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placed in the ion source of a mass spectrometer. The malrix is vaporized by a short laser pulse
and the analyie molecuie is thereby transported into the gas phase in a non-fragmented state. The
analyte moiecule is ionized by colliding and reacting with the matrix ions generated at the same
time. A voltage is applied which accelerates the ions into a fisld-free flight tube. Due to their
different masses, the ions in the ion source are accelerated to different speeds with the smaller
ions reaching the detector earlier than the larger ions. The varying times of flight are converted
into the different masses of the ions.

‘An alternative method for ionizing an analyte is electrospray {or ES). Like MALDI,

electrospray allows for the ionization/vaporization of polar molecules. Initially the sample of



The present disclosure provides processes and compositions for improved analysis by mass
spectrometry. Provided herein are mass spectrometric sample preparation methods that 20reduce or
minimize adduct formation in a cost effective and easy-to-implement manner that does not otherwise
disrupt the ionization, mass analysis or detection of sample ions. The improved methods and
compdasitiessiotitbentistipsareabatwiosrearier ddentifiention andippastificationigéanatyteipeaks,
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methods and compositions of the disclosure allow for easier identification and quantification of
analyte peaks, thereby increasing the number of correct calis. These improvements prove
particularly useful for samples contaminated with sodium and/or ammonia salt, as well as samples

25  with low analyte concentrations. In certain embodiments, described hereafter is the use of
ascorbic acid, or a salt, tautomer or analog thereof, as an adduct-reducing additive that decreases
the presence of adducts in the mass spectra, and increases the signal to noise (s/n) ratio. While
embodiments of the disclosure will refer to using “ascorbic acid” hereafter, it is understood that the
person of ordinary skilt in the art can use ascorbic acid, ascorbate, a salit thereof, a tautomer

30  thereof or an analog thereof (described hereafter) in methods and compositions described herein.

In one aspect, the disclosure provides a method for reducing adduct formation in a sample

comprising an analyte to be analyzed by mass spectrometry comprising the step of adding an
adduct-reducing additive, which comprises ascorbic acid, to the sample prior fo analysis of the
analyte by mass spectrometry. In a related embodiment, the adduct-reducing additive may further
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reducing additive to the analyte (as well as the matrix) prior to analysis of the analyte by mass
spectrometry In a related embodiment, the adduct-reducing additive may further comprise 20
ammonium oxalate In some embodiments, the matrix composition comprises 3-hydroxypicolinic acid
(3-HPA), di-ammonium citrate (DAC), or a combination thereof. In certain embodiments, the analyte is
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25  for use in mass spectrometry comprising the step of depositing a matrix material comprising an
adduct-reducing additive on the substrate, wherein the adduct-reducing additive comprises
ascorbic acid. in a related embodiment, the adduct-reducing additive may further comprise
ammonium oxalate. In another related embodiment, the method further comprises the step of
sealing the substrate. Methods of sealing a substrate include, but are not limited to, conditions

30 effected by packaging processes, such as vacuum sealing and heat sealing, for exampie. In some
embodiments, the method further comprises the step of treating the substrate with an agent or gas
to minimize oxidation. In certain embodiments, the substrate is flushed with an inert gas, for
exampie argon, prior to being sealed. In certain embodiments, the substrate is sealed and/or

packaged o limit or eliminate exposure to light or UV radiation prior to analysis by mass



sealed and/or packaged to limit or eliminate exposure to light or UV radiation. In certain embodiments,
the composition is sealed and/or packaged to maintain a given pH. Also provided herein is a
method for preparing an analyte for mass spectrometry analysis, which comprises: (a) contacting a
solution comprising an analyte with a composition comprising 25ascorbic acid, or a salt, tautomer or
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spectrometry offers a highly accurate and sensitive way to measure the molecular mass of analytes
such as nucleic acids and peptides. Mass spectromftry thereby provides a powerful tool for the
analysis of otherwise difficult-to-measure molecules. However, the presence of unwanted adduct
products can make it difficult to accurately detect and analyze an analyte, especially low abundance or
low mass analytes. The problem is further compounded when multiple analytes are detected in a
single mass spectrum as part of multiplexed reaction.



Adducts form when ions, typically cations, associate with biomolecules under mass spectrometry
conditions, thereby creating unwanted mass peaks. Any part of the sample processing (e.g.,
biochemistry, gamplgohandling, sample dispensing, etc), sample cleanup {&-8+384IRg; fesin) sample
ionization, or sample detection may contribute to the formation of adducts. In the case of
matrix-assisted laser desorption/ionization (MALDI) mass spectrometry, the matrix material itself may
serve as a source of adduct formation. For example, a mixture of 3- hydroxypicolinic acid (3-HPA) and
di-ammoniumcitrate (DAC) is often used as an effective UV-matrix for MALDI-based nucleic acid -
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DNA, acyeletiuaiegtides and other such analogs and derivatives or combinations thereof.

Nucleotide analogs contained in a polynucleotide can be, for example, mass modified nucleotides,
which allow for mass dlfferentlatlon of polynucleotides; nucleotides containing a detectable label such
as a flucres ¥dscent or chemiluminescent label, which WO
2009/091841PBGU%@%/@&%&MW&%MMMBM a pohaugledsitiesigionudesiddesTeNtaining a
reactive greLIR fECETRS GIIRPY &,UH0) druy it whigh é%ﬁ%e%m!a%ﬂ@&%&ﬂ!z 9h ARAPUEIgarde to a

solid support. A palynucleotide also can contain one or more backbone bonds that are selectively
cleavab R SRS SR Al S U RBRRIRH i Mniied (P er r el R Gy O R Bk e TR HB RfReleatide can
include &éAgbdpanore deoxyribonucleotides, followed by one or more ribonucleotides, which can be
followed by one or more deoxyribonucleotides, such a sequence being cleavable at the ribonucleotide
sequence by base hydrolysis. A polynucleotide also can contain one or more bonds that are relatively
resistant to cleavage, for example, a chimeric oligonucleotide primer, which can include nucleotides
linked by peptide nucleic acid bonds and at least on@ nucleotide at the 3' end, which is linked by a
phosphodiester bond, or the like, and is capable of being extended by a polymerase. Sample As
used herein, "sample" refers to a composition containing an analyte to be analyzed. In certain
embodiments, the sample is from a "biological sample". A biological material is generally considered
any material obtained from a riving source (e.g. human, animal, plant, bacteria, fungi, protist, virus)).

The biological sample can be in any form, including solid materials (e.qg. tissue, cell pellets and
hinonciac) and hinlaaical flinnde (e Aa 1irine hlond <alivva amniotie flinid and moirith wach (econtainina




WO 2009/091841PCT/US2009/031020 free radical scavenger additives described herein for the
improved mass spectrometric analysis are described by Li et al. (Rapid Comm. Mass Spectrom.
12:993-998 1998(j M.G. Fitzgerald and L.M. Smith (Annu. Rev. Biophys, Biomol. Struc. 1995.
24:117-40), R KEHaREH et al. (Mass Spectrometry Reviews, 1996, 15, ggqg%zogﬂ/(gfl Vhich are
hereby incorporated by reference), and examples of matrices include, without limitation,
2,4,6-trinydroxyacetophenone (THAP), anthranilic acid, nicotinic acid, salicylamide, 1-isoquinolinol,
T-2-(3-(4-t-Butyl-phenyl)-2-methyl-2- propenylidene)malononitrile (DCTB), sinapic acid (SA), dithranol
(DIT), 3-aminag@inbknewiransass ipaoleacdicsadist (LAA), 12e(ds medtoxyip bemylketizo) henzoiccaidid
(HABA), sHECNE; 301 & dinydepacaiorhrnane, R ic.and: salfeic arid. alvgerland niroaniline

The mairix material may be combined with additive(s) or analyte(s) prior to or after matrix is deposited
on a sub&EE VRGP R UHeCEmMBRRTSETRES Ttrix of light-absorbing material, the matrix is
generally preseri.ift exoess maﬁ\ﬁeqanhe m;&mdﬁh&niao@pbrg&mm@a&&iytm&ﬂot&spt&@dmaome
form intg the usuialik Godwalling MAtb MY STiasiRA ALY SEHERLIQNy 91 BEIRASLIS fhs:

boundary surfaces between the small matfrix crystals, is advantageous for the MALDI process. In some
embodi ¢ THEHARANDR IS P K RF At PHSE S AARSE M RSB (GNFthe combined matrix

materiaPaeteitility@itition is deposited on the substrate where it crystallizes. In various

embOdimem&#’Rﬁ@%ﬂ%ﬂ@@%@%ﬁ&mﬁrﬁé@%@ﬁ&itﬁ&ﬂ% Risergiaspatn By dissalvdng thedvatrix in a
solution comprising ascorka,?. acid ?nd a skutable solvtent,_ such as %f&)ﬂ%e Lesulggaiol%tiop is
depositdlf & R AT DT Qi MR RN E THE DAt RN B EAR S T K Facltls ERARBEYth that
the mathg#scombi@iagicosiivrivaasionicd! ihabnivatasi®N i Bnrebabbtiffent, ascorbic acid serves as
the matrix material - either alone or in combination with other matrices. Various methods can be
used fob%(?é?}oaign%ctged&atrix, additive or analyte to a substrate. In one embodiment, the application of
each el eparate steps. For example, the matrix material can be preloaded on a

substrate and Wrsasafpessy befatiediahy el dimardsiptsiNappy opmeaeshisiibcorpessiig
apparathz4e & apisaeclaciiiss pinnebdispansipgoteyicasisssenemenarinenisoilligglgments are

deposited in ination. Faor example, th rix and additive can be first combined (i.e., dissolved in
e R B B G T e oo
embodifiemy2aiPH RIS RFslYBiRRtiNe B EsHEREER BECHIRiNEaE AR YEB A2 ming crystals
of matrixsgethensoiventayangr atesy suhseqagntdepasiiion @h analyte seluionrazdophef the dried
matrx fieiisd'sRAEl disspitnn of i dileddnatis depest and EeigRsIaLEalan gl the re dissolved
matrix with the analyte. In certain embodiments, adduct-reducing additive is directly utilized as a
matrix materiaf S LB BRBBHIHRIARYY FRiCRRuGeErEatTaHY SRATRRSHeaHITASH B&SE component of
a matrixspAtBae/ @8 d4dRCHAES2 GOH DR 020amatbmaksMeatix. Matepat ivf fensergritbodiments
include it [ a&g@%eh AasshshREC ' rials
descnbi’&q’%%?ﬁ%é,?legﬁ?: %%’Q@Sf‘t‘ r%éf;{é of 3-H P%&ﬁg%%ﬁﬁ% &:HQEP?’HA&?%%%?%%‘F@S g,'deA, HABA).
For emBdiRFEFE HSHRRA 'Q0GaL e iERY s dGIHTER Tk A8 Rt oRe 6 ORI L E Lperometry
matrix materials,theecagiioiorabtueingiad ditvedesge bitnwesiv 09t e L Yoasy wreighiroéithctivverall

weight 0f 406 PRI EMRLANIA &SRO 5 ocl 9P dGH90R A0 256 30%mAE%. AIReAT%, 50%, 55%,

60%, 65%, 70%, 75%, 80% %, 90%.0r 95%. by weight of the overall weight of the matrix material),
and somEIHA FATARAERL b 2 AT TS TS0 f B T IES SO EAETROIS mass
spectrometric faiddd bibabedindcl:; detoanklysis1:AMmoniemisalss .94, 0A%) drel2dded 10 madcas9, 1:8,
167&1.1634‘@5@-84%33;&3 iﬂfpér‘%mf@ﬁ%ﬁl@l@tréﬁ%%@mw;w tﬁfﬁuﬁﬂiﬁd r@&ﬁ@ﬂ“@éh&wt%ﬂh&mwﬁﬁlcmg s
additive”. is a subst e one.or more_of the compgnents or reag I ed for analysis
by mas$ iEB%& ?Bar[r’]d: r;[.? J?%é%éégc&c?‘rfgvgﬁé%%’o‘er%éeé?gﬁfg %%%@'ﬁﬁ%ss n‘?l(f)t é),m af%%efrﬁggﬁx material,
substrafédes@rdinbitieles dreifcdrsagesrttil embodiniéhts, thevadeicesdrRimideddieiainis ascorbic
acid, oriagydemmetvemthampafvitstubsianmiy (e sanm adaueitaduein@efests. Figurdn certain
embodiments e, adduct redusing addilve s s rse Jadical seauenaer. fay free radical scavenger
suitablefor Use I Mmass spectrometric ana'ﬁ]yss, and In certain instances suitable for use in mass
spectrometry aH¥I{§I5 GPHRISIC QBB REhASE Ui IeEERLoR M TBICBRfRSCRAT B SeaiasE8¥s include,
without VimitRtiosy, iescesimarissiraiinahaorosrient Macophesokisorazywe ©16; amnekionicolyeopene,
lutein, ajpha-carotene. heta-gasatene. zeaxanihin, astaxanibin sanihaxaniig. Jiayenesde-g., luteolin,
apigenin, tangeritin), favonols (e.g., quercetin, kaempferol. myricetin, isorhamnetin,
proanthocyanidins), favanones (e.g., hasperetin, naringenin, eriodictyol), isoflavone phytoestrogens
(e.g., genistein, daidzein, giycitein), stilbenoids (e.gf, resveratrol, pterostilbene), anthocyanins (e.qg.,
cyaniding, delphinidin, malvidin, pelargonidin, peonidin, petunidin), phenolic acids and esters (e.g.,
ellagic acid, gallic acid, salicylic acid, rosmarinic acid, cinnamic acid, chlorogenic acid, chicoric acid,
gallotannins, ellagitannins), nonfalvonoid phenolics (e.g., curcumin, xanthones, silymarin, eugenol)
and organic antioxidants (e.g., citric acid, oxalic acid, phytic acid, lignan, uric acid, N-acetylcysteine).
The person of ordinary skill in the art can readily identify free radical scavengers that are suitable as
an additivve or matriv for mace ecnectrometryy hy roiritinelvy tectina <i1ich ceavvennaare in cide-hv-cide



HOOH wherein: R1 and R2 independently are OH, halogen, R3, OR3, azido, cyano, CH2R3,
CHR3R4, SR3, NR3R4; and WO 2009/091841PCT/US2009/031020 R3 and R4 independently are
H, alkyl, acet (I)ezrflﬁg%rg gyano, or an optionally su_bs’qtuted aryl garchycllcf;mﬂg%é%a;ﬁ%cychc ring,
non-aryl carbocyclic ring or non-aryl heterocyclic ring. Ascorbic acid analogs used herein generally are
free radical scavenging agents, and free radical scavenging activity of an ascorbic acid analog can be
determined by the person of ordinary skill in the art (e.qg., titration with an oxidation agent such as
2,6-dichlorophenol-indophenol (DCPIP), iodine, iodate and iodide mixture or N-bromosuccinimide).
The termréoptionally Substituwied) asiusedhibsennindicate sTihad, thegeaatidudér yeomprer groups being
deSC”b(?ﬂomm%%ﬁ_ 9&5}% \/J;f%pé%beﬁhﬁ%H&W%ﬁiﬁéé@%%&“ﬂ QLS May have one or more

nfs.

non-hydrogen substitue not otherwise specified, the total number of such substjtuents that may

be present is &4 A4PEPIh AT PRI AR SHEBPEELRY DA e GhRUBRIHSIL 6P BRNE 6 i roup being
describeddiwin e dmmoptie At Asbstitbent (St dched waevdogblitbordssiich &s athrBongdsoxygen
(=0), the rioupiakes upiwoayaiabie alenees 5 insiRtalsuiaberofeybstiNeRisdhatdnay be

included is reduced accordin%)to the number (?f availatglgfv Ienc_esi, . _Ascorbic acid and analogs
thereof S PHRFETE N MY S8EE s S AT BE Qo Bl ol SFEPAYSNGHCAS SRty ST it EALE wherever
referencaldeshaidestoshics conrfpoimhael, 9t is hdmsiBiedin theaimehat @ithesmatditicainetelseble salt
may alsg henused rorhassrsaltsnaypbeaaidiaddiion salisdryelyhginarganic easeanetapidsor the
salts may, in (g, case of acidie forms of ths compounds ot e Invention,be prspared rom jorganic or
organicf gg%%.tﬁrga}l?iejﬂ I'f/'i1 hee%ompyoun s are ’pre%arecf or used as pharmaceuﬁcéﬁ’y acceptable salts
prepare®ds aditethprodiucis o b prdfiiia cadibelobeeep rises SeRIT oM BB s SURBDKSIS.
pharmapesiicribyopgeeRialier-asids pashibasesaredwel]-knewbdgadhenalidsucheak hiydehiosic,
sulphuric, YA oRIpaNG ARsliealaein GG, S diRTIc e e IRl ARl adideBalsand
potassium hydroxide, sodium hydroxide, ammonium hydroxide, caffeine, various amines, and the like
for formfsif hasieestihawativogs et HrepuragsretrEappip raveseliare irstlodubrsikedh the art.
In someseagesedne eempeands mayseomisi botvapagithcardachasicifienciongr e, in which case
they ma%@%‘éﬁa%‘”ﬁd?”t‘%%ﬁ&%&’r&!F%ﬁa?rﬂ%&oﬁ%b%‘(%ifﬁ?a@?&rﬁl&%‘é-ad it RRLAIACIck A RRI0gR RN

contain one or more’ chiral centers. The invention includes each of the isolated stereoisomeric forms
as well 88hshalrealyssibieorsoMBPEIH VHiVIIRG He Fee SHIERrL IR N hLRHRGRIE_ MieSRures. It
also encempassesdihwniviatis didstereoniecs:amgl tautomers that can be formed. The compounds of
the invention may also exist in more than one tautorneric form; the depiction herein of one tautomer is
for convenience only, and is also understood to encompass other tautomers of the form shown.

As used hereiﬁ—,@é@erms "alkyl," "alkenyl" and "alkynyl" include straight-chain, branched-chain and
cyclic monovalm inyentcarbiplwaticaisrard cesbinativosahtitesed whitsicof tainloasGhRO

2009/09] 34t PL A R2008(331A20andd Erwhendhax e anshstivitsshsxampigsinciidadnsthyl,
ethyl, isobutyl, cyclohexyl, cyclopentylethyl, 2 pr%%egyl, 3 ugénﬁg/ITand tthe I|k§. The tgt?l number of
carbon Hf%ﬁéamcé‘%ﬁg BHSg%‘bB%@%Qﬂ#‘?gti?H& LB RERTR,"ROG OFINEn T GFEbp TR contain up
to ten cérborratonnicnaticde MdrBkembdiawithn0dwoprasc0l ieadriogDard enminenl¢rtesoatoms (N, 0
and S typigallyliase-aiowrddaurerines rarhar-atems. aminheairiealind esepbsiifaramprsthe
numbers describiné; th%&rloqp thPITJ%h stilll Writtep as e.g. (r)il.-06é reg.rerﬁen} the sum grl:(mﬁ :nntljnrgger of
carbon ARSPAEO e Rgr S S T B S S T G R O T eI A 8o e DKL Rents for
carbon atorashesthechackisofigesfaieenong e eeriibi b mesigipaduct formasmally, the alkyl, alkenyl and
ar:kynyl su bstitw%mwfrltlfn%im\t@@tm &%ﬁ@i@ z?m@* %réﬁt)ﬁﬁlb@é%@riﬁ@h éauv@nysbgb@lwayb)?dﬁ:elf)erably
they contain one a or two 8Q (alkenyl or . Spmeti the in alkyl) or two
40 (alke%@ygtrjcg o;%r%}%) Sﬁé Biﬁsg fgeea)f rgbpg %%%e%c ﬁiﬁgrﬁ%jé %H%oﬁi?o%rﬁ’g%%%eag\‘x u_t@é_I %qgﬁlj%%r more than
one mulEpReBDALEETEH D OLRERE Mt ddVitHiiseHRCHERFiti SR TR isF afickhyaraia R dhey
contain gt feaslioasdeainonasadtndauine boidd Parg, aredpaldedwiitn e denm natlesiavhen they
contain atcljee}g,t F;%ﬁ:é:%r tﬁ%&%ﬁgoﬁrﬁ(}%@e@é}%mbirﬁoéql%ls%l%fé% and alkynyl groups are often

itute a

optionalia)F3 SUbs to extent that such substitution makes sense chemically. Typical substituents
include, but ar&'tRediARSAIRSRN2IDS LN -TRENClERide R RSRIONREMSIR, BessRIASBINR2,
NRSO2R,dNRGRN R2ich RGR ORn MR G rBiNipO BFQByrCOMNRZ 0 0GR ERR cantdiMid2y wherein
each R i5. independsity, b R1508allor 0208 hateroalkve 0408 A0M A2 eteroasy! 7:R8
alkenyl, 02-08 heteroalkenyl, 02-08 alkynyl, 02-08 heteroalkynyl, 06-010 aryl, or 05-010 heteroaryl,
and each R is optionally substituted with halo, =0, =N-CN, =N-OR’, =NR’, OR', NR'2, SR, 502R’,
SO2NR'2, NR'SO2R', NR'CONR'2, NR'COOR', NRTCOR', ON, COOR', CONR'2, 00CR', COR', and
NO2. wherein each R' is independently H, 01-08 alkyl, 02-08 heteroalkyl, 01-08 acyl, 02-08 heteroacyl,
06-010 aryl or 05-010 heteroaryl. Alkyl, alkenyl and alkynyl groups can also be substituted by 01-08
acyl, 0208 heteroacyl, 06-010 aryl or 05-010 heteroaryl, each of which can be substituted by the
substituents that are appropriate for the particular group. "Acetylene" substituents are 2-100

alkynyl groups that are optionally substituted, and are of the formula -CC-Ra, wherein Ra is H or 01-08
Aallev/yl 02-02 hetarnallev/l 02-02 allkenvl 02-02 hetarnoalikeanvl N2-02 allkvvinvl 02-02 hetarnallkkvvnyvl D1 -0



For reasons of chemical stability, it is also understood that, unless otherwise specified, such groups do
not include more than two contiguous heteroatoms except where an oxo group is presenton N or S as
in a nitro or syl%ny/lﬂgr&up. While "alkyl" as used herein includes cyclog%gﬁgg}ﬂ’g/&%c&%alkyIaIkyI
groups, the Yerm ﬂ'cy'cfoajlkyl" may be used herein to describe a carbocyci'i)c non-aromatic group that is
connected via a ring carbon atom, and "cycloalkylalkyl" may be used to describe a carbocyclic
non-aromatic group that is connected to the molecule through an alkyl linker. Similarly, "heterocyclyl1"
may be used to describe a hon-aromatic cyclic group that contains at least one heteroatom as a ring
membesiang thatiisecoometteshigntivi: otidie culeuviactidisgatarmivhichariay he@ eudl; @ndotin or

"hetem%';xladis;d% AR EURER0 ARRBNIRSRUCH 2 &5%9&?@&&% %Pyesﬁ%@ésomther molecule

through a linker. The sizes and substituents that are suitable for the cycloalkyl, cycloalkylalkyl,

heterochelyIuaaiiERIRCSRIVIANDIGEE 95 BPEtRRSERMIE Betib L e RtRsl RhoveaE ik groups. As
used hereinmtheseterralty atsaymehickdyrmgdohayicahiainoa ceuiie bopadyortizolids dendnasdhe ring is

not aromatic: moreAS SR MG dBEVIBNERBPRRESS HTAURHSARRARIRY, avhRkyhraleaybwalkynyl,
aryl or arylalkyl radical attached at one of the two avallablfmvalence t’Joﬁfsnlonsr%f a carbon%l carbon

atom, aRt ME8F X FeRVE RS THE oA  SERUMGEGHSUISE BRPSIRAE RSt Bk 'RAPHSR YMer than the
carbonydccadon babdsedrydapiased by beeotvatelsockosam fapnerd,© an SoMhusHeteroacy!

includesefarexaremGd QOR AR e AR 2 Ashmellias rsdmidihaterpand: Amvtapshheierpacy!

groups are banded to gny group or molecule to which t are attached through the open valence of
the car I RN, TRy s L 08 B5) S0 SOUB DA R R O 20020
groups, ivkgdrbinekivisiopgigsteideayt. phiapikcantdie nzpgblantbeRaOBdisetad eyl RFYOREasehich
include methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The hydrocarbyl groups, aryl groups, and
heteroforms ofs%%crllegroups that comprise an acyl or heteroacyl group can be substituted with the
substituents d d herein as generally suitable substituents for each of the corresponding
component of fiseigryherdietarael 6P 0 a COtRPRAAR CRTBREPB e PA)RITORBE RITakEE6-alN
monocygliear duardibisyslicnaeistiyibavingithebidgiaovareharasistslirs dhatomptcibheexamples
include phenyl and nankitd, siailarbychelsinarampli andy slRr AR TRlaL g suchmanaoyclic or
fused blcycﬁlc rng S)ystems which contain as I’Iﬂ% mem ger one or more heteroatoms selected from O,
S and NeroHfé ifeiBRidm o P Re CRBREFShEs hAeM KitTt Y Rt Al RaliRl s @8- ietuas 6!
membereddings: Dypitas hetengakamaltivrgstems inelUsleoohandey clicnGE < hidrematicugiouss such as
pyridyl pyrimieixh BERZIBYIon TR PHERMML D Y%A QiRF Al @xazolyl, and imidazolyl and
the fused bicyclic moieties formed by fusing one of these monocyclic groups with a phenyl ring or with
any of the heteroaromatic monocyclic groups to form a C8-C10 bicyclic group such as indolyl,
benzimidazolyMamdlazolyl, benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl,
pyrazolopyridy, guinaziinyls Auipexaiinkhfinpatinw: ARdsbedienfny, mamosyeliq e fused ring bicyclic

system which has the characteristics of aromaticity in terms of electron di§tributi n thr0ﬁ§hout the ring

system ORTERBRY in TR YBRHiONS 3188 THERTRLEBIET RGr8IpE WRERE KRSREHE TG Which is
directly agtachibdrtdothbsemimdesrgf ihearetcy tbenasahehohznactedistitsrofartmatieity. Typically, the

ring sysieaIsiCanRiRsL 4 ERGMEIRRE #amBs-JBLeipiah ¥ IR Manery AsdaarRr aAkN & O RIalR®-6 ring

members, and the picyclic heteroaryls contain 8-10._ring members. ryl and heteroaryl moieties
may be SN REA I VOGO S AL LR 2o e RSO o SR M B4 eyl
C5-012 aryl, Clir€shaiyl chadnabie rofisriasfof thresesnsathroiraoRisi dsslfdsedustherosubstituted;

other substityiainisins vk andieieroand meisticsintitide Bato/ARyINRE neits S2RnReZNR2,

R O R B RO

NRCOOR, N R, CN, . COOR, C 00CR, COR, and NO2, ein
eachR IS wﬁ%epen en%ﬁ/dl-'ﬁ %ZT%‘g%f%%ggf%é%%%%aﬂ&%qgg%‘é zgiﬁgirf]-ﬁr.nggr_w&@w ﬁ%&a@g?o(giggriyl,
C2-C8 dikgHyar caiEgraadpbasiefnyl fachiaa PuAAi ORNTRORBIergaligR € 2.C TINYHIXHBANER C6-C12
heteroagdalkyh@nderchif suppianalssuhstitniedias desartheidaboxe fenatkybgmapsicibees
substituent groups on an aryl. or heter | ar , rse-he-fur tut I e groups
osarind e S Ot B SO N S e Iogh B B Il
substituBsftd THIRX for BrAMFRIUCARRE Ped RS IAMER &N TR ats A BReENSeiBRiwith
substitugiats dpscrifradifyerabwasdy pica foy AG0cR08/091840RET A4S 20SHR3AD2handigyaups, and it
may be frther jHpSUIeE ap ingAlkylporian with subsitienis fesarbadiersin 88 Doieq)fr suitable
for alkyl groups. Similarly, "arylalkyl" and "heteroarylalkyl" refer to aromatic and heteroaromatic ring
systems which are bonded to their attachment point through a linking group such as an alkylene,
including substituted or unsubstituted, saturated or 8insaturated, cyclic or acyclic linkers. Typically the
linker is 01-08 alkyl or a hetero form thereof. These linkers may also include a carbonyl group, thus
making them able to provide substituents as an acyl or heteroacyl moiety. An aryl or heteroaryl ring in
an arylalkyl or heteroarylalkyl group may be substituted with the same substituents described above
for aryl groups. Preferably, an arylalkyl group includes a phenyl ring optionally substituted with the

groups defined above for aryl groups and a C1-04 alkylene that is unsubstituted or is substituted with
one nr two C1-CA allev] aroirine ar hetaroallev/l Aaroirine whare the alikev/l or heteraalleyv/l Aarorine can



"Alkylene" as used herein refers to a divalent hydrocarbyl group: because it is divalent, it can link two
other groups together. Typically it refers to -(CH2),-,- where n is 1-8 and preferably n is 1-4, though
where specmgol2 agr}oallgglene can also be substltuted by other groups, an @ &Z}q bzggr lengths, and
the open va%nces need not be at opposite ends of a chain. Thus CH(Me?g%(;S- % may also be
referred to as alkylenes, as can a cyclic group such as cyclopropan-1,1- diyl. Where an alkylene group
is substituted, the substituents include those typically present on alkyl groups as described herein.

In general, any alkyl, alkenyl, alkynyl, acyl, or aryl or arylalkyl group or any heteroform of one of these
groups theatrigicahtaivedger a siithatituestibey litselh dptiba dihytoessUbstitspebbyraetditioma) sebstituents.
The natyre of nese SUDSUIRERIS i RimilpiR %ﬁéﬁm%%tbg@g@sﬁww@ plirganSERgtitNeNts

themselves if the substituents are not otherwise described. Thus, where an emla\%dlment of, for

example B ek Reti SRR E) Bptic TRy B8 Xt tﬁlﬁe@hﬁﬂé\@éﬁﬁ §'s¥ftuents listed as
embodifentofost R Retiens. thi9fn Akes7eHifinidalf vénse aentbvein ioapizodies moteietdessiradhe size

mit prayid QT AULRRI S whoam%auwmm@mﬁmm wouls) simpsandend the

upper I|m|t of carbon a fo these embodlment owever, aIkyI substituted by
aryl, anfifid; AREQF @%dpa%%%%“m?é wathg Bl Iusclre%dr}a/ %ln%t'ﬁ‘@ ? eﬁ?ﬁientlon and the atoms
of thes@snmsutﬂdem)gr@bpsWéer{&C‘anﬁéwﬂipth@f#@fhbéﬁh@é@t@@sérﬁﬂéw@Weaﬂeéﬁ;fr etc.
group thatdeheing siesenbed, Whﬁ/@di?dh@ﬁ}k&b%&ﬁbﬁi%@%&/i&ﬁp%gﬁiﬁdm aaghzeich alkyl, alkenyl,
alkynyl, dah})rg or arée/jl(ﬁro%pﬂ ! CSEllJCk?gt dW|t anuer%lf 8f autéstltuents according to its available
valences: a¥f}8 r an0 Sf these roU 55 ma ¥ be SUbshtted Wi rt]Iuorlne atoms at any or all of its

available valeﬁb@snam@aammémay bwaméwltaﬂ@@ﬂﬁir@"ﬁﬁé‘ﬁé%%}@oaéh%@% BT Gidup such
as an aliahognh oF aeybavbgreiviaineashenrcrathanatemiottheitesipateteathacyaliergioms has
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GIOUD. progehl® % SR UBAISIRIMOMIESIINATR FLYRLB MR . SN g n ghiom are often
preferrec[ K (P

mino" as used herein réfersto N but where an amino is described as "substituted" or
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alkyl, alkenyl, alkyriglsaeylhatiyheatsarytatikyk gkauapitdahdtemfostreef ioienfdhestegmipsy WO
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groups or heteroforms of one of these groups is gptionally substituted with the substituents described
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is optlonalﬁf substituted with the substituents described as suitable for alkyl groups or, if NIR'IR" is an
aromati@'gr6t; it is optionally substituted with the substituents described as typical for heteroaryl
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pyrrole, pyr|(¥|ne pyrimidine, octa ro pyrrol e, piperazine, pyrazine, morpholine,
thiomorfHeees mimadtiliommasciahie2 s sromen! @%fﬁyai%@eﬁ?itﬁﬁid}aff&ﬂ’tﬁxméﬁliihaar@%ﬁazo|e

benzothiazale stlasiazale, thiapghesestetiahysiatisephenedik diokiceoldiar epiperdtéazole, guanidine,
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carboling, OXirane, oxetane, tet ra ropyran, dioxane, lactones, aziridine, azetidine, piperidine,
IactamSEW‘?H@%WM@P%HBQ@T?MW@” oS ssnaig @(%{HWQ Hleifért%%%ryls include but
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As used, hgreil, SUDSHAE.JREETR LA IMSAURIA SLRRAIL Rubich AnaRalyie i dsRasileH and
analyzed. Substrates may include, but are not limited to, silica, glass (e.g. glass, controlled-pore glass
(CPG)), nylon, Wang resin, Merrifield resin, Sephadex, Sepharose, cellulose, magnetic beads,
Dynabeads, a metal surface (e.g. steel, gold, silver2aluminum, silicon and copper), a plastic material
(e.g., polyethylene, polypropylene, polyamide, polyester, polyvinylidenedifluoride (PVDF)), or pins
(e.g., arrays of pins suitable for combinatorial synthesis or analysis or beads in pits of flat surfaces
such as wafers (e.g., silicon wafers) with or without plates. The solid support may be in any desired
form, including, but not limited to: a bead, chip, capillary, plate, membrane, wafer, comb, pin, a wafer

with pits, substantially flat surface, an array of pits or nanoliter wells and other geometries and forms
lknown to thoce nf ckill in the art Prefarred ciinporie are flat crirfarcrac \WO



The methods and compositions of the invention may be used in conjunction with any mass analyzer.
There are a number of mass analyzers currently available, the better known of which include
guadrupoles, time-of- fI| ht (TOF) analyzers, magnetic sectors, and both transform and
quadrupoleW%’traps Fn%addltlon the analyzers may be used in tandem gsf é 5%] (geMS) mass
spectrometers. In some embodiments the mass analyzer is a TOF analyzer. In certain
embodiments, analytes are analyzed by a mass spectrometric analysis and are not analyzed by a
spectroscopic method. In some embodiments, analytes are not analyzed by infrared spectroscopy
(e.g., Fatristal ransformateffarec spectrosetipy))twinhdies geldecaladeasy resithe wifor atienalrfteguency
of certajp molecule ea%%%m%%e%ix 5&%%%&%@#?@ Sf analyter,and Mmeaguppg the mass of

the ionized anal tes Examples The following examples are non-limiting and illustrate certain

embodiHfRtS B the IENHET FERAMBIR: YAAGHIR 8- 15 heanaiRents in WoitheAdHSWin ER8mple,

analyte ddaitiva S etilirenonitiBhe XTivbre acterspea omsed mathxeitherinen tpureduwaterdocingth an
aSCOfbem@&&ﬂ#a@%@v@@é@@@m&h%qﬁw eﬁﬂb&@&%m@ﬂ%@%ﬁ&%@% Rlajes were

Vo U] MACER T Pedes Cheet et JoruRId ot i ol Rl nia

analysi$5tob Biote Shfiohy26si 17164 (ROCH)waigtiObtre Pakanha rianXanv Sb}mlwqﬁéﬁfeased Flexing

EfflCIenguﬁiadra%mgjI&\a&@rvaﬂe%/a\%ﬁém&ml@mnmé@%h;ﬁgag@r@%eeh@m%be&eﬂeﬁe with
mass-modjfi rmina cati ofe of whi reby
mcorpoP&?e erené %Er%yfg ﬁ) fvlt@%?cor% t|o1ngllhé s&eggg %t an‘ra eg'solutlohrr]evfa?s mixed
with 2513 6f41én%@'u?@ \ieitexamalse standard protocol dictates, whlle the other plate was also mixed
with ascorbic acid to yield a final ascorbic acid concentration of 20mM. To remove residual cations
from the ascor;p § E’:\CId and to exclude any possible inference from ammoniated cation exchange resin,
stock solution orbic acid were desalted with 1g/m1 of protonated resin. Depending on the
workflow, the Additkecapibdheither &t direeap it the daa g orieRIRERH thedaprPthien added to
the samplge LT thiscoaitisidat Bxaéngméheqditeﬁ%k sienywescompeiedrimmautasated liquid
handler W|th he |Iut| y Vol r r ddition to
the anaf R O TS B e Al By b e b e R tee

oliowing e resp ective

dllutlon rﬁﬂhoﬁﬁg@ﬂ@@%ﬁ\ﬁfﬁ%%@?@%ﬁéﬁ%& a‘?(i’@h‘i’/tfo?ﬁ%‘i’ﬁ%%C'Brérrﬁ%!fﬁ%?é'élaét‘éfﬁdard
SpectrobaéigoTMiti{ 3008t B/ 2endMDACY) resinihg Steqtsenom Nanodispenser, and analyzed on a
Sequenom M%ﬁ%fté\%ﬁ? Blaé\ﬂ%'éﬂ%e'{h%%%%?treducnﬁ’ge%‘é ﬁvéhg HREd P‘a@%%%*&%é\%@r'e%?f?éﬁ‘%

higher number of calls tor ascorbic acid-treated samples. Sodium and ammonia adducts were
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false positive call). Exampl Additive to the Matrix In the fo Iowm%;\‘l Exam e a new matrix

compostitth T6# ﬂginléc §88?bthS&nam)W%egﬁo%j\aﬁar@We rractyoras tPHTereby improving
spectrunanfoakapiitafivsolatiegs lutGOMameombmmotmvf@ret'lpietfa@edlwwmé(aﬂmm’(j stock

solutlonﬁqm@tmaeeﬁwer\% db(§éﬂ%§9&%¥t%§ %&Bﬁoelti,ge(@gt m%e&&mmﬁ@e%wer@dt&%tsed with

cation exc sin accor to the com fu Ctl? [Qup ds with exi ange resin in H+
o o RN o R o L O TS A A P BBttt AR,
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{e.g., curcumin, xanthones silymarin, sugenol) and organic antioxidants (e g., cifric acid, oxalic
acid, phytic acid, ignan, uric acid, N-acetyicysteine). The person of ordinary skill in the art can
readily identify free radical scavengers that are suitable as an additive or matrix for mass
specirometry by routinely testing such scavengers in side-by-side analyses, as shown in the

Examples herein.

10



Matrix Composition (concentrations in [min Standard, no resin 1 300 HPA / 25 DAC Standard, with
resin , 300 HPA / 25 DAC new Matrix 1 300 HPA / 20 AA / 20 NH4-Oxalate Synthetic Oligonucleotide

Samples Two exgeriments were performed using synthetic oligonucle(?tides%sgg tted directly on the

matrices of Tahte 1. 1h & first experiment, a 17mer synthetic oligonucleotide (&sf Y&6T1G 616

GTG GT) was tested on both the "old", resin-treated matrix and the "new", ascorbic acid-modified
matrix. In Figure 1 (old matrix), an ammonia adduct is clearly present (peak height is 21 WO
20091091841PCT/LTS2009/031020 approximately 12% of parent peak at 5335 Da), while the
ammonia adduckisrraingsesentis, Figlaed?i(aeysomataxd)allheneiinmitiesay alesiatvidydeteferred

to as "M%EB‘tQ%Q;ourmeH? & BREDAE, EXRAIBR it MRSS bARRTNRIRIG AlidAnGRAdE,(5044Da)

and high mass 28mer synthetic oligonucleotide (8436Da) were tested for adduct formation and
depurinZESP AR BEHN X pstfRERtE TR STRHENS of ) GrBIRIG HEY 'SR aRABR AR FESHI SPERSEP BN the
matrices of Tabhe ddaftiOrirpes disebivssinglia.@Gesim mpopisttdred mevasults fothtnelkpwsitegissand high

mass oliggpuGleatides arasheneyiniaR/es henddRsnmriuelTARNE K7 M AfdugtsAdducts

to 17mer, 5044Da samgle size: 48 Standard Matrix, not resin treated Standard Matrix, resin treated
additive may be combined with the matrix prior to being deposited on the substrate. The’additive

and matrix may be combined fo obtain a conceniration of matrix of 1 t¢ about 20 mg/ml and a
concentration of additive from about 5 to about 50 mM. The use of insufficient amounts of addifive
will not significantly reduce the adduct formation, while using too much additive can suppress the
parent signais in the mass spectra. Those of skill in the art are able to defermine without undue
experimentation the appropriate amount of additive to optimize the analysis of a particuiar analyte
by varying the amount of additive and determining the effect on spectral characteristics.

In some embodiments, the adduct-reducing additive may be used alone or in combination
with other substances that reduce or eliminaie the presence of unwanted adducts. Ascorbic acid
additive can be cambined with other additives capable of reducing background noise in mass
spectra. Other known, suifable additives include resin, volatiie ammonium salts, particulariy
volatile monobasic, dibasic or tribasic ammonium salts. Preferably the sait additives are not too
basic such that they interfere with the sampie being analyzed. The additives can be monobasic
phosphates and sulfates (e.g., ammonium monobasic phosphate), and dibasic citrates (e.g.,
ammonium dibasic citrate). and tribasic citrates (e.g., ammonium tribasic citrate).

In certain embodiments, the adduct-reducing additive is ascorbic acid, ascorbate, a salt’
thereof, a tautomer thereof, or an ascorbic acid analog (including analog salts and tautomers),

having a structure according to the following formula:

HO OH

whearein:
R' and R? independently are OH, halogen, R®, OR?, azido, cyano, CH,R?, CHR®*R*, SR?,
NR*R*: and

11



new Matrix NH3 (+17Da) 0.4*2.3=0.900 3% HPA (+138Da) 0.17"1.8=0.300 3% HPA
Decarboxylated 1 (+940a) 0.48*2.4=1.2 0

WO 2009/091841 PCTES20609/031026

R® and R* independently are H, alkyl, acetylene or cyano, or an optionally substituted aryl
carbogyclic ring, aryl heterocyclic ring, non-aryt carbocyclic ring or non-aryl heterocyclic ring.
Ascorbic acid analogs used herein generally are free radical scavenging agents, and free radical
scavenging activity of an ascorbic acid analog can be determined by the person of ordinary skill in
the art {e.qg., titration with an oxidation agent suich as 2,6-dichlorophenoi-indophenoi (DCPIP),
iodine, icdate and iodide mixture or N-bromosuccinimide).

The term “optionally substituted” as used herein indicates that the particular group or
groups being described may have no non-hydrogen substituents, or the group or groups may have
one or more non-hydrogen substifuents. 1If not otherwise specified, the total number of such
substituents that may be present is equal to the number of H atoms present on the unsubstituted
form of the group being described. Where anr optional substituent is attached via a double bond,
such as a carbonyl oxygen (=0), the group takes up two available valences, so the total number of
substituents that may be included is reduced according to the number of available valences.

Ascorbic acid and analogs thereof can have jonizable groups so as tc be capable of
preparation as salts. In that case, wherever reference is made to the compound, it is understood in
the art that a pharmaceutically acceptabie salt may also be used. These salis may be acid
addition salts involving inorganic or organic acids or the salts may, in the case of acidic forms of
the compounds of the invention be prepared from inorganic or organic bases. Frequenily, the
compounds are prepared or used as pharmaceutically acceptable saits prepared as addition
products of pharmaceutically acceptable acids or bases. Suitable pharmaceutically acceptable
acids and bases are well-known in the art, such as hydrochloric, sulphuric, hydrobromic, acetic,
lactic, citric, or tartaric acids for forming acid addition salts, and potassium hydroxide, sodium
hydroxide, ammonium hydroxide, caffeine, various amines, and the like for forming basic salts.
Methods for preparation of the appropriate salis are well-established in the art. in some cases, the
compounds may contain both an acidic and a basic functional group, in which case they may have
two ionized groups and yet have no net charge.

Ascorbic acid analogs often contain one or more chiral centers. The invention includes
each of the isolated sterecisomeric forms as well as mixtures of stereoisomers in varying degrees
of chiral purity, including racemic mixtures. It also encompasses the various diastereomers and
tauiomers that can be formed. The compounds of the invention may aiso exist in more than one
tautomeric form; the depiction herein of cne fautomer is for convenience only, and is also
understood to encompass other tautomers of the form shown.

As used herein, the terms “alkyl,” “alkenyl” and “alkynyl” include straight-chain, branched-

chain and cyclic monovalent hydrocarbyl| radicais, and combinations of these, which contain only C
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0.131'1.6=0.2 4% 2% HPA Decarboxylated 2 (+188Da) 0.98"5=4.9 1*10.2=10.2 1'8.9=8.9 7% 9%
11% Potassium (+38Da) 0.46"2.5=1.2 00 4%

WO 2009/091841 POT/US2009/031028

and H when they are unsubstituted. Examples include methyl, ethyl, iscbutyl, cyclohexyl,
cyclopentyiethyl, 2 propenyl, 3 butynyl, and the like. The total number of carbon atoms in each
such group is sometimes described herein, e.g., when the group can contain up to ten carbon
atoms it can be represented as 1-10C or as C1-C10 or C1-10. When heteroatoms (N, O and S
typically) are allowed to replace carbon atoms as in heteroalkyi groups, for example, the numbers
describing the group, though still written as e.g. C1-C8, represent the sum of the number of carbon
atoms in the group plus the number of such heteroatoms that are included as replacements for
carbon atoms in the backbone of the ring or chain being described.

Typicaliy, the alkyl, alkenyl and alkynyl substituents of the invention contain one 10C {alkyl)
or two 10C (alkeny!l or alkynyl). Preferably they contain one 8C {alkyl) or two 8C {atkenyl or
alkynyl). Sometimes they contain one 4C (alkyl) or two 4C (alkenyi or alkynyl). A single group can
include more than one type of multipie bond, or more than one multiple bond; such groups are
included within the definition of the term “alkenyl” when they contain at least one carbon-carbon
double bond, and are included within the term “alkynyl” when they contain at least one carbon-
carbon friple bond.

Aliyl, alkenyl and alkynyl groups are often optionally substituted o the extent that such
substitution makes sense chemically. Typical substituents include, but are not limited to, halo, =0,
=N-CN, =N-OR, =NR, OR, NR;, SR, SO:R, SO;NR;, NRSO;R, NRCONR,, NRCOOR, NRCOR,
CN, COOR, CONR;,, OOCR, COR, and NQO, wherein each R is independently H, C1-C8 alkyl, C2-
C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8§ alkynyl,
C2-C8 heteroalkynyl, C8-C10 aryl, or C5-C10 heteroaryl, and each R is optionally substituted with
halg, =0, =N-CN, =N-OR’, =NR’, OR’, NR’;, 8R’, SO;R’, SC;NR’;, NR'SO,R’, NR'CONR',,
NR'COOR’, NR'COR’, CN, COCR’, CONR’;, OOCR’, COR’, and NO,, wherein each R’ is
independently H, C1-C8 alkyt, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryi or
C5-C10 heteroaryl. Alkyl, alkenyl and alkynyl groups can aiso be substituted by C1-C8 acyl, C2-
C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl, each of which can be substituied by the
substituents that are appropriate for the particular group.

*Acetylene” substituents are 2-10C alkynyl groups that are opiionally substituted, and are of
the formula -C=C-Ra, wherein Ra is H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 ailkenyl, C2-C8
hetercalkenyl, C2-C8 alkynyl, C2-C8 hetercalkynyl, C1-C8 acyl, C2-C8 heteroacyi, C6-C10 aryl,
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl, and each Ra group is optionally
substituted with one or more substituents selected from halo, =0, =N-CN, =N-OR’, =NR’, OR’,
NR'Z, SR, SO;R, SO:NR’5, NR'SG,R’, NR'CONR',;, NR'COOR’, NR'COR’, CN, COOR’, CONR’,,
OOCR/', COR’, and NQ,, wherein each R’ is independently M., C1-C8 alkyl, C2-C8 heteroalkyi, C1-
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Sodium (+22Da) 0.52*3.4=1.8 0 0 5% Carbonic Acid (+62Da) 0.08*1.4=0.1 0 0.06"1.3=0.08 2% 2%
Average adduct formation score 1,5 1.5

WO 2009/691841 PCT/US2009/131020

C6 acyt, C2-C6 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12
hetercarylalky!, each of which is optionally substituted with one or more groups selected from halo,
C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino, and =0; and
wherein two R’ can be linked to form a 3-7 membered ring optionally containing up to three
heteroatoms selected from N, O and 8. In some embodiments, Ra of -CzC-Ra is H or Me,

“Heteroalkyl”, "heteroalkeny!”, and “heteroalkynyl” and the like are defined similarly to the
corresponding hydrocarbyl (alky!, alkeny! and alkynyl) groups, but the ‘hetero’ terms refer to groups
that contain one to three O, S or N heteroatoms or combinations thereof within the backbone
residue; thus at least one carbon atom of a corresponding alkyl, alkenyi, or alkynyl group is
replaced by one of the specified heteroatoms to form a heteroalkyt, heteroalkenyl, or heteroalkynyl
group. The typical and preferred sizes for heteroforms of alky!, alkenyl and alkyny! groups are
generally the same as for the corresponding hydrocarbyl groups, and the substituents that may be
present on the heteroforms are the same as those described above for the hydrocarbyl groups.
For reasons of chemical stability, it is also understood that, unless otherwise specified, such
groups do not include more than two contiguous hetercatoms except wherg an 0xo group is
present on N or 8 as in a nitro or sulfonyi group.

While “alkyl” as used herein includes cycloalkyl and cycloalkylalkyl groups, the term
“cycloalky!” may be used herein to describe a carbocyslic non-aromatic group that is connecied via
a ring carbon atom, and “cyclicalkylalky!” may be used to describe a carbooyclic non-aromatic
group that is connected to the molecuie through an alkyl linker. Similarly, “heterocyclyl” may be
used to describe a non-aromatic cyclic group that contains at least one hetercatom as a ring
member and that is connected to the molecule via a ring atom, which may be C or N; and
“heterocyclylalkyl” may be used to describe such a group that is connected to another molecule
through a linker. The sizes and substituents that are suitable for the cycloalky!, cycloalkylalkyl,
heterocyclyl, and heterocyciylalkyl groups are the same as those described above for alkyi groups.
As used herein, these terms aiso include rings that contain a double bond or two, as long as the
ring is not aromatic.

As used herein, “acyl” encompasses groups comprising an alkyl, alkeny!, alkynyl, aryl or
arylalkyi radical attached at one of the two availabie valence positions of a carbonyl carbon atom,
and heteroacy! refers to the corresponding groups wherein at least one carbon other than the
carbonyl carbon has been.replaced by a heteroatom chosen from N, O and S. Thus heteroacyl
includes, for example, -C(=0)OR and ~C{=0O)NR; as well as —-C{=0)-heteroaryl.

Acy! and hetercacyl groups are bonded to any group or molecuts to which they are

attached through the open valence of the carbonyl carbon atom. Typically, they are C1-C8 acyl

14



1,3 Depunnation 0 0 0 TABLE 2B: 17mer Probe Height and Signal-to-Noise (SNR) Ratio Probe
Standard Matrix, not resin treated Standard Matrix, resin treated new Matrix Probe Height (avg. /

stdev.) 69/19 110/ 24 79/ 26 Probe SNR (avg.! stdev.) 241 /57 388 /71 313 177
WO 2009/091841 PCTIUSI009/031020

groups, which include formyl, acetyl, pivaloyl, and benzoyl, and C2-C8 heteroacyl groups, which
include methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The hydrocarbyl graups, aryl groups, and
heteroforms of such groups that comprise an acyl or heteroacy! group can be substituted with the
substituents described herein as generally suitable substituents for each of the corresponding
component of the acyl or hetercacy! group.

“Aromatic” moiety or “aryl” moiety refers tc a monocyclic or fused bicyclic moiety having the
well-known characteristics of aromaticity; exampies include phenyl and naphthyl. Similarly,
‘hetercaromatic” and “heteroaryl” refer to such monocyclic or fused bicyclic ring systems which
contain as ring members one or maore heteroatoms selected from ©, 8 and N. The inclusion of a
heteroatom permits aromaticity in 5 membered rings as well as 6 membered rings. Typical
heteroaromatic systems include monocyclic C5-C6 aromatic groups such as pyridyl, pyrimidyl,
pyrazinyl, thienvyl, furanyl, pyrrolyl, pyrazoiyl, thiazolyl, oxazolyl, and imidazolyl and the fused
bicyclic moieties formed by fusing one of these monocyclic groups with a phenyt ring or with any of
the heteroaromatic monocyclic groups to form a C8-C10 bicygslic group such as indolyl,
benzimidazolyl, indazolyl, benzotriazolyl. isoquinolyl, quinolyl; benzothiazolyl, benzofuranyl,
pyrazolopyridyi, guinazolinyl, guinoxalinyl, cinnolinyl, and the like. Any monocyclic or fused ring
bicydlic system which has the characteristics of aromaticity in terms of electron distribution
throughout the ring system is included in this definition. It also includes bicyciic groups where at
least the ring which is directly attached to the remainder of the molecule has the characteristics of
aromaticity. Typically, the ring systems contain 5-12 ring member atoms. Preferably the
monaogcyclic heteroaryls contain 5-6 ring members, and the bicyclic heteroaryls contain 8-10 ring
members.

Aryl and heteroaryl moieties may be substituted with a variety of substituents inctuding C1-
C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and heteroforms of these, each
of which can itself be further substituted; other substituents for aryt and hetercaryl moieties include
haic,OR, NR; SR, SO;R, S0O:NR;, NRS8O,R, NRCONR;, NRCOOR, NRCOR, CN, COOR,
CONR;, OOCR, COR, and NO,, wherein each R is independently H, C1-C8 alkyl, C2-C8
heteroaliyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-C10
aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarylaikyl, and each R is optionaliy
substituted as described above for alkyl groups. The substituent groups on an aryl or heteroaryl
group may of course be further substiiuted with the groups described herein as suitable for each
type of such substituents or for each component of the substituent. Thus, for example, an arylalkyl

substituent may be substiiuted on the aryl portion with substifuents described herein as typical for
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WO 2009/091841PCT/US2009/031020 TABLE 3A: 28mer Adducts Adducts to 28mer, 8436Da sample
size: 48 Standard Matrix, not resin treated Standard Matrix, resin treated new Matrix NH3 (+170a)

1*3.8=3.8 1*3.9=3.9 0.46*2.1=1 19% 14% 7% HPA (+138Da) 0.351'1.2=0.,42 0.6"1.6=1 0.67"1.1=0.74
WO 2009/091841 PCT/USZO09/031020

aryl groups, and it may be further substituted on the alkyl portion with substituents described herein
as typical or suitable for alky! groups.

Similarty, “arylalkyl” and “heteroarylalkyl” refer to aromatic and heteroaromatic ring systems
which are bonded to their attachment point through a linking group such as an alkyiens, including
substituted or unsubstituted, saturated or unsaturated, cyclic or acyclic linkers. Typically the linker
is C1-C8 alkyl or a hetero form thereof. These linkers may also include a carbonyi group, thus
making them able to provide substituents as an acyi or heteroacyi moiety. An aryl or heteroaryl
ring in an arylalkyl or heteroarylalkyt group may be substituted with the same substituents
described above Tor aryl groups. Preferably, an arylalkyl group inciudes a phenyl ring optionally
substituted with the groups defined above for aryl groups and a C1-C4 alkylene that is
unsubstituted or is substituted with one or two C1-C4 alkyl groups or heteroalkyl groups, where the
alkyt or heteroalkyl groups can optionatly cyclize o form a ring such as cyclopropane, dioxolane, or
oxacyclopentane. Similarly, a heteroarylalkyl group preferably includes a C5-C6 monocyclic
heteroaryl group that is optionally substituted with the groups described above as substitlents
fypical on aryl groups and a C1-C4 alkylene that is unsubstituted or is substituted with one or two
C1-C4 alkyl groups or heteroalkyl groups, or it inciudes an optionally substituted phenyl ring or C5-
C6 monogcyclic heteroaryl and a C1-C4 hetercalkylene that is unsubstituted or is substituted with
one or two C1-C4 alkyl or heteroalky! groups, where the alky! or heteroalkyl groups can optionally
cyclize to form a ring such as cyclopropane, dioxolane, or oxacyclopentane.

Where an arylalkyl or heteroaryialkyl group is described as optionaily substituted, the
substituents may be on either the alkyl or heteroalkyl portion or on the aryt or heteroary! portion of
the group. The substituents optionally present on the alky! or heteroalky! portion are the same as
those described above for alkyl groups generaliy; the substituents optionally present on the aryl or
heteroaryl portion are the same as those described above for aryl groups generally.

“Arylalky!” groups as used herein are hydrocarbyi groups if they are unsubstituted, and are
described by the fotal number of carbon atoms in the ring and alkylene or similar inker. Thus a
benzyl group is a C7-arylalkyl group, and phenylethyl is 2 CB-arylalky!.

*Heteroarylalkyl” as described above refers {0 a moiety comprising an aryl group that is
attached through a linking group, and differs from “arylaiky!” in that at least one ring atom of the
aryl moiety or ong atom in the linking group is a heteroatom seilected from N, O and S. The
hetercaryialky! groups are described herein according to the total number of atoms in the ring and
linker combined. and they include aryl groups linked through a heteroalkyl linker; heteroaryl groups

linked through a hydrocarby! linker such as an alkylene; and hetercaryl groups linked through a
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6% 6% 4% HPA Decarboxylated 1 (+94Da) 0.35*1.3=0.46 0.6*1.7=1 0.46*1.7=0.78 7% 6% 6% HPA
Decarboxylated 2 (+188Da) 0.35*1.3=0.46 0.65*2.6=1.7 1*3.5=3.5 7% 9% 11%

WO 2009/091841 PCT/US2009/031020

heteroalkyl linker. Thus., far example, C7-heteroarylalkyl would include pyridyimethyl, phenoxy,
and N-pyrrolyimethoxy.

“Alkylene” as used herein refers to a divalent hydrocarbyt group; because it is divalent, it
can link two other groups together. Typically it refers to —(CH;),- where n is 1-8 and preferably n is
1-4, though where specifiad, an alkyiene can aiso be substituted by other groups, and can be of
other lengths, and the open valences need not be at opposite ends of a chain. Thus —CH(Me)-
and ~C{Me),- may also be referred to as alkylenes, as can a cyclic group such as cyclopropan-1,1-
diyl. Where an alkylene group is substituted, the substituents include those typically present on
aliyl groups as described herein.

In general, any alkyl, atkenyl, alkynyl, acyl, or aryl or arylalkyl group or any heteroform of
one of these groups that is contained in a substituent may itself optionally be substituted by
additional substituents. The nature of Ihese substituents is similar to those recited with regard to
the primary substituents themselves if the substituents are not otherwise described. Thus, where
an embodiment of, for example, R7 is aikyl, this aikyl may optionally be substituied by the
remaining substituents listed as embodiments for R7 where this makes chemical sense, and where
this does not undermine the size limit provided for the alkyl per se; e.g., alkyl substituted by alkyi or
by alkenyl would simply extend the upper limit of carbon atoms for these embodiments, and is not
included. However, alkyl substituted by aryl, amino, alkoxy, =0, and the like would be included
within the scope of the invention, and the atoms of these substifuent groups are not counted in the
number used to describe the alkyl, alkenyl, etc. group that is being described. Where no number
of substituents is specified, each such alkyi, atkenyi, alkynyl, acyl, or aryl group may be substituted
with a number of substituents according tc its available valences; in particular, any of these groups
may be substituted with fluorine atoms at any or all of its available valences, for example.

“Heteroform” as used herein refers to a derivative of a group such as an alkyl, aryl, or acyl,
wherein at least one carbon atom of the designated carbocyclic group has been replaced by a
heteroatom selected from N, O and 8. Thus the heteroforms of alkyl, alkenyi, alkynyl, acyl, aryl,
and arylatkyl are heteroalkyl, heteroalkenyl, heteroalkynyl, heteroacyl, heteroaryl, and
heteroarylalkyl, respectively. It is understood that no more than two N, O or S atoms are ordinarily
connected sequentially, except where an oxo group is attached to N or 8 fo form a nitro or sulfonyl
group.

“Halo”, as used herein includes fluoro, chloro, bromo and iodo. Fiuoro and chilore are often
preferred. “Aming” as used herein refers to NH;, but where an amino is described as "substituted”
or “optionally substituted”, the term includes NR'R” wherein each R" and R” is independently H, or

is an alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl group or a heteroform of one of these groups,
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Potassium (+38Da) 0.39'1.3=0.5 0.58*1=0.58 0.4*0.9=0.36 7% 4% 3% Sodium22Da) 0.46*2.4=1.1
0.6*1.8=1.1 0.46*1.1=0.51 12% 6% 4% Carbonic Acid (+62Da) 0.31"0.8=0.2 0.31+0.8=0.2

0.17+0.8=0.14 ,
WO 2009/091841 PCT/US2009/031020

and each of the alky!, alkenyl, atkynyl, acyl, aryl, or arylalkyl groups or heteroforms of one of these
groups is optionally substituted with the substituents described herein as suitable for the
corresponding group. The term also inciudes forms wherein R” and R” are linked together to form
a 3-8 membered ring which may be saturated, unsaturated or aromatic and which contains 1-3
heteroatoms independently selected from N, G and S as ring members, and which is optionally
substituted with the substituents described as suitable for alkyl groups or, if NR'R” is an aromatic
group, it is optionally substituted with the substituents described as typical for heteroaryl groups.
As used herein, the term “carbocycle” refers to a cyclic compound containing only carbon
atoms in the ring, whereas a “heterocycle” refers to a cydlic compound comprising a heteroatom.
The carbocyclic and heterocyclic structures encompass compounds having monocyclic, bicyclic or
multiple ring systems. As used herein, the term "heteroatom” refers to any atom that is not carbon
or hydrogen, such as nitrogen, oxygen or sulfur. Hustrative examples of heterocycles include but
are not limited to tetrahydrofuran, 1,3 dioxolane, 2,3 dihydrofuran, pyran, tetrahydropyran,
benzofuran, isobenzofuran, 1,3 dihydro isobenzofuran, isoxazole, 4,5 dihydroisoxazole, piperidine,
pyrrolidine, pyrrolidin 2 one, pyrrote, pyridine, pyrimidine, octahydro pyrrolo{3,4 bjpyridine,
piperazine, pyrazine, morpholine, thiomorpholine, imidazole, imidazolidine 2,4 dione, 1.3
dihydrobenzimidazol 2 one, indole, thiazole, benzothiazole, thiadiazole, thiophene, tetrahydro
thiophene 1,1 dioxide, diazepine, triazole, guanidine, diazabicyclo[2.2.1]heptane, 2,5
diazabicyclo{2.2.1]heptane, 2,3,4,4a,9,9a hexahydro 1H beta carboline, oxirane, oxetane,
tetrahydropyran, dioxane, lactones, aziriding, azetidine, piperidine, factams, and may also
encompass heteroaryls. Other illustrative examples of hetercaryls include but are not limited o

furan, pyrrole, pyridine, pyrimidine, imidazole, benzimidazole and triazole.

Substrate

As used herein, "substrate” refers to an insoluble support on which an analyte is deposited
and analyzed. Substrates may inciude, but are not limited to, silica, glass (e.g. glass, controlled-
pore glass (CPG)), nylon, Wang resin, Merrifield resin, Sephadex, Sepharose, cellulose, magnetic
beads, Dynabeads, a metal surface (e.g. steel, gold, silver, aluminum, silicon and copper). a piastic
material (e.g.. polyethylene, polypropylene, polyamide, polyester, polyvinylidenedifluoride (PVDF)),
or pins {e.g., arrays of pins suitable for combinatorial synthesis or analysis or beads in pits of flat
surfaces such as wafers {e.g., silicon wafers) with or without plates. The solid support may be in
any desired form, including, but not limited to: a bead, chip, capillary, plate, membrane, wafer,
comb, pin, a wafer with pits, substantially flat surface, an array of pits or nanoliter wells and other

geometries and forms known to those of skill in the art. Preferred supports are flat surfaces
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4% 3% 3% Average adduct formation score 1 1.4 Depurination score: substitution G: -133Da
0.29*0.6=0.2 0.46*0.8=0.4 0.46"1.2=0.6 elimination G:-150Da 0 0 0

W0 2009091841 PCT/US2009/031020

designed to receive or link samples at discrete loci. Most preferred are flat surfaces with
hydrophobic regions surrounding hydrophilic loci for receiving, containing or binding a sample. The
substrate materials can be inert to the operation of the device or the reagents to be used in the
procedure, including the matrix materials and solvents typicat of MALDI mass spectrometry.

On the substrate, spots of matrix or matrix/additive or matrix/analyte/additive often have
certain characteristics. Each spot on a subsirate can be about 200 micrometers to about 1 mm in
diameter. Spot diameter often is substantiaily uniform and spot-to-spot diameter variation ofien is
minimal {e.g., variation of about 20 micrometers). Any center-to-center distance for spots on a
substrate useful for mass spectrometry can be utilized, such as center-to-center distances of 2.25
mm or 1.125 mm, for exampie, and the center-to-center distance between spots on a substrate
often is substantially uniform. Spots on the substrate can have a thickness ranging between about
10 micrometers to about 100 micrometers. The thickness of each spot on a substrate often is
substantially uniform and spot-to-spot thickness variation often is minimal (e.g., about 30

micrometers).

Target Site
As used hersin, the term "target site” refers {o a specific locus on a substrate upon which

material, such as matrix material, matrix material with additive, or analyte, can be deposited and
retained. A substrate may contain one or more target sites, which can be arranged randomly or in
ordered array or other pattern. When used for mass spectrometric analyses, such as MALDI
analyses, a target site or the resulting site with deposited material, is preferably equal to or iess
than the size of the laser spot that will be focused on the substrate o effect desorption. Thus, a
target site can be, for example, a well or pit, a pin or bead, or a physical barrier that is positioned
on a surface of the solid support, or combinations thereof such as a beads on a chip, chips in
welis, or the like. A target site can be physically placed onto the substrate, can be etched on a
surface of the substrate, can be a "tower" that remains following etching around & locus, or can be
defined by physical-chemical parameters such as relative hydrophilicity, hydrophobicity, or any

other surface chemistry that retains a liquid therein or thereon.

Platform

The methods and compositions of the present invention may be used in conjunction with
any ionization source, including Atmospheric Pressure, Chemical lonisation (APCI), Chemical
lonisation (C), Electron impact (El), Electrospray lonisation (ES| or ES), Fast Atom Bombardment

(FAB), Field Desorption / Field lonisation (FD/F!), Malrix Assisted Laser Desarption lonisation
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substitution A: -117Da 0 0 0 TABLE 3B: 28mer Probe Height and Signal-to-Noise (SNR) Ratio Probe
Probe Height (avg. / stdev.) 20/528/731/7

WO 2009/091841 PCTAIS2009/031020

(MALDI) and Thermospray lonisation {TSP). in certain embodiments, the ionization source is
MALDI or ES.

The methods and compaesitions of the inveniion may be used in conjunction with any mass
analyzer. There are a number of mass analyzers currenfly available, the betier known of which
include guadrupoles, fime-of-flight (TOF) analyzers, magnetic sectors, and both Fourier transform
and quadrupole ion traps. in addition, the analyzers may be used in tandem as tandem (MS-MS)
mass spectrometers. In some embodiments the mass analyzer is a TOF anatyzer.

In certain embodiments, analytes are analyzed by a mass spectrometric analysis and are
not analyzed by a speciroscopic method. In some embodiments, analytes are not analyzed by
infrared spectrascopy (e.g., Fourier Transform infrared spectroscopy), which in general measures
the vibrational frequency of certain molecuies, and does not generally include ionization of anaiytes

and measuring the mass of the ionized analyles.

Examples
The following examples are non-limiting and illustrate certain embodiments of the invention.

Example 1; Additive 1o the Anaivie

In the foliowing Example, analyte from a Sequenom IPLEX™ reaction was mixed with either
nanopure water or with an ascorbic acid additive to determine the effect of the additive on adduct
formation. The plates were processed in parallel following the Sequenom IPLEX™ protocol as
described by Jurinke, C., Oeth, P., van den Boom, D., MALDI-TOF mass spectrometry: a versatile
tool for high-performance DNA analysis. Mol. Biotechnol. 26, 147-164 (2004); and Oeth, P. et al.,
iIPLEX™ Assay: Increased Plexing Efficiency and Fiexibility for MassARRAY® System through
single base primer extension with mass-modified Terminators. SEQUENOM Application Note
(2005), both of which are hereby incorporatad by reference. During the diiution/conditioning step,
ot of analvie solution was mixed with 2503 of nancopure water as the standard protoco! diciates,
while the other plate was also mixed with ascorbic acid to yield a final ascorbic acid concentration
of 20mM.

To remove residual cations from the ascorbic acid, and to exclude any possible inference
from ammoniated cation exchange resin, stock solutions of ascorbic acid were desalted with 1g/ml
of protonated resin. Depending on the workflow, the additive can be either mixed directly with the
analyte or further diluied and then added to the sample. In this particular Example, the dilution
step was compteted on an automated liquid handler, with the dilution solution stored in a 50m fray

at 2 volume ratio of 1/25 prior fo its addition to the analyte solution.
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Probe SNR (avg.! stdev.) 93 /19 134 /27 164/ 31 Matrix comparisons are based on the relative
adduct and depurination peak heights, and on the probe heights and SNRs. An adduct formation score
was introduced to account for the relative frequency of pads that exceed the peak score threshold
value into the aﬁé]ﬁ’/glé “Adduct formation score = =(relative frequency of E%E(sﬁ %?3?8%/5%3?12(3 threshold
value)*(average adduct peak height) The term "pads” and "spots” on a substrate are interchangeable.
Standard deviations for the average adduct peak heights were low and comparable for all matrices
and are not reported in the tables. For the synthetic 17mer, the average adduct formation score
was 13% less msidhngeive reapixtivEadieti2Aoadid donthecspyn et ol28metréhesavesagaadduct

formatiop Seare AR 5930 lnsk en/Benew maixInRke B A comPRIAGIAdAR fexpdtpaled standard
matrix. WO 2009/091841PCT/US20097031020 Primer Extension Sa |t|onal

expenn%ﬂ%%%?@ﬁﬁ%@ﬁ@ﬁ@d\%%‘a@éﬁ‘é%ﬁﬂoﬁéW%@E@M&'ﬁ@%@ﬂ%ﬁb|ymorph|sms
in the RhD an@&£sME: genesc Tesecassays eere perdosmighausingtibreoiRe EXdM assaly acid

MasSARBAYIARROIRE LA S o PR orc 6k EEBRATSR, N R RS spectiomety.
a versatile tool for high-performance D ana8y5|s Mol. Biotechnol. 26, 147-164 (2004); and Oeth, P.

etal., Fﬂ?ﬁ%“f?ﬂaﬁ@é@%ﬁ‘ﬁ‘i‘cﬁ‘%’é@& PT&&HBSE‘FE B 2l BRSVIBRIE B P 1AL SRBIRRT " Rtem through
smgle bestupriatenextin sierewithom asst frisdéfiioch Teleai ndtior Sin8 QY BNOME AppltationdNiotes¢2005),
both of whighare hele B dnetarAtedpkdriarensgndn Rigfohgdargetbiagiensraynding the SNP is
first amplified by PCR. Subsequently an oligonucleotide primer Is annealed to the PCR product and is
extended allele-specifically by a single nucleotide using a mixture of 4 terminator nucleotides and a

DNA poiyeiapise: Padidsadntiiadatriducts are transferred to a miniaturized chip array and are

analyzed by MAEH%'fJ %Mm%@cmmm@mmwb%m H@Q&G%E maspeef aigension
products aIIovx{ L mblggo% |(ljn(%n'[l|f|r§: |grn é)f '%h!e SNP allelgﬁyres&% in the sample. The peak area
ratio of Mase s?gr?a Sfowsthe eg imation of the relatt ePaBlindahée 6f the alleles in a given sample.
In this experiment, a 20% higher laser energy (compared to the above synthetic oligonucleotide
experiments) wasmseilifshd316 Da AMG primer extension products spotted on the matrices of Table
1. As Tables 4 qd 5 sh%ws there is a reduc Gepo verage adduc formqﬂpq}gcor for the extension

inations were prepare
products d|spense(§ 3

e new matrix as comp ared Yo the stan dS matrix (40- 5052 (L:iecrease) and
the incrédeddsalybesnery Hﬁ@rﬁatﬂ@jaw@%%ﬁ%a&f&aﬂéﬁﬂﬁﬁdﬁﬁlmwizame EHIG Assay (7316

Da) Adduetsdistanthardohasecrneigy tetaldduantifieds with exchange resin in H+ form, and
ammonia salts with resin in NH4+ form):
3-HPA: 350mM in 30% aqguecus Acetonitrile.
AA: 1M in agueous solution.
DAC: 226mg1Min aqueous solution.
The standard matrix was prepared with 300mM 3HPA and 2b0mM DAC, while the new
matrix was prepared with 300mM 3HPA, 20miM NH,-Oxalate and 20mM ascorbic acid. See Table

1. The final matrices were dispensed on a SpectroChip at 15-20nl, using a Gesim Nancplotter.

TABLE 1
Matrix Type Matrix Composition {concentrations in
imMB
Standard, no resin 300 MPA /25 DAC
Standard, with resin 300 HPA /25 DAC
new Matrix | 300 HPA 1 20 AA/ 20 NHA-Oxalate

Svnthetic Oliacnuclectide Samples

Two experiments were performed using synthetic oligonucleoctides spotted directly on the
matrices of Table 1. in a first experiment, a 17mer synthetic oligonucieotide (GTG GTG GTG GTG
GTG GT) was iested on both the “old”, resin-treated matrix and the “new”, ascarbic acid-modified
matrix. in Figure 1 {old maftrix), an ammonia adduct is clearly present (peak height is
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Adducts to probe at 7316Da sample size: 96 Standard Matrix, not resin treated Standard Matrix, resin
treated new Matrix NH3 (+17Da) 1.2.5=2.5 1*2.1=2.1 0.94.1=0.94 16% 11% 6% Sodium (+22Da)

0.91'1.7=1.5.0.98'0.9=0.9 0.25*0.5=0.13 11% 5%

WO 2009/091841 PCT/USZ009/031020

approximately 12% of parent peak at 5335 Da), while the ammonia adduct is not present in Figure
2 {(new matrix). The new matrix may alternatively be referred to as “Matrix 63C".

in a second experiment, a low mass 17mer synthetic oligonucieoiide (5044Da) and high
mass 28mer synthetic oligonucleotide (8436Da) were tested for adduct formation and depurination.
In both experiments, the synthetic oligonucleotide analytes were dispensed on the mafrices of
Table 1 at 10nl per spot, using a Gesim nanoplotter. The results for the iow mass and high mass

oligonucleotides are shown in Tables 2 and 3, respectively.

TABLE 2A: 17maer Adducts

Adducts to 17mer, 50440a Standard Matrix, Standard Matrix, new Matrix

sample size: 48 not resin freated resin treated

NH3 (+17Da) 0.4%2.3=0.9 4] 0
3%

HPA (+138Da) 0.17%1.8=0.3 0 0
3%

HPA Decarboxylated 1 (+94Da) 0.48*2.4=1.2 0 0.13*1.6=0.2
4% 2%

HPA Decarboxylated 2 (+188Da) | C.98°5=4.9 1*10.2=10.2 1"8.9=89
75 9% 11%

Potassium {+38Da} 0.46%2.5=1.2 G G
4%

Sodium (+22Da) 0.52%3.4=1.8 G o
5%

Carbonic Acid {+62Da) 0.08%1.4=0.1 0 0.06%1.3=0.08
2% 2%

Average adduct formation score 1.5 1.6 i3

Depurination 0 g 0

TABLE 2B: 17mer Probe Height and Signal-to-Noise (SNR) Ratio

Probe Standard Matrix, Standard Matrix, new Matrix
not resin treated resin {reated

Probe Height {avg. / stdev.) 69/19 110/ 24 797726

Probe SNR (avg. / stdev.) 24711 57 388 /71 3137177
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3% Potassium (+380a) 0.9*1.2=1.1 0.96*1.1=1.1 0.89*0.8=0.7 8% 6% 4% Carbonic Acid (+62Da)
0.9*1 .2=1.1 0.98*1.3=1.3 0.98-'1.4=1.4 8% 7% 8% Average adduct formation score 1.6 1.4

WO 2009/091841 PCT/US2009/6310260
TABLE 3A: 28mer Adducts

Adducts to 28mer, 8436Da Standard Matrix, Standard Matrix, new Matrix

sample size: 48 not resin treated resin treated

NH3 {(+17Da) 1*3.6=3.8 1%3.8=3.9 0.48"2.1=1
18% 14% 7%

HPA (+138Da) 0.35%1.2=0.42 0.6%1.6%1 0.67%1.1=0.74
6% 6% 4%

HPA Decarboxylated 1 (+84Da) 0.35%1.3=0.46 0.6%1.7=1 0.46%1.7=0.78
7% 6% 6%

HPA Decarboxylated 2 (+188Da} 0.35%1.3=0.46 0.65"2.6=1.7 1*3.5=3.5
7% 8% 11%

Potassium {(+38Da) 0.39"1.3=05 0.58*1=0.58 0.4%0.9=0.35
7% A% 3%

Sodium (+22Da) 0.46%2.4=1.1 0.6%1.8=1.1 0.46%1.1=0.51
12% 8% 4%

Carbonic Acid (+82Da) 0.31*0.8=0.2 0.3170.8=0.2 0.1770.8=0.14
4% 3% 3%

Average adduct formation score 1 1.4 7

Depurination score:

substitution G: -1330a 0.29*0.8=0.2 0.4670.8=0.4 0.46%1.2=0.6

alimination G:-150Da 0 & 0

substitution A: -117Da 0 o 0

TABLE 3B: 28mer Probe Height and Signal-to-Noise (SNR) Ratio

Probe
Probe Height {avg. / stdev.) 20/5 28177 31717
Probe SNR (avg. / stdev.} 93/19 134127 164 / 31

Matrix comparisons are based on the relative adduct and depurination peak heights, and on

the probe heights and SNRs. An adduct formation score was introduced 1o account for the relative

frequency of pads that exceed the peak score threshold value into the analysis:

Adduct farmation score =

=(relative frequency of pads exceeding threshold value) (average adduct peak height)

The term “pads” and “spots” on a substrate are interchangeable. Standard deviations for the
average adduct peak heighis were low and comparable for all matrices and are not reported in the
tables.

For the synthetic 17mer, the average adduct formation score was 13% less on the new
matrix (Table 2A), and for the synthetic 28mer, the average adduct formation score was 29% less

on the new matrix (Table 3A) as compared {o the resin-treated standard matrix.
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0.8 TABLE 4B: AMG Assay (7316 Da) Height and Signal-to-Noise (SNR) Ratio Probe Probe Heiht
av../stdev. 16 /4 19/5 18/ 6 Probe SNR ay.. / stdev. 54 /11 65/14 66 /19 WO

2009/0918 T 9/031020 TABLE 5: AMG Assay (7316 Da) Ad - Incr d Laser
Energy Feta %%(g%)?ég ﬁdducts to probe at 7316Da sample size: 96 Mﬁjgi&ﬁ/@ﬂﬁ%y

Primer Extension Samples

Additional experiments were performed using validated Sequenom genotyping assays
directed to polymorphisms in the RhD and AMG genes. These assays were performed using the
iPLEX™ assay and MassARRAY® technology (Jurinke, C., Osth, P., van den Boom, [., MALDI-
TOF mass spectrometry: a versatile tool for high-performance DNA analysis. Mol, Biotechnol. 286,
147-164 (2004} and Oeth, P. et al,, iIPLEX™ Assay: increased Plexing Efficiency and Flexibitity for
MassARRAY® System through single base primer extension with mass-modified Terminators.
SEQUENOM Application Note (2005), both of which are hereby incorporated by reference). In
brief, the target region surrounding the SNP is first amplified by PCR. Subsequently an
oligonucieotide primer is annealed to the PCR product and is extended allele-specifically by a
single nucleotide using a mixture of 4 terminator nucieotides and a DNA polymerase. The
extension products are transferred to a miniaturized chip array and are analyzed by MALDI-TOF
Mass Spectrometry. Determination of the molecular mass of extension products allows
unambiguous identification of the SNP aliele present in the sampie. The peak area ratio of mass
signals allows the estimation of the relative abundance of the alleles in a given sample.

in this experiment, a 20% higher laser energy (compared to the above synthetic
oligonuclectide experiments) was used on 7316 Da AMG primer extension products spotted on the
matrices of Table 1. As Tables 4 and 5 shows, there is a reduced average adduct formation score
for the extension products dispensed on the new matrix as compared to the standard matrix {40-

50% decrease), and the increased laser energy had no negative effect on adduct formation.

TABLE 4A: AMG Assay (7316 Da) Adducts — Standard Laser Energy

Fetal Quantifier Standard Matrix, Standard Matrix, new Matrix

Adducts fo probe at 7316Da not resin treated resin treated

sample size: 86

NH3 (+17Da) 1*2.8=2.5 *2A=2.4 0.84*1=0.04
16% 11% 6%

Sadium (+22Da) 0.9171.7=1.5 0.9870.9=0.9 0.25%0.5=0.13
11% 5% 3%

Potassium (+38Da) 0.9"1.2=1.1 0.96"1.1=1.1 0.89%0.8=0.7
8% 6% 4%

Carbonic Acid (+62Da) 0.91.2=1.1 0.98%1.3=1.3 0.88%1.4=1.4
8% 7% 8%

Average adduct formation score 1.6 1.4 0.8

TABLE 4B: AMG Assay (7316 Da) Height and Signal-to-Noise (SNR) Ratio

Probe
Prebe MHeight {avg./stdev.) 16/ 4 1975 18/6
Probe SNR (avg. / sidev.) 54 /11 65 /14 66 /19
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Standard Matrix, resin treated 20% increased laser energy new Matrix 20% increased laser energy
NH3 (+170a) 1*1.7=1.7 11% 0.55*0.85=0.47 5% Sodium (+22Da) 0.98"1.1=1.1 7% 0.06*0.51=0.03

3% Potassiym (+ .1*0.4=0.04 0.3% 0.41*0.75=0.31 3% Carbonic Acid.(+ 98'1.5=1.5
9% 0.97*1.@%’%§§?\§2rage adduct formation score 1.1 0.6 M%gz&%}g@”%

TABLE 5: AMG Assay {7316 Da) Adducts — Increased Laser Energy

Fetal Guantifier Standard Matrix, resin new Matrix
Adducts to probe at 7316Da treated 20% increased laser
sample size: 96 20% increased laser energy
enargy
NH3 (+17Da) 1.7=17 0.55%0.85=0.47
11% 5%
Sodium (+22Da} 0.98%1.1=1.1 0.06*0.51=0.03
7% 3%
Potassium (+38Da) 0.1*0.4=0.04 0.41*0.75=0.31
0.3% 3%
Carbonic Acid {(+62Da} 0.98*1.5=1.5 0.87°1.6=1.6
9% 8%
Average adduct formation score 1.1 0.6
Probe
Probe Height {avg. / stdev.) 1674 19/4
Probe SNR {avg. / stdev.) B85/ 14 69/13

To iest the new matrix's effectiveness in the presence of higher amounts of anaiyte,
increasing amounts (10, 15 and 20ni) of 7528 Da AMG primer extension products were anaiyzed
on the matrices of Table 1. See Table 6 below. The new matrix's average adduct formation
scores are lower at the 10 and 15nt analyte volume; whergas at 20nl, the same score (0.6) was
observed for both matrices.
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Probe Probe Height (avg. / stdev.) 16 14 19 /4 Probe SNR (avg. / stdev.) 65/ 14 69/ 13 To test
the new matrix's effectiveness in the presence of higher amounts of analyte, increasing amounts (10,
15 and 20nl) of 7528 Da AMG primer extension products were analyzed on the matrices of Table 1.
See Table 6" BERW PEE hew matrix's average adduct formation scores at& 1OWar R HE 0 and
15nlanalyte volume: whereas at 20n1, the same score (0.6) was observed for both matrices. WO
2009/091841PCT/US2009/031020 Improved Mass Spectra The importance of reduced adduct
formation to eliminate false positive calls is clearly illustrated in Figures 3 and 4, which show the
results for the RHD-4-psi 3-i genotyping assay. The peak at 7626Da is not an insertion as reported for
the standard matrix (Figure 3), but a 55Da (NH3 + K) adduct to the extension product at 7571 Da. This
adduct is clearly eliminated in the new matrix (Figure 4). Example 3: Additive to the Matrix and Analyte
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The new, ascorbic acid-modified matrix was also tested in combination with ascorbic acid added to an
analyte solution (AMG primer extension product at 8289Da). As seen in Example 1 and Tables 2-6 of
Example 2, ascorbic acid added to the analyte or in combination with st tri atly reduced
ammonia and sodium adducts. See Table 7 below. There was a 43% dggr%%%%e ((?gr,{é%gg{fbicyacid
treated analyte on standard matrix, and a 57% decrease for ascorbic acid treated analyte dispensed
on new matrix (as compared to untreated analyte dispensed on untreated matrix). TABLE 7: Ascorbic
Acid Added to Analéte agg gatr;% Fital Quantifier Adducts to probe at 8289Da sample size: 24
Standard Matrix, Y mdard Matrix, resin treated new Matrix new Matrix Final suppressant
concentration in airtadjterOrzOne\ef0R0as e M (formpiipniicl elisinate Bise1rosdie GHO% 1"0.6=0.6 8%

0.92*0.5=0,46 8% RedlMi{ 24083 3 and 4, which show the resuits for the RHD-4-psi 3-i

genotyping assay. The peak at 7626Da is not an insertion as reported for the standard
matrix (Figure 3), but a 55Da (NH; + K) adduct to the exiension product at 7571Da. This

adduct is clearly eliminaied in the new matrix (Figure 4).

Example 3: Additive to the Matrix and Analvte

The new, ascorbic acid-modified matrix was also tested in combination with
ascorbic acid added tc an analyte solution (AMG primer extension product at 8288Da).
As seen in Example 1 and Tabies 2-6 of Example 2, ascorbic acid added to the analiyte
or in combination with standard matrix greatlty reduced ammonia and sodium adducts.
See Table 7 below. There was a 43% decrease for ascorbic acid treated analyte on
standard matrix, and a 57% decrease for ascorbic acid treated analyte dispensed on
new matrix (as compared to untreated analyte dispensed on untreated matrix).

TABLE 7: Ascorbic Acid Added to Analyte and Matrix

Fetal Quantifier Standard Matrix, | Standard Matrix, new Matrix new Matrix

Adducts to probe at resin treated resin treated

8289Da

sampie size: 24

Final suppressant 0 20mM G 20mM

concentration in analyte

NH3 (+17Da) 11.4=14 1*0.6=0.6 1%0.6=0.6 0.8270.5=0.46
18% 10% 8% 8%

Sodium (+22Da) 0.9670.7=0.67 0.63*0.3=0.19 0.17%0.3=0.05 0.29*0.1=0.03
9% 5% 4% 2%

Potassium (+38Da) 0.21%0.3=0.06 C.13*0.1=0.01 0.47*0.2=0.03 0.17*0.2=0.03
4% 2% 3% 3%

Carbonic Acid (+62Da) 0.98*0.8=0.77 1%0.7=0.7 10.9=0.9 0.96%0.8=0.77
10% 12% 11% 13%

Average adduct formation 0.7 0.4 {43%) 0.4 0.3 (25%)

SCOre

Probe

Probe Height

{avg. / stdev.) 8/2.3 6/3 8/3 6/2

Probe SNR

{avg. / stdev.) 35/8 32711 36712 36/7

Example 4: Stability Tests
Over a period of six months, four stability tests were performed to determine the

adduct-reducing properties of ascorbic acid over time. There was no indication that the

tested matrices diminish in their performance during the course of fime. Instead, the
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0.96*0.7=0.67 9% 0.63"0.3=0.19 5% 0.17*0.3=0.05 4% 0.29*0.1=0.03 2% Potassium (+38Da)
0.21*0.3=0.06 4% 0.13*0.1=0.01 2% 0.17"0.2=0.03 3% 0.17*0.2=0.03 3% Carbonic Acid (+62Da)
0.96*0.8=0.77.10% 1"0.7=0.7 12% 1"0.9=0.9 11% 0.96"0.8=0.77 13% Average adduct formation score
0.7 0.4 (439405 B06) Probe PCT/ES2009/031020

obtained SNRs and consistent adduct formation scores for ammonia and alkali adducis
confirmed the stability of 3-HPA and its additives DAC, NH;-Oxaiate in combination with

ascorbic acid.

The entirety of each patent, patent application, publication and document
referenced herein hereby is incorporated by reference. Citation of the above patents,
patent applications, publications and documents is not an admission that any of the
foregoing is pertinent prior art, nor does it constitute any admission as to the contents or
date of these publications or documents.

Modifications may be made to the foregoing without departing from the basic
aspects of the invention. Although the inveniion has been described in substantial detail
with reference to one or more specific embodiments, those of ordinary skill in the art will
recognize that changes may be made to the embodiments specifically disclosed in this
application, yet these maodifications and improvements are within the scope and spirit of
the invention.

The invention Hlustratively described herein suitably may be practiced in the
absence of any element(s) not specifically disclosed herein. Thus, for example, in each
instance herein any of the terms “comprising,” “consisting essentially of,” and "consisting
of” may be replaced with either of the other two terms. The terms and expressions
which have been empioyed are used as terms of description and not of limitation, and
use of such terms and expressions do not exclude any equivalenis of the fealures
shown and described or portions thereof, and varicus modifications are possible within
the sgope of the invention claimed. The term "a” or "an” can refer to one of or a plurality
of the elements it modifies (e.g., “a device” can mean one or more devices) unless it is
contextually clear either one of the eiements or more than one of the elements is
described. The term “about” as used herein refers 1o a2 value within 10% of the
underlying parameter {i.e., plus or minus 10%), and use of the term "about” at the
beginning of a string of vaives modifies each of the values (i.e., "about 1,2 and 3" is
about 1, about 2 and about 3). For example, a weight of “about 100 grams” can include
weights between 90 grams and 110 grams. Thus, it should be understood that although
the present invention has been specifically disclosed by representative embodiments

and optional features, modification and variation of the concepts herein disclosed may
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Probe Height (avg. / stdev.) 8/2.36 /3 813 6/ 2 Probe SNR (avg. / stdev.) 35/832/1136/12 30/
7 Example 4: Stability Tests Over a period of six months, four stability tests were performed to
determine the adduct-reducing properties of ascorbic acid over time. There was no indication that the
tested matricas dimintahlin their performance during the course of time. Iﬁg?é%z,“ﬂ%’é}sgl%{'ained SNRs
and consistent adduct formation scores for ammonia and alkali adducts confirmed the stability of
3-HPA and its additives DAC, NH4-Oxalate in combination with ascorbic acid. The entirety of each
patent, patent application, publication and document referenced herein hereby is incorporated by
Feference. CILATRED) 6 ADVE B T5oRen? B REAde SBTe Ve SRR Ements 1 not an

admission thasideeoivlienfiregoing 8 pestmentiprior art, nor does it constitute any admission as to the
contents or date githegepLkIaHENSERRAGHEA It in the claims that foliow.
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Modifications may be made to the foregoing without departing from the basic aspects of the invention.
Although the invention has been described in substantial detail with reference to one or more specific
embodimentgthasaakardinary skill in the art will recognize that changes,faydgsmags o the
embodiments specifically disclosed in this application, yet these modifications and improvements are
within the scope and spirit of the invention. The invention illustratively described herein suitably
may be practiced in the absence of any element(s) not specifically disclosed herein. Thus, for
example, in,gagh. insiaRgeherein any of the terms "comprising,” "consisting essentially of,” and
"consisting™of” may be replaced with either of the other two terms. The terms and expressions which
have been employed are used as terms of description and not of limitation, and use of such terms and
expressions do ndt exclédesimyddquivaleints afdhe feabaties shawanaid dessidedsor portions thereof,
and various, madlficaionsiepas il wibindhe srense sms Hyenion siaumed, Thg.derm "at or an”

can refer to oné of or a plurality of the elements it maodifies (e. a device" can mean one or more

devices) ur{ﬁe@?t‘f%aggw&mﬁg} CrO BRAGP BB D PHIE 8tétﬁ@ﬁt?t5&°ﬁt%f 8 AHWHEDFhe elements is
described. ThHbdeampzboiot tasnateishdibm asits ty aesduparitoinet®% of the underlying parameter
(i.e., plus or minug 10%%@%&58@1‘@@&&?ﬁ”ﬂvt%?é?Htth%té@@uQﬁ%'&rHﬁ% QhigwRiEingiRdvalues modifies
each of the values (i.e., "about 1, % nd 3" is about 1, about 2 and about 3). For example, a weight of
"about 100%%@8 &Wtﬁ%ﬂtﬁ% %8@ ts between 90 grams and 110 grams. Thus, it should be
understood that athougfihhenptesént darentiofmérais hexanspéeificallydischoibd by representative
embodiments and40ptionatefmees@m@qﬁigm}m%m@@waetdttsedeewﬁtﬁesmisclosed may
be resorted to by those ﬁlﬂlled ]b the ar t, a uch Rdlflcqtlons \garlatlpns are considered within
the scope of this invention. “ER N are &8s that follow. What

|ﬂwen i eelrﬁ'\r/]en ion are S&rGrir iy
is claimed is: .. A mEbotordefioeiny adbeiciTopmatiansia mel%@ﬁm@m@an analyte to be

analyzed bydRrass $SRACIHRMRINY §@t§i@tiﬁgﬁgftlweﬁtené&sa@tﬂL%@meggwbﬁﬂememmﬂt@ve which
comprises a;gegg (ﬂﬁ% o]r@:?zﬂhté Stgtgto e{g or an;lo reoptlt% 2 Cgrlo to analysis of the

analyte by mass spectrom claim LwRerem 1 ot r\educmg additive

further conﬂe@é@aﬁﬁﬁiﬁ@ﬁt}?ﬁ%@h&éﬁ% SD@?W@Q%W@MF‘@F&%&W@% ir&RaMaRRe is a nucleic

acid. 4shbarneshodsal @gmammgf@mqtmm@t@mg@ deoxyribonucleic acid. 5. The
method of claim 37WhereAn tQ&g tgc% i |sd&1 [S)&lflogﬁlgt gﬁl 6. The method of claim 1 wherein
C

i ]
the analysis by mass spectrometry is selected from the grouB eoRsI tlen(éogt“? Mattix-Assisted Laser

DesorptionABRAEHE T AT IGTEE YT SRS AS FTRDTSY MRS RSpias FaprRéer) Ol adEPHRisafstieh Mass
Spectrometgti{l-DyS)itlecinispraynirisSy MassrGpectiometnsliasutystotitoarRrsananes (ICR) Mass

Spectromet@/a mrf%y]ge{{)ggﬂ%%rg] M@ﬁﬁaﬁ%fﬂv%?@r%e CE)m%eﬁ/method for reducing adduct

formation in a sample comprisirig an analyte to be analyze ass spectrometry comprising the step
of adding an addutt- redJ@ﬁl@"%&lﬁl%dwmghflégtﬁbi:@egrﬁ‘g&%?@%@f6?58 adfirliifomer or analog
thereof, to addattixegricngcdditlysis Ot theadfalyter by amaigsispetisameing. by ma&sThe method of claim
7 further co QE'L?‘&%WE step of also adding the adduct-reducing additive to the analyte prior to
analysis of the analyte b¥ mass spectrometr - 9. The method of claim 7 or 8 wherein the

adduct-reducing additive' RifR&INESINHHRIGS - Pﬁﬁt&vﬂﬁfﬁtrbgl?ﬁlQ@UCt'reﬁL@'%%dmté‘fﬁMB‘F claim 7 or 8
wherein theconatrisesampesitionaceiaisrises 3- hydroxy picolinic acid (3-HPA). 11. The method of

claim 7 or 8 wherejp the m@%&@&@%@t%@%@@&ﬂm@m%'%f&ﬁﬁ@n(%@;ses 3.12. The
method of %alm 7 or 8 wherei giﬁ analyte is a nucleic acid method for preparing a

substrate sUAYY BFILEC AT ASS Epdctrometry comprising the step of depositing a matrix material
comprising an adduet-redbeimgthodinfeain ther Suidstraire theeatin cbrrasiiisoraedoisag didditive

comprises aggamicAGHtQ @AY, tautomer or analog thereof.

12. The method of claim 7 or 8 wherein the analyie is a nucleic acid.

13. A method for preparing a substrate suitable for use in mass spectrometry
comprising the step of depositing a matrix material comptising an adduct-reducing
additive on the substrate, wherein the adduci-reducing additive comprises ascorbic acid,
or a salt, tautomer or analog thereof.
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WO 2009/091841PCT/US2009/031020 14. The method of claim 13 further comprising the step of
sealing the substrate. 15. The method of claim 13 further comprising the step of treating the

substrate Wit a0,a080,Qr gas to minimize oxidation. 16. The methoq,egﬂgigﬁggﬁl\%erein the
substrate comprises silica. 17. The method of claim 13 wherein the adduct-reducing additive

further comprises ammonium oxalate. 18. A composition to be analyzed by mass spectrometry
comprising an analyte and an adduct-reducing additive. 19. The composition of claim 18 wherein

the adduct-reducing ag e%'él%@%?ﬁﬁﬁ?ﬁ%i?u%g’ C&@gﬁgp%gt&%ig%egg quethereof. 20. The

composition of claim 19 further comprising ammoniu e. composition comprising a
matrix comﬁ%‘ﬁl@f‘?and ascorbic acid, or a salt, tautomer or analog thereof. 22. A composition
comprising a matri%.compresitiethpastariiia agithrbeacsalhridutanmestop anatagribereof, and ammonium

oxalate. Su%gtréecwm%sgé%t%qibglglgof%r%ajg%gg(}%mass spectrometry comprising an analyte and

an adduct-reducing additive, wherein the additive comprises ascorbic acid, or a salt, tautomer or
analog thereof, an%*amrﬁ%i@ﬁ?%‘?a‘?ﬁfé?‘m T3neeln e suhetRie rrERrssE Hsthetry comprising a
substrate and an adductfreduethgdadditivme ¢dmpersingheszintit @didsioy ads#listautamer or analog
thereof, and amMORILILXRIAISxalate25- The target site of claim 24 further comprising a matrix

material. 26. A method for gr_e_paring an analyte for mass spectrometry analysis, which comprises:
1 A composition to Be analyzed by mass spectrometry comprising an

analyte and an adduct-reducing addifive.

19. The composition of claim 18 wherein the adduct-reducing agent
comprises ascorbic acid, or a salt, tautomer or analog thereof.

20. The composition of claim 1€ further comprising ammonium oxalate.

21. A composition comprising a matrix compeosition and ascorbic acid, or a
salt, tauiomer or analog thereof.

22, A composition comprising a matrix composition, ascorbic acid, or a salt,
tautomer or analog thereof, and ammonium oxalate.

23. A composition suitable for analysis by mass spectrometry comprising an
analyte and an adduct-reducing additive, wherein the additive comprises ascorbic acid,
or a salt, tautomer or analog thereof, and ammonium oxalate.

24, A target site for mass specirometry comprising a substrate and an
adduct-reducing additive comprising ascorbic acid, or a salt, fautomer or anatog thereof,
and ammonium oxalate.

25. The target site of claim 24 further comprising a matrix material.

28. A method for preparing an analyte for mass specfrometry anaiysis, which
comprises: |

contacting a solution comprising an analyte with a composition
comprising ascorbic acid, or a salt, tautomer or analog thereof, thereby preparing a
sample for mass spectrometry analysis; and

introducing the sample 10 a2 mass spectrometer.

27. The method of claim 26 wherein the composition comprises ammonium
oxalate.

28.  The method of claim 26 wherein the analyte is a nucieic acid.

29.  The method of claim 28 wherein the nucleic acid is deoxyribonucleic acid.

30. The metheod of claim 28 wherein the nucieic acid is ribonucleic acid.
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contacting a solution comprising an analyte with a composition comprising ascorbic acid, or a salt,
tautomer or analog thereof, thereby preparing a sample for mass spectrometry analysis; and

introducing the sapieie a mass spectrometer. 27. The method of glatm2eevveiein the
composition comprises ammonium oxalate. 28. The method of claim 26 wherein the analyte is a

nucleic acid. 29. The method of claim 28 wherein the nucleic acid is deoxyribonucleic acid.
30. The method of claim 28 wherein the nucleic acid is ribonucleic acid. WO

2009/091841PCTAIS200UG3LARY o ciaid s TeraRtiRcof &alm ARG MG sinfae mass spectrometry
analysis is selected from the (i%\roug [é:gpsistip%of: M trix-@g?g&egé_gserpe or ti%lélonization

Time-of-FIi@ﬂF%ﬁl%\ rﬁ?%@f B& RIASEP esorption MEESEFEER

ei?:?r8r:netry, aser pectrometry (LDMS),
ElectrospralintEs})-Migbt (86 biro MetiVass P oiritomenR R BR)Mass S Isssemeiietry, and

Fourier Transfiors Massoopestion)aiss Spesiorfeetbadiidaoal yenthananartavisimass
spectromet%, V\{hiCh icomﬁcrii}a_es:. . Trinrt}r(?C()JIrLF{,]cmgsa éfagn rIé—:-mttg_}),{a mass spectrometer, wherein the sample
comprises egnrgfy?er%inad as8oibic a%ia, ora saﬁ, Gtomer or analog thereof; and analyzing the
sample by mass sfectrofviegiiod for 33alYHECABARIVGT BIAMASE0RERSS e Sdhple further comprises
ammonium-gxalades: 34. The method of claim 32 wherein the analyte is a nucleic acid. 35.

The method of claim 34 wherein the nucleic acid is_deoxyribonuclei ' . The method of
claim 34 wherein the nué:’lérf%ga%‘fégi% i n&%%g e?c[%a%glg .Spe&§%e%ékﬁrh%é%1?éﬂhgfsag§r% 32 wherein the
mass spectionsloAaifaY R el eeruibiFfoiR the' Greal ORISR aPaiatiRsited Laser

Desorption/lonization Timexgkihtjghs AP REMessrGpetirometry, Laser Desorption Mass
Spectrometry (LDMS), E1C SRR ERHMASBRANHANEII Y FICAIRNRoaARNREI CR) Mass

¥
Spectrometry, and Fourier Transtorm Mass Spectrometry. 38. A substrate comprising an array of
spots, whel@i@l@®ach spot comprises (i) a matrix for Matrix-Assisted Laser Desorption/lonization
(MALDI) mass spegtrometiey radl dii basieoniie acieteor saltatartomenosianalhg thereof. 39. The

substrate of claimz38, whereln aach SRRLAAINGHSURRAS SEATYBORI BN S Lcieic acid.

36. The method of claim 34 wherein the nucieic acid is ribonucieic acid.

37. The methed of claim 32 wherein the mass specirometry analysis is
selected from the group consisting of. Matrix-Assisted Laser Desorption/ionization
Time-of-Flight (MALDI-TOF) Mass Spectrometry, Laser Desorption Mass Spectrometry
(LDMS), Electrospray {ES) Mass Spectrometry, lon Cyclotron Resonance {ICR) Mass
Specirometry, and Fourier Transform Mass Spectrometry.

38. A substrate comprising an array of spots, wherein each spot comprises (i)
a matrix for Matrix-Assisted Laser Desorption/ionization (MALDI) mass spectrometry and
(ii) ascorbic acid, or 2 salf, fautomer or analog thereof.

39, The substrate of claim 38, wherein each spot further comprises
ammonium oxalate.

40. The substrate of claim 38, wherein one or more of the spots further
comprises an analyie.

41. The substrate of claim 40, wherein the analyte is a nucleic acid.

42, The substrate of claim 41, wherein the nucleic acid is deoxyribonucleic
acid.

43. The substrate of claim 41, wherein the nucleic acid is ribonucleic acid.

44, The substrate of claim 38, wherein the matrix comprises 3-
hydroxypicoiinic acid.

45, The substrate of claim 38, wherein the substrate is a chip.
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40. The substrate of claim 38, wherein one or more of the spots further comprises an analyte. 41.
The substrate of claim 40, wherein the analyte is a nucleic acid. 42. The substrate of claim 41,
wherein the puclelc anig, is deoxyribonucleic acid. 43. The substrate gi.claim#hsyherein the
nucleic acid is ribonucleic acid. 44. The substrate of claim 38, wherein the matrix comprises 3-
hydroxypicolinic acid. 45. The substrate of claim 38, wherein the substrate is a chip. WO
2009/091841PCT/US2009/031020 46.The substrate of claim 45, wherein the chip is a silicon chip.

48, The substrate of claim 45, wherein the chip is a silicon chip.
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