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Îñóùåñòâëåí äèçàéí íîâûõ âûñîêîàêòèâíûõ N
1
-çàìåùåííûõ ïðîèçâîäíûõ óðàöèëà èç

êëàññà íåíóêëåîçèäíûõ èíãèáèòîðîâ îáðàòíîé òðàíñêðèïòàçû ÂÈ×-1. Íà îñíîâàíèè ïî-

ëó÷åííûõ äàííûõ çàâèñèìîñòè ñòðóêòóðà – àêòèâíîñòü ïîñòðîåíà êîìïüþòåðíàÿ ìîäåëü

èíãèáèðóþùåé àêòèâíîñòè îáðàòíîé òðàíñêðèïòàçû ìóòàíòà K103N/Y181C ÂÈ×-1.

Ñèíòåçèðîâàíû íîâûå ñîåäèíåíèÿ, ïðåâîñõîäÿùèå ïî ñâîåé àêòèâíîñòè íåâèðàïèí.

Êëþ÷åâûå ñëîâà: àíòè-ÂÈ×-1 àêòèâíîñòü; ìóòàíòíûå øòàììû; íåíóêëåîçèäíûå èíãè-

áèòîðû îáðàòíîé òðàíñêðèïòàçû; ïðîèçâîäíûå óðàöèëà; ìîëåêóëÿðíûé äîêèíã.

Íåñìîòðÿ íà îãðîìíûå óñèëèÿ, ïðåäïðèíèìàåìûå

ìèðîâûì íàó÷íûì ñîîáùåñòâîì, ïðîáëåìà ëå÷åíèÿ

èíôåêöèè ÂÈ×-1 îñòàåòñÿ îäíîé èç íàèáîëåå çíà÷è-

ìûõ â ñîâðåìåííîé ìåäèöèíå. Áîëåå 35 ìëí ÷åëîâåê

âî âñåì ìèðå, â òîì ÷èñëå áîëåå 700 òûñ. â Ðîññèè [1],

èíôèöèðîâàíû ÂÈ×-1 è íóæäàþòñÿ â âûñîêîàêòèâíîé

àíòèðåòðîâèðóñíîé òåðàïèè (ÂÀÀÐÒ), êîòîðóþ ìîãóò

îáåñïå÷èòü 6 êëàññîâ ëåêàðñòâåííûõ ïðåïàðàòîâ: íóê-

ëåîçèäíûå (íóêëåîòèäíûå) (ÍÈÎÒ) è íåíóêëåîçèäíûå

èíãèáèòîðû îáðàòíîé òðàíñêðèïòàçû (ÍÍÈÎÒ), à òàê-

æå èíãèáèòîðû ïðîòåàçû, èíòåãðàçû, ñëèÿíèÿ è àíòà-

ãîíèñòû CCR5 ðåöåïòîðîâ [2, 3].

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ íàïðàâ-

ëåííûé ïîèñê íîâûõ âûñîêîàêòèâíûõ ÍÍÈÎÒ â îòíî-

øåíèè ìóòàíòà K103N/Y181C ÂÈ×-1.

Ïðåèìóùåñòâîì ÍÍÈÎÒ ÿâëÿåòñÿ èõ âûñîêàÿ ïðî-

òèâîâèðóñíàÿ àêòèâíîñòü, îäíàêî ñóùåñòâåííûé íå-

äîñòàòîê ñîñòîèò â áûñòðîì ïîÿâëåíèè ðåçèñòåíòíûõ

ìóòàíòîâ, êîòîðûå âîçíèêàþò ââèäó íåâûñîêîé òî÷íî-

ñòè òðàíñêðèïöèè îáðàòíîé òðàíñêðèïòàçîé âèðóñíîé

ÄÍÊ ñ ÐÍÊ. Ìóòàöèè ïðèâîäÿò ê èçìåíåíèÿì, â òîì

÷èñëå è â àêòèâíîì ñàéòå ñâÿçûâàíèÿ ÍÍÈÎÒ, ÷òî îáó-

ñëîâëèâàåò ñíèæåíèå ýôôåêòèâíîñòè, à èíîãäà è âîç-

íèêíîâåíèå ðåçèñòåíòíîñòè [4]. Îäíà èç íàèáîëåå ðàñ-

ïðîñòðàíåííûõ è êëèíè÷åñêè çíà÷èìûõ — ýòî äâîé-

íàÿ ìóòàöèÿ K103N/Y181C ÂÈ×-1, âîçíèêàþùàÿ ïðè

ïðèìåíåíèè ÍÍÈÎÒ, ÷òî ïðèâîäèò ê ñíèæåíèþ â íå-

ñêîëüêî ðàç ýôôåêòèâíîñòè òàêèõ ïðåïàðàòîâ, êàê íå-

âèðàïèí è ýôàâèðåíö. Ýòà ìóòàöèÿ õàðàêòåðèçóåòñÿ

çàìåíîé àñïàðàãèíà â ïîëîæåíèè 103 íà ëèçèí è öèñ-

òåèíà íà òèðîçèí â ïîëîæåíèè 181, ÷òî ïðèâîäèò ê èç-

ìåíåíèþ êîíôèãóðàöèè àêòèâíîãî öåíòðà ñâÿçûâàíèÿ

ÍÈÈÎÒ [5].

Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ìåòîäîâ êîìïüþ-

òåðíîãî ìîäåëèðîâàíèÿ âçàèìîäåéñòâèÿ ëèãàíäà ñ

áåëêîì ÿâëÿåòñÿ ìîëåêóëÿðíûé äîêèíã, êîòîðûé ïî-

çâîëÿåò êîëè÷åñòâåííî îöåíèâàòü ñèëó òàêîãî âçàèìî-

äåéñòâèÿ. Â èññëåäîâàíèÿõ èñïîëüçîâàëè ïðîãðàììó

ArgusLab, GA Dock, ðàçðàáîòàííóþ Mark Thompson,

Planaria Software Seattle [6], WA, îïòèìèçàöèþ ïðî-

ñòðàíñòâåííîé ñòðóêòóðû ëèãàíäà âûïîëíÿëè ïîëóýì-

ïèðè÷åñêèì ìåòîäîì PM3 ñ ïîìîùüþ ïðîãðàììíîãî

êîìïëåêñà GAMESS [7]. Òàêîå ñî÷åòàíèå ïîçâîëèëî

äîáèòüñÿ íàèáîëåå òî÷íîãî ìîäåëèðîâàíèÿ âçàèìîäåé-

ñòâèÿ ëèãàíä — áåëîê.

Çà îñíîâó áûëà âçÿòà êîìïüþòåðíàÿ ìîäåëü âçàèìî-

äåéñòâèÿ ýêñïåðèìåíòàëüíîãî âåùåñòâà, áëèçêîãî ïî

ñòðîåíèþ ê èññëåäóåìûì ñîåäèíåíèÿì, ñ îáðàòíîé

òðàíñêðèïòàçîé äâîéíîãî ìóòàíòà K103N/Y181C, ïî-

ñòðîåííàÿ íà îñíîâàíèè êðèñòàëëîãðàôè÷åñêîãî

ñíèìêà ñ âåëè÷èíîé ðàçðåøåíèÿ 2,9 Å (PDB êîä:

4H4O) [8]. Ñîïîñòàâëåíèå ïîëó÷åííûõ ïðîãíîçîâ ïðî-

âîäèëè ñ ðåçóëüòàòàìè ñêðèíèíãà ðÿäà ïðîèçâîäíûõ

óðàöèëà in vitro íà êëåòî÷íûõ êóëüòóðàõ ÷åëîâå÷åñêèõ

Ò-ëèìôîöèòîâ ÌÒ-4, èíôèöèðîâàííûõ øòàììîì

äâîéíîãî ìóòàíòà K103N/Y181C ÂÈ×-1 [9].

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è 13Ñ ïîëó÷åííûõ ñîåäèíåíèé ðå-

ãèñòðèðîâàëè íà ñïåêòðîìåòðå Bruker AMXIII-400 â

ðàñòâîðå ÄÌÑÎ-d
6
, âíóòðåííèé ñòàíäàðò ÒÌÑ. Èí-

òåðïðåòàöèþ ñïåêòðîâ îñóùåñòâëÿëè ñ ïîìîùüþ ëè-

öåíçèîííîé ïðîãðàììû ACD/HNMR PredictorPro 3.0

ôèðìû Advanced Chemistry Development (Êàíàäà).

Àíàëèç ìåòîäîì ÒÑÕ ïðîâîäèëè íà ïëàñòèíàõ

“Sorbfil”, ýëþåíò — 2-ïðîïàíîë, ïðîÿâèòåëü — ïàðû

éîäà.

Òåìïåðàòóðû ïëàâëåíèÿ ïîëó÷åííûõ ñîåäèíåíèé

èçìåðåíû â ñòåêëÿííûõ êàïèëëÿðàõ íà ïðèáîðå

Mel-Temp 3.0 (Laboratory Devices Inc., ÑØÀ).

Îáùàÿ ìåòîäèêà ñèíòåçà ïðîèçâîäíûõ óðàöèëà

2,4-äè(òðèìåòèëñèëèëîêñè)ïèðèìèäèí â êîëè÷åñò-

âå 20 – 25 ììîëü, ïîëó÷åííûé èç óðàöèëà, òèìèíà èëè

6-ìåòèëóðàöèëà ïóòåì êèïÿ÷åíèÿ â èçáûòêå ãåêñàìå-

òèëäèñèëàçàíà, íàãðåâàþò ñ ýêâèìîëÿðíûì êîëè÷åñò-

âîì ñîîòâåòñòâóþùåãî 1-áðîì-2-(2-áåíçîèëôåíîêñè)-

ýòàíà èëè 1-áðîì-2-(2-áåíçèëôåíîêñè)ýòàíà ïðè òåì-

ïåðàòóðå 160 – 170 °C â òå÷åíèå 2 ÷, îõëàæäàþò, îáðà-

áàòûâàþò ñìåñüþ, ñîñòîÿùåé èç 40 ìë ýòèëàöåòàòà è

10 ìë 2-ïðîïàíîëà, ïåðåìåøèâàþò 30 ìèí ïðè êîìíàò-

40 Õèìèêî-ôàðìàöåâòè÷åñêèé æóðíàë. Òîì 49, ¹ 10, 2015



íîé òåìïåðàòóðå, ôèëüòðóþò è óïàðèâàþò. Îñòàòîê ïå-

ðåêðèñòàëëèçîâûâàþò èç 2-ïðîïàíîëà èëè åãî ñìåñè ñ

äèìåòèëôîðìàìèäîì (1:1) è ïîëó÷àþò ñîåäèíåíèÿ

I – XIX (òàáëèöà), âûõîä êîíå÷íîãî ïðîäóêòà ñîñòàâèë

62 – 83 % [10].

Ýêñïåðèìåíòàëüíàÿ áèîëîãè÷åñêàÿ ÷àñòü

Èññëåäîâàíèå àíòè-ÂÈ×-1 àêòèâíîñòè in vitro ïðî-

âîäèëè â êóëüòóðå CEM-SS-êëåòîê, êîòîðûå ñóñïåíäè-

ðîâàëè â êóëüòóðàëüíîé ñðåäå â êîëè÷åñòâå 105 êëå-

òîê/ìë è èíôèöèðîâàëè øòàììîì äâîéíîãî ìóòàíòà

K103N/Y181C ÂÈ×-1. Íåìåäëåííî, ïîñëå èíôèöèðî-

âàíèÿ, âíîñèëè ðàñòâîðû, ñîäåðæàùèå ðàçëè÷íûå êîí-

öåíòðàöèè èññëåäóåìîãî âåùåñòâà â ÄÌÑÎ, è èíêóáè-

ðîâàëè â òå÷åíèå 4 ñóò ïðè òåìïåðàòóðå 37 °C. ×èñëî

æèâûõ êëåòîê óñòàíàâëèâàëè ïî îêîí÷àíèè èíêóáàöèè

ïðè ïîìîùè áðîìèäà 3-(4,5-äèìåòèëòèàçîë-2-èë)-2,5-

äèôåíèëòåòðàçîëèÿ, ïðè ýòîì îïðåäåëÿëè êîíöåíòðà-

öèþ âåùåñòâà, êîòîðàÿ íà 50 % çàùèùàëà CEM-SS-

êëåòêè îò öèòîïàòè÷åñêîãî ýôôåêòà ÂÈ×-1 (ÅÑ
50

), òî÷-

íîñòü îïðåäåëåíèÿ ñîñòàâèëà íå ìåíåå 10 % [11].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Áîëüøèíñòâî êëèíè÷åñêè çíà÷èìûõ ìóòàöèé ïðè-

âîäèò ê èçìåíåíèþ ïîñëåäîâàòåëüíîñòè àìèíîêèñëîò

èìåííî â àêòèâíîì öåíòðå ñâÿçûâàíèÿ, ïîýòîìó ïðè

ïîèñêå íîâûõ ñîåäèíåíèé íåîáõîäèìî ó÷èòûâàòü èõ

ãèáêîñòü, òî åñòü âîçìîæíîñòü “ïîêà÷èâàíèÿ” è “ïåðå-

ìåùåíèÿ” ñòðóêòóðíûõ ôðàãìåíòîâ ìîëåêóëû. Òàêàÿ

êîíöåïöèÿ “ñòðàòåãè÷åñêîé ãèáêîñòè” ïîçâîëÿåò âåñòè

ïîèñê ïîòåíöèàëüíî àêòèâíûõ ñîåäèíåíèé îòíîñè-

òåëüíî áîëüøîãî êîëè÷åñòâà ìóòàöèé. Ïîèñê âûñîêî-

àêòèâíîé ñòðóêòóðû ïðîâîäèëè íà îñíîâå N1-çàìåùåí-

íûõ ïðîèçâîäíûõ óðàöèëà, êîòîðûå ðàíåå ïðîäåìîí-

ñòðèðîâàëè âûðàæåííóþ àêòèâíîñòü â îòíîøåíèè

“äèêîãî” øòàììà è ðàçëè÷íûõ ìóòàíòíûõ øòàììîâ

ÂÈ×-1 [9, 11].

Íà ïåðâîì ýòàïå áûëè èññëåäîâàíû ñîåäèíåíèÿ, êî-

òîðûå èñïîëüçîâàëè äëÿ êîððåêòèðîâêè ìîäåëè â êà÷å-

ñòâå îáó÷àþùåé âûáîðêè. Ðåçóëüòàòû èññëåäîâàíèÿ èõ

àíòè-ÂÈ×-1 àêòèâíîñòè in vitro èñïîëüçîâàëè äëÿ ïðî-

âåðêè êîððåêòíîñòè ïîñòðîåííîé êîìïüþòåðíîé ìîäå-

ëè, îïèñûâàþùåé âçàèìîäåéñòâèÿ ëèãàíäà ñ áåëêîì.

Ïðè ïîñòðîåíèè êîìïüþòåðíîé ìîäåëè áûëî óñòàíîâ-

ëåíî, ÷òî íàèáîëåå çíà÷èìûì ÿâëÿåòñÿ ñâÿçûâàíèå èí-

ãèáèòîðà ñ àìèíîêèñëîòîé ëèçèí 103, êîòîðîå ïðîèñ-

õîäèò çà ñ÷åò íàëè÷èÿ â ñòðóêòóðå óðàöèëà. Ìîäåëèðî-

âàíèå âçàèìîäåéñòâèÿ ëèãàíä-áåëîê âûÿâèëî, ÷òî

íåîáõîäèìî ó÷èòûâàòü íå òîëüêî ãèáêîñòü ëèãàíäà, íî

è ãèáêîñòü áåëêà, êîòîðàÿ èãðàåò çíà÷èòåëüíóþ ðîëü.

Óñòàíîâëåíî, ÷òî ñòðóêòóðà áåëêà àäàïòèðóåòñÿ ê äåé-

ñòâèþ ëèãàíäà è ìîæåò îáðàçîâûâàòü êîìïëåìåíòàð-

íóþ ôîðìó, ïðè ýòîì ãðàíèöû êàðìàíà ñâÿçûâàíèÿ

“îêðóæàþò” èíãèáèòîð. Ëîêàëüíûå èçìåíåíèÿ â

ñòðóêòóðå áåëêà ìîãóò îáúÿñíèòü âçàèìîäåéñòâèå ëè-

ãàíäà ñ òèðîçèíîì â ïîëîæåíèè 188, êîòîðûå êîìïåí-

ñèðóþò ïîòåðè ãèäðîôîáíîãî âçàèìîäåéñòâèÿ, âû-

çâàííîãî ìóòàöèåé Y181C. Ýòî âçàèìîäåéñòâèå ÿâëÿ-

åòñÿ âòîðûì êëþ÷åâûì ôàêòîðîì ñâÿçûâàíèÿ áåëîê –

ëèãàíä. Âíåñåíèå â ìîäåëü ôàêòîðîâ ãèáêîñòè êàê ëè-

ãàíäà, òàê è áåëêà ïîçâîëèëî ñóùåñòâåííî ïîâûñèòü

òî÷íîñòü ïðîãíîçà, à òàêæå ðàçðàáîòàòü ñòðàòåãèþ äè-

çàéíà íîâûõ âûñîêîàêòèâíûõ ñîåäèíåíèé ýòîé ãðóï-

ïû. Ðàñïîëîæåíèå ñîåäèíåíèÿ XVI â àêòèâíîì öåíòðå

îáðàòíîé òðàíñêðèïòàçû ïîêàçàíî íà ðèñ. 1.

Ìîäåëü, ïîñòðîåííàÿ íà çàêîíîìåðíîñòè ìåæäó èí-

ãèáèðóþùèì äåéñòâèåì è ýíåðãèåé äîêèíãà, íå âî

âñåõ ñëó÷àÿõ ïîçâîëÿëà ïðîâîäèòü àäåêâàòíûé ïðî-

ãíîç. Ýòî áûëî ñâÿçàíî ñ òåì, ÷òî äàæå íåáîëüøîå èç-

ìåíåíèå ñòðóêòóðû ìîëåêóëû èíãèáèòîðà èíîãäà ïðè-

âîäèëî ê ïîëíîé ïîòåðå èíãèáèðóþùåé àêòèâíîñòè,

ïîýòîìó äëÿ ïðîãíîçà áûëî ïðåäëîæåíî èñïîëüçîâàòü

ìíîãîôàêòîðíóþ ñêîðèíãîâóþ ôóíêöèþ. Îíà âêëþ÷à-

ëà â ñåáÿ îöåíêó íå òîëüêî ýíåðãèè äîêèíãà, íî è áîëü-

øåãî êîëè÷åñòâà ôàêòîðîâ, ñðåäè êîòîðûõ äëèíà è êî-

ëè÷åñòâî âîäîðîäíûõ ñâÿçåé, ëèïîôèëüíîñòü ëèãàíäà,

óãîë îòêëîíåíèÿ çàìåñòèòåëÿ ïðè àòîìå àçîòà N1 îò

ïëîñêîñòè óðàöèëà, à òàêæå ãèáêîñòü âçàèìîäåéñòâèÿ

ëèãàíä — áåëîê, êîòîðîå îöåíèâàëè ïî èçìåíåíèþ

äëèíû ñâÿçåé â îáëàñòè âçàèìîäåéñòâèÿ (ðèñ. 1). Ðàñ-

÷åò ìíîãîôàêòîðíîé ñêîðèíãîâîé ôóíêöèè âûïîëíÿëè

ïî ôîðìóëå:

S = k
1
F

1
+ k

2
F

2
+ … + k

n
F

n
,

ãäå k — çíà÷åíèå êîýôôèöèåíòà, ïîêàçûâàþùåãî ñòå-

ïåíü âëèÿíèÿ íà âçàèìîäåéñòâèå ëèãàíä — áåëîê; F —

ôàêòîð, âëèÿþùèé íà âçàèìîäåéñòâèå ëèãàíä — áå-

ëîê.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòà ïðîâîäèëè ðàíæèðî-

âàíèå ôàêòîðîâ, êàæäîìó ôàêòîðó ïðèñâàèâàëîñü ìàê-

ñèìàëüíîå çíà÷åíèå áàëëîâ, èñõîäÿ èç ñòåïåíè èõ

âëèÿíèÿ íà ïðîöåññ ñâÿçûâàíèÿ ëèãàíä — áåëîê. Ñòå-

ïåíü âëèÿíèÿ ôàêòîðîâ, à òàêæå åãî âûðàæåíèå â áàë-
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Ðèñ. 1. Ðàñïîëîæåíèå ñîåäèíåíèÿ XVI â àêòèâíîì öåíòðå îá-

ðàòíîé òðàíñêðèïòàçû



ëàõ óñòàíàâëèâàëè ïî ðåçóëüòàòàì àíàëèçà îáó÷àþùåé

âûáîðêè, âêëþ÷àþùåé â ñåáÿ ñîåäèíåíèÿ I – XIV

(òàáëèöà). Òàêîé ïîäõîä ó÷åòà ñòåïåíè âëèÿíèÿ ðàç-

ëè÷íûõ ôàêòîðîâ íà èíãèáèðóþùèå ñâîéñòâà ëèãàíäà

ïîçâîëèë ñóùåñòâåííî ïîâûñèòü òî÷íîñòü ïðîãíîçîâ

ðàçðàáîòàííîé ìîäåëè. Íà îñíîâàíèè ïðîãíîçîâ ðàç-

ðàáîòàííîé ìîäåëè áûëè èçó÷åíû ñîåäèíåíèÿ

XV – XIX (òàáëèöà, ðèñ. 2). Â êà÷åñòâå ïðåïàðàòîâ

ñðàâíåíèÿ èñïîëüçîâàëè íåâèðàïèí è ýôàâèðåíö.

Äëÿ ïîèñêà íîâûõ âûñîêîàêòèâíûõ ÍÍÈÎÒ áûëà

èçó÷åíà âçàèìîñâÿçü ìåæäó ñòðóêòóðîé è àêòèâíîñòüþ

ðàçëè÷íûõ êàíäèäàòîâ ñ ïîìîùüþ êîìïüþòåðíîãî ìî-

äåëèðîâàíèÿ. Ïîíèìàíèå òîãî, êàê èçìåíåíèå ñòðóêòó-

ðû âëèÿåò íà ñïîñîáíîñòü âåùåñòâ èíãèáèðîâàòü îá-

ðàòíóþ òðàíñêðèïòàçó, ïîìîæåò â ñîçäàíèè íîâûõ âû-

ñîêîàêòèâíûõ ñîåäèíåíèé ýòîé ãðóïïû.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé óñòàíîâëå-

íî, ÷òî èñïîëüçîâàíèå äëÿ ïðîãíîçà àêòèâíîñòè ìíî-

ãîôàêòîðíîé ñêîðèíãîâîé ôóíêöèè ïîâûøàåò òî÷-

íîñòü ïðîãíîçà ïî ñðàâíåíèþ ñ èñïîëüçîâàíèåì ýíåð-

ãèè äîêèíãà. Íàïðèìåð, äëÿ èçó÷åííûõ íà âòîðîì ýòà-

ïå ñîåäèíåíèé XV – XIX ðàñ÷åò ïî ýíåðãèè äîêèíãà

íå ïîçâîëèë ñïðîãíîçèðîâàòü ðåçêîå ïàäåíèå àêòèâíî-

ñòè äëÿ ñîåäèíåíèé XV è XVII, òîãäà êàê ïðè èñïîëü-

çîâàíèè ìíîãîôàêòîðíîé ñêîðèíãîâîé ôóíêöèè ïðî-

ãíîç áûë î÷åíü áëèçîê ê ðåçóëüòàòàì in vitro.

Êîìïüþòåðíàÿ ìîäåëü íà îñíîâàíèè ìíîãîôàêòîð-

íîé ñêîðèíãîâîé ôóíêöèè ïîçâîëèëà ñ âûñîêîé òî÷íî-

ñòüþ ñïðîãíîçèðîâàòü èíãèáèðóþùèå ñâîéñòâà åùå íå

ñèíòåçèðîâàííûõ ñîåäèíåíèé. Ñèíòåç ýòèõ ñîåäèíå-

íèé è òåñòû in vitro ïîäòâåðäèëè ïðîãíîç ìîäåëè. Òà-

êîé ïîäõîä âèðòóàëüíîãî ñêðèíèãà åùå íå ñèíòåçèðî-

âàííûõ ñîåäèíåíèé ïîçâîëÿåò ñóùåñòâåííî ñîêðàòèòü

âðåìÿ ïîèñêà íîâûõ âûñîêîàêòèâíûõ âåùåñòâ, à òàêæå

ðàñøèðèòü ïîíèìàíèå âçàèìîñâÿçè ñòðóêòóðà — àê-

òèâíîñòü. Ýòîò ïîäõîä îñîáåííî àêòóàëåí ïðè ðàçðà-

áîòêå ïðîòèâîâèðóñíûõ ïðåïàðàòîâ â ñâÿçè ñî ñòðåìè-

òåëüíûì âîçíèêíîâåíèåì ðåçèñòåíòíûõ øòàììîâ.
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Àêòèâíîñòü N
1
-çàìåùåííûõ ïðîèçâîäíûõ óðàöèëà â îòíîøåíèè ìóòàíòà K103N/Y181C ÂÈ×-1 in vitro è in silico

Ñîåäèíåíèå R
1

R
2

R
3

R
4 EC

50
,

�M

Ýíåðãèÿ äîêèíãà,

êêàë/Ì

Êîëè÷åñòâî áàëëîâ

ïî ìíîãîôàêòîðíîé

ñêîðèíãîâîé

ôóíêöèè

I Í Í Ìå H – – –

II Í Í Ìå 3-Me – – –

III Í Í Ìå 3,5-Me2 – – –

IV Í Í Cl 3,5-Me2 > 200 — 10,314 224

V Í Í Br 3,5-Me2 – — 8,235 –

VI Í Í Me H > 357 — 9,016 82

VII Í Í F H 171 — 11,420 301

VIII Í Í Cl H > 337 — 10,642 96

IX Í Í Br H > 301 — 9,859 154

X Í Í Cl 3-Me 52 — 13,536 877

XI Í Í Me 3,5-Me2 > 179 — 10,899 278

XII Í Í Cl 3,5-Me2 > 313 — 9,802 103

XIII Í Í Br 3,5-Me2 > 282 — 9,011 178

XIV Í Í Br 3,5-Me2 24,8 — 14,372 1564

XV Í Í Cl 3,5-F2 > 307 — 14,840 132

XVI Í Í Cl 3,5-Cl2 1,13 — 16,537 11516

XVII Í Í Cl 3,5-Br2 > 237 — 13,204 206

XVIII Ìå Í Cl 3,5-Me2 4,09 — 15,155 8018

XIX Í Ìå Cl 3,5-Me2 4,09 — 15,206 8102

Íåâèðàïèí – – – – > 15 — 14,023 2097

Ýôàâèðåíö – – – – 0,56 — 17,227 13388
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O
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O O
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I – VI VII – XIX

Ðèñ. 2. Ñòðóêòóðíûå ôîðìóëû èññëåäîâàííûõ N1
-çàìåùåííûõ ïðîèçâîäíûõ óðàöèëà
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DESIGN AND SYNTHESES OF NEW URACIL DERIVATIVES

POSSESSING INHIBITORY ACTIVITY WITH RESPECT

TO REVERSE TRANSCRIPTASE OF RESISTANT HIV-1 MUTANT
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2
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We have designed and synthesized a series of new, highly active N
1
-substituted uracil derivatives representing non-nucleoside reverse transcriptase inhibitors

(NNRTIs) of HIV-1. Using the obtained data about structure – activity relationship, a computer model of the inhibitory activity with respect to reverse transc-

riptase of K103N/Y181C HIV-1 mutant has been constructed. On this basis, new compounds have been synthesized with NNRTI activity exceeding that of

nevirapine.

Keywords: anti-HIV-1 activity; mutant strains; non-nucleoside reverse transcriptase inhibitors; uracil derivatives; molecular docking.
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