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IMpenyioxxeHbl TOAXOBI K BHICOKOYYBCTBUTEILHOMY OTPENeSICHUIO0 HU3KOMOJIEKYJISIPHBIX XKUPHBIX KUCIIOT
METOJIOM T'a30BOi XpoMaTorpaduu ¢ Macc-criekrpomerpuuyeckuM aetekrupoBanueM (I'X-MC) u amuHO-
kuciaoT merogoM BOXKX ¢ npumeHeHueM TMOIHO-MAaTPUYHOTO JETeKTOopa B 00pa3iiaXx CbIBOPOTKHA KPOBU
OGOJIbHBIX C IMAarHO30M 3HAOMETpHO3. HalineHbl yCIoBUSI CeJIEKTUBHOIO ompenaeieHus: 23 aMUHOKUCIOT
MeTOIOM oOpalneHHO-(da3oBoit BO2XKX co criekrpodoroMeTpruiecKUM IeTEKTUPOBAHUEM B BUIC IIPOU3-
BOJIHBIX C JAHCUJIXJIOPUIIOM U BBISIBJICHbI OCHOBHBIC (haKTOPHI, BIUSIIOLIME HAa TTapaMeTPhl UX pa3aeeHUs
(pH monmBmxHOI (haswl, Ipupoma pacTBOpUTEsI M OydepHOro pactBopa, Ipodrib TPaIueHTHOTO PEXKM-
ma). [TokazaHo, 4yTo TpamuimoHHoe ' X-ornpeneneHre MeTaboJIMTOB B (popMe CHIIMIBHBIX TTPOU3BOIHBIX HE
obecrieunBaeT TpedyeMoii UyBCTBUTETLHOCTH: BbICOKAS JIETYYECTh MPOM3BOIHBIX YKe Ha CTaAuU IMPOOOTIOAro-
TOBKHU MPUBOAMT K 3HAYUTESILHBIM TTOTEPSIM 1, KaK CJICICTBUE, K HEBOCIIPOM3BOAMMbIM pe3yJsibrataM. ONThUMU-
3UPOBaHbI YCIIOBUS OINPENeSICHUsI OPTaHUYeCKUX KUCIIOT 0e3 nepuBaruzaunu Metogom ['X-MC Ha nosnsipHoit
HenoABWXHOM (aze. [TpemyioxeHa cxema MOATOTOBKU ChIBOPOTKM KPOBU K aHAIU3Y (OCaKIeHUE OEJIKOB U
OYMCTKA OT JIMIIMIOB) U YCIIOBUSI CEJIEKTUBHOIO pa3aeieHNs aHAJIUTOB (TeMIiepaTypHblii rpagueHT 70—230°C).
PazpaGoraHHbIe TTOIXOIbl OOECIIEYMIN TTOYYeHUE XapaKTepUCTUUECKUX MPodUIIeii OpraHMIECKUX KUCIOT B
0o0pas1iax CIBOPOTKU KPOBU OOJIBHBIX C SHAOMETPUO30M U MUOMOM MaTKH (B KAYECTBE TPYTITbI CDABHEHUST ).
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Hcronb3oBaHue OMMK-TEXHOJIOTUIA OTKPBIBACT
MEPCIIEKTUBBI IJIs1 U3YYSHUST METa00JIMYECKUX ITPO-
IIECCOB, MPOUCXOISIINX MPU SHIOMETPUO3E, — OI-
HOM W3 CaMbIX pacIlpOCTpaHEHHBIX 3a0o0JieBaHUIA
KEHCKOI penpOAYKTUBHOM CHUCTEMBI, TOUHAsI 3THO-
JIOTHSI KOTOPOTO IO CHMX MOpP HEeu3BeCTHA. DTO 00y-
CJIOBJICHO, B IIEPBYIO O4Yepeb, CIOKHOCTbIO KIMHMI-
YeCKOM KapTUHBI M CXOKUMU CUMIITOMaMHU C IPYTUMU
TMHEKOJIOTMYECKNMHU 3aboyieBaHusIMU. I1o oleHKaM
Bpayeil, SHAOMETpUO3 mopaxaeT 5—10% XKeHIIUH
penpoayKTUBHOTO Bo3pacrta [1], Ipu 3ToM y HEKOTO-
PBIX KEHIIIMH OH MOXKET IIPOTeKaTh 0€CCUMIITOMHO 1
MPUBOAUTH K 6ecruionuto. HecMoTps Ha mpennpuHs-
ThIE IIOIIBITKU MO pa3pabOTKe TMAarHOCTUYECKUX Te-
CTOB Ha BHIOMETPUO3 Ha OCHOBE MeTabOJINUTOB, CO-
JepXalluxcst B OMOJTOTMYECKUX XKUIKOCTSIX, JINIIb

HECKOJIBKO 3aperucTpupOBaHHBIX MapKepoB MpPoO-
[IUTM HEe3aBUCUMYIO IIPOBEpKY [2, 3], 1 HU OoOuH U3
HUX ITOKA HE UCIIOJIb3YETCS B KIIMHUYECKOM ITPaKTU-
Ke. B HacTosi1Iee BpeMs1 AMarHoCTUKa SHIOMETpHO3a
IIPOBOIUTCS XUPYPrAYECKUM METOIOM — Jiallapo-
CKOIHMEM ¢ TTociieayrolieii ouorncueii. Hamboiee 1mo-
NyJSIPHBIM OMOMapKepoM JJIsI HEMHBAa3UBHOM nua-
THOCTUKHU 3HIOMETpHro3a aBisieTcs 6enok CA-125,
OIHAKO OTMEUYEHO, YTO OH HaJeXeH JIMIIb P Iua-
THOCTUKE Ha MO3OHUX CTaausIX 3aboyieBaHus1. B cBsi-
3M C 3TUM IIOMCK ITIOTEHIIMAIbLHBIX OMOMAapKEPOB IJIST
paHHE HEeMHBAa3MBHOM IMAarHOCTUKU HAOMETPHO3a
OCTaeTCsl KpaliHe akTyaJIbHOU 3amayeii.
MeTaboI0OMUKY B HACTOSIIEe BpeMsl BcCe Yallle
MIPU3HAIOT MOIIHEIM UHCTPYMEHTOM JJISI YCTaHOBJIE -
HUS MaToreHe3a M UASHTU(UKAIIMM IUArHOCTUYE-
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METABOJIMYECKOE IMTPO®UITNPOBAHMUE KAPBOHOBbLIX 1 AMUHOKUCIIOT

CKIX OMOMapKepOB, BEISIBIICHUS HU3KOMOJIEKYIISIPHBIX
METa0OJIUTOB B PA3IMYHBIX OMOJIOTMUECKUX OOBEKTaX.
J1s Tmoy4eHus: ¥ UCClIeJOBaHUS METa00JIOMHOTO
npoduiIsT MPUMEHSIOT TaKMe BBICOKOUYBCTBUTEIh-
Hble 1 MH(POPMATUBHBICE METOBI, KAK XXUIKOCTHASI U
ra3oBasi xpomaro-macc-crnekrpoMmerpusi (BOKX-MC
u I'’X-MC). HecMoTpst Ha MTHTEHCUBHOCTD UCCIEI0-
BaHUI MeTabOOJIOMHOIO COCTaBa OMOJOTMYECKUX O0Bb-
€KTOB IIpY SHIOMETPHO3€E, MMEIOIIASICS B JIMTEpaType
[2, 3] uHOpPMALIMSI OTHOCUTEIHHO OMOMapKEPOB H-
JIOMETPHO3a, Cpear KOTOPBIX HauOoJiee 4acTo YIo-
MUHAIOTCS KapOOHOBBIE KMCJIOThI, aMUHOKHCIIOTHI,
HYKJICOTHIBI M Ip., BEChbMa IIPOTUBOpPEYNBa U TPEOy-
€T JaJIbHEMUIIEeTro U3y4YEeHUS.

Tak, B pe3ynbTaTe MeTabOIUYECKOTO MPOGUINPO-
BaHUsI CHIBOPOTKM KPOBHM M TKAaHU SHIOMETPHUS KEH-
IIIUH C SHIOMETPUO30M Ha paHHMX CTaAUsIX IT0 CpaBHE-
HUIO CO 3I0POBBIMHU KEHIIIMHAMU METOIOM SIAEPHOTO
MarHutHoro pe3oHaHca (IMP) oOGHapyxXeHO M3Me-
HEHVE YPOBHEH KOHLUEHTpauMd NATA  aMu-
HOKMCJIOT (aJJaHWH, JIU3WH, (DeHUTalaHWuH, JeULIH
u rpoauH) [4]. UccaemoBaHme IToKa3aJio oIpeaeieH-
HYIO KOPPEJSIIUIO UX COAep>KaHUI B TKAHSIX U B ChI-
BOpPOTKax KPOBU. DTO MOATBEPXKOAET MPEANOI0XKEe-
HHUE O TOM, YTO KaTabOJIMYEeCKOE COCTOSIHME, BbI-
3BaHHOE IIOBPEXIACHUSIMN TpPU DHIOMETPHUO3E,
MPUBOAUT K MOBBIIIEHHOMY pacraay 3HIOTeHHOTO
0eJIKa ¥ BEICBOOOXIESHIIO CBOOOTHBIX aMUHOKVCIIOT B
KpOBOTOK. Kpome Toro, BBISIBJIEHO, UTO UIMEHHO IpYyII-
a TaKMX MapKepoB UMeeT 0oJiee HaAEKHBIN TuarHo-
CTUYECKMI ITOTESHIIAAJI II0 CPAaBHEHUIO C OTIEIbHBIMU
MapKepaMH. ABTOpaMM OTMEYE€HA BBICOKAsI UyBCTBH-
TeJIbHOCTh M crretmdudHocth (100 n 83% cooTBeT-
CTBeHHO) nuarHoctuku Il crtammu sHmomerpumosa ¢
HWCMOJIb30BaHMEM MaHHBIX aMHUHOKHUCIOT. B Oonee
paHHUX UCCIEIOBAaHUAX [5, 6] 9TH Xe aBTOphI OOHA-
PYXWIM ITOBBIIIEHNE YPOBHS aJlaHWHA, JIeHIIHA, Ba-
JIMHA, TPEOHMHA, JIM3UHA, a TaKXe ITOHWKECHUE —
U30JIel1IMHA U apTUHWHA Y TTAllMEHTOB C SHAOMETPU-
030M B 00pa311ax CbIBOPOTKU KPOBH IO CPABHEHMIO C
KOHTPOJILHOM Tpynmoi. 3HaYNTeIbHBIN BKIAI B pa3-
JINYre MeXIy aMUHOKHUCIOTHBIMU MPOGUISIMU BHO-
CUT JIM3UH, YTO CBSI3BIBAIOT C MOBHIIIIEHHOM KaTabo-
JIMYECKOM AaKTMBHOCTBIO OpraHu3ma IIpM OKHUCJIH-
TEJIbHOM CTpecce: ObICTPOE pacXolIOBaHUE TITIOKO3bI U
YCKOpeHMEe MeTa0oJIM3Ma ITTIOKOT€HHBIX aMUHOKWC-
Jot. Metronom SAMP B padorax [7, 8] mpu MmeTabomm-
YeCKOM MPO(GUINPOBAHUN MOYU U CBIBOPOTKU KPO-
BU OOJILHBIX C SHIOMETPHO30M Ha pa3HBIX CTaIMsIX
BBISIBJICHO MOBBIIIIEHME YPOBHS BaJIMHA U COOTHOIIIE-
HUS JIUBWH/AapTUHUH B CBIBOPOTKE KPOBM, a TaKXkKe
YBeJIMYeHNE COACpXKaHUSI BaJIMHA W ITOHDKCHUE JIA-
31MHAa B MOY€ 110 CpaBHEHMIO ¢ KOHTpoJjieM. IloydeH-
HbIe MeTogaMM obpalleHHO-¢a30Boii (O®) BOXKX u
XKUIKOCTHOM ruapoduibHOil Xpomarorpaduum me-
Tabonnyeckre IMpodUIN CHIBOPOTOK KPOBU OOJIb-
HbIX C MUHUMAJIBbHOW WM CpPEIHEN cTagueil sHI0-
METPHMO03a BHISIBUJIM 3HAYUTEIbHOE ITOBBIIIICHUE KOH-
neHTpaumii  L-apruaumHa, L-Tupo3umHa, neinmHa,
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JIM3WHAa 1 aciiaparuHa [9]. Bce aTo yka3piBaeT Ha UH-
¢GOopMaTUBHOCTh JAHHBIX O COIEPXKAHUM KOHKPET-
HBIX aMMHOKMWCJIOT IIPU 3HAOMETPUO3E, ITO3TOMY
JallbHeiIlIne UCCIeqoBaHUsS B 3TOM HaIIpaBIIEHUU
BeChMa aKTYaJIbHBI.

Hpyroii BaxXHbIM acrekT npobjieM KIMHUYECKOM
JIVMAaTHOCTUKY — MOSBUBIIASICSI B MOCJIEIHHE TOIbI
nH}opMaIIys 0 BO3BMOXHOCTH MCTIOJIb30BaHUS Kayue-
CTBEHHOTO 1 KOJJMYECTBEHHOIO COCTaBa HU3KO- 1 BbI-
COKOMOJICKYJIIPHBIX OPTaHUYECKMX KUCIOT B OMOJIO-
TMYECKMX KUIKOCTIX YeJIOBEKa B KaUeCTBE IMATrHO-
CTUYECKOIO KPUTEPUSI MPU Pa3IUIHBIX MAaTOJOTUSIX.
Oco0oe BHUMaHME IIPUBJICKAIOT METaOOIMTHI OaKTe-
PHAIBLHOTO MPOMCXOXACHUS — HM3KOMOJICKYJISIPHBIE
xkupHble kuciotsl (HMZKK), mpoayuupyembie Ku-
IIEYHOM MUKPOOMUOTOIM. DTO — KjIacC KapOOHOBBIX
KHCJIOT C KOPOTKMMMU aIKWIbHBIMU TPYIIIIaMH: OT IBYX
JI0 1mecTyu aToMoB yriepoda [ 10]. Haauuue n cooTHO-
IIeHNE KOHIEHTPAUA 3TUX aHAJUTOB B OpraHU3Me
TECHO CBSI3aHBI C TAKMMHU 3a00JIeBaHUSIMU, KaK cep-
JIEYHO-COCYIMCThIE, OXMPEHUE U MeTaboIndecKuit
cuHAapoM. B crienmanbHBIX 3KCIIEpUMEHTAaX HA MbI-
Irax oOHapyXeHO, 4TO #-OyTUpaT CHIKAeT POCT DH-
JIOMETPUOMIHBIX mopaxkeHuii [11]. B cBsizu ¢ atum
MpencTaBIsieT UHTEPeC MPOBeICHUE 1IeJIEeBOTO MeTa-
0OJIOMHOI'O MCCIEO0OBaHMUSI COCTaBa HU3KO- 1 BBICO-
KOMOJIEKYJISIPHBIX OPTaHUYECKUX KMCJIOT B CBIBOPOT-
K€ KpOBU IIPU 9HIOMETPUO3E.

I'azoByro xpomarorpaduio B COUeTaHUU C ITOJIM-
Mepa3Ho 1ermHou peaknueii [10], JKMIKOCTHYIO Xpo-
Marorpaduio B COYeTaHUM TaHAEMHOI MacC-CEeKTPO-
metpueit [12], I'X-MC [13, 14], I'X ¢ miamMmeHHO-
MOHU3AIMOHHBIM JIeTeKTUpoBaHueM [15] 1 meTo-
bl TBepaoda3zHOt MUKPOIKCTPAKIIMU C TTOCIEAYIO-
muM ['X-MC-ananusom [16] nmpuMeHsau 1160 IS
npsimoro onpeneneHnss HM2KK B ceIBOpoTKe KpoBH,
6o nocJie nepuBarusaiuu. [Ipolenypbl MOATOTOB-
k1 ipoOnI nepen ['’X-MC-aHanu3oM 0OBIYHO BKJTIO-
YaloT OKCTPAKIMIO pPACTBOPUTENIEM, pa3ieiieHUe
¢az, BeIMapyBaHue, MOJy4YeHUE CIOXHBIX 3(UPOB
IIpY HarpeBaHUU 1 100aBJIcHUE BHYTPEHHUX CTaHOap-
ToB [17, 18]. OmHaKO HEKOTOPBIE M3 3TUX BTATTOB ITPO-
OOIIOATOTOBKM MOTYT BJIMSITh Ha pe3yJIbTaThl OIIpeae-
nenns HM2KK. JlaHHble aHaJUTBHI IPEACTaBIISIIOT
co00ii TOCTAaTOUHO JIeTy4ne BemlecTa [19], mosaTomy
MMPOOONOATOTOBKA CJIEAYET MPOBOAUTH OBICTPO; KPO-
Me Toro, Bo3MOxXHBI notepu HMZ2KK Ha HeKoTopbix
cTanusIx (HarpruMep, TPy BbIIapUBaHUM PACTBOPUTEIS
WIM B peaklysix, KOTOpble UIyT ¢ HarpeBaHuem). Ta-
KM 00pa3oM, ITOMCK I'PaMOTHOM CTpaTermy mpo0o-
MOITOTOBKM M Tocienyromero omnpenenennss HM2KK
MeTonoM I'X-MC saBisieTcs BaxKHOM 3amaueii 4j1si Me-
TaOOJIOMUKMU.

Llens maHHOTrO MCCAEHOBAHUSI — IIOJydeHUE U
U3yYEeHUE XapaKTePUCTUIECKUX ITpoduiiecii aMUHOKMC-
JIOT ¥ KOPOTKOLIEMOYEYHBIX aIU(PaTHIECKIX KUCIIOT B
CBIBOPOTKE KPOBU OOJIBLHBIX S9HAOMETPUO30M U MUO-
MOIi MaTKU ¢ MPUMEHEHUEM XpOMAaTO-MacC-CIeK-
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TPOMETPUU I OLEHKM UX TUArHOCTUYECKON 3Ha-
YUMOCTU AJIs1 JAHHOTO 3a00j1eBaHusl.

OKCITEPUMEHTAJIbHAA YACTb

Marepuansl u peakTuBbl. Vcrionb3oBaiu Je-
MOHU30BAHHYIO BOAy (TToJydyaau Ha IEeMOHU3aTOpe
“AKBWJIOH O 3017, Poccus), alleTOHUTPIII JIJISI
BB2XKX (Acroc Organics, benbrust), MmetaHoa ajs
BD2XKX (Acroc Organics, benbrust), ataHoa oc. 4.
(Peaxum, Poccus), MypaBbUHYIO KHCJOTY X. Y.
(Heoxum, Poccus), 6opHylo kuciory (Sigma-Al-
drich, I'epmaHus), TMAPOKCUI HATPUS Y. O. a., JaH-
cuwxiopuz (Sigma-Aldrich, CIIIA), XJIOpHY10 KHCIIOTY
70%-y10, X. 4. (Heoxum, Poccust), mupuouH x. 4. (Pea-
xuMm, Poccust), N-metui-N-(TpUMETUICUINI)TPU-
¢ropaneramun (Sigma-Aldrich, I'epmanust), O-me-
TokcuaMuH X. 4. (Peaxum, Poccus), TUITUIOBBIN
a(hup, aTUIALIETAT, METUI-Mpem-OyTUIOBBIA 3(Up
(MTB9), xnopodopm x. 4. (Peaxum, Poccust). Amu-
HokucyoTel: L-ructunun (His), L-aprunun (Arg),
L-acnaparuHoBast kuciota (Asp), L-tmyramun (Gln),
L-cepun (Ser), L-rmyramunoBast kuciaora (Glu),
L-rtmuuun (Gly), L-ananun (Ala), L-tiponaun (Pro),
L-uzoneiiuun (Ile), DL-neituun (Leu), L-Hopmeii-
muH (NLeu), L-ananun (Ala), L-Bamun (Val), L-me-
tuoHuH (Met), L-tpuntodan (Trp), L-acmaparuxn
(Asn), L-tuposun (Tyr), DL-1u3uH ruapoxyiopum
(Lys), L-dbenunnananumu (Phe), L-uuctenn (Cys),
L-romouucrenH, L-capkasun (Sarc) (>98%, Sigma-
Aldrich, T'epmaHus). OpraHu4eckue KUCJIOTHI: YKCYC-
Hasi, TPOIMOHOBAsI, MaCJIsTHAsI, U30MaCJIsiHasl, BAJIepU -
aHoOBas, M30BajJepUaHOBasl, T€KCaHOBAas, TeNTaHO-
Basi, OKTaHOBasl, MuBajenas X. 4. (Peaxum, Poccus).

Oo6opynoBanue. XpoMaTorpaduueckoe orpenesie-
HYi€ aMUHOKUCJIOT BBITTOJTHSLIN Ha XXUAKOCTHOM XPO-
matorpacge L.C-40 Nexera (Shimadzu, AnoHust) ¢ nu-
OIIHO-MAaTPUYHBIM IeTEKTOpOM, KosioHka Luna C18(2),
5 mxMm, 100 A, 150 x 2.1 MM (Phenomenex, CIIIA).
OpraHuyeckre KMCJIOTbl OMNpeNessiyii Ha Ta30BOM
xpoMaTtorpade ¢ KBaapynoJabHbIM MacC-IeTeKTOPOM
C 3JIeKTpOHHOM noHn3anueii mpodost GCMS-QP2010
SE (Shumadzu, Anonwusa). KanuuisipHble KOJTOHKU
misg IT'X-MC: WAXplus 30 M, 0.25 MM, 0.25 MkMm
(OPTIMA), HP-5 (c HemogBuzkHOM da3oit 5% be-
HUI 95% numeTtumnmonucuiaokca) 30 M X 0.320 mm X
%X 0.25 mxMm (Agilent Technologies, CIIIA) u Zebron
ZB FFAP (HenomBuxHast da3a MOJIUITUICHITIN-
KOJIb, MOIM(PUIIMPOBAHHBIIA HUTpOTEepedTaIaTOM)
50 m x 0.32 mm X 0.50 mxm (Phenomenex, CIIIA).
st o6paboTKU pe3yIbTaToOB aHAJIM3a UCTIOIb30BaIN
nporpamMmHoe obecrieueHue “LCsolution”. Bcmomora-
TeJibHOEe OoOopymoBaHue: BopTekc Multi-Vortex V-32,
nmabopatopHbiii pH-metp HI 2210-2216 pH 211
(Hanna, I'epmanust), ananurudeckue Becbl AUX 220
(Shimadzu, Snonust), go3atopsl 2—20, 20—200,
100—1000 mkx (Sartorius, OuHIsIHONMA), WKaAD Cy-
mnbHbI LF 25/350-VS2 (LOIP, Poccus), neHTpu-
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BECCOHOBA u np.

¢yra Centrifuge 5430 (Eppendorf, I'epmanus), yiab-
Tpa3BykoBasi BaHHa (Elmasonic, I'epmanus).

IIpuroroBnenne padbounx pacTBOPOB AMHHOKHCJIOT
W HHU3KOMOJIEKYJIAPHBIX OPraHMYecKHX KHCIOT. KoH-
LIEHTPUPOBAaHHbBIE PACTBOPHI CTAaHAAPTOB AMUHOKMC-
JIOT TOTOBUJIM pACTBOPEHUEM HABECOK KaXKIOi aMU-
HokucJoThI (10 £ 0.1 mr) B 1 M1 0.1 M constHOIi Kuc-
soThl. [lomydeHHBIE pacTBOPHI XpaHWIH Iipu +4°C B
TeueHue mecsiia. PacTBopbl cTaHIapTOB OpraHuve-
CKUX KMCJIOT TOTOBUJIM PACTBOPEHNEM HaBECOK KaxK-
nmoit kucnotel (10 = 0.1 mr) B 1 Mut MeTaHoua. ITomy-
YyeHHbIe pPacTBOPHI XpaHuJiu 1pu +4°C B TeueHue
Mecsia. PacTBopbl MOJEIbHBIX CMECE pa3IMyHbIX
KOHILIEHTpALMi ISl TTIOCTPOEHUSI TPalyupOBOYHBIX
3aBMCUMOCTE! TOTOBWIY MyTeM pa30aBIeHUsI UCXO[l-
HBIX pACTBOPOB CTaHAAPTOB HEMOCPEIACTBEHHO Tepe
MPOBEIEHUEM JIepUBaTU3ALIMU U TTOCJIEAYIOIIM aHa-
sm3oM MetonoM BOXKX-YO® wm I'X-MC.

I'panmynpoBoYHBIE PACTBOPHI TOTOBWIIM IJIsSI IBYX
YPOBHEN KOHLEHTpALUiA, UCXOOs1 U3 COJEPXKAHUS
aHaJINTOB B CBIBOPOTKE: BLICOKMI1 YPOBEHbB JIJIST apTi-
HUHa, acllaparuHa, IyTaMruHa, CEprHa, IIyTaMUHO-
BOIM KMCJIOTHI, aJlaHWHA, NIMLWHA, TIPOJIMHA, BaJMHA U
JIM3MHa — auaria3oH KoHueHTtpamuii 10—100 Mxr/mit;
HU3KWI YPOBEHb IS TMCTHUAMHA, aclaparnHOBOM
KMCJIOTBI, U30JIEULIMHA, JICUIIMHA, METUOHWHA, TPUII-
todaHa, TMpo3uHA, (peHWIaJaHUHA, LIUCTEUHA, TO-
MouucTenHa, capkasuHa — 0.5—50 mxr/min. I'pamyn-
POBKY TIPOBOIMJIM 1O ceMM ToykaMm. Ha BbIcOKOM
YPOBHE pacTBOpEI ¢ KoHHeHTpaumsimu 10, 20, 35, 50,
65, 80 1 100 MKT/MJI TOTOBIIIA HOOaBIeHNEM K 90 MK
ChIBOPpOTKM 10 MKJI BODTHOTO pacTBOpa CMECU CTaH-
JaptoB ¢ KoHLeHTpauusmu 100, 200, 350, 500, 650,
800 1 1000 MKT/M1 cooTBeTcTBeHHO. Ha HM3KOM ypOB-
He pacTBOpHI ¢ KoHLeHTpauusmu 0.5, 1, 2.5, 5, 10, 25 u
50 MKTr/MJI TOTOBWJIM aHAJIOTMYHO M3 PacTBOPOB C
KoHLIeHTpamusmu S, 10, 25, 50, 100, 250 u 500 Mxr/Mi1
COOTBETCTBEHHO. XOJOCTOM pacTBOP TOTOBUJIM My-
TeMm TipubaBieHus K 90 MKJ cbIBOpOTKU 10 MKJ Jie-
MOHW30BAaHHOM BOIBI.

O0bekTbl HcciaenoBanua. OOpas3lbl CHIBOPOTOK
KPOBU OOJILHBIX C TMarHo30M 3HaoMeTpuo3 (1 = 30)
u muoma matku (n = 30), mpenocraBieHHbie HMUI]
M. B.A. An1ma3zoBa, XpaHUJIA B MOPO3MIIBHOI KaMe-
pe nipu —20°C. I1epen aHaaIu30M 0Opa3libl pa3Mopa-
JKMBaJM MPU KOMHATHO# TeMIlepaType, MepeMeln-
BaJIM Ha BOPTEKCe B TeUeHUe 1 MUH.

IIpoGonoaroroBka chiBOpPOTKH KpoBH K BDZKX mu
I'’X-MC-anam3y. Amunokucaomst. IlonroroBka mpo6
CBIBOPOTKU KPOBU K aHAJIU3Y U AepUBATU3AIINST aMU -
HOKUCJIOT BKJIoYaJia cieaytoiue atanbl: K 100 MK
npobnl godasisiim 100 Mk 5%-Horo pacTBopa
(800 MM) XJTOpHOI KMCJTOTHI, IEpeMEIIMBaI Ha BOp-
Tekce (3 MuH), ueHTpudyruponanu (13 Teic. 00./MUH,
10 MuH) 1 otbupanu 150 mkn cymepHartanTta. s
HEUTpaTu3aluy XJIOPHOM KUCIOThI TOOABIISLIN 6 MKJT
10 M pactBopa NaOH. /lajee K moaydeHHOMY pac-
TBOpY mobapisgiu 20 MK pacTBOopa HOpJEHIIMHA C
Ne 11
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KOHILEHTpOLUEH 5 MKT/MJI (BHYTPEHHHUI CTaHIAPT)
u 280 mxu 0.2 M 6opaTHoro Oy(pepHOro pacTsopa ¢
pH 9.5, u 3atem — 100 MKJI pacTBOpa JaHCUJIXJIOpUIA
(7 Mr/M7 B aleTOHUTPpUIIE). PeakiImoHHYIO cMeCh Ie-
peMenIMBaId U MOMeIIaJad B TepMocTaT Ha 15 MuH
npu 75°C, mocne dero mo6apnsuii 20 MKII JIEASTHOM
YKCycHOM KHUCIOTHI. IIpoObl mLeHTpUdYTHpoBaAIN
(13 ThIC. 06./MUH, 10 MUH) 1 oToUpanu 450 MKII cy-
nepHaraHTa. [TojrydeHHBIE IIPOOKI IEPEHOCUIIN B BU-
aJel U1 Tocieayroliero aHaam3a MetogoM BOXKX ¢
JIUOTHO-MATPUYHBIM IETEKTOPOM, ISl XpOMaTO-Mace-
CIEKTPOMETPUUECKOIO aHAIN3a MPo0y JOITOTHUTEIIb-
HO pa3oasisuiu B 20 pas.

Opeanuueckue kucaomsi. KapOOHOBBIE KUCIOTHI
oTpeesii B 00pa3liax CbIBOPOTKU KPOBU METOJIOM
ra3oXXuIKOCTHOM XpoMaTorpaduu ¢ Macc-CIIeKTpO-
MmeTpudyeckuM nerekrupoBaHueM (I'ZKX-MC) Ha no-
JIIpHOM KanuuIsipHoil KoioHkKe Zebron ZB FFAP
0e3 mpenBapuTelIbHOI AepuBaTu3alnu. I1pody roto-
BIJIM K aHAJIM3Y CIeAyIonmnM oopa3om: K 100 MKII CBI-
BOPOTKM KpOBU 100aBisiid 10 MKJI pacTBopa BHYTPEH-
HETO CTaHAapTa — MMBAJICBOI KUCIOTHI (TaHHAasI K1C-
JIOTa OTCYTCTBYET B CHIBOPOTKE KPOBH YEJIOBEKA), 3aTeM
no6asisui 300 MK MeTaHoIa (0XJ1.) ¥ TIOMEIIAIN TIPO-
Oy B MOPO3WIbHYIO KaMepy Ha 1 4. 3arem moOaBisuiu
800 MK rekcaHa UISI OYMCTKMA OT JIWMNWIOB U
repeMellBaii CMeCh Ha BOPTEKCE B TeUeHUE 3 MUH.
[Monyyennyo cmech ueHTpudyrupoBaan (5 MUH,
13 TBIC. 06./MMH) 1 oTOMpanu 200 MKJI BOZTHO-MeTa-
HOJIBHOTO CJIOSI B BUay 1ist nocaeayoiiero I'X-MC-
aHaimsa.

Lepusamu3zayus opeanuueckux kuciom. st pas-
JIeJIeHNsT KapOOHOBBIX KMCJIOT B 00pa3liax CHIBOPOT-
k1 kpoBu metogoMm I'2KX-MC Ha HemoJasipHOI Ka-
muuIsspHoit KonoHke HP-5 TpeGoBanock mpoBene-
HUe JepuBaTU3allMM — TMOJYYeHUE CUJIMIbHBIX
a¢dupoB KapOoHOBBIX KucJOT. [IpodomoaroToBky
MIPOBOIMIIN CIAeayIOIM obpazoM: K 100 MKJI CEIBO-
pOTKM mo6asisii 10 MKIJI pacTBOpa BHYTPEHHETO CTaH-
napra (miBasieBasi KuciaoTa). [anee K oOpasily 1ooaB-
Jsmr 300 MKJT MeTaHos1a (0XJ1.) JJIsT OCaXKISHUST OCJIKOB
i 100 MKJI OpraHM4eCcKOro pacTBOPUTEST (IMATU-
JIOBBII 3¢bUp, METUII-mpem-OyTUIIOBbI 3Up, XJI0-
podopm). [Ipoby nepeMelIMBaIM Ha BOPTEKCE B Te-
yeHne 2 MuH u ueHtpudyruposaan (10 MuH,
12 TeIC. 006./MMH). 3aTeM OTAE/ISIIIN CYIIEpHATAHT WU
BEPXHUI CJIO OPraHMYECKOro paCTBOPUTENS U Iie-
peHocui B Apyrylo Buaidy. [IpoOy BbllapuBaivi B
Ttepmoctate 1ocyxa npu 35—80°C. K cyxomy ocTatky no-
6apsum 50 Mk O-MeToKCMaMKHa ruapoxyiopyaa (pac-
TBOp C KOHILIeHTparyei 20 Mr/miI B IUPUAMHE) 1 Harpe-
Bayi1 B TedeHue 15 muH ripu 80°C, 1ocJie yero K pacTBopy
poObI 106aBssuM 50 MKJT pactBopa N-MeTui-N-(Tpu-
MeTwicuni)tpudTopanetamunaa (MCT®A) 1 Harpe-
Basu B TeyeHue 15 muH nipu 80°C. ITocne atoro pac-
TBOP LIEHTPU(PYTUPOBAIIM 1 IIEPEHOCWIIN B BUAJTY IS
nocnenyomero ' X-MC-ananm3za.

Yeaosus xpomarorpaguyecKkoro onpeaesieHus T1aH-
CIJIbHBIX TMPOM3BOIHBIX AMHHOKHCJIOT. XpoMaTorpa-

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78
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¢dudeckoe pazmeiieHrne MPOM3BOOHBIX AMUHOKMCIOT
npoBogui MmeronoM OP BOXKX B cienyrolmx yciao-
BUSIX: monBikHast ¢a3a A — 0.1%-Hblit BOOHBIN pac-
TBOP MYpPaBbUHOI KHUCJIOThI, MOABUXHAs (a3za B —
aneToHUTpui, comepxamuit 0.1% (Mo oobeMy) My-
paBbMHOM KUCIOThI. CKOPOCTh ITOTOKA ITOABMXKHOM
¢da3zsr 0.3 Mi1/MUH; TEMIIEpaTypa TEpMOCTaTa KOJIOH-
ku 30°C; 06beM npo6sl 10 mxu1. TTporpamma rpamgu-
€HTHOTO PeXXUMa BIIOUPOBAHMSI TIPEACTABICHA HILKE.
JaHcubHbIe MPOU3BOAHbBIC OMPEASTSIN MPU ITTUHE
BOJIHEI 280 HM.

Bpems, mun 0 1 12 13 36  36.5 39
®azab,% 7 7 21 21 54 70 70

YciioBuS XpOMATO-MACC-CIIEKTPOMETPUIECKOTO Ompe-
JieJIeHns] OPraHmIecKnX KUcJaoT. CHITTBHBIE TIPOU3BOI -
Hble OPTAaHUYECKUX KHUCJOT Pa3aeisiii METOAOM
I'’KX-MC Ha kanuinasgpHoit kononke HP-5 30 m X
% 0.320 mMm X 0.25 mxM (Agilent Technologies, CIIIA).
Macc-CIeKTpoOMeTpUIeCKoe IeTeKTUPOBAaHUE OCY-
MIECTBIISIIA B peXXMMe CKaHUPOBAHWS Macc B TUara-
3oHe m/z7 50—450 Jla; sHeprusi MOHU3IUPYIOIINX
a5ieKTpoHOB 70 3B; pexxum mporpaMMUpPOBaHUS TEM-
nepatypsl: 40°C 4 muH; 3aTeM yBeaudeHue g0 300°C
co ckopocthio 10°C/mun; 300°C 5 MuH. O611ee Bpemst
aHanmm3a — 35 muH. TemniepaTtypa ucnaputenist — 250°C,
TeMIlepaTypa MoHHoOro ucroyHuka — 250°C. I'a3-Hocu-
TeJIb — IeJINii, CKOPOCTh IToToKa 1.2 Mii/MuH. O0BeM
BBOAMMOI ITpoObI — 1.0 MKJI, neneHue notoka 1 : 10.

HenepuBaTusupoBaHHbIE OpraHUYECKUE KHMCIIO-
Thl pazaesisiu MmetonoM [2KX-MC Ha KanuisspHO
kosioHke Zebron ZB FFAP 50 m X 0.32 MM X 0.5 MKM
(Phenomenex). Macc-CneKTpoMeTpHUYECKOe OeTeK-
TUPOBAHUE OCYIIECTBIISIN B pEXKUMe CKAHUPOBaHUS
Macc B nuanasoHe m/z 50—300 a; aHeprus noHu3u-
pytoux 37eKTpoHoB 70 3B; pexxuMm nporpaMMupo-
BaHUs Temiiepatypsbl: 70°C 0 MUH; 3aTeM yBeIUUESHUE
110 200°C co ckopoctrio 10°C/mun; oo 230°C co cko-
pocthio 20°C/MuH; 230°C 20 muH. OO6I1ee BpeMsI aHa-
ymza — 35 muH. Temneparypa ucnapureis — 250°C,
TeMIlepaTypa MOHHOro ucroynuka — 250°C. I'a3-Hocu-
TeJIb — TeInid, CKOpOCTh Mmotoka 1.2 myi/MuH. O0beM
BBOIMMOI1 ITpoObI — 1.0 MKJ1, esieHue nmotoka 1 : 10.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

Kak orMmeueHo BbIllIe, aKTyaJbHOM 3amadeii KJIm-
HUYECKOI MEIUIIMHBI SIBJISICTCSI pa3paboTKa HEMHBa-
3MBHBIX METO/IOB pAHHEH IMAarHOCTUKY SHAOMETPUO3a.
1t moncKa MOTeHIMAIBHBIX OMOMapKepOB aKTUBHO
MPUMEHSIETCS METOI META0OJIMYSCKOTO ITPpOPIIIMpOBa-
HUSI B OMOJOTMYECKUX XXKUIKOCTSIX. XapaKTepHble ISl
SHJIOMETPHO3a MEeTa0OJIMThI OTHOCSATCS B OCHOBHOM
K KJIacCaM aMUHOKHUCJIOT M HU3KO- M BBICOKOMOJIE-
KYJISIDHBIX KapOOHOBBIX KMCJIOT. B 1aHHOI paboTe B
Ka4eCcTBE aHAIM3UPYEMbIX OOBEKTOB KMCIOIb30BaIN
00pa3sibl CHIBOPOTKM KPOBU OOJBHBIX C AMArHO30M

2023



1006

sHpometrpuo3 (n = 30) m muoma matku (n = 30),
npenocrasiieHHbie HMUILI uMm. B.A. Anmasosa.

IToayyenue xapaktepucTUdecKux mpodmieii amu-
HOKMCJIOT B CbIBOPOTKE KPOBH OOJIBHBIX C SHAOMETPHO-
30oM. 1711 onpenesieHusT coaep>KaHust AMUHOKUCIIOT B
o0Opas1iax ChIBOPOTKM KPOBM TpeOyeTcsl MpoBeaeHUE

SO,CI
SOERETE—
R
N(CH3),

BECCOHOBA u np.

JIOTTOTHUTEIILHOM CTAaIWM TTOTydeHUS TIPON3BOIHBIX.
B nanHoIi pabote moyvyaau N-gaHCUJINPOU3BOIHbBIE
aMHMHOKMUCIIOT (cxema 1) mo orpaboTaHHOM HaMU pa-
Hee cxeMe, KOHBepcHs OlM3Ka K KOJIMIEeCTBEHHOM.
YcnoBus mepuBaTU3allM OITUMU3MPOBAIM METO-
JIOM OM3aiiHa DKCIIEpUMEHTA.

SO,HN—CH—COOH

|
SO

N(CHj3),

Cxema 1. CxeMa nepuBaTU3allii aMUHOKUCIOT N-IaHCUIXJIOPUIOM.

Ilepen nepuBaTHU3aleli aMMHOKKMCIOT OCaXKIAIN
OeJIKM XJIOPHOI KUCJIOTOM, Jajiee B CyliepHATaHT BBO-
JIVUTV HOPJICUIIMH B KA4eCTBE BHYTPEHHETO CTaHaapTa 1
MIPOBOOWIN I€PUBATU3ALIMIO PACTBOPOM MTAHCWIXJIO-
puna. Ilomygaromimrecst IpoOU3BOAHBIC CTAOMIIBHBI U UX
MOXHO JETEKTUPOBATh C BEICOKOI1 YyBCTBUTEIIEHOCTHIO
CHEKTPO(POTOMETPUIECKIM, (DIIyOPUMETPUIECKUM U
MaccC-CHeKTPOMETPUYECKUM MeTonaMu. B maHHOM
KCCJIENOBAaHUM JaHCWIbLHEBIC ITPOM3BOOHBLIE aMWHO-
KMCJIOT OIIPEAesIsiIN CIeKTPO(MOTOMETPUIECKH, YTO
OMpPENENISNIOCh TOCTYITHOCTBIO U CTOMMOCTBIO COOT-
BETCTBYIOIIETO 000OPYIOBAHUS IJISI OOIBIIMHCTBA Jia-
OopaTopuii 10 CpaBHEHUIO C MAaCC-CIEKTPOMETpUYe-
CKUM JIETeKTUPOBAHUEM.

YcnoBus CEJIEKTUBHOTO pa3fiesieHUsT JaHCUIbHbBIX
IIPOMU3BOIHBLIX aMUHOKMCIOT MeTogoM O®dD BOXKX ¢
JUOIHO-MATPUUYHBIM JETEKTUPOBAHUEM BBIOMpAIH,
Bapbeupys pH monsmxHoit dazwr (1.3, 2.7, 4.0, 7.5),
MPUPOJy OPTaHUUYECKOTO PACTBOPUTENS (AllEeTOHUT-
pWI1 U METaHOJI) U YCJIOBUSI TPaIMEHTHOTO peXrma
anoupoBaHus. OTMedyeHo, 4yTo ¢ yBeaunueHueM pH
MOABMKHOMI a3kl (B alleTaTHOM U (phochaTHOM Oy-
¢depHBIX pacTBOpax) MapamMeTpbl yIep>KMBaHUS JaH-
cuICyIb(hOHOBOM KUCIOTHI 3aMETHO BO3PacCTaloT, B
KOHEYHOM UTOre IUPOKUI MUK OT U30bITKA peareH-
Ta MellaeT OoIpeaeJeHUI0 HEKOTOPBIX MTPOU3BOIHBIX
amMmuHOKUCIIOT (puc. 1). BeiOpanu ciaemyionine yciao-
BUSI XpoMaTrorpauyeckoro ornpeneseHuss aMMHOKMC-
JIOT: MoABWKHas haza aneToHUTpuiaI—Bona ¢ pH 2.7,
conepxarast 0.1% MypaBbUHOM KUCIOTHI, IUIST KOTO-
poil ONTUMU3UPOBAH PEXUM TPANUEHTHOTO BJIIOU-
poBaHus (CM. Bblllle). XpoMaTorpaMmMa CMeCH CTaH-
naptoB 21 aMUHOKHUCIOTHI B (hopMe IaHCUJIbHBIX
MPOM3BOIHBIX B BBIOPAHHBIX YCIOBUSX MpeACTaBIe-
HBI Ha puc. 2.

O1ieHNIM OCHOBHBIC ITapaMeTphl OMoaHaATUTIC-
CKOM METOAVKMU, TToATBepKAatoIue 3(p(HeKTUBHOCTD
¥ HaJeKHOCTh pe3yIbTaToB (Tab:. 1). s yuera Biau-
STHUSI MaTPUILIBI IIPOOKI I PacTBOPOB CTAHIAPTOB
MOCTPOWJIM TPagyupOBOYHBIE 3aBUCUMOCTU IyTEM
pa3BedeHNsI UCIBITYeMOro oopas3na CMeCcHu CTaHIap-
TOB C BLICOKOI KOHLIEHTpaLMEN B XOJIOCTOI MaTpulie

KYPHAJI AHATUTUUYECKON XUMUU

IpOoOKI (YCpeIHEHHAsI CHIBOPOTKA KpOBM). JIMHEHOCTH
IIJIST BCEX aMUHOKUCIIOT COOII0AaIach BO BCEM IMaria-
30He ucchenyembix KoHleHTpauuii (0.5—100 Mkr/mi,
R? B muanazone 0.9979—0.9988). OTHOCHUTENLHAS 1O~
IPEILIHOCTD ONpeaeIeHUS AT GOIBIIMHCTBA AaMUHO-
KUCJIOT He TipeBbimana 5%. [penens onpeneneHus
cocraBuiu 0.5—10 Mxr/mi1.

B BbIOpaHHBIX YCIOBUSIX MIPOBEU Uesesoe MeTa-
b6onryeckoe NpoduaIMpoBaHue: TTOJYyUYUIN XpOMAaTO-
rpadudeckie mpoduIn aMITHOKMCIIOT B 00pa3iax ChI-
BOPOTKM KPOBM MAlIMEHTOK ¢ MUOMOIT MaTKu (n = 30) u
sHpoMeTpruo3oM (n = 30). [IpumMepsl XpoMaTorpaMM
JUIST 000X TMHEKOJOTMYECKMX 3a00JIeBaHN IIPUBE-
JIEHBI Ha puc. 3.

Jl1s1 BBISIBJICHUS TIOTEHLUMATbHBIX MapKepoOB SH-
JIOMEeTpHO3a IIPOBEIN XeMOMETPHIECKYIO 00pabOTKY
MOYyYEeHHBIX JaHHBIX. JIST TOCTPOECHMUSI MOIESIIN 1C-
MOJIb30BaIU IJIOIIAAY ITUKOB aMUHOKMCIOT, HOPMU -
pOBaHHBIE Ha IUTOIIAAb HOpAeHHA. 151 yBemmaeHns
TOYHOCTH KjIacCU(HUKALIMN TTPUMEHWIN HEJIMHEWHBII
MeTOnN — depeso peuteruti. TOUHOCTDb KiacCU(PUKALIUN
cocraBuia 85%, uTo SIBIIIETC TIpreMiieMbIM. [IpumMe-
Heane U-xpurepmsgs MaHHa—YWUTHM ITO3BOJIMIIO BBI-
SIBUTh 3HAYMMBbIE P3N B YPOBHSIX COACPKAHUIA ap-
TMHMHA ¥ COOTHOIIEHUM acIlapariH—ITyTaMUH.

ITonyyenue xapakrepucTudeckux mnpoduiei kap-
O0OHOBBIX KHCJIOT B CHIBOPOTKE KPOBH OOJIbHBIX C THA-
THO30M 3HJ0MeTpuo3. IIpsiMoil aHanu3 cmeceil Kap-
60HOBEIX KucIoT MetogoM I’ X-MC 3artpynHeH. JIist ux
orpeziesieHus B 00pasiax CbIBOPOTKU KPOBU METOJIOM
I'’X-MC Tpebyetcs mmoydyeHue MPOU3BOIHBIX — METH-
JIOBBIX 3(p1pOB KApOOHOBBIX KUCJIOT ITPH OTpeaeIeHUN
BBICOKOMOJIEKYJISIPHBIX XUpHBIX KuciaoT (BM2KK) u
CUJIMJIBHBIX 2(DMPOB KapOOHOBBIX KUCJIOT B Cllydae
HMZ2KK. B kadyecTBe BHYTpEHHETO CTaHAapTa IIpu
onpeneneann BM2>KK BBIOpam TpMKO3aHOBYIO KHC-
qoty, 1ig HM2XKK — nuBaneByto kucioty. [Tpumep
XapaKTepUuCTUYEeCKOro Mpoduist XXUPHBIX KHUCIOT
oOpa3siia CBIBOPOTKU KPOBHU OOJIbHOI C MUOMOIA MaT-
KU TIpUBeAeH Ha puc. 4. binaromapst HaIMuMIo B Macc-
cnekTpax Bcex nmpousBomHbix BM2KK xapakrepuctu-
YECKOTO MHTEHCUBHOTO OCKOJIOUHOTO UOHA C m/7 =
Ne 11
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pH 4.0

W

20

25 30

Bpewms, mun

Puc. 1. XpoMarorpaMmbl cMeceii CTaHAaPTOB aMUHOKUCIJIOT B BUJIE TTPOM3BOAHBIX C JAHCUIIXJIOPUIIOM, TTOJTyYeHHbIE METOIOM
O® BBXX npu pasnuunHbix 3HaueHusix pH momBukHoM dasbl. YenoBus OP BOXKX-ananuza: koimoHka Luna C18(2)
150 Mm X 2.1 MM X 5 MKM; TemIieparypa kosioHku +30°C, cKkopocTh IToToKa rmoaBuxkHoi ¢asbr 0.3 mi/MuH; 280 M. [panu-
EHTHBII pexXUM 3oupoBaHus (cM. Tabj. 1); moaBuskHas dasa: xpomamoepamma cepoeo yeema: pasza A — 50 MM arieTaTHbII
oydepnbiit pactBop ¢ pH 4.0, daza b — aueroHuTpui; xpomamoepamma opanicesoeo yeema: haza A — 0.1%-Hblii BOIHbBIM pac-
tBop HCOOH (pH 2.7), dpasa b — 0.1%-HbIit pactBop HCOOH B auileToHUTpUIIE; Xpomamoepamma cunezo yéema: paza A —
0.05%-Hpblit BomHBI pacTBOp TpUudTOpyKCycHOi Kuciaotsl (pH 1.3), dasa b — auetonuTpu.

x10%
4.5

4.0
«
o 3.5F
©3.0
=
T 2.5F
Q
220F
=
1.5+
1.0
0.5F

T
DNS-OH
Gly

111

ITor.

Sarc
Tyr

10 15 20

25 30 35 40 45

Bpewms, mun

Puc. 2. XpomarorpaMma CMeCHU CTaHIAPTOB aMMHOKMCJIOT B ¢hOpMe NaHCWIbHBIX IIPOU3BOMHBIX. YCIOBUS: KOJOHKa Luna
CI18(2) 150 mm X 2.1 MM X 5 MKM; TemriepaTypa KojoHku: +30°C; 280 HM; CKOPOCTb MTOTOKa MOABMKHOM (a3el 0.3 Mi1/MUH;
rpagueHTHbli pexxuM: dasza A — H,0, 0.1% HCOOH (pH 2.7), dasa b — aneronutpu, 0.1% HCOOH.

= 55, onpeneseHWe aHAJIUTOB MPOBOIWIN B PEXUME
SIM mo naHHOMY MOHY.

B BEIOpaHHBIX YCIOBUSIX ITPOAHAIM3UPOBaAIU 14 00-
pas3LoB CHIBOPOTKU KpoBU (7 — 3HOAOMETPHO3, 7 —
MHUOMa MaTKu). s BBISIBJIEHUS TMOTEHIMATbHBIX
OMoOMapKEepOB 3HIOMETPHO3a BBIINOJHUIN XEMO-
METPUYECKYI0 00pabGOTKy ITOJYYEHHBIX ITaHHBIX.
Hcrionp3oBaHne METOIOB INIaBHBIX KOMITOHEHT, k Oyi-

KYPHAJI AHATUTUYECKOM XUMUU  Ttom 78

Ne 11

XKalImx coceneil, MPOeKIINM Ha JJATEHTHBIC CTPYKTY-
pBI 00ecTIeunsio pasaelieHre aHaIU3upyeMbIX 00pa3-
1IOB Ha JBa KJacTepa COIJIaCHO MX MPUHAIIEKHOCTH.
MHorokparHoe pa30oreHne MacCUBa TaHHbBIX Ha Tpagy-
MPOBOYHBII 1 TECTOBBI HAOOPHI TTO3BOJIMIIO OIIpee-
JINTh IPOTHOCTUYECKHE CITOCOOHOCTH MOACIN. 3Ha-
YeHMsI TOYHOCTH OIIpeAcIeHNsI 00pa3lioB COCTaBUIN
80%. YcTaHOBIIEHO, UYTO colepxKaHWe MaJbMUTUHO-
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BECCOHOBA u np.

Taomna 1. AHaTUTUYECKHe XapaKTePUCTUKH ompenesieHust aMUHOKHCIoT MetogoM O® BOXKX ¢ YD-nerekTrpoBaHeM

Xapak-

Arg
TEPUCTUKA

Asn|GIn| Ser |Glu| Gly |Ala|Pro| Val

Lys | Asp |Sarc| Met | Phe | Ile | Leu |GABA| Thr | Trp

OCKOB
YCIIOBUSX
MoBTOpSIE-
MoctH, %

83 (83|139| 88 |10.7| 82 |[11.1{8.3(8.3

Mepampa-| 5.5 |0.36| 53| 43 | 32| 0.8 |17|16|59

BWJIBHO-
cru, %

110,
MKT/MJIT

0.013{0.03{0.030.0023|0.013{0.0024(0.03(0.03

JIuneii-
HbIl qua-
a3oH

10—100 MKT/MJ

0.03

8961 48|59 |70 (57]62]| 40 | 6.1 | 6.6

31108 |53|45|34|28|52| 39 | 50|24

0.012(0.007|0.003{0.012 |0.021]0.011]0.012| 0.14 [0.006|0.013

0.5—50 mkr/Mn

BOM W JIMHOJIEBOM KUCJIOT CTATUCTUYECKU 3HAYMMO
OTJIMYACTCA NPU SHAOMETPUO3E.

Taxkmm obpazom, BM2KK MoryT BEICTYITUTH B Ka-
YeCcTBE MOTECHIUIMAIBbHBIX MapKEPOB OTJINYUSI MUOMBI
MAaTK! 1 SHAOMETPHO3a, UYTO MOXKET OBbITH BeChbMa I10-
JIE3HO B KJIIMHUYECKOM IMTPaKTUKE. DTOT BHIBOI TPeOY-
eT TOATBEPKACHUSI, HEOOXOIUMBI TOMOJTHUTEIbHBIE
HUCcclIeqoBaHMsI Ha OOJIBIINX BEIOOPKAX IJISI OIpele-
JIEHUS CTETIEHU OJIM30CTH MPOGUIIS SKUPHBIX KUCIOT
P JaHHbBIX MATOJIOTUSIX.

Meronom ['’X—MC BbIIBUIM aHAIUTUYECKUE BO3-
MOKHOCTH ofHOBpeMeHHoro ornpeneiaeHuss HM2KK u
CPEIHEMOJIEKYSIPHBIX XUPHBIX Kucjaor (CM2KK)

—
(e}
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(C2—C8). OcHOBHBIE TPYIHOCTU HX OIIPeAeICHUS
CBSI3aHbI C BBICOKOI JIETyYeCTblO UM TUAPODUIBHO-
creto HM2KK. Ha nepBoMm aTane n3zydajau BO3MOX-
HOCTM TPaAWLIMOHHOIO MOIXOda B MeTabOJOMHBIX
uccienoBaHusix metogoM ['X — onpeneneHus: mera-
0OJIMUTOB B BUJI€ CWJIMJIbHBIX MPOM3BOIHBIX. B Kaue-
CTBE JIEpMBATU3MPYIOIIETO areHTa BhIOpamu N-MeTHII-
N-(TpuMeTWJICUIWI ) TpUdTOpaieTaAMUI, TOCKOJIb-
Ky MoJjlyJyaeMble TPOU3BOIHbIE TEPMUYECKH OoJiee cTa-
OWJIbHBI U MIPU 9TOM MEHEE TOJISIPHBI M0 CPaBHEHUIO C
JIpyruMy Mpou3BodHbIMU. [lepen cuiamiampoBaHueM
HEoOXOAUMO OCYIIIECTBUTD IpeBpallicHUe KETOTPYIIIl B
METOKCHUMHBIE (IBOIHasI AepuBaTU3aius) (cxema 2).

Ala

25 35

40

Bpewms, Mmun

Puc. 3. XpoMarorpamMmbl JaHCWIbHBIX TPOM3BOIHBIX aMUHOKUCIIOT B CBIBOPOTKE KPOBY OOJIbHBIX C IMarHO3aMU 9HAOMETPUO3
(kpacnbtit yeem) n muoma mMatku (cunuit ygem) (O® BDKX). YenoBust: kononka Luna C18(2) 150 MM X 2.1 MM X 5 MKM; TeM-
neparypa KosioHku +30°C; 280 HM; CKOPOCTb OTOKA MOABMKHOI (ha3bl 0.3 MJ1/MUH; rpaqueHTHbBIN PeKUM 3JTIOUPOBaHusT: (ha3a
A — 0.1%-nwr1it BogHbIit pactBop HCOOH (pH 2.7), dasa b — 0.1%-nbr1it pactBop HCOOH B anieToHuTpMIIC.
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Puc. 4. XapakrepucTuuecKuii mpoduiib XKUPHBIX KKCJIOT B 00pasiie CLIBOPOTKM KpoBU ¢ MuoMoit matku. GCMS-QP2010 SE
C KBaJpYIOJbHBIM MacC-CEJICKTUBHBIM IETEKTOPOM C 3JIEKTPOHHON MOHM3alMeil mpoOrl. Xpomarorpaduyeckasi KOJIOHKA
WAXplus (OPTIMA 30 M x 0.25 MM X 0.25 mxMm). Pexxum SIM: m/z 55. Pexxum nporpaMMupoBaHusi TEMITEPaTyphl.

I: Peakuusg ¢ O-MmeTOKCMaMUHOM

OH
-

o H,NOCH; 1\|I
HOMOH _— HOMOH
(@) (@) (@) (0]

II: Peaknnsa ¢ MCT®DA —S|i—

|

OH O

- ~

1\|I MCT®A l\lI

HOMOH e ~ ,,OMO\ -
Si Si
o o) / \ 0 0 / N\

Cxema 2. Cxema IBOMHOI IeprUBaTU3alIMN OPTAHUIECKUX KUCITOT ¢ O-MEeTOKCMaMUHOM
u N-metuii-N-(tpumetwicuinn)tpudropaneramuaom (MCT®A).

st onipenesieHrs OpraHuYeCKUX KUCJIOT B BOI-
HBIX pacTBOpax Ha IIEPBOM 3Tarie HeoOXoauMa 3KC-
TpaKIMsI aHAJIUTOB B OPraHUYECKNI1 paCTBOPUTEIb U
yIaJeHWEe OCTAaTKOB BOMbI, MOCKOJIbKY ITOJIydaeMbIe
MPOU3BOMHBIC JIETKO TUAPOAU3YIOTCS. OLIEHUIN aHa-
JIMTUYECKHNE BO3MOXHOCTU CJIEAYIOIINX 3KCTparcH-
TOB: IUATUJIOBOTO 3Mpa, dTUIALIETAaTa, TUXJIOPME-
taHa, MTDB3. Ilpu ucnoab30BaHUU AUXJIOpPMETaHAa
MPOUCXOOUT ITOCTENEHHOE YXYAIIICHUE W ICKaXKeHIE
¢dopMBI XpoMaTOTpaPUISCKUX ITMKOB OPTaHUYECKMX

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78

Ne 11

KMCJIOT, a TaKXKe MOoTepsi YyBCTBUTEIbHOCTU. JAUaTH-
JIOBBII 3¢(bUp M3-3a Ype3BbIUAiHO BBICOKOI JieTy4e-
CTHU co3daeT mpoOJIeMbl TIPU OTOOpE 3KCTpaKTa (00-
pa3zoBaHue My3bIpeii B HOCUKE 103aTOpa) U, COOTBET-
CTBEHHO, TIPUBOJIUT K HU3KOU BOCIPOU3BOAUMOCTH
pesyabTaToB. C 3TWIALIETaTOM B KaueCTBe AKCTpareHTa
B kuciyoit cpeae (pH 2) mosydeHbl BHICOKUE CTEIIEHU
n3BiiedeHus (80—95%), omHaKO B 3THX YCIIOBUSIX BO3-
MOXHO MOJIyYEHUE 3aBbIIIEHHBIX PE3YJIbTATOB OIpe-
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Puc. 5. XpoMmarorpamMmma pacTBopa CTaHAapTOB aMUHOKHUCJIOT U HU3KOMOJIEKYJIIPHBIX OPraHUYECKUX KUCIOT B (hOpME CUITUITb-
HBIX TPOU3BOIHBIX, TTojiydeHHas1t MmetogoM I’ X-MC. YcnoBust '’ X-MC: razoBbliit xpomaTo-Macc-cnekrpomeTp Shimadzu GCMS-
QP2010 Ultra, xpomarorpacduaeckast kojonka HP-5 (30 m X 0.320 mm X 0.25 MkM, Agilent); ra3-HOCUTENb — TeJINi1, CKOPOCTh ITO-
ToKa — 1.2 Mi1/MuH; TemnepaTypHblii rpagueHT: 50—300°C co ckopocthio 10°C/MuH; TeMiiepatypa uctaputelist — 250°C; 06beM
npob6bl — 1 MKJI; Macc-ClIeKTpoMeTp B pexuMe ckaHupoBanus noHos (EI 70 3B, temnepaTtypa nonHoro uctounuka 250°C,

nuarta3oH macc m/z 50—450 [1a).

JeJIEeHUs YKCYCHOM KHMCIIOTBI M3-3a YACTUYHOTO THJI-
poJM3a dTUIALleTaTa B KUCIION Cpele.

Taxkum 0Opa3zoM, BEIOpaAIN CIIEAYIOIINE YCIAOBUS Je-
pUBaTU3aLIMU: B KaUECTBE DKCTpareHTa OpraHu4IeCcKux
kucior — MTBD, peakuus ¢ O-MeTOKCMaAMUHOM —
25 muH nipu 80°C; peakuust ¢c MCT®A — 35 muH ripu
80°C. Bocripon3BOIMMOCTb, OLIECHEHHAsI B TPeX MO~
BTOpAax IO IUIOLIAASIM MUKOB, cocTtaBuiia 3.6—8.1%.
OnmHako JaHHBIM MOAXOMH ITO3BOJISIET C BBICOKOM Ce-
JICKTUBHOCTBIO U YYBCTBUTEJILHOCTBIO OIIPENC/IsSiTh B
OMOJIOTMYECKUX OOBEKTaX XKMPHBIE KAapOOHOBbIE KHUC-
JIOTHI C YMCJIOM aTOMOB YIVIEpoia OOIbIlle YeThIpeEX,
TMIPOKCUKApPOOHOBBIE U JMKAapOOHOBBIE KMCJIOTHI,
AMMHOKMCJIOTHI, a TAK3KE YIJIEBOIbI, HO HE TTOIXOIUT
st onpenenenuss HM2KK (C1—C4) (puc. 5). Beico-
Kas jietydyecthb mpousBomHbix HM2KK yxe Ha cTranumn
NpOOOIIOATOTOBKM ITPUBOAUT K 3HAYUTEIBHBIM I10-
TEePSIM M HEBOCIIPOM3BOAMMOCTH PE3Y/IbTaTOB aHAJIN -
3a. JlOMOJHUTEIbHbBIE 3KCIEPUMEHThI I10 BbISIBJIC-
HUIO BIIMSIHUS 00Jiee HU3KUX TEMIIEpaTyp Ha CTaauu
BBIIApUBAHMSI IIPOOKI I ASPUBATU3ALIMH HE IPUBEIN
K ITOJIOKUTEIbHBIM pe3yabTaTaM.

ITpobaemy omHOBpemeHHoro onpeaenennss HM2KK
u CMXKK pemranu meronom I'’X-MC ¢ niosisipHo#i cra-
muoHapHoit ¢pazoii FFAP. B aTux yciioBusix BeIOpaiu
pPEXMM TEMIEPATYPHOIO rpaiveHTa 151 CEEKTUBHOTO
pasnenenuss HM2KK, conepxaiuux 2—9 aToMOB yriie-
poma (puc. 6, taba. 2). [IperMyiecTBOM JaHHOIO
Moaxoia SIBJASETCS OTCYTCTBUE CTaJAuM AepUBaTU3a-

KYPHAJI AHATUTUUYECKON XUMUU

1IMM, BOBMOXHOCTb aHaJI13a BOIHBIX 1 BOIHO-OpPTraHu-
YECKHX PACTBOPOB, YTO OCOOEHHO BaXKHO MPU aHAIU3E
OMOJOrMYECKUX XKUIKOCTeH. JI1s1 JajbHeIIero onpe-
neneHyst HM2KK B cbIBOpOTKe KpOBU TpeOyeTCs mpel-
BapuTeIbHOE ocaxkaeHue oekoB. Hanbonee gacto mc-
MOJIb3yEMbIE PACTBOPUTEJIM HA 3TOM 3Talle — METaHOJ,
9TAHOJI U alleTOHUTPWI. MakcuMabHble CTETeH! 13-
BJICYEHMST OPTaHMYECKUX KMCIIOT MOJIYYWJIU LIS METa-
HoJa (81—98%). OLeHWIN aHATUTHYECKIE TTapaMeTPhI
JTAaHHOTO METObI: TIpeAesibl OOHApYKEHUsI OpraHuye-
ckux kuciaoT coctaBuwiu ~0.01—0.10 Mkr/mi, TuHEeR-
HocTh W11 Bcex HM2KK Bo BceM auarna3oHe uccienye-
MbIX KoHLeHTpauuii (0.5—30 mMxr/mi, R? B ApanasoHe
0.9975—0.9989), BocriponzBomuMocTh 4.0—12%.

B BbIOpaHHBIX YCIOBUSIX MOTYYUIU XpoMaTorpa-
duryeckue IpodrIn OpraHNYEeCKNX KUCIIOT B 00pa3-
11aX CBIBOPOTOK KPOBU OOJILHBIX D9HIOMETPHO30M U C
MHOMOU MaTKu (puc. 7) U mokKas3aju BO3MOXHOCTb
MpoBeIeHUSI METa00JIOMHBIX ccaenoBaHuii HM2KK
B CBIBOPOTKE KPOBU. B manbHENIIINX UCCAeI0BaAHUIX
aKILIeHT OyIeT cAesiaH Ha XeMOMETpPUUYECKYyIo oOpa-
OOTKY ITOJIyYCHHBIX JAHHBIX IS BBISIBJICHUS ITOTEH-
[UaJIbHBIX OMOXMMUYECKUX MapKEPOB.

koK ok

Takum oOpa3zoM, MpoBeASHO LieJeBOe MPOPUIn-
poBaHHUE aMUHOKMCIOT B BUIE JaHCUJIbHBIX IIPOU3-
BoAHBIX MeTogoM O® BOXKX ¢ nmogHo-MaTpUYHBIM
Neo 11

TOM 78 2023
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Puc. 6. XpomaTorpamma no MOHHOMY TOKY BBIIEJIEHHBIX MACC CTAHAAPTOB HU3KOMOJIEKYJISIPHBIX XKUPHBIX OPraHUYeCKUX KUC-
ot C2—C8 (5 mk/mn), monyderHas metonoMm [ X-MC Ha karmuisipHoit konoHke ZB FFAP (Phenomenex). YcinoBust: Ta30BbIit
xpoMaro-Macc-crekrpomerp Shimadzu GCMS-QP2010 Ultra, xpomaTtorpacdudeckasi koionka Zebron ZB FFAP 50 m X 0.32 mMm
% (.50 mxm (Phenomenex); ra3-HOCHUTE b — TeJIMIA, CKOPOCTb ITOTOKA — 1.5 Mi1/MUH; TemniepaTypHblii rpanyeHT: 70—200°C co cko-
poctbio 10°C/Mun; Temmniepatypa ucrnapureisi — 200°C; 06beM Tpodbl — 1 MKJT; Macc-CIeKTPOMETP B peXXMMe CKaHUPOBaHUSI
unoHoB (EI 70 3B, temneparypa nouHoro uctrounuka 250°C, nuanazon macc m/z 50—450 [da).

JIIETEKTUpOBaHUEM B 0O0Opa3liax CHIBOPOTOK KPOBU
OOJIbHBIX C SHIOMETPHO30M U C MUOMOI MaTKI. BhIsIB-
JIEHbI OrpaHWYCHMSI KJIaCCUUECKOIo Moaxoaa K oIpe-
JIeJICHUIO0 OpraHn4ecKuxX Kucjior merogoMm I'X-MC B

BUJE CUJIWJIbHBIX MPOU3BOIHBIX MPU ONpeaeSeHUn
HMXK. OntuMu3upoBaHbl YCIOBUS OIIPEAeICHUS
HMXK B cbeiBopoTke KpoBu meromoM I'X-MC Ha
MOJISIPHOM cTallMOHApHOI haze 6e3 mpeaBapUTeib-
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Puc. 7. CpaBHeHUe xpoMaTorpaduiyecKux Mpoduiieii o BbIACJIEHHOMY HOHHOMY TOKY OPraHUYECKMX KHUCIOT B ChIBOPOTKE
KPOBU TTAIIMEHTOK C TMarHO3aMW MUOMa MaTKU (CUHUIL Ysem) N SHOOMETPUO3 (KpacHslil yeem), TIoaydeHHbIX MeTonoM [ X-MC

0e3 nepuBaTU3alINU.
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Ta6mamma 2. MOJ'[SKYI[FIprIC MacCChI OMNpeaCIACMbIX OPTaHUYCCKUX KUCJIOT 1 MaCCbhl MOHOB X OCHOBHBIX @parMeHTOB

Kucnora T, °C Macca Macca ocHOBHOTO
MOJIEKYJbl, m/z | dparmeHTa, m/z
VYkcycHas 118.1 60.02 43
[IpormoHoBas 141.2 74.04 74
MacnstHast 163.5 88.05 60
H3oMacistHast 152—155 88.05 60
Banepuanosas 185.4 102.06 60
H3oBanepuaHoBas 176.5 102.06 60
Kanponosas 202—203 116.08 60
I'enraHoBast (3HaHTOBAs) KMCJIOTa 223 130.18 60
OxkTaHoBas (KanmpuiaoBasi) KUCIOTa 237 144.21 60
IMuBaneBas kucnora (2,2-IMMETWITIPOIIMOHOBAS KUCIOTA) 164 102.13 57

Holt nepuBaTu3aunu. [1pegeab oGHapyKEHUSI COCTa-
B mist amuHokuciaor 0.0024—0.12 mMkr/mi, s
opranuyeckux KucjaotT — 0.05—0.10 Mxr/mJt.

Buipaxcaem 6aaeodapnocme Pecypcromy uenmpy
CIIoTY “Memoosr ananusza cocmaea eewecmea” 3a
npedocmaenenHoe obopyodosanue.

Paboma evinoanena npu gurancosoii noddepicke
Poccuiickoeo nayunoeo ¢ponda (Homep epanma 19-13-
00370).
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