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²íòåðñåêòèí 1 (ITSN1) – áàãàòîôóíêö³îíàëüíèé àäàïòîðíèé á³ëîê, ùî áåðå ó÷àñòü â åíäîöèòîç³, åêçî-

öèòîç³ òà ïåðåäà÷³ êë³òèííèõ ñèãíàë³â, à òàêîæ àñîö³éîâàíèé ç òàêèìè ïàòîëîã³ÿìè, ÿê ñèíäðîì Äàóíà

³ õâîðîáà Àëüöãåéìåðà. Ìåòà. Âèÿâëåííÿ íîâèõ á³ëêîâèõ ïàðòíåð³â ITSN1, çàëó÷åíèõ äî ïðîöåñ³â ìåìá-

ðàííîãî òðàíñïîðòó. Ìåòîäè. Àíàë³çîì in silico çà äîïîìîãîþ ïðîãðàìè Scansite âèÿâëåíî ÃÒÔàçî-àêòè-

âóþ÷èé á³ëîê îë³ãîôðåí³í 1 (OPHN1) ÿê ïîòåíö³éíèé ïàðòíåð SH3A-äîìåíó ITSN1. Äëÿ ï³äòâåðäæåííÿ

ôîðìóâàííÿ êîìïëåêñó ì³æ ITSN1 ³ OPHN1 çàñòîñîâàíî òåñò íà âçàºìîä³þ in vitro ç âèêîðèñòàííÿì

GST-çëèòèõ á³ëê³â òà ³ìóíîïðåöèï³òàö³þ. Ëîêàë³çàö³þ á³ëê³â ó êë³òèí³ âèçíà÷àëè ìåòîäàìè ³ìóíîôëóî-

ðåñöåíö³¿ òà êîíôîêàëüíî¿ ì³êðîñêîï³¿. Ðåçóëüòàòè. Ïîêàçàíî, ùî ìîçêîñïåöèô³÷íà ³çîôîðìà SH3A-äî-

ìåíó ITSN1 ³ SH3A-äîìåí, ÿêèé åêñïðåñóºòüñÿ â óñ³õ òêàíèíàõ, âçàºìîä³þòü ç OPHN1. ITSN1 ³ OPHN1

ôîðìóþòü êîìïëåêñè ó êë³òèíàõ ë³í³¿ PC12 ÿê ó ñòàí³ ñïîêîþ, òàê ³ ïðè ñòèìóëþâàíí³ åêçîöèòîçó. Âèñ-

íîâêè. ÃÒÔàçî-àêòèâóþ÷èé á³ëîê OPHN1 òà àäàïòîðíèé á³ëîê ITSN1 âçàºìîä³þòü ó êë³òèíàõ ë³í³¿

PC12 íåçàëåæíî â³ä ñòèìóëþâàííÿ åêçîöèòîçó.

Êëþ÷îâ³ ñëîâà: ³íòåðñåêòèí 1, îë³ãîôðåí³í 1, PC12, åêçîöèòîç.

Âñòóï. ²íòåðñåêòèí 1 (ITSN1) – ìóëüòèäîìåííèé ³
ìóëüòèôóíêö³îíàëüíèé àäàïòîðíèé á³ëîê, ùî áåðå
ó÷àñòü ó êëàòðèí- ³ êàâåîë³í-îïîñåðåäêîâàíîìó åí-
äîöèòîç³ [1, 2] òà â ïåðåäà÷³ êë³òèííèõ ñèãíàë³â [3,
4]. ITSN1 çàëó÷åíèé äî ðåöèðêóëÿö³¿ ñèíàïòè÷íèõ
ïóõèðö³â [5], ðîñòó, ðîçâèòêó òà âèæèâàííÿ íåé-
ðîí³â [6]. Íåùîäàâíî ïîêàçàíî, ùî ITSN1 ïðè÷åò-
íèé äî ïðîãðåñ³¿ ãë³îìè òà íåéðîáëàñòîìè [7, 8].

Ðîäèíà ³íòåðñåêòèí³â º åâîëþö³éíî êîíñåðâàòèâ-
íîþ. Ëè÷èíêè Drosophila ç ìóòàö³ºþ, ÿêà ñïðè÷èíÿº

âòðàòó ôóíêö³¿ ãåíà Dap160 (ãîìîëîã ITSN1), íå äî-
æèâàþòü äî ï³çí³õ ñòàä³é ðîçâèòêó [9], à ó ìèøåé,
íîêàóòíèõ çà ãåíîì Itsn1, ïîðóøåíî åíäîöèòîç ³ âå-
çèêóëÿðíèé òðàô³ê ó íåéðîíàõ [10]. Ãåí ITSN1 ëþ-
äèíè ëîêàë³çîâàíèé íà õðîìîñîì³ 21, ³ ð³âåíü éîãî
åêñïðåñ³¿ ïðè ñèíäðîì³ Äàóíà ï³äâèùóºòüñÿ [11]. Çà
îñòàíí³ìè äàíèìè, ITSN1 ìîæå áóòè îäíèì ³ç á³ë-
ê³â åíäîöèòîçó, ïîâ’ÿçàíèõ ç ðîçâèòêîì ñïîíòàííî¿
õâîðîáè Àëüöãåéìåðà [12].

ITSN1 ìàº äâ³ îñíîâí³ ³çîôîðìè, ùî óòâîðþþòü-
ñÿ â ðåçóëüòàò³ àëüòåðíàòèâíîãî ñïëàéñèíãó: êîðîò-
êó (ITSN1-S) ³ äîâãó (ITSN1-L) [13]. Êîðîòêà içî-
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ôîðìà ñêëàäàºòüñÿ ç äâîõ N-êiíöåâèõ EH (Eps15 ho-
mology)-äîìåí³â, öåíòðàëüíî¿ �-ñïiðàëüíî¿ (àáî
KLERQ) ä³ëÿíêè ³ ï’ÿòè ïîñëiäîâíèõ Ñ-êiíöåâèõ SH3
(src homology 3)-äîìåíiâ. Öþ ³çîôîðìó âèÿâëåíî â
óñ³õ äîñë³äæåíèõ òêàíèíàõ ëþäèíè, ó òîìó ÷èñë³ â
åìáð³îíàëüíèõ. Äîâãà ³çîôîðìà ïåðåâàæíî åêñïðå-
ñóºòüñÿ â ìîçêó ³ ì³ñòèòü òðè äîäàòêîâèõ Ñ-ê³íöå-
âèõ äîìåíè: DH (dbl homology), PH (pleckstrin ho-
mology) ³ C2 – äâà ïåðøèõ (òàíäåì DH-PH-äîìåí³â)
îáóìîâëþþòü ïðèíàëåæí³ñòü ITSN1-L äî Dbl-ðî-
äèíè ãóàí³ííóêëåîòèäîáì³ííèõ ôàêòîð³â (GEF) ³
áåðóòü ó÷àñòü â àêòèâàö³¿ ìàëî¿ ÃÒÔàçè Cdc42 (cell
division cycle protein 42), ³í³ö³þþ÷è çàì³íó çâ’ÿçà-
íîãî ÃÄÔ íà ÃÒÔ [14].

Íà ñüîãîäí³ îäí³ºþ ç íàéäîñë³äæåí³øèõ ôóíê-
ö³é ITSN1 º ó÷àñòü ó êëàòðèí-îïîñåðåäêîâàíîìó åí-
äîöèòîç³ [1], ó òîìó ÷èñë³ â êîìïåíñàòîðíîìó åíäî-
öèòîç³ ñèíàïòè÷íèõ ïóõèðö³â [5, 15]. Íåùîäàâíî
âñòàíîâëåíî òàêîæ çàëó÷åííÿ ITSN1-L äî ïðîöåñ³â
åêçîöèòîçó â õðîìàô³ííèõ êë³òèíàõ ññàâö³â, çîêðå-
ìà, â êë³òèíàõ íàäíèðíèê³â ùóðà ë³í³¿ PC12 [16, 17].
Òàêèì ÷èíîì, ITSN1 ìîæå áóòè îäíèì ³ç á³ëê³â, ùî
îá’ºäíóþòü ö³ ïðîöåñè. ßê â³äîìî, îñîáëèâî ò³ñíî
åêçî- òà åíäîöèòîç ïîâ’ÿçàí³ â ñèíàïñàõ, àëå ìåõà-
í³çìè öèõ ïîä³é ùå âèâ÷åíî íåäîñòàòíüî. Òîìó îñî-
áëèâî¿ àêòóàëüíîñò³ íàáóâàº äîñë³äæåííÿ çâ’ÿçê³â
ì³æ çãàäàíèìè ïðîöåñàìè ³ ìîëåêóë, ùî ö³ çâ’ÿçêè
îïîñåðåäêîâóþòü.

Ó ðåçóëüòàò³ àíàë³çó in silico (çà äîïîìîãîþ ³í-
òåðíåò-ðåñóðñó Scansite (http://scansite.mit.edu/) âè-
ÿâëåíî á³ëîê îë³ãîôðåí³í 1 (OPHN1) ÿê ìîæëèâèé
ïàðòíåð SH3À-äîìåíó ITSN1. OPHN1 º ÃÒÔàçî-àê-
òèâóþ÷èì á³ëêîì äëÿ Rho-ðîäèíè ìàëèõ ÃÒÔ-àç ³
áåðå ó÷àñòü â åíäîöèòîç³ [18] òà åêçîöèòîç³ (Ó¿ òà ³í.,
íåîïóáë³êîâàíå). Â³í ñêëàäàºòüñÿ ç N-ê³íöåâîãî BAR
(Bin-Amphiphysin-Rvs)-äîìåíó, PH-äîìåíó, ÃÒÔà-
çî-àêòèâóþ÷îãî äîìåíó òà òðüîõ C-ê³íöåâèõ ïðîë³í-
çáàãà÷åíèõ ä³ëÿíîê. OPHN1 íà âèñîêîìó ð³âí³ åêñ-
ïðåñóºòüñÿ ó ìîçêó, çîêðåìà ïðèñóòí³é ó ïðå- òà ïî-
ñòñèíàïòè÷íèõ ñàéòàõ, à âòðàòà éîãî ôóíêö³¿ ïðè-
çâîäèòü äî ðîçâèòêó Õ-ç÷åïëåíî¿ ðîçóìîâî¿ â³äñòà-
ëîñò³ [19, 20]. Âðàõîâóþ÷è âèùåâèêëàäåíå, íàì âè-
äàëîñÿ äîö³ëüíèì äîñë³äèòè éîãî ìîæëèâó âçàºìî-
ä³þ ç ITSN1.

Ìàòåð³àëè ³ ìåòîäè. Àíòèò³ëà. Âèêîðèñòîâó-
âàëè ìèøà÷³ ìîíîêëîíàëüí³ àíòèò³ëà Omni D8 (sc-

7270) ³ ïîë³êëîíàëüí³ àíòèò³ëà êîçè OPHN1 C-19
(sc-8374) («Santa-Cruz Biotechnology», ÑØÀ); êðî-
ëÿ÷³ ïîë³êëîíàëüí³ àíòèò³ëà äî GST («Invitrogen»,
ÑØÀ); êðîëÿ÷³ ïîë³êëîíàëüí³ àíòèò³ëà äî GFP («Cli-
nisciences», Ôðàíö³ÿ); âòîðèíí³ àíòèò³ëà, ì³÷åí³ ïå-
ðîêñèäàçîþ õðîíó, ïðîòè ³ìóíîãëîáóë³í³â ìèø³,
êðîëÿ ³ êîçè («Invitrogen»). Âòîðèíí³ àíòèò³ëà äëÿ
³ìóíîôëóîðåñöåíö³¿ ç â³ñëþêà ïðîòè ³ìóíîãëîáó-
ë³í³â êîçè, êîí’þãîâàí³ ç Alexa Fluor 488, òà ïðîòè
³ìóíîãëîáóë³í³â ìèø³, êîí’þãîâàí³ ç Cy3, ïðèäáà-
íî â «Invitrogen» ³ «Millipore» (ÑØÀ) â³äïîâ³äíî.
Ôàëî¿äèí, êîí’þãîâàíèé ç Atto-665, îòðèìàíî ³ç
«Sigma» (ÑØÀ).

Ïëàçì³äí³ ÄÍÊ-êîíñòðóêö³¿. ÄÍÊ-êîíñòðóêö³¿
SH3-äîìåí³â ITSN1 ó âåêòîð³ pGEX-4Ò-3, ùî åêñ-
ïðåñóþòü GST-çëèò³ á³ëêè, îïèñàíî â [21, 22]. êÄÍÊ
ïîâíî¿ êîäóþ÷î¿ ïîñë³äîâíîñò³ ITSN1-L îäåðæàíî
ìåòîäîì ÇÒ-ÏËÐ ç âèêîðèñòàííÿì òîòàëüíî¿ ÐÍÊ
åìáð³îíàëüíîãî ìîçêó ëþäèíè òà êëîíîâàíî ó âåê-
òîð³ pcDNA4/HisMax («Invitrogen»), ùî ì³ñòèòü Om-
ni-òàã. ÄÍÊ êîíñòðóêö³¿ OPHN1, çëèò³ ç ÍÀ- àáî
GFP-òàãàìè, ëþá’ÿçíî íàäàíî Ï. Á³ëþàðòîì [23].

Êóëüòóðà êë³òèí ³ òðàíñôåêö³ÿ. Ë³í³þ PC12
õðîìàô³ííèõ êë³òèí íàäíèðíèê³â ùóðà êóëüòèâó-
âàëè çà òåìïåðàòóðè 37 îC ó çâîëîæåí³é àòìîñôåð³
5 % CO2. Êëiòèíè âèðîùóâàëè â ìîäèô³êîâàíîìó
Äþëüáåêî ñåðåäîâèùi Iãëà (DÌEÌ) ç 4,6 ã/ë ãëþêî-
çè ³ äîäàâàííÿì 5 % åìáð³îíàëüíî¿ ñèðîâàòêè òåëÿ-
òè (FBS) òà 10 % ñèðîâàòêè êîíÿ (HS) («Sigma»),
50 ìêã/ìë ïåíiöèëiíó ³ 100 ìêã/ìë ñòðåïòîìiöèíó.
Òðàíñôåêö³þ ïðîâîäèëè ðåàãåíòîì Lipofectamine
2000 («Invitrogen») çã³äíî ç ïðîòîêîëîì âèðîáíèêà.

Àíàë³ç âçàºìîä³¿ á³ëê³â, çëèòèõ ç GST, ³ Âåñòåðí-

áëîò. GST-çëèò³ SH3-äîìåíè ITSN1 åêñïðåñóâàëè â
êë³òèíàõ Escherichia coli øòàìó BL21, ï³ñëÿ ÷îãî ³ì-
ìîá³ë³çóâàëè íà ãëóòàò³îí-ñåôàðîç³ 4B («GE Health-
care», ÑØÀ) çã³äíî ç ïðîòîêîëîì âèðîáíèêà. Êë³-
òèíè PC12 ç ÷àøîê ä³àìåòðîì 10 ñì, ùî íàäåêñïðå-
ñóâàëè îäèí ³ç âàð³àíò³â OPHN1, ÷åðåç 48 ãîä ï³ñëÿ
òðàíñôåêö³¿ ë³çóâàëè â 1 ìë ðîç÷èíó 50 ìÌ òðèñó,
pH 7,5, 150 ìÌ NaCl, 10 %-ãî ãë³öåðèíó, 0,1 %-ãî
NP40, 1 � PIC (ñóì³ø ³íã³á³òîð³â ïðîòå¿íàç, «Sig-
ma»), öåíòðèôóãóâàëè ïðîòÿãîì 15 õâ ïðè 16000 g.
Äî 2 ìã òîòàëüíîãî á³ëêà äîäàâàëè çâ’ÿçàí³ ç ñåôà-
ðîçîþ á³ëêè òà ³íêóáóâàëè çà òåìïåðàòóðè 4 °Ñ ç àê-
òèâíèì ïåðåì³øóâàííÿì. Ïðåöèï³òàò îñàäæóâàëè



öåíòðèôóãóâàííÿì ïðè 500 g ïðîòÿãîì 1 õâ, ïðîìè-
âàëè òðè÷³ 50 ìÌ òðèñîì, pH 7,5, 150 ìÌ NaCl,
0,1 %-ì NP40 òà ³íêóáóâàëè ç â³äïîâ³äíîþ ê³ëüê³-
ñòþ 2 � áóôåðà Ëåììë³ çà òåìïåðàòóðè 95 îÑ. Á³ëêè
ðîçä³ëÿëè ó 4–15 %-ìó ÏÀÀÃ ³ ïåðåíîñèëè íà í³òðî-
öåëþëîçíó ìåìáðàíó. Ôðàãìåíò ãåëþ, ùî ì³ñòèâ
GST-çëèò³ á³ëêè, ôàðáóâàëè Êóìàñ³. Áëîòè áëîêó-
âàëè 5 %-ì ðîç÷èíîì ìîëîêà ó 1 � TBS ç 0,1 %-ì
òâ³íîì-20, ³íêóáóâàëè óïðîäîâæ 1 ãîä ç ïåðâèííè-
ìè àíòèò³ëàìè, â³äìèâàëè òà îáðîáëÿëè â³äïîâ³äíè-
ìè âòîðèííèìè àíòèò³ëàìè, êîí’þãîâàíèìè ç ïå-
ðîêñèäàçîþ õðîíó. Äåòåêö³þ ïðîâîäèëè, âèêîðè-
ñòîâóþ÷è ðåàãåíò SuperSignal West Dura Extended
Duration Substrate («Thermo Scientific», ÑØÀ) ³ àïà-
ðàò ChemiCapt («Fischer Biobloc Scientfic», ÑØÀ).

²ìóíîïðåöèï³òàö³ÿ. Êë³òèíè PC12 ç ÷àøîê ä³à-
ìåòðîì 10 ñì ÷åðåç 48 ãîä ï³ñëÿ òðàíñôåêö³¿ ñòèìó-
ëþâàëè äî åêçîöèòîçó, ÿê îïèñàíî íèæ÷å, â³äðàçó ë³-
çóâàëè â 1 ìë ðîç÷èíó IP (20 ìÌ òðèñ, pH 7,5, 150 ìÌ
NaCl, 10 %-é ãë³öåðèí, 0,5 %-é NP40), 1�PIC òà öåíò-
ðèôóãóâàëè ïðîòÿãîì 15 õâ ïðè 16000 g. ²ìóíîïðåöè-
ï³òàö³þ çä³éñíþâàëè âïðîäîâæ 4 ãîä çà ìåòîäîì [24].

Ñòèìóëþâàííÿ åêçîöèòîçó òà ³ìóíîôëóîðåñ-

öåíö³ÿ. Êë³òèíè âèñ³âàëè íà ïîêðèâí³ ñêåëüöÿ, ï³ñëÿ
48-ãîä òðàíñôåêö³¿ ïðîìèâàëè òðè÷³ ïî 5 õâ òåïëèì
áóôåðîì LOCKE (140 ìÌ NaCl, 4,7 ìÌ KCl, 2,5 ìÌ
CaCl2, 1,2 ìÌ KH2PO4, 1,2 ìÌ MgSO4, 10 ìêÌ
EDTA, 15 ìÌ HEPES, 11 ìÌ ãëþêîçà) çà òåìïåðà-
òóðè 37 °Ñ. Ï³ñëÿ öüîãî åêçîöèòîç ñòèìóëþâàëè
âïðîäîâæ 5 õâ (37 îÑ) áóôåðîì LOCKE ç 300 ìêÌ
ÀÒÔ. Êîíòðîëüí³ êë³òèíè ³íêóáóâàëè çà òèõ æå óìîâ
â LOCKE áåç äîäàâàííÿ ÀÒÔ. Íàäàë³ êë³òèíè ô³ê-
ñóâàëè ó 4 %-ìó ðîç÷èí³ ïàðàôîðìàëüäåã³äó â PBS
ïðîòÿãîì 15 õâ íà ëüîäó. Çàëèøêè ôîðìàëüäåã³äó
â³äìèâàëè, ìåìáðàíè ïåðìåàá³ë³çóâàëè 8-õâ ³íêó-
áàö³ºþ â 0,1 %-ìó òðèòîí³ X-100 â PBS. Êë³òèíè
áëîêóâàëè 3 %-ì ðîç÷èíîì ÁÑÀ òà 10 %-ì ðîç÷è-
íîì ñèðîâàòêè â³ñëþêà â PBS ïðîòÿãîì 30 õâ. Äàë³
³íêóáóâàëè ç ïåðâèííèìè àíòèò³ëàìè (1 ãîä), ïðî-
ìèâàëè òðè÷³ PBS òà ³íêóáóâàëè ç â³äïîâ³äíèìè âòî-
ðèííèìè àíòèò³ëàìè (1 ãîä) ³ çíîâó ïðîìèâàëè, ÿê
îïèñàíî ðàí³øå. Ñëàéäè ðîáèëè, çàñòîñîâóþ÷è ñå-
ðåäîâèùå Mowiol («Sigma») äëÿ ïðèãîòóâàííÿ ïðå-
ïàðàò³â. Îäåðæàí³ ïðåïàðàòè àíàë³çóâàëè çà äîïîìî-
ãîþ êîíôîêàëüíîãî ëàçåðíîãî ñêàíóþ÷îãî ì³êðî-
ñêîïà Leica SP5.

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Äëÿ ïåðåâ³ðêè âçàº-
ìîä³¿ in vitro SH3A-äîìåíó ITSN1 ç OPHN1 ðåêîì-
á³íàíòí³ GST-çëèò³ ³çîôîðìè SH3A-äîìåíó (ðèñ. 1,
à) ³ììîá³ë³çóâàëè íà ãëóòàò³îí-ñåôàðîç³ òà ³íêóáó-
âàëè ç ë³çàòîì õðîìàô³ííèõ êë³òèí ë³í³¿ PC12 íàä-
íèðíèê³â ùóðà, ÿê³ íàäåêñïðåñóâàëè îäèí ³ç âàð³àí-
ò³â GFP-çëèòîãî OPHN1 (ðèñ. 1, á). Îñê³ëüêè â³äî-
ìî, ùî N-ê³íöåâà ÷àñòèíà îë³ãîôðåí³íó áëîêóº éî-
ãî ÃÒÔàçíó àêòèâí³ñòü, âîíà, éìîâ³ðíî, ìîæå áëîêó-
âàòè ³ ïîòåíö³éíèé ñàéò çâ’ÿçóâàííÿ ç ITSN1 [23].
Òîìó âèêîðèñòàíî äâà âàð³àíòè îë³ãîôðåí³íó: ïî-
âíîðîçì³ðíèé ³ Ñ-ê³íöåâó ÷àñòèíó, ÿêà ì³ñòèòü ëè-
øå ÃÒÔàçî-àêòèâóþ÷èé äîìåí ³ ïðîë³í-çáàãà÷åí³ ä³-
ëÿíêè. Òàêîæ äî åêñïåðèìåíòó çàëó÷åíî äâ³ ³çîôîð-
ìè SH3A-äîìåíó ITSN1 (íåéðîíñïåöèô³÷íó ³ ôîð-
ìó, ïðèñóòíþ â óñ³õ òêàíèíàõ), ÿê³ óòâîðþþòüñÿ â
ðåçóëüòàò³ àëüòåðíàòèâíîãî ñïëàéñèíãó ³ ð³çíÿòüñÿ
çà ñïåöèô³÷í³ñòþ âçàºìîä³¿ ç ïðîë³í-áàãàòèìè ä³ëÿí-
êàìè á³ëê³â-ïàðòíåð³â [21]. Ê³ëüê³ñòü GST-çëèòèõ
á³ëê³â êîíòðîëþâàëè ôàðáóâàííÿì çà Ïîíñî, ïðåöè-
ï³òîâàí³ GFP-çëèò³ OPHN1 àáî OPHN1 C-ter äåòåê-
òóâàëè Âåñòåðí-áëîò-àíàë³çîì ç àíòèò³ëàìè ïðîòè
GFP.

Êîíòðîëåì ñëóãóâàëè ³ììîá³ë³çîâàíèé íà ãëóòà-
ò³îí-ñåôàðîç³ GST ³ ë³çàò êë³òèí ë³í³¿ PC12, â ÿêèõ
íàäåêñïðåñóâàëè GFP. Âèÿâèëîñÿ, ùî îáèäâà âàð³-
àíòè OPHN1 çâ’ÿçóþòüñÿ ç äâîìà SH3A-äîìåíàìè.
Îòæå, ³íòåðñåêòèí ìîæå âçàºìîä³ÿòè ç îë³ãîôðåí³-
íîì ³ â àóòî³íã³áîâàí³é ôîðì³.

Ùîá äîâåñòè ñïåöèô³÷í³ñòü âçàºìîä³¿ OPHN1
ñàìå ç SH3A-äîìåíîì ITSN1, ìè ïðîâåëè àíàëîã³÷-
íèé åêñïåðèìåíò ç ïåðåâ³ðêè âçàºìîä³¿ in vitro ç êîæ-
íèì îêðåìèì SH3-äîìåíîì (A, B, C, D, E) (ðèñ. 1,
â). GST-çëèò³ SH3-äîìåíè ³ììîá³ë³çóâàëè íà ãëóòà-
ò³îí-ñåôàðîç³ òà ³íêóáóâàëè ç ë³çàòîì êë³òèí ë³í³¿
PC12, ó ÿêèõ íàäåêñïðåñóâàëè ãåìàãëþòèí³í(HA)-
çëèòèé OPHN1. Ê³ëüê³ñòü GST-çëèòèõ á³ëê³â êîí-
òðîëþâàëè ôàðáóâàííÿì Êóìàñ³, ïðåöèï³òîâàíèé
OPHN1-HA äåòåêòóâàëè Âåñòåðí-áëîò-àíàë³çîì ç
àíòèò³ëàìè ïðîòè OPHN1. ßê êîíòðîëü âèêîðèñòà-
íî ³ììîá³ë³çîâàíèé íà ãëóòàò³îí-ñåôàðîç³ GST ³ ë³-
çàò êë³òèí ë³í³¿ PC12, â ÿêèõ íàäåêñïðåñóâàëè ïî-
ðîæí³é âåêòîð.

Çã³äíî ç ïåðåäáà÷åííÿì ïðîãðàìè Scansite, ëè-
øå SH3À-äîìåíè (îáèäâà âàð³àíòè) ïðåöèï³òóâàëè
OPHN1.
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Íàñòóïíèì åòàïîì ñòàëî äîñë³äæåííÿ íàÿâíî-
ñò³ êîìïëåêñ³â ITSN1 ç OPHN1 ó êë³òèíàõ ññàâö³â.
Äëÿ öüîãî çàñòîñîâàíî ìåòîä ³ìóíîïðåöèï³òàö³¿ ó
êë³òèíàõ ë³í³¿ PC12 (ðèñ. 1, ã). Öþ ë³í³þ õðîìàô³í-
íèõ êë³òèí íàäíèðíèê³â ùóðà îáðàíî ÿê ðîáî÷ó ìî-
äåëü, îñê³ëüêè ¿¿ âèçíàíî êëàñè÷íîþ ìîäåëëþ íåé-
ðîíàëüíîãî ðîçâèòêó, à òàêîæ íåéðîñåêðåö³¿ [25].
Äî òîãî æ âîíà åêñïðåñóº äîâãó ³ êîðîòêó ³çîôîðìè
ITSN1.

Omni-ITSN1-L ³ OPHN1-HA êîåêñïðåñóâàëè ó
êë³òèíàõ ë³í³¿ PC12. Äëÿ åêñïåðèìåíòó ITSN1-L îá-
ðàíî ÷åðåç òå, ùî â³í åêñïðåñóºòüñÿ ïåðåâàæíî â íåé-
ðîíàõ. ×åðåç 48 ãîä ï³ñëÿ òðàíñôåêö³¿ êë³òèíè ñòè-
ìóëþâàëè äî åêçîöèòîçó, ÿê îïèñàíî â «Ìàòåð³àëàõ
³ ìåòîäàõ». Ï³ñëÿ öüîãî ¿õ ë³çóâàëè ³ îòðèìàíèé ë³-
çàò âèêîðèñòîâóâàëè äëÿ ³ìóíîïðåöèï³òàö³¿ ç àí-
òèò³ëàìè ïðîòè Omni-òàãó àáî OPHN1. Ïðåöèï³òî-
âàí³ Omni-ITSN1-L àáî OPHN1-HA äåòåêòóâàëè
Âåñòåðí-áëîò- àíàë³çîì ç â³äïîâ³äíèìè àíòèò³ëàìè.

Êîíòðîëü ³ìóíîïðåöèï³òàö³¿ çä³éñíþâàëè çà äîïî-
ìîãîþ IgG â³äïîâ³äíîãî ïîõîäæåííÿ. Á³ëêè êîïðå-
öèï³òóâàëèñÿ â îáîõ íàïðÿìêàõ, ùî ä³éñíî ï³äòâåð-
äæóº ôîðìóâàííÿ êîìïëåêñó ITSN1 ç OPHN1 ó êë³-
òèíàõ. Ê³ëüê³ñòü êîìïëåêñ³â ó êîíòðîëüíèõ ³ ñòè-
ìóëüîâàíèõ êë³òèíàõ ïðàêòè÷íî íå â³äð³çíÿºòüñÿ, ùî
ñâ³ä÷èòü ïðî íåçàëåæí³ñòü âçàºìîä³¿ ITSN1 ç OPHN1
â³ä åêçîöèòîçó.

Îäåðæàí³ äàí³ çá³ãàþòüñÿ ç ðåçóëüòàòàìè åêñïå-
ðèìåíòó ç êîëîêàë³çàö³¿ â êë³òèíàõ ë³í³¿ PC12 (ðèñ.
2, äèâ. óêëåéêó). Êë³òèíè òðàíñô³êóâàëè Omni-
ITSN1-L òà OPHN1-HA. ×åðåç 48 ãîä ï³ñëÿ òðàíñôåê-
ö³¿ ¿õ ñòèìóëþâàëè äî åêçîöèòîçó, ÿê îïèñàíî ó «Ìà-
òåð³àëàõ ³ ìåòîäàõ», ³ ô³êñóâàëè. Â³äïîâ³äí³ á³ëêè
äåòåêòóâàëè ìåòîäîì ³ìóíîôëóîðåñöåíö³¿. Äëÿ êîæ-
íî¿ êë³òèíè ðîáèëè äâà êîíôîêàëüíèõ çð³çè ó ð³ç-
íèõ ïëîùèíàõ: ÷åðåç öèòîïëàçìó òà ÷åðåç ÿäðî. Ïðè
ñòèìóëþâàíí³ åêçîöèòîçó OPHN1 ÷àñòêîâî ðåëî-
êàë³çóºòüñÿ äî ïåðèôåð³¿ êë³òèíè (ðèñ. 2, á), òîä³ ÿê
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Ðèñ. 1. ITSN1-L ³ OPHN1 âçàºìîä³þòü in vitro òà êîïðåöèï³òóþòüñÿ ç êë³òèííèõ ë³çàò³â: à – äîìåííà îðãàí³çàö³ÿ ïîâíîðîçì³ðíèõ ³ äåëåòî-
âàíèõ ôîðì ITSN1 ³ OPHN1, âèêîðèñòàíèõ ó ðîáîò³; á – âçàºìîä³ÿ SH3A-äîìåíó ITSN1 ç ïîâíîðîçì³ðíèì OPHN1 ³ éîãî Ñ-ê³íöåâîþ
÷àñòèíîþ (OPHN1 C-ter) in vitro (ê³ëüê³ñòü GST-çëèòèõ á³ëê³â êîíòðîëþâàëè ôàðáóâàííÿì Ïîíñî (íèæíÿ ïàíåëü); SH3Aì – ìîçêîñïå-
öèô³÷íà ³çîôîðìà SH3A-äîìåíó ITSN1); â – SH3A-äîìåí ITSN1 â³äïîâ³äàº çà çâ’ÿçóâàííÿ ç OPHN1 ³n vitro (ê³ëüê³ñòü GST-çëèòèõ á³ëê³â
êîíòðîëþâàëè ôàðáóâàííÿì Êóìàñ³ (íèæíÿ ïàíåëü)); ã – ñòèìóëþâàííÿ åêçîöèòîçó íå âïëèâàº íà ôîðìóâàííÿ êîìïëåêñ³â ì³æ ITSN1-L ³
OPHN1 ó êë³òèíàõ ë³í³¿ PC12 (²Ï – ³ìóíîïðåöèï³òàö³ÿ; IgG – ³ìóíîïðåöèï³òàö³ÿ ç êîíòðîëüíèìè ³ìóíîãëîáóë³íàìè; ÒÊË – òîòàëüíèé
êë³òèííèé ë³çàò; Ì – ìàðêåð)
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Ðèñ. 2. ITSN1 ³ OPHN1 êîëîêàë³çóþòüñÿ â êë³òèíàõ íàäíèðíèê³â ùóðà ë³í³¿ PC12. Êë³òèíè ë³í³¿ PC12 òðàíñô³êóâàëè Omni-ITSN1-L ³

OPHN1-HA ç íàñòóïíèì ñòèìóëþâàííÿì åêçîöèòîçó. Á³ëêè äåòåêòóâàëè ìåòîäîì ³ìóíîôëóîðåñöåíö³¿ (äèâ. «Ìàòåð³àëè ³ ìåòîäè»):

Omni-ITSN1-L çàáàðâëåíî ÷åðâîíèì êîëüîðîì, OPHN1-HA – çåëåíèì. Äëÿ êîæíî¿ êë³òèíè ðîáèëè äâà êîíôîêàëüíèõ çð³çè ó ð³çíèõ ïëî-

ùèíàõ: ÷åðåç öèòîïëàçìó (âåðõí³é ðÿäîê, ïîçíà÷åíî ë³òåðàìè) ³ ÷åðåç ÿäðî (íèæí³é ðÿäîê, ïîçíà÷åíî òèìè ñàìèìè ë³òåðàìè, àëå ³ç

øòðèõàìè: à à, �– êîíòðîëüí³ êë³òèíè; á á, �– êë³òèíè, ñòèìóëüîâàí³ äî åêçîöèòîçó). Ìàñøòàá â³äïîâ³äàº 5 ìêì



ðîçòàøóâàííÿ ITSN1-L ïðàêòè÷íî íå çì³íþºòüñÿ.
Êîåêñïðåñ³ÿ öèõ á³ëê³â íå âïëèâàº íà ¿õíþ ëîêà-
ë³çàö³þ ó êë³òèí³. ITSN1-L ³ OPHN1 ÷àñòêîâî êîëî-
êàë³çóþòüñÿ íà ïåðèôåð³¿ êë³òèíè (ðèñ. 2, à, á), à òà-
êîæ ó ïðèÿäåðí³é ÷àñòèí³ öèòîïëàçìè (ðèñ. 2, à', á').
Ïðè÷îìó ¿õíÿ êîëîêàë³çàö³ÿ òàêîæ íå çàëåæèòü â³ä
ñòèìóëþâàííÿ. Ñòðóêòóðè íà ïåðèôåð³¿ êë³òèíè ìî-
æóòü áóòè ñàéòàìè åíäîöèòîçó, õî÷à öå, çâè÷àéíî,
ïîòðåáóº ïîäàëüøîãî äîñë³äæåííÿ. Â³äîìî, ùî ó
íåéðîíàõ ³ íåéðîñåêðåòîðíèõ êë³òèíàõ åêçîöèòîç
ò³ñíî ïîâ’ÿçàíèé ç êîìïåíñàòîðíèì åíäîöèòîçîì,
ÿêèé â³äáóâàºòüñÿ â³äðàçó æ ï³ñëÿ ñåêðåö³¿ (à ïðè
òðèâàëîìó ñòèìóëþâàíí³ – ³ îäíî÷àñíî ç íåþ) [26,
27]. Îñê³ëüêè º äàí³, ùî ³ ITSN1, ³ OPHN1 òàêîæ çà-
ëó÷åí³ äî åíäîöèòîçó [5, 15, 18], âèùåçãàäàí³ á³ëêè
ìîæóòü ðàçîì áðàòè ó÷àñòü ó êîìïåíñàòîðíîìó åí-
äîöèòîç³ â íåéðîñåêðåòîðíèõ êë³òèíàõ ³, ìîæëèâî,
íåðâîâèõ çàê³í÷åííÿõ. Ïåðåâ³ðêà îñòàííüîãî ³ ñòà-
íîâèòèìå ïðåäìåò íàøèõ ïîäàëüøèõ äîñë³äæåíü.

Âèñíîâêè. Òàêèì ÷èíîì, íàìè âèÿâëåíî íîâèé
ïàðòíåð áàãàòîôóíêö³îíàëüíîãî àäàïòîðíîãî á³ë-
êà ITSN1 – ÃÒÔàçî-àêòèâóþ÷èé á³ëîê OPHN1, ùî
ñïåöèô³÷íî çâ’ÿçóºòüñÿ ç SH3A-äîìåíîì ITSN1. Òà-
êîæ óïåðøå ïîêàçàíî, ùî îáèäâà á³ëêè ôîðìóþòü
êîìïëåêñè ³ ÷àñòêîâî êîëîêàë³çóþòüñÿ ó ñåêðåòîð-
íèõ êë³òèíàõ ë³í³¿ PC12 ÿê ó ñòàí³ ñïîêîþ, òàê ³ ï³ä
÷àñ ðåãóëüîâàíîãî åêçîöèòîçó.
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Summary

Aim. Intersectin 1 (ITSN1) is a multifunctional adaptor protein which

is involved in endocytosis, exocytosis and cellular signaling and it is al-

so associated with such pathologies as Down syndrome and Alzhei-

mer’s disease. The aim of this study was to identify new ITSN1 protein

partners which are implicated in membrane trafficking. Methods. In si-

lico analysis by Scansite online resource had identified a GTPase ac-

tivating protein oligophrenin 1 (OPHN1) as a potential partner of

ITSN1 SH3A domain. GST pull-down and immunoprecipitation were

used to prove complex formation between ITSN1 and OPHN1. Subcel-

lular protein localization was determined by immunofluorescence and

confocal microscopy. Results. We have shown that brain-specific and

ubiquitously expressed SH3A domain isoforms of ITSN1 interact with

OPHN1. ITSN1 and OPHN1 form complexes in both resting and stimu-

lated to exocytosis PC12 cell line. Conclusions. GTPase activating

protein OPHN1 and adaptor protein ITSN1 interact in PC12 cell line

independently of exocytosis stimulation.

Keywords: intersectin 1, oligophrenin 1, PC12, exocytosis.

Î. Ñ. Ãóáàðü, Ñ. Óè, Ï. Áèëþàðò, Ñ. Â. Êðîïèâêî, Ë. À. Öûáà,

Ñ. Ãàñìàí, À. Â. Ðûíäè÷

ÃÒÔàçî-àêòèâèðóþùèé áåëîê îëèãîôðåíèí 1 – íîâûé ïàðòíåð

ìíîãîôóíêöèîíàëüíîãî àäàïòîðíîãî áåëêà èíòåðñåêòèíà 1

Ðåçþìå

Èíòåðñåêòèí 1 (ITSN1) – ìíîãîôóíêöèîíàëüíûé àäàïòîðíûé áå-

ëîê, ó÷àñòâóþùèé â ýíäîöèòîçå, ýêçîöèòîçå è ïåðåäà÷å êëåòî÷-

íûõ ñèãíàëîâ, à òàêæå àññîöèèðîâàííûé ñ òàêèìè ïàòîëîãèÿìè,

êàê ñèíäðîì Äàóíà è áîëåçíü Àëüöãåéìåðà. Öåëü. Âûÿâëåíèå íîâûõ

áåëêîâûõ ïàðòíåðîâ ITSN1, âîâëå÷åííûõ â ïðîöåññû ìåìáðàííîãî

òðàíñïîðòà. Ìåòîäû. Àíàëèçîì in silico ñ ïîìîùüþ ïðîãðàììû

Scansite âûÿâëåí ÃÒÔàçî-àêòèâèðóþùèé áåëîê îëèãîôðåíèí 1

(OPHN1) êàê ïîòåíöèàëüíûé ïàðòíåð SH3A-äîìåíà ITSN1. Äëÿ

ïîäòâåðæäåíèÿ ôîðìèðîâàíèÿ êîìïëåêñà ìåæäó ITSN1 è OPHN1

ïðèìåíåí òåñò íà âçàèìîäåéñòâèå in vitro ñ èñïîëüçîâàíèåì

GST-ñëèòûõ áåëêîâ è èììóíîïðåöèïèòàöèÿ. Ëîêàëèçàöèþ áåëêîâ â

êëåòêå îïðåäåëÿëè ìåòîäàìè èììóíîôëóîðåñöåíöèè è êîíôîêàëü-

íîé ìèêðîñêîïèè. Ðåçóëüòàòû. Ïîêàçàíî, ÷òî ìîçãîñïåöèôè÷åñ-

êàÿ èçîôîðìà SH3A-äîìåíà ITSN1 è SH3A-äîìåí, ýêñïðåññèðóþ-

ùèéñÿ âî âñåõ òêàíÿõ, âçàèìîäåéñòâóþò ñ OPHN1. ITSN1 è

OPHN1 ôîðìèðóþò êîìïëåêñû â êëåòêàõ ëèíèè PC12 êàê â ñîñòî-

ÿíèè ïîêîÿ, òàê è ïðè ñòèìóëèðîâàíèè ýêçîöèòîçà. Âûâîäû.

ÃÒÔàçî-àêòèâèðóþùèé áåëîê OPHN1 è àäàïòîðíûé áåëîê ITSN1

âçàèìîäåéñòâóþò â êëåòêàõ ëèíèè PC12 íåçàâèñèìî îò ñòèìó-

ëèðîâàíèÿ ýêçîöèòîçà.

Êëþ÷åâûå ñëîâà: èíòåðñåêòèí 1, îëèãîôðåíèí 1, PC12, ýêçî-

öèòîç.

REFERENCES

1. Hussain N. K., Yamabhai M., Ramjaun A. R., Guyi A. M., Bara-

nesi D., O’Bryan J. P., Der C. J., Kay B. K., McPherson P. S.

Splice variants of intersectin are components of the endocytic
machinery in neurons and nonneuronal cells // J. Biol. Chem.–
1999.–274, N 22.–P. 15671–15677.

2. Predescu S. A., Predescu D. N., Timblin B. K., Stan R. V., Malik

A. B. Intersectin regulates fission and internalization of caveolae
in endothelial cells // Mol. Biol. Cell.–2003.–14, N 12.–
P. 4997–5010.

3. Tong X. K., Hussain N. K., Adams A. G., O’Bryan J. P., McPher-

son P. S. Intersectin can regulate the Ras/MAP kinase pathway
independent of its role in endocytosis // J. Biol. Chem.–2000.–
275, N 38.–P. 29894–29899.

4. Adams A., Thorn J. M., Yamabhai M., Kay B. K., O’Bryan J. P.

Intersectin, an adaptor protein involved in clathrin-mediated en-
docytosis, activates mitogenic signaling pathways // J. Biol.
Chem.–2000.–275, N 35.–P. 27414–27420.

5. Pechstein A., Bacetic J., Vahedi-Faridi A., Gromova K., Sund-

borger A., Tomlin N., Krainer G., Vorontsova O., Schafer J. G.,

Owe S. G., Cousin M. A., Saenger W., Shupliakov O., Haucke V.

Regulation of synaptic vesicle recycling by complex formation
between intersectin 1 and the clathrin adaptor complex AP2 //
Proc. Natl Acad. Sci. USA.–2010.–107, N 9.–P. 4206–4211.

361

ÃÒÔàçî-ÀÊÒÈÂÓÞ×ÈÉ Á²ËÎÊ ÎË²ÃÎÔÐÅÍ²Í 1 – ÍÎÂÈÉ ÏÀÐÒÍÅÐ ²ÍÒÅÐÑÅÊÒÈÍÓ 1



6. Das M., Scappini E., Martin N. P., Wong K. A., Dunn S., Chen Y.

J., Miller S. L., Domin J., O’Bryan J. P. Regulation of neuron sur-
vival through an intersectin-phosphoinositide 3-Kinase C2�-AKT
pathway // Moll. Cell. Biol.–2007.–27, N 22.–P. 7906–7917.

7. Ma Y., Wang B., Li W., Liu X., Wang J., Ding T., Zhang J., Ying

G., Fu L., Gu F. Intersectin1-s is involved in migration and
invasion of human glioma cells // J. Neurosci. Res.–2011.–89,
N 7.–P. 1079–1090.

8. Russo A., O’Bryan J. P. Intersectin 1 is required for neuroblasto-
ma tumorigenesis // Oncogene.–2012.–doi: 10.1038/onc.2011.
643.

9. Marie B., Sweeney S. T., Poskanzer K. E., Roos J., Kelly R. B.,

Davis G. W. Dap160/Intersectin scaffolds the periactive zone to
achieve high-fidelity endocytosis and normal synaptic growth //
Neuron.–2004.–43, N 2.–P. 207–219.

10. Yu Y., Chu P. Y., Bowser D. N., Keating D. J., Dubach D., Har-

per I., Tkalcevic J., Finkelstein D. I., Pritchard M. A. Mice defi-
cient for the chromosome 21 ortholog Itsn1 exhibit vesicle-traf-
ficking abnormalities // Hum. Mol. Genet.– 2008.–17, N 21.–
P. 3281–3290.

11. Hunter M. P., Nelson M., Kurzer M., Wang X., Kryscio R. J., He-

ad E., Pinna G., O’Bryan J. P. Intersectin 1 contributes to pheno-
types in vivo: implications for Down’s syndrome // Neuroreport.–
2011.–22, N 15.–P. 767–772.

12. Keating D. J., Chen C., Pritchard M. A. Alzheimer’s disease and
endocytic dysfunction: clues from the Down syndrome-related
proteins, DSCR1 and ITSN1 // Ageing Res. Rev.–2006.–5,
N 4.–P. 388–401.

13. Guipponi M., Scott H. S., Chen H., Schebesta A., Rossier C., An-

tonarakis S. E. Two isoforms of human intersectin (ITSN) pro-
tein are produced by brain-specific alternative splicing in a stop
codon // Genomics.–1998.–53, N 3.–P. 369–376.

14. Hussain N. K., Jenna S., Glogauer M., Quinn C. C., Wasiak S.,

Guipponi M., Antonarakis S. E., Kay B. K., Stossel T. P., Lamar-

che-Vane N., McPherson P. S. Endocytic protein intersectin-1
regulates actin assembly via Cdc42 and N-WASP // Nat. Cell.
Biol.–2001.–3, N 10.–P. 927–932.

15. Koh T. W., Verstreken P., Bellen H. J. Dap160/intersectin acts as
a stabilizing scaffold required for synaptic development and ve-
sicle endocytosis // Neuron.–2004.–43, N 2.–P. 193–205.

16. Malacombe M., Ceridono M., Calco V., Chasserot-Golaz S.,

McPherson P. S., Bader M. F., Gasman S. Intersectin-1L nucleo-
tide exchange factor regulates secretory granule exocytosis by
activating Cdc42 // EMBO J.–2006.–25, N 15.–P. 3494–3503.

17. Momboisse F., Ory S., Calco V., Malacombe M., Bader M. F.,

Gasman S. Calcium-regulated exocytosis in neuroendocrine

cells: intersectin-1L stimulates actin polymerization and exocy-
tosis by activating Cdc42 // Ann. NY Acad. Sci.–2009.–1152.–
P. 209–214.

18. Nakano-Kobayashi A., Kasri N. N., Newey S. E., Van Aelst L.
The Rho-linked mental retardation protein OPHN1 controls sy-
naptic vesicle endocytosis via endophilin A1 // Curr. Biol.–
2009.–19, N 13.–P. 1133–1139.

19. Billuart P., Bienvenu T., Ronce N., des Portes V., Vinet M. C.,

Zemni R., Roest Crollius H., Carrie A., Fauchereau F., Cherry

M., Briault S., Hamel B., Fryns J. P., Beldjord C., Kahn A., Mo-

raine C., Chelly J. Oligophrenin-1 encodes a rhoGAP protein
involved in X-linked mental retardation // Nature.–1998.–392,
N 6679.–P. 923–926.

20. Govek E. E., Newey S. E., Akerman C. J., Cross J. R., Van der Ve-

ken L., Van Aelst L. The X-linked mental retardation protein
oligophrenin-1 is required for dendritic spine morphogenesis //
Nat. Neurosci.–2004.–7, N 4.–P. 364–372.

21. Tsyba L., Gryaznova T., Dergai O., Dergai M., Skrypkina I.,

Kropyvko S., Boldyryev O., Nikolaienko O., Novokhatska O.,

Rynditch A. Alternative splicing affecting the SH3A domain cont-
rols the binding properties of intersectin 1 in neurons // Bio-
chem. Biophys. Res. Commun.–2008.–372, N 4.–P. 929–934.

22. Nikolaienko O., Skrypkina I., Tsyba L., Fedyshyn Y., Morderer

D., Buchman V., de la Luna S., Drobot L., Rynditch A. Intersec-
tin 1 forms a complex with adaptor protein Ruk/CIN85 in vivo

independently of epidermal growth factor stimulation // Cell.
Signal.–2009.–21, N 5.–P. 753–759.

23. Fauchereau F., Herbrand U., Chafey P., Eberth A., Koulakoff A.,

Vinet M. C., Ahmadian M. R., Chelly J., Billuart P. The Rho
GAP activity of OPHN1, a new F-actin-binding protein, is nega-
tively controlled by its amino-terminal domain // Mol. Cell.
Neurosci.–2003.–23, N 4.–P. 574–586.

24. Dergai O. V., Dergai M. V., Skrypkina I. Ya., Tsyba L. O., Yaru-

chik A. M., Rynditch A. V. Amphiphysin 1 and 2 interact with
membrane protein 2A of Epstein-Barr virus and regulate its exo-
somal secretion // Biopolym. Cell.–2012.–28, N 3.–P. 234–238.

25. Westerink R. H., Ewing A. G. The PC12 cell as model for neuro-
secretion // Acta Physiol. (Oxf).–2008.–192, N 2.–P. 273–285.

26. Gundelfinger E. D., Kessels M. M., Qualmann B. Temporal and
spatial coordination of exocytosis and endocytosis // Nat. Rev.
Mol. Cell. Biol.–2003.–4, N 2.–P. 127–139.

27. Jarousse N., Kelly R. B. Endocytotic mechanisms in synapses //
Curr. Opin. Cell. Biol.–2001.–13, N 4.–P. 461–469.

Received 23.08.12

362

ÃÓÁÀÐ Î. Ñ. ÒÀ IÍ.


