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Âíóòðåííå íåóïîðÿäî÷åííûå áåëêè, íåñïîñîáíûå îáðàçîâûâàòü êîìïàêòíóþ óïîðÿäî÷åííóþ ñòðóê-
òóðó çà ñ÷åò ñàìîîðãàíèçàöèè, ìîãóò ïîäâåðãàòüñÿ êîìïàêòèçàöèè ïðè âçàèìîäåéñòâèè ñ ïàðòíåðàìè,
åñëè ñâîáîäíàÿ ýíåðãèÿ âîçíèêàþùåãî êîìïëåêñà ìåíüøå ñâîáîäíîé ýíåðãèè áåëêà è ïàðòíåðà äî âçàè-
ìîäåéñòâèÿ. Â ÷àñòíîñòè, ïðè êîìïëåêñîîáðàçîâàíèè íåóïîðÿäî÷åííîãî òðàíñàêòèâàöèîííîãî äîìåíà
áåëêîâ Å-ñåìåéñòâà ñ KIX-äîìåíîì êîàêòèâàòîðà òðàíñêðèïöèè CBP TAD ïðåòåðïåâàåò êîíôîðìàöèîí-
íûé ïåðåõîä òèïà íåóïîðÿäî÷åííûé êëóáîê-ñïèðàëü. Â íàñòîÿùåé ðàáîòå îõàðàêòåðèçîâàíû êîíôîðìà-
öèîííûå èçìåíåíèÿ TAD è åãî ìóòàíòíîé ôîðìû L20P â ðàçëè÷íûõ ðàñòâîðèòåëÿõ. Ýòî ïîçâîëèëî óñòà-
íîâèòü ìåõàíèçì óïîðÿäî÷èâàíèÿ ñòðóêòóðû ýòîãî äîìåíà. Ïîêàçàíî, ÷òî óñëîâèÿ ìàêðîìîëåêóëÿðíîãî
êðàóäèíãà, ñîçäàâàåìîãî âûñîêîêîíöåíòðèðîâàííûìè ðàñòâîðàìè ïîëèýòèëåíãëèêîëÿ, èçìåíåíèå ðÍ,
èîííîé ñèëû ðàñòâîðà, à òàêæå ïðèñóòñòâèå îñìîëèòîâ (ñàðêîçèíà è òàóðèíà) íå âûçûâàþò êîìïàê-
òèçàöèè ñòðóêòóðû TAD. Â òî æå âðåìÿ ñóùåñòâåííîå óïîðÿäî÷èâàíèå ñòðóêòóðû TAD áûëî çàðå-
ãèñòðèðîâàíî â ðàñòâîðàõ TMAO è â ðàñòâîðàõ ñïèðòîâ — TFE, ýòàíîëà è HFIP. Ïîëó÷åííûå äàííûå
ïîçâîëèëè çàêëþ÷èòü, ÷òî óïîðÿäî÷èâàíèå TAD îáóñëîâëåíî åãî äåãèäðàòàöèåé. Ñîîòâåòñòâåííî
ìû ïðåäïîëîæèëè, ÷òî ïðèîáðåòåíèå TAD àëüôà-ñïèðàëüíîé ñòðóêòóðû ïðè ñâÿçûâàíèè ñ KIX òàê-
æå îáóñëîâëåíî âûòåñíåíèåì âîäû èç áëèæàéøåãî îêðóæåíèÿ TAD. Äëÿ ïðîâåðêè ýòîé ãèïîòåçû áû-
ëà èññëåäîâàíà ñòðóêòóðà ìóòàíòíîé ôîðìû TAD ñ çàìåíîé L20P â ðàçëè÷íûõ ðàñòâîðèòåëÿõ. Èçâåñòíî,
÷òî ýòà çàìåíà îñëàáëÿåò âçàèìîäåéñòâèå áåëêîâ Å-ñåìåéñòâà ñ KIX. Ïîêàçàíî, ÷òî ñòðóêòóðà ìó-
òàíòíîé ôîðìû TAD/L20P ïðàêòè÷åñêè íå èçìåíÿåòñÿ â ðàñòâîðàõ ñïèðòîâ. Ýòè äàííûå ïîäòâåðäèëè
íàøå ïðåäïîëîæåíèå îá óïîðÿäî÷èâàíèè TAD ïðè âçàèìîäåéñòâèè ñ KIX âñëåäñòâèå äåãèäðàòà-
öèè TAD.

Ê ë þ ÷ å â û å ñ ë î â à: âíóòðåííå íåóïîðÿäî÷åííûå áåëêè, äåãèäðàòàöèÿ, êîìïëåêñîîáðàçîâàíèå,
êîìïàêòèçàöèÿ

Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: HFIP — ãåêñàèçîôòîðîïðîïàíîë, IDPs — âíóòðåííå íåóïîðÿäî÷åí-
íûå áåëêè, CBP — áåëîê, ñâÿçûâàþùèéñÿ ñ òðàíñêðèïöèîííûì ôàêòîðîì CREB, KIX — äîìåí áåëêà
CBP, âçàèìîäåéñòâóþùèé ñ êèíàçà-èíäóöèáåëüíûì äîìåíîì CREB, PEG — ïîëèýòèëåíãëèêîëü,
TAD — òðàíñàêòèâàöèîííûé äîìåí, TFE — 2,2,2-òðèôòîðîýòàíîë, ÒÌÀÎ — òðèìåòèëàìèíîêñèä.

Âíóòðåííå íåóïîðÿäî÷åííûå áåëêè (ID-áåëêè), ñî-
ñòàâëÿþùèå îêîëî 40 % ïðîòåîìà ýóêàðèîò (Uversky,
Dunker, 2010), èíòåíñèâíî èçó÷àþòñÿ ïîñëåäíèå 10—
15 ëåò. Íåóïîðÿäî÷åííûå ïîëèïåïòèäíûå öåïè, íåñïî-
ñîáíûå îðãàíèçîâàòü êîìïàêòíóþ óïîðÿäî÷åííóþ ñòðóê-
òóðó çà ñ÷åò ñàìîîðãàíèçàöèè, ìîãóò îáðàçîâûâàòü êîì-
ïàêòíóþ ñòðóêòóðó ïðè âçàèìîäåéñòâèè ñ ïàðòíåðàìè,
åñëè ñâîáîäíàÿ ýíåðãèÿ âîçíèêàþùåãî êîìïëåêñà ìåíü-
øå ñâîáîäíîé ýíåðãèè áåëêà è ïàðòíåðà äî âçàèìîäåéñò-
âèÿ (Turoverov et al., 2010). Ñïîñîáíîñòü ID-áåëêîâ ê
âçàèìîäåéñòâèþ ñ ïàðòíåðàìè ÿâëÿåòñÿ îñíîâîé äëÿ âû-
ïîëíåíèÿ íàòèâíûìè íåóïîðÿäî÷åííûìè áåëêàìè èõ

ôóíêöèè — ñïåöèôè÷åñêîãî âçàèìîäåéñòâèÿ ñ ðàçëè÷íû-
ìè áåëêàìè, ìîëåêóëàìè ÄÍÊ è ëèãàíäàìè.

Âçàèìîäåéñòâèå KIX-äîìåíà òðàíñêðèïöèîííîãî êî-
àêòèâàòîðà CBP ñî ñâîèìè ïàðòíåðàìè, ÿâëÿþùèìèñÿ
ID-áåëêàìè, ìîæåò ðàññìàòðèâàòüñÿ êàê ìîäåëü äëÿ èçó-
÷åíèÿ êîìïëåêñîîáðàçîâàíèÿ è ôîëäèíãà íàòèâíûõ ÷àñ-
òè÷íî è (èëè) ïîëíîñòüþ íåóïîðÿäî÷åííûõ áåëêîâ (Dy-
son, Wright, 2016). CBP è åãî ïàðàëîã p300 âçàèìîäåéñò-
âóþò áîëåå ÷åì ñ 400 òðàíñêðèïöèîííûìè ôàêòîðàìè è
ðåãóëÿòîðíûìè áåëêàìè, ìíîãèå èç êîòîðûõ èìåþò ÷àñ-
òè÷íî èëè ïîëíîñòüþ íåóïîðÿäî÷åííóþ ñòðóêòóðó (Bed-
ford et al., 2010). KIX-äîìåí CBP ÿâëÿåòñÿ îäíèì èç ìåäè-
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àòîðîâ òàêèõ âçàèìîäåéñòâèé. Â ÷èñëî ïàðòíåðîâ KIX
âõîäÿò CREB, c-Myb, c-Jun, MLL, p53, E2A, FOXO3,
STAT1, HIV1 è ìíîãèå äðóãèå áåëêè (Thakur et al., 2014).
KIX èìååò äâà ñàéòà ñâÿçûâàíèÿ ñî ñâîèìè ïàðòíåðà-
ìè — c-Myb è MLL, íàçâàííûå ïî âçàèìîäåéñòâóþùèì ñ
KIX ñïåöèôè÷åñêèì áåëêàì (Goto et al., 2002). Èçâåñòíî,
÷òî ñòðóêòóðà ðÿäà IDPs ïîäâåðãàåòñÿ êîìïàêòèçàöèè ïðè
èõ êîìïëåêñîîáðàçîâàíèè ñ KIX (Gianni et al., 2012).

Â ÷àñòíîñòè, ñòðóêòóðà òðàíñàêòèâàöèîííîãî äîìåíà
áåëêîâ Å-ñåìåéñòâà òðàíñêðèïöèîííûõ ôàêòîðîâ ïðå-
òåðïåâàåò ïåðåõîä íåóïîðÿäî÷åííûé êëóáîê—ñïèðàëü
ïðè âçàèìîäåéñòâèè ñ KIX (Denis et al., 2012). KIX íåïî-
ñðåäñòâåííî ñâÿçûâàåòñÿ ñ òàê íàçûâàåìîé PCET-ïîñëå-
äîâàòåëüíîñòüþ TAD, ñîñòîÿùåé èç äâóõ êîíñåðâà-
òèâíûõ ïîñëåäîâàòåëüíîñòåé Leu-x-x-Leu-Leu (LXXLL) è
Leu-Asp-Phe-Ser (LDFS), èäåíòèôèöèðîâàííûõ â ðÿäå
áåëêîâ, âçàèìîäåéñòâóþùèõ ñ àêòèâàòîðàìè òðàíñêðèï-
öèè. Âçàèìîäåéñòâèå KIX ñ PCET-ïîñëåäîâàòåëüíîñòÿìè
àêòèâàòîðîâ òðàíñêðèïöèè ìîæåò èãðàòü ñóùåñòâåííóþ
ðîëü â ðàçëè÷íûõ êëåòî÷íûõ ïðîöåññàõ. Íàïðèìåð, ñâÿ-
çûâàíèå KIX ñ PCET-ïîñëåäîâàòåëüíîñòüþ àêòèâàöèîí-
íîãî äîìåíà îíêîáåëêà E2A-PBX1 ñïîñîáñòâóåò ëåéêîç-
íîé òðàíñôîðìàöèè ïåðâè÷íûõ ãåìîïîýòè÷åñêèõ êëåòîê
(Bayly et al., 2004).

Ìàòåðèàë è ìåòîäèêà

Ì à ò å ð è à ë û. Ñàðêîçèí, òàóðèí, TMAO, TFE, HFIP,
PEG, KCl, HCl, ëèìîííàÿ êèñëîòà, Na2HPO4, NaH2PO4,
Na2B4O7, ãëèöèí è NaOH (Sigma, ÑØÀ) èñïîëüçîâàëè
áåç äîïîëíèòåëüíîé î÷èñòêè. Òðàíñàêòèâàöèîííûé äî-
ìåí Å-áåëêîâ, ñîñòîÿùèé èç 19 àìèíîêèñëîòíûõ îñòàòêîâ
(11—28) (NH2-GSGTDKELSDLLDFSAMFS-COOH) áûë
ñèíòåçèðîâàí êîìïàíèåé ÀÒÃ Ñåðâèñ Ãåí (Ðîññèÿ). Ïðå-
ïàðàòû KIX áûëè âûäåëåíû, ïîëó÷åíû è î÷èùåíû ñî-
ãëàñíî îïèñàíèþ (Gianni et al., 2012).

Ñ ï å ê ò ð î ñ ê î ï è ÿ ê ð ó ã î â î ã î ä è õ ð î è ç ì à.

Ñïåêòðû êðóãîâîãî äèõðîèçìà (ÊÄ) ïîëó÷àëè ñ èñïîëüçî-
âàíèåì ñïåêòðîïîëÿðèìåòðà J-810 (Jasco, ßïîíèÿ). Ñïåêò-
ðû ÊÄ â äàëüíåé ÓÔ-îáëàñòè ðåãèñòðèðîâàëè â îáëàñòè
260—190 íì ñ øàãîì 0.1 íì, èñïîëüçóÿ êâàðöåâûå êþâå-
òû ñ äëèíîé îïòè÷åñêîãî ïóòè 1 ìì. Äëÿ óëó÷øåíèÿ ñîîò-
íîøåíèÿ ñèãíàë/øóì êàæäûé ñïåêòð ðåãèñòðèðîâàëñÿ
3 ðàçà, ïîëó÷åííûå äàííûå óñðåäíÿëè.

Ìîëÿðíóþ ýëëèïòè÷íîñòü ðàññ÷èòûâàëè, èñõîäÿ
èç ýêñïåðèìåíòàëüíî ïîëó÷åííûõ çíà÷åíèé ýëëèïòè÷íîñ-
òè q:
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ãäå q — ýëëèïòè÷íîñòü, ìèëëèãðàäóñû, ñ — êîíöåíòðà-
öèÿ, ìã/ìë; d — äëèíà îïòè÷åñêîãî ïóòè, ñì; Ì — ìî-
ëÿðíàÿ ìàññà ïîëèìåðà, ã/ìîëü; N — ÷èñëî îñòàòêîâ â
ïîëèìåðå.

Ðåçóëüòàòû è îáñóæäåíèå

TAD â âîäíûõ ðàñòâîðàõ ïðåäñòàâëÿåò ñîáîé íåóïî-
ðÿäî÷åííûé ïåïòèä. Àíàëèç äàííûõ ÊÄ ñâèäåòåëüñòâóåò
î òîì, ÷òî â ñòðóêòóðå òðàíñàêòèâàöèîííîãî äîìåíà
E2A-PBX1 ïðàêòè÷åñêè íåò óïîðÿäî÷åííûõ ó÷àñòêîâ.
Îäíàêî àíàëèç ïåðâè÷íîé ñòðóêòóðû TAD ñâèäåòåëüñòâó-

åò î âûñîêîé âåðîÿòíîñòè îáðàçîâàíèÿ àëüôà-ñïèðàëüíîé
ñòðóêòóðû PCET-ìîòèâîì TAD. Ýòî ïîçâîëÿåò ïðåäïîëî-
æèòü, ÷òî ôîðìèðîâàíèå âîäîðîäíûõ ñâÿçåé ìåæäó ìîëå-
êóëàìè âîäû è ìîëåêóëàìè TAD ïðåïÿòñòâóåò îáðàçîâà-
íèþ TAD àëüôà-ñïèðàëüíîé ñòðóêòóðû.

Âçàèìîäåéñòâèå TAD ñ KIX ñîïðîâîæäàåòñÿ ñóùåñò-
âåííûì óâåëè÷åíèåì óïîðÿäî÷åííîñòè ñòðóêòóðû TAD.
Íà îñíîâàíèè ïðåäïîëîæåíèÿ î òîì, ÷òî ïðè âçàèìîäåé-
ñòâèè KIX ñ TAD ñòðóêòóðà KIX-äîìåíà íå èçìåíÿåòñÿ,
ìû îïðåäåëèëè ñïåêòð ÊÄ TAD â ñîñòàâå êîìïëåêñà TAD
ñ KIX ïóòåì âû÷èòàíèÿ èç ñïåêòðà êîìïëåêñà KIX ñ TAD
ñïåêòðà KIX-äîìåíà. Àíàëèç äàííûõ ÊÄ-ñïåêòðà TAD â
êîìïëåêñå ñ KIX ïîêàçàë, ÷òî äîëÿ àëüôà-ñïèðàëüíûõ
ó÷àñòêîâ â ñòðóêòóðå TAD â ýòèõ óñëîâèÿõ ñîñòàâëÿåò
20—30 % (ðèñ. 1, à). Ýòè äàííûå ñâèäåòåëüñòâóþò î òîì,
÷òî ïðèîáðåòåíèå TAD àëüôà-ñïèðàëüíîé ñòðóêòóðû ïðè
åãî âçàèìîäåéñòâèè ñ TAD ìîæíî îõàðàêòåðèçîâàòü â
ðàìêàõ ìîäåëè «ñâîðà÷èâàíèå ïîñëå ñâÿçûâàíèÿ».

Äëÿ òîãî ÷òîáû ïîäòâåðäèòü îòñóòñòâèå èçìåíåíèé â
ñòðóêòóðå KIX ïðè âçàèìîäåéñòâèè ñ TAD, ìû èññëåäî-
âàëè âçàèìîäåéñòâèå ìóòàíòíîé ôîðìû KIX/Y658W ñ
TAD. Ìóòàíòíàÿ ôîðìà KIX ñîäåðæèò çàìåíó òèðîçèíî-
âîãî îñòàòêà 658 íà òðèïòîôàíîâûé â òàê íàçûâàåìîì
c-Myb-ñàéòå KIX. TAD ñâÿçûâàåòñÿ ñ MLL-ñàéòîì KIX.
Êàê ïðàâèëî, âçàèìîäåéñòâèå ïàðòíåðà KIX ñ îäíèì èç
ñàéòîâ ýòîãî áåëêà àëëîñòåðè÷åñêè âûçûâàåò ñòðóêòóð-
íûå èçìåíåíèÿ â äðóãîì ñàéòå KIX. Ïîýòîìó îòñóòñòâèå
èçìåíåíèé õàðàêòåðèñòèê ñîáñòâåííîé ÓÔ-ôëóîðåñöåí-
öèè ìóòàíòíîé ôîðìû KIX/Y658W ïðè óâåëè÷åíèè êîí-
öåíòðàöèè TAD â èññëåäóåìûõ ðàñòâîðàõ ïðè îäíîâðå-
ìåííîì óâåëè÷åíèè óïîðÿäî÷åííîñòè TAD ïîäòâåðæäàåò
íàøå ïðåäïîëîæåíèå. Äëÿ òîãî ÷òîáû îïðåäåëèòü ïðè÷è-
íû, âûçûâàþùèå óïîðÿäî÷èâàíèå ñòðóêòóðû TAD, íàìè
áûëà èññëåäîâàíà ñòðóêòóðà ýòîãî äîìåíà â ðàçëè÷íûõ
ðàñòâîðèòåëÿõ. Ïîêàçàíî, ÷òî ñòðóêòóðà TAD ïðàêòè÷å-
ñêè îäèíàêîâà â ðàñòâîðàõ ñ pH 1—12 (ðèñ. 1, á). Ýòî ñâè-
äåòåëüñòâóåò î òîì, ÷òî âçàèìîäåéñòâèå TAD ñ KIX íå
îáóñëîâëåíî èîííûìè âçàèìîäåéñòâèÿìè.

Êàê èçâåñòíî, áèîìàêðîìîëåêóëû ôóíêöèîíèðóþò â
êëåòêå â óñëîâèÿõ îãðàíè÷åííîãî ñâîáîäíîãî îáúåìà
(óñëîâèÿ ìàêðîìîëåêóëÿðíîãî êðàóäèíãà). Ýòî îãðàíè÷è-
âàåò ÷èñëî êîíôîðìàöèé, êîòîðûå ìîæåò ïðèíÿòü ïîëè-
ïåïòèäíàÿ öåïü, ÷òî â ñâîþ î÷åðåäü ìîæåò âûçûâàòü êàê
ñâîðà÷èâàíèå ïîëèïåïòèäíîé öåïè â êîìïàêòíóþ ñòðóê-
òóðó, òàê è íàðóøåíèå ôîëäèíãà áåëêîâ è (èëè) èõ àãðå-
ãàöèþ. Óñëîâèÿ ìàêðîìîëåêóëÿðíîãî êðàóäèíãà in vitro
ñîçäàþò ñ ïîìîùüþ âûñîêîêîíöåíòðèðîâàííûõ ðàñòâî-
ðîâ èíåðòíûõ ïîëèìåðîâ — ïîëèýòèëåíãëèêîëÿ ðàçëè÷-
íîé ìîëåêóëÿðíîé ìàññû, äåêñòðàíà, ôèêîëëà è äð. Êîí-
öåíòðèðîâàííûå ðàñòâîðû ýòèõ ïîëèìåðîâ èñïîëüçóþò
äëÿ èìèòàöèè ýôôåêòà èñêëþ÷åííîãî îáúåìà, ò. å. ñîçäà-
íèÿ óñëîâèé, ïðè êîòîðûõ îáúåì, çàíèìàåìûé êðàó-
äèíã-àãåíòàìè, íåäîñòóïåí äëÿ äðóãèõ ìàêðîìîëåêóë.
Âñëåäñòâèå âçàèìíîé íåïðîíèöàåìîñòè ìàêðîìîëåêóë
ðàñòâîðåííîãî âåùåñòâà â òàêèõ óñëîâèÿõ ñóùåñòâåííî
âîçðàñòàþò ñòåðè÷åñêèå âçàèìîäåéñòâèÿ ìåæäó èññëåäóå-
ìûì áèîëîãè÷åñêèì îáúåêòîì è ìîëåêóëàìè ðàñòâîðèòå-
ëÿ. Íàìè áûëî èññëåäîâàíî âëèÿíèå PEG ðàçëè÷íîé ìî-
ëåêóëÿðíîé ìàññû è êîíöåíòðàöèè íà ñòðóêòóðó TAD.
Óñòàíîâëåíî, ÷òî èñïîëüçóåìûå êðàóäèíã-àãåíòû â íåçà-
âèñèìîñòè îò èõ ìîëåêóëÿðíîé ìàññû è êîíöåíòðàöèè íå
îêàçûâàåò ñóùåñòâåííîãî âëèÿíèÿ íà ñòðóêòóðó äîìåíà
(ðèñ. 1, â). Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî óìåíüøåíèå
ñâîáîäíîãî îáúåìà íå âûçûâàåò óâåëè÷åíèÿ óïîðÿäî÷åí-
íîñòè TAD.

852 À. Â. Ôîíèí è äð.



Óñëîâèÿ ìîëåêóëÿðíîãî êðàóäèíãà â êëåòêå ñîçäàþò-
ñÿ íå òîëüêî âûñîêîìîëåêóëÿðíûìè âåùåñòâàìè (áåëêà-
ìè, íóêëåèíîâûìè è ðèáîíóêëåèíîâûìè êèñëîòàìè), íî è
íèçêîìîëåêóëÿðíûìè ñîåäèíåíèÿìè. Â ÷àñòíîñòè, êëåòêè
ðÿäà îðãàíèçìîâ, îáèòàþùèõ â ýêñòðåìàëüíûõ óñëîâèÿõ,
ñîäåðæàò âûñîêèå (äî 2.5 Ì) êîíöåíòðàöèè îñìîëèòîâ.
Îñìîëèòû — íåáîëüøèå îðãàíè÷åñêèå âåùåñòâà, îñíîâ-
íîé ôóíêöèåé êîòîðûõ ÿâëÿåòñÿ âûðàâíèâàíèå ãèäðîñòà-
òè÷åñêîãî äàâëåíèÿ ìåæäó âíóòðè- è âíåêëåòî÷íûì ïðî-
ñòðàíñòâîì. Ýòè íèçêîìîëåêóëÿðíûå ñîåäèíåíèÿ íàêàï-
ëèâàþòñÿ â êëåòêå â îòâåò íà ñòðåññ (îñìîòè÷åñêèé,
òåìïåðàòóðíûé, âûçâàííûé èçìåíåíèåì ðÍ è êîíöåíòðà-
öèè ñîëåé) è ñïîñîáíû óâåëè÷èâàòü ñòàáèëüíîñòü è ôóíê-
öèîíàëüíóþ àêòèâíîñòü íàòèâíûõ áåëêîâ è ñïîñîáñòâî-
âàòü ôîëäèíãó ðàçâåðíóòûõ áåëêîâ. Ïîýòîìó îñìîëèòû
÷àñòî íàçûâàþò õèìè÷åñêèìè øàïåðîíàìè. Áûëî ïðîàíà-
ëèçèðîâàíî âëèÿíèå ðàçëè÷íûõ îñìîëèòîâ (ñàðêîçèíà, òà-
óðèíà è TMAO) íà ñòðóêòóðó TAD. Óñòàíîâëåíî, ÷òî
TMAO ñïîñîáñòâóåò ñóùåñòâåííîìó óâåëè÷åíèþ óïîðÿ-
äî÷åííîñòè ñòðóêòóðû TAD, â òî âðåìÿ êàê â äðóãèõ èñ-
ñëåäóåìûõ ðàñòâîðàõ íå íàáëþäàåòñÿ èçìåíåíèé ñòðóêòó-
ðû ýòîãî äîìåíà (ðèñ. 1, ã). TMAO èçâåñòåí êàê îäèí èç
íàèáîëåå ñèëüíûõ îñìîëèòîâ, ñïîñîáñòâóþùèé ôîëäèí-

ãó ðàçëè÷íûõ áåëêîâ. Ñ÷èòàåòñÿ, ÷òî âëèÿíèå TMAO íà
ñòðóêòóðó è ñòàáèëüíîñòü áåëêîâ îáóñëîâëåíî òàê íàçû-
âàåìûì îñìîôîáíûì ýôôåêòîì — èñêëþ÷åíèåì âîäû èç
ïðèïîâåðõíîñòíîãî ñëîÿ áåëêà.

Ñîåäèíåíèå 2,2,2-òðèôòîðîýòàíîë (TFE), ñïîñîáñòâó-
þùåå ñòàáèëèçàöèè àëüôà-ñïèðàëüíûõ ó÷àñòêîâ, è äðó-
ãèå ñïèðòû, òàê æå êàê è TMAO, ñïîñîáñòâóþò äåãèäðà-
òàöèè áåëêîâ. Íàìè áûëî èññëåäîâàíî âëèÿíèå TFE, ýòà-
íîëà è HFIP íà ñòðóêòóðó TAD. Óñòàíîâëåíî, ÷òî
óâåëè÷åíèå êîíöåíòðàöèè ñïèðòîâ â èññëåäóåìûõ ðàñòâî-
ðàõ ñïîñîáñòâóåò ïðèîáðåòåíèþ TAD àëüôà-ñïèðàëüíîé
ñòðóêòóðû (ðèñ. 2, à, â). Îáíàðóæåííûé ïåðåõîä íåóïîðÿ-
äî÷åííûé êëóáîê—ñïèðàëü ñòðóêòóðû TAD â ðàñòâîðàõ
ñïèðòîâ è TMAO ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî èìåííî
äåãèäðàòàöèÿ ýòîãî äîìåíà ñïîñîáñòâóåò óïîðÿäî÷èâà-
íèþ åãî ñòðóêòóðû.

Àíàëèç ñòðóêòóðû êîìïëåêñà KIX ñ TAD (Denis et al.,
2012) ñâèäåòåëüñòâóåò î íèçêîé äîñòóïíîñòè ðàñòâîðèòå-
ëþ PCET-ìîòèâà TAD â ýòèõ óñëîâèÿõ. Êðîìå òîãî, ñàéò
ñâÿçûâàíèÿ TAD îáðàçîâàí ïî÷òè èñêëþ÷èòåëüíî ãèäðî-
ôîáíûìè îñòàòêàìè. Íà îñíîâàíèè ïîëó÷åííûõ ýêñïåðè-
ìåíòàëüíûõ äàííûõ ìîæíî çàêëþ÷èòü, ÷òî ïðèîáðåòåíèå
TAD àëüôà-ñïèðàëüíîé ñòðóêòóðû ïðè åãî ñâÿçûâàíèè ñ
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Ðèñ. 1. Ñïåêòðû êðóãîâîãî äèõðîèçìà (ÊÄ) òðàíñàêòèâàöèîííîãî äîìåíà Å-áåëêîâ â äàëüíåé ÓÔ-îáëàñòè ñïåêòðà.

à — ñïåêòðû ÊÄ äèêîãî òèïà TAD (÷åðíàÿ êðèâàÿ), ìóòàíòíîé ôîðìû TAD/L20P (êðàñíàÿ êðèâàÿ) è äèêîãî òèïà TAD ïîñëå âçàèìîäåéñòâèÿ ñ KIX (ñè-
íÿÿ êðèâàÿ); á — ÊÄ-ñïåêòðû TAD â ðàñòâîðàõ ñ ðàçëè÷íûì óðîâíåì ðÍ; â — ÊÄ-ñïåêòðû TAD â ðàñòâîðàõ PEG (200 ìã/ìë) ðàçëè÷íîé ìîëåêóëÿðíîé

ìàññû; ã — ÊÄ-ñïåêòðû TAD â ðàñòâîðàõ ñ ðàçëè÷íîé êîíöåíòðàöèåé TMAO.



KIX îáóñëîâëåíî âûòåñíåíèåì âîäû èç áëèæàéøåãî
îêðóæåíèÿ PCET-ìîòèâà TAD.

Äëÿ ïðîâåðêè ýòîé ãèïîòåçû áûëà èññëåäîâàíà ñòðóê-
òóðà ìóòàíòíîé ôîðìû TAD ñ çàìåíîé L20P. Èçâåñò-
íî, ÷òî çàìåíà ëåéöèíà íà ñòûêå ïîñëåäîâàòåëüíî-
ñòåé Leu-x-x-Leu-Leu è Leu-Asp-Phe-Ser îñëàáëÿåò âçàè-
ìîäåéñòâèå E2A-PBX1 ñ KIX-äîìåíîì è èíäóêöèþ
ëåéêîçà êîñòíîãî ìîçãà ìûøåé in vitro. Ïîêàçàíî, ÷òî
ñòðóêòóðà ìóòàíòíîé ôîðìû L20P ïðàêòè÷åñêè íå èçìå-
íÿåòñÿ â ðàñòâîðàõ ñïèðòîâ (ðèñ. 2, á, ã). Ýòè äàííûå ïîä-
òâåðäèëè íàøó ãèïîòåçó îá óïîðÿäî÷èâàíèè TAD ïðè
âçàèìîäåéñòâèè ñ KIX âñëåäñòâèå äåãèäðàòàöèè
PCET-ìîòèâà TAD.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîñ-
ñèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ïðî-
åêò 17-54-45169 ÈÍÄ_à) è ñòèïåíäèè Ïðåçèäåíòà ÐÔ
(ÑÏ-3665.2018.4).
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FOLDING MECHANISM OF E-PROTEINS TRANSACTIVATION DOMAIN

AFTER ITS INTERACTION WITH KIX DOMAIN OF CBP TRANSCRIPTION COACTIVATOR
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Intrinsically disordered proteins, incapable to form tight ordered structure due to self-organization, could
form compact structure with interaction with partners, if free energy of occurring complex is less than free ener-
gy of protein and partner before interaction. In particular, intrinsically disordered transactivation domain of
E-family proteins undergoes a conformational transition coil-helix after its interaction in with the KIX domain
of the CBP transcription coactivator. In this paper, the conformational changes of TAD and its L20P mutant
form were characterized in various solvents. This allowed us to establish a folding mechanism of this domain. It
was shown that macromolecular crowding conditions, change in pH ionic strength of the solution, and the pre-
sence of osmolytes (sarcosine, taurine) does not cause compaction of the TAD structure. At the same time, a
significant ordering of the TAD structure was detected in solutions of TMAO and alcohols. These data allowed
us to conclude that the TAD ordering is due to its dehydration. Accordingly, we assumed that TAD folding after
its binding to binding to KIX is also due to the displacement of water from the TAD environment. To test this
hypothesis, the structure of the L20P TAD mutant form was studied in different solvents. It is known that this
mutation weakens the interaction of E-family proteins with KIX. It was shown that the L20P structure does not
practically change in solutions of alcohols. These data confirmed our assumption about the ordering of TAD af-
ter its interacting with KIX due to the dehydration of the TAD.

Key words: intrinsically disordered proteins, self-organization, compact structure, dehydrotation
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