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[IpoBeneHo cuUcTeMaTHYECKOE WCCIEAOBAHNE WOHHU3AIMU aMUHOKUCIOT Metogom MALDI.
IToka3aHo, YTO MOJIyYCHHE BHICOKOMHTCHCHUBHBIX ITUKOB AMHUHOKHCIIOT B TAHHOM METO/E BO3MOKHO TOJBKO
NPYU HKCIOJBb30BAHUH BBICOKOPA3BUTHIX ITOBEPXHOCTEH, HAIpHUMEp, Cak pasinnyHoro twma. st Oosee
3(h(HEeKTUBHOTO KaTHOHHUPOBAHMS aMHUHOKHCIIOT MPEAJI0KEHO HCII0JH30BaTh MPH MOHHM3ALKK COIHM cepedpa.
ITokazaHo, uro mpu paboTe MOZOOHBIM METOJOM OOpa3yrTCs BHICOCKOMHTCHCHUBHBIC — ITHUKU
KaTHOHUPOBAHHBIX cepeOpoM aMHUHOKHCIOT. KpoMme 3Toro, mokasaHo, 4To XJOpH[ cepedpa Ipu HOHHU3ALUN
AMHUHOKHCIIOT BBIMOJHACT POJIb MATPHUIBI U CTAOMIM3UPYET KPYITHBIC KIIACTEPHBIC arIoMepaThl aAMUHOKHCIIOT
B IJIa3Me HaJl IOBEPXHOCTHIO HEPIKABEIOIIEH CTAIIH.

KnaoueBbie  cjioBa: MacC-CIICKTPOMETpHs,  XJIOpUA  cepedpa,  KiacTepooOpa3oBaHUE,
KaTHUOHUPOBAHKE, AMUHOKHCIIOTHI, HOHHBIC KIIACTEPHI.

Silver as a cationizing agent in the identification
of amino acids by the MALDI-MS method

Kuznetsova E.S., Pytskii I.S., Buryak A.K.
Ingtitute of Physical Chemistry and electrochemistry RAS, Moscow

A systematic study of the ionization of amino adigsthe MALDI method was carried out. One of
the important areas of research in modern scienteistudy of physicochemical processes duringation
in various ways A Bruker Ultraflex mass spectromdiruker, Germany) equipped with a nitrogen laser
(A=337 nm) was used to study the cluster formatianintrease the efficiency of ionization and infotima
content of mass spectra, silver halides were sgizbé in aqueous solutions by mixing solutions ibfes
nitrate and the corresponding potassium halide.néngcids were applied to the surface of stainléssl s
from a water-acetonitrile solution. In the masscépen, a wide range of different cluster ions dfesi chlo-
ride is seen and the first clusters with a chamgrder on the cluster Ag3. Threonine can be idendtify an
adduct with silver having an intensity of peaksabbut 5000 abs. units and the signal-to-noise igatinore
than 500, which is 1.5 orders of magnitude bettantfor ionization without the use of silver chttilt is
shown that the production of high-intensity peakamino acids only with the use of highly develoysen-
faces, for example, carbon blacks of various typekis method is possible. For more effectivear@tiation
of amino acids, it has been proposed to use dibvey for ionization. It was shown that high-intepgpeaks
of amino-cationized silver are formed by this methim addition, it was shown that silver chloridaizing
amino acids serves as a matrix and stabilizes Ileligter agglomerates of amino acids in plasma elblos
surface of stainless steel.

Keywords. mass-spectrometry, silver chloride, cluster fodiaea cationization, amino acids, ion
clusters
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BBegeHue

OnHMM M3 BaKHBIX HAIPABICHUN HMCCIIEAOBAaHWNA B COBPEMEHHOW HAyKe SBIISIETCA
u3ydeHHe (PU3NKO-XMMHUYCCKUX IMPOIECCOB MPU MOHM3AIMU Pa3IMYHbIMHU criocobamu [1-
2]. OmHMM W3 TOMYJISPHBIX METOMOB TMOMOOHBIX HCCIICAOBAHUIN SBISIETCS MATPUYHO-
aKTHBHPOBaHHas JlazepHas aecopOuus/monnsanus (MAJIJIN). Haubonee momHo 3T mpo-
rieccel onucansl B [3]. Kpome 3T0r0, aBTOpaMu mpoBenEH psili KCCIICAOBAHUMN 110 U3YUCHHIO
WOHU3AIMU Pa3IMYHbIX COJICH U OpraHmdeckux coequHeHui [4,5]. B Hactosmeil padore
aBTOPHI MPUBOJAT PE3YyIbTaThl CBOUX HCCIEAOBAHUN MOHU3AIMM aMUHOKHUCIIOT B MPUCYT-
CTBUU coJieil cepeOpa. B yka3zaHHBIX BbIIIE padOTax MOKAa3aHO, YTO MPU MOHU3AINHA aMU-
HOKUCITOTHI MeToioM MAJIJIM MoryT 00pa3oBhIBaThCSl KATHOHUPOBAHHBIC HATPHEM M Ka-
JUEeM aiTyKThl ¢ aMUHOKHCTOTaMu. [IpenmnonoxurensHo cepedpo Takxke crmocoOHO KaTho-
HUPOBAaTh aMHMHOKHUCIIOTHI. Kpome 3Toro, cepebpo mmeer asa usoromna (107 u 109), uro
o0Jeryaer MOMCK aMHHOKHCIOT Oiarofaps YHHUKaIbHOMY H30TOITHOMY pAacIpeleicHHIO
agaykta ¢ cepedpom. CoenuHenust cepedpa JIETKO HOHM3UPYIOTCS U 00pa3yloT KiacTep-
Hble HOHBL. [loaTOMy Oymer mpoBepeHa BO3MOKHOCTh YBEIWYCHHS YYBCTBUTEIHHOCTH
UIEeHTU(UKAITUA aMUHOKUCIIOT 10 aJIyKTaM C cepeOpoM.

AKCNEepUMEHT

JIns TpoBeNEHUS KCCIACIOBaHUS KIACTepOOOpa30BaHUSl HCIOJIB30BAIM  MaccC-
cnektpomerp Bruker Ultraflex (Bruker,I'epmanus), 060pyaoBaHHBIC a30THBIM J1a3epOM
(A=337Hm). YacTrora umIyabcoB BapbupoBaiack ot 5 1o 20 'y, KOJIMYECTBO BBICTPEIIOB —
ot 10 1o 100, momHOCTs 0HOTO UMITYIIbca — OT S 10 100%.B xauecTBe MOENBHBIX 00B-
€KTOB MCCJICJIOBAHUS MCIIOJIb30BAIM HAOOp aMHUHOKHUCIIOT: TPEOHUH, (DeHUIIAIaH1H, acia-
paruH, ructuaua U npoiud (Sigma Aldrich, CIIIA). B npeapiaymux paboTax aBTOpOB
OBUIO MOKa3aHO 3HAYHM- TEILHOE yBeaHueHUE d()(HEKTUBHOCTH MOHU3AIMH STHX U JPYTUX
AMHHOKHUCJIOT TP HAaHECEHHH WX Ha Pa3IMYHbIE yriepoaHbie copoenTsl [6-7]. [Tpobomoa-
TOTOBKA C UCIOJIb30BAHUEM YIIIEPOJAHBIX COPOCHTOB YacTO OBIBACT CIIOKHOU M3-3a HEpaB-
HOMEPHOCTH HaHECEHUs U, KaK CJICICTBHE, HEPABHOMEPHOCTH KPHUCTALIM3AINN aHAIIUTA.
AKTyaqbHO MaKCHMAJIbHOE YIPOIIECHHE MPOOOMOATOTOBKHU JJIsi MOHMUTOPUHTa aMHUHOKHC-
JOT Ha TOBepXHOCTH. CaMBbIM MPOCTHIM CHOCOOOM MOHHM3AIUU SBISICTCS HaHECEHHE 00-
pasiia HeIMOCPEACTBEHHO Ha MOBEPXHOCTh paboueil ramku. MoHu3aus aMMHOKUCIIOT Ta-
KHAM CITOCOOOM 3HAYMTENbHO 3aTpynHeHa. st yBenwmueHus 3 PeKTHBHOCTH MOHU3AINH H
UH(POPMATUBHOCTH MACC-CIICKTPOB HUCIOJIb30BaIM TAJIOTCHUIBI cepedpa, CHHTE3UPOBaH-
HBIC B BOJHBIX PacTBOpaxX CMEIICHHEM PacTBOPOB HUTpaTa cepedpa U COOTBETCTBYIOMIETO
ranorenua kanus (Peaxum, Poccus). AMUHOKHCIOTH HAHOCHIIH Ha MOBEPXHOCTh HEpiKa-
BEIOIIEH CTaaM M3 BOAHO-alleTOHUTpUIbHOTO pactBopa (1:1 mo o6vémy). Boma milli-Q,
aneroautpua JT Baker,CIIIA). B pacTBop rajoreHu0B cepedpa mepea HaHece- HUEM Ha
MOBEPXHOCTh JI00ABJISUTN allETOHUTPUI B SKBUBAJICHTHOM BOJHOMY PacTBOPY KO- JIMYECT-
Be. CHavasia HAaHOCHJTU PacTBOP aMUHOKHCIIOTHI, CYIIMJIN Ha Bo3ayxe B TeueHne 10 MuHYyT,
3aTeM HaHOCHJIM CYCIICH3HUIO TaJIoreHuIa cepedpa.

O6cyxaeHue pe3ynbTaToB

Ha puc. 1 npuBenéH macc-CHEKTp TUCTHAMHA B PEKUME PETHCTPALMH IOJIOXKH-
TEJIbHBIX MOHOB. HabmonaroTes Tpu nuka Hebobol nHTeHcuBHocTH: 155.8/1a — npoTo-
HUPOBAHHBIN MOH TucTUANHA, 177.8 Tuctuaua+Naun 193.8 suctuana+K.

W3 criekTpa BUAHO, YTO UACHTU(OUIIUPOBATh TUCTUIUH C BHICOKOW YyBCTBUTEIBHO-
CTBIO HEeBO3MOXKHO. IIpu nobGaBnennn xjmopuaa cepedbpa K pacTBOpY THCTHUAMHA TOJydEeH
Macc-CHeKTp, M300paEHHBIN Ha puUcC. 2.
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W3 macc-cniekTpa BHUAHO, YTO MOMHMO KaTHOHHPOBAHHOTO CEPeOpOM THUCTHIUHA
(M+Ag") 06pa3yiorcsi BHICOKOMHTEHCUBHBIE MUKH aIIyKTOB C HATPUEM M KaJTHEM HA I10-
PAIOK MPEBBIIAIONTNE aHATOTUYHbIE Ha pucyHke 1. Kpome 3Toro Ha pucyHke 2 BUTHO 00-
pa30BaHUE CIOKHBIX KJIACTEPHBIX HOHOB C Y4aCTUEM OJHOM U IBYX MOJIEKYJ XJIOpUJa Ha-
TpHs, KOTOPbIe CTAOMIM3UPYIOT aMUHOKHCIIOTY B BHe €€ auMepa. Takum oOpa3om, TwHc-
TUJIUH MOKHO WACHTU(UIMPOBATH MO LIECTH Pa3JIMYHBIM NHKaM (4 KaTHOHWPOBAHHBIX
aJIyKTa U 2 KIaCTePHBIX HOHA).
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Puc. 1. Macc-cniekTp rucTUAMHA B PEKUME PETUCTPALIUU TIOJIOKUTEIBHBIX HOHOB.
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Puc. 2. Macc-criekTp TUCTHIMHA B PEKUME PETUCTPAIIMH TOJIOKHUTEIHHBIX HOHOB
pu 100aBJIEHUH CYCIICH3UH XJIOpHa cepedpa.

[Ipn wuccnenoBanwy JIMHEWHOW aMUHOKHCIIOTHI TPEOHMHA OBLI TMOJYyYEeH Macc-
CHEKTp, M300paXEHHBIN Ha pHC. 3.
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Puc. 3. Macc-crekTp TpeOHHHA B PEKUME PETUCTPALIUH MTOJIOKUTEIBHBIX HOHOB
pu 100aBJIEHUH CYCIICH3UH XJIOpHa cepedpa.
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W3 macc-criekTpa BUAHO, YTO TPEOHHH BO3MOXXHO HJCHTU(UIIPOBATH 110 aJIYKTY
c cepeOpoM MMEIOIIEeMY MHTEHCUBHOCTH MUKOB okojo 5000a6c¢. en. u OTHOIICHHE CHUT-
Han/rym 6osee 500,9T0 Ha MOATOpA MOPSAKA JTyUIlle, YeM IIPH HOHHU3AIUU 0€3 MCITONIb30-
BaHUs xJiopuaa cepedpa. Takxke B Macc-CleKTpe BUACH IMIMPOKUN HAOOp pasNUYHBIX Kila-
CTEpHBIX MOHOB XJIOpUAA cepedpa W BIEpBbIE OOHAPYKECHHBIC KJIACTEPHI C 3apsKCHHBIM
LEHTPOM Ha knactepe Ags. MexaHu3M Moj00HBIX MPOIECCOB ABISETCS TEMOM AJIs mmoce-
JYIOUINX UccienoBanuii. [[oHbIE pe3ynbTaThl UCCIIEAOBAHMI TPUBEICHBI B Ta0muIe 1.

Tabmuma 1. CpaBHeHHE pe3yIbTATOB HCCIEIOBAHUS aMHHOKHCIOT HA TOBEPXHOCTH He-
prKaBerolIeil CTau u ¢ 100aBJIeHUEM XJIOpHIa cepedpa.

C nobaBieHrEM XJI0pHIa Ce-
AMHHOKHUCITIOTA bes nobasnerma xopuna ebpa (cepebpo/aMHHOKHCIIOTA
cepebpa peop peop
=1:100)
PocT MHTEHCHBHOCTH TTIHKOB
+ + + Ooee, yeM Ha MOPSAOK+
Tuctunua M+H ; M+Na ; M+K M+Ag*
(nHm3KoMHTEHCHBHBIE) M+ M +NaCl+H"
2M*+2NaCl+H
Acnaparun Her nukoB M+Ag" (S/IN~120-140)
. . . POCT HHTEHCUBHOCTH MUKOB +
: . M+Ag*
Moonus M+H ; M+Na ; M+K TAg
P (HU3KOMHTEHCHBHBIE) SM™+Na
3M™+K
M+H"; M+Na'; M+K*
Tpeonun Her nuxos M+Ag* (S/N>1000)
. . . PocT MHTEHCHBHOCTH NUKOB Ha
: . 1,5nopsaxa (kpome M+H™+) +
denunanaHuH M+H ; M+Na ; M+K P +
(HU3KOMHTEHCUBHEIC) M+Ag” (S/N>1000)
2M+Na'"; 2M+K”*
3akntoyeHue

Kak cnenyer u3 tabn. 1, ucronp3oBaHue cepedpa B KauecTBe KaTHOHUPYIOIIETO
areHTa IpH MOHUTOPHUHIEC aMUHOKHUCIIOT U HUCCIIEIOBAaHUM ITPOLIECCOB IIOBEPXHOCTHON HO-
HU3aIMM B 3HAYMTEILHOM Mepe onpapaaHo. [IoMUMO BHICOKOMHTEHCTHBHOTO nHka M+AgQ”
B MAacC-CIIEKTPAaX HEKOTOPBIX aMUHOKHUCIIOT TAKXKE MOSBISAETCS HECKOJIBKO TOTOIHUTEIb-
HBIX KJIACTEPHBIX MOHOB AMUHOKHUCIIOT C COJIIMU HATpHUsl M Kallus, YTO XapaKTepU3YyeT
xjopuz cepedpa, kak 3¢ dexktuBHyr0 MaTpuity 1t MAJIIM-macc-cniekTpomMeTpun, KOTo-
past 3 dexTBHO mepepacnpenernsier Y D-uzaydyeHue lazepa U TEM CaMbIM MPEIOTBPAIIACT
pacnaj KpylnHbIX KJIaCTEPHBIX arjoMepaToB, 00pa3yroIIMXCs B IU1a3Me IPU HOHU3ALUH.
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