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SKCIIEPUMEHTA/IBHBIE HCCIIE/JOBAHHUA

IPEJICKA3AHUE JIOJIM HOHA NENTUJIA 3AJAHHOTI'O 3APSIJIA B MACC-CIEKTPOMETPUU C
MNOJIOKUTEJBHOM JIEKTPOCHPEMHON HOHU3AIIUEN
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PaccmoTpeHa BOBMOXKHOCTB ITPE/ICKa3aHus 110 aMHHOKHCIIOTHOH ITOCIIEN0BATENFHOCTH JIOJIM MOHA 33aaHHOTO 3apsiaa B 00IIeM KOJIMYEeCTBE
HENTHA IIPU MacC-CHEKTPOMETPHH C MOJIOKATEIBHON HOHU3AIMEH dIeKTpocpeeM. B kadecTBe HCXOIHBIX NCIIONB30BANIN JaHHbIE, OJTyYeHHEIE B
skcriepumente MS/MS [Ramus et al., 2015, Data in brief, 6, 286-294] c ucnions3oBanueM crannapti3oBanHoro Habopa UPS1 (48 BEICOKOOUHUIIIEHHBIX
OenkoB 4eloBeKa) U AenoHupoBaHHbIE B ProteomeXchange (unentudukarop PXD001819). [lns kakaoro n3 HASHTUQHUIIMPOBAHHBIX MENTH/IOB,
NPUHAUISKAIUX OHOMY 13 6enkoB Habopa UPS, hopMupoBany crircok 13 00HapyKEHHBIX HOHOB pa3IMuHOro 3apsna. CyMMa HHTEHCHBHOCTEH
IIMKOB, OOHAPY)XEHHBIX JUIS IIEPBUYHOTO MOHA, CIY)KHJIAa B Ka4eCTBE MEpPhI KOJIMYECTBA MEeNTHAA. TaKk KaK COOTHOIICHHMS JOJICH IENTHIa MEXIy
MOHAaMH PAa3HOTO 3apsijia He 3aBHCHUT OT KOHIIEHTPALMH B KCIIEpUMEHTAIBHOH Ipo0e, o0mmast BEIoopka Osu1a chopMupoBaHa 00beANHEHHEM JaHHbIX,
HOJTyYEeHHBIX JUIsl pa3nuuHbix passenaenuid UPS1. IToctpoen Habop ypaBHEHMH, C MOMOIIBIO KOTOPBIX OKa3aHa BO3MOXKHOCTD IIPE/ICKA3aTh JOJI0

HOHOB 1+, 2+ 1 3+.
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BBEJIEHUE

Hanacrosmmii MoMeHT Macc-criekrpomeTpust (MS) ssBisieTcs
OCHOBHBIM HHCTPYMEHTOM IIPOTEOMHBIX HCCIeAOBaHHN [1].
Cpenu pa3aMuHbIX BAPHAHTOB HOHU3ALMH HIMPOKO UCTIONB3YETCs
TaKOU METOJ MATKOM HOHU3ALMHY, KaK HOHU3ALKS YIIEKTPOCIIPEEM
(ESI). Ilpu ananu3e nenTuaoB, HAIPUMEP TP TAHAEMHOM Macc-
cnekrpomerpun (MS/MS), KOIMYECTBO MOHOB OIPEACIEHHOTO
3apsja 3aBHCHUT OT MCIONB3YeMOro O0OpY/IOBaHHMS, YCIOBHH
JKCTIepUMeHTa (TIPHJIOKCHHOE HamNpsDKEHHE, KOHICHTpPAMS |
CKOPOCTh TIOTOKa pacTBOpa W T.1.), COCTaBa pacTBOpHTens [2].
B T0 ke Bpems oueBUAHO, 4TO pacmpenencHue HoHoB npu ESI
B OJHMX M T€X € yCIOBUSAX OMNpEAENIIeTCs B IEPBYIO O4EpPENb
AMHUHOKHUCJIOTHOM MOCIEIOBATENIBHOCTBI0 nentuaa. Takum
o0pa3oM, NMpH TUIAHWPOBAHWH JKCIIEPUMEHTa (Harpumep, Mpu
BBIOOpE criocoba Tuaposi3a Wi BEIOOpE pabodero OKHa JUIs
perucTpaIyy HOHOB C 33/IaHHBIMHU BEJTMYMHAMH 71/Z, TIPH BEIOOpE
YCIIOBUI OTCJIEXWBAaHHUS HOHOB C OIPEACIEHHBIM 3apsiioM)
BaXKHO 3HAaTh, KAKUE 3apsAHbIE COCTOSHMS U B KaKOH JI0I€ OT
00IIIero KoIM4YecTBa MenTruaa MOKHO Oy/IeT 3apericTpUpOBaTh.
3HaTh OTI0 OT OOIIEro KOJMYEeCTBA NMENTHAA BAXXKHO TaKkKe B
JKCTIEPUMEHTaX II0 KOJMYECTBEHHOMY OIPEICICHUIO OelKa
C TOMOINBIO  MAacCC-CIEKTPOMETPHUUYECKUX  HCCIEJOBaHUIL.
KoneuHo, 3T0 BO3MOXKHO TOJBKO MPH LEIOM PAJAE JOMYIICHHUN:
KOJIMYECTBO PA3IMYHBIX MENTHUOB NMPH TUAPOIH3E MPUMEPHO
COBIIAJIET W IPONOPIMOHAIBHO OOIIEMy KOJIMYECTBY OelKa;
«HEBHUIMMasl 4acThy» WM HEPErHCTpUpyeMas AOJs1 NENTUAOB
HMPUMEPHO OAMHAKOBas U T.A. OJJHAKO IMPEACTABIAETCS, UTO JaXKe
MPHUOTU3UTETBHOE PEICKa3aHIe C TOUHOCTHIO 110 10-15% Moxer
KaueCTBEHHO YIYYIIUTh JAHHBIE MAacC-CIEKTPOMETPUYECKOTO

SKCTIIepUMEHTa. B maHHO# paboTe mcciemyeTcss BO3MOXKHOCTB
TpeJCKa3aHus JO0JIM MOHA ¢ KOHKPETHBIM 3apsoM Ha OCHOBE
AMHHOKHCIIOTHOTO CIIEKTpa TenTuaa (MoCIeIoBaTeIbHOCTH
MENTHAA).

METOIUKA

HanGomee BakHBbIM akTopoM B MOmOOHOTO poza
pabore sBIsieTCS HadW4YMe KaueCTBEHHBIX, a emeé Jydmre, U
CTaHAApTH3HPOBAaHHBIX JaHHBIX. B paboTe HCHONB30BaHBI
JlaHHBIE, TIOJNydeHHBIe B pabore [3], nemoHMpoBaHHBIE B
ProtcomeXchange [4] (unentuduxatrop  PXDO001819).
JlanHble TOMyYeHBI B XOIE MAacCC-CIHEKTPOMETPHUYECKOTO
HCCIIEJIOBaHMUS C MCIIOIb30BAaHUEM CTaHIAPTU30BAHHOTO Habopa
n3 48 BBICOKOOUMIIEHHBIX OenmkoB yenmoBeka 0e3 SAP (PTM
BO3MOXKHBI), KaK CHHTE3MPOBAHHBIX PEKOMOMHAHTHO, TaK H
MIOJTYYEHHBIX U3 €CTECTBEHHBIX MCTOYHUKOB M ITPEACTaBICHHBIX
B npo0e B oguHakoBoi koHeHTparyn (UPS 1 kommannm «Sigma-
Aldrichy», CIITIA). K ocobeHHOCTSIM Macc-CIIEKTPOMETPHUIECCKOTO
SKCIEPUMEHTa OTHOCUTCS cienyrouee[3]:

1. mpoOBl ANt MACHTHU(UKALIMK aBTOPHI TOTOBWIIM, CMEIIHMBAs
JIM3aT JIPOXOKEBBIX KIETOK ¢ Habopom passenenuit UPS takum
00pa3om, 4YTOOBI MONYYUTh KOHEUHYIO KoHIeHTparuio UPSI
0.05 fmol/mg, 0.125 fmol/mg, 0.250 fmol/mg, 0.5 fmol/mg,
2.5 fmol/mg, 5 fmol/mg, 12.5 fmol/mg, 25 fmol/mg n
50 fmol/mg nposxckeBoro nn3ara;

2. THApONW3 TPOBOAMIM B pacTBope ¢ nobasineHueM 2%
TPHIICHHA,;

3. nanoLC-MS/MS mpoBOIuiIN C HCIOIB30BAHUEM CHCTEMBI
nanoRS UHPLC («Dionex», Hunepnanapl, coBMeIIeHHOW ¢
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Pucynok 1. PacnipeneneHue konnuecTsa nASHTU(GUIIMPOBAHHBIX MEMITHIOB B KaXIOM U3 Pa3BeICHNUL, TOIyUYeHHBIX B pabote [3], 1 pr 00beIMHEHUH
JAHHBIX B CBOAHYIO BEIOOPKY. Ramos et al. - nannbie u3 pabotsi [3]. Sample identification — ucnonp30BaHbl NENTUABL, HACHTUGHUIUPOBAHHBIC IS
KoHKpeTHoro pa3Benenus. All identifications — Mcnosip30BaHbI BCe MENTU/IBI, HACHTU(GHIUPOBAHHbBIE B paboTe [3], BHE 3aBHCUMOCTH OT pa3Be/ICHNSI.
Selected — nonoaHUTENBHBIH OTOOP (TOYHOCTH NP CPABHEHUH IIEPBUYHBIX HOHOB 5 ppm, ylajleHHe NenTHI0B ¢ N-KOHIEBBIM alleTHINPOBAHUEM).

Mmacc-criekrpomerpoM LTQ-Orbitrap Velos («Thermo Fisher
Scientificy, ['epmanust) o 3 moBTOpa I KaXK0TO pa3BeICHUS;
4. wuneHTHUKAMIO MEeNTHIOB aBTOPHl TNPOBOAWIN JIBYMS
crocobamu: ¢ mcmons3oBaHneM Mascot Daemon Bepcuu 2.4
(«Matrix Science», BenukoOpuranns) ¢ TOYHOCTBIO 5 ppm [UIs
nepBuyHoro nona u 0.8 Da s unentndukanmm GpparMeHTos;
C WCIIONB30BaHHEM KOMOWHAIu mporpaMM MaxQuant [5] u
morckoBoi MammHEl Andromeda [6] (6 ppm u 0.5 Da).

B Xome amHamm3a MBI COBMECTHIM JaHHBIE IO
UACHTU(QHUKAIUY TENTHIOB C JaHHBIMH II0 PACHpEeNICHHIO
NEepBUYHBIX  HMOHOB  PA3NIMYHONW  3apsiTHOCTH  (BKIIOYast
CYMMapHYI0 WHTEHCHBHOCTb BCEX IHMKOB ISl JAHHOTO HMOHA
(S,) xaxk Mepy KONMYECTBA NETEKTUPOBAHHBIX MOHOB). JlaHHBIE
[0 BCEM 3aperMCTPUPOBAHHBIM IIEPBUYHBIM HOHAM OBLIN
9KCTparupoBaHbl HAMH U3 raw-(aiyIoB C TOMOIIBIO IPOTPAMMEI
Dinosaur [7], xoTopass KpoMe CYMMBI MHTEHCHBHOCTEH BCEX
[IMKOB JAHHOTO HOHA BBIYMCISNET TaKKe HavdajdbHOE BpeMs
MOSIBIICHAS. M HCYE3HOBCHMS JAHHOTO HMOHA Ha BBEIXOJAE C
XpOMOTOTpa(h)UIECKoil KOJOHKH W BpPEMs, COOTBETCTBYIOIEE
MaKCUMaJbHOW WHTEHCHBHOCTH TIIpH  OETeKIHH  (BpeMms
yaepkannss wm  RT). 3arem naHHBIE TPYNIHPOBAIH
ciremy oM oopazoM. [ pyms! HepBUYHBIX HOHOB C PA3THIHBIM
3apAOM CUMTANHM NPUHAIISKAIIMM ONHOMY IENTHIY, €CIH
Macca IIOJIHOTO TIENTHAA HaXOOWiach B TIpeAenax S ppm,
BpEMEHA BBIXOJla C KOJIOHKH IEPEKPHIBATHCH, a ITOJIOKEHHE
MakCUMyMa oTiIHdanoch He Oomee demM Ha 0.2 mun. [lpm
CPaBHEHUM C IENTHIAMH, HICHTU(QHIHUPOBAHHBIMU aBTOpaMHU
B pabore [3], cunTanu, 4TO MEPBUYHBI HOH COOTBETCTBOBAI
HACHTH(UINPOBAHHOMY IIETITH LY, €CIIM 3HAYEHHSI 71/Z OMUHAKOBO
3apsHKEHHBIX HOHOB COBIAfaiy B mpexnenax 5 ppm, u RT nona,
M3MEPEHHOTo aBTopamu paboTsl [3], nexano B mpexmenax
muamazoHa RT, BeramcienHoro mporpammoii Dinosaur. [pm

(hopMEIpOBaHUY BEIOOPKH pPacIpeAeTICHIS IEPBUYHBIX HOHOB IO
3apsy JaHHBIC YCPENHSIIM 10 BCEM IMPHUBEACHHBIM ITOBTOpPAM.
[Ipu moncke COOTBETCTBUS MEXKAY NAHHBIMH O pacIpelelicHUH
MIEPBUYHBIX MOHOB M MAaHHBIMH IO HAeHTHQHKanud MS/MS,
TTOCIICTHAE HCIIONB30BAUCh 0€3 TPHUBS3KH K KOHKPETHOMY
pasBemenuto (cM. Bemme 1.1). Ilpm Hammuamm mommdukaruit
MaHHble ¢ N-KOHIIEBHIM AalleTHINPOBaHWEM B BEIOOPKY HE
BKITIOYAJIM, TPU HAJWYUH OCTAaTKa OKHCICHHOTO METHOHMHA
HCTIONB30BAHA TONBKO BapHaHT C MaKCHMaJIbHON CyMMapHOW
WHTCHCHUBHOCTHIO. [IaHHEIC, TOyYeHHBIE B PE3yJbTare TaKoTo
aHaM3a, MPENCTaBICHb B CBOAHOM TaOIHUIIEe MOMTOTHUTEIBHBIX
MaTepHaloB.

PE3YJIBTATBI U OBCYKIEHUE

Ha pucynke 1 mpencraBieHO pacmpeneicHHe drcia
UOCHTUGUKAIIMKA TENTHAOB B KWKIOM W3  pa3BeICHUM,
MONYyYeHHBIX B pabore [3], W mpu OOBCOIUHEHWH TAaHHBIX
B CBOAHYIO TaOnWily (IOIONHUTENbHBIE MAaTepHaibl) IO
TIpaBHUJIaM, OIIFICAHHBIM B pazzelne «MeTtonukay. BumHo, 9To mpu
WCTIONB30BAaHUH TIENTHIOB, HACHTU(UIIMPOBAHHBIX TOIBKO IS
COOTBETCTBYIOIICTO Pa3BEICHHS, CYIICCTBEHHAs YacTh JTAaHHBIX
Tepsiercs. B o0mieii cio)kHOCTH He HaiiIeHO COOTBETCTBUA ULst 121
mentuaa u3 631, naeHTHUIMPOBaHHBIX B padote [3] (B mpenenax
OTICNBHBIX pa3BeNeHHUN paznmuuus eme Oonpimie). M3 Hux 69
ObuUTH OOHApYKEHBI, HO HE YHOBICTBOPSIN YCTAaHOBICHHBIM
mapaMeTpaM COOTBETCTBHS 10 TogHOCTH (5 ppm). Emé 15 mano
OBLTO WICKITIOUXTH M3 aHallM3a KaK COAEPIKaINX 3alpeIiéHHYI0
Momudukanuio (N-KOHIIEBOE alleTHINPOBAHUE). YUUTHIBAS, UTO
BO BCEX OIBITAaX YCJOBHUS SKCICPUMEHTOB OTIMYAJIHCH TOIBKO
koHIeHTparwel Oenkos UPS1, MbI monaraem, 9To HCIONIB30BaTh
JaHHEIE 0 3apsne, m/z U RT noHa, HACHTUOUIIMPOBAHHOTO IS
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Tatmmna 1. [TapameTpsl ypaBHEHHH JTUHEHHOM perpeccuy, MpeCKashBalOIMX 3HaYCHUs BenuukH ® , log(C ), nomydeHHble NpH 00yYEeHUH U B

MPOLETYPE CKONB3SIMIETO KOHTPOIS.

Ne BeIOOpKH Onwucanue BEIOOPKU 3aBucHuMas BelNU4nHA n R? SEM, Q? SEM, ,,
1. Bap.1 o, 557 0.2 0.031 - -
2. Bap.1 s 557 0.53 0.208 0.5 0.214
3. Bap.1 o,, 557 0.35 0.229 - -
4. Bap.1 o, 557 0.29 0.08 - -
5. Bap.2 o, 148 0.45 0.44 0.3 0.051
6. Bap.2 o,, 300 0.64 0.153 0.59 0.162
7. Bap.2 o,, 177 0.47 0.107 0.29 0.130
8. Bap.2 ®,, 29 - - - -

9. log(C, ) 148 0.65 0.183 0.51 0.216
10. log(C,,,) 161 0.55 0.384 0.45 0.42
11. log(C,,) 25 - - - -

Tpumeuanue. R’ — R o6yuenus; SEM, — cpenusis ommbka o0yuenus; n — yucno Habmnronenuit npu o6yuenuu; Q* - Q° Mozenu; SEM ) — cpesiHexBapaTaHas
omuOKa 1 METO/Ia CKOIb3AIIEro KouTpons; R? — R? mpesickasanus Jist TECTOBBIX BEIGOPOK (HOMEP BHIGOPKH yKasaH B CkoOkax). Bap.1 - ¢ yuérom O u 1. Bap.2 -
be3 yuéra O u 1. BorurciieHust He BBIMOIHSIIN, €CITH YUCII0 HAOmoneHuit 06110 Menbre 60, 6o R? oOyuenus 6su1 MenbIne 0.4.

Pucynox 2. IIpumepsl cpaBHEHHS T0JM HOHA MENTHAA KOHKPETHO! 3apsIHOCTH (® ), HOTyYEHHOM I pasiudHbIX pa3BeaeHHi. Bapuant A
BKJIIOYA€T MENTHIBI, U1 KOTOPBIX B IaHHBIX Pa3BEICHUAX BEIMYIUHA  , paBHa | (0OOHapy:XeH TOJILKO OAMH BapHAaHT UOHA) M 0 (MOH ¢ JaHHBIM
3apsIOM He 3apeTrHCTPUPOBaH)

JIPYTOTO pa3BE/CHUS, MPABOMEPHO IS BCEX, TAaK KaK «BBIOOD ITockonbKky cymMMapHass WHTEHCHBHOCTh — BEIHMYMHA,
MOHa» Uil (pparMeHTAaUM M MONYYCHHS KaueCTBEHHOTO JUIA 3aBHCHMas OT HACTPOEK NpHOopa M ciydailHeIX (hakTopos,
UACHTU(HUKALUK CIIEKTPa, CTPOTO TOBOPSI, HE AETCPMUHHUPOBAH  MEHSIOIIMXCS OT OMBITA K OTIBITY, TO B KAY€CTBE MEPHI KOJIMYECTBA
1 MOXET HOCHTh CITy4aiHBIN XapakTep. MOHA C 3alaHHBIM 3apsOM HCIONB30BaIN 2 HaOOpa BEIWYMH.
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Pucynox 3. IIpumeps! cpaBHeHus BeuuuHbl C
pa3JIMYHBIX PA3BEICHUIL.

n/m

B mepBoMm paccmarpuBaiM JONIO BapHaHTa HMOHA IIENTHAA
KOHKPETHOH 3apAMHOCTH (O ), BEIMHCIEHHYIO KaK OTHOINEHHE
CYMMbI MHTEHCHUBHOCTEH MaHHOTO MOHAa K CyMME BCEX CYMM
MHTEHCHBHOCTEH OOHApY)KCHHBIX HOHOB 3TOro menrtuna. s
Mo6Oro MeNTHIa CyMMa BCEX BEMYHMH ® , paBHa 1. B jannoi
paboTe paccMaTpHuBaiy 3apsAHOCTH HOHOB OT 1+ 1o 5+ (puc. 1).
bemn  3amKcHpoOBaHBl eIMHWYHBIC CIy4Yad HAJIWYUS HOHOB
6+, HO OHM He paccMaTpuBaiich. K coxkajeHuro, onpeneanTsb
JIOCTOBEPHO JOJIO ITENTHIOB, HE MMEIOMINX MOJIOKHUTEIHEHOTO
3apsga M3 OSKCIEepHMEHTa Henb3s. Bropoit Habop BenwuuH
XapaKTepU3yeT COOTHOIICHHE MEX/Ty CyMMaMH HHTEHCHUBHOCTEH
nonos (C ). B manHoli paboTe pacCMOTPEHBI TONBKO 3 Maphl
MOHOB 1+/2+, 2+/3+u 3+/4+. Benuuuna C , MMEET CMBICII TOIBKO
B Clly4ae CyIIeCTBOBaHUs 00oux noHoB. [Ipobiema cymecTByer
¥ JUIS BEJMYHHBI © ,, ECITM OHAa NPHHUMAET 3Hauenue 0 mm 1.
Her yBepeHHOCTH, YTO TENTHJ B MOAABISIONIEM KOJIHMYECTBE
CYIIECTBYET B BHJIC JaHHOTO MOHA, WJIM MOHA HE CYyLIECTBYET
BOBCcEe. BO3MOXXHO 3TOT HMOH WIM JApyrMe HOHBI IIENTHAA
IPOCTO He OBUIM 3aperducTPHUPOBaHBI, JHOO HENPAaBUIEHO
WACHTH(UINPOBAHBI TIPOTPAMMHBIM 00€CTICUCHHEM.

Tak kak pacnpernesieHre HOHOB O 3apsy AJIs OTAEIHHOTO
MEeNTH/Ia ONpeNeNsieTcss €ro XHMHYECKOW Ipupomod (wimm
AMHMHOKHCIJIOTHOHM MOCJIEA0BATEILHOCTEI0), TO OHO HE JIOJDKHO
3aBUCETh OT KOHIICHTPAIMHK NenTHa. PUCYHOK 2 1eMOHCTpHpYeT
MOATBEP)KICHUE O3TOro mocTynara. Kak ¥ mpezmoraranochk
M3Ha4YaJIbHO, MOXXHO HaONIONaTh KPUTHYECKHE OTKIOHEHUS B
ClTy4asx, Korjia BemnurHa o , papHa 0w 1. Ecii oTOpoCcHTh 5TH
3HAYEHUS, TO KOPPEISIIMS CTAHOBUTCS OoJiee ueM yoenuTenbHast
(tabm. 1). 3nagenns C , Takke HE MEHAIOTCSA OT Pa3sBEIEHHA K

(COOTHOIHGHI/IC MEXKAYy CyMMaMu WHTEHCUBHOCTEH NOHOB pa3Horo 3ap;111a), HOHy‘IeHHOﬁ JJIsL

pasBenenuto (puc. 3, tabn. 1). B mociennem ciryyae 3HadeHUs
JUIA TENTUIOB, COOTBETCTBYIOMME ® ,, paBHOMYy 0 mmm 1,
OTCYTCTBOBAJIM 1O OIpezeneHuo. Takum o0pa3oM, JaHHbIE UL
BenmranH @ , ¥ C , MOXHO OOBETMHATH B OHY BBIOOPKY. Tak Kak
HaunOornee noiHas BEIOOpKa - st pazsenenus 50 fmol/mg, To eé
HCIIONIB30BANIN Kak 0a30BY10, 100ABIIS 3HAYEHHS B CITydae, eCiu
TIETITH/T OOHAPYXHUBAJICS TOIBKO TP OOJIBIIEM pa3BEeACHUH, HIIH
3aMeHss 3HAUCHMS B ClIydae, €CJIM NpH OOJbIIEM pa3BEeACHUH
oOHapyXuBajau Ooiblle BapuaHTOB HOHA menrtuaa. Ecmm
M3Ha4YaJIbHO B BBIOOpKE 1t paszBenenus 50 fmol/mg Obmo 258
HaOJIONEHUH C BETMYHHAMH O,,, OTIHYHBbIME OoT O i 1, To B
0000mIéHHO BEIOOPKE TakuxX HaOmroaeHus crano 300.

Jist co3nannst Habopa ypaBHEHHMH, C ITOMOIIBIO KOTOPBIX
MOXXHO TIpeicKa3aTb paclpesesiecHHe HWOHOB 10 3apsny
B KadecTBE HE3aBHCHUMBIX IIEPEMEHHBIX, HCIOIB30BAIH
AMHWHOKHCIIOTHBIM CHEKTp menTthjaa (KOMMYEeCTBO KaXJOro U3
20 aMUHOKHCIIOTHBIX OCTATKOB, MPUCYTCTBYIOIIMX B IENTHJE).
B pabote paccmarpuBaroTCsl ypaBHEHUs JIMHEHHONW perpeccuu.
Jnst naHHOTO CIiTydast 3TO HE ONTHMAJIBHBIM BBIOOD, TaK Kak MpH
WCIIONIb30BAaHUH JIMHEHHON PErpeccHu Hellb3sl yUecTh TOT (DaKT,
YTO KOJMYECTBEHHBIC JIONM CBA3aHBI MEXIy cO00il M maioT B
CyMMe EIMHUILy, a TaKKe, YTO B OOIIEM ciydae HE BBOISTCS
TpaHWYHBIC YCIOBHA O TOM, YTO IpeJCKa3blBaeMas BEJIMYMHA
MOXKET NMPHHUMATh 3Ha4deHust Toibko oT 0 mo 1. Omnako s
JEMOHCTpAllM  NPUHIWIHNAIGHOH  BO3MOXXHOCTH  TaKOTO
MIPE/ICKa3aHusl JIMHEHHBIE ypaBHEHHS HCIOJIB30BAaTh MOXKHO.
Pesynerarsl npencrasiens! Ha pucyHke 4 u B Tabiuue 1. Bugno,
YTO JIMHEIHAs perpeccus 1aéT yaoBICTBOPUTENBHBIN pe3ybrar
BO BCEX CIy4YasiX, KOTJa KOJIMYEeCTBO HAOIIOAEHUH JTOCTATOYHO.
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Pucynok 4. CpaBHeHne Ha0IIOTaeMbIX U ITPEICKa3aHHEIX BelmdrH Cn/m B 00y4YeHUH.
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Pucynox 5. IIpumMep koppeKIuy 3Ha9eHHUsI CyMMapHOH HHTEHCHBHOCTH € y4ETOM Ipezckazanus BenuanH C1/2 u C2/3 (orapudmudeckast mkaa).

Hawnmyummii pesynsrar nokasan 11 Benudaunbl C . 0COOEHHO [IpoxeMoHCTpHUPYEM IIOJB3y TAKOTO poOAA NpencKa3aHHs
B ciyydae C,,. Bonbimii pasopoc st Benmuuunbl C) ., BEpOATHO, Ha npumepe passenenus 50 fmol/mg. Ha pucymke 5
CBS3aH C TE€M, YTO HE yYMTBHIBAETCS HATMYME HOHOB C OOJNBIIMM  MPEJCTABICHA YCPEIHEHHAS BEIMYMHA S, Ui Kaxaoro us 48
3apaaoM 4em 3+, B To Bpems kak mia C,, Gonmbmas vacte  OenkoB Habopa UPS1. B mepsom ciydae ObUIH YYTEHBI TOIBKO
HaOMIONCHNH MMeeT MaKCUMAaJIbHO BOSMOXKHBIH 3apsy 2+. noHHEI 2+, HaOmomaemMble B dKcriepuMeHTe. [Ipu aTom pazbpoc
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BeIMYMHBL S, Jexur B npexgenax 1.21 norapudmudeckoit
Kb, a A onHoro u3 6enkoB (Q15843) monbl 2+ He ObuH
3aperucTpUpoBaHbl. HamoMHHM, YTO KOJHMYECTBO KaXIOTO
Oenka B Habope UPSI oauHakoBoe, a ycpemHeHHe I
KaXIO0T0 W3 HUX IPOU3BONWIH, 32 PEAKHUM HCKIIIOUEHUEM,
Mo 4YeThlpéM W Oonblile TenTuaaM (MakCUMalbHO 28), 4TO
JIOJDKHO HHUBEITUPOBATH BO3MOXKHBIC DPAa3IU4Us, CBA3aHHBIE C
s dekTHBHOCTRIO TpurcuHONM3a. OXHUIAEMBIM PE3yJIbTaTOM
ObLIO OBl IPUMEPHOE PaBEHCTBO Benu4uH S. Ecim yuwThIBaTH
CYMMBI S, Ul BCEX 3apETHCTPHPOBAHHBIX MOHOB, TO pazdpoc
HE3HAYUTEIbHO yMeHbIaeTcs a0 1.12 morapupmMuueckoi
mrkanel. OHAKO €CIU MPOBECTH KOPPEKIHUIO C UCTIONb30BaHUEM
npenckasanus senndaus C,, u Cz/3 JUIs1 HaOJTIOMEHUH, B KOTOPBIX
ObuIH OOHAPYIKEHBI TOJNBKO MOHBI 2+, W Bennuunbl C, ., Koraa
0OHapyXMBAJINCh HUCKIIOUUTENHHO HOHBI 3+, TO paszbpoc
yMmeHnbinaercss g0 0.9 morapudpmuueckoil mkambel. [Ipa sToM
9TH MENTHABl 3aBEJOMO HE HCIONb30BAINCH B OOydaromein
BBIOOPKE, W, TIOBTOPUMCS, JTUHEWHAS perpeccus — He TyUIIHid
METOJ ISl pellIeHUsI TaHHOM 3a/auu. TeM He MeHee, AaXe MpHu
HCTIONB30BaHUU OY€HB MPOCTHIX MOAXOA0B MPENCKA3aTh d priory
JIOJIIO TENTH/A, IPUXOIAIIYIOCS HAa HOH 3aJJaHHOTO 3apsja MpH
ESI, moxHoO.

POUHAHCHUPOBAHUE

PabGora BbImONHEHa B paMKax TOCYAapCTBEHHOTO
3aJaHusl MO TMporpamme (yHIAMEHTAJIbHBIX HUCCICAOBAHUM
locynapcTBeHHBIX akageMui.
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THE PREDICTION OF THE ION FRACTION OF THE PEPTIDE WITH SELECTED CHARGE IN MASS SPECTROMETRY WITH
POSITIVE ELECTROSPRAY IONIZATION

V.S. Skvortsov *, N.N. Alekseychuk, Yu.V. Miroshnichenko, A.V. Rybina
Institute of Biomedical Chemistry, 10 Pogodinskaya str., Moscow, 119121 Russia; e-mail: vladlen@ibmh.msk.su

The possibility of prediction of selected ion fraction in the total peptide fraction obtained during mass spectrometry with positive ionization
by electrospray was investigated on the basis of the amino acid sequence. The data obtained in the MS / MS experiment [Ramus et al., 2015] using
the standardized UPS1 kit (48 highly purified human proteins) and deposited in ProteomeXchange (identifier PXD001819) were used as the initial
data set. For each of the identified peptides belonging to one of the proteins of the UPS kit, a list of detected ions of different charge was formed.
The sum of the peak intensities detected for the primary ion was used as a measure of quantity. Since the ratio of the peptide fractions of ions with
different charges does not depend on the concentration in the experimental sample, the total sample was assembled by combining the data obtained
for different dilutions of UPS1. A set of equations of prediction of the fraction of 1+, 2+, and 3+ ions has been constructed. This computational
analysis has shown applicability of the proposed for prediction of the ion fraction of the peptide with selected charge in mass spectrometry with
positive electrospray ionization.

Key words: peptide; mass-spectrometry; electrospray ionization; property prediction
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