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JOCJAIIXKEHHS ITPO®LITIO BIOJOTTYHOI AKTUBHOCTI
HOXITAHUX 2-METHJIXIHOJITH-4-TIOJIIB
METOJAMU XEMOIH®OPMATHUKHU

3asropoaniit M. I1., BecenkoB A. B., bpaxxko O. A., 3aBropoaniii B. M.

3anopizbkuti HaYIOHALHUL YHIBEpCUmMem
69600, Ykpaina, 3anopidcoics, yn. Kykoscvkoeo, 66

zavzp@mail.ru

VY crarTi MoJaHo pe3ysbTaTH aHalli3y MOXIJHUX 2-METHIXIHOJIH-4-TioJly METOJaMU XeMOiH()OPMATHKH.
OCHOBHUMH 3aBJAHHSAMH JOCII/UKEHHS € PO3paxyHOK, CHCTEMaTH3allisd Ta aHalli3 OTPHMaHOTO MacuBy
JTAHWX, SKi CITIBBIIHOCATHCS 13 pi3HUMHU OioJOTiYHNMHA edekTamu. Pe3ympTatu Oy OTpUMaHI MUITXOM
in silico po3paxyHkiB SAR Kopessiiiii A1 oJJalbIIoro paioHaIbHOIO JAN3aiiHy JIKapChbKUX Mperaparis,
pa3oM i3 MPOBEACHHIM MOJICKYJISIPHOTO JOKIHTY 110 BiIHOIMICHHIO 10 00paHoro enzumy SODI.

Bu3HaueHO 3aeKHOCTI «CTPYKTYpa-aKTHBHICTBY» MIOAO BipOTIMHOTO BIUIMBY (i3UKO-XIMIYHAX Ta

CTPYKTYPHHUX OCOOJMBOCTEH MOCTIKYBaHUX CIONYK Ha IXHIO OIOJNIOTIYHY aKTHBHICTh. Bu3HaueHO
HaAMOLTBII TOTEHITIITHO BipOTiHI caliTH 3B’ I3yBaHHS JJIS TOCTIKYBaHUX CIIONYK i3 pepmerTom SODI.

Kniouosi crosa: 2-memunxinonin-4-mion, xemoingopmamura, nOKa3HUKU 0io102i4HOI aKMU8HOCMI.

3asropoauuii M.II.,, Becenxos A.B., bpaxko A.A., 3asropoguuii BM. UCCJIEJJOBAHUE ITPO®UIIA
BUOJIOTUYECKOM AKTUBHOCTHU [MPON3BOAHBIX 2-METUJIXMHOJIMH-4-TUOJIOB
METOAAMU XEMOUH®OPMATUKU / 3anopoxckuii HallMOHAIBHBIN yHUBepcuteT; 69600, YkpaunHa,
3anopoxxse, yi. XKykosckoro, 66

B cratee mpencTaBieHBl pPE3yNbTATHl AHAIM3a MPOU3BOJHBIX 2-METHIIXMHONWH-4-THONA METOJaMU
xemonHpopmaruky.  OCHOBHBIMH  33jladaMHU  JIAHHOTO  HWCCJIEJOBAaHMSI  SIBJSIETCSI  paccyer,
CUCTEMATU3HPOBAHNE U AHAJIU3 MOJyYEHHOIO MAacCHUBa JAHHBIX, KOTOPBbIE COOTHOCATCS C Pa3lIM4YHbIMU
Oouonornyeckumu dpdexramu. PesynbraTsl ObUTH NOMyYeHBI yTeM in silico pacuetoB SAR xoppernsimii
JUId JalbHEHINero palMoOHAIbHOIO JAM3aiiHa JIEKapCTBEHHBIX IIPENapaToB, BMECTE C IMPOBEACHUEM
MOJIEKYJISIPHOTO JIOKHHTA 110 OTHOIIEHMIO K BEIOpaHHOMY 5H3uMY SOD1.

OrmnpejenieHbl 3aBUCUMOCTH «CTPYKTYPa-aKTUBHOCTB)» OTHOCHTENILHO BIMSHUS (U3MKO-XUMUYECKUX U
CTPYKTYPHBIX ~OCOOCHHOCTECHl HCCIECIYeMBIX COCAMHCHHH Ha HX OHOJOTMYECKYH) aKTHBHOCTb.
OmpezenieHbl  MOTCHUHMAIBHO BO3MOXKHBIC CaWTBl CBA3BIBAHMS JJISI HCCICAYEMBIX —COCAWHCHHI
¢ ¢pepmentom SODI.

Kniouegvie cnosa: 2 MemuﬂquOJluH—4—muOﬂ, xeMoqubopMamuKu, nokazameinu OUOJLO2UYECKOL AKIMUBHOCTIU.

Zavgorodniy M.P., Veselkov A.V., Brazhko O.A., Zavgorodniy V.M. STUDYING OF BIOLOGICAL
ACTIVITY PROFILE OF 2-METHYLQUINOLINE-4-THIOL DERIVATIVES WITH
CHEMOINFORMATIC METHODS / Zaporizhzhya national university; 69600, Ukraine Zaporizhzhya,
Zhukovsky str., 66

In the early stages of research and development of new drugs for reducing of spent time and research
resources, quick and efficient methods based on the use of computer technologies become more and more
popular such as: bio- and chemoinformatics, molecular modeling and mathematical statistics.

Among the derivatives of 2-methylquinoline-4-thiols there is a number of biologically active compounds
with wide range of action which can become a basis for new drugs. One of the main problems of such
choice is the range of biological activity, the level of potential toxicity and determination of
pharmacodynamic, which explains the practical usefulness of chemoinformatic methods. The ultimate
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goal of this research is systematizing and summarizing of obtained data by these methods to create a
modular basis, which later can be used for goal-seeking and selective search of compounds with desired
characteristics.

Compounds which have been used as a total sample — derivatives of 2-methylquinoline-4-thiol — are part
of longstanding experimental base of Zaporizhzhya National University laboratory of biotechnologies of
physiologically active compounds.

For the computer experiment was used the following software in chemoinformatics: UCFS Chimera,
AutoDock, AutoDockTools, PaDEL-ADV, AmberTools, Toxicity Estimation Software Tool,
VCCLab - ALogP / S, OpenBabel.

The total size of the sample, which was used for computer calculations - 64 compounds. The study was
conducted in two stages. The first stage - determination of physicochemical parameters and indices of
toxic effects of selected parameters (water solubility, hydrophobicity, LC50 for Fathead minnow,
Daphnia magna, IGC50 Tetrahymena pyriforms, LD50 bioaccumulation factor, the total index of
embryotoxical and teratogenic activity, Amos test). Second stage — definition of active binding sites
of superoxide dismutase SOD1 (code PubChem — 3LTV) for Mus musculus with derivatives of
2-methylquinoline-4-thiols. Final conclusion describes results on a sample of key compounds and
calculated indices which have minimum and maximum values.

It may be noted, that compounds which major functional group is residue of amino propionic acid in the
second position, have a significant deviation from the mean LogP value in the negative area. This
complication or substitution of amino group in second position increases LogP value. Maximum LogP
has compound Ne 9, which can be explained by presence of the phenyl radical.

Solubility index is in the range of -5.88 to -3.27, the average is about -4.22, which coincides with an
interval of many known drugs. Among the features may be noticed the minimum values of compounds
Ne 9, 10, 11 which have aromatic residues. Results of biological activity analysis shown in Table 2. In
summary, compounds Ne 8-11, 17, 18 have been identified as the most toxic (at the same time have
largest LogP values and the lowest LogS values).

We can conclude that there is a direct tendency to increase the level of toxicity of the compounds
(reducing the concentration of the compound causing toxic effect) with the increase of bioaccumulation
value and reduced solubility in water. However, this tendency is generalized and applies only to most
of the compounds.

According to results of the virtual screening with molecular docking with the SOD1 enzyme were
identified four potential binding sites, including one location to which all studied compounds might be
jointed, among which was found the overall potential binding site for derivatives of 2-methylquinoline-4-
thiol, which was identified as the most binding compound in quantitative terms (46 of 64 compounds) and
the qualitative (binding energy among the possible conformations).

The strongest binding energy with the investigational SOD1 enzyme have compounds Ne 9 and Ne 15 —
more than 8 kcal / mol, and among basic amino acid residues of both enzyme chains with which these
compounds form hydrogen bonds are ASN: 206B, VAL: 160B , VAL: 301B, VAL: 7A, VAL: 148A. The
largest number of hydrogen bonds formed last two residues. Thus the basic amino acid residues that
define binding strength of this enzyme are valine residues

Key words: 2-methylquinoline-4-thiol, Chemoinformatics, biological activity.

BCTYII

[Tomryk nikapchbkux 3aco0iB, Kl MalOTh YITKO BUPAKEHUN LIJECTIPIMOBaHUIN e(PEKT, € OJHUM 3
TOJIOBHUX 3aBAaHb MeauuHoi XiMii. OcoOaMBYy yBary B CydyacHi MeIWYHIN ramys3i NpUALICHO
MUTaHHIO crenrudiuHOCTI Ail JIKapChbKUX MpernapaTiB 3 METOI 3MEHIIEHHS HIKIUIMBOro alo
HeOa)XaHOTO BIUIMBY Ha JKUBI OpPraHi3MHM Ta JOCSTHEHHS MAaKCHMajJbHOI'O JIIKYBaJbHOTO
pesynbrary. Ha mepmmx cramisx JOCTIIKEHHS Ta pO3pOOKH HOBHUX JIKApChKHUX 3acO0IB JUIS
3MEHIIIEHHS! BUTPAYEHOI'0 4acy Ta JOCIIIHUIBKUX PECypciB Bce OUIBII MOMYJISPHUMHU CTAIOTh
IIBU/IKI Ta €PEeKTUBHI METO/M, 3aCHOBaH1 Ha BUKOPHUCTAaHHI KOMIT IOTEPHHUX TEXHOJIOTiH: 010- Ta
XeMOIH(OPMATUKHU, MOJIEKYJIIPHOTO MOJETIOBAHHS Ta MATEMaTUYHOI CTATUCTUKH.

Cepen moxiTHUX 2-METHIIXIHOJIH-4-Ti0MIB iCHY€ 3HaYHA KUTBKICTh 010JIOTIYHO aKTHBHUX CIIOJIYK
IIUPOKOTO CHEKTPY Mii, AKi MOXYTh CTaTH OCHOBOIO JJII HOBHMX JIKapchkux 3aco0iB. Cepen
OCHOBHHX MpoOJieM BHOOpPY TaKHX CIIOJNYK € CIEKTp iXHbOi O10JOTiYHOI aKTHBHOCTI, piBEHb
NOTEHLIHHOT TOKCHYHOCTI Ta BH3HAUCHHA IXHBOI (DapMaKOIMHAMIKH, YUM MOSCHIOETHCS
NPaKTUYHA JIOUUIBHICTh BHKOPHCTAHHS MeETOAIB XeMoiHpopmaruku. KiHleBow MeToro
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JOCTIPKEHHSI € CHUCTeMaTH3allisl Ta y3araJlbHEHHS [aHUX, OTPUMaHUX IUMH METOJaMH s
CTBOPEHHS MOJYJIBHOTO 0a3zucy, IKUi Haslai Moke OyTH BUKOPUCTAaHUN IS LIIIEHATPSMIIEHOTO
Ta OUIBLI CEJIEKTUBHOTO MOUIYKY CHOJYK 13 HEOOX1THUMHU XapaKTePUCTUKAMH.

MATEPIAJIM TA METOJU JOCJILIKEHHA

Crionyku, siki OylM BUKOPUCTaH1 SIK TeHepajibHa BUOIpKa — MOX1IHI 2-METUIXIHOMIH-4-T100y —
CKJIaIal0Th YacTUHY OarartopiyHoi eKclepuMeHTanbHOi ©0a3u nabopatopii Oi0TeXHOOTIi
(i310JI0TIYHO-aKTUBHUX PEUOBHH 3aIlOpi3bKOT0 HALlIOHAJBHOTO yHiBepcuTety [1-3].

Jlis  MpOBENCHHS KOMIT IOTEPHOTO  EKCIIEPUMEHTY BHKOPHCTOBYBAJIM Take MPOrpaMHE
3abesneueHHs y cdepi xemoinpopmatuku: UCFS Chimera, AutoDock, AutoDockTools, PaDEL-
ADV, AmberTools, Toxicity Estimation Software Tool, VCCLab — ALogP/S, OpenBabel [5-9].

3aranpHUil po3Mip BUOIpKH, sika Oyna BHUKOpPHCTaHA JUIS KOMIT IOTEPHUX DPO3paxyHKIB, — 64
CTIOJTyKH.

JocmipkeHHss mpoBeAeHO y JaBa erand. llepmmii eranm — BU3HAueHHS (i3UKO-XIMIYHUX
MOKa3HUKIB Ta TMOKa3HUKIB TOKCHYHOI il 3a OOpaHMMH IapaMeTpamMu (PO3YMHHICTH y BOI,
nminodineHict, LC50 mns Fathead minnow, Daphnia magna, 1GC50 Tetrahymena pyriforms,
LD50 ¢akrop Oloakymymsiii, cymMapHHUN TIOKa3HMK €MOpPIOTOKCHYHOI Ta TepaTOreHHOT
akTUBHOCTI, Tect Eiimoca). [lpyruii — Bu3HAUeHHS AaKTUBHUX CaMTIB 3B A3yBaHH:I
cynepokcummucmytazu SOD1 (kog PubChem — 3LTV) nmns Mus musculus 13 moxigHUMHU
2-MeTUIIXIHOMIH-4-TioMiB. Y BHCHOBKAaX HaBENEHI pPe3ylbTaTH IMOAO BHUOIPKH 13 KIIOYOBUX
CIIOJIYK, PO3PaxOBaHi MOKA3HHUKHU SKUX MAlOTh MIHIMAJIbHI Ta MaKCUMaslbHI 3HaueHHs. [lepemnik
JOCIIJKYBAHUX CHONYK 13 3arajibHOro HabOpy AOCIHIKYBaHMX CIIOJIYK HaBeJeHUH y Tabnuui 1.

Tabnuus 1 — Bubipka 13 reHepaiabHOI CYKYIHOCTI JOCIHIKYBAHUX CIIOIYK 13 MIHIMAJbHUMU Ta
MaKCUMaJIbHUMU 3HAYEHHSAMU JIOCIII)KYBaHUX OKA3HUKIB.

No Hasga cnonyku 3a [UPAC No Hasga cnonyku 3a [UPAC
1 2 3 4
2-kapOokcuamino-3- (8-MeTOKCH-2-
1 |2-meTun-xiHomiH-4-TioTy 13 |MeTun-xiHomiH-4-11Cyb(paHi)

IPOMIOHOBA KHUCIIOTA
2-(2-xnop-aueTunamino)-3-(8-mMeTokcu-
2 |6-MeTOKCH-2-MEeTHII-X1HOJIIH-4-T10J1 14 |2-meTun-xiHomiH-4-1acynbdaHin)
IPOMiIOHOBA KHUCIIOTA
2-0eH3o11aMiHO-3-(8-METOKCH-2-MEeTHJI-

3 |6-eTOKCH-2-MeTHII-X1HOMIH-4-T101 15 |xiHoniH-4-11cyab(aniia) MponioHoBa
KHCJIOTa
3-[ I-kapbokcu-2-(8-MeTOKCU-2-MeTHII-

4 |6-x510p-2-MeTUI-X1HOMIH-4-T101 16 |xiHONiH-4-11Cynb(aHi) -eTinKkapbamMoin]

AKPHUJIIOBA KHUCIIOTA
3-(6-MeTOKCHU-2-MeTUII-X1HOJIH-4-

5 |6-OpoM-2-MeTu-XiHOMiH-4-Ti0N 17 |incynshaHin)-npornioHOBOT KHCIOTH
METHUJIOBUH edip
3-(6-eTOKCH-2-METHI-X1HOJTIH-4-

(2-MeTun-xiHoMiH-4-17ICyIb(aH1T) OIITOBA

6 18 |incynbdhaHin)-mponioHOBOT KUCIOTH
KHCIIOTa o o
METHIIOBUH edip
o 2-[(6-dTop-2-MeTun-4-X1HOIH
3-(6-x70p-2-METHII-X1HOJIH-4- [(6- P . . )
7 19 |cynb(aninanerisi]eTaHaMiH

uncynbgaHin) NporioHoBa KUCI0Ta

JTUT1APOXIIOPHT
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[Iponosxenns tab. 1

1 2 3 4

(6-6pOM-2-METHI-XiHOMH-4- N-[1-kap6okcu-2-(6-eTOKCH-2-METHII-

8 |. N 20 |xiHOMiH-4-11Cynb(aHiI)eTwI]-
u1cynbQanin) rigpasua olToBa KUCI0Ta
CYKIIMHATHA KHCIIOTa
o N-[1-kap6okcu-2-(5,8-1uMeToKCcu-2-
2-(6-0pom-2-MeTUI-X1HOTIH-4- [1-x pooKeH ( O~ IMETOKCH
9 21 |MeTun-xiHomiH-4-11cynb(anHin)eTun|-

uicynbhanin)-N-peHu-aueramMu
yTbd )-N-d Tt a CYKIIMHATHA KHCJIOTA

(6-6poM-2-MeTHII-X1HOJTIH-4-
10 |incynbgaHin) -0ITOBOI KUCIOTH 22 |8-METOKCH-2-MeTHII-X1HOMIH-4-T10T
OCH3UITIICH-T1Ipa3u/I

(6-6poM-2-MeTHII-X1HOJTIH-4-
11 |incynwdaHin) onTOBOT KUCIOTH (4- 23 |5,8-1MMETOKCH-2-METHII-X1HOMIH-4-T101
JTMMETUIIaMIHO-OCH3UITIICH) -T1Ipa3u

2-amiHO-3- (6-xJ10p-2-MeTUI-X1HOMIH-4-

12 | . .
1Icynb(aHiT) MPOMiOHOBA KUCIOTA

PE3YJBTATH TA IX OGTOBOPEHHSA

3HaveHHs MoKa3HHKIB JinodinsHoCcTI (LogP) mocnimkyBaHUX CIONYK 3HAXOIATHCS B Jiana3oHi
BiJ -0.67 no 4.84. [Ipu nipoMy cepe/Hi MOKa3HUK CKIIaJae IpuOIn3Ho 2.5.

3a3HauMMO, M0 CIOJYKH, $SKI MalTh TOJIOBHOIO (PYHKIIOHAIBHOIO TPYIOK 3aUIIOK
IPOMIOHOBOI KUCJIOTH 13 aMIHOTPYIIOI0 Y JPYroMy IMOJO0XKEHHI, MAalOTh 3HAUHE BIJXUJICHHS BiJ
cepennboro 3HaueHHs LogP y Bim’emny oGnacte. [lpu 1mpomy yckimamHeHHs a00 3aMilICHHS
aMIHOTPYIU B APYromy MOJOKeHH1 30iunbinye mokasHuk LogP. Makcumanbue 3HaueHHst LogP
Mae croiyka Ne 9; 1ie MOXHa MOSICHUTH HasBHICTIO (DEHIIBHOTO 3AJIUIIKY.

[Toka3HUK PO3YMHHOCTI JIGKUTHh Yy Jiama3oHi Bin -5.88 mo -3.27, cepeqHe 3HAuUCHHS CKIIAIae
npubm3HO -4.22, 1 30iraeTbes 3 iHTEpBaIOM OaraThox BiJOMHUX Jikapchbkux 3aco0iB [10]. Cepen
0COOJIMBOCTEH MOJKHA BIIMITUTH MiHIMaJIbHI TTOKa3HUKHA y croiiyk NeNe 9, 10, 11, sxi mMaroTh
apoOMaTHYHI 3aJUIIKU. Pe3ynpTaTH aHalilzy MOKa3HHKIB Ol0JOTIYHOI aKTUBHOCTI HaBE/ICHI B
tabmui 2. [lincymoByroun, cmoiayku Ne 8-11, 17, 18 Oynu BuU3HAYeH] sIK HAWO1IBII TOKCHYHI
(BoHOYAC MAFOTh OJTHI 3 HAOLTBIMX 3HAYeHb LogP Ta oxHi 3 HaiiMeHIuX 3HaueHb Logs).

MoskHa miACyMyBaTd, IO € TpsMa TEHICHIlSA 0 30UTbIICHHS PIBHA TOKCHUYHOCTI CIOJYKH
(3MEHIIIEHHS KOHIIEHTpALii CHOJYKH, [0 CHPUYMHIOE TOKCHUYHHUH eQeKT) i3 301IbIIeHHS
MOKa3HUKa 010aKyMYJIIOBaHHSI Ta 3MEHIICHHSIM PO3YMHHOCTI y BoAl. OaHAK JaHa TEHICHIIIS €
y3arajJbHEHOO Ta BIIHOCUTHCS JUIIIE 0 OUIBIIOI YaCTUHU JOCTIKYBAaHUX CITOJIYK.

Opniero 3 cnenugpiyHUX XBOpoO, sika 3apa3 € (aKTUYHO HEBMJIIKOBHOIO Ta IOB’s3aHa 13
mytanisimu reny SOD1 e 6iunuit amiotpodiunuii ckiepo3 (Amyotrophic Lateral Sclerosis —
ALS). Pan nmocnimkenp Ta myoOuikaiiii, nos’si3anux 13 SODI, crocyroThcsi came npoOiemu
BU3Ha4YeHHs eTuMoitorii ALS.

biuyamii  amioTpodiuHMIA CKIEpO3 — Tporpecyroue, CMEpTeIbHE HEHpojaereHepaTuBHE
3aXBOPIOBaHHS, SKE XapaKTePU3YEThCS BTPATOI BEPXHIX 1 HUXKHIX MOTOPHHUX HEHpOHIB.
JlocreMeHHO B1JI0MO, 1110 ICHY€ TPSIMUNA B3a€EMO3B’ 30K MK JOMIHAHTHUMHU MyTauismMu Cu,Zn-
SOD Ta BumagkamMu CcrnagkoBOro 3axBoproBaHHS Ha ALS. Ockinbku KIIiHIYHA KapTHHA
CHaJIKOBOTO 3axBoproBanHs ALS moniOHa 10 HecraakoBoro 3axBoproBaHHs ALS, To MOXKIINBO,
10 OCHOBHI JedexTr y (QyHKIT pyXOBHUX HEHPOHIB, 0 BUHUKAIOTH y BHUIAIKY 000X (opm
3aXBOPIOBAHHS, MOXYTh OYTH TOB’sI3aHI MK COOOIO, 1 TepanmeBTUYHI areHTU BH3HAYCHI IS
onHi€l popMu 3aXBOPIOBAHHS, MOKYTh OYTH TaKOXK €(heKTUBHUMH U Ju1s 1HIIMX Gopm ALS.
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Tabnuus 2 — 3BiTHA iH(pOpMaIIis 32 3HAYEHHSIMU MOKa3HUKIB 010J10TTYHOT aKTUBHOCTI

IToxazHuk MiniMmym | Makcumym HpHKnang CHOJLYI 13 MAKCHMATILHIM
a00 MiHIMAJIBHUM 3HAUYCHHSIM
daxTop Ol0aKyMyALii 031 56.79 Cnomnyku NeNe 17, 18 maroTh
(YMOBHI OJTUHUITI) ) ’ MaKCHUMaJIbH1 3HAYECHHS
Daphnia magna 1L.C50 Cnonyku NeNe 10, 11 maroTh
0.16 56.54 . .

48 rox (Mr/m) MiHIMaJIbHI 3HAYCHHS
EmOpioTokcHYHICTD VYci criomyku MaroTh MIO3UTHBHE 3HAYECHHS, OKPiM crtoiyk NeNe 2-5,
(YMOBHI OJTUHUIII) 19 ta 22
Fathead minnow LC50 0.00375 215 CpqnyKH NQNQ 10, 11 marTh
96 ron (mr/i) MiHIMaJIbHI 3HAYCHHS
MyTareHHicTh (TecT Cepen crnionyk, siki Oyym CiporHO30BaHi sk HeMyTareHHi, NoNe 7,
Elimoca) 9-16, 20, 21
LD50 pyst murypis 360.19 4274.19 Cpqnylm NQNQ 1, 6,8, 11 matoTh
OpaJIbHO (MI/KT) MIHIMQJIbH1 3HAYEHHS
Po3uunHICTB Y BOI 0.38 413.41 Cnonyku NeNe 9-11 maroTh MiHIMaJbHI
(mr/m) 3HAUYCHHS

3a pe3ynbTaTaMHM BIPYTAJIBHOTO CKPHHIHTY 13 MPOBEAEHHS MOJIEKYJIAPHOTO JIOKIHTY 3a
depmentom SODI1 Gyno Bu3Ha4YeHO JIEKUJIbKA JIOKALIN 3B’ sI3yBaHHsI, cepel] AKUX Oyso 3HalIeHO
3arajibHUM MOTEHIINHUNA caiT 3B’A3yBaHHS U MOXITHUX 2-METHJIXIHOJIH-4-TiONy, 1O SKOTrO
OyJ0 BU3HAUEHO HaNOLIbIlE 3B’ I3yBaHHS SIK 3 KUIbKICHUM MOKa3HUKOM (46 crionyk 13 64), Tax 1
3a SIKICHUM (€Hepris 3B’A3yBaHHsS cepell MOXKIMBUX KoH(popmepiB). Lls yiokaiiisi HaBejeHa Ha
puc. 1.

Puc. 1. 300pakeHHs TOKIHTY 0 OCHOBHOT'O CalfTy 3B’A3yBaHHs eH3umy 3LTV

AHani3ylouM XapakTep KOH(OpMalidl crnoiyk y mii o0nacTi, MOXXHa 3a3HAUYUTH 3HAYHY
NOMIOHICTh y TOJIOKEHHI, TOPCIMHUX KyTaX Ta YTBOPEHHX BOJHEBUX 3B’S3KaX MK aTOMaMH
(GYHKLIOHATIBHUX TPYH CIOJIYK T4 aMiHOKUCIOTHUMU 3aJIMIIKAMU €H3UMY.

Tak, cepe/ 3aTUIIKIB aMiIHOKHCIOT 000X JAHIIOTIB ()ePMEHTY, OCHOBHUMH, 3 SKHUMH 11 CIIOIYKU
yTBOpPIOIOTH BOAHEBI 3B’si3ku, € ASN:206B, VAL:160B, VAL:301B, VAL:7A, VAL:148A.
Haii0inp1ry KiIbKICTh BOAHEBUX 3B’SI3KIB YTBOPIOIOTH OCTaHHI JBa 3ayniIki. OTKe, OCHOBHUMU
aAMIHOKHCIIOTHUMH 3aJIMIIKaMH, SIKi BU3HAYAIOTh MIIHICTh 3B’SI3yBaHHS i3 JaHUM CH3MMOM €
3aJUIIKH BaJiHY.

Cepennst eHepris 3B’si3yBaHHS ckjiagae Bix -5,8 kKan/monp 1o -8,7 kKan/monb. Cepenne
3HA4YeHHs CKiaaae nmpubausno -7 kKan/mons. Halimeniny eneprito 3B’sa3yBaHHS MAlOTh CIOIYKH
NoNe 1-5, 22, 23 — menmie 3a -6,3 kKan/mMons. HaliOinbiry eHepriro 3B’ sI3yBaHHSI MalOTh CTIOJNYKH
NeNe 9 Ta 15 — Ginbre 3a 8 kKan/mos.
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VY cepeaHbOMY BiJIcTaHh MK 00OMa JAHIFOTAMH y TPOCTOPI CaWTy 3B’S3yBaHHS CKJIAJa€
6mu3pko 10 Anrcrpem. Bincrani Bij caidTy 3B’A3yBaHHsS O KaTaJiTUYHMX LIEHTPIB i3 HOHOM
UHKY ckiagae 22-23 Anrcrpemu (puc. 2), TOPCIHHUN KYT MK «IIEHTPOM Mac» KoH(opmepiB
crnoiyk Ta Honamu Llunky ckiagae npubauzno 120 rpaaycis (puc. 3).

Puc. 3. Binctanp MK «1IeHTpaMM Mac» KOH(pOpMepiB JIraHAiB Ta MHOHAMM IIMHKY
B KaTaJliITHYHUX [eHTpax ensumy 3LTV

3araqoM OyJ0 BHSBICHO YOTUPHM OCHOBHI IOTEHILIMHI CaWTH 3B’A3yBaHHS, fKI HaBeleHl
Ha puc. 4.

Puc. 4. Caiitu 3B’s13yBanHs Mixk eH3uMoM 3L TV Ta qocmikyBaHUMH CIIOTYKaMU
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OTxe, MpoBeNIEH1 JTOCIHIKEHHS JO3BOJISATh MPOBECTU O10JIOTTYHUNA CKPUHIHT y PSAY MOX1THUX
2-MEeTUIX1HOMIH-4-TiONy Ta BiNiOpaTH HAWOUIBII MEPCIEeKTUBHI CHOJIYKH JUI IMOJAJIBLIOrO
JIOCHIJIKEHHS.

BUCHOBKH

1.  3HaueHHs MOKAa3HMKIB JINOMUILHOCTI JTOCHI)KYBaHUX CIOJYK 3HAaXOJATHCS B Jllala3oHi
Bin -0.67 no 4.84. Tlpu upoMy cepenHiii TMOKa3HUK ckianae npubdbmuzno 2.5. ToOto
JOCIIKYBaHI CIIONYKH € TNOPUIBHUMHU Ta MOTCHIIIMHO CXWJIBHUMH 1O HAKOTMYCHHS B
oprasi3mi, Ha 10 TAKOXX BKa3ylOTh BUCOKI 3HAUYCHHsI (hakTopa 010aKyMYyJISIIii.

2. lloka3HMK PO3UYMHHOCTI JISKUTH Y Jiana3oHi Bifg -5.88 1o -3.27, cepeiHe 3HaUCHHS CKIIA/1a€
npuosm3HO -4.22. ToOTO 3arajoM yci CIIOJIYKH MalOTh pO3paxOBaHy PO3YHMHHICTh, OJM3bKY
JI0 CepPeIHbOT PO3YMHHOCTI OUTBIIIOCTI BIJOMHUX JTIKiB.

3. Cnoomyku Ne 8-11, 17, 18 Oynu BU3HAYEH] SIK HAaHOLIBHIN TOKCUYHI (BOJHOYAC MAIOTh OJTHI 3
Hail0inbpIuX 3HaueHb LogP Ta oaHi 3 HaiiMeHmx 3HaueHb LogS).

4.  3a pe3yabTaTaMH JOKIHTY BU3HAYCHO YOTUPHU MOTEHLINHI CaliTH 3B’SI3yBaHHS, Cepe]] IKHX
BHU3HAUEHO OJIHY JIOKAI[iI0, JI0 SIKOi MOKJIMBE CTUKYBAHHSA YCIX JOCTII)KyBaHUX CHOJYK.

5. HaiiGineiry eneprito 3B’s13yBanHs 13 nocaimkyBanum SOD1 matoth ciomyku Ne 9 Ta Ne 15
— Oumpme 3a 8 kKanm/mMomnb, a cepen OCHOBHUX 3aJIMINKIB aMiHOKHCIOT 000X JIAHITIOTIB
(bepMeHTy, 3 IKUMU J1aHi CIIOJIYKH YTBOPIOIOTH BOJIHEBI 3B s13kH, € ASN:206B, VAL:160B,
VAL:301B, VAL:7A, VAL:148A. Haii0Gunblly KijbKICTh BOJHEBUX 3B SI3KiB YTBOPIOIOTH
JIBa OCTaHHI 3aMuIIKy. OTKe, OCHOBHUMH aMiHOKUCIOTHUMHU 3QJIMIIKAMHU, SIKI BU3HAYaI0Th
MIIIHICTh 3B’ 3yBaHHS 13 [IUM €H3UMOM, € 3aJTUIIKU BaJIiHy.
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