Iy u for . ar e b|oIo S.. onance
i oni zati on M |':Is(h a%f%%%: §8I RARRECR oite HF° il r & Fggpg?de “are
tuned in redgosthylisenipecotie acid ips despribedfin aegggfﬁmﬁeétt@mvgpomm@dMe to
pronote it in a stepw se fashion above its ionization potential to create
an ion. econdary i.omizati@n (SIMS) utilizes an ion beam such as

[err] He[ r]ﬁf"eﬁ'r?ﬁ%ﬁl E’%‘Pplfgrr]Ar[err]; is focused onto the surface
of a sanple and sputters naterial into the gas phase. Spark source is

a nethod whigig GONMhe eirP@ampé@ds VI, Qkd &a&ﬂ@hﬁﬁaﬂh&hﬂtﬂsﬁbﬁﬁb@d‘xﬁt&cﬁ” C
current f%%ﬂgp%ﬂg@m%vg% Rl‘g A tag may becone
r

charged prio aring or tergmf‘gavage fromthe 30 nolecule to which
it is attached. lonization nmethods based on ion "desorption', the

direct fo§ ngumH-Or TR dohipoidsK, ,J 26 prepdredinAne dabheQharnbiisiis Egathiglases have

al | owed I ncreasing application to nonvolatile and thernally | abile
conpounds. These net hods elimnate the need for neutral nol ecule
vol atilization prior to ionization EXAMBEES;| |y m ni mi ze thernal

degradati on of the nol ecul mm@sopxlsges@pmps ncl ude field 35

desorption (Becky, Prin @# Se é&r@ﬁhggg /ﬁ\ﬂdl‘ﬁ el d Desorption Mass

Spectronetry, Perganon, orption (Sundqgvist and
Macf ar | a#fe, WO 97/ 27327

PCT/ US97/ 01070 Figure 6 illustrates the parallel synthesis of a set of 36 T-L-X c&@pounds
(X =L,), where L, is an activated ester (specifically, tetrafluorophenyl ester), L? is an
ortho-nitrobenzylamine group with L® being a methylene group that links L, and L2, T
has a modular structure wherein the a-carboxylic acid group of glutamatic acid has

25 been joined to the nitrogen atom of the L? benzylamine group to form an amide bond,
and a variable weight component R, ., (where these R groups correspond to T? as
defined herein, and may be introduced via any of the specific carboxylic acids listed
herein) is bonded through the ao-amino group of the glutamic acid, while a mass spec
sensitivity enhancer group (introduced via 2-(diisopropylamino)ethylamine) is bonded

30 through the y-carboxylic acid of the glutamic acid.

Referring to Figure 6:
Steps A-B. Same as in Example 5.

Step C. The deprotected resin (compound HI) is coupled to Fmoc-Glu-(OAl)-OH using
35 the coupling method described in step C of Example 5 to give compound 1V,



Mass Spectrom Rev. 4:421, 1985), laser desorption (Karas and Hi |l enkanp,
Anal . Chem 60:2299, 1988; Karas et al., Angew. Chem 101:805, 1989),
fast particle bonmbardnent (e.g., fast atom bonbardnent, FAB, and
secondary ion nass spectronetry, SIMS, Barber et al., Anal, gh

54: 645A, 198MO9747¥7t her nospray (TS) 5 ionization (Vestal ,P‘Fﬁg 7 b‘g trom
Rev. 2:447, 1983). Thernospray is broadly applied for the on-line
conmbination with |iquid chromatography. lgge continuous fl ow FAB

met hods (Caprioli et al., Anal. Chem 582949, 1986) have al so shown

si gni ficant potential. A nore conplete listing of ionization/mss

spectronet ry Sepiibi MBlid 4llys ester on the rasimncOmpunddy iswastied &ﬁtht(ﬂlﬁ,ClﬁﬂlZK()Tam(lj)Spr ay
Conizati e ) . AT
Ionl zation %ﬁ&&%%%@g@:{r %&"(Pi;l?,}}gg gﬂ%ﬁa@ag%n&& m fl%hfz?«gﬁ {é%) in élfilz@rlﬁss

i oni zati on nmasSS spec erlic pressure ioni

spect r omet r y The meistureols shaken Fach b TRgssolvepbisipapyad apd theresiny is yrashed; with
bonbar dment  ICM)CEARKY.N Thepaladinmxcstepliseépested.d Thé sotbennishembesdcand ale #Zsiniion mass

spectronetsy Dl RE t B Rﬁ!% 9-' j 7 %EV E% -!; .1 ght
mass Ssp@'(?lf\f?l%brr%'t T ’?{zgerj"dr’op %W%s spec?’?gir‘r'e‘?%&}, 'I?@- rlrlxkass
spect r onet r y DMPGX) BME@X3 tosgivr¢ompopsd ¥. nano- spray nass spectronetry.
nebul i sed spray ionization nass spectronetry, chem cal ionization nass

Spect T Ot 1Y o b0 IE S ALAPILAIIR Yy D 1s sBBEES STTNIH.and SEANIE ¥y

onanc
i oni zati on 5. e?ﬁ? ry, r mass”spectr one )
The ioni zat i mmeM(WaﬂM(%mm ¢ vesselp arg shaker for 1Sonivatsaddhe
EQVﬁl ovgrlloap BbIvEnt gﬁ&mﬁemn@@e rdsfieivhshied With NVIPZ8X). OThedebinG @figddewitht r.zeI

i ghly dependen : r y
avai 1 bl o r olipeopHaRbe b irin G0 Wl NIMADS GOTRREEY B snitth T | ¥
about 8000 dhpwredbe couptiag of fidijsppropylamingiethylaminerto the resingndstheyvash stsps 1: 67,
1987) . Si nce arkSepeatedl] B8 Qiveompo@midVly W t h quadrapol e mass
spectroneters, sensitivity typically suffers disporportionately at higher
mass-t o- char ge ratios (mz). Time-of-flight (TOF) mass spectroneters
are comekci g@;ﬁﬂvaﬁam&ﬁ@mp . possess the advantage that the niz range
is limted only by detector efficiency. Recently, two additional
i oni zati on net hods have been introd [ese two net hods are now
referred to as matrix-assi sted | aser on (MALDI, Karas and
Hi | | enkanp, Anal . ChenPRERIRATION OFAOSET ORGOMEORDS,| . | Angew Chem
101: 805, 1989) and OF TRE FORMOSOR AY-LIvS@RHKER)- ONP-{ FS{s)NHPQUH, net hodol ogi es
have verﬁphi gh ionization efficiency 30 (i.e., went high [nolecular ions
produced]7 nol ecul es consuned]). Sensitjvity, which defines the
ultimte potential of Figeredddusiptgsthe prmllelspathesisal aget of k- sompoudsant i t y
of | ons (X HQY wRe L, %B@%ﬁx&n(sféciﬁ&llﬁnﬂ! AtlnG ghoip! of £ NsERldeAPed

ef ficiency. . . JEl ectrospray-Ms is based on dan idea first
proposed in fsietodds is p| ethernitrobenzyjgmine jgroum opih bhykeing @ soboxamides) |
El ect r ospr ay sitstituzedt alkylerehbinpadyfaliyenengrenys thao lisks by andit® THas gethoduthecul es
for anal ysls eﬁaﬁaeg;e (BRI ackl bBhp ¥ 13l Hob B Bihed to the MiFogdH | ON
produces i obl ¥ DY OPH SRSl lp S Bt 2 ide B nd s Sl b
component R, (Where these R groups cotrespond to T? as defined herein, and may be
introduced via any of the specific carboxylic acids listed herein) is bonded through the
o~amino group of the lysine, while a mass spec sensitivity enhancer group (introduced
30 via N-methylisonipecotic acid) is bonded through the e-amino group of the lysine.
Referring to Figure 7:
Step A. Fmoc-Lys(Boc)}-SRAM Resin (available from ACT; compound I) is mixed
with 25% piperidine in DMF and shaken for 5 min. The resin is filtered, then mixed
with 25% piperidine in DMF and shaken for 10 min. The solvent is removed, the resin

35 washed with NMP (2X), MeOH (2X), and DMF (2X), and used directly in step B.
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el ectrostatic field. The highly charged droplets, generally formed in a dry
bat h gas at at nospheric pressure, shrink by evaporation of neutral

sol vent unti wasre7zhar ge repul si on overcones the cohescressoiTes,

| eading to a "Coul onbi ¢ expl osion". The exact nechani sm of ionization
is controversial and several groups have put forth 5 hypot heses (Bl ades
et al., Anal. Chem 63: 2109 14, 1991; K&Barle et al., Anal. Chem

65: A972-86, 1993; Fenn, J: Am Soc. Mss. Spectrom 4:524-35, 1993).
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Aebersol d et tein Science 1:494-503, 199f2ép Smth et paI 0 nal .

Chem 15 60% E&’é’&& s '988) El ectrospray i oni zation is
described in nore detail as follows. El ectrospray ion production
requires two steps: dispersal of hi Mp_j@med droplets at near

at m)spher c pressure, follo e evaporation. A
sol ution anal yte HD@AFX?SS és%(%cﬁ?%%a needl e that is kept
at high el ect ric pot eﬁfFHEFOWUmRukMS@nH’AMYSWéMeﬁN&mhe sol ution
di sperses into a m st of small highly charged droplets cont ai ning the

anal yt e nol ecul es. orate qui ck d a
process of field deso 0 S t , on ei n
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mol ecul es ar@=1Ly), wheﬂeelahsedmam\mtedmteg@eqjﬁ@e, teppafhoraphenyd epter)y L1 & an

eneral | r t smal |
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and coujoined tethe aitfogehe atomasfied (heRzylantine groay to fohf ae ainddeshond hﬁhﬁﬁd
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electric fi etilﬂ’ugﬁglﬂ gaming gEqyRy o dhefitst Aysing, 1 sseond lysiprempleg]g ihas been JOé*Eﬂdf ace at
the capi Rbartg thefisst lysine thivightihe atdntitid group of tha fiest lyseﬁe; strholedular wdightsur f ace

Fiel d resul raIge: @P&*V(@*W‘%%ﬁﬂ%f’f"a e%f B} ool R 3o o g At ©
hi ghl y char gfcthe isepend lysingy jand tcmewnb rmelyeere ipse Brmwd
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25 lysine. Referring to Figure 8:
Steps A-E. These steps are identical to steps A-E in Example 5.

Step F. The resin (compound VI) is treated with piperidine as described in step B in
Example 5 to remove the FMOC group.

30
Step G. The deprotected resin (compound VII) is coupled to Fmoc-Lys(Tfa)-OH using
the coupling method described in step C of Example 5 to give compound VIII.

Steps H-K. The resin (compound VIII) is treated as in steps F-J in Example S to give
35 compounds XI, ;-



oxygen to inhibit electrical discharge. 35 A w de range of

| i qui ds can be sprayed el ectrostatically into a vacuum or with the

aid of a nebulizing agent. The use of only electric fields for nebulization
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|l eads to sone practical -restrictions on the range of |iquid conductivity

and dielectric constant. Sol ution clqﬁduct ivity of less than 10[err]
ohns is required at roomtenperature for a stable el ectrospray at
useful liquid flow rates corresponding to an agueous el ectrolyte
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char gi ng. Theaphosp hogissigtrt allyletsAming |28 ar i ons requires conditions
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and transmtted with sufficient efficiency. The wi de range of sol utes

al ready found to be anenabl e t cEXSMPIE 12and the | ack of substanti al

dependencgy of ionization ef fpéét )ggpAgP?BFEPM;S{H,% wei ght, suggest a
roa%i e

hi ghly non-di scrim natl ng an
OF THE FORMULA R,_,,,-LYS(:—:—I P)~ P-LYS(e-(MCT-5"-AH-ODN))-NH,

Figure 10 illustrates the parallel synthesis of a set of 36 T-L-X
compounds (X = MOI, where MOl is a nucleic acid fragment, ODN) derived from the
25 amines of Example 9 (the same procedure could be used with other T-L-X compounds
wherein X is an amine). The MOI is conjugated to T-L through the 5’ end of the MOI,
via a phosphodiester - alkyleneamine group.
" Referring to Figure 10:
Step A. The 5’-[6-(4,6-dichloro-1,3,5-triazin-2-ylamino)hexyljoligonucleotides XII,_,,
30 are prepared as described in Van Ness et al., Nucleic Acids Res., 19, 3345 (1991).

Step B. To a solution of one of the 5°-{6-(4,6-dichloro-1,3,5-triazin-2-
ylamino)hexyljoligonucleotides {compounds XII, ;; ) at a concentration of 1 mg/ml in
100 mM sodium borate (pH 8.3) was added a 100-fold molar excess of a primary amine
35 selected from R, ;-Lys(e-iNIP)-ANP-Lys(e-NH,)-NH, (compounds X, ,, from Example
11). The solution is mixed overnight at ambient temperature. The unreacted amine is



Il oni zati on process. The el ectrospray ion "source"
functions at near atnospheric pressure. The el ectrospray "source" is
typically a nmetal or glass capillary incorporating a method for
electrically biasing the liquid solution relative to a counter el ectrode.
Sol utions, 3WOVFPIcal | y wat er - net hanol m xtures cont ai ni ngcrivsosmetoyt e and

often other additives such as acetic acid, flowto the capillary
term nus. An ESI source has been described (Snith et al., Anal. Chem
62: 885, 1990) whi ch can acconmodate esd8htially any sol vent system

Typical flowrates for ESI are 1-10 uL/m n. The principal requirenent of an

ESI - M5 i nt epd gl Srafi thi’&l%ht 365P ' £ L. gh . pressure
region into e 35b§, asﬁgﬁégl e tJ{/ as g{ygsc:ug]?&neﬁ‘%%ytm}:&’ 127327
PCTI US971 01844 using H,O as the wash solution (3 X). The compounds XIII, ,, are isolgted by

The effi ci enaipctidn dfthe edmméd® MOmL.hi gh, providing the basis for extrenely
sensitive neasurenents, which is useful for the invention described herein.
Current i nstrument al performance can provide a total ion current at
the detector of about 2 x 10[err] EXAMPLEI3] A or about 10[err] counts/s

for singly charged spbeMORSTRANONTGF NESWUDTANEOOSDIEIECHORIGFAl 5
performance, concentrati OIMUEEIPL%SI‘AC%\%Y%AQQ%%FH Mgﬁiv about 10[err] nol/s
I SRR

of a singly charged species w gl ve ion current (about 10
counts/s) if the analyte is conpl etely ionized. For exanple, |ow

attonol e detection | iThis ximple previdesoddeicription of the abilistUpt SORGsAITONI UM

I ons usi Js ' | r | ect rophgresi s (Smth
et al., ! na %ﬁu&h&%@%@@&&%@?ﬁ%@éﬁgC0 I Uﬁ%lﬁ%# P?{g?'@%{lﬁngflﬂﬁe%]ght of
10 1000, t FempRredyae minedwith s marix depositedsand driegh en sp salidi syppast andiben  of
char ge st at désortied With a laser. (PR cestiltditionstre theh Strbd@id id HRa8BPbdRMetdd! ENSI LY
(ion/s) is 1 x 10[.9”‘1' foltowing com fis%rchaseﬁa%ﬁ{mll{hkﬂ L ,S\ﬁ alréa 'S
actual ly consuned i n obtal ni rﬁ% anpqélg. SS spe'cfrum mUh et al,
Anal . Chem méxeditogether ongm) equal melanbasisdp agfinah soneenfratiop of 1083 M (on agist aj ned

by t Ihe use odmpdundy babis: Gerzaimidedl 2114 aicotinainiidd (102R3Y, Pyraginhmide (923.12), |
S o hie 5 b u0Sei 0., bGopBSh M CoToA! 1LY
to the fact amioperzamideg (1336 midﬁeflﬁéﬂ%néﬁleﬂﬂi}ﬁmﬁmmﬁﬁ o(li3&d5x Basis for
i nproved seamidonicbfivamilié (187.14)p@icdvhaliaé Kaxideops8iin),t Rydopicbiimimidd1e
pesent . VERNS) ARG 4%, 5C ARG bt in) BHUER L
20 (151.17), 2,6-difluorbenzamide (157.12), 4-amino-5-imidazole-carboxyamide (162.58),
3,A-pyridine-dicarboxyamide  (165.16),  4-ethoxybenzamide  (165.19), 23-
pyrazinedicarboxamide  (166.14),  2-nitrobenzamide  (166.14),  3-fluoro-4-
methoxybenzoic acid (1704), indole-3-acetamide (174.2), S5-acetylsalicylamide
(179.18), 3,5-dimethoxybenzamide (181.19), 1-naphthaleneacetamide (185.23), 8-
25 chloro-3,5-diamino-2-pyrazinecarboxyamide (187.59), 4-triflucromethyl-benzamide
(189.00), S5-amino-5-phenyl-4-pyrazole-carboxamide (202.22), I-methyl-2-benzyl-
malonamate  (207.33), 4-amino-2,3,5,6-tetrafluorobenzamide  (208.11), 2.3-
napthlenedicarboxylic acid (212.22). The compounds are placed in DMSO at the
concentration described above, One pl of the material is then mixed with alpha-cyano-
30 4-hydroxy cinnamic acid matrix (after a 1:10,000 dilution) and deposited on to a solid
stainless steel support.
The material is then desorbed by a laser using the Protein TOF Mass
Spectrometer (Bruker, Manning Park, MA) and the resulting ions are measured in both
the linear and reflectron modes of operation. The following m/z values are observed
35 (Figure 11):




20 An interface is preferably placed between the
separation instrunentation (e.g., gel)and the detector (e.g., mass
spectroneter). The interface preferably has the foll ow ng properties:
(1) the ability to collect the DNA fragnents at discreet tine

intervals, (MWO®B¥ntrate the DNA fragments, (3) renove thgcﬂqﬁ\”ﬂl‘gﬂrrents
fromthe el ectrophoresis buffers and mlieu, (4) cleave the tag from
the DNA fragnent, 25 (5) separate the tl%g fromthe DNA fragnent, (6)

di spose of the DNA fragnent, (7) place the tag in a volatile solution,
(8) volatilize and ionize the tag, and (9) place or transport the tag
to an el ectragpray>devbeahfiei(1a104yoduces the tag into mass spectroneter.
The interfac l,so_has_th ‘collecting” DNA fragnents as
they elute frelg%!t'ﬁe boft3 '%’a%?‘&a(%i :li)yThe gel may be conposed of a slab gel,
a tubul ar 30 123dt—>a camlm@e(lgﬂdz) The DNA fragments can be collected by

several net hqun The first method is that of use of an electric field
wherein Dl\ﬁ 53 ments are collected onto or near an el ectrode. A
second et oc} that wherein the DNA fragnments are coll ected by

fl owi ng a stri@zdof Ilémop‘&prm@aﬂ\%ﬂmnc&(lﬂg@l Aspects of both

met hods can Re7.2...> conkhibgiénadamoRanidOiy27aqh| ected into a flow ng stream
whi ch can be Iég er _congentr at ed 3(? h%&/gése of an electric field. The end
result is tha{ fraé é E fromthe WO 97/ 27327
PCT/ US97/ 0107A85.1~—>  tolumide (135.17) 90

mlieu unger aphchst hessamatmédmamiminyhspas performed. That is, DNA
fragnents can be "dra ed" frg t(gg solution type to anot her by use of
an electric PR&tT™ 3-aminonicotinamide (1 ‘gn)cethe DNA fragnents are in the
appropri ate d9883t++on (sicetpamidgNe-oxide (13812h el ectrospray and nass

spectronetrypsghe.bag Sapdlbs cahﬁa,y@(hjg the DNA 5 fragnment. The DNA
fragnent (or léﬁ agts é{ﬁere ﬁgﬂﬁqﬁgpbe separated fromthe tag by

the applicati of "an eferably, the tag is of opposite
char ge of 14 hd#0.8f the DNA tag). The tag is then introduced into the
el ectrospray 14e4i-G8 bYcihinanfide Q47.28) electric field or a flow ng
| i quid. Fl uorescent tags can be identified and
guantitated 1882 directl y by their 10 absorption and fluorescence em ssion
wavel engt hs dA#2i ntensities. Wil e a conventi onal
spectrofl uorometer is gyieiRNerzdn Lllgl; 87 providing conti nuous ranges
of exci t;%d Orkftjd em ssi on vvavel engt s (ITerr], I[err], I[err]), nore
speci al i
2,6-difluorbenzamide (157.12)
1583
4-amino-5-imidazole-carboxyamide (162.58)
163.3

25 165.2-—> 3,4-pyridine-dicarboxyamide (165.16)
165.2—->  4-ethoxybenzamide (165.19)
166.2-—-~> 2 3-pyrazinedicarboxamide (166.14)
166.2--—>" 2-nitrobenzamide (166.14)

3-fluoro-4-methoxybenzoic acid (170.4)

30 1711
172.2
173.4

indole-3-acetamide (174.2)
178.3

35 1793-—->  S-acetylsalicylamide (179.18)

181.2--->  3.5-dimethoxybenzamide (181.19)



instrunents such as flow cytoneters and | aser-scanning m croscopes require

pr obes t hat are excitable at a single fixed wavel ength. In
contenporary instrunents, this is usually 15 the 488-nmline of the argon
| aser. Fl uorescence intensity per probe nolecule is

pr oporti onal wo®R1t3e? pr oduct of e and QY. The range of mdrass7qpareneters
anong fl uorophores of current practical i nportance i s approxi mately
10,000 to 100,000 cnmerr]Merr] for [err] and 0.1 to 1.0 for QY. When
absorption is driven toward saturation B¢ high-intensity illumnation, the
20 irreversible destruction of the excited fluorophore (photobl eaching)
becones the fg3ct ok limting fluorescence detectability. The practical

i npact of photobl eachi ng depends on t he fluorescent detection

t echni que in quest i on!naphthaleneacetamide (18523} |t wi|| be evident to one in the
art that a deéice (an interface) may be i nt erposed between the

separation and det ect ig¢ QRSy:L.0- neriy.f . ' 5 operation of
si ze separation and tg%ﬂgzég@tql%ﬁm??rﬂfﬂe%rf&% %@; &r}#???ﬁ?% tes the

separatioh 1882 net hodol ogy and instrumentation with the detection

met hodol ogy ®9@-i-bst r iRflicbinethyl-benzarhidé (189@0p si ngl e devi ce. For exanpl e,
an interfac 9i0§ i nter posed between a separation t echni que and
detection b5e/l NAss spectronmetry or potentiostatic anperonetry.

The functiont9® the interface is primarily the release of the (e.g., nass
30 spectronm@epry) tag fromanal yte. There are several representative

i mpl ementations of th o el f i< e interface is
dependen@éon t he choi g-emné?o-glp@%x%—é%&?ﬁz?lg%gﬁbg?ﬁmg@(ﬁ%.%&?he case of |ight or
phot o- cl eava@®& | i nkers, an energy or photon source is required. In

t he case of xp4acid-labile linker, a base-labile linker, or a disulfide

| i nker, reagent ddi i i s.requjre Lt hj.n the interface. In the case
of heat-1labile I|inker -’me. I ﬁé@"%ﬁ?&ﬁ%@%@& is required. Enzyne
addition is required fomiam23$hwtrafiuonekiensapudy (20% &) such as a specific
pr ot easei1;nc1g.2pept i de sliapthddnedicarbsiglicasie (Aan@2np DNA or RNA |inker, a
WD 97/ 27327 3
PCT/ US97/ 01070 91
gl ycosyl ase, 2243 or phosphatase and a linker which is unstable after
cl eavage (e.x28.2 simliar to chem | um nescent substrates). O her
characteri stj?ﬁ% of the interface include m ni mal band br oadeni ng,
separation O fromtags before injection into a nass
spect ron er2374epar ati on techni ques include those based on el ectrophoretic
met hods 5241and techniques, affinity techniques, size retention
(dialysis), filtration and the |ike.
The data indicate that 22 of 31 compounds appeared in the spectrum with
the anticipated mass, 9 of 31 compounds appeared in the spectrum with a n + H mass (1
25 atomic mass unit, amu) over the anticipated mass. The latter phenomenon is probably
due to the protonation of an amine within the compounds. Therefore 31 of 31
compounds are detected by MALDI Mass Spectroscopy. More importantly, the
example demonstrates that maultiple tags can be detected simultaneously by a
spectroscopic method.
30 The alpba-cyano matrix alone (Figure 11) gave peaks at 146.2, 164.1,
172.1, 173.1, 189.1, 190.1, 191.1, 192.1, 212.1, 224.1, 228.0, 234.3. Other identified
masses in the spectrum are due to contaminants in the purchased compounds as no

effort was made to further purify the compounds.

35
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It is also possible to concentrate the tags (or nucleic acid-linker-tag
construct), capture electrophoretically, and then release into alternate
reagent stream which is conpatible with the particular type of

i oni zati on net hod sel ected. The interface may al so be cg_PabI e of
capturing t he™M®¥8783r nucl eic acid-1inker-tag construct) 10PCHE§P701070

m cr obeads, shooting the bead(s) into chanber and then preform ng | aser
desorption/vaporization. Also it is possible to extract in flowinto
alternate buffer (e.g., from capil “a?ry el ectrophoresis buffer into
hydr ophobi ¢ buffer across a perneabl e menbrane). It may al so be

desirable in some uses to deliver tagxAMPpgtilje mass spectroneter
intermttently which woyld compris "ﬁF’F’Wf ction of the interface.
15 "Anot her function of XF%Y?’EE@F‘ g%gﬁm‘sgiop S&?W&W%EBEO‘P%m mul tiple
colums into a nass spectronmeter, with a rotating tine slot for each
colum. Al'so, it is pos&idhing \ #e30 e | ePlggm
into nul ti %I e dﬁt ctqrs ?xﬁtqupbﬁqu;)t \gere szg{:é‘jq?ﬂ B‘g‘k@a&ds)et of
tags for a°felf Y‘g%’gﬁdé? Z’ﬁéﬁlﬂﬁ 8 M Na E'f)qsgﬁ T, @fé&M%ﬂ%{%@d
The fol | owi ngd5% “ﬁmmﬁORofTMHﬁrbuffarisﬁtOiSMfwamﬂcﬁi If oM NigH; 815 oM Zn@220
Soi onti f1c  TUAGE! BRI 0 B R Pl O DAy SDS0 s Pt <1
el ect r ophor es?"iihéh{lﬁ’ﬁﬁgir‘f{n %ﬁfiﬁéﬁﬂijﬁ:‘figﬁf) ?"YSis ag‘ﬁg‘gg?&ﬁ‘%’é[séwi}m 1§ P Moy
sequenci ng apghaniditiionrtbiocyainte; BECN daubryddaccobiné Rasosily W8 ymMNkjs pH 7.6 and 25
manuf act ur@s | [ : ' ci ng
(Phast Systlgm ?nggﬁgﬁn‘gﬁgg‘ﬂ gﬂ”% %‘(‘:‘%Q hor, zﬁ? gfm%%@?%\ﬁﬂﬁ;aéé%%?ng) .
25 Per kin £l HEF/Ggvbeh prosgas mbsrstc tolition iy G spumitats b 6.5 M
manuf act ur es sditim phosphatgut287at mM¥ séenetivselsnaphibeld 0:093 | movie Scrmethylles

(ABI 373 and AR3SReneiR3 Yithbne. hydrocBRRR! bl DBINICRinbgERUbHice,
manuf act ur es spect ronmet €r s n|_e“ téﬁﬁf I.n t?ﬁd %s Fyir . Ti())ﬂ gde'\]a%gn)
manuf act ur os (ks PhesBiRAsE) SHistcas, salttiopnd M >-pror-etlerindoyl-3 phosphite,
spect r onetlér s| MM niroblustetidasuntaad OOMET veeen, 20NV/RMNIE c Thofimirescant sabsstratdV/- VI S
30 Spectrone . | ' n ) S
oo ST i R 0 BN A e B g0
(Manni ng Par k9->\A) mM Mgl Pac ot e 067 Roliebyleasiming swisy@utrchised ofom
FT- Raman SpecPolgstinessq Wahingor PA). Bunfithed bt ubfdisheSpaddn ety were pufihhdedx
l1[err]), Ion&%\ﬁ Sy & MasiUMIEL 103 k. MASS
Spect roneter. n:?‘fl\?g I?S echn o% I nc.” (AIT, qt%s gn?&‘l\j}l&)teti%o eog@d\’?g%(e’
Capi | | ary 2fe| SUpFBICt P‘B‘M%‘BF%S:‘E drpetayl-: eBs overe  ByTRhasEd fEomr Aldrich
Det ect ors. Chenfied] gMilveaukteg WT) 0 riTweeh 2O0RNaddoONHS L ((-Blitint were pérchased(om
gac_?f[gg ;%‘;3 Brek QRockf3M, IL). Guanidine thioc¥¥Raf’(GuSERY was purchased from Kodak
(Rochester, NY). Cyanuric chloride was from Aldrich Chemical Co. (Milwaukee, WI)
and was recrystallized from toluene.
25
A.  ODN SYNTHESIS
ODNs complementary (5'-CCTTAGGACAGTCTTCTTCACGC) to
conserved or hypervariable regions of the 16S ribosomal RNA (fRNA) of
Porphyromonas gingivalis (Pg), were synthesized on either an ABI 380B or a MilliGen
30 7500 automated DNA synthesizer using the standard cyanoethyl-N,N-
diisopropylamino-phosphoramidite (CED-phosphoramidite} chemistry. Amine tails
were incorporated onto the 5-end using the commercially available N-
monomethoxytritylaminoihex-6-yloxy-CED-phosphoramidite. ODNs with 5~
monomethoxytritryl groups were chromatographed by HPLC using a Hamilton PRP-1
35 (7.0 x 305 mm) reversed-phase column employing a gradient of 5% to 45% CH3CN in
0.1 M Et3NH+OAc-, pH 7.5, over 20 min. After detritylation with 80% acetic acid, the



92 Mass Spectroneter (3DQ Di scovery[err] and the 3DQ Apogee[err]).
Per ki n El mer/ Applied Bi osystens Division (Foster Cty, CA)

manuf actures a Sci ex Mass Spectroneter (triple guadr upol e LC M5/ M5,
the APl 100/300) which is conpatible with el ectrospray.

Hew ett - Packwod7g®ant a Cl ara, CA) produces Mass Sel ective Dstwussons7g HP
5972A), 5 MALDI-TOF Mass Spectroneters (HP G2025A), Di ode Array

Detectors, CE units, HPLC units (HP 1090) as well as UV Spectroneters.
Fi nni gan Cor poration (San Jose, CAl2manuf act ures nmass spectroneters
(magnetic sector (MAT 95 S[err]) quadrapol e spectronmeters (MAT 95

SQerr]) an ur_ ot her. tromet e )

(gner y1/|) | | e%[%ﬂs wﬁ%&?ﬁ@f‘%@é ?@%‘FQ T\ﬁ‘za“ﬁ bitaso. Analytigalo

met hods and Cb?ﬂ%é”@‘ the gnality of ghei (BBHS Iereciionefr ivhiexchange HELGf using a Teswaved
tags to ser HRa@ SDBABNHO @hintr Gid dy daiiRirfig t)ﬁ@l?a&ﬂﬂmméCFQOE!eng? phifed ' ty. Al

t he ggﬂ Egg of each sequencing nethod, a particular ecte
prinmer is a § particul ar unique tag. The tags map to elther a
sanpl e ty5pe a di deoxy term nator type (in the case of a Sanger

sequenci ng meact PﬁﬁAﬁﬂﬁ@ﬁmwnﬁt&Aﬁ% the tag 15 maps to
a primer type which rp tur S 1{0.a ich in turn maps to a
sampl e identity. The pﬁﬁaﬁﬁ?{%ﬁ% ?ﬂ?(ﬁﬁ%é/ ﬁ‘FlEi terh i aniydeous tly pe
(ddTTP, metigyERFryrtidinpne (0T L) yereeftarednioe S nfin athinstierdi e@perymuc| eot i de
reaction thariey@Rtnim tteumuomf rateS(Z?bfiﬂ,edl M P dRRBHERMAD (R &Idefnd S { NN
per f or a i.ng.fragnents sequent i a separ at ed by

si ze i Heﬂl ng’enfﬁneéﬁ’r%bmmgamm% ﬁ@el ‘?"6‘?12/%4 ¢ beadirent s in
a tenporal Meraywashed quickly w&hslmhbvléhpyrmhdmnde& xrb08 menpThabeddsaveee The
sequence ISttfeﬁ hw?&rq@-m.r%mwvﬁgomuon Q' P? ToD00 AR ) %%tﬁﬁ%ﬁémﬂ{e?h

frame. That al nt|t| s are,r
si zi ng st ep“’and “Tpet %k TERALEt iS‘nea ans8thepdyeaus, selpiRn alPff r ane.
The si poly¢etntiepinsiagor aﬁiesdetchmnguhd: polg(ethylaheining sahmticn: thy beadsReere

B;C!ﬂeg; ;@ﬁugaa{etalnﬁg; }ﬁ‘% §- H@ﬂﬁﬁ‘oﬂe@ xrﬁhﬁltﬁbfﬁﬂ(z' Lent wﬁ'@m@&% Heparated
di deoxy-t er ﬁ?‘ﬁg{'ﬂf légxn‘QB %dqéﬁ#ﬁ?g‘t’?ggﬂ et high vagiibnce i s

readily dedémed torf &. | Theamuiaamn .of the beads was determined by Trisaxtibnlwitwi ng
exanpl es ar gicRfihfifoRfd b, Way of illustration, and not by 30 way of

-t

limtation. Unl ess ot hervm se stated, chem cals as used
i n the exanpl es nay be obt ai ned from A dr| ch Chem caI Corrpany,

M| waukeé®, WI. IREpA DA 3¢
meani ngs, are US9F§$€I’EI n: ANP =

3- (Fnoc- am no) - 3¢

4- ( Fnoc- am. nonet hyl ) ngg %?#’Penérfgfo{ WI Cla&)ﬁ 85‘& 10 mg/mL) in freshly

prepared 0.1 M SBB (pH 8.3, 3.2 mL) and H20 (1.8 mL) was added an acetonitrile

solution of recrystallized cyanuric chloride (1 mL, 50 mg/mL). The solution was mixed
25 for 30-120 minutes at ambient temperature. The unreacted cyanuric chloride was

removed by ultrafiltration through a 3000 MW cutoff membrane (Amicon, Beverly,

MA) using freshly prepared 0.1 M SBB n(pH 9.3, 4 x 10 mL) as the wash solution.

After the final wash the volume was reduced to 1 mL. The 5'-[6-(4,6-dichloro-1,3,5-

triazin-2-ylamino)hexyl]-ODNs are stable for 1 week at 4°C in 0.1 M SBB (pH 8.3)
30 with no detectab le decomposition.

D. ATTACHMENT OF ODNS TO NYLON BEADS
PEl-coated nylon beads (500 beads), described above, were placed in an
equal volume of freshly prepared 0.1 M SBB (pH 9.3) and vigorously agitated for 30
35 min. to rehydrate the beads. The borate solution was decanted and the beads were
washed once with 0.1 MSBB (pH 8.3) then vocered with an equal volume of fresh 0.1
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PCT/ US97/ 01070 93 HATU =
O 7-azabenzotriazol -1-yl-, N, N, N, N -tetranet hyl uroni um hexaf | uor o-

phosphat e DI EA = dii sopropyl et hyl am ne MCT = nmonochl orotriazine 5
NW = 4- met hWO23H3| i ne NMP = N net hyl pyrrolidone 97357
pepti de synthesizer from Advanced Cheniech, Inc., Louisville, KY

ACT = Advanced Chenifech, Inc., Louisville, KY 10 NovaBi ochem =

Cal Bi ochem NovaBi ochem I nt er nati onal , Sblr:u” D ego, CA TFA =
Trifluoroacetic acid Tfa:TriquoroacetyI INIP =

2" 'Vg[ hyl i sonMPSBB! i'TheMokdte solutiohld? the Mﬂﬁldtﬂildi‘l@h,@f,ﬁlﬁmiﬁ-}%ﬁﬁ)hexyl H-

2 onr L By o A o g b i

PCT / US97/ 0107gitated at ambient temperature for 60 min. The solution was decanted and ¢he beads
were then washed with 0.1 M SBB (pH 8.3, 2 x 500 mL). The beads were treated in

5 three times the volume of the beads with succinic anhydride (10 mg/mL) in 9:1 1-

methyl-2-pyrrolidinone: 1.0 M SBB (pH 8.3). The reaction mixture was stirred for I h
at ambient temperature. The beads were then washed with 1-methyl-2-pyrrolidinone (3
x 250 mL), dH20 (2 x 1 L), SDS/FW (5 x 250 mL), and then with dH20 (4 x 1 L). The
beads were stored in 25 mM EDTA.

10
E. DESIGN AND LABELING THE PROBES
In this part of the example 5 probes are designed that will permit the
differential mRNA expression in stimulated versus unstimulated Jurkat human T-cell
lymphoma (JRT 3.5).
15 100 ug of each of the 5-terminal amine-linked oligonucleotides

described above are reacted with an excess recrystallized cyanuric chioride in 10% n-
methyl-pyrrolidone alkaline (pH 8.3 to 8.5 preferably) buffer at 19°C to 25°C for 30 to
120 minutes. The final reaction conditions consist of 0.15 M sodium borate at pH 8.3, 2
mg/ml recrystallized cyanuric chioride and 500 ug/ml respective oligonucleotide. The
20 unreacted cyanuric chioride is removed by size exclusion chromatography on a G-50
Sephadex column. The activated purified oligonucleotide is then reacted with a 100-
molar excess of cystamine in 0.15 M sodium borate at pH 8.3 for 1 hour at room
temperature. The unreacted cystamine is removed by size exclusion chromatography on
a G-50 Sephadex column. The derived ODNs are then reacted with amine-reactive
25 fluorochromes. The derived ODN preparation is divided into 3 pertions and each
portion is reacted with either (a) 20-fold molar excess of Texas Red sulfonyl chloride
(Molecular Probes. Eugene, OR), with (b) 20-fold molar excess of Lissamine sulfonyl
chioride (Molecular Probes, Eugene, OR), (c) 20-fold molar excess of fluorescein
isothiocyanate. The final reaction conditions consist of 0.15 M sodium borate at pH 8.3
30 for 1 hour at room temperature. The unreacted fluorochromes are removed by size
exclusion chromatography on a G-50 Sephadex column. IL-2, IFN-g, GM-CSF, were
labelled with Texas Red. c-fos IL-4 and PKC-g were labelled with lissamine and
CTLA4/CD28 and GMP kinase were labelled with flurcescein. The IL-2, c-fos and
CTLA4 probes were pooled. The IFN-g, IL-4 and GMP kinase probes were pooled and
35 GM-CSF and PKC- g probes were pooled.



EXAMPLES EXAMPLE 1
PREPARATI ON OF ACI D LABILE LINKERS FOR USE IN 5

CLEAVABLE- TAG SEQUENCI NG A Synt hesi s of Pentafl uorophenyl Esters
of Chem cally d eavable Mass Spectroscopy Tags, to Liberate
Tags w th Camawywyd7szxm de Ter m ni Fi gur epdr/ebomwsoibhe
reaction schene. 10 Step A TentaGel S AC resin (conpound I1;

avai lable fromACT; 1 eq.) is suspended with DMF in the collection
vessel of the ACT357 peptide synthesizefiq ACT). Conpound | (3 eq.),
HATU (3 eq.) and DIEA (7.5 eq.) in DMF are added and the col l ection

1 hr,. ndtheresm washed with 15

vessel shake%Hfor | sIrem)ved

NVP (2X), Me 2588Y resin and the
wash st 9]050 BMO S%eﬁ{wTACWG@Tm%ﬁﬁdﬁmmmmﬁmmﬁle resin

(conpound II1) is mxed V\ngpacgﬁ% pi pgLd di ne i 70 gd shaken for 5
mn. The resinis filtered, then mxed with 2 I'peridine in DM and
shaken for 10 20 mn. The solvent is renoved, the resin washed with NWP
(2X), MeOHl (G@X), SIUDATON AND RNACPREBINd used directly in step C Step

C. The depr ot ect ed regm{nm%@sﬁmwwm%w 20 Rl ¢t gee”, 20de

an FMOC- rotecte am ne unctl

si de chai n 2esls/ml gpsemY E’ﬁg‘nedél“ﬁf{élfNTFM%ﬂ?Sﬁp%mm) MDhm the,
avai | abl e frpraseﬁyenbflda@ agxml phorbol-AﬁMtateQ? ac3ta€|(QalbibthEl, S3n Plego, A DI EA

(7.5 eq.) ”amﬁ'% né};ﬂ lﬁﬁﬁg I S shaken for 1 hr. The solvent is
r enoved and the re was g‘vmth NVP (2X), MeOH ( é() and DVF (2X).
The couplPng of IV t o (EnBiopkem), Celltare pellelgds washed ins 1XHBS dafscEechnplogies).qi ve

conmpound V. idéelleted afttelysdd inl10e5 melsiper (106ngetis)nblufiér ¢o§taﬁﬂ1@@t%@ gﬂahmme
PR W e e

deprotected resin

col | ection \Ritshure, P ﬁ{)fpll%te#@é’@lwhgé%@épgceme@Shﬁ%%e@ﬁcm 4265 addeduot s of
deprot ect ed followad by @invehese P vake ssusRdpiab] (Am% Sdien, OH). A@@sbuilsgct I on

vessel 1 g5 adiedoliifydiaRt Bt A SARTRLIE G6f (Huhs elentRbeLRh A ST T H 3

the solution is mixed vigorously, then incubated on ice for 10 minutes. The lysate is
then spun, the aqueous phase removed and extracted with an equal volume of
chloroform:isoamyl alcohol. The aqueous phase is then pooled and the RNA
precipitated with 2 volumes of EtOH (Quantum Chemical Corp., Tuscola, IL). After

20 centrifugation, the EtOH is decanted and the RNA is air-dried briefly, then resuspended
in RNase-free water to a concentration of between 1 and 5 mg/ml.

H. CAPTURE AND FIRST STRAND SYNTHESIS
One nylon bead bearing the covalently linked oligonucleotide, 5'-

25 ACTACTGATCAGGCGCGCCTTTTIT
TTTTTTITITTTIT - 3' (GenSet, La Jolla, CA), is added to,10,ug total
cellular RNA, diluted in enough RNase-free water to cover the bead, in a sterile 1.5 ml
microfuge tube (Fisher Scientific). The RNA and bead are incubated at 65C for 5
minutes. An equal volume of 2X mRNA hybridization buffer consisting of 50,mM Tris
30 pH 7.5, 1M NaCl (Fisher Scientific) and 20,ug/ml acetylated-BSA ( New England
Biolabs, Beverly, MA) is added to each tube and the tubes rocked gently for 2 hours at
room temperature. The supernatant is removed and the bead is then washed three times
in 1X mRNA hybridization buffer. After the final wash is complete, a reverse
transcription mix consisting of 1X MMLV-reverse transcriptase buffer, 1,mM dNTP
35  mix, 2,mM DTT (Life Technologies), 20 units Rnasin (Promega. Madison, Wl)and
10,ug/ml acetylated-BS (New England Biolabs) is added to each tube followed by
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(3 eqg.), and DIEA (7.5 eq.) in DW. The vessels are shaken for 1 hr. The
solvent is renmoved and the aliquots of resin washed with Nl\/gd./ﬁ

(2X), and  WOYKABY2X). The coupling of VI[err] to the aliquots o% re5| n

and the wash steps are repeated, to give conpounds Vil[err]. 5
Step F. The aliquots of resin (corrpoundz1 Vii[err]) are washed with
CHerr]dJ[err] (3X). To each of th&Yeaction vessels is added 1% TFA

in CHerr]C [err] and the vessels shaken for 30 m n. The solvent is
filtered frogadifiéh 6600 nEtH MMIB Y akeerie ttamsdripthise(life Jleclinoligtes). Tithés reactiondd i quot s

i1 rates 107 KB o ‘?“beﬁ&]g%"q%%dum g S

evapor at ed | Indiazepalis, IN) is therngddg dentsaciionsallppned te continue for anothes 9.55 Each
of | t[le free ﬁ(a}gbvwi Smaﬁhd 8 aéﬂn’% fehﬁwed andSeadh amllﬁaﬂsuea Mf tlmIQmeHI?th}VI
solution i e idi r

trifluoro ce g‘l ‘Qp}:ﬁ%(ﬁwfr xﬁ?% k |rre§ wa%gfﬁwlsat
room terrperateume*ﬂdbﬁbmbmﬁle “afr@“mhooh%lstﬂse@wm&?l@!lﬁﬁb, washed with 1
Maqg. citric acid (3X) and 5% aq. NaHCJ err] (3X), dried over Na2SO4,

Synthesi s of Pent afl uoHBIN y@%&eﬁé‘)gf%&aﬁ R IOz b
Spectroscopyoffags, the Li berfallewinggs wi tteggedr boxyIOIIg@!i\Glevédtm ni  probes

ZI g(Jllfl;grtz)xynet fﬁn@% TeARWOTY GA‘:(GTG-B'SIIS&@ eq.) is conbined with
DIEA (2.1 eq. éof%u@ §&%§¥Ad§¢i§#§gaﬁ WWWT err] and heated to
reflux for 25HCTTGAECATGATGGOCAGCCAGTABOGMMCSR Et OAc, washed with 1 N HCA
(2X), pH 9. 55C R CEETEACTGCCARIC-39840s0r | ne (1X), dried over

Na[ err] S er g,] GC@A%’F&’?B%&&%%A%WXC- pngl ve the allyl ester of

conmpound 1.
15  5- GTGGTTCATCGACGATGCCACGAA-3', PKC-gamma
5'- GAGCTCATGTACCCACCTCCGTAC-3', CTLA4/CD28

5'- ATCTTCGTGCAGCCGCCCTCACTG-3', GMP kinase)

(All oligos are for the human homologs except for GMP kinase which

20 was based on the bovine sequence). Hybridization was in 3 m GuSCN for 8 hours at 37

C. The reaction mixture was gently mixed during the hybridization to promote diffusion

of the probe to the solid support. After the 8 hour incubation period, the solid support

was washed twice with 3 M GuSCN, 5 times with 0.1x SSC and then placed in 0.01 M

dithiothreitol to cleave the fluorochrome from the oligonucleotide,. The mixture is

25 incubated for 15 minutes at room temperature. Fluorescence is measured in a black

microtiter plate (Dynatek Laboratories, Chantilly, VA). The plates are then read

directly using a Fiuoroskan II fluorometer (Fiow Laboratories, McLean, VA) using an

excitation wavelength of 495 nm and monitoring emission at 520 nm for fluorescein,

using an excitation wavelength of 591 nm and monitoring emission at 612 nm for Texas

30 Red, and using an excitation wavelength of 570 nm and monitoring emission at 590 nm
for lissamine. The results from the probing are as follows:

Unstimulated Stimulated

35 1L-2 1.2 rfu 230 rfu
IFN 0.8 rfu 120 rfu



Step B. The allyl ester of conmpound | fromstep A (1.75 eq.) is conbined in
CHerr]CJ[err] 30 with an FMOC- protected am no acid contai ning am ne

functionality in its side chain (conpound |1, e.qg.

al pha- N- FMOC- 3- (3- pyri dyl ) - al ani ne, avail able from Synt het ech, Al bany,
OR 1 eq.), Wor®em1 norpholine (2.5 eq.), and HATU (1.1 eq.Pcrasmegewta rred
at roomtenperature for 4 hr. The mxture is diluted with

CH err]CdJ[err], washed with I M aq. citric acid (2X), water (I1X), and
5% aq. NaHCO3 (2X), dried over Na[err]$®err], and 35 evaporated in vacuo.
Compound 111 is isolated by flash chromatography (CHerr]CJ[err]-->

Et CAc) . ~ Yo7/ 27327
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Step C. ConfSd®hd 111 €™M ssolved in CH&Hra [err], Pd(PPh[err])[err]
(0.07 eq.) dd N-nmethydemiline (2 eRrpfuare added, and the m xture

CHerr]d washed wth 1 Maq. citricacid (2X) and water (IX), dried.
over 5 € erNP, and evaporated NP vacuo. Conpound IV is isol ated

by flash chGMPkingseap4s0 rfu (CH err]d [g&odu-> Et OAc + HOAC) . St ep
D. TentaGel S ACresin (conmpound V; | eq.) is suspended wwth DMF in the

col l ection vessel of the ACT357 peptide synthesizer (Advanced Chenilech Inc.
(ACT), 10 Louisville, KY). Conpound IV (3 eq.), HATU (3 eq.) and DIEA (7.5

eq.) in DW are added and t he EoAMPLEIIgn vessel shaken for 1 hr. The
sol vent j~s renove res| ] NVR (2 MeCH (2X), and
DIVF (2)()1.OSThe cou%ﬁg‘g”ép%roe@%%ﬁﬁéw M%E%Néﬁgg’msgt eps are
repeated, to give conpound VI. 15 Step E. The resin (conmpound VI) is

][r? rted wijt ht ﬁS% pi per imitaex'z Olf%cﬂ%ﬂ éﬁé‘a&&dﬁofa%ﬁlza sin 1e-§as€iparfnﬁ§ﬁai%ﬁ$ﬁ nis
iltered, en._m 0 pi_peri dine i aken for m n.
The sol vent 2} & rx?g%‘gnpéﬁb& ?sr%gp f&?}m%eﬁuwmwbggﬁ‘if%WWM , and
DVF (2X). THbe getpeloprobe edigorausieptides congists of winel guobequhbich yforms pérfec\BIB57 from
t he 15 pairing and one oligonucleotide which contains the mismatch when hybridized. The

two oligonucleotides are labeled with different fluorochromes, and after hybridization is

allowed to occur at the T,, of the mismatch, the ratio of hybridized fluorochromes is

determined.

stirred at mtemeiﬂfure for 4 hr. Th%d%(ture S diluted with
err],

A “target” oligonucleotide (DMO501: 5-

20 TTGATTCCCAATTATGCGAAGGAG-3") was immobilized on a set of solid supports.

ODN-beads (3/32nd inch diameter) were prepared as previously described (Van Ness

et al., Nucl. Acids Res. 19:3345, 1991). The ODN-beads contained 0.01 to 1.2 mg/bead

of covalently immobilized ODN. DMO3578 is the complement to DMO501 (perfect

complement). DMO1969 is the complement to DMO501 with a G--->T change at

25 position 11. DMO1971 is the complement to DMO501 with a A--->T change at

position 12. Each probe oligonucleotide was labeled with either BIODIPY, TAMRA or

Texas Red. Hybridization reactions were assembled in 3 M GuSCN, 0.01 M Tris pH

7.6, 5 mM EDTA at 50 ng/m respective probe. Equal molar ratios of each probe type

were used in each hybridization in the presence of 3 solid supports per tube.

30 Hybridizations are performed at 42°C for 30 minutes with constant agitation. The
beads were washed twice with 3 M GuSCN at 42°C and then with SDS/FW 5 times.

To denature the probe oligonucleotide, the solid supports are placed in

200 ul TE (TE is 0.01 M Tris, pH 7.0, S mM EDTA). The mixture is incubated for 10

minutes at 100°C. Fluorescence is measured in a black microtiter plate. The solution is

35 removed from the incubation tubes (200 microliters) and placed in a black microtiter

plate (Dynatek Laboratories, Chantilly, VA). The plates are then read directly using a



coll ection vess

of deprotected resin fromstep E are suspended in DMF. To

reacti on vessel

(Rlerr]CJerr]H 3 eq.),

vessel s are shawem?2Be? 1 hr.
resin washed with NWP (2X), MeOH (2X),
resin and the wash steps arc

of
ViI[err] to the
gi ve compounds

VIII[err]) are washed with CHerr]Cd[err] (3X).

el into 16 reacti

on vessels. 20

Step F. The 16 aliquots

i s added the appropriate carboxylic acid VII[err]

The

al i quots of
Vili[err].

HATU (3 eq.).

each

and DIEA (7.5 eq.) in DWVF.

The
solvent is renoved and tBfUHPTAE s

and 25 DM (2X). The coupling of
r epeat ed,

to

Step G The7al i guots of resin (conpounds

To

each of the

reaction vesselgybgaddoRonddmess (Mot abdrdtblidse MIL AR Via) Custips 56! Sccilfdnen

ﬁ;[é‘icit%g\/iﬂ\f/'ﬁrsesﬁﬁeQ%'g r“:s]q‘télo%r r]

(2X) and MeCH (efjatmndwavelenth| dfr581 e and monitoringreedssiont a 1B it Texds Red,

for 30 30 mn.

i ndi vi dual

t ubes.

The i ndi i
conmpounds | X éﬁ]d%ﬂxlggﬁxé

di ssolved in

97/ 27327
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diluted with
NaHCO err] (3X)

i n vacuo, provi
EXAMPLE 2

OF T-L-X 10
irradiated with

The solvent. is filtered from.the
{ ubagavelength of 495 g and monipring eissign at

tid %v%‘lﬁx@i’l? of §%b hf ai@ SéRitori iRGiSH 5890%hm £
err tggéal-‘ﬁ Igac 0 tﬁgb?@ee cari)%ﬁnﬁeit%l é@?ds I'X er?r] S
Dissanyige ght ‘uti on i s added pyridine (1.05 eq.).
fol |l owed by pent afl uor oplthaydsulty daré huplloacet ate (1.1 eq.).
97 The
m xtures are stirred for 45 mn. at roorr??@?rb%rature. The solutions are
—ECOAC,  Washed W T Mag. CILITi I d ((3X]_angd a9 ay.
| _dr.i ed. over N&ﬁ?@?fﬁ%%e?ﬁg‘fnfi I taéP‘érﬂlagr §rafo2ast af ed
© ounds Xle [ |yondizgion m naturing
STSTR/STSBD _, |, %C&wzﬁ;fg' 5 PHOTCL T} g CLEAVACE!
S2STR/1969BD 2.0/1 25/1
578TR/1971TA 0.025/1 0.58/1
S78BD/1971TA 0.014/1 0.48/1

10

15

20

The results indicate that there is no effect of the fluorochrome on the
hybridization as indicated in line 1 that Texas Red (TR) 578 oligonucleotide and 578-
BD (BIODIPY) competed evenly for hybridization to the immobilized target since the
ratio of labels did not change after hybridization. There is an average of a 20-fold
enrichment of perfectly based probes over the mismatched probes in GuSCN allowing

certain detection of base-pair mismatches.

From the foregoing, it wili be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
varions modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



W light for 7 mn at roomtenperature. A Rayonett fluorescence W | anp

( Sout hern New England Utrayjolet Co.. Mddletown, CT) with an

em ssion peak at 350 nmis a) rl" mof W light. The lanmp is
pl aced at a 15-cm di stance from ¢ ' JHHMH* shes with sanples. SDS gel
el ectrophor e¥@9uiT@s t hat >85% of the conjugate is 15 cl erceasewode® t hese

condi tions. EXAMPLE 3

PREPARATI ON OF FLUCORESCENT LABELED PRI MERS AND

DEMONSTRATI ON OF CLEAVAGE OF FLUOROCPHORE 20 Synthesis and Purification
of A igonucl eotides Ilge ol i gonucl eoti des (ODNs) are

prepared on autonated DNA synthesi zers using thp=standard

phosphoram dite chem stry supplied by _the vendor, or THIS 5 ﬁ%&%ﬂ nat e
chem stry (Qenn Research Sterling, V&FAIMSoropriately bl REPAAC dA} dG -
dC, and T phWegHaimani dites are comercially available 1n these forns, and
synthetic nucl eosides nmay readily be converted to the appropriate form

The ol i gonucl eoti des are Breﬁgr ed using the standard phosphoram dite
supplied by the Vendo method fog detessingdhsbinding of » rst memper to a second
A i gonucl &ot meiaberaf e ligatrd gaircchbnipyismgapt at i ons of standard net hods.

A igonucl eotides W thea' -tpiLysh: gr on. 30 LC
using a 12 m c,romater,(asisoo% %al Iﬁ%ﬁ%&%ﬁ%ﬁ@ﬁﬁk&?%ﬂ%ﬁg&g@gaﬂp x250
mm rever se pWMSk may| CHRIIN, ORG g MOgH SRFPRh eTderspynden comritionsCrnd forca tim

Et [ ](car r] Ng[ e :suﬁmﬁ{twpe]rr_nit[ﬁhdiﬂg 6a ﬁkseme&ﬁerpforaiseconwmn ?&Iﬁﬁéﬁéﬁh%&i}i%}; isls _
per f or med, . gonyucl. i r urt her ri.fi el excl usion
chromat o rap%;?/r.elaﬂ‘r’l%l % cgl ?ﬂl&%’c gigsék?eﬁg P &ﬁtg#{ﬁlf/ §¥ P‘ﬁ'ﬁgm"es""m

ol i gonuc ot spedepmetry of pofertioamelryini t h a PRP- col urm 35 (Al ltech, Deerfield,

L) at al kaline pH ang)by Rpafating bound first and 0ErA7 ekders from unbound
PCT/ US97/ 01 98

Preparation o% léers4 6-trichlorotriazine derjved oligonucleotides: 10 to
1000 [err]g of 5'-ternal clsaingsaid tag famesaidjegsed fisbmemberaand r eacted with an

excess recryst ald)i zedeteingursaid Cfag OrblydenontflubRidint MRpébtlomely I Qi done
in alkal h§e ﬂo%ﬁgmgu},%ng tlérefrom detecting the binding of said first member to said second
member.

2. The method according to claim 1 wherein said first members are
bound to a solid support.
20
3. The method according to claim 2, further comprising, subsequent
to the step of separating bound first and second members, washing unbound members
from said solid support.

25 4, The method according to claim 1 wherein the detection of the tag
is by mass spectrometry, infrared spectrometry, ultraviolet spectrometry, or,
potentiostatic amperometry.

S. The method according to claim 1 wherein greater than 4 tagged
30 first members are combined and wherein each tag is unique for a selected nucleic acid
fragment.

6. The method according to claim 1 wherein said bound first and
second members are separated from unbound mambers by a method selected from the
group consisting of gel electrophoresis, capillary electrophoresis, micro-channel

35 electrophoresis, HPLC, size exclusion chromatography and filtration.

o

i



preferably) buffer at 19[err]Cto 25[err]Cfor -30 to 120 m nutes. The final
reaction conditions consi st Of 15 M sodi um borate at pH 8.3, 2 ng/nl

recrystallized cyanuri c chl o Iﬂj r“ “ll "w ug/ nl respective
ol i gonucl eot i de. The unr eact de is rem)vedgg%/,lg 1010 SI ze

excl usi on chM&¥38 7aphy on a G 50 Sephadex (Pharnmcia, Pis

col um. The activated purified ollgonucleotlde |s then
reacted with a '100-fold 10 nolar excesgi®f cy "TF}{Q SAEt: sodi um
borate at pH 8.3 for 1 hour at room t enpgra umﬁg cted
cystam ne is renoved by size exclusion chronati G 50

Sephadex columm. The derived ODNs are then react ed with am ne-reactive
fl uorochrones The der?.ved THeNmpthedaacedrding toScidiny i 1d edielefii 8aid tagged s and

Eggh'sul fonyI eh'{ or |AJ§ e%@&f E;gla%étﬁofk%&?{) fr@ﬁxEt%Qg%Up ¢ ﬁ‘ﬂ\/ﬁ Sﬁs Z;”B ;I'gi(gs

mol ar excessWCtLqTEs“&ﬁrﬁ'@es&P?eo \le, emymmmcaechfmab Atk Anbpbpielabile gene,
OR), (c) 3A0- tmthddsol ar excess of fluorescein i sot hi ocyanate. The fi nal
reaction conditions consist of 0.15 M sodiumborate at pH 8.3 for 1

hour at roomtenperature. The unreacted fluorochronmes are renoved bg si ze
excl usi on chromat ogr aphy onfhg nesthysl aceordingdq claim 4 whereppsaid tag is detected by  To

Cljeave Ej he f kitheroFahgia st speeirdi@ry) Guiarpstd madsispe uohbey,%md (egéz &c%or fmalssa
ajuste to I ons are nmde (o}

dil utions) i n"e‘fE"’FLr%’ %’lsd °ﬁr&"’?“638€m%ﬁg$$“%}“gﬁ’7 0, 5 mM EDTA). To 100 [err]l
vol unes CDNs 25 [err]l of 0.01 M d|th| othreitol (DTT) is added. To
an identical set of comtr olFheifethddTactsiding Qe Blaind Bavherein sdid g Uf Betbdled BEUbat ed

for 15 m nut m er gt F red M) 2 bl ack
mcrotiter E&f&%os{?ﬁg %&(ﬂ%@" Erg 'Hﬂl A&Mﬁﬁ? g"%L%?hfrgmncu%g @l&of 150
mcroliters) ceﬂmgfrlaéetectpwsaadmmskm#rleri@i@mré{ plate (Dynat ek Labor atori es,
Chantilly, VA). The plates are then read directly using a Fl uoroskan
Il fluor ter (Flow n exc i on
wavel eng?’hrgeof 495 nm and noliﬁﬁgf'f')%n %gfdmlxbth S on%%g%ah’f Fmd

f1 uor escei n, Pergrmgd m%pmmn%va ength of 591 nmand 30 nonitoring
em ssion at 612 nmfor Texas Red, and using an excitation wavel ength of

g;?z%nz?nd moni toring gm Sthg%&ﬂoégc%oﬂﬂngtgrclgﬂnsfWex@gf steps b, ¢ and d are VO

PCT/ US97/ 010pwiformed in a continuous manner on a single device. 99
20

12.  The method according to claim 11 wherein steps b, ¢ and d are
antomated.

13.  The method according to claim I wherein said first member is a
25 nucleic acid molecule.

14.  The method according to claim 1 wherein said second member is
a nucleic acid molecule

30 15.  The method according to claims 13 or 14 wherein said nucleic
acid molecule is generated by primer extension.

16.  The method according to claims 13 or 14 wherein said nucleic
acid molecule is generated from non-3'-tagged oligonucleotide primers.
35
17.  The method according to claims 13 or 14 wherein said nucleic
acid molecule is generated from tagged dldeoxynuc]eoude terminators.
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RFU

Mol es of RFU RFU

Fl uor ochr one non-cl e I ed free 1.0
X 10[err]M 6.4 aH!iﬂIJmIIL”"JI "Il! Mmoo 1345

3.3 x 10[err]M 2.4 * 451 456
1.1 x 10[ err|wW 97127327 0.9 135 PCT/US97/010701 30
3.7 x10[err] M 0.3 : 44 48
1.2 x 10[err]M 0.12 120 15. 3 16.0
4.1 x10[err]M 0.14 TH‘%QHQET HAS BEEN 5.1
1.4 x 10[err]M 0.13 - REPLACED 2.8
4.5 x 10[err] M 0.12 08 0.9

The data indicate thatq 4 herf. i 20Q-fgl.d incregse in.relative
f1 uorescence when | I!%',he ?feluglfglggk%%%dlﬁgqgléei%&édﬁfc%%ﬁt‘ﬁ e"ﬁ‘bl\fa'aat firsf
EXAVPLE 4  member is a protein, hormongpyorgemicrpelgeuls- TAGGED ML3 SEQUENCE PRI MERS

AND DEMONSTRATI ON OF CLEAVAGE OF TAGS 10 Preparation of

2,4,6-trichlorotriazi ng, derfve | i,gonucl eot i des: 0 err]. . of

5' -terni n§r “ani ne i5\9‘I i ntheedg’e&'hoglai‘c&%r%&l {?o E‘H@ llé)“(qlfle-‘%ék‘gl B 15
TGTAAAACGACGSesAgdfram the srewp congistigg, of antikpdies prdirscepdors t h an excess
recrystallized cyanuric chloride in 10% n-net hyl -pyrrolidone al kaline (pH
8.3 to 8.5 prefergbly) reat 19.to.25- C for 30 to 120 m nutes.
The final reaction conditi o%gﬁgiéo% %gﬁg%lgfm%fheo?%"ﬁ\ﬁ’é%w&ﬁ?ﬁﬁ‘% fo 2 pH
8.3, 2 ny/ ni selested biolgpicalsempleyeomprisingchl ori de and 500 ug/ m respective
ol i lgonyclm)';]i de. tThe U@y eaqxg&i@%ggjaﬁdéﬁidgtﬁlogfg?hglo'g&arﬁgg)égd by si ze
excl usi on chromat ography on_a.G. a colum, .

activated purified oli 'nucﬁog’gﬂ%sa?“se%pﬁ%eﬁxquggﬁaé’@smm? OF 5BRrF Sflgoted

mol ar excess taggedyupleigacid prohesy undsr gendgining ardfor attimeasuffioieng f@ shidprdbeltur  at

r oom 2? t enpgtrifize 18 -saiﬁhﬁcléi&ra@glﬁ,tﬁ&ééiu%iia:ﬁg“ﬁ cbx%}lﬁ@fj@%ﬁga g%tiéﬁléxemﬁ:l@?% ﬁsi on
chr omat ogr ap e ex col um. e derived ODNs are then
reacted wit hp‘éd gg’rbf’ 8?‘%,“3?°%’i%0"d’e’_§°9‘%°{'°? chg%?ffl?}g FHIG BB Er ation i s

di vided iffto 12 porti des arsepasatiog hybridizediprobes fromomnbybridigd probes;nol ar excess)
with the pentafl uoroph@nyl -ceaviag $ai@ tagidn@4id t égdﬁgﬁﬁh{gwbenzoi c acid,

(2) 4-fluorobenzoic acd g t ol ui ¢, aci d,P)(4 benzoi c_aci d#g%{y

i ndol e- 3-acetic acid, % Sings_ id | (r oDenZBREVUETEn (PP i nPt acid
N-oxi de, ( 8)Potenfionietiye anditherefiord deteymirgng the paftamn \of sgeng csxpfessiom f dsaid 10)

4- et hoxybenzbiologicaCéathpld. 11) cinnanic acid, (12) 3-

20 21.  The method according to claim 20 wherein said biological
sample is selected from the group consisting of mammalian cells, bacteria and yeast.

22.  The method according to claim 21 wherein said mammalian cells
contain viruses.

25
23.  The method according to claim 20 wherein said exposed nucleic
acids is bound to a solid support.
24.  The method according to claim 23 wherein said solid support is a
30 polymer.
25. The method according to claim 23, further comprising,
subsequent to the step of separating, washing the solid support.
35 26.  The method according to claim 20 wherein said hybridized

probes are separated from unhybridized probes by a method selected from the group

]
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ani noni cotinic acid. The reﬂ"“@lﬂl‘tﬂ!‘l@’ﬁmours at 37[err]Cin 0.2 M
NaBorate pH 8, 3. The deg urified by gel '

chr omat ogr aph _00?7’2@2%0 Sephadex. - To ¢ eﬁ(& %Jgﬁgbg% from
t he oligonucleotide, the ODNs are adjusted to¥f mS;FHEETmSeBEﬁN | ar and
then dilutions are made (12, 3-fold dil ur2tons)i | igp[l'@ms 0.0 MTris, b5
pH 7.0, 5 mM EDTA) with 50% EtOH (V/ V). To 100 letddt—vottmes—01 ODNs 25
[err]| of Q.01 Mdithjothreitol (DTT) .is added. To an identical set of
control s no CSFSHWEL,4] d.gei eﬂc???&’ﬂﬁé‘gi oﬁgﬂl Wor‘gwmmses micrg-ghagpel

t enper at ur e. diaGophaesis) 8FLEdHvrtioroard polybrytahide gel electraphoresis. of EtOH i s
added to precipitate the ODNs. The ODNs are renoved from sol ution by

centrifugation at 14,0 X at 4lerr] G, for 15 npinutes. The suypernatants
are 10 reserved, dri eg9to ﬁb"rﬂf’%{’i?@g‘émﬁ‘ﬂ@ﬂéﬁ% &ﬁew%%&fﬁgmga in 25
[err]l MeCH. cRased by a mpathddeselected tfivem the gz oupocnyistingsaf axidation, aetbictipn f aid-t he
presence of Ui, base Jabile, enzymatic, clectrochehiifal/Hiatnd BRSO LBIIBhEhotsed 11 Lhi s

work is an exterhal ion source Four1 er-transtorm mass spéctroneter
(FTM5). Sanples prepared for MALDI anal ysis are deposited on the tip

of a direct probe and R8ser Teomethodadchrlirigan clim 2¢ eherdiesidithgisidetecdbpl € i s
|1 radiated wig betholiafteiod i hi W bhefithd 3F E-SLABR AEeS fc&&n@%ﬁ
ng quadru e ocls

passed into a lo ol’e 1on, gul t hat es and transpdrts
Phem to al® FvAdniRele Jds Spectromite), Foagpris: KHOT HeNPeHFEmSYS; wd eciric sector
super conduct imags spegiremetry. The spectra yield the foll ow ng
i nformati on. Peaks varying in intensity from25 to 100 rel ative

intensity units at the_follgogwn | ecul ar wejghts: (1) 212.1 20 anu
i ndi cating 4- met hoxybef%oi CTM%thg\;%y}a@go yherein spigdag igdetegted by

4- f | uor obenz gotentiostaticamnbrasetiyvatilizing, ddt&ord 3Geded frumi theli geadp oansisthgliof aci d
derivatives (Bhlondtickebid siaﬂdhﬁxg%&gtric deteg@ nzoic acid derivative, (5)
' ' fe-3 -acetic acl

235.2 anmu 1 ndicating 1 ndo erivative, (6) 218.1 anu
I ndi cating 2, 6-difl uorobenzoic derivative, (7) 199.1 anu indicating

nicotinic acid N oxi de3@er i Thet method ¢&prddip/tolclana 20 whireiatstapg ¢, d and ¢ are
2-ni trobenzary 9n a cShtinddd: i ndicating 5-acetylsalicylic acid
{pf{oi)smzlg?a'.“l‘ mag A

derivati ve, amu 1 ndicating 4- et hoxybenzoic acid
derivative, (11)209.1 anu indicating cinnam c acid derivative, (12)
198. 1 amRQ ndi cati ng 33an riiwi methodaonmiiigitoctdaim\V20t whezein steps ¢, d and e are

The results ipgbmiitn b BRltinhdR chllS ATSifhe@Nd, from the prinmers and are
y. 30

det ect abl e by nass spectronetry.

32. The method according to claim 31 wherein said device is
automated.
25
33. A compound of the formula:
TL-X
wherein,
T™ is an organic group detectable by mass spectrometry, comprising
30 carbon, at least one of hydrogen and fluoride, and optional atoms selected from
oxygen, nitrogen, sulfur, phosphorus and iodine;

L is an organic group which allows a T™-containing moiety to be
cleaved from the remainder of the compound, wherein the T™-containing moiety
comprises a functional group which supports a single ionized charge state when the

35 compound is subjected to mass spectrometry and is selected from tertiary amine,
quaternary amine and organic acid,;

— —— -
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EXAMPLE 5 “!!’l!l)m'ﬂmm OF A SET OF COVPOUNDS
OF THE FORMULA Rlerr]-LYS([err]- - M * Figure 3
illustrates tWeoPEMe | el synthesis of a set of 36 T-L-X conpoxngerotr (X

L[err]), where L[err] is an activated ester s eC|f|caIIy
ajri ne group

tetrafl uorophenyl ester), L[err] is an 7 ez

with L[err] being a nethylene group t hat %ln %;i H BﬁEHrr T

has a nodul ar structure wherein the carboxyl (o of Iy5| ne has
been joined to t % IMO] othen thah aecleic abidefrdghfem;hnd:)&ﬁkw Araoup to

form an am dgardt leat9s@dM@dns. abl € 10 wei ght conponent Rlerr], (where
these R groups correspond to T[err] as defined herein, and may be

I ntroduced via any of the specific carboxylic acids listed herein) is
bonded through t . [ erk ¢onspoundagonling tofclairh 83 WhedeRET™ Wai 4 fhass TBSS Spec

sensitivitky N et byl i soni i c acid)
"< bonded t h‘;’}“‘*“"‘@‘*gﬁ°g"‘2??‘°“ ?‘n“‘n%*‘”f%‘ﬁg“ﬁ*ﬁ'“%‘#?c ety
Referring to% E?’g‘& °§ gtaé A’s e o 1ymisfdky ptherwise hesatisfielr om

NovaBi ochem vdlereigs pf the G dsgner(atdmei t h DMF in the collection vessel of
the ACT357. Conpound | (ANP available from ACT; 3 eq.), HATU (3 eq.)
and NW (7.5 eq.) in DW are added_and the collection vessel shaken

for 1 hr. The sol vent ¥s r SnFRMRPUAA @ceding 4a iclaim33 udeprein (TF maPL( @), MeOH
20 (2X) manhbnaaao@a)@rﬂn‘ahgmﬁmmmggmﬁpéetéc&dtMMﬂbrbs&muIeheanﬁﬁéh st eps

t The .resin (conpound
B T EPea! SOt wigod WOy ey oS Bompt iSSP
resinis fi |$@alf§éaseméweﬁ1sklaéf bape, iminsoaximpdyiezens, phosphae, ghespbomdteen for 10

25 nin. Theplwephorauhide, phosphonatde, shiforars iulfonanide or a&ﬁdﬁmn(ba?ﬂ. MeCH (2X),
and DMF (2X), and used directly in step C Step C. The

deprotected resin fromstep B is suspended in DMF and to it is added an
FMOC- protI cted anino &8 d, Acemnoupd AECoRdipg & elaine 35 amhenein it Sanctional i ty i n
its side 30 grodl]msmeléﬁeﬂ)fremy!nﬁdeeés%rmﬁinﬂﬂreaamabir&hhﬁef rom Per Septive

Bi osystens; 3 eq.), HATU (3
37. A compound according to claim 35 wherein L is selected
from L', L* L, LI0) LF 1= [ 12 and L*, where actinic radiation, acid,
20  Dbase, oxidation, reduction, enzyme, electrochemical, thermal and thiol exchange,
respectively, cause the T™-containing moiety to be cleaved from the remainder of
the molecule.

38. A compound according to claim 37 wherein L™ has the
25 formula L'-L%-L?, wherein 1? is a molecular fragment that absorbs actinic radiation
to promote the cleavage of T™ from X, and L' and L’ are independently a direct
bond or an organic moiety, where L' separates L? from T™ and L? separates L2 from
X, and neither L' nor L* undergo bond cleavage when L? absorbs the actinic
radiation.
30
39. A compound according to claim 38 wherein -L*-L’ has the
formula:
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eq.), and NW (7.5 eq.) in DMF. The vessel is shaken for 1 hr. The sol vent
i's renoved and the resin washed with NWP (2X), MeOH (2X), and DWVF

(2X). The coupl i ng of Fmﬁlﬂlgmmmuﬁ the resin and the wash
steps are repeated, to give 5 WO 97/ 27327
PCT/ US97/ 01070 7127327 PCT/USSRT0

Step D. The resin (conmpound IV) is washed with CHerr]dJerr] (2X), and

t hen suspended in a solution of (ABR[err] eq.) and
PhSiH err] (10 eq.) in CHerr]d[err]. The m xt S HEETHASSBEEMEH for 1
hr. The solvent is renoved and the resin i s washed wﬂfﬁL%EBerr]Cl[err]

(2X). The pall adium step i s repeatgd. The SOl vent s Tempvdd and t he
resin is washed with 5 CHerr]d][eg ZX), NN-diisopropyl et hyl ammoni um
di et hyl di t hi ocarbamate in DVF (2X), (2X) to give conmpound V.

Step E. The deprotected resin from st coupled with

N- et hyl i soni pecotic acid as descr bedNh step C to give conpound VI.
10 Step F. The Fnoc protectes n VI is divided equally by the
ACT357 fromthe col l ection vdgsel Into 36 reaction vessels to give
conmpounds Vi[err]. Step G Rne resin (conpounds Vi[err]) is treated
wi th piperidine as deswmfé datbofl la€fn B p&itions arﬁnPV@oxt b%eﬁgf%aﬁﬁucp

Step H The 36 al i, q)? i grot ect ed r sin, % e suspended in
DVF. To PPB‘?P“@ Qug pr morey 0@:’?“1"9% afy BbFl ging substigasd;| i ¢ aci d
(Rerr]Cqer r\}rilﬂ; alkyk gplRoxy HAiddride, chloride3hpdroyy!, earbbx)iMié 61 amnidegiapd R iDMF.  The
vessel s arg n bPhydboddfoyl. The sol vent is 20 renoved and the aliquots of
resin washed Wth NIVP (2X), "MeOH (2X), and DVF (2X). The coupling of

RlerrJ]Cerr]Hto the aliquots of resin and the wash steps are repeated, to

gi ve conpounds VI 1| [er%. 2

A compound according to claim 39 wherein X is “'ﬁ—R
0

and R? is -OH or a group that either protects or activates a carboxylic acid for
coupling with another moiety.

10
41. A compound according to claim 38 wherein L? is selected
from a direct bond, a hydrocarbylene, -O-hydrocarbylene, and hydrocarbylene-(O-
hydrocarbylene),-H, and n is an integer ranging from 1 to 10.
15 42. A compound according to claim 33 wherein -L-X has the
formula:
d
c [
NO,
—N
I c—R
R ]
0

wherein one or more of positions b, ¢, d or e is substituted with
hydrogen, alkyl, alkoxy, fluoride, chloride, hydroxyl, carboxylate or amide; and R’
20  is hydrogen or hydrocarbyl.

43. A compound according to claim 33 wherein T™ has the
formula:
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Step I. The aliquots of resin.(conpounds Vil[err]) are washed with
CHerr]CdJ[err] (3X). To 25 _each of the reactlon vessel s i s added 90:5:5

TFA: H20: CH[err]C [err] and i gﬂi’"ﬂ”m] for 120 min. The sol vent
is filtered fromthe reacti E nd|V|duaI tubes. The
aliquots of rweeismmre washed with CH%re]C[err] (2X) and My@hus#ioand the

filtrates conmbi ned into the individual tubes. The individual tubes are
evaporated in vacuo, provi di ng co nds |§4 Step J. Each
of the free carboxylic acids I X err] |s ssol yé H@I{/I;‘—.H sol ution
S added pyridine (1.05 eq.), followed by tetratf;;_tp;_g -10
trifluoroacetate (1.1 eq.). The TIxtyres are€ < e1=¥or 45/ nin. at
roomtenperature. The solutions are diluted with Et'0AC, shed with 5%

agq. NaHCO err] (3X), dried over Na[err]STerr], filtered, and evapor at ed 35-
in vacuo, providing coRpAtdestiemajety formed from carbom@ng Ay 78 Aiore of

PCT/ US97/ 010%flirogen, fluoride, iodide, oxygen, nitrogen, sulfur and phosphorus, havm a mask03
EXAMPLE 6 PREPARATI & é: CC]VPCIJNDS

OF THE FO&M’R%EPQPPF“E’P&[err] NI P)-NBA-TFP 5 Figure 4

i | lustrates the paral I'Blisspnerban¢ soisty formed fodm 36rbdn lanX one ryp anored sof (X =
Llerr]), Wneﬁ 8! fidorid®, f%ﬁldécéﬂlyﬁé}i, %ﬂr@&l%ﬁlfﬂ%ﬁ%ﬁéﬁﬁ@ﬁﬁ,yhavuﬁg a mass

tetrafl uorop err]is an ort ho-ni'trobenzyl"fam ne group
with L[err] ?ngx lgééi&?%%f bond between L[err] and L[err], where L[err]

is joined direct I y to Jtise direchbandcorra fugctishal group geleatdd gomuqnudd’ esteg a

modul ar - gipr U&Bﬂéesﬂl’ﬁﬁé Ehthler, :hmeé:é}edfsarﬂa@xnhb&hécw&a tbie®) cartimihdile has been
jOInedtOth er enz amne rouptdforman
ani de bond, a‘é’ a%%‘gp\/\%’r”’@ (‘3 (ﬁ‘i q'ﬁfee de, oxime( Bhese R
groups corr enlp@mhttt phwb@na}e, phospldramidd, phes;élonamldqckulfa;ptdawlfumbmhﬁmed via
any of the s&ggdnf.éagbogq;ohgymul c acids Ilsted herein) is bonded through the
[err]-am no group he |ysin

ec enhance roup
(i ntroduced via N met H&Aﬂ%ﬂﬁ%“ém&“&g 00 | 'é’c?od)‘mﬁ? ﬁdf‘é&mﬂ? @li‘&h‘gt he
[err]-anilfo gcbiparst] is inslepgndemly selested. Referring to Figure 4

44. A compound according to claim 43 wherein T? is selected
from hydrocarbyl, hydrocarbyl-O-hydrocarbylene, hydrocarbyl-S-hydrocarbylene,
hydrocarbyl-NH-hydrocarbylene, hydrocarbyl-amide-hydrocarbylene, N-

20 (hydrocarbylhydrocarbylene, N,N-dithydrocarbyl)hydrocarbylene,
hydrocarbylacyl-hydrocarbylene, heterocyclylhydrocarbyl wherein the
beteroatom(s) are selected from oxygen, nitrogen, sulfur and phosphorus,
substituted heterocyclylhydrocarbyl wherein the heteroatom(s) are selected from
oxygen, nitrogen, sulfur and phosphorus and the substituents are selected from

25 hydrocarbyl, hydrocarbyl-O-hydrocarbylene, hydrocarbyl-NH-hydrocarbylene,
hydrocarbyl-S-hydrocarbylene, N-(hydrocarbyDhydrocarbylene, N,N-
di(hydrocarbyDhydrocarbylene and hydrocarbylacyl-hydrocarbylene, as well as
derivatives-of any of the foregoing wherein one or more hydrogens is replaced with
an equal number of fluorides.

30

45, A compound according to claim 43 wherein T has the
formula -G(R?)- , G is C, ¢ alkylene having a single R? substituent, and R? is selected
from alkyl, alkenyl, alkynyl, cyclealkyl, aryl-fused cycloalkyl, cycloalkenyl, aryl,
aralkyl, aryl-substituted alkenyl or alkynyl, cycloalkyl-substituted alkyl,

35 cycloalkenyl-substituted cycloalkyl, biaryl, alkoxy, alkenoxy, alkynoxy, aralkoxy,
aryl-substituted alkenoxy or alkynoxy, alkylamino, alkenylamino or alkynylamino,
aryl-substituted alkylamino, aryl-substituted alkex!ylamino or alkynylamino,
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Step A. NovaSyn HW Resin is coupled with conpound | (NBA prepared

accordi ng to the procedure m Mol ecul ar Diversity, 1, 4
(1995)) according to the “ﬁuumwﬂmud in step A of Exanple 5,
to give conpound I1. 20 tes B-J¢ The Yesin*(conpound I1)_1is trgﬁ)tgd as
descri bed i n ¥PFR\B?J of Exarrpl e5to gi ve conpound 7
EXAMPLE 7 PREPA T @g‘ggﬂz COVPOUNDS 25

OF THE FCRI\/ULAINIP—LYS([err] Rl err]) - AdR- AS ot £ Fi gure
Sillustrates the parallel synthesis of a set of ng‘iﬁ‘q € ounds (X

= L[err]), where L[err] .is an_activated ester (specificall

tetrafl uor opmlyw’ewlﬁn)mo L Neatkyfurpassubgtituted  alkyly (P-arylyreay stednalgl gr oup
with L[err] bskylgarbonyRintind-substitgtedup alkgl | i aitidodaktnylsubstitudelier r hikyll 30 has

a nodul ar Strwﬁrﬁéggl Y\heﬁe%,g {}om g ggﬁylgﬂ%ylactﬁ?g‘rﬁg M sihisi ngmlc‘}t%s been

joined to It rogen amne group to forman
ani de bond, aseboxydllyli %‘bﬂﬁ“" aralkyb qraearbesipiyhiwed myband beterppeatydalkylese R
groups cor SGSG?delkEﬁMTz{rﬁl-fubstﬂﬁtediﬁﬂcyhﬁﬂ aalksl, rhydmﬁlsubsumteawmeaxk&&yt oduced

Uhrough the. FePéﬁsa‘?Ja?]‘? et plegudien) Sy, Sy PGS WB B iy
enhancer gr ousbgButed nt rodlklbd Vi ammorm\blmp%om palky i c a@'xi)SﬂbSﬂ’@iedlded

tP g_rr;)ld% 37; Bio%mhﬁmmﬁmupm&mam alkyl, thisBéubtituted alkyl, aikylsulmggwl 27327
Referring to sl'—‘lpifﬁ?tgd g2lkyl, (hydé?’g'mbﬁ“@ed Sﬂlﬁ%még's"‘?fn&%?nﬁfkgl’Sthmalkoxy’ Step D.
The resi n1Qcowhstimted alkyl, |1§Jdmcer&vbaylemnn-ssbq§®t¢djm dsterpeydylapdeming- st ep B
of 5 Exanplmb&itited 2B VigrdidearblyMuabstitin@dHheterocyclylacylamino-substituted alkyl,

alkylsulfonylamino-substituted  alkyl, arylsulfonylamino-substituted  alkyl,
morpholino-alkyl, thiomorpholino-alkyl, morpholino carbonyl-substituted alkyl,
thiomorpholinocarbonyl-substituted alkyl, [N-(alkyl, alkenyl or alkynyl)- or N,N-
1S [dialkyl, dialkenyl, dialkynyl or (alkyl, alkenyl)-amino]carbonyl-substituted alkyl,
heterocyclylaminocarbonyl, heterocylylalkyleneaminocarbonyi,
heterocyclylaminocarbonyl-substituted alkyl, heterocylylalkyleneaminocarbonyl-
substituted atkyl, N,N-{dialkyl]alkyleneaminocarbonyl, N,N-
[dialkyl]alkyleneaminocarbonyl-substituted alkyl, alkyl-substituted
20 heterocyclylcarbonyl, alkyl-substinited heterocyclylcarbonyl-alkyl, carboxyi-
substituted alkyl, dialkylamino-substituted acylaminoalkyl and amino acid side
chains selected from arginine, asparagine, glutamine, S-methy! cysteine, methionine
and corresponding sulfoxide and sulfone derivatives thereof, glycine, leucine,
isoleucine, allo-isoleucine, tert-leucine, norleucine, phenylalanine, tyrosine,
25 tryptophan, proline, alanine, omithine, histidine, glutamine, valine, threonine,
serine, aspartic acid, beta-cyanoalanine, and allothreonine; alynyl and
beterocyclylcarbonyl, aminocarbonyl, amido, mono- or dialkylaminocarbonyl,
mono- or- diarylaminocarbonyl, alkylarylaminocarbonyl, diarylaminocarbonyl,
mono- or diacylaminocarbonyl, aromatic or aliphatic acyl, alkyl optionally
30 substituted by substituents selected from amino, carboxy, hydroxy, mercapto, mono-
or dialkylamino, mono- or diarylamino, alkylarylamino, diarylamino, mono- or
diacylamino, alkoxy, alkenoxy, aryloxy, thioalkoxy, thioalkenoxy, thioalkynoxy,
thicaryloxy and heterocyclyl.

35 46. A compound according to claim 33 having the formula:

N T



Step E. The deprotected.a-am-ne on the resin in step Dis coupled with N
nmet hyl i soni pecotic aci d as i ixN sStep C of Exanple 5 to give
conmpound V. 10 Step m“ ﬁjﬁ ﬂmm npl e 5. Step G The resin
(conmpounds Vi[err]) aris L0y Pal | adi um as described in step D

of Exanpl e 5woboemrove the Al oe group. 15 Steps HJ. Theeaaorssaomds
X[err] are prepared in the sane.manner as i.Q

EXAMPLE 8 FiR PARRIS SNEE COVPOUNDS
OF THE FORMULA R[err]-GLU([err]-DIAEA)-)&PTFP Hip CED

Figure 6 illustrates the parallel synthesi &Lt - L- X compounds
(X =1L[err]), where L[err] is an activajed ester (specifically,

tetrafl uorophenyl ester), L[err] is anT ort ho-ni trobenzyl am ne group
with L[err] being a nethylene group th,i{,.,;dinks L[err] and L[err], T

has a nodul ar structure wherein the [efr]-carboxylic acid group of
glutamatic acid has 25 been join tqcﬂgﬁ nitrogen atomof the L[err]
benzyl am ne group to forman ani dg bondg, and a vari abl e wei ght
conponent Rerr], (where these_g oupg. c spond to T[err] as

defined herein, and may be intriodu eIF Vi nyXof the specific carboxylic
acids listed herein) is bonded fhroggh the a[err]-am no group of the
glutam c acid, while a nass spec R sensitivity enhancer group

(i ntroduced via 2-(diisoprgrsigm no)ethyl am ne) is bonded 30 through the
y-carboxylic acid of the tamc acigd. Referring to
Fi gure 6: St eps -’E.(&gé'rbw g g %Péﬂ%ﬁne‘mS?m and onlyspne, ofthe(H,

depr ot ect ed grewps is repaceg ovithe(OH,) JAmided&upl ed t o Froc- @ u- (OAl) - OH using 35
the couplg ng method desGhd b dark Nor@ddid® feidtes AP Bromutd T gy, cogamPOUNd V.

\IQIC)T?ZJ/SSZJ;?(Z)ZG‘%M“ the sum of o and P is sufficient to satisfy the otherwise unsatisfied

valencies of the C, N, and O atoms;

W 0
Amideis—N-C— or —C-N—;
r! r!
R! is hydrogen or C, ,, alkyl;
10 ¢ is an integer ranging from 0 to 4;

X is defined according to claim 1; and
n is an integer ranging from 1 to 50 such that when n is greater than
1, G, ¢, Amide, R' and T are independently selected.

15 47. A compound according to claim 33 having the formula:

wherein T® is an organic moiety of the formula C,,sN,Op,H,F,
wherein the sum of o and B is sufficient to satisfy the otherwise unsatisfied
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105 Step D. The allyl ester on the resin (conpound IV) is washed with

CHerr]dJ[err] (2X) and m X i ton of (PPh[err])[err]Pd (0)
(0.3 eg.) and N-nethylaniline (Sr] m lﬂ ﬂl [err]. The m xture
is shaken for_1 hr. The sol vent eresinis h

" )
CH err] d [ er rYO®2%3327 The pall adium step is repeated. The solvmgzqs‘%?’g%%mved
and the resinis 5 washed with CH err] d [ erddt2X)..,
NN- di i sopr opyl et hyl anmoni um di et hyl di t hilpzar S SHEET HAS BERNFL (2X), DMVF

(2X) to give conmpound V. Step E. The deprotREpigdEDesin from step D

is suspended inh DVF and tivagted by . Jmy ] ~~and NW (7.5
eq.). The veé’é@?‘é‘eﬁ‘ffg}‘%ﬂ;ﬁeﬂﬁ‘ﬁ%‘?‘°’f§aﬁém¥’@]§@ Yy orGQUAtGEALY dming @kpyed and
t he resin washetkanictahidNidd 1 i99n infeper ramgiigrfrdns 049xed W th 2-

(diisopropyl am no)ethylamne (3 eq.) and NW (7.5 eq.). The vessels are
shaken for | hour ., The, coupling of  2-(dii sopr.opyl am no)ethylamne to
the resin and the wash%&t ep%wmgmnaﬁéwfcéﬁﬂé‘é’t%ﬁd’a@“ﬁéh%@mﬂﬁnd Vi 15
Steps F-J.5 Sane as in Exanple 5.

EXAMPLE 9 PREPARATI ON OF A SET OF COVPOUNDS

OF THE FORMULA R[err]-LYS([err]iﬂNI P)-ANP-LYS([err]-NH err])-NH err] 20
Figure 7 illustrates the parall¢l.synthesis of a set of 36 T-L-X conpounds
(X = L[er]r), where L[err] is ap am ne (specifically, the [err]-am no group
of a lysine-derived me} et | Hz)L[llérr] i s an ortho-nitrobenzyl am ne group

with L[err] being a carboxdn substi t ut ed jal kyl,eneam noacyl al kyl ene
group that links L[err] & S a structure wherein
t he carboxylic acid group o

do

Br Ny

liysi ié™has been joingd to the nitrogen
atomof the L[err] benzyl am e group to forma de bond, and a vari abl e

wei ght conponent Rerr], (where these R gr%ﬁps correspond to T[err] as
defi ned herein, and may be i ntroduced via any of the specific
carboxylic acids listed herein) is bonded through the [err]-am no

group of the |ysine, whhéreinal’nissan exgenic gumety tafuthe fommia s oN, gDQHF,
(i ntroduced 3feredl e tdTVd I MANS R Gafklen G SarishyS tRODAEVil hdfihdane

[err]-am no group of_ .t ysine. . . Referring,to Figure 7:
Step A. c-gﬁlﬁ’é%éc?é)‘h%%ﬁlwf’(‘%m Taftudes a dortiatypr QEFBBYARIAGOFi 5 i xed
wi th 25% pi pen bxganie acid; DK isregl istbgek eanging froln 0%, The resin is filtered,

t hen m xed w th 25% pi peridine in DVF and shaken for 10 mn. The

solvent is renoved, the resjn 35 vv%shed wth NW (2X), MOH (2X), and DWF
(2X), and used direct|3in Aepppun according to any one of claims 47 and 48

wherein -Amide-T? is selected from:

——NH%_Q ; ——NH%:A@O—(Q—C,O)— N(C;—Cio)

o e 0
Ci—Cio}

N
[
—NHC—(C;—Cyo)—N + —NHC—(C¢—C,y¢p} .
o O
——-NH%"—CN—(CI_‘CIO)§ and "_"NH%’_(CF—CIO)—'N ]

15 O 0o

50. A compound according to any of claims 47 and 48 wherein
-Amide-T? is selected from:
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WD 97/ 27327

gtce-:)uggnl'ﬁéor?gm n (corrpound I )”'“'Hlmmgc]ugwmf rom ACT; 3 eq.) ,103ATU (3

eq.) and NW (7.5 eqg.) i-n DVE ane d the collection vessel
shaken for 1 WM@S7IRH7 solvent is renoved and the resin raxarssdorre h NVP
(2X), MeOH (2X), and DVF (2X). The coupling of | to the resin and the

wash steps are repeated, to give conpoundgl] ¥HiS SREET HAS B@Eﬁps C-J. The
resin (conpound Il1) is treated as in steps B—I 'FFEPER@E:W e to give

conpounds X err] ._XANPLE 10 10
PREPARATI ON OF A SET G: COVPQJNDS N OF THE_FORMULA
Rlerr]-LYS([err]-~ - ANP- T /N Figure 8
illustrates the pg Ie es S o a setgglfﬂ?écll"lg cqrpou (X -

= L[err]), where err] |s an act ted ester (specificall
tetrafl uorophenyl ester), L2 is an 15 ortho-nitrobenzyl am ne group with

L[err] being a nethyl ene group t links L[err] and L[err] has a
nodul ar struct ure t boxXyl i c aci rstylysine has
been j oi ned it 0 tﬁe nlc? _atpm of tl%ﬁu'g[ gt’l?’]—%g@)nzé} » group to
forman am de bon€® a nmass c sensiOvity enhancer

(introduced via N nethylisoni peco(d C éc;d i s bonded ;crro%lg)z t he
[err]-am no group of the first second | ysine nol ecf’e been

joined 20 to the hthe - gr ofN:Eeflrst
| ysi ne, a nol ecul%ﬁret«g‘ht “B—I& adJ Ster _((ﬁaw(gg?p_ rif]yoroacetyl
structure) is bon@ed through the r]-am n@ group second

| ysine, and a vari abl e wei ght conponent R err], (where these R groups
correspond to T[erridaas defined_herein, and nmay be introducédd Vyia any of
the specific —CNHarlemxyLin—aCaCiokst ed‘h%?‘éi‘rr)(ci'soad d through the-
[err]-am no grouppof the second 25 Ilysine. Qo Ref erri ng Fi gure 8:
Steps A-E. These ste are identical to steps A—E i ry Exanmpl e 5. Step
F. The resin (co s, treated with p| di as described in step

Bin nﬁw Fovaok he 2VOC gro %

51. A compound according to claim 43 wherein T? has the
structure which results when one of the following organic acids is condensed with
an amine group to form T>-C(=O0)-N(R")-: Fommic acid, Acetic acid, Propiolic acid,

5 Propionic acid, Fluoroacetic acid, 2-Butynoic acid, Cyclopropanecarboxylic acid,
Butyric acid, Methoxyacetic acid, Difluoroacetic acid, 4-Pentynoic acid,
Cyclobutanecarboxylic acid, 3,3-Dimethylacrylic acid, Valeric acid, N,N-
Dimethylglycine, N-Formyl}-Gly-OH, Ethoxyacetic acid, (Methylthio)acetic acid,
Pyrrole-2-carboxylic acid, 3-Furoic acid, Isoxazole-S-carboxylic acid, trans-3-

10 Hexenoic acid, Trifluoroacetic acid, Hexanoic acid, Ac-Gly-OH, 2-Hydroxy-2-
methylbutyric acid, Benzoic acid, Nicotinic acid, 2-Pyrazinecarboxylic acid, 1-
Methyl-2-pyrrolecarboxylic acid, 2-Cyclopentene-I-acetic acid, Cyclopentylacetic
acid, (8)-(-)-2-Pyrrolidone-5-carboxylic acid, N-Methyl-L-proline, Heptanoic acid,
Ac-b-Ala-OH, 2-Ethyl-2-hydroxybutyric acid, 2-(2-Methoxyethoxy)acetic acid, p-

15 Toluic acid, 6-Methylnicotinic acid, 5-Methyl-2-pyrazinecarboxylic acid, 2,5-
Dimethylpyrrole-3-carboxylic acid, 4-Fluorobenzoic acid, 3,5-Dimethylisoxazole-4-
carboxylic acid, 3-Cyclopentylpropionic acid, Octanoic acid, N,N-
Dimethylsuccinamic acid, Phenylpropiolic acid, Cinnamic acid, 4-Ethylbenzoic
acid, p-Anisic acid, 1,2,5-Trimethylpyrrole-3-carboxylic acid, 3-Fluoro-4- ~
20 methylbenzoic acid, Ac-DL-Propargylglycine, 3-(Trifluoromethyl)butyric acid, 1-

This Sheet Has Been Reﬂlaoed '

AR




Step G The deprotected resin {(conmpound VII) is Coupl ed to Fnoc-Lys(Tfa)-OH

usi ng t he coupling nethod Em um:lﬁ p C of Exanple 5 to give
conpound VI I 1. Steps H KI ﬂmml u ound VIII) is treated as in
steps F-J in Exanple 5 to give 35 e¢onpouhds Xf[err]. \\D

97/ 27327 WO 9727327 PCT/US97/01070

PCT/ US97/ 01070 107
EXAMPLE 11 PREPARAHISISHEET MASERERN-| covPOUNDS

OF THE FORMULA R[err]-LYS([err]-1N P)ANP 5' {AH DNREPIRCED Fi gure
9 illustrates the parallel synthesis of a set~of~36~T-T-X conpounds (X
= MO, wher e PigeridingpropieiciasideNaiqetylprebingd AtDiflopipengeiciagid dAeLoWaltOH, est er s
of OIEx ahnnhduéz(cEMxﬁa@idp RBeadefufincabtdxeid acid SBehzdiriakoles iatbokylic X |
conpounds wher.gi > . . The, | IS, conjugated to
P e hr ough e B Propythenlic 83 PE Dlnléth im0 eiic ol 4. Mol Bep BRI

al ky! eneami né-@feshithiodbenzoic acid, N-(2-Furoylglysing, 2rMsthdthioeatinioacid, 3- Step A,
Cormognds A |I-T\l/®?6—]4-rﬂétﬁo:@baﬁaict ; %id@f[@GWAOHaEQJ@tHMciQd, %ﬂ&& ?gg,l 1)&&J $ n
procedure in_Van _Nes al . cleic..ACi S, , . 0 a
sol uti on of J‘ﬁ@e’ol}f i&&“ﬂ’ﬁ’é‘@%ﬂﬁ&ﬁ“@lf@ﬂiﬂ#%ﬁr é‘gh'% Hitholinds
Xi[err], 1 niMethylindoB-2vdarbaxaiiciagid, 2,3,6Joifluoreb¢ngpicaicid, Naomykb-Met-Qldded one
of the Tetr afligqbotBeMeths 8%61:}(]&!&(3@0%558, X[ #ntButiBenzbicom dex@mple- S5,
100-fol d nol i.? exzﬁss i n E Rl ?f NNE%M .The.%e@_c on |$e | ncuba& e&i

overni ght at SSREPIAYPG SER ﬁ?dé’.e‘zl’ﬁ%', r"éa%cf M GL R AR AT el

t et r af | uotbpHeatyl-3,5-dimets-2-pyrrelecarhoxylin, cagids r hinDimethexybprrgicd acidl 13,61 r] by

Sephadex G S5@iminenpli@din@dPadd, Cyclohexanepentanoic acid, 2-Naphthylacetic acid, 4-
EXAMPLE 12 2Q i PRERA N COVPOUNDS

oF THE FORMULHIRYEPH vDbe i&r?"]‘%llﬁqlﬁﬁlﬁ%@%{‘%&ﬂvﬁmgggﬁg’&lﬁc- NH[ err ]

Fi gure 10 il lacigt Feethoxyinslofrad-earbaxylis yanidh d Jleptylifenzoics atid,0Bz-B6AIT-OH.X4-
Diethylaminobenzoic acid, 4-n-Butoxybenzoic acid, 3-Methyl-5-CF3-isoxazole-4-

15 carboxylic acid, (3,4-Dimethoxyphenyl)acetic acid, 4-Bipbenylcarboxylic acid,
Pivaloyl-Pro-OH, Octanoyl-Gly-OH, (2-Naphthoxy)acetic acid, Indole-3-butyric
acid, 4-(Trifluoromethyl)phenylacetic acid, S-Methoxyindole-3-acetic acid, 4-
(Trifluoromethoxy)benzoic acid, Ac-L-Phe-OH, 4-Pentyloxybenzoic acid, Z-Gly-

OH, 4-Carboxy-N-(fur-2-yimethyl)pyrrolidin-2-one, 3,4-Diethoxybenzoic acid, 2,4-

20 Dimethyl-5-CO,Et-pyrrole-3-carboxylic acid, N-(2-Fluorophenyl)succinamic acid,
3,4,5-Trimethoxybenzoic acid, N-Phenylanthranilic acid, 3-Phenoxybenzoic acid,
Nonanoyl-Gly-OH, 2-Phenoxypyridine-3-carboxylic  acid, 2,5-Dimethyl-1-
phenylpyrrole-3-carboxylic acid, trans-4-(Trifluoromethyl)cinnamic acid, (5-
Methyl-2-phenyloxazol-4-yl)acetic acid, 4-(2-Cyclohexenyloxy)benzoic acid, 5-

25 Methoxy-2-methylindole-3-acetic acid, trans-4-Cotininecarboxylic acid, Bz-5-
Aminovaleric acid, 4-Hexyloxybenzoic acid, N-(3-Methoxyphenyl)succinamic acid,
Z-Sar-OH, 4-(3,4-Dimethoxyphenylbutyric acid, Ac-o-Fluoro-DL-Phe-OH, N-(4-
Fluorophenyl)glutaramic acid, 4-Ethyl-4-biphenylcarboxylic acid, 1,2,3,4-
Tetrahydroacridinecarboxylic  acid,  3-Phenoxyphenylacetic  acid, N-(2,4-

30 Difluorophenyl)succinamic acid, N-Decanoyl-Gly-OH, (+)-6-Methoxy-a-methyl-2-
naphthaleneacetic acid, 3-(Triflucromethoxy)cinnamic acid, N-Formyl-DL-Trp-OH,
(R)-(+)-a-Methoxy-a-(trifluoromethyl)phenylacetic  acid, Bz-DL-Leu-OH, 4-
(Trifluoromethoxy)phenoxyacetic  acid, 4-Heptyloxybenzoic acid, 2,34-
Trimethoxycinnamic acid, 2,6-Dimethoxybenzoyl-Gly-OH, 3-(34,5-

35 Trmethoxyphenyl)propionic acid, 2,3,4,5,6-Pentafluorophenoxyacetic acid, N-(2,4-
Difluorophenyl)glutaramic acid, N-Undecanoyl-Gly-OH, 2-(4-
Fluorobenzoyl)benzoic acid, S-Trifluoromethoxyindole-2-carboxylic acid, N-(2,4-
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conmpounds (X = MJ, where MJ fragment, ODN) derived from
the 25 am nes of Exanple 9 (Eﬂ m m‘g could be used with ot her
T-L- X -conpounds wherein X +s a is conjugated to T-L
through the 5 end of the MJ, via a phosphodl ester - al kyl eneam ne
group WO 9727327 Referri ng to Figure 10: St eppdrrodPiore
-[6-(4,6-dichloro-1,3,5-triazin-2-yl am no) | ides Xll[err]
30 are prepared as described in Van Nez? e TMIS,SHEE'CI!ﬂSCBEm Hs Res., 19,
3345 (1991). Step B. To a sol &tdo  REFLAGED! he
-[6-(4,6-dichloro-1, 3,5-triazin-2- yl amuu,nc,\y. ~~genhucl eot i des

g corrpou?dsH éDiﬂxﬁzlirdp]hknygl)ddlgiywmzﬁe Nhdidt mmxrip_@mgrmwnenylgzycﬂeoéﬂm Sodlsgm
orate P a a al eXCESS O prl ne
selected fr o%n éﬁ% - Lys‘?%z NS%'“%I@BWE%E er r]r?é%ﬁ%%unds

X err] from maﬂmcearboxyhc 11901d Tr@wwb@ﬁmps awick edBGIbeMm@HI a4, 3nbi ent

t enper at ur e. ThQRorybeRRS afld ANLDRirdys-Gly-OH, 3,5-Bis(tri Bakoic acid, X
PCT/ US97/ Q10 o B-Gly is(trif 6lothbdtd ie_aci

removed by ugg Py Ol TR O, 2 % osferhenghapionsid &~ Eﬂdf’"‘n’gﬁb?lgﬁb""tcAm‘%’on
Beverly, 3{M)Hmlmgz0ﬂ)mom°®cagcné,hﬂ~ﬂmwm&%ﬁ, Gaqow}oxvhmzomrrpounds

oF Tridecanoyl-Gly-OH, e R
Thi s exanpl ermw@ml)nromewracpt |I‘bﬁemta!t0bllaLa%ﬂ+OH,y4-Deqd¢xybbnmweMI y 10

detect mybti NL@@QJ@QW (dl,qm,gm dTBSSadi@ect UMMty - | fkid, hi s L.t I cul ar

exanple, 31 xed with a | X osited_and dried on
to a solid sh‘ﬁ%’gpﬁ’cg%gmf%%o opyDbe SR o I Wi ¢ Ré'qsg’é'ggg"é r 8™ ant ions
are then i nt Pdalbenzpyhpropioniensids NeQetanoybLdthe-OH, 4—Undecy!oxybenzoxc acid;tfe

fol | owi ng CO@PDS’-’Tﬂﬁleﬁﬂ ﬂﬁﬂﬂoﬂﬁm—@&cr‘ slibdonaptitisie Wacidre n. mxed
together on Pehtaded oylnB yaéH s ﬂo%ecy?oxybenzoi% ac:rf) %Sa %ﬁt%h' 8{}-&[{ gnc? 912 M (on a

per
15 Stearoyl-Gly-OH.

52. A compound according to claim 33 wherein MO is selected
from protein, pepfide, oligosaccharide, antibody, antigen, drugs and synthetic

organic molecules.
20
53. A composition comprising a pair of compounds of the
formula:
*-L-MOI
wherein,
25 T™ is an organic group detectable by mass spectrometry, comprising

carbon, at least one of hydrogen and fluoride, and optional atoms selected from
oxygen, nitrogen, sulfur, phosphorus and iodine;
L is an organic group which allows a T™-containing moiety to be
cleaved from the remainder of the compound, wherein the T™-containing moiety
30 comprises a functional group which supports a single ionized charge state when the
compound is subjected to mass spectrometry and is selected from tertiary amine,
quaternary amine and organic acid;
MOI is a nucleic acid fragment wherein L is conjugated to MOI at
other than the 3° end of the MOI; and
35 the compounds of the pair have non-identical T™ groups, and have
identical sequences except at one base position where the bases are non-identical.
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15 conpound) basis: benzanmi de (121.14), nicotinamde (122.13),
pyrazi nam de (123.12), 3-ani no- 4- ecarboxylic acid (127.10),
2-t hi ophenecar boxam de (127. liu“wﬂﬂ““! iEﬁ“obenzam’ de (135.15), tol unide
(135.17), 6-nethylnicotinam am noni cot i na% g
(137.14), ni cBO%REMYe N oxi deé (1387 12), 3-hydropi col i nani dFCHUSYPY 13y
4-fl uorobenzam de (139.13), cinnamam de (147.18), 4-nmethoxybenzam de 20
(151.17), 2,6-difluorbenzam de (157.12),1¥4- aT gﬁﬁg r boxyam de
(162. 58), 3, 4- pyri di ne-di car boxyam de W’;‘g zybenzam de
(165.19), 2, 3- pyrazi nedi car boxam de (166 LACEY nity benzam de
(166.14), 3-fluoro-4- nmet hoxybenzoi ¢ acid (170.4), indol e-3-acetam de
(174.2), 5-acetyl salicykani Q\Ecomposxt(oh7eoxikﬁ)s;ng3a5pdr reft Esupoundy i e
(181.19), 1- nAphial eneacet am de (185.23), 8-
chl or o- 3, 5- di ani no- 2- pyr azi necar boxyam de (187. 59),

§ " doMOl

4-trifluoronethyl -benzam de (189.
5- am no- 5- phenyl - 4- pyram}eﬁx car boxam de (202.22), 1 -nethyl-2-benzyl -

mal onanat e 207. 33 - 208. 11

2, 3- na|(ot hl enezjl car boxyl |%a%icéﬂ§‘pdf&§&é% Y%ggg&ég%‘ﬁtﬁﬁ cm(n gs‘B? az:ed I n
DVBO at t he carbong gh teasit ongtaf rydengse ap 8&0%9@ optignal eﬁom sebpte@ Heommt er i al
is then m xedy éﬂ]nﬁ}dgb@sﬁmapﬂmsﬁﬁms%bmy cinnamc acid matrix (after a

1: 10,000 di | uti'on) and | dgRQsitehe BRubyiikisldud a 7cof ”%esstﬁe% usi ng

support.
the Proteilf Tedravedfom the m@pleéqrrthq epmpaEad;ic erexwam]'l‘“‘gconmmng majetand t he

resulting i on&ufﬂ.ﬁ@esrmbﬁ@dt groupP@high supportd bﬁngler&ﬂied@n&gee{a&eﬁmanqne nodes of

\(;\lp)e rg ?} Iz(;gz 7 The mp%lnll is S erc;r{eé t(\)/ ?rlalél egpﬂa/h OmCQR'S d lg %el%éceé 'i:i!ogau{ertlalryl' )amme

PCT/ US97/ 010 7natemary amine and organic acid; 109
121.1--->  benzani de (MGLiskducleic acid Fagrlent whereih LG8 tonjagstaieto(MOE al 3)

123.1---> de 1241 5 125.2 127. 3---->

3- ani no- 4- %yr%%%@ﬁ%xi‘f’%@%‘@ f’.’f’ﬂ 10 127.2--->

2-t hi ophenecar boxami de teigompoynds of the pair have non-identical T™ groups, and have
identical sequences except at two base position where the bases are non-identical.

55. A composition according to claim any of claims 53 or 54,
20 comprising a plurality of the pairs.

56. A composition according to any of claims 53 or 54,
comprising a plurality of the pairs, and an equal plurality of non-identical nucleic
acids immobilized on a solid support, wherein each member of the plurality of

25 nucleic acids has a base sequence that is exactly complementary to one member of
each of the pairs.

57. A composition comprising a plurality of compounds having
the formula:

30 *L-X

wherein,

T™ is an organic group detectable by mass spectrometry, comprising
carbon, at least one of hydrogen and fluoride, and optional atoms selected from
oxygen, nitrogen, sulfur, phosphorus and iodine;

35 L is an organic group which allows a T™-containing moiety to be
cleaved from the remainder of the compound, wherein the T™-containing moiety
comprises a functional group which supports a smglc ionized charge state when the
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135. 1---> 4- am nobenzani de (135. 15) 135.1---> tol um' de (135.17)
10 1362---> 6- met hyl ni coti nam de (136.15) 137.1----

3- ani noni cot i nani de (137 II III| ni coti nam de N- oxi de (138.12)
138. 2--> 3- hydr opi col i 139. 2--> 4-f| uor obenzm de
(139.13) 15 WOA2P27 147,355 " nnamam de (147 18)  PCT/USPF/OPTO

149. 2 4- rret hoxybenzam de

2, 6-di f| uor benzam de (157.12) 158. %2 ET HAS BEEN

4- am no- 5-i ni dazol e- car boxyani de (162.5 16%594.@51) 1652} - >

3, 4-pyridi ne-di car boxyam de (165. 16) 165. 2---> A-ernoxybenzam de
(165. 19) conpe6nd is- subjected 18 nmys apechrenittny ainbisasdeded (b tekddry amine, 166. 2- - - >
2-ni trobenz P o 3-fl uoro-4-mnet hoxybenzoi c acid
(170. 4) 30 ar{l{%{lﬁ:ag}gﬁml- or, amcacndl73 4 .
i ndol e- 3- acet ani de ( 174isMOT excludipga nyclsiy acidfipgment, > 5. acetyl sal i cyl ani de
(179. 18) 181. 2- - -and theGldrality wemprisey laeleass #i df ehe( codtipoidl)s, each having W -
97/ 27327 5 .

PCT/ Usa7/ D18 dentical Tms groups. 110

58. A composition according to claim 57 wherein the plurality is
at least 10. ‘

10 59. A kit for mutation analysis comprising a plurality of
containers, each container comprising a pair of compounds of the formula:
T-L-MOI
wherein,
T™ is an organic group detectable by mass spectrometry, comprising
15 carbon, at least one of hydrogen and fluoride, and optional atoms selected from
oxygen, nitrogen, sulfur, phosphorus and iodine;

L is an organic group which allows a T™-containing moiety to be
cleaved from the remainder of the compound, wherein the T™-containing moiety
comprises a functional group which supports a single ionized charge state when the

20 compound is subjected to mass spectrometry and is selected from tertiary amine,
‘quaternary amine and organic acid; and

MOI is a nucleic acid fragment wherein L is conjugated to MOI at
other than the 3’ end of the MOI; such that

the compounds of each pair have non-identical T™ groups, and have

25 identical sequences except at one or two base position where the bases are non-
identical.

60. A kit according to claim 59 wherein the plurality is at least 3.

30 61.  AKit according to claim 59 wherein the plurality is at least 5.

i



182.2---> 1- napht hal eneacet am de (185. 23) 186. 2
8-chl oro- 3, 5-di am no- 2- pyr azi necar boxyam de (187.59) 5 188.2 189. 2
----> 4-trifluoronethyl -benzam de (189.00) 190. 2 191. 2

192.3 10 5- am no- 5- phenyl - 4- pyr azol e- car boxam 22)
203. 2 2030477 1- et hyl - 2- benzyl - mal onZ#?&?‘ZS*'%@?‘? 33)
4-am no-2, 3,5, 6-tetrafl uorobenzam de (208.1 1) 15 212.2-->
2, 3-napt hl enedi carboxylic acid (212.22) .1/13 219. 3 221. 2 228. 2
234.2 20 237.4 241. 4 The data indicate that 22 of
31 conpounds appeared in the spectrunF\IGUR 1he antici pated mass, 9 of
31 conpounds appeared in the spectrumwith a n + Hmass (1 25 atom c nass
unit,. anmu) over the anticipated . The |l atter phenonmenon is probably
due to the protonation of an @ ngeW thin the conpounds. Thereafore 31 of 31
conpounds are detected by NALD AS SaSpect roscopy. M#dg A , the
(o

exanpl e denonstrates that mnul ds can be dé&teabe mul t athePlUsly by a
(Figure 11) gave peaks at 146. 2, ‘164. 1, 172L1. 173.%, 189.1, 190.1,

spectroscopi ¢ method. 30 ™° ” S0 e “e¥hha- cyano natri x al one
191.1, 192.1, 212.1, 224.1, 228.0, 234.3. O her |d&*eAfied nmasses in
the spectrum are due to contam nants juget he purchased conpounds as no
effort was made to further purify themconpounds. 35 °

o re

SIEPE  pipsridine

Rie

a0 Ol 0™ ""com
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WD 97/ 27327

PCT/ US97/ 01070 EXAMPLE 14

ASSAY OF GENE EXPRESSI ON USI NG MULTI PLE PROBES Sodi um

borate bufferswdsBRBypere freshly prepared fromboric acid and 5 sodium
hydr oxi de. APB buffer is 0.18 MNad, 0.05 MTris pH 7.6, 5 R1/E®T07end

0. 5% Tween 20R. TWMNZ buffer is 0.05 MTrls pH 9.5, 1 mMMwd 2, 0.5 MM

zZnd 2. FW(filter wash) is 0.09 MM@ 50 MM Tris pH 7.6, 25 nmM EDTA.
SDS/ FWis FW with 0.1% sodi um dodecyl sulfate (SDS). Lysis and

hybridi zati on solution is 3 M guani di ni um t hi ocyante, 2%

N- | aur oyl sarcosi ne (sarcosyl), 50 nmM TrFI;G:leRE %nd 25 10 nM EDTA. CAP
buffer is 0.1 Msodiumcitrate and 0.2 M sodi um phosphate, pH 6.5. HRP
(horseradi sh peroxi dase) substrate solution is 0.1 Msodiumcitrate pH 6.5,
0.2 M sodi um phosphate, 2.87 nM 4-net hoxy- 1- napht hol, 0.093 nmM

3- net hyl - 2- benzot hi azol i none hydrazone hydrochl oride and 4 mM

hydr ogen peroxi de. AP (al kal i ne phosphat ase) substrate solution is 1

mM 5- br ono- 4Whosphamw 1 F’Mcng\t'ibl ue tetrazolium and
0.01% Tween 20 i f | UorEeSTEMt—=bstrat € mal kal i ne
phosphatase is O. 4- met yI wmdzelf i éo one phosphat e, |3\Q{
9.5, 1 nM Myd 2, a 5 mM ZnCl 2. Pol y(dt hyl enei mi ne) wds purc%ge;dnyrom

Pol ysci ences (“ ton, PA). Burni shed or unpolished nyl on beads were

pur chased pRs he Hoover Group (Sault St. Marisf!m.):. Pamet hyl oxoni um
tetrafl uorobor 3t% >0 succi ni ¢ anhydri de and, 1gret hyl - 2-pyrrol i di none were
pur chased from Aldrich Chem cal (MMecﬂje,d.o Tween 20R and
NHS-LC-Bi otin were purchased from Pi erce Rockféza, IL). Guanidine

t hi ocyanate (GQUSCN) was purchased from Kodak R ~edld) . Cyanuric
chloride was from Al drich Chem cal Co. (M I waukee, W) and vvas

recrystallized fromtol uene. 25 A ODN SYNTHEY S
ODNs conpl ementary (5' - CCTTAGGACAGTCTTCTTCACGC) srkem Eﬁ@'

hypervari abl e regi ons of the 16S ribosomal RNA (r 8é rphyﬂnas
gingivalis (Pg), were synthesized on ejther an ABI OB or a M I1i Gen 30
7500 aut omat ed DNA synthesizer umbef tge ndar d cya et hyl -

di i sopropyl am no- phosphoram dite (CE am di te Nf{’*#a‘i ne
tails wer e incorporated onto the’® -en C|aII

avai l able N nononet hoxytrityl am noi hex- 6- yI oxy- D phosphoram dite.

ODNs with 5'-

SIEBE  piperidine

AT\

i

Ry i 1 4
no\‘r "/““0 MeO o\/‘L"
o 4 ’\OOI\/\","\D, @

0
F F Vily.qe
l STEPG diiute TFA
o F F

Ress~ N o o o sIEPH o o
- lr \A(‘L ’\Qor\/\r pentafiucrophenyl N \! 1*0’\@0/\/\“"
_ Mote :

divide o 16 rouctors

SIEPE Visas  FRygg €O

trifuoroscetate
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nononet hoxytritryl groups were chromat ographed by HPLC using a Ham |lton
PRP-1 35 (7.0 x 305 nm reversed-phase col um enploying a gradient of 5%

to 45% CH3CN in 0.1 M Et3NH+OAc-, pH 7.5, over 20 min. After

detrityl ation wéb,B8%% acetic acid, the WO 97/ 27327

PCT/ US97/ 01070 PCTAIS97/01070 ODN
S were precipitated by addition of 3 M sodium acetate and 1-butanol.

Anal yti cal checks for the quality gy15he ODNs wer e done by

i on-exchange HPLC using a Toso- Haas DEAE- NPR col utmm and by denaturi ng

el el ectrophoresis (PAGE) . B. PREPARATI ON OF
THE POLYMER- "ON BEAD FmochH Unpol i shed nyl on aaads
(25,000, 3/32 F¥n amet anhysl - s hyl - 2. H‘one
(1800 nlL) were sty#red fomﬁi n. at a nt tenwm o

Tri et hyl oxoni um tet rafl uor ate (200 , I Min dirchl orone ne) was
added and 10 then sti r%% mn. at anbient tenperaturemn The liquid

pol yacryl am d

was decanted and t he beads wer e washed quickly with
1-net hyl - 2-pyrrolidinone (4 x 500 nL). The beads were sterich BideLafulglol €d f Or
12-24 hr a 3% (wyv) solution (1 L) of 70,000 MW pol y(ethyl engi rTycim in

1-met hyl - 2-pyrrolidinone (prepared from a 30% aqueous solution of
pol y(et hyl enei m ¥ After decantin poI y(ethyl enei m ne sol ution the
beads were 15 "% ' 1- net hyl - none (2 x No: SDS/ FW (2 x
1 L), Herr]O (1 20 » STEP nd f| na O ethan% m) .

The beads were dri ed un for<(;’;4=1%—5 h n & ! cont ent
. SR Cryl sulffonic acid. 20
,46 DICHLO?OlBQ"I’RIAZII\I—M L] -

of the beads Frwasy
C. PREPARATI ON O: 5'

To a solution of ¥'-am nohexyl ODN (1 m., 10 nmg/ mL)
in freshly SIEPR ar@dedh 1 M SBB (pH 8.3, 3.2 ni) and H2O¥ 1. 8 nL) was
added an acetqg ract sol ution of recrystallized cyanuric chloride (1
m., 50 ng/mL)? e sal dtion was mxed 25 for 30-120 minutes at anbi ent
tenperature. The unr eacted cyanuric chloride was

G:/w‘*. s % e q%o-.

FIGURE 3
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removed by ultrafiltration through a 3000 MV cutof f nmenbrane (Am con,
Beverly, MA) using freshly prepared 0.1 MSBB n(pH 9.3, 4 x 10 nL) as
t he wash sol ution. After the final wash the vol une was reduced to 1
m.. The 5'- [6‘&0 7§2§ilchloro 1, 3,5 triazin-2-ylam no)hexyl]-CODNs are
stable for | oK Zt* 4[err]Cin 0.1 M SBB (pH 8.3) 30 withPREVSEHUE0aD e
deconposi ti on. D. ATTACHVENT OF ODNS TO NYLON BEADS
PEI - coat ed nyl on beads (500 beads), desfffizped above, were placed in an
equal volune of freshly prepared 0.1 M SBB (pH 9.3) and vigorously agitated
for 30 35 mn. to rehydrate the bea S The borate sol ution was decant ed
and the beads wgre washed once W 0.1 MSBB (pH 8.3) then vocered
wi th.an equal v of frgl%pA01 (,'V\D97/273
PCT/ US97/ 01070 04 —SIEES 113 M
SBB The borat@&;Eﬁ Pisridne "'.

-[ 6- (4-6-dichl or,0- ?, 3, @.&,r,hﬁm,m 2-yl am no) hexyl ] - CDN @ ni, 500
rrg/ m.) was then added to tuawsads. The Tixture was vi gorousl ¥
agitated at anbient tenperature for 60 m n. The sol ution vvaldecant ed and

t he beads were then washed with 0.1 M SBB (pH 8.3, SIERCI5HELr The
beads were treated in 59 three tines the volgne of the bea Wt uccinic
anhydride (10 ny/ : rrolidinone: 1.0 MeSBB (pH

8.3). The reaction at anbia erature.
The beads were thenfwash |'i di none (3 X 250 m.),
dH2O (2 x 1 L), ), ERHPO (4 x| )C‘j{e
beads were stored | ecol : I!!EBI-!@N} AN LI N E

PROBES FmocH this owex affff bﬁiﬁg&e desi gned
that will permt thg ferential nRNA expr e55| on "I st1 mul at"é'd“ver sus
unsti nmul at ed Jyidpl hu -cel | | ynrphoma (JRT 3.5). 13y
100 J[err]g of %f{: -term nal am ne-linked oli gonucTeotl des
descri bed abov ted wi th an excess recr yst allized cyanuric chloride
in 10% n- rrethyl rolidone alkaling (pH 8.3 to 8.5 preferably)
buffer at 19[err] G r]Cfor o

0

PIf — if ﬁm’:: g ‘
‘i“ "’t“ 1o fo

Villy 5

STEP| 80:5:5
TFA:H0:DCM

NH STER Y
g tnt—
’ m Tetrafluorophenyl
,\’ trifluroacatate
NG Pyridine, DMF
Ry.3q

FIGURE 4
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120 m nutes. The final reaction conditions consist of 0.15 M sodi um borate

at pH 8.3, 2 nmg/ M recrystallized cyanuric chloride and 500 ug/ m
respective oligonucleotide. The 20 unreacted cyanuric chloride is renoved
by size excl usiwhegfseat ography on a G 50 Sephadex col um. The

activated purified oligonucleotide is then reacted with a 10®cTnussyoioml ar
excess of cystamine in 0.15 Msodiumborate at pH 8.3 for 1 hour at room
tenperature. The unreacted cystam ne is 5/3oved by size excl usion

chr omat ogr aphy on a G50 Sephadex columm. The derived ODNs are then
reacted with agjpg-regctive 25 fluorochromes. The derived ODN preparation

is divided intgy3 otlonssq,EPd each r o |sreacted wth eiier (a)
20-fol'd nol ar excC of Texd=red suldy |d§'5p8 robes.
Eugene, OR), wi th>¢b) 20f Iar e;%(of LISF = su |°

chlori.de (Ml ecul gr Probﬁg,.s,,, (c) 20- f%l'ﬁ"rml ar e ss of

fl uorescein i'sot hi ocy asrainm The f| na.I reaction conditionsgconsist of
0.15 M sodiumborate at pH 8.3 30 for 1 hour at roomtenperature. The
unreacted fluorochrones are renoved by size exclusio reREBduREG.AP Y
on a G50 Sephadex colum. I1L-2, IFN-g, GW CSF, were | aljel Hamenm t h
Texas Red. c-fos IL-4 and PKC-g were | abelled with |issam ne "‘and

CTLA4/ CD28 and GVP Kigase were | abel | wh,t h fluroescein. The IL 2, c-fos

and CTLAA pr s vve ooled. T FN- L-4 and r obes

wer e pooled and 3 ey @nmc- g prNH S restggol ed. u-& WO
114

97/ 27327 0 N et ac
PCT/ US97/ 01070 /\g:f HATU, Nim

SOLI D SUPPORT CDNA SYNHEXD) FOR GENE EXPRESS'f'm ASSAY Froch Vo) 505
5 - ACTACTGAT TIRFRTTTTTTT- 3 v spacer

Asc | ) $Peina 5 G, STI MULATI ON AND RNA PREP ¥
Jurkat line J (S stiful ated for 6 hours at a cell densi ty of 1x10e6
cells/m in ser @ *RPM nedi um (Life Technol ogi es. Gaithersburg, MD) in

the presence of 10 ng/ m phorb Ql - de2- Ny state 13 acetate (Cal bi ochem
San Diego, CA) ”\%Qd 100 ng/m orryc no, (Cal bi ochem.
Cells are pell et@;qs in | xPBS chnol ogl esO:r\r

STEP G &
Hi 20 p',
Aleu’\& { sPJ4P¢<o) J\/\ Rr.5 -coon
HA'ru NMM ;rko
N
" TFAMH,0:0CM
nozF—g %F
O;/YO F

el
.V’.i-ao k -ﬂku
[+
. o]
Ry ﬁ"\/\. Tetrafluarophenyt %R‘
-36
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re-pelleted and lysed in 0.5 ml, per 10[err] cells, buffer containing 4M

guani di ne i sot hi ocyanate/ 1% N-1 auryl sarcosi ne/ 25mM sodiumcitrate pH
7.1 (Fisher Scientific. Pittsburg, PA). One-tenth volunme 2M sodi um
acetate (FisherwgGhgentific) pH 4.2 is added fol |l owed by one vol une of

wat er saturated phenol (Anresco. Solon, OH). After m xing, 15CTarss7émw th
vol ume chl orof ormisoanyl alcohol, (29:1), ( Fisher Scientific) is added

and the solution is mxed vi gorouslg/13 hen incubated on ice for 10
m nutes. The |ysate is t hen spun, the aqueous phase renoved and
extracted with an equal vol unme of chl orof ormi soanyl al cohol. The

Ci pltated with 2 v urres
)oﬁ cen
r ed bI‘IE'f" $pen ed

aqueous phase i%§°¢ pbol ed and the RN
of EtOH (Quantu cal COmBa Tuscej
the EtOH i s decant andthe.!fls air-§

in RNase-free water to a c¢con tration o etween'i' 5ng/

CAPTURE AND FI RST STRAND @Vm&mrs P ne nylon pead bearl ng
the covalently |inked oligonucleotide, 5 - 25 ACTACTGATCAGGCGCGCCTTTTTT
[TTITTTTTTTTTTTITITTITTIT - 3" (GenSet, La Jolla, CA), is addedsisxi hRekdifdd 9

t ot al cellular RNA, diluted in enough RNase-free water tq@ ctseswthe

bead, in a sterile 1.5 nl m cr of uge tube (Fisher Scientific). The RNA
and bead are inc at 65C for 5 'nut es. An equal volunme of 2X

MRNA hybri di zat i a’na sting | s 30 pH NO; 1M Nadl

(Fi sher Scientifi ug/ skegacet yl‘a ( New Engl ol abs,
Beverly, MA) is a to,e and % ubes «Beed ge pl @T hour s
at room t Th wﬁ,gﬂenﬂ}‘ d theJbead is then
washed three tines oi r|d|zt|onb er . Fmafin e final

wash is conplete, al‘&evers transcrlptlon m x consisting of I X
MWLV-reverse t tas ffer, 1, MMM dNTP 35 mix, 2, mM DTTY(Life
Technol ogi es), Reteesiien (Prorrega Madi son, W) and 10, ug/ m
acet yl at ed- BS ( B™8Pbl abs) is added to each tube fol | owed by
WD 97/ 27327

PCT/ US97/ 01070

addi ti on of 600 t
reaction is o¢

s
(Boehri nger - Mann

115

revers rans tase( Life Te ogi es). This
ts_irg-_at ‘T‘ 2 sheurs. se H

«k X/Y\L«‘\T fﬁr’"\

STEP| 00:5:8
TFAH,0:0CM

3t
EI/Y No:
F

Pagatul-—1 ;FN/H;&L,J\

[o

Xy.25 /k
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| ndi anapolis, IN) is then added and the reaction allowed to continue for

another 0.5 hour. The supernatant is again renpbved and each bead is
washed three tines in 10 M 5 Tris pH 8.0, 1 nmM EDTA pH 8( Fi sher
Scientific). Repgbipgg RNA tenplate is renoved by boiling the beads in
TE with 0.01% SDS (Fi sher Scientific). Thecnykemisol | d
support was then hybridized with 100 nanograns per nmni of t he

fol |l owi ng t agged ol i gonucl qugde probes 10

(5' - GAACTCAAACCTCTGGAGGAAGTG 3", I L-2,
CAGTGCAGAGGECT CC;;Q@GCT ATA- 3' IFN— garrma 5'- CT TGACCATGATGGCCAGCCACT A-3'
GVt CSF 5
GCGACTOTGCTCCGGCAGTT

PKC- ganmma O%’.
ATCTTCGTGCAGCCGCCCTCAC,TGS I nase) M
for the human ho&m&.@@s;,g,gggggig for GW kinafe whi
bovi ne sequence). Hybridization was in 3 m GUSCN hours at
The reaction mxture was gently m xed during the hybridizatio

di ffusion e to the sglnd support After t
i ncubati on perlod tgg upport
5times with 0.1 ad pl ace

3,

HATU, NMM | S are
on the

C.
to pronote

cleavethefluoro ¥'rom J5Eepl |

i ncubated for 15 s at rvﬁzm.ﬁaﬁﬁp r t

bl ack mcrotit t e (Dynafek La oratorle

pl ates are the‘ﬁ”"f"é N rect | y Fagh l:bm;o@skan I fl uoronet er (Flow
Laboratories, MLear? VA) using an excitation wavel ength of #95 nm and
noni toring em Ssi N fQr fluorescein, usi ng an excitation

wavel ength of 591 nm@and weeiwinOT i Ng em ssion at 612 nmfor Texas 30 Red,
and using an ex0| tati on wavel ength of 570 nm and nonitoring em ssion at 590
nm for |is8%iH Teresultsfromthe probing are as foll ows:

Unsti nmul at ed rru t BHHN. | L-2 BoeN. 2L f U
230rfu IFN 120 rfu
sy

F...,,,.:'.LCLQ A .wiffko :OHOA *o

Divide into
36 maciors

STEPR| Ry.36 -COOH
HATU, NMm

NH o H STEP S % NH
QJ\O 90:5:5 i’ﬁ}‘un
o”L N TFAHz0:DCM v J\/\
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WD 97/ 27327

PCT/ US97/ 01070 116

Gwvt CSF 21 rfu 38 rfu c-fos 16 rfu

76 rfu | L 33 rfu 12 rfu PKC

10r f u Wb omazsz7 130 rfu 5 CILA-4 ND  PCTUSS7/01070

ND GW ki nase 450 rfu 420 rfu

EXAMPLE 15 10 DETECTI ON OF A §&/f¥3LE BASE- PAIR M SMATCH ON A SOLID
PHASE. Thi s exanpl e descri bes the detection of a

si ngl e-base pair msmatch in an i mmobilized probe using conpl enentary

fluorescently | abel ed pligonucleotides.

/\5 3 set of probe
ol i ganucl eot i dgg CON§I'sts ofe@ne pro nms_per f ect 'Et.
% & ns theg%i%acat ch

pairing and one onucl whi cif®
hybri di zed. The two & ucl eotid are | ab®rdd W th di rent

fl uorochrones, andg after ndyshimeRegat i ON i s al l owed to occuy, at the
T[err] of the m snatch, the'”F‘a'M o of hybr% di zed fl uorochrones |s

det er m ned. "target” ol i gaRUFLEQL

(DMOB01: 5 - 20 TTGATTCCCAATTATGCGAAGGAGS ) was T sazed on
a set of solid supports CDN- beads (3/32nd inch dianeter) were
prepared as previous described (Van Ness et al., Nucl. Acids Res.
19: 3345, 1991). 'g)l\l- ds contain 91 t

covalently i rrrmb DIVL’1578 IS

conpl enent) . B Eenent t at 25
position 11. 9 1 s "h Nt DMOB01 (Prartetwion A- - - change at
position 12. Feew prob ucf"e"&h gl el t hmaint N
TAMRA or Texas Red WL di zation reactl ons were assenbled in 3 M
QUSCN, 0.01 MTris 7.6, 5 mM EDTA at 50 ng/ml respect®ve probe.
Equal nolar rati fmpmch probe type were used in each hybridization
in the presence of solid supports m,tube 30 Hybridizations are
perfornmed at 4 ¥:C for 30 m nut stant agit The
beads were vvasm th 3 M Gu err]C and n Wi DS/ FW 5
times. be oL,g.gpn cI €0 , e solid
supports are pla egln“ "§ 7.0, 5 mM
EDTA). The mi % 51"!9’6'"f ,ﬁ/\

k/”\

Vit 1. Divide into HzN NHTfa
bt 38 reactars K126

2. Piperidine

'S

HATU, NMM
°" SEN C(r‘r"‘

H 90:5:5
Tmﬂsmnmyl (LO TFA:H20:DOM G‘J\C
vaidm. DMF
"\ N

"\f" NiTta ““\f‘l‘ NHTa o NHTfa
Ry.38

Xihvas * Xias R‘ i

STEP) l Ry.a¢ -COOH

NOz F N02

X138
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m nutes at 100[err]C. Fluorescence is neasured in a black mcrotiter plate.
The solution is 35 renoved fromthe incubation tubes (200 mcroliters) and

placed in a black microtiter pl ate (Dynatek Laboratories, Chantilly,
VA). The pl at esy@bmhfren read directly using a WO 97/ 27327
PCT/ US97/ 01070 PCT/US97/01076

Fl uoroskan Il fluoronmeter (Flow Laboratories, MLean, VA) using.an
excitation wavel engt h of 495 nm ancglh‘gni toring em ssion at 520 nm for
fluorescein, using an excitation wavel ength of 591 nm and nonitoring
em ssion at 612 nmfor Texas Red, and using an excitation wavel ength
of 570 nmand nonitoring em ssion at 590 nmfor 5 |[|issam ne or TAMRA
The results are as foll ows: Tabl e
10 Fl uorochrome ratio in Fluorochrone
ratio.after Probe M x hybri di zati on m x

denat uri ng 578TR/ 578BD 1.9/1

1.9/1 578TR11969BD 2.0/1

25/ 1 578TR/ 1971TA * 0.025/1

0.58/1 578BD/ 1971TA ] 0.014/1

0.48/1 10 aJhe §esults indicate that there is no effect of
t he fluorochrone on the hgbri ¢i zation as indicated in line 1 that
Texas Red (TR) 578 ol i gonficl &t i d%ﬁﬂd 578- BD ( BI ODI PY) conpet ed
evenly for hybridizati on=§-6 the i bilized target since the rati o of

enrichment of perfectly bg?setd ob over the m snmatched probes in GuSCN
roR, of Hase-pair ni smatches.

| abel s did not change aftgr h idfgation. There is an average of a 20-fold
allowing 15 certain detegt
Fromthe foregoing, it w "%f)z ap[%eci ated that, although specific

8

e
. 1))
< ’s‘;: U-l
ilfe g o
) S
:z: gﬂ w

ot g“'

otého §
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enbodi nents of the invention have been described herein for purposes of
illustration, various nodifications may be nade w thout deviating from
the spirit and scope of the 20 invention. Accordingly, the invention is not
limted except wasoysbhe appended cl ai ns.

118 CLAIMS W O ECHUS9701070
1. A nethod for detecting the binding of a first nenber to a second
menber of a ligand pair, conprising: 10/13 (a) conbi ning a set of

first tagged nenbers with a biol ogical sanple which nay contain one or nore
second menbers, under conditions, and for a tine sufficient to permt
binding of a first nmenber to a second genber, wherein s#&d tag is

correlative with a particular first r dhd Hat (Bt deebit ronmetry
or potentionetry; (b) iggarati ng bound f4 rstYanyd second
menber.s from unbound nenbers; c a (c) cl eavi ng =0 tag from
sai d tagged first nenber; and (d) detectingssaid tag by
spectronmetry or potentionetry, and therefrom detecti ng t he bl'??ﬁidﬁﬁ""df“ sai d
first menber to said second nenber. 5-Apinohexy-aipd-oligppcientives
according to claim1 wherein said first menberjs are bound X8 solid
support . 3. au, The net hods@ec dride dagsdom Sorat] giisd, f Urt her
conpri sing, subseque tfo e 'step of separatijng bctdicthieieet and second

menber s, washi ng B! menbers from said soltid support.
I

o, ¢
L L} Ny
H +
H,/ﬂi'\:(o craN HN-(CH, )s—o—',g- ASE
o Dl
- A

LS
R o gﬁgonucleotide 1-
X138 -
from Ahiae
Example €
Step B | 100 mM Sodium borate, pH83
(o]
NN

|
§)§ N)\ HN-{CH, ).—o-?:-

BASE
0 o
Hy o,
(Y
Hi Oligonucieotide 1.38
O
H(\C:fo
O/Lo NH
e
sy 0
Xl a5
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4. The nethod according to claim1l wherein the detection of the tag is
by mass spectronetry, infrared spectronetry, ultraviolet spectronetry, or,
potentiostatic anperonetry. 5. The net hod according to
claiml1 wherein greater than 4 tagged first menbers are comgi

wher ei n each W‘éﬁg’?"%z’uni que for a selected nucleic acid frag?rgﬂjt%.gmﬁm

119 6. The met hod according to claim1 wherein said
bound first and second nmenbers arc sem@ymed from unbound nenbers by a

nmet hod sel ected fromthe group consisting of gel clectrophoresis, capillary
el ectrophoresis, mcro-channel electrophoresis, II1PLC, size exclusion
chromat ography and filtration. 7. i The nethod according
to claim1 wherein said tagged first nenbers are clfeaved by a net hod

sel ected fromthe group consisting of oxidation, reéduction, acid- |abile,
base | abile, enzynmatic, electrochenmigal, heat sgpd photol abil e net hods.

8. The nethod according to claim# pReBig.saididag is detected by tinme-
of -flight mass spectronetry, quadr ug'p:g;é j}gﬁgsp&ugmm ry, magnetic sector
mass spectronmetry and el ectric sect ggE: mass spegctrofetry. 9.

The method according to clai m4 whggs; risani-8 tillisss. det ected by
potentiostatic anperonetry utili zi gﬁg“ifé‘fgé?f%‘l’?ggéﬁﬁé%t ed fromthe group

- - - - "
consi sting of coulonetric detectors and anperonetric detecjors. 3
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10. The nethod according to claim 1 wherein steps b, ¢ and d are

performed in a continuous manner. 11. The met hod
according to claim1 wherein steps b, ¢ and d are preforned in a continuous
manner on a single device. 12. The met hod accogﬁ pg to
claim 11 wher¥Pl7&B%ps b, ¢ and d are autonmat ed. PCTIUSS 7181 The

met hod according to claim1l wherein said first nenber is a nucleic acid

nmol ecul e. 12/13 120
14. The net hod according to claim] erein said second nmenber is a
nucl ei ¢ acid nol ecul e. 15. The net hod according to clains
13 or 14 wherein said first and second nenbers are nucleic acid nol ecul es
and differ by at |east a single base- Qalr m smat ch. 16.
The et hod according to clainms 13 or A mnq;elazsald nucl ei ¢ acid nol ecul e
is generated by primer extension. §%j %ﬁaﬁggg.
u-}s.- ::.o—-';'é' - .o.o—‘
b 4 ® .. 1
B0 BeonBescl pylflEesas |
b R M
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. E
" L
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17. The met hod according to clains 13 or 14 wherein said nucleic acid

nol ecul e is generated from non-3'-tagged ol i gonucl eoti de priners.

18. The net hod according to clains 13 or 14 wherein said nucleic acid

nol ecule is g . from tagged di deoxynucl eotide term nators.

19.  The nmethod according to claims 13 or 14 wherein said FFFEPBer is

a protein, hornone or organic nol ecul e. 20. The net hod
according to claim19 wherein said prcﬁ}jﬁyi s selected fromthe group

consi sting of antibodies and receptors. 21. The net hod
according to any one of clains 1-3, 5-7, and 10- 20 wherein said tag is

det ected by non-fluorescent spectronetry or potentionetry.

22. _ A nethod 4 nal t e ressjon _froma sel ected
bi ol ogi cal sa ﬁ'blgorrpﬁ ng: gﬂ&@ﬁ& {)ﬂ’mLa‘%gg )§g ; Taled) ei ¢ aci ds
froma b|olog|3? gﬁg gp ensitivity Linkes) ¢ onbi &l exposed
nucl ei ¢ aci ds ”ﬁ%ﬁéaﬁﬂFﬁbted tagged nucl eic acid probes, under
conditions and for a tine sufificient for said probes to hybridize to

121 sai d nucl ei ¢ aci;ds, mhéreln said tag is correlative with a particul ar
nucl ei ¢ aci d probe and q;&SFrable by spectronetry or potentionery;

(c) separati ng hybri}dibJH probes fronlunhybrldvzed pr obes;

Py § !

o €W H o NO, i

)16: N H H

Ruwi ¥ n: ¥ ?
H O ((’3H2)4E:l N—(C;—~C,()—ODN—3—0H

: ,= NH E

! : 1 o

: " Rysse !
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(d) cleaving said tag fromsaid tagged fragnent; and (
detecting said tag by spectronetry or potentionetry, and-therefrom- .-

e)
determ ning the pattern of gene expression of saidx«bi ol Qgi e,
23.. The nethod according to claim22 wherein said bi (#EMB I I& US
selected fromthe group consisting of manmmalian cells, st.

24. The met hod according to claim 23 Wg rein said manmal i an cells contain
Vi ruses. 25. The net hod™according to claim22 wherein
sai d exposed nucleic acids is bound to a solid support. 26.

The met hod according to claim?25 wherein said solid support is a polynmner.
27.- The method according to clai m 25CLAIMEher conpri sing, subsequent to
the step of separating, washing the solid support. 28.

The net hod according to claim22 wherein said hybridized probes are
separ at ed f ma@iidybri di zed probes by a method selected fromthe group
consisting of gel electrophoresis, capillary el ectrophoresis, mcro-channel
el ectrophoresis, HPLC, filtration and pol yacryl am de gel el ectrophoresis.

29.  The method accoy di N\ rieoli HoiMddieu3ohe bindial Bf b aRESHeRbRNES) 3cbnd
cl eaved by -a nethod sel ected fromthe group consisting of oxidation,

reducti on, wmecinbed afigifigand paiis dorhprisiige, enzymatic, el ectrochemical, heat and

phot ol abi | e met hods. (@) combining a set of first tagged members with a biological sample

which may conlain onc or more second members, under conditions, and for a timc sufficient
to permit binding of a first mcmber to a sccond member, wherein said tag is correlative with a
particular first membef and detectable by spcctrometry or potentiometry;

(b) séparating bound first and sccond members from unbound members;

(¢) cleaving said tag from said tagged first member; and

(d)  detecting said tag by spectiometry or potentiometry, and thercfrom

detecting the binding of said first member to said second member.

2. The method according to claim 1 wherein said first members are bound
to a solid suppott.

3. The method according to claim 2, further comprising, subscquent to
(he stcp of separating bound first and second members, washing unbound members [rom said

solid support.

4, The method according to claim 1 wherein the detection of the tag is by
mass ~ specirometry, infrared spectromctry, ultraviolet spectrometry, or, potcntiostatic
amperometry.

5. The method according to claim 1 wherein greater than 4 tagged first

members arc combined and wherein cach tag is unique for a sclected nucleic acid fragment.

: REPLACEMENT SHEET
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122 30. The met hod according to claim 22 wherein said
tag is detected by a nethod selected fromthe group consisting of

time-of -flight mass spectronmetry, quadrupole nass spect jgmmmu
sector mass spectronetry and el ectric sector mass spect i "mm{

31. The nethod according to claim 22 wherein said tag is Hetlect®eds [;u*m

potentiostatic anperometry utilizing detggtors selected fromthe group

consi sting of coulonetric detectors and anperonetric detectors.

32. The net hod according to claim?22 wherein steps ¢, d and e are
erformed in a continuous nner .. - . . 33. .. Jhe et hod

gccor ding to claim 22& \/\her-gﬁ%r{mgﬂogpafc?fgmﬁ ‘%FJ&"%‘&Y”@’%?%PW@&%? agd second

conti nuous WRAMEs &8 sap&hieg! Forfleibsd members by a method 3dected TG WRE PR

according to claim 33 wherein said device is autonated, 35

The met hod Sensistiag 196 ech clepiyonbaesisf capillannslestrophoresisimizzo-ghpnntlenlestoplsaests, t ag
i s det ect edipydgbs or potentionetry.

36, A comomisa e A alep ShBRABh) bl fldor

[err] wher ei n, T[err] is an organic group
detect abl e by mass spectrogetry, conprising. ¢carbop, at |east one of

hydr ogen and fl uori dgf andﬂgd’(“%{}éﬂ‘ﬂa crg&f’mﬁsmsc;ﬁ“é‘clt@ tinoHdoteggrdfirstmemberen,
sul fur, ‘phogjhyeéived 89% motlbd Sstected from th lishi | j4ch
allows a T[err]-cont gi ni ng noi ee‘ty .tr%mbec %Togg\?gﬁdl%rng%@&?ﬁ%’%&ﬁ“&g&’%} he
conmpound, \Ahbﬂeihﬂs'ﬂth@k:rfwm]ﬂ%shﬁ‘aﬂd:#migainmaea:;d rotnbebils ettads.

8. The meihod according to claim 4 wherein said tag is detectcd by time-
of-flight mass spectrometry, quadrupole mass spectrometry, magnctic sector mass
spectrometry and electric sector mass specirometry.

9. The method according to claim 4 wherein said tag is delected by
potcntiostatic amperometry utilizing detectors selected from the group consisling of

coulometric detectors and amperometric detectors.

10.  The method according to claim 1 whercin ‘steps b, ¢ and d are
performed in a continuous manner.

1. The method according to claim 1 whercin steps b, ¢ and d are

preformed in a continuous manner on a singlc device.

- 12, The method according to claim 11 wherein steps b, c and d are

automated.

13. The method according 1o claim 1 wherein said first member is a

nucleic acid molecule.
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functional group which supports a single ionized charge state when the
conpound is subjected to mass spectronetry and is selected fromtertiary
am ne, quaternary am ne and organi c acid,

123 und has a mss of bt 1 onetoep ben nuet ete-act oA RAHATA M

conpound according to claim36 wherein I#(F”] has a nass off from15 to
10, 000 daltons and a nol ecul ar fornul a
Clerr]Nerr]gerr]S[err|Plerr]Herr]Flerr]l[err] wherein the sumof [err],
[err] and [err] is sufficient to satisfy the otherw se unsatisfied .

val enci es of the C, NdandTts methwd according to claim 1 wherein 3gid sccond Jnemba g 2

according to ¢l ai rein T[err] and L are bonded together through a
functi onal 'b‘fcgeﬁcpacige%glgme% fromam de, ester, ether, am ne, sulfide,
t hi oester, disulfide, thioether, urea, thiourea, carbamate, thiocarbamate,

Schi ff base, reduced Schi base, im ne, oxine, hydrazone, .phosphate,
phosphonat e, phosphortani da‘eﬁﬁ ﬁ?fﬂﬁil‘ﬁgdgfﬁgﬂﬂ If%?é?’é‘,’ e&%ﬂf%‘ﬁf\m 55?0“‘1_

car bon- car bapmpgQdre mucleic acid molecules and differ bTy af 1t ARRPRGaRCrudy HismatchO Cl ai m 38
wherein the tunctional group is selected fromam de, ester, am ne, urea and

car bamat e. 40. A conpound according to claim 38 wherein

L AL Lo 4 1, o et

n
L[err] and L[err] where Icra acrd,” ba d
reduction, miokyileis ghaated by primecxtensivher mal and t hi ol exchange,
respectively, cause the T[err]-containing noiety to be cleaved fromthe
remai nder of the nol ecul e.

17.  The method according to claims 13 or 14 wherein said nucleic acid

molecule is gencrated from non-3'-tagged oligonucleotide primers,

18.  The method according to claims 13 ovr 14 wherein said nucleic acid

molecule is gencrated from tagged dideoxynucleotide terminators.

19.  The method according to claims 13 or 14 whercin said first member is

a proiein, hormone or organic molecule.

20.  The method according to claim 19 whercin said protein is selected
{rom the group consisting of antibodics and receptors.

21.  The mcthod according to any one of claims 1-3, 5-7, and 10-20
wherein said tag is detected by non-fluorcscent spectrometry or potentiomctry.

22. A method for analyzing thc pattern of gene expression from a sclected
biological sample, comprising:

(a)  exposing nuclcic acids from a biological sample;

(b)  combining said cxposcd nucleic acids with one or morc sclected tagged

nucleic acid probes, under conditions and for a time sufficient for said probes to hybridize to

4
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41. A ¢orpes L.ng to claim40 wherein L[err] has.the-forAuta— —

Ll err] - L] &gl ein Llerr] is a nolecular fragnent tha S
actinic } ot e the cl eavage of T[err] frorn“{llmlﬂlmaﬁjﬁmm
Llerr] afeji 1 4 direct bond or an organic noilSyR *
separ at ep Tlierfr] and L[err] separates L[err] from X, and
nei t her L[er [ junder go bond cl eavage when L[err] absorbs the
actinic yadiation. | 121 124

42. A Computmy—aceoret+rg to claim4l wherein -L[err]-L[err] has the
formula: [err] with one carbon atom at positions a, b,

c, d or e beijdGuskieskids whdeinishid tag [édriclatie avith O pdriiad! duglefenid probb fagd Of
positions b, c, d or e being substituted with al kyl, al koxy, fluoride,
chl ori de, hylefeetable by sReEtERMEHY-Ar POSRUYM e, and Rlerr] is hydrogen or

hydr ocar byl , - ggg ﬁ:l 138 I m42 wherein

Xis- [err] and-R[err(f) isgpaf}%&gél?éé‘ﬁgr %gﬁgﬁ%ﬁ er %?‘g%%ts or

activates a carboxyl i@) acictkabing s£id tqp frongsaid tapged Tap Mment; ami et y.

44, A compound according, to,cl ai,&n 41 wherein Llerr] is sel ect&d froma
(e) ‘detecting said lag by spectrometry or potentiometry, and thercfrom

determining the patlern of gene expression of said biological samplc.

- 23.  The method according fo claim 22 wherein said biological sample is
selected from the group consisting of mammalian cells, bacteria and yeast.

24. The method according 1o claim 23 wherein $aid mammalian cclls

contain viruses.

25.  The method according to claim 22 wherein said exposed nucleic acids
is bound to a solid support.

26.  The mcthod according to claim 25 wherein said solid support is a
polymer.

27.  The method according to claim 25, further comprising, subsequent to
the step ol separating, washing the solid support.

28.  The method according to claim 22 wherein said hybridized probes are
scpar;tcd from unhybridized probes by a method selected from the group consisting of gel
clectrophoresis, capillary electrophoresis, micro-channel electrophoresis, HPLC, filtration and
polyacrylamide gel electrophoresis.

29.  The mcthod according to claim 22 wherein said tagped probes are

cleaved by a method selected from the group consisting of oxidation, reduction, acid-labile,

basd labile, enzymatic, clectrochemical, heat and photolabile methods.
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direct bond, a hydrocar byl ene, -0O hydrocarbylene, and
hydrocarb oV % “J} ar byl ene)[err]-11, and n is an integer.ranging

{ i ¥ ; 45. A conpound according to cIa|n136 rein
o

posi ti ohs g ggﬁgﬁ } S§ substituted with hydrogen

fluoride (ﬂa yd okyl , carboxqu&; or am de; anﬂ err] S hydrogen
Tok: e 125

46. A conpound aCCOFdIln to claim36 wherein T[err] has the f,ornula:

[err] " Tl[err] is an organic noiety formed from carbon and

one or nore of hydrogen, fluoride, iodide, oxygen, nitrogen, sulfur and

phosphorus, havi “gngsg”as%hQ%eﬁﬁ:dtanégﬁ%%kfaﬂﬁ'%z wherejn al teggxs detek “ ds an

organic noiety for from carbon an ne or nore o I de,
i odi de, oxmg&ud seledtedofyem, thssgﬂoﬁpr rcomsm{ng) hbsph@f-rﬂxght rewss spgctaomas quddn'f;ﬁ:ld 0
1000 dal tons ond a, functional

sel ected f Pa%sg?ﬁua@ctr%g{l@‘netmas&tﬁlémass specg';[)mc try and e'iectnc sector mass specgrror%lég'y.

31.  The method according to claim 22 wherein said tag is detected by
potcntiostatic amperometry utilizing detectors selocted from the group consisting of

coulometric detectors and amperometric detectors.

32. The method according to claim 22 wherein steps ¢, d and c are

performed in a continuous manner.

33, The method according 1o claim 22 whercin steps ¢, d and e are

performed in a continuous manner on a single device.
34.  The method according to claim 33 wherein said device is automated,

35.  The method according to any one of claims 22-29 and 32-34 wherein
said tag is detected by non-fluorescent spectrometry or potentiometry.

36. A compound of the formula:
™ L-X
wherein,

. T™ is an ovganic group detectablc by mass spcctrometry, comprising
carbon, at Jcast one of hydrogen and fluoride, and optional atoms selected from oxygen,
nitrogen, sul{ur, phosphorus and iodinc;

I. is an organic group which allows a2 T*-containing moiety to be cleaved
from the remainder of the compound, wherein the T™-containing moiety comprises a
functional group which supports a single ionized charge state when the compound is

subjscted to mass spectrometry and is selected from terliaty amine, quaternary amine and

organic acid;
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sul fide, ether, thioester, disulfide, thioether, urea, thiourea, carbarate,

t.hi ocarbamate, Schiff base, reduced Schiff base, im rﬁ" ] [ ne,
phosphat e, phosphonat e, phosphoram de, phosphonami de, mnmz, " Hmf
1) *

sul fonam de or carbon-carbon bond; and I$ an I mt
ranging from1l to 50, and when n is greater than 1, each T[err] and J is
| ndepepdently sel ect ed. 4. A conpound according to claim

46 wherein T[err] is selected from hydrocarbyl,
hydr ocar byl - O hydr ocar byl enc, hydrocar byl - S- hydr ocar byl ene, hydr,ocar byl -
NI ] - hydr ocar byl ene, h¥ds M rdther tharindeleiaadiddagmiont, embkthe compound has a mass
" N-( hydrocar byl ),h carbyl cne, N, N-di (hydrocarbyl)hydrocar byl ene,
hydr ocar byl g{g}fl%%%@gﬁ}w ene, heterocycl yl hydrocarbyl wherein the
het erocat on(s) are sel ected from oxygen, nitrogen, sulfur and phosphorus,

substituted heterocycl_)/l hydrocarbyl wherein the heteroaton(s) are sel ected
from oxygen, nitrogem?. sul/ sempovdd pérostinmioghim 36 WhiersisTIH has & messted’ fame

lected f - |, .h byl s O- hyd lEng, oo .
hycr ocar byl 1Rie ADHP AR kit 2 MOARE TN S ey o Oaprobi LE s wherein
N- (hydr ocar ity subysireg Godnid)8 iesefficient toNatiify thic(otherlias aisatisfich Wallefiay dDtheae and

hydr ocar byl acyl - hydrocar byl ene, as well as derivatives of any of the

f or egoi ng i39ME or nore hydrogens is replaced with an equal nunber of
fluori des. 126
48. A conpound according to claim46 wherein T[err] has the formula

-G Rerr])- Gis (C[er3§ alkybrapemiaviontingitosdlaigl 36 Wheréin [™SandSL afclniled and
Rlerr] is selected fromal kyl, . al kenyl, alkynyl, cycloalkyl, aryl-fused
cycl oal kyl , ﬁ@Fbgi'?J‘@?M ?‘_"E&?‘W’,‘ emgup ‘Fga‘%r 25 F18% AT, g ulfige,

al kynyl , cydissleky lissifls ! thideties] st VihioufesC EM&@,YM&%&{“S%meMa' kyl,
biaryl, al koxy, alkenoxy, alkynoxy, aralkoxy, aryl-substituted al kenoxy or
al kynoxy, areducesn$ehifT bageicismine. oxirney hydrazing, phosphatcn phosphariates phasphdrahizd,

al kyl am no, R {] I M, NO 0 al kynyl am no,

aryl oxy, p%%‘\%!%“l?%: glﬂ#%ﬁgyﬁ%@ggﬁgyu%%ﬁbf’ﬁfﬁm bond. al kyl ,

N-aryl urea-substituted al kyl, al kyl car bonyl am no-substituted al kyl,

am nocar bonyl - subst i t-%t ed al kyl, heterocycl }/I,,
39. A compound according to claim 38 wherein the functional group is

selected from amide, ester, aminc, urea and carbamatc,

40. A compound according to claim 38 whercin L is selected from L™,
L, L=, LI, LI, 1 L% 12 and L*, wherc actinic radiation, acid, base, oxidation,
reduction, enzyme, clcctrochemical, thermal and thiol oxchange, respectively, cause the

T™-containing moicty to be cjcaved from the remaindcr of the molecule.

41. A compound according to claim 40 wherein L™ has the formula
LI-L%:L’, wherein L is a molecular fragment that absotbs actinic radiation to promote the .
clcavage of T* from X, and L' and L’ are independently a direct bond or an organic
moiety, where L' separates I.? from T** and L scparates L? from X, and neither L' nor L?

undergo bond cleavage when L? absorbs the actinie radiation.

.~ |REPLACEMENT SHEET|
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het er ocycyl -substituted al kyl, hetrocyclyl-substituted am no, carboxyal kyl
substituted aral kyl, oxocarbocyclyl-fused aryl and heterocyclylalkyl;
cycl oal kenyl, aryl-substituted al kyl and, aral kyl, hydr i

al kyl , al koxy-substituted al kyl, aral koxy- substituted ammn I"“I]ﬂﬂ“l
al koxy-sub-stituted al kyl, aral koxy-substituted al kyl, am no-substi suted
al kyl, (aryl-substituted al kyl oxycar bonyl am no) - substi tuted al kyl,

t hi ol -substituted al kyl, al kyl sul fonyl -si#dstituted al kyl,
(hydroxy-substitutcd al kylthio)-substitated al kyl, thioal koxy-substituted
al kyl , hydr ocar byl acyl am no- substi t yt ed, | Kyl q:s !

het er ocycl yl acyl am no%ﬁSubs f'atmtﬁogﬁé‘éegﬁwg% Sfaim 41 wherll- L1 has the formula:
hydrocar byl - substi t ut ed- het erocycl yl acyl am no- substituted al kyl,

al kyl sul fonyl am no-substituted al kyl, . ary s‘yl f onyl am no-substituted al kyl,
nor pho- al kyl , thi onorphol i no-al kyl, -@ I no carbonyl -substituted al kyl,
t hi onor phol i nocar bonyl - substituted al§ [N\ (al kyl, al kenyl or al kynyl) -
or N, N-[dialkyl, dial kenyl, dial kynyl or NQaal kyl ,

al kenyl ) - am no] car bonyl - substi tut e al kyl, heterocycl yl am nocar bonyl ,
het er ocyl yl al kyeneam nocar bonyl , hq.er oc¥cl yl ani nocar bonyl - substi tut ed
al kyl , het erocyl yl al kyl eneam noc®& bonyl - substituted . al kyl ,

N, N- [ di al kyl ] al kyl cneami nocar bonyl , . N, N-

[ di al kyl ] al kyl eneam m&wwnsémtimvw # by B or g biipg substiwtedwithedl’-

het er ocycl y ] - i heterocvcl yl car bonyl s.al kyl

car boxyl - su%ga'?la? E{P%Agl "é?ﬁé;‘%(%m%ggw;?f‘%?ﬁ%& 88 EB@?’?{Q ﬂi"é‘&“@?ﬂ‘%ﬂ%ﬂ%}' and
am.no aci d Busteleciidoride, Kyalrexyl,earbbxyldte or Anide;Md RAGNERGEH 6 hy@toddrByi, ne,
S-net hyl cysteine, nethionine and correspondi ng sul foxi de and sul fone
derivatives thereof, glycine, |eucine, isoleucine, allo-isoleucine,
tert-leucine, norleucine, phenylalanmne, tyrosine, tryptophan, ,proline,
al anine, ormthine, H3sti disnmpoyndaceaiding to claim 42 wherein X is —‘(f-R and R?

127 val ine, threonine, serine, aspartic acid, beta-cyanoahani ne, and

al I ot hreoni ne; alynyl and heterocyclyl carbonyl, am nocarbonyl, am do, nono-
or di al kyl aisi 3T ar b@myip, thatoeither protedisaoryactivatesod earbexylit acid for coupling with

al kyl aryl am nacar bonyl, diaryl am nocarbonyl, nono- or

di acyl ami no%‘ﬁ’%ﬁ’bﬁ&ﬂ’e} ‘aromatic or aliphatic acyl, alkyl optionally
substituted by substituents selected from am no, carboxy, hydroxy,

mer capt o, nono- or dial kyl am no, nono- or diarylamno, alkylarylam no,

di aryl am no, nmono- or¥4di adysammannd aedording/to clsitnetiowhsreinly limsofeetadhraalak oxy

thi oal kenoxyirect NiRLKY RO yard HibIRRY,! OXY nfRLeRGASECCYSE Y hydrocarbylene-(O-
hydrocarbylenc),-I1, and n is an integer ranging from 1 to 10,

45. A compound according to claim 36 wherein -L-X has the formula:

d
[} e
] b NO,
—N
| — R
R i
0

wherein onc or more of positions b, ¢, d or ¢ is substituted with hydrogen,
alkyl, alkoxy, fluoride, chloride, hydroxyl, carboxylate or amidc; and R' is hydrogen or
hydrocarbyl.

¢
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49. A conpound accordi ng to claim36 having the fornul a: [err]
wherei n Gis (CGlferr])[err] wherei n a hydrogen on-one and

only one of the CHerr] groups is replaced
with-(Cli[err])[err]-Amde-T[err]: - T[’mm”,”ﬂ'lmg’,"myare
~organic noieties of the formula Cerr]Nerr]derr]lI¥qerr eKl s rein the
sumof [err] and [err] is sufficient to s%tisfy the ot herw se unsatisfied

val encies of the C, N, and O at ons; 12 [err]
Rlerr] is hydrogen or CJerr] alkyl c is an integer ,ranging

fromO to 4, i s _defiined.ac ' Is : .
n i-s an i nteger rangi%sg fr/gﬁéép‘i"gﬁgﬂfogdﬁ%tg? kgbagh&g%eﬁlﬁs%%‘g%@erﬁgu{ahan 1, G
c, Amide, Rlerr] and T[err] are indem@qughyly sel ected.

T2 is an organic moiety formed from carbon and one or more of hydrogen,
fluoride, jodide, oxygon, nitrogen, sulfur and phosphorus, having a mass of 15 to 500
daltons; '

T? is an organic moiety formed from carbon and one or morc of hydrogen,
fluoride, iodidc, oxygen, nitrogen, sulfur and phosphorus, having a mass of S0 to 1000
dalions; _

J is a direct bond or a functional group selected from amidc, ester, amine,
sulfide, cther, thioester, disulfide, thioether, urea, thiourea, carbamate, thiocarbamate,
Schiff base, reduced Schiff’ base, imine, oxime, hydrazone, phosphate, phosphonate,
phosphoramide, phosphonamide, sulfonate, Snllfonamide or carbon-carbon bond; and

n is an futeger ranging from 1 to 50, and when n is greater than 1, cach T°
and J is independently selected.

47. A compound accotding to claim 46 wherein T* is seclected from
hydrocarby), hydrocarby}-O-hydrocarbylenc, hydrocarbyl-s_-hydrocarbylcne, hydrocarbyl-
NIJ-hydrocarbylene, hydrocarbyl-amide-hydrocarbylenc, N-(hydrocarbyl)hydrocarbylene,
N.N-di(hydrocarbyl}hydrocarbylene, hydrocarbylacyl-hydrocarbylene,
heterocyclylhydrocarbyl wherein the heteroatom(s) are selected from oxygen, nitrogen,
sulfur and phosphorus, substituted heterocyc}ylhydrocarbyl wherein the hetcroatom(s) are
se!eéled from oxygen, nitrogen, sulfur and phosphorus and the substitucnts are sefected
from - hydrocarbyl, hydrocarbyl-O-hydrocarbylene, hydrocarbyl-NH-hydrocarbylenc,
hydrocarbyl-S-hydrocarbylene, N-{hydrocarbyl)hydrocarbylcne, N,N-
di(hydrocarbyDhydrocarbylene  and  hydrocarbylacyl-hydrocarbylene, as well as
derivatives of any of the forcgoing wherein one or more hydrogens is replaccd with an

equal number of fluoridcs.
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err
1[or ;..' ‘ﬂ:‘ 1

IS su
and O
or gani
conmpoyn

xccording to c
wher eijn T[ er [ ] i Seeagda=—ar=

' wherein T[err] is an Qrganic noi ety of
err]H err]Flerr] wherein the sumof [err] and

an i nteger ranging from 0-49"
ai m 36 having th&6fornul a: [err]
Banlc noi ety of the fornula

Clerr]Nerr]Jerr]Herr]F[err] wherein the sumof [err] and [erf] is

A conmpound according to claim36 having the fornul a:

t he
[err]

vy the otherwise unsatlsflejtlm C
includes a tertiary or qu mm fan
+ 5l

sufficient to satisfyst heAoidngound eccontim tosélhiar 46 athereini TShaf the Harnfla N,

-G(RY-, G is C,, alkylene having a single R* substituent, and R® is selected from alkyl,
alkényl, alkynyl, cycloalky), aryl-fused cycloalkyl, cycloalkenyl, aryl, aralkyl,
aryl-sﬁbstiiutcd alkenyl or alkynyl, cycloalkyl-substituted alkyl, cycloalkenyl-substituted
cycloalkyl, biaryl, alkoxy, alkenoxy, alkynoxy, aralkoxy, aryl-substituted alkenoxy or
alkynoxy, alkylamino, alkenylamino or alkynylamino, aryl-substituted alkylamino,
aryl-substituted alkenylamino or alkynylamino, aryloxy, arylamino,
N-alkylurca-substituted alkyl, N-arylurea-substituted alkyl,
alkylcarbonylamino-substituted alkyl, aminocarbonyl-substituted alkyl, heterocyclyl,
heterocyelyl-substituted atkyl, hetcrocyclyl-substituted amino, carboxyalkyl substituted
aralkyl, oxocarboeyclyl-fused aryl and heterocyclylalkyl; cycloalkenyl, aryl-substituted
alkkyl and, aralkyl, hydroxy-substituted alkyl, alkoxy-substituted alkyl, aralkoxy-
substituted alkyl, alkoxy-substituted alkyl, aralkoxy-substituted alkyl, amino-substituted
alkyl, (aryl-substituted alkyloxycarbonylamino)-substituted alkyl, thiol-substituted alkyl,
alkylsulfonyl-substituted alkyl, (hydroxy-substitutcd alkylthio)-substituted alkyl,
thioalkoxy-substituted alkyl, hydrocarbylacylamino-substituted alkyl,
hetcrocyclylacylamino-substituted alkyl, hydrocarbyl-substituted-hcterocyclylacylamino-
substituted alkyl, alkylsulfonylamino-substituted alkyl, arylsulfonylamino-substituted
alkyl, morpholino-atkyl, thiomorpholino-alkyl, morpholino carbonyl-substituted alkyl,
thiomorpholinocarbonyl-substituted alkyl, [N-(alkyl, alkeny] or alkynyl)- or N,N-{dialkyl,
diajkenyl, dialkynyl or (alkyl, alkenyl)-amino)carbonyl-substituted  alkyl,

heterocyclylaminocarbonyl, ~ heterocylylalkyleneaminocarbonyl,
heterocyclylaminocarbonyl-substitated  alkyl, heterocylylalkyleneaminocarbonyl-
substituted alkyl, N,N-[dialkyljalkylcncaminocarbonyl, =~ N,N-

[dialkyl]alkyleneaminocarbonyl-substituted alkyl, alkyl-substituted heterocyclylcarbonyl,
alkyl-substituted heterocyclylcarbonyl-alkyl, carboxyl-substituted alkyl, dialkylamino-
substituted acylaminoalkyl and amino acid side chains selected from arginine, asparagine,
glutamine, S-methyl cysteine, methioninc and corrcsponding sulfoxide and sulfone
derivatives thereof, plycine, leucine, isoleucine, allo-isoleucine, tert-leucine, norleuéine,

phenylalanine, tyrosine, tryptophan, proline, alanine, ornithine, histidine, plutamine,
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and O at ons;

and T[err] includes a tertiary or quaternary am ne or an

organic acid; and mis an integer ranging from 0-49.
A conpound according to any one of clains 50 and 51-wherein--Amde-T[err]

is sel ected

[err]

127

from [err] 53. A e
any of clainms 50 and 51 wherein -Amde-T[err] is sel %mm‘ﬂ lmmi]i llil
* c L | S *

valine, threonine, serinc, asparlic acid, beta~-cyanoalanine, and allothreonine; alynyl and
heterocyclylcarbonyl, aminocarbonyl, amido, mono- or dialkylaminocarbonyl, mono- or
diarylaminocarbonyl, alkylarylaminocarbonyl, diarylaminocarbonyl, mono- or
diacyiaminocarbonyl, aromatic or aliphatic acyl, alkyl optionally substituted by
substituents selected from amino, carboxy, hydroxy, mercapto, mono- or dialkylamino,
mono- or diarylamino, alkylarylamino, diarylamino, mono- or diacylamino, alkoxy,

alkenoxy, aryloxy, thicalkoxy, thicalkenoxy, thioalkynoxy, thioaryloxy and heterocyclyl.

49. A compound according to claim 36 baving the formula:

T

|
Amide

l
o CHy

|
G L
f)lfli:’ jﬁ; X
Rl o

wherein

G is (CIL),.s whercin a hydrogen on one and only one of the CH, groups is
replaced with-(CIL).-Amide-T"; '

T? and T* are organic moicties of the formula C1.2sNg 0o, 11 Fy wherein the
suin of @ and B is sufficient to satisfy the otherwise unsatisfied valencies of the C, N, and
O atoms;

T R
Amide is—lf—C—- or ——-C—I;I—;
. l Rl

R' is hydrogen or C, , alkyl;
c is an integer ranging from 0 to 4;
X is defined according to claim 1; and

n is an integer ranging from 1 to 50 such that when n is greater than 1, G,
¢, Amidc, R! and T* are indcpendently sclocted.
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54. A conpound according to claim46 wherein T[err]~has-the-structure
whi ch results when one of the follow ng organl C aC| densed with an
anine group to formTlerr]-C(=0-N(Rerr])-: Fornm m; ﬂmﬁ"![t“m’ i d,
Propiolic acid, Propionic acid, Fluoroaceti ¢ aci d,

Cycl opropanecar boxylic acid, Butyric acid, Met hoxyacetl c acid,

Di fl uoroacetic acid, 4-Pentynoic acid, | obut anccar boxyl i c acid,
3,3-Dinethylacrylic acid, Valeric aci d D net hyl gl yci ne,

N Fornyl -d y-OH, Et hoxyaceti c acid, (I\/bt hyl t hi o) aceti c acid,

Pyrrol e-2-carboxylic id, , lic acid,

t rans- 3- Hexcnoi ¢ aci dﬁpTrl %@ggﬁ%‘g mé%%ﬁg%‘g?%ﬂlggt%g%c Ay-al,
2- Hydr oxy- 2- met hyl but yric aC| d, Benzzc acid, Nicotinic acid, 2-

Pyrazi necarboxylic acid, 1-Methyl-2-gyrrol ecarboxylic acid,

2- Cycl opent eno-1-acetic acid, Cycl opénidel acetic acid,
(S)-(-)-2-Pyrrolidone-5-carboxylic adld N-Met hyl -L- proline, Heptanoic
acid, Ac-b-Ala-OH 2-Ethyl-2-hydsoxy®bkkr; gpid, 2-(2-
thhoxyethoxy)acetlc acid, p-Tolpic dci d, *6- hyl ni coti ni c acid,

5- Met hyl - 2- pyra2|necarboxyl ,ag$ﬂ 6#,,ci&rrole-S-carboxylic aci d,
4- Fl uor obenzoi c acid, 3,5- D hy sox e 4 car boxylic acid,

3- Cyclopentylproplonlc aci d, Cbtané ic axi d,(CH) D et hyl succi nam ¢ aci d,
Phenyl propiolic acid, C nnamc acit, 4- Ethy begz0|c acid, p-Anisic acid,
1, 2, 5- Trlnethylpyrrole 3-carboxylic acid, 33 or o- 4- nethylben20|c aci d,
Ac DL Propar gyl gl yci ne, 3- (Trlfluoronethyl)qﬁtyrlc aci d,

1- Pi peri di nepropionic acid, N Acetylproline, 3,5- Di f I uor obenzoi ¢ aci d.
Ac- L-Val - OH, 1 ndol e- 2- carboxylic acid, 2- Benzofurancarboxylic aci d,

Benzotri azol e-5-car bo id. 4-n-Pro n C.a

Di et hyl ani nobenzoi ¢ é%erlaﬁ ﬁgﬁﬁ&@ﬁg % g?* é‘ouqf"l? ﬁgﬁwﬁ»ﬁ& BESTER
acid, N (2- tesufyé)dhdch BanfitidnMry sasfy eothiraiaé uiatisfRdivilencies of the C, N,

3- Fl uor o-4- et hoxybenzoi ¢ acid, Tfa-dy- OH 2-Napthoic acid, Qui nal di c

acid, Ac- L- PREOGmS ARl I jncludeon tertiy. of gatepiant amise gr aporganic acid; and m is

Qui noxal i negﬁtmﬁgé 8% Met hyl i ndol e- 2- carboxylic acid,
236Tr|fluoroehh€lg agﬂid For nmyl - L- Met - OH,

2-[ 2- (2- Met hoxyet hoxy) et hoxy] aceti-c acid, 4-n-Butylbenzoic acid,
N-Bcnzoyl gl yci ne - or o} ndol e car poxyl i c d, 4-n-Pro oxyben20| c
acid, 4- Acetyl - &P@PW& v%&!@qxsglhmgg the formufa:

3, 5-Di net hoxyben20| c acid, 2,6- Dinethoxynicotinic acid,

Cycl ohexanepent anoi ¢ aci d, 2-Naphthyl acctic acid, 4-(1H

Pyrrol -1-yl)benzoic acid, Indol er43 propi onic acid, mTrifluoronethyl benzoic
acid, 5- Methoxyindol e-2-carboxyli¢c acid, 4-Pentylbenzoic acid,

Bz-b- Al a-OH, 4- Amide

o) (éuz)c Y‘l | 0

wherein T° is an organic moiety of the formula C; ;,N,.;0,,H,F, wherein
the sum of @ and B is sufficient to satisfy the otherwise unsatisfied valencics of the C, N,
and O atoms; and T° includes a tertiary or quaterary amine or an organic acid; and m is
an integer ranging from 0-49.

A R @ [
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131 Di et h | am nobenzm ¢ acid, 4-n-But oxybenzoic acid,
, carboxylic acid, (3,4-D net hoxyphenyl )acctic
=ic acid, Pivaloyl- Pro-OH, Octm['l-GyC]-l

xy) acet! aC|d f Indol e-3-butyric acid, 4- yl am, ﬂ,’,

(Trifl ronz@m yfagetic _acid, = °5-Met hoxyi nd

4- (Trigf ljuor omet hoxy) bgnzoi c aci d, Ac-L- PEs ‘OH, 4-Pentyl oxybenz’bl ¢ a
Z-dy- CASTCArpoRy = (fur - 2- ylmathyl)py‘ ol i di n- 2- one,
3,4-Di penzoic acid, 2,4-Dinethyl-5- Cqerr] Et-pyrrole-3-carboxylic

acid, N " - Fl uor ophergyl )s§c gﬁm aBfing 13 4ny-onk' bge%mg%yggang’,gg;' Gacid,

N- Phenyl anthranilic acrd oxybenzoi c aci d,” Nonan
2- Phenoxypyrwﬂtm-ﬁmdar’ﬁ’axydlecmcdfanmd 2,5-Di net hyl - 1- phenyl pyrrol e- 3-
carboxylic acid, trans-4-(Trifl uoronet hyI ) ci nnam ¢ aci d,

(5- Met hyl - 2- pheny.l oxazpt-¥- yl)acctic acjpgdn4-(2-Cycl ohexenyl oxy) benzoi c
aci d, 5-Met hoxy l'i pdpl e- 3-aQgt ACi Wy '(ﬁﬂt' ecar Roxylic
aci d, Bz-5-Aninovalleri CNdcid, 4-Hexyllox Q)o cé'g-glé m@ e %

N- ( 3- Met hoxyphenyl )‘%ucc%‘ﬂ n¢c acid, 9-sar-O

4- (3, 4- Di met hoxyphenyl ) bty 0L aci d Ac- o- FI uor o- DL Phe-

N- (4- Fl uor ophenyl ) gl utaram c ;am:d 4' - Et hyl -

yl car boxylic
acid, 1, 2, S—AM&-hiﬁyd-rQ)e)edel negar bodyil C‘(Coatﬁia .
Phenoxyphenyl aceti coam d, N (2, | uor ophgnyl ) succi aci d,

N- Decanoyl -@y-Q 1,  (+)-6- Met hoxy a- et hyl - 2- napht hal eneaceti c acid,
3-(Trifl uoronet hoxy)C| nnami ¢ aci d, N Fornyl-DL-Trp- OH,

(R -(+)-a-Methoxy-a-(tyifl or onet h pheny| aceti¢c acid, Bz-DL- - OH,
4-(Trifluoromefm pRenoxyhcdtic eolw)) id, Aeptyrl k‘?b— oT 10T 233, 4-
Trimet hoxycinnamc Q9 aetd, 2, 6- Di met hoxybenzog - d y- OH, 3,4, 5-

Tri met hoxyphenyl ) propionic acid, 2,3,4,5,6-Pentafl uorophenoxyaceti c*acid,
N-(2,4- Difluorophenyl)glutaram c acid, N Undecanoyl-d y-OH,

2- (4- Fl uor obenzoyl ) benzoi c acid, 5-Trifl uoronethoxyindol-e-2-carboxylic
acid, N (2,4-Difluorophenyl)digl ycoI amc acid, - Ac-L-Trp-OH,

Tf a- L- Phenyl gl yci nc 3-J1 odobe

Pent yl benzoyl ) pr opi O$é aci‘t OB W%’a‘&;?%aw ﬁgcﬁmx% apd 3)j yherein

4- Cect yl oxybemﬁi&.ﬁ@alecﬁaﬁlgnﬁ/bt OH, 3,4,5-Triethoxybenzoic acid,
N-Lauroyl -dy-OH, 3,5- Bis(trifluoronet hyI ) benzoi ¢ acid,
Ac- 5- Met hyl - DL- Tr p- OH, 2 Iodophenyl tic acid, 3- Iodo 4- e | benzoi c

acid, 3-(4-n-Hexylb ionigf a§yd, NI %an -
4- Nonyl oxybenzoi c a%ﬁf T%l? oro thyr)_ &) Xyl N acid,
Bz-L- Phe-OH, N-Tridécanoyl - ==/3, 5- Bi SC(tI’If| uor orreth henyl aceti c
aci d, 3-(4-n- ' |
~—CNH—(C,—C %, —CNH—(C,—C ;
@N © ,o@, fN Cr—Co—N O
Cr—Cw) (fl_cw)
N
o ' 3 —]
Vam
—CNII—(C;—C1)—N(C—Cyl;  —CNH—C;—Cio—N |,
H g \ ?
—CN N(C;—Cyo) ; and NAANH
A s
O
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ni c acid, N-Hepytanoyl-L-Phe-0OH, 4-Decyl oxybenzoic

i32 | Hﬁ:_m_)d_tzenzmd

aci d, p-mtolyl)anthranilic acid, Niflumc acid,
4-(2- H c%gw S I $opropyl ) benzoic aci d, Jw

3-(4-n4 Q@ctyl benzo pfopi oni c acid, N Cctanoyl-L-Ph "m"mlmﬂl[!'_‘o_<

4- Undegyl oxz | ctd] 3- (3, 4,5-Trinmethoxyphenyl)propi ohyl* Qsy-

8- | odojaphthqi.c acid. N Pent adecanoyl -OH, 4-Dodecyl oxybenzoi c acid,

N- Pal mjt oyl - 3@ y-OH, and Stearoyl -3 y- 55. A corrpound
accor di i rein MJ is sel ected from protein, pept,ide,

ol i gosaccharide, antgspodya &aipbﬁﬁnacc&a &oﬁﬁmﬂru%mivh&hhcl"q{aﬂaﬁ& StriBRicgC Ul es.
56.° A conposition conprising a pair ounds of the formnula:

[err] which results whign oge pf the following orgamc a Riscip pc}ndie@scé Withragamine smbmp
det ect abl e @yrﬁ i T Icgﬁéﬁéx@g HEL r%m%ﬁ&?@ | 5deld a ?ﬁt ? %t mfaﬁ%%;%@

hydr ogen an option ons se rom [0)'¢ r'ogen

sul fur, phaswicdcetc aaid,i edButpioic acid, Cyclopropankcadrboxglic Oﬁmnlmngmlmd(ml ch
allows a T[err]-containj Eﬁﬂml ety to be cleaved, fromthe renai nder_ of the

. conpound, Wigh&nactieci hfiyareasricnsd. @PW@WC%@FkEM@%@ﬁ%W&I gr oup
hich SUPPOYY BideiBalR | 81, Yadan0s, SN SmlhRutli, CRPAHBIGh ORIV oot od

to nass spect ronetty and 1S selected fromtert am’ ne, ternary amne
and or gani d—tbaxydqeuc acnd (Mcthylthio)ad€lic jagida Pmuqlb-érqaﬂmsylcb fac!dg Adivroivhaidgi n L is

the compoutEeBic-SREBEIE wit) FaphHeHeRE i THABPeRal SRS Hoxphaie i
|n gﬁn;t 11 g z;![ | ﬁggﬂgﬁs Mﬁgmxyfﬂ-m@ﬂiﬂbb@ﬁ@ B38| BeRDiNNEIE NIBothiS aridl -
Pyrazinecarboxylic acid, 1-Methyl-2-pyrrolecarboxylic acid, 2-Cyclopentenc-1-acetic
acid, Cyclopentylacetic acid, (S)-(-)-2-Pyrrolidonc-5-carboxylic acid, N-Methyl-L-
proline, Heptanoic acid, Ac-b-Ala-OH, 2-Ethyl-2-hydroxybutyric acid, 2-(2-
Mcthoxyethoxy)acetic acid, p-Toluic acid, 6-Methylnicotinic acid, S5-Methyl-2-
pyrazinecarboxylic acid, 2,5-Dimcthylpymole-3-carboxylic acid, 4-Fluorobenzoic acid,
3,5-Dimethylisoxazolc-4-carboxylic acid, 3-Cyclopentylpropionic acid, Octanoic acid,
N,N-Dimethylsuccinamic acid, Phenylpropiolic acid, Cinnamic acid, 4-Ethylbenzoic acid,
p-Anisic acid, 1,2,5-Trimethylpyrrole-3-carboxylic acid, 3-Fluoro4-methylbenzoic acid,
Ac-DL-Propargylglycinc, 3-(Trifluoromethyl)butyric acid, 1-Piperidinepropionic acid, N-
Acctylproline, 3,5-Difluorobenzoic acid, Ac-L-Val-OH, Indole-2-carboxylic acid, 2-
Benzofurancarboxylic acid, Benzotriazole-S-carboxylic acid, 4-n-Propylbenzoic acid, 3-
Dimethylaminoben»oic acid, 4-Ethoxybenzoic acid, 4-(Methylthio)ben=oic acid, N-(2-
Furoyl)glycine, 2-(Mcthylthio)nicotinic acid, 3-Fluoro-4-methoxybenzoic acid, Tfa-Gly-
OH, 2-Napthoic acid, Quinaldic acid, Ac-L-Ile-OH, 3-Methylindenc-2-carboxylic acid, 2-
Quinoxalinecarboxylic acid, I-Methylindolc-2-carboxylic acid, 2,3,6-Trifluorobenzoic
acid, N-Formyl-L-Met-OH, 2-[2-(2-Methoxyethoxy)ethoxylacetic acid, 4-n-Butylbenzoic
acid, N-Bcnzoylglyciﬁe, S-l’[uomiﬁdolcrz-carboxylic acid, 4-n-Propoxybenzoic acid, 4-
Acetyl-3,5-dimethyl-2-pyrrolecarboxylic  acid, 3.5-Dimelhoxybcnzoic' acid, 2,6-
Dimethoxynicotinic acid, Cyclohexancpentanoic acid, 2-Naphthylacctic acid, 4-(1H-
Pyrrol-1-yl)benzoic acid, Indole-3-propionic acid, m-Triflucromcthylbenzoic acid, -

Methoxyindole-2-carboxylic  acid, 4-Pentylbenzoic acid, Bz-b-Ala-OH, 4-
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133 ACEMEﬁT SHEET conposi tion conprising a pair of compounds of

theforrm [err]

wher ei n, [er¥] is an organic group detect

spectrometr zqmm caf bon, at |east one of hydrogeﬁmﬂhmmmmnmnd
opti onal t(ns sel ected fg§of oxygen, nitrogen, sul fur, phdsphortus *and *

I odi ne; - L Is &n organic group whi ch alloms a

T[err]-cortai ni ng_npi.ety-t-esbe cl eaved ben1the remai nder of the conpound,

wherein thée T|[err]-containing noiety conprises a functional group which

supports a s§i .Lani rq t C dto
mass spect r@&“ﬁfﬁﬂ@ﬂgﬁ%@"?sé{‘@ctﬁe}%ﬁ*’%{%@. aa?{? a%'ﬁ% q?ugf%?ﬁgﬁﬁa no and
organi c aci dubuxyhc acid, (3 4—Dxmem&ypt&nﬁ)aww &id; mphhn&rcwmnk aslde Piialoyl- 1S
conjugated to ﬁt ot her than the 3' end of

t

: d.
the conpountre- ‘Blf ganoyl-ClyiQFe  GNaphtbmeacsie T’%"éfr F““?"o??rg%t)’fi‘hnﬂ"—iﬁav%
i denti cal Q‘Hﬁ &ﬁﬁﬂ%ﬁ%la@éﬂé WO zﬂﬂﬁe pg%&h&};ﬂ%ﬂﬁa&eﬂ@ baggs ar .

non-i dentic onposi tion according to clalmany
of cl ai ms 5@ nﬂuommethow)bpmzom wgi aAqaﬂ»BhaDiH.yl Rﬂnyﬂdxebmommd Z-Gly-OH, 4-

A conposi ti C ny, of or .57 rls
pI urality g? ‘?’ ggﬁ"%'ﬁ G’yg 2’B%§£hn§“‘5¥ %‘W‘"% c‘h{’}’ “eic
aci ds i nmobgp mqgn@re-ﬁc@wyﬂcsuaaert NA(@@I&H@}.&%&:&WW ozfc;& hespjgirality
of nucleic aC|ds has. a basé sequence that is exactly conplenentary to one

menber of ehdmehpxybrezoismagid, N-P enylanuuamhc acid, 3-Phenoxybenzoic acid, Nonanoyl-
Gly-OH, 2-Phenoxypyridinc-3-carboxylic acid, 2,5-Dimethyl-1-phenylpyrrole-3-

carboxylic acid, trans-d-(Trifluoromethyl)cinnamic acid, (5-Methyl-2-phenyloxazol-4-
yhacctic acid, 4-(2-Cyclobexenyloxy)benzoic acid, 5-Methoxy-2-methylindole-3-acetic
acid, trans-4-Cotininecarboxylic acid, Bz-5-Aminovalcric acid, 4-Hexyloxybenzoic acid,
N-(3-Mcthoxyphenyl)succinamic acid, Z-Sar-OH, 4-(3,4-Dimcthoxyphenyl)butyric acid,
Ac-o-Fluoro-DL-Phe-OH, N-(4-Fluorophenyl)glutaramic acid, 4'-Gthyl-4-
biphonylcarboxylic  acid,  1,2,34-Tetrahydroacridinecarboxylic ~ acid,  3-
Phenoxyphenylacetic acid, N-(2,4-Difluorophenyl)succinamic acid, N-Decanoyl-Gly-OI1,
(+)-6-Methoxy-a-methyl-2-naphthaleneacctic acid, 3-(Trifluoromethoxy)cinnamic acid,
N-Formyl-DL-Trp-OH, (R)-(+)-a-Mcthoxy-a-(trifluoromcthyl)phenylacetic acid, Bz-DL-
Len-OH, 4-(Trilluoromethoxy)phenoxyacctic acid, 4-Heptyloxybenzoic acid, 2,34-
“Trimethoxycinnamic acid, 2,6-Dimcthoxybenzoyl-Gly-OH, 33,4,5-
Trimethoxyphenyl)propionic acid, 2,3.4.5,6-Pentalluorophenoxyacctic acid, N-(2.4-
Difluorophenyl)glutaramic  acid, N-Undecanoyl-Gly-OH, 2-(d-Fluorobenzoyl)benzoic
acid, S-Trifluoromethoxyindole-2-carboxylic acid, N-(2,4-Difluorophenyl)diglycolamic
acid, - Ac-l-Trp-OH, Tfa-L-Phenylglycine-OH, 3-lodobenzoic  acid,  3-(4-n-
Pentylbenzoyl)propionic acid, 2-Phenyl-4-quinolinecatboxylic acid, 4-Octyloxybcnzoic
acid, Bz-L-Met-OH, 3,4,5-Triethoxybenzoic acid, N-Lauroyl-Gly-OH, 3.5-
Bis(trifluoromethyl)benzoic acid, Ac-5-Mcthyl-DL-Trp-OH, 2-Jodophcaylacetic acid, 3-
Iodo-4-methylbenzoic acid, 3-(4-n-Hexylbenzoyl)propionic acid, N-1lexanoyl-L-Phe-OH,
4-Nonyloxybenzoic acid, 4'-(Trilluoromethyl)-2-biphenylcarboxylic acid, Bz-L-Phe-OH,
N-Tridecanoyl-Gly-OH,  3,5-Bis(trifluoromethyl)phenylacctic acid, 3-(4-n-
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60. A conposition conprising a plurality of conpounds having the

f or mul a: wher ei n, T[err] is an organl C group
det ect abl e by nass spectronetry, conprising carben, at

hydr.ogen and fluoride, and optional atons sel ected fr Mm
sul fur, phosphorus and i odi ne; Lis an orgaﬁlctgrm

allows a T[err]-containing noiety to be ¢cleaved fromthe remainder of the
conpound, wherein the T[err]-containing H%iety conprises a functional group
whi ch supports a single ionized charge state when the conpound i s subjected

"o gany By Aloh B8 HRILAOMIAL AR X RBRE AL SLITN ST 1
and the pl ugogdjottyifloaopn-tagl3antiradika s t 4aaﬂ t he mm:ﬂunds s&id;h havd{pg non-
I denti cal

T . . 61, A t di t | ai
60" wher oi n RRESORorsopergbengsie; 10w, N Wbestoy- 8850 1 o " "
mutation ané&%ﬁi&&oﬁ?ﬂﬂ&bﬂoﬁk”@m& N—QEﬁﬁdﬁJ‘-ﬂfc—mnW%ﬂﬁ:&ﬁ xybRizZdicC Qefa2i Jner

conprising a pair of conpounds of f or nul
[err] (3.4 S—Tnmethmwhenyl)prop1onyl-Gly-0H 8-Iod${xayhﬂxplc |aslda rN-«B‘:lgaducmoglLOUp

hycr ogen andirDHoFPRACHERIPgRTE Bt Ree LahERlloa AT SIrRBITAbROR. - ogen

sul fur, phosphorus and |od|ne L is an organic group which
allows a T[err]- contalnlng noi ety to be cleaved fromthe remai nder of the

conpound, wherei n t h&5T[ ey qoreronrdinospidingtoctaing 36 ovhsrain MOLis selected foml gr oup
Whi ch SUPPOLLEiR Slddak.e ofigsbhdchiskide AndBody. Ahrtig¥C Brubl CardO WARAR ofaanic

moleculcs.

56. A composition comprising a pair of compounds of the formula:
T™-L-MOI

wherein,

T"“' is an organic group detectable by mass spectrometry, comprising
carbon, at least one of hydrogen and fluoride, and optional atoms selected from oxygen,
nitrogen, sulfur, phosphorus and jodine;

L is an organic group which allows a T™-containing moiety to be clcaved
from thc remainder of the compound, wherein the T™-containing moiety comprises a
functional group which supports a single ionized charge state when the compound is
subjccted to mass spectrometry and is selected from tertiary aminc, quatemary amine and
ocganic acid;

MOI is a nucleic acid frapment wherein L is conjugated to MOI at other
than the 37 end of the MOI and

thc compounds of the pair have non-identical T™ groups, and have

identical sequences cxcept at one basc position where the bascs are non-identical.
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135 subj ected to mass Spectronetry and is sel ected fromtertiary am ne,

quaternary am ne and organi ¢ acid; and M3. is_a nucleic acid
fragment wherein L is conjugated to MJ at other th the 3' end of the
MO ; such that t he conpounds of each &, m,m’m tical
T[err] groups, and have identical sequences except ”m;
position where the bases are non-identicgh A kit

according to claim62 wherein the plurali ty is at |east 3.
64. A kit according to claim62 wherein the plurality is at |east 5.
57. A composition comprising a pair of compounds of the formula:

*-I.-MOI
wherein,

_ T™ is an organic group detectable by mass speﬁ!rometry, comprising
carbon, at least one of hydrogen and fluoride, and optional atoms sclected from oxygen,
nitrogen, sulfur, phosphorus and jodine;

L is an organic group which allows a T™-conlaining moicty to be clcaved
from the rcmainder of the compound, wherein thc T™-containing moiety comprises a
functional group which supports a single ionized charge state when the compound is
subjected to mass spectrometry and is selected from tertiary amine, quaternary aminc and
organic acid; |

MOl is a nucleic acid fragment wherein L is conjugated to MOI at other

than the 3’ end of thc MOI; and .

the compounds of the pair have non-identical T™ groups, and have
identical scquences cxcept at two base position where the bases arc non-identical.

58. A composition according to claim any of claims 56 or 57,
comprising a plurality of the pairs.

59. A composition according to any of claims 56 or 57, comprising a

~ plurality of the pairs, and an equal plurality of non-identical nucleic acids immobilized on

a solid support, wherein cach member of the plurality of nucleic acids has a base sequence
that is exacily complementary to one membcr of éach of the pairs. |

-
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60. A composition comprising a plurality of compounds having the

formula: | A
™-1.-X

wherein,

™ is an orgaﬁic group dctectablc by mass spectrometry, comprising
carbon, at least one of hydrogch and fluoride, and optional atoms selected from oxygen,
nitrogen, sulfur, phosphorus and iodine;

L is an organic group which allows a T™-containing moicty to be cleaved
from the remainder of the co;'npound, wherein the T™-containing mdiety comprises a
functional group which supports a single jonized charge state when the compound is
subjected b mass spectrometry and is selected [rom tertiary amine, quatcrnary amine and
organic acid; _ .

X is MOI excluding a nucleic acid fragment,

- and the plurality compﬂscs at least 4 of the compounds, cach having non-
identical Tms groups. '

61. A composition according to claim 60 whercin the plurality is at
Jeast 10.

62. Akit fbr mutation analysis comprising a plurality of containers,
each container comprising a pair of compounds of the formula:
T™-L-MOI
wherein,

. T™ is an organic group detectable by mass spectromctry, comprising
carbon, at jcast one of hydrogen and fluoride, and optional atoms selccted from oxygen,
nitrogen, sulfur, phosphorus and iodine;

L is an organic group which allows a T"'-containing moiety to be cleaved
from the remainder of the compound, wherein the T"-containing moiety comprises a
functional group which supports a singic ionized chargc state when the compound is

¥
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subjected to m#ss spectrometry and is selccted from tertiary amine, quaternary amine and
organic acid; and '

MO is a nucleic acid fragment wherein L is conjugated to MOI at other
than the 3” cnd of the MOI; such that

the compounds of cach pair have non-identical T groups, and have

identical scquences except at one or two base position wherc the bascs are non-identical.
63. A kit according to claim 62 whercin the plurality is at lcast 3.

64.  AKit according fo claim 62 wherein the pluralitly is at least 5.

29w w5 |
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