1 SYSTEM AND METHOD FOR MASS SPECTROMETRY DATA SEARCH USI NG ADAPTED QUANTUM
GROVER ALGORI THM Fi el d of the Invention [0001] The present invention
generally relates to nmass spectronetry technol ogies for
identification/verification of chem cal, nol ecules, and nore particularly to
a systemand nethod for nass spectrom%try data search using adapted

quantum Grover algorithm Background of the Invention [0002] In recent
years, pratSTEVsAND MEGHODF OBIMASHHPECTROMBIRY DUST ARFAREPIS NS Get 1y

(M5) technol ogi es hav } i he field of
proteom cs for ident |$P§§ﬁ%ﬁ@£§%wq§gbméﬁg§é&*@ﬁpepu des and
proteins. A mass spectroneter is an instrunent that neasures the
mass-to-charge (mz) ratio of individual nolecules that have been
converted into electrically chaFigddofjtheIpNertéomp| ecul es, or ions. These
ions are filtered in such a way as to produce an ordered separation of the
ions as they pass through the nmass spectroneter, ordered fromlow to high
Mz ratigworThe dathe ipfeseityipl&ionygebmly a¥REEsas ndasPlspéct@mdtiyt eelgiologisks. Nl z
ratio. [0003] Two "soft _ionization" nmethods, namely matrix-assisted | aser
desor pt i & idengiicaten/verif{quremp) chamica Ineelequdesp prd/mprpartigulaly oEsiyptenhiide nade
it possi t I ul e ] prot eins.
One of t gﬁéotﬁm(%ﬁl%%%ﬁ%@s&%@?&lﬁéggg&%& %dragt%g%n%r 0 gﬁﬁgéﬁdagg?r?t St separated
by liquid chromat ography (LC) foll owed by tandem nmass spectronetry
(MS/MS). In this procedure, a mxture of charged peptides is separated in
the first Ms according to thdiackgroundsefithe InvengioBate a |ist of the nost

i ntense peptide peaks. In the second M5 analysis, the instrunment is
adjusted so that only a specific mz species is directed into a collision
cell to gmoograte " dawegdenenytaisppsoteiarseparhtibnanethbéds céyded mtith specisemasdUsi ng
the appropriate collision energy, fra nts, each aof which differs by the
mass of apgqtq@g}eérya@/f,%g t%\‘%“@?o%‘%g B%Y%F‘g(fqgﬁ‘i a?ﬁge @gﬁﬁﬂﬁ‘%rtof’ga’d‘ngﬁt el&r%fy
separ at ed:18GHRE FhiNAch@iddlish of TfingG L&A dBGercBE o MRS BRE bFdt8hs 2A0mb i
sequence of the peptide can then be deduced from'the resulting fragnents.
By conpaspetomatdrtis pn éditonedt dequsasess the magsetochborgodses) ratiheofimddiniduply of

the pept Ingo?eclu?esrtﬁe\léc%%lvg géen converted into electrically charged gas-phase molecules, or ions.

These ions are filtered in such a way as to produce an ordered separation of the ions as they
pass through the mass spectrometer, ordered from low to high m/z ratios. The data is
typically displayed as a plot of intensity vs. m/z ratio.

[0003] Two “soft ionization” methods, namely matrix-assisted laser desorption
ionization (MALDI) and electrospray ionization (ESI), have made it possible to analyze
large biomolecules, such as peptides and proteins. One of the common methods is that a
mixture of proteins is first separated by liquid chromatography (LC) followed by tandem
mass spectrometry (MS/MS). In this procedure, a mixture of charged peptides is separated
in the first MS according to their m/z ratios to create a list of the most intense peptide
peaks. In the second MS analysis, the instrument is adjusted so that only a specific m/z
species is directed into a collision cell to generate “daughter” ions derived from the
“parent” species. Using the appropriate collision energy, fragments, each of which differs
by the mass of a single amino acid, is generated. The daughter fragments are separated
according to their m/z creating the MS/MS spectrum, and the sequence of the peptide can
then be deduced from the resulting fragments. By comparison with predicted sequences in

the databases, the identity of the peptide is revealed.




2 [0004] Mass spectronetry is experiencing a period of rapid growth based
on applications in proteom c anal yses. As a consequence of this rapid
growh, the need to collect the |Iarge amounts of information produced and
make it available to researchers worldw de has resulted in a nunber of M
dat abases. For exanmple, the Illinois Bfo-Gid Mass Spectronetry Database
(IBGMSD) is a public database curated and annotated of enpirically
derived 984 spect Massfsppeipimetes is Trierggwalngod petied duft rpik eravetht kasedidiesss

the need for..a pubic, dat.abase of SS _spectra y data and inplepent a
et 1 s S A RS R S e R g Sl
per form aolvat ied dr& athasis ofasRemMiod pRidiced Al Wale @ aA@EBIS - to FBRarchers
identification of proteins is becom ng an easier and nore accurate process

due to t Werldeededfasirandiethimagsmhseef talasesver ovsxamplo 087 Lllnaih Bighridhe
ti t Fach ier. th LySi d
gerner | 8 SpL A By BSR (BCSPAS TR B! DB BRRRSS, ror

this reasphicallpldabiaskEmasfsbirnof ipsptides. MbstgoaDPLIthRrdatbasORAD .addiEe thet he
popul ar ones_are .  PEAKS (See, Ma, B. et al., Rapid Conmunications in Mss
Spect r onBgsdyfor 2 pubisghatabagexfongss spegignisiry(dakbansdalegent a useful web interface

http:// i I t P : .

b / / prs T BhSg S B B Q ATRRARF PR il and TR 5 (¥R BFRUEWhsed i,
(2004)) . iddivitind needse Die letifiddiion wdppatting iOb&OMinS an iehsi¢rmnd| mes aso@byesi s of
hundreds of thousands of peptide spectra derived from biol ogi cal sanpl es.
These spBOCFs Sﬁog’éus? BEWPSW’@%PS%%GFBWG‘@% &Y5).ypes of algorithns: de

novo cal }g, of th i s o .
Tohnson Lh06L-00 1 or MRSHHERE s AR Ut nhf MYMS sBBIR hipLRER Ridh: the
unanbi guensygepid dentsfdquuion ©f thaadstadea idifEidult poresyeqierfart hatnualle Beedist o
search known sequences (isee, e.g., Manph and WIm, Anal .Chem  66: 4390- 4399
(1994)) , T SRTDEST SRR, 1, HBRR RORIET @BPIoaFy SR te RORPLE BFYEET a

Wi th theprAKSE becS PEL BAc( 8ERafIdLommbARatidndin Milss HpectioBp0f7.f By37MBSS
Spectronetry 5: 976-989 (1994)), and )or obabi [ity- based matching that

cal cul at 6203))s dMAECEHS ¢€Webra sshtp /st e ahatsksmerfdecanmrkorné. htmmaPhényx
bet veen, B LRI TR AL SRS BRALIOGR PP Al et Liam g sgbience
(2002) ) . (ddousV eli, thd TashOfMRigh RhfouEhut prétSbmitsaft iR¥FIEd ARINGM oMRuRRESI S tO
search a | arge database of theoretical M spectra in
thousands of peptide spectra derived from biological samples. These spectra can be
identified by four general types of algorithms: de novo calling of the sequence directly
from the spectrum (see, e.g., Johnson and Taylor. Mol Biotechnol 22:301-315 (2002)), the
use of unambiguous peptide sequence tags derived from spectra that are used to search
known sequences (see, e.g., Mann and Wilm. Anal Chem. 66:4390-4399 (1994)), cross-
correlation methods that correlate experimental spectra with theoretical spectra (see, e.g.,
Eng, JK., et al. ] Am Soc for Mass Spectrometry 5: 976-989 (1994)), and probability-
based matching that calculates a score based on the statistical significance of a match
between an observed peptide fragment and those calculated from a sequence search library
(see, e.g., Field, H.I., et al. Proteomics 2: 36-47 (2002)). However, as shown in FIG 1,
using an experimental MS spectra to search a large database of theoretical MS spectra in

the protein identification process employing tandem MS/MS technique is still tedious and

time-consuming with current methods.




the protein identification process enploying tandem M5/ M5 technique is
still tedious and tinme-consumng with current nethods. 3 Summary of the
| nvention [ 0006] One enbodi nent of the present invention provides a process
executable wthin an electronic nicrogrocessor. The process conpri ses
procuring experinental mass spectronefry spectrum data of a chenica
entity from experinents; procuring a theoretical nass spectronetry

dat abase contai ning all theor Summdrynefdbe fipeatioonet ry spectrum data t hat
cover the chemcal entity according to pre-determned criteria; and
searching the experinental mass spectronmetry spectrum data using

I ndi vi duglgogTenber  ohe leitholitRG e thelpreddRS viRESE PRIVBIdYa PRicaRasSRchiablet he
mat ch betweén one nenber of the thedretical nass spectronetry database
wi t h t hewethjmean etecitcalic misspropesson: ohtet procaacampdssmioaying@xpemsenttal magschi ng
criteria; therepby when a match is found, the identity of the experi.nented
Chem cal ERPPRSEY SPRGUBT Rt bR Eheee Sy BPS peiiptilor il Slbgi o
chem cal nRey dpe¥trorh@BO0ddtatate S81RAIRR BTHEHEHRNMaS spbOforREBC§Rotrurh MBtah/P Of
procuring a theoretical nmass spectronmetry database conprises generating
t heor et i eeNer s schepuealr oviy raccopbing rig pras%;mrmmgi cotarie andz seanchimgothet he
experinmented chem cal identity. 008] .In .vet anaqther enbodi t of. t.he
ot boess. eIl b e Okl resatian et JsihE oMb heBbr gu % leaRHed ner
enmbodi memtasPépecRembirp Gatibasel 02 tRX RREIHTBAWEEN BRS fenfRE oF H Biebetisaaghdsum
data is fromtandem mass spectronetry analysis, and wherein the

t heor et | SRECUARERY slalabaseowih the erpcabwatal sunst spesiomstnrdatd eesiordipg o preset
spectro . L f P ] hayi n ) ial Ly t same
2o e Al en R RAPH B S ARty AL bt

cri teri achednfleA Shtifyris stdokdedanieti the rone b adim@ehiedahedréticapelaeess entihe st ep of
procurin&)8 experinental nmass spectronetry spectrumdata of a chem ca

entity fi8Mlexper i Hewtather ophndingst ofdhainaereshdheisien of promimgia threreticalng
separat i i : : Lot o that
t he ex pe@?ﬁiﬂ%ﬁﬁéﬁg{gg rg%%tgggter 0 #Sf . %gfé%:r% ?ﬁﬂ%{%@&@h&bﬁ)egﬁg@c egﬁ‘%;/é

guant um gcoxdeng @l thoni/z tatio of theaexfparimeated ehdmdalnderdtitpf t he process, the step

of paddi ng conpri ses addi spectrum poj nts that are small_ enouygh so that
th 65 wi | [0%08] P ﬁl yet anotplgr ergbodtlment of the process, the experimented cheml{gal ent?ty

is a polypeptide. In a further embodiment of the process, the experimental mass

spectrometry spectrum data is from tandem mass spectrometry analysis, and wherein the
theoretical mass spectrometry database contains theoretical mass spectrometry spectrum
data of polypeptides having substantially the same m/z ratio of the experimented
polypeptide according to pre-determined criteria.

[0009] In still another embodiment of the process, the step of procuring
experimental mass spectrometry spectrum data of a chemical entity from experiments
comprises padding the data to make it N=2", and separating the experimental mass
spectrometry data into two states so that the experimental mass spectrometry spectrum data
can be searched by quantum Grover algorithm. In a further embodiment of the process, the
step of padding comprises adding spectrum points that are small enough so that they will
not be matched by any theoretical mass spectrometry points. In another further
embodiment of the process, the two states are noise mass spectra and fragment mass
spectra.

[0010] Another embodiment of the present invention provides a system

comprising: an electronic microprocessor embedded therein a set of computer programs




not be matched by any theoretical nmass spectronetry points. In another
further enbodi nent of the process, the two states are noi se nass spectra
and fragnent mass spectra. [0010] Anot her enbodi nent of the present

i nvention provides a system conprising: an electronic m croprocessor
enbedded therein a set of conputer prograns 4 that can be executed upon
instructions; wherein the set of conputer prograns when executed perform
t he fol | 8wk wgs bepexseuted nupoaxipsiruetims awhaeeds thpeeit olopmnpytes peagramsnvdena  of

a chemcal entity. fram eriments:.procurin t heoretical nass

epect r onersetedpenipme B BERW e pigCuife Setmertelups pedtandy shEfyp gata
spect r umpfatigenhibatentiV 8bmidxPehieits Citbc@ ity 4 theorRE64 ek sB Gpdc@roficty delabise ned
criteria; and searching the experinental mass spectronetry spectrum data

usi ng i neenpiging alhibeersticalfmass sPedivoran wartrimsistasthateavetherhemragadisnid® f or
the mat CQcc%%iﬁ??ﬁgﬁe?gﬁt%g c {er' hgn& ?eea%hgﬁé ?l%l exn%ﬁgleﬁpa?%z{sg gEéc'i%m% abase
P ry a r

with the exp Spectt one a according to preset matching

criteri aspdctremebya whep iilividadlaherhberf duhel thebRgicaldansi spyctefmdtiiedaapes forent ed
chem cal entity is accorded with the one of the natched theoretical

cheni cal thennpich bepwrpniqneTrembenpliths dhearrbesd massjseestrapeainadyfabage avitthtes of
the i nvepi.i i 1 . i ription
of pr ef e Pt el bnass SEAEER B0 A bod TS Bttt B DR e s REy RARE

dr awi ngsmatshiiefoudsthe identionofahe tperideawdrbhsmidaDditity B &t erded eithrtrocheneint s
according to th%ﬁﬁresen inveqtiqn will now be described with reference to
the Fi guthsdnatehed theqretiqal ghemieglentiffee nuneral s denote like el ements. [0013]

FIG1 ildeﬂ]rat es Tﬁ@secgwﬁggggﬁ@ﬁéﬂ 0 e{w@scyncpfadu&t?gejt@pwwe' fEhtalh MS to

search the theoreti cal abase. T0014] FIG 2 1 strates the new
appr oac hbafomesippgresafrbmrbetidiovafg détaildddesergitionalf préfiredhembadimet tixeasfch t he
experinmental M spe tli]a i n accor d%gce. wi th one enbodi nent of the present

i nvent i offt CPBRAISP VEIENS ag¢IpRanyIng ALaMings. nr esent ati on of the overlay of

experinmental M

Brief Description of the Drawings

[0012] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements. |

[0013] FIG 1 illustrates the conventional approach of using the experimental MS to
search the theoretical MS database.

[0014] FIG 2 illustrates the new approach of using each member of the theoretical
MS database to search the experimental MS spectra in accordance with one embodiment of

the present invention.

[0015] FIG 3 shows a graphic presentation of the overlay of experimental MS
spectra and theoretical MS spectra of the same peptide, MTDQEAIQDLWQWR.

[0016] FIG 4 shows the changes in the amplitude of the states at different iteration
r.

[0017] FIG 5 is a graphic presentation of the probability of success with respect to

the number of iteration.
[0018] FIG 6 is a panel of graphic presentations showing how the number of match

j affects the probability of success in the case where N=64, where the “--*--*--" plot is the




spectra and theoretical M spectra of the same peptide, MIDQEAI QDLVWQNR.
[0016] FI G 4 shows the changes in the anplitude of the states at different
iteration r. [0017] FIG5 is a graphic presentation of the probability of
success with respect to the nunber of _iteration. [0018] FIG 6 is a panel
of graphic presentati ons show ng how t Ae nunber of match ] affects the
probability of success in the case where N=64, where the "--*--*--" plot is
t he 5 fi fiédlity pf Gfe ibfne stabubmpbmtids theafined s@tkst andtthe“+i-rfighlotsis diegmpbahilityt he
R " ot is the probability of success. [0019] FIG 7 shows the plots
of r Nu °B¥S1teration Versus Nunber of Matched mniz Ratio j. Detailed

Descri pt jogygof t heFiG‘V%ﬂB%@&e[;ﬁ@@%r%&&%?ﬁ@iatib#%%uism oPR14deHar st ood

nore readily by reference to the followng detailed description of certain

enbodi mem/zRatio . he i nvention. [0021] Throughout this application, where
publications are referenced, the disclosures of these publications are
hereby incorporated by reference, in their entireties, into this

application in order to mMpeaifdd boscripsiohioc?ehd vedtigi € of art to which this
invention pertains. [0022] The present invention provides a system and

met hod that identifies a chem cal nolecule using an experinmental M

spectru the chem cal lecule to search  a theoretical spect pum
ot abaseloBtTal T potl Beimiitiaf mel BE Mo MOEHEMERY AR LI
m z rati fplloWSdagipdarsdtiptiok ®$ cérfen s@BbEiMments dfal @véionquant um Grover
algorithm While the follow ng description will use peptides as the nodel
of cheni 08211 nol eclibrosghpet thistapphisationr adiers dyblieptions hareappeicased.os of

i ol ecuPsghput S appieat | rdhofs
s speatr R of Rk b RRor e belfkl forb e ny ekl RERTRIRRLT

noi se mamso gpeapplidation inNdzdand rhéragakn testrids tiepst bd aft to wWiich this inv&ion
conventional searches afore-described, E - M5is used to search a big pool

of possiPAEINS.
[0022] The present invention provides a system and method that identifies a

chemical molecule using an experimental MS spectrum of the chemical molecule to search
a theoretical MS spectrum database of all possible chemical molecules with substantially
the same m/z ratio. This approach makes the search suitable for quantum Grover
| algorithm. While the following description will use peptides as the model of chemical
molecules, it is to be appreciated that the applications of the present invention is not so
limited.
[0023] A typical experimental mass spectrum E — MS contains two types of m/z
ratio data: experimental noise mass spectra n - MS and fragment mass spectra /- MS. In
the conventional searches afore-described, E - MS is used to search a big pool of possible
theoretical mass spectra as shown in FIG 1. However, the experimental noise mass spectra
n — MS component will be detrimental to the search because they are highly unlikely
matched with any theoretical mass spectrum.
[0024] In order to find a better method for searching MS spectra, the inventor of
the present invention discovered that it was feasible to use each member of a theoretical
MS spectrum database to search an experimental MS spectrum as shown in FIG 2, and it
can be implemented using quantum computation. This approach reduces the register size
needed to form the searchable database and it also allows distributed quantum computation

to be carried out in parallel, resulting in increased speeds for searches. More importantly,




t heoretical mass spectra as shown in FIG 1. However, the experinental noise
mass spectra n - MS conponent will be detrinmental to the search because
they are highly unlikely matched with any theoretical mass spectrum

[0024] In order to find a better nethod for searching MS spectra, the
inventor of the present invention di s€overed that it was feasible to use
each nenber of a theoretical MS spectrum database to search an

exper i meag discusedsipeletaillrrasafenahis reverfddGeich actebmet is sgitabldfor ithepd pphreationd

usi ng quaptum conput atjon, This approach reduces the register size needed
to form Pﬂ%uaél&’é?ﬁ%‘fﬂréigﬁgf%ase and it also allows distributed quantum

conput at jgape) €0 beTRAUbAS sthntuf RAFA AgbrithliPS Wl bvinh SRCCRRRET. Rpeeds
Y,

for searches. More inportan 6 as discussed in detail hereinafter, this

r ever sedPhpaRen. lsahee3255(1897)t driadlyt oonsidee aagguth space dncontdfining Ahelemeds.over
algorithm [0025], The,,G over's guantu earch al ithmis | . known. See,
& over . Basphing By Ry REEn £ o 93507 R Bt 0 Sl i e ar
space D g@bit fdgiitéiGobka@lifFeRt Bdice@ssWMING . What, Weasdtime W iigerd id I nidiked
integer. The el ements of D are represented using an n- qubit register

cont ai ni Algments in fi sserehispaceghatiare the solugon tq thewsarsh puehdemn i is plse agsuedi

mer ked gl mRn 8k a SR8 90 -3 PP Subh Bay P D SRk Aot hed REa pEFY O

pr obl em al'so "assune her'e "'exi st's a Tunction

such t hatorftherebt. f Plic dBRhTBF &K BfrIRIINIBNER beddifles a seafth thPhn ERMchek whidher
search for a marked el enent beconmes a search for an elenent for which f =

1. To sofvk fllei splys B¢ erablem nging & klessird sdomiguiterceds o gedvatet/dorgaghuat e f

for each el epent, one by..one,,unti] .a.mark state is found,

aver age. cKishoar by Rg i ARarktl Sale 8 SR s B el S bR R
eval uat i aRsheréRafyemdiih ¢tb Wbt caeINAVhMAI G Be tRfuired t Ber 4 yagitireompon, be
eval uated coherently. [0026] G over's search algorithmuses a sequence of

! [ ]
uni tary Bpdpastiondsanhe eyaluatethcohesflye a marked el enent using only O(JN/r)
coher ent ries o [ i S1d . ' : uters.
To descr F@gﬁt he al S}E?Ye}pﬁ%%&\%g%%%) Eg;ﬂﬁg}s&? g@ﬁ?%%%@?é'm%%g@rﬁgéﬁd%@al
stat e of lgcagi simarkedsldménx usink dnly O(VN/) cohedént ruetids 615/, whikeh isdndeztefstérs
subjected to | ocal Hadamard transformations, H(r)n, resulting in a
| i near | ythanghe slhsteplgompatess. Ap|deserdhepibe #lgositam, wasogsider a quantum system

having initial state of register as|i) = |ij....7,) of n qubits, the register is subjected to local
Hadamard transformations, H®", resulting in a linearly superposed state of all

computational basis:

[0027]
n)=H®" 0----0>=ﬁ2§li> )
[0028] where
'l _%: 11
VIl
[0029] The state is then subjected to a series of inversion and diffusion processes

before measurement. During the inversion stage, the state undergoes the unitary

transformation I= 1 - 2Y.,;. 1 |mi) {mi|, where M= {m1,m2, - - -} are the marked states, and




[0027] 71)=H(r)n O....0)= [0028] where 1 1 N1 _ Y=0 [0029] The state is
then subjected to a series of inversion and diffusion processes before
measurenent. During the inversion stage, the state undergoes the unitary
transformation | =1 - 2YmE MIm) (m/l, where M= {m, ne, } are the
marked states, and 7 in the diffusion stage, the state undergoes the
transformation D = -1+42177) (111. In this way, the state prior to

measur enghthe giffusion stagee thet stave sndesgges|thg transfgrplafion D ¥ 7} +2nU@®|r in thiy way,0030]
The sear¢h al gorithmcan in fact be viewe S A0¢ di i onal problem
1f we de tsgat‘?ﬂréorktoﬁ‘&ef‘aﬁ‘érﬁn’ffﬂa%ge§réfgra\\élgﬁﬁ’ﬁﬂwsrﬁa)a{&dnzﬁé}égp’? hogonal vect or
(unmer keghosgiat eS) Th sbarBl Aigofithnd Sad 'Rl fab@eyibQed BOW kB HimbiEore 16 the
end of rfbi te]r ations ?S aé?%/e o;By: F%OSlﬁaQﬁr)l :805 g/'h )+n§%llk‘$%, I ﬁlto% 0032]
Aft er anbiwedendtietheth magked htestaatvecttyewgrard :thd onthdgonal Wwdttoy (PRBBEd sthtes)e t an
a==C6CCS (0,-.- a Imm + ki n (&G N- 2 k)IF [0034] The probability of
success Wi”&g’t‘h’éﬁmb rditﬂ’/éli‘?"bg".atthf@@%?”hﬂ%nd( NiSEHEI0S & FHEYOYut, in the

guant um ﬁ@gﬂgh al gorithm the systems consists of two distinct states,

nanely t rked state |labeled as | m and the unmarked state | abel ed as
e} = cos B, [m) + sin, [mth, (2)
[0032] After another iteration, the state becomes:
1) = U [s} = cos(Br — @)} + sin (8, — alfm) (4)
[0033] where
tan o = -
[0034] The probébility of success will then be given by:
[0035]
P = (cos(f, — e}y (5}
[0036] Simply put, in the quantum search algorithm, the system s consists of two

distinct states, namely the marked state labeled as | m) and the unmarked state labeled as
lm“). The search algorithm iterates to amplify the probability of success of getting the
marked state from the system. There must be a special function 7' (s) such that it produces a
1 when it hit a marked state and 0 otherwise.

[0037] The function f (s) is formed such that if the experimental mass spectrum
matches one of the theoretical mass spectrum within a acceptable tolerance of As, then the
function returns 1, 0 otherwise. For very accurate machine, a As of 0.3 Dalton can be used.
[0038] In view of the requirement of two states (marked/unmarked) of a system by
the Grover’s quantum search algorithm, a typical experimental mass spectrum E — MS with
experimental noise mass spectra n - MS and fragment mass spectra f— MS as discussed

above satisfies this requirement perfectly. In one embodiment, the fragment mass spectra f




Im). The search algorithmiterates to anplify the probability of success
of getting the nmarked state fromthe system There nust be a speci al
function f (s) such that it produces a 1 when it hit a nmarked state and O
ot herwi se. [0037] The function f (s) ig fornmed such that if the
experinmental mass spectrum matches on€ of the theoretical mass spectrum
within a acceptable tolerance of As, then the function returns 1, O

ot her wi se MFovassigngd arthamarkechstatni m, and the exyfernentababisomassspdsta wse S
[0038] In view of the requir nt of two states (marked/ unmarked) of a
syst em b§® mfn%rk?ﬁs 6‘6"85’"& %ﬁ%eﬁﬁﬁy'sear ch algorithm a typical experinental
Mass spegjosim E - Mol BPeIbUEE Huahfting SRS afRFfhmA st - cdffof i

f ragnent t‘d‘)maésis spectrecl) f- llf\’/B as élbscus{saélg a ovee satalﬁgg?ﬁes '?tﬂll screaui renent
per f ect | ytraightfomardyiappiierebecausehef the dglieming rchsBerepe c First, theBdatabele for an

assi gned as, t.h rked state | , and the e ri mental .noi,. mass spectra
R VAR T YO A R A SRR i R R

quant um ﬁﬁ?fe@i@al%bg&fi tduabAd, ithd RO edBRer 18 FdrRled RETHQIRT ﬂbyab"i’l{iwliﬁt@gsi@'e c SU se

of the follow ng challenges. First, the database for an  oraclé is fixe

for the seheqinl quhetuenbit Megsncs peltress tatradraspsctoohavendiffioredt frftensitits aidzes of

th ti t S d, t t i i f d wit I
br obabi | AR SHEPg TS ok L B ora b o D SirdelaRht sl eSS,
spectra haxekdi fferent intensities and different inter spectra di stance.

Third, there is a need of f(s) for quantum search algorithm to work.
[0040] AlO04Qi cal expéyniend sxperimenial mpscpedrmnEL- ME i3 giveh ietwd rovisnwhidhns ,

which a .ratio and the intensity respectively.. Table 1 shows a
aimpl'e nae<hERUEFgT A Re BELO FesrP bR SDIEHERE NS SR ol S Spehaf e

pr ecur soplatn peptfoteatMaThe Fakt Q5w isTAlkvays @EO BELCURYT S PABIiES nftke Dalt@n M her at i 0S
in an incremental order. The E - M5 shown in Table is knowmn to match to

a pept i dEEPPAGHFANWArEhaterBe mef|atipni amitsecraentel edgiiehbe? - MPDHRAINGDLWOAR
0041] TRBUE 1lis ktodh ThfaediAd% RBAAL FBhbA WA U RSNl Ul oLdRGFhE 84
' MTDQEAIQDLWQWR.

[0041] Table 1. A simple mass spectrum in plain text format

1818.963]1 2
86,1121 22857
1751481 B.1905
205.1197 2.1905
2441234 53333
347.1403 3,1905
348.1497 31905
356.1350 3.1903
361.2055 35714
4762550 8.1429
489.2869 14.8571
512311533333
5452774 6.0476
5522336 2.1905
5702354 2.1905

[0042] The theoretical mass spectrum can be predicted using some of the known
tools or through simple calculation. For example, tools from InsilicoSpectro

(bttp://insilicospectro.vital-it.ch/) provide perl scripts fragmentatorHome.pl to predict the




175A481 8.1905 2.05.1197 2.1905 244A 1234 53333 347.1403 3. 1905

348. 1497 3s 1905 356,1350 3.1905 161.205515714 476,25 50 81--2.9

489. 2869 14,8571 512,311513333 5452774 6,0476 552.2336 2v 1905 570 2354
2.1905 [0042] The theoretical mass spectrum can be predicted using sone of
the known tools or through sinple cal cdl ation. For exanple, tools from
InsilicoSpectro (http://insilicospectro.vital-it.ch/) provide perl scripts
f r agment teordtioak fiplgnteotaiovedipettrs.neTsble Hechews ¢iad résultgo bt ifagnepéetiona.
Table 2 sh the result of such fragmentation prediction. [0043] Table 2.
Pr edi ct e?egﬁaﬁent ation mass spectra of the peptide sequence:

MTDQEAI [ 00 Ll i : V T Slr+
D e Huas gt S el et
~1 17.1: MTDQBAIQPLWQWA. f 1t i : 7: 1.62u. J 1527.76 1472,73 1344.1;'7
1.21";. 6&8%44. 59 1032.51 M A5 788.42 +5."5.34 48M6 361,20 175.12 [0045]

The pred d spectra for b and y types ions are put together and sorted in
ascendi ng order and for the theoretical nmass spectra (a total of 25 of tem
as shown in MTEEATDLWAVE, enoss=1818 E33300 T

Dabpes T D g o R A T » L w 4 W R

3 29390 MBIT 4T6AE G0SIZ 7554 TBAZY 01740 100243 114551 133150 M504 184573

¥ 168200 T5BT76 MTR73 134467 121563 1144.50 103151 D0R45 70242 47934 48006 361020 17518

[0045] The predicted spectra for b and y types ions are put together and sorted in

ascending order and for the theoretical mass spectra (a total of 25 of tem) as shown in

Table 3.
[0046] Table 3. List of predicted spectra in ascending order of
MTDQEAIQDLWQWR

[0047]




Tabl e 3. [0046] Table 3. List of predicted spectra in ascendi ng order of

MIDQEAI QDLWQWR [ 0047] 10 175.1 233.1 348.1 361.2 476-2 48'1.3 605.2
675.3 676.3 7'88.4 78e.4 908.5 9 17.4 1032 1032 1145 1146 1216

1.32 1345 1460 1473 1588 1646

10

[0048] The mass spectra from a real mass spectrometry for
MTDQEAIQDLWQWR contain 60 peaks as shown in Table 4.
[0049] Table 4 shows the real spectra readings from a mass spectrometry.

[0050]

o

1818.9631 2
J56.1121  2.2857
1751461 B.1805
2051187 21805
2441234 53333
34T 1403 3.1905
348.1497  3.1905
356.135  3.1205
361.2066 35714
4T76.266 B.1429
489.2869 14 BET1

-
Lo ]




1689 [0048] The mass spectra froma real

MIDQEAI QDLWR cont ai n 60 peaks as shown in Table 4.

t he real

spectra readi ngs froma nmass spectronetry.

186.11.21. 2. 2857 .2175.14818. 1905 205. I’Lé
5347.14033. 1905 6348. 14973. 1905 7356. 1=
1151: 2. 31153. 3333 12545. 27746. 0476
13552. 23893111905 14570. 23542. 1905 15571. 24953. 1905 16587.21645. 2857

1758. 3699142861}8605. §$§§?1§85:]3§393641- 8425. 0476 20648. 3386. 2. 0952

558. 1429 10488.,286914. 8571 11 [ 0051]

12
13
14
15
16
17
18
19
20
21
22
23
24
25
25
27
28
29
30
1
32
23
4
ab
26
r
38
39
40
4
42
43

[0052]

5452774
562 2336
570.2354
&71.2495
R8T 2164
588 3825
G05. 2498
B41.2842
6483386
658.3339
559 2545
6754128
G676.3542
B77.3265
756, 375D
780 4037
788,452
783 5041
790.3847

791 421
201.5813
S03.4973
904 6272
809 9626
8101725
8104973
810.9862
911.4802
811.7206

211.863

212005
8123879

B6.0476
2.1905
2.1905
3.19085
52857
14286
B.2857
50475
2.0952
5.BEV1
3.18905
9.1428
13.0852
3.1805
2.381
3.18056
4.18056
12.7618
34762
2.1905
28571
59048
8.7618
36.7618
10.28567
g1 2857
45 381
a7 4286
28048
5.0852
17

4 8048

A4
45
45
4F
48
439
50
&1
b
53
54
55
5&
T4
58
59
&0

912.504
a156.5162
1014.5417
1031.6252
1032.5597
10335262
1033.8372
1144, 7045
1145 616
1146.6858
1148651
11887379
1216.6304
1216.6534
1218434
1235.7609
1344 8964

mass spectronetry for

[ 0049] Table 4 shows
[ 0050] 1D1818.9631.2

972. 1905 4244.12345. 3333
53. 1905 8361-20553. 5714 9476. 2

1.1429
2.1906
&.1805
14.3333
128571
7
24288
1019085
3.1805
¥.1423
2.1805
2.1805
4 2857
T 0982
2.1429
2.1805
4 0962

The data shown in Tables 3 and 4 are plotted in one graphic as shown in

FIG 3. From here, we can observe visually the matched m/z ratio and the unmatched m/z

ratio. There are in fact only 17 matched m/z ratios, these ratio are listed in Table 5.

[0053]

As seen from the data of Tables 3 and 4, the real mass spectra fail to match

the predicted mass spectra perfectly. The discrepancy may be derived from many factors

including instrumentation and the peptide itself. Therefore, the function f'(s) is formed




. 21655, 33-395. 8571 . 22859. 25453. 1905 23675. 41289. 1429 . 24676. 354213. 0952
. 25677. 32653. 1905 28751. 37562. 381 7786. 40- 73. 190544912. 5041. 1429 287. 4
5214. 190545915. 51622. 1905 . 29788.504112. 7619461014. 54176. 1905

-30790. 39473. 4762471031. 625214. 3333 31791. 4212. 1905481032. 569712. 8571
32901. 5813. 2. 8571491033. 52627 . 33903. 49735. 9048501033. 83 722. 4266
-34904. 527.29. 7619511144, 704510. 1905 - 35909. 962636. 7619521145. 6163. 1905
36910. 178&hoth2gf MR3xp4EmeBBRMadsispRotruig 78t ches 98 61 g dticel 81a65 yectroms

38910. 956..245, 381551198, 7379. 2. 1905, 69911. 480237, 4286561215. 63044, 2857
20917, 708D DA GEFRIEDI fof e 7% TG 0 dycl SRR b S e A0
42912. 008]R0d - 285 §f (/9 PAfod A0Re4 391 2. 38794. 9048601344. 89544. 0952 [ 0052]
The data shown 1 n Tables 3 and 4 are plotted in one graphic as shown in

FI G 3. Fioosslher e, wes discusedikebore, Whes Gabver’s feantwh cdeerthndlgonithiri oequines tahe
unmat che z ratio. There are in fact only 1 tched mz ratios, . these
ratio ar gat%assg s#eioh NraBi-e :f%{ %S%Tma@%’y ge@gﬁe,rt}?lg%q t]\l‘{‘g aﬂ%l"toéﬁmo‘flaﬁf’égq tas3 " and
4, the realy BpectBPerd fRmlAdatablale JBL SN L NeHBLRAIIEE REmBBSEr 8 RES théh N =
perfectly. The di screpancy may be derived frommany factors _including
i nst r umefé dtenon a padding ef pepire dpecittase hpplicihe thef Br 84S, tphebablngtingvalhies(thit i s
formed are smaller then the smallest amino acid, in the range less than 50 Dalton. That forms the

first “database” to be searched by the theoretical m/z ratio ¢ - MS, which has a maximum of

25 spectra.

[0055] For simplicity, we now form a vector consisting the first 4 padding spectra

and the 60 experimental spectra, as shown below:

[0056]

IE} 2= [ B Fpaesees Bpg |

[0057] In our simulation, we also know that by applying f (s), the following
theoretical spectra are found (with ID from the E - MS identified) within the As set earlier.
New IDs are created using spectra found in Table 4, with additional 4 zero-padding spectra
inserted at the beginning of the list, making the first £ - MS starts at ID = 4 and the last ID
be 63. The simulated search results are shown in Table 5.

[0058] Table 5. Theoretical mass spectra with matching ID, giving the f'(s) = 1 for

the simulated search




12 such that if the experinental nmass spectrum matches one of the
theoretical mass spectrum w thin an acceptable tol erance of As, then the
function returns 1, or O otherwise. In this exanple, a As of 0.3 Dalton is
used. [0054] As discussed above, the G over's quantum search al gorithm
requires a database size of N = 2. Asltor the exenpl ary peptide, the E -
M5 as shown in Table 4 has only 60 spectra To form a database size of N =
2" , the small g ; in - . .

nore spectra i{ ol 212 ;
smal l er then t i n th&{Eange | ess than 50 Dal ton.
That forns the f|§§31 databaﬁe to be searched by the theorgtical mz

ratio t - M5, sinplicity, we
now forma vec —cDHH a4l the 60
experimental s 3Rl.7hs 3 ...i% ] [0057] In
our sinulation}) waFahs mmg hat by appl yi n® g‘j (s) t he foI oW ng
theoretical sp¢cthagage T.0u% (W Tﬁlurromuﬁjt- IVbICIveied) within
the As set earlm W'L.i{g re—crearet—us ll\;f SpetTTa otmrell i N Tabl e 4,
w th additional £ a 5?1 Spectra |nser Lhni ng of the
list, making tlpe BFb 84 Eg sl starts at_ 1 D26 (@3pand the last |D be 63. The
simul at ed sear ¢h pesulf s1apEzEhown I n Tabl &yyz4] 0058] Table p. Theoreti cal
mass spectra w = 0 gdd Jrvrng tre 1,1 é’—L or Tt hnelsi nul at ed
search 13 MBI nfersHEy-Rumm—rS ' A 83. 10-
345. 1. 3. 190519(&).78% (8) 32 (29)

8034 52044 36 (33)

817.4 0 -

1031.51) 14,3333 50 (47

103243  12.8571 51 [48)

1144 59  10.1805 54 (51)

1145 51 3.1805 56 (B2}

12156538 4 2857 59 (56)

1331.59 0 -

1344 57]  4.0852 63 (60)

1459 65 0 )

1472 73 0 -

1587 76 0 -

164573 0 -

1688.8) 0 -

[0059] Now there is provided a more detailed description of the application of the

Grover’s quantum search algorithm to the search of mass spectra using the databases
constructed according to the principles discussed above.

[0060] The basic operation of the Grover’s quantum search algorithm has been
described earlier. The probability of success is then measured using the final state, where
the sum of the probabilities of the experimental spectra matching IDs is calculated. A
threshold can then be set by users to accept the search results or reject them. In an ideal

case, the probability of success is equal to one at the optimal r iteration. Theoretically, the

N
i

optimal iteration to achieve the best search result is given by , Where j refers to the




476.18.142912(9) 489.214.857113(10) 605.26.285721 18 675. 39. 14226( 23)
675.213. 095227(24) 788.44.1905131 .28 789.312. 761: 32 2 903. 45. 99436( 33)
917.0- 1031.5114.333350(47) 1032.4 -12.857151 (48) 1144.5910. 190554(51)
1145. 513. 19055(52) 1,215.6-44.255759(5? ) 1331.0- 1344.64.095263(60)

1459. EO- 1472.740- 1537.70- 1645. 70 ‘%88 0- [0059] hbm1there I's provided
a nore detailed description of the application of the Gover's quantum
sear ch ahgwbén ¢frmatghechspesiear dhe &rdelmfnssf bepeesnrthe ingiuhgpectre s@éﬁse@dsbcs final

constructe accy r di es di scussed above. [0060] The basic
operatlolslta P PhEs %# %ﬁ?ﬁ?fgﬁﬁﬁ 1%@8 gﬁ §P15F1thn1has been descri bed
earlier. The prbabi [g; Vi success Iy, E}f rled usi ng the final state,
where the sum'of™t i wheres of t""h ex irrfent al spectra mat chi ng

p
IDs is calculated. A threshold can then be set by @@ers to accept the
search results or r %ﬁét t he In an, i eal

S ob ility of
oot ots [0BUGoar ¢ GTEEEShavi e chmefhial BF AmplRgE S e SHELATEE Hekh Hpratione
T |N

i

o0—

r. Knowing that N = 64 and j=17, the optimum r is equal to 1 according to 4 , hence
it is the best iteration to look at the states. The probability of success with respect to the
number of iteration is shown in FIG 5. It is observed that the maximum value is about 0.8
for j=17 (17 matched out of 25 theoretical spectra).

[0062] Now we look into how the number of match j would affect the probability
of success in the case where N=64. Plot the probability of success versus the number of
mass spectra match as shown in FIG 6. The “--*--*--" plot is the fidelity of the input states
compared to the final states. The “-----” plot is the probability of success.

[0063] If the probability of success of a qubit is measured to be near certainty (=1)
after the first iteration, then we know that there are at least 12 matches (j=12) in the case
where N=64. This can be used as criterion to accept the query spectra as the good matched
spectra, and rejected those where the probability of success is less than 0.75 at the first
iteration, i.e., we only need one iteration of the quantum search.

[0064] Now we investigate the effect in changing in the database size N, to the

number of match j and the number of minimum iteration needed in each case based on

ro= 7 fl .Ina typical tandem mass spectrometry, the number of database N varies from
J

below 100 spectra to above 1000 spectra. FIG 7 shows the plots of r Number of Iteration
Versus Number of Matched m/z Ratio j. It is observed that the number of iteration needed
decreases as the number of matched m/z ratio j increases.

[0065] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention

pertains. Such alternate embodiments are considered to be encompassed within the spirit




optimal iteration to achieve the best search result is given by ' | ' |
where j refers to the 14 nunber of matched spectra. The fidelity of between
the input spectra states and the final states can also be cal cul ated using
the follow ng equation: 1, ,h (6) [0061] FIG 4 shows the changes in the
anplitude of the states at different it2ration i r. Know ng that N = 64 and
] =17, the optinmnumr is equal to 1 according to , hence it is the best

i teratioand ecdpeok the présenisinaersson. TAecqdolghbi the tsgopsf ofsthe pesseniinvhnti@ssect t o
the numper .fditer tion is.shown in FIG5. It i.s gbserved. that the nmaxi num
val ue 1 5 SSHSEd P35 s apPeded HeHh and s S Biersd B e, dreEtngatessritota)

[ 0062] Now we | ook into how the nunber of match j would affect the
probability of success in the case where N=64. Plot the probability of
success versus the nunber of mass spectra match as shown in FIG 6. The
"o-*--*__" plot is the fidelity of the input states conpared to the final
states. The "----- " plot is the probability of success. [0063] If the
probability of success of a qubit is nmeasured to be near certainty (=1)
after the first iteration, then we know that there are at |east 12 matches
(j=12) in the case where N=64. This can be used as criterion to accept the
query spectra as the good matched spectra, and rejected those where the
probability of success is less than 0.75 at the first iteration, i.e., we
only need one iteration of the quantum search. [0064] Now we investigate
the effect in changing in the database size N, to the nunber of match |
and the nunber of mninumiteration needed in each case based on In a

typi cal tandem mass spectronetry, the nunber of database N varies from r =
4 V~L . below 100 spectra to above 1000 spectra. FIG 7 shows the plots of r
Nunber of Iteration Versus Number of Matched nfz Ratio j. It is observed
that the nunber of iteration needed decreases as the nunber of matched niz
ratio j increases. [0065] Wiile the present invention has been described
with reference to particular




enbodi nents, it will be understood that the enbodi nents are illustrative
and that the invention scope is not so limted. Alternative enbodi nents of
the present invention will becone apparent to those having ordinary skil
in the art to which the present invention pertains. Such alternate

embodi ments are considered to be enconffassed within the spirit FL 15 and
scope of the present invention. Accordingly, the scope of the present
invention is described by the appended clains and is supported by the
foregoi ng description. 16 CLAI M5 Wh ' glained is: 1. A process
executable within an electronic nicigﬁ&@g ssor, said process conprising:
procuring experinental mass spectronetry spectrumdata of a chem cal entity
from experinents; procuring a theoretical nass spectronetry database

cont ai ni Nthaaid clailmedist i cal nmass spectronetry spectrum data that cover the
chem cal entity according to pre-determned criteria;, and searching the
experinmental nass spectronetry spectrum data using individual nenber of
the theoneti cal proB&s cRRAMEbIOWRAN AN SRABAR it RlprddesofBhid ek ey menber
of the theoretical nmass spectronetry database with t'he experinental nass
spect romet ry Postangexpsridiantal mepsp spestomety spéatgnedate of b ghemicelranitigy fthan a
mat ch iseiqynd ;he identity of the experinented chemcal entity is
accorded\ﬁfyp?$é one of the matched theoretical chenmical entity. 2. The
process of cl gidtuding whigdoeétival RRsS§RBtrOhey dstdbasdGodtaidIfO bl theoadticAP®Sss
spectronetry dat abase conprises generating theoretical mass spectronetry
spectra SBRE @mtrwp@%irlﬂmg)am that §py% the chemicak petity rasperdingc teprecdstermdrast i ty .
3. The pEﬁﬁﬁﬁsrﬁ% claim1l, wherein the experinented chem cal entity is a
pol ypept I de. £ The process of claim3, wherein the experinental nass
spectronetry s@ediingntheakperiménthl @ifst IPERFONTABS spde@ind dart tyin@nadiyislusl, and
wherein the thePreticaI nmass spectronetry

member of the theoretical mass spectrometry database for the match between one member
of the theoretical mass spectrometry database with the experimental mass spectrometry
data according to preset matching criteria;

thereby when a match is found, the identity of the experimented chemical entity is

accorded with the one of the matched theoretical chemical entity.

2. The process of claim 1, wherein the step of procuring a theoretical mass
spectrometry database comprises generating theoretical mass spectrometry spectra

according to the m/z ratio of the experimented chemical identity.
3. The process of claim 1, wherein the experimented chemical entity is a polypeptide.

4. The process of claim 3, wherein the experimental mass spectrometry spectrum data
is from tandem mass spectrometry analysis, and wherein the theoretical mass spectrometry
database contains theoretical mass spectrometry spectrum data of polypeptides having
substantially the same m/z ratio of the experimented polypeptide according to pre-

determined criteria.

5. The process of claim 1, wherein the step of procuring experimental mass

spectrometry spectrum data of a chemical entity from experiments comprises padding the




dat abase contains theoretical mass spectronmetry spectrum data of

pol ypepti des having substantially the same mz ratio of the experinented
pol ypeptide according to pre- determned criteria. 5. The process of claim
1, wherein the step of procuring exper}pental mass spectronetry spectrum
data of a chem cal entity from experinents conprises padding the 17 data to
make it N=2, wherein Nis the total nunber of points of the experinenta
mass spéeetomakeyit Nala vdratein Nds te totel agober agploig@pafrth@ ieWpetithental mass
experineg&ghona sds\peactromstr.,te tha intottmq:stgkgﬁn%g that th o

exper i mefftal Jnuss 8 e@flrrb’r?eatnr’é 50 8PP SRR B8 TR RS SPEJORTER um
G over afgearintdhwo tatebh® MEOaRSExREinfehtl thixs spb@f@héirt BfectugPdath daad@i ng
conprises adding spectrum points that are small enough so that they wll

not be néRaEHed by yuamym Groseialgerdhmrass spectrometry points. 7. The process
of claimb5, wherein the two states are noi se nmass spectra and fragnent

mass spectra. 8. A systemconprising: an electronic m croprocessor enbedded
therein 6 set Thé peoremubRelain GQ WbigEeid liad stepf phdlifX eotipaicesuqiding sictrumt | ons;
wherein the set of conPuter programs when executed performthe foll ow ngs:
procur i ngeBpBat Asneall peeughsyoetiet St Will Bofcha matehgdby a1y teerlisdlonpssent ity

from ex i g&i Rfocuring a theoretical mass spectronetry database
. .%ﬁkrpﬁ oints; .
cont ai ni theoretical mass spectronetry spectrum data that cover the

chem cal entity according to pre-determned criteria; and searching the
experi nmept al Ss spectronetry spectrum data using individual nber of
the theofeti c&l® RS S%@&l@%&hﬂpﬂ@&t@éﬁ%@a@wepﬁée ST PPSEE A FaBHE enber
of the thgr&kigpl mass spectronetry database with the experinental nass
spectronmetry” data according to preset matching criteria; thereby when a
match is found, the identity of the experinented chemcal entity is

8. A system comprising:

an electronic microprocessor embedded therein a set of computer programs that can
be executed upon instructions; wherein the set of computer programs when executed
perform the followings:

procuring experimental mass spectrometry spectrum data of a chemical entity from
experiments;

procuring a theoretical mass spectrometry database containing all theoretical mass
spectrometry spectrum data that cover the chemical entity according to pre-determined
criteria; and

searching the experimental mass spectrometry spectrum data using individual
member of the theoretical mass spectrometry database for the match between one member
of the theoretical mass spectrometry database with the experimental mass spectrometry
data according to preset matching criteria;

thereby when a match is found, the identity of the experimented chemical entity is

accorded with the one of the matched theoretical chemical entity.

9. The system of claim 8, wherein the step of procuring a theoretical mass
spectrometry database comprises generating theoretical mass spectrometry spectra

according to the m/z ratio of the experimented chemical identity.




accorded with the one of the matched theoretical chemcal entity. 9. The
systemof claim@8, wherein the step of procuring a theoretical nass
spectronetry database conprises generating theoretical mass spectronetry
spectra according to the mz ratio of,ghe experinented chem cal identity.
18 10. The system of claim8, wherein ][ e experinented chem cal entity is a
pol ypeptide. 11. The systemof claim 10, wherein the experinmental nass
spect romdfry gb@@ﬁ?%ﬁé@@’éﬂ 8 whergigrthe exngeimenied sherpicet erdtvetsrapdyiepiidé-s, and
wherein the theoretical nass spectronetry database contains theoretical
mass spectronetry spectrum data of pol ypeptides having substantially the
same n z1lt.ati @hetystdhe ofolpe | OEmiieeinplis ypefiinearl Maspdtignétsy fPecrureh@r m ned
criteria, 12. The systemof claim@8, wherein the step of procuring

exper i mehtiEIm fandsm aass speciraEreisy anglysisy anfl wherginghe theerréigplanssspeqtiopetyyom
experinme i .10 Lt . i i s the

t ot al nua %lr)é\sg;m E)lt)a?%tstsh%g% tc ﬁlemtgxgkgseprc?%ﬁlte E{? Sggéggurh sdggéz?fr Bcr)rlgp%}g/t?dggthgv fél dnis
an i nt egsubstantidlly epersatienm/z heticexpehe rrpérichemad podpeptiderecondinglad drdé-nt o
two stat gs so that the experinmental nass spectronetry spectrum data can be
sear ched OSht /& over al gorithm 13. The system of claim 12, wherein
the step of padding conprises adding spectrum points that are small enough
so that they will not be nmatched by any theoretical mass spectronetry

poi nts. 12. Thke systeemobfclainaidn whereheheistert bé procurh@texpedmentadimassnass
spectra and grrnggrrent mass s

spectr y Spectrum data o g%&xgnalical entity from experiments comprises padding the
data to make it N=2", wherein N is the total number of points of the experimental mass
spectrometry data and n is an integer, and separating the experimental mass spectrometry
data into two states so that the experimental mass spectrometry spectrum data can be

searched by quantum Grover algorithm.

13.  The system of claim 12, wherein the step of padding comprises adding spectrum
points that are small enough so that they will not be matched by any theoretical mass

spectrometry points.

14.  The system of claim 12, wherein the two states are noise mass spectra and fragment

mass spectra.




