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Íîâèé êàò³îííèé  êàíàë
ÿäåðíî¿ ìåìáðàíè Ò-ë³ìôîöèò³â

Â íàñòîÿùåå âðåìÿ îòñóòñòâóþò äàííûå ïðî ñâîéñòâà èîííûõ êàíàëîâ âíóòðåííåé ìåìáðàíû
ÿäðà ëèìôîöèòîâ, õîòÿ òðàíñïîðòíàÿ ñèñòåìà ìåæäó öèòîïëàçìîé è êàðèîïëàçìîé èìååò
áîëüøîå çíà÷åíèå äëÿ ñëîæíîé ãåíåòè÷åñêîé ðåãóëÿöèè, êîòîðàÿ ïðîèñõîäèò â ýòèõ êëåòêàõ.
Èñïîëüçóÿ ìåòîä patch-clamp ìû èññëåäîâàëè èîííûå êàíàëû íà âíóòðåííåé ìåìáðàíå
èçîëèðîâàííûõ ÿäåð êóëüòèâèðîâàííûõ Ò-ëèìôîáëàñòîâ. Íàøè èññëåäîâàíèÿ ïîêàçàëè, ÷òî
íà âíóòðåííåé ìåìáðàíå íàõîäÿòñÿ àíèîííûå (370 ïÑì) è êàòèîííûå (152 ïÑì) êàíàëû.
Ïîñëåäíèå õàðàêòåðèçóþòñÿ îòíîñèòåëüíî áûñòðîé êèíåòèêîé, ñèëüíî ôëóêòóèðóþò, îíè
ïî÷òè âñåãäà îòêðûòû è èíàêòèâèðóþòñÿ ïðè áîëüøèõ íåãàòèâíûõ ïîòåíöèàëàõ. Êàíàëû
ïðîíèöàåìû äëÿ Ê+ è Na+, íî íå ïðîíèöàåìû äëÿ Cl-. Òàêèì îáðàçîì, ìû âïåðâûå
çàðåãèñòðèðîâàëè íàëè÷èå êàòèîíñåëåêòèâíûõ êàíàëîâ íà ÿäåðíîé ìåìáðàíå Ò-ëèìôîöèòîâ.
Ôèçèîëîãè÷åñêàÿ ðîëü ýòîãî ÿâëåíèÿ ïîëíîñòüþ ïîêà íå óñòàíîâëåíà, íî ìîæíî
ïðåäïîëîæèòü, ÷òî ýòè êàíàëû ìîãóò èãðàòü âàæíóþ ðîëü â ïîääåðæàíèè èîííîãî áàëàíñà
ìåæäó öèòîïëàçìîé è ëþìèíîì åíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà êëåòêè.

ÂÑÒÓÏ

Â åóêàð³îòíèõ êë³òèíàõ ÿäðî ìàº îáîëîíêó,
ÿêà ñêëàäàºòüñÿ ç äâîõ îêðåìèõ � çîâí³ø-
íüî¿ òà âíóòð³øíüî¿ � ÿäåðíèõ ìåìáðàí, ùî
â³äîêðåìëåí³ ïîðîæíèíîþ, ïåðèíóêëåàðíèì
ïðîñòîðîì, êîòðèé º àíàëîãîì ëþìåíó
åíäîïëàçìàòè÷íîãî ðåòèêóëóìà [9]. Îáèäâ³
ìåìáðàíè ïðîíèçàí³ ÿäåðíèìè ïîðàìè,
÷åðåç ÿê³ çä³éñíþºòüñÿ ïàñèâíà äèôóç³ÿ
³îí³â ³ ìîëåêóë ç ìîëåêóëÿðíîþ ìàñîþ
ìåíøîþ â³ä 20�40 êÄà òà âèñîêîñåëåê-
òèâíèé àêòèâíèé òðàíñïîðò ìàêðîìîëåêóë �
ïðîòå¿í³â ³ íóêëå¿íîâèõ êèñëîò [6]. Çîâí³øíÿ
òà âíóòð³øíÿ ÿäåðí³ ìåìáðàíè ìàþòü ïåâí³
á³îõ³ì³÷í³ òà ôóíêö³îíàëüí³ â³äì³ííîñò³.
Òàê, çîêðåìà, çîâí³øíÿ ìåìáðàíà çà ñòðóê-
òóðîþ òà ôóíêö³éíèìè îñîáëèâîñòÿìè
ñõîæà äî ñàðêîåíäîïëàçìàòè÷íîãî ðåòèêó-
ëóìà, ³ ì³ñòèòü Ñà2+,Mg2+-ATÔàçó, ÿêà â³ä-
ïîâ³äàº çà àêòèâíèé òðàíñïîðò ³îí³â êàëüö³þ
[4]. Âíóòð³øíÿ ìåìáðàíà ò³ñíî âçàºìîä³º ç
íóêëåîñêåëåòîì (ëàì³íàìè À, Â ³ Ñ) ÷åðåç

ðåöåïòîð äî ëàì³íó Â, ÷åðåç ïðîòå¿íè LAP
1 ³ 2 òà ÷åðåç åìåðèí [2]. Åëåêòðîô³ç³îëî-
ã³÷í³ âëàñòèâîñò³ ÿäåðíî¿ îáîëîíêè ïî÷àëè
äîñë³äæóâàòè ùå ó 60-ò³ ðîêè. Íèí³ º ïðàö³,
ÿê³  ï³äòâåðäæóþòü ³ñíóâàííÿ ÿäåðíèõ
³îííèõ êàíàë³â ó äåÿêèõ òêàíèíàõ ññàâö³â,
çîêðåìà ó ñåðö³, ïå÷³íö³, ìîçêó òà ï³äøëóí-
êîâ³é çàëîç³, à òàêîæ ó êë³òèíàõ ðîñëèí.
Íåçâàæàþ÷è íà çãàäàí³ âèùå äîñë³äæåííÿ,
íåìà ïåâíèõ äàíèõ ç á³îô³çè÷íèõ, ôàðìàêî-
ëîã³÷íèõ, ìîëåêóëÿðíèõ âëàñòèâîñòåé öèõ
³îííèõ êàíàë³â ³ íåç�ÿñîâàíî ¿õ ô³ç³îëîã³÷íå
çíà÷åííÿ.

Ó ö³é ðîáîò³ ìè äîñë³äæóâàëè ³îíí³
êàíàëè ÿäåðíî¿ ìåìáðàíè T-ë³ìôîöèò³â.
Îñòàíí³ â³äïîâ³äàþòü çà êë³òèííó ³ìóííó
â³äïîâ³äü. Äëÿ âèêîíàííÿ ñêëàäíèõ ôóíêö³é
ë³ìôîöèò³â ó íèõ ïîâèííà ³ñíóâàòè äîñêîíà-
ëà ñèñòåìà âíóòð³øíüîêë³òèííî¿ ñèãíàë³-
çàö³¿, â ÿê³é íà ïåðøîìó ì³ñö³ çíàõîäèòüñÿ
âçàºìîçâ�ÿçîê êë³òèííî¿ ïîâåðõí³ ç ¿¿ ÿäðîì
[7]. Àëå íåçâàæàþ÷è íà àêòóàëüí³ñòü öüîãî
ïèòàííÿ, íèí³ ìàëî ùî â³äîìî ïðî òðàí-
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ñïîðòí³ ñèñòåìè ì³æ öèòî- òà êàð³îïëàç-
ìîþ. Îòæå, äîñë³äæåííÿ òðàíñïîðòíèõ ñèñ-
òåì, çîêðåìà  ³îííèõ êàíàë³â âíóòð³øíüî¿
ÿäåðíî¿ ìåìáðàíè òà ¿õ âëàñòèâîñòåé, ìàº
âåëèêå çíà÷åííÿ ó ðîçóì³íí³ ðåãóëÿö³¿
ôóíêö³é Ò-ë³ìôîöèò³â.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâîäèëè íà êóëüòóð³ Ò-
ë³ìôîáëàñò³â.  Êóëüòóðà êë³òèí º  äóæå
çðó÷íèì îá�ºêòîì äîñë³äæåííÿ ÷åðåç ñâîþ
îäíîð³äí³ñòü. Òîáòî âñ³ ÿäðà, ÿê³ ìè îòðèìó-
âàëè ï³ä ÷àñ ¿õ ³çîëÿö³¿, áóëè ÿäðàìè ñàìå
Ò-êë³òèí áåç áóäü-ÿêèõ äîì³øîê.

Ó äîñë³äàõ âèêîðèñòîâóâàëè ëåéêåì³÷í³
Ò-ë³ìôîáëàñòè ëþäèíè ë³í³¿ Jurkat (ñóáêëîí
JMP). Êë³òèíè êóëüòèâóâàëè ó æèâèëüíîìó
ñåðåäîâèù³ RPMI 1640 ïðè íàÿâíîñò³ òàêèõ
êîìïîíåíò³â: 2 ììîëü/ë ãëóòàì³íó, 10%
åìáð³îíàëüíî¿ òåëÿ÷î¿ ñèðîâàòêè, ïåí³öèë³íó
100 îä/ìë ³ ñòðåïòîì³öèíó 50 ìêã/ìë (óñ³
ðåàêòèâè ô³ðìè �Sigma�, ÑØÀ). Êë³òèííó
êóëüòóðó âèðîùóâàëè ïðè 37îÑ â àòìîñôåð³
5  % ÑÎ

2
 ³  95  % ïîâ ³òðÿ .  Ó  äîñë ³äàõ

âèêîðèñòîâóâàëè Ò-ë³ìôîáëàñòè ç³ ù³ëü-
í³ñòþ 3�9.105 êë³òèí/ìë ó ñòàä³¿ óòâîðåííÿ
êë³òèííèõ àãðåãàò³â.

Êë³òèíè êóëüòóðè öåíòðèôóãóâàëè ïðî-
òÿãîì 7 õâ ïðè øâèäêîñò³ îáåðòàííÿ 1500 õâ-1

³ ïîì³ùàëè â ðîç÷èí, ùî ì³ñòèâ (ììîëü/ë):
ãëþêîíàò êàë³þ � 150, HEPES � 2,5, HEPES-
K � 2,5; ðÍ 7,2. Äî ðîç÷èíó äîäàâàëè ñóì³ø
³íã³á³òîð³â ïðîòåàç (�Roche�, Í³ìå÷÷èíà),
ï³ñëÿ ÷îãî êë³òèíè çàìîðîæóâàëè ïðè �20 îÑ.
Áåñïîñåðåäíüî ïåðåä äîñë³äæåííÿìè çðàç-
êè ðîçìîðîæóâàëè òà ï³ïåòóâàëè ÷åðåç
ãîëêó ä³àìåòðîì 0,45 ìì, ï³ñëÿ ÷îãî ÿäðà
áóëè ïðèäàòí³ äëÿ äîñë³äæåíü âëàñòèâîñòåé
çîâí³øíüî¿ ÿäåðíî¿ ìåìáðàíè.

Äëÿ ðåºñòðàö³¿ ñòðóì³â â³ä âíóòð³øíüî¿
ìåìáðàíè ÿäðà ³íêóáóâàëè â 1%-ìó ðîç÷èí³
öèòðàòó ïðîòÿãîì 40 õâ ç äîäàâàííÿì 5
ììîëü/ë ä³åòèëòðèòîëó. Îáðîáëåí³ öèòðà-
òîì íàòð³þ ÿäðà âòðà÷àëè ñâîþ çîâí³øíþ
ÿäåðíó ìåìáðàíó, òàêèì ÷èíîì âíóòð³øíÿ

ìåìáðàíà ñòàâàëà äîñòóïíîþ äëÿ patch-
clamp ðåºñòðàö³é [5].

Ðåºñòðàö³þ ³îííèõ êàíàë³â ïðîâîäèëè ó
êîíô³ãóðàö³¿ necleus-attached àáî excised
patches ó ðåæèì³ ô³êñàö³¿ ïîòåíö³àëó çà
ìåòîäîì patch-clamp ïðè ê³ìíàòí³é òåìïå-
ðàòóð³. ²íäèôåðåíòíèé åëåêòðîä Ag�AgCl áóâ
ñïîëó÷åíèé ç ðîáî÷îþ êàìåðîþ ÷åðåç àãàðî-
âèé ì³ñòîê. Êîíòðîëüíèé çîâí³øíüîêë³òèííèé
(áàçîâèé) ðîç÷èí ì³ñòèâ (ììîëü/ë): KCl � 150,
HEPES � 2,5, HEPES-K � 2,5; ðÍ 7,2. Ï³ïåòêè
äëÿ ðåºñòðàö³¿ áóëè âèãîòîâëåí³ ç áîðî-
ñèë³êàòíîãî ñêëà (�Sutter Insrtuments�, ÑØÀ).
¯õ îï³ð âàð³þâàâ â³ä 5 äî 12 ÌÎì.

Ï³ïåòêè çàïîâíþâàëè êîíòðîëüíèì çîâ-
í³øíüîï³ïåòêîâèì ðîç÷èíîì, ÿêèé äëÿ
äîñë³äæåííÿ ïðîâ³äíîñò³ êàíàëó çàì³ùàëè
íà íàòð³éâì³ñíèé (ììîëü/ë) � NaCl � 150,
HEPES � 2,5, HEPES-K � 2,5; ðÍ 7,2 àáî
êàëüö³éâì³ñíèé (ììîëü/ë) � ÑàCl

2
 � 100;

HEPES � 2,5; HEPES-K � 2,5; ðÍ 7,2.
Ðåºñòðàö³þ ðåçóëüòàò³â ïðîâîäèëè çà

äîïîìîãîþ ï³äñèëþâà÷à Visual Patch VP-
500 (�Bio-Logic�,  Ôðàíö³ÿ).  Ñèãíàëè ç
ï³äñèëþâà÷à ô³ëüòðóâàëè íèçüêî÷àñòîòíèì
ô³ëüòðîì Áåñåëÿ (2 êÃö), îöèôðîâóâàëè ç
÷àñòîòîþ 10 êÃö ³ çáåð³ãàëè íà æîðñòêîìó
äèñêó êîìï�þòåðà. Îòðèìàí³ ðåçóëüòàòè
áóëè ïðîàíàë³çîâàí³ çà äîïîìîãîþ ïðîãðàìè
pClamp 9.0 (�Axon Instruments�, ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè, îòðèìàí³ ï³ä ÷àñ ðåºñòðàö³¿
³îííèõ ñòðóì³â â³ä çîâí³øíüî¿ ìåìáðàíè,
ïîêàçàëè, ùî íà í³é çíàõîäÿòüñÿ àí³îíí³ òà
â³äñóòí³ êàò³îíí³ êàíàëè, ùî ö³ëêîì â³äïî-
â³äàº ïîïåðåäí³ì äîñë³äæåííÿì [3].

Çà çàçíà÷åíèõ óìîâ ó íàøèõ äîñë³äàõ
áóëè çàðåºñòðîâàí³ êàíàëè äâîõ òèï³â, ÿê³
â³äð³çíÿëèñÿ çà ñâîºþ ïðîâ³äí³ñòþ, ñåëåê-
òèâí³ñòþ òà ê³íåòèêîþ. Ïåðøèé òèï êàíàë³â
ìàâ ïðîâ³äí³ñòü 370 ïÑì ó ñèìåòðè÷íîìó
ðîç÷èí³ ÊÑl, äðóãèé êàíàë � 152 ïÑì ³ çà
ñâîºþ ê³íåòèêîþ â³í áóâ çíà÷íî ïîâ³ëüí³øèì
çà ïåðøèé êàíàë.
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ISSN 0201-8489    Ô³ç³îë. æóðí., 2006, Ò. 52, ¹ 1 19

Ïåðøèé òèï êàíàë³â ìè âèçíà÷èëè ÿê
àí³îííèé. Êàíàëè ó íàøèõ äîñë³äàõ çà
ê³íåòè÷íèìè õàðàêòåðèñòèêàìè òà íàÿâ-
í³ñòþ ÷îòèðüîõ ÷³òêî ðîçð³çíþâàëüíèõ
ï³äð³âí³â, ÿê³ ìàëè ð³âí³ àìïë³òóäè, áóëè
äóæå ñõîæ³ íà õëîðí³ êàíàëè, ùî áóëè
çàðåºñòðîâàí³ ó Jurkat  íà çîâí³øí³é ÿäåðí³é
ìåìáðàí³ [3], àëå  â³äð³çíÿëèñÿ â³ä íèõ çà
ïðîâ³äí³ñòþ. Àâòîðè â³äíåñëè ö³ êàíàëè äî
ãîìîëîã³â âíóòð³øíüîêë³òèííèõ Ñ²Ñ-êàíàë³â
³ ïðèïóñòèëè, ùî íàÿâí³ñòü àí³îííèõ êàíàë³â
íà ÿäåðí³é ìåìáðàí³ òà â³äñóòí³ñòü êàò³îí-
íèõ ëåæèòü â îñíîâ³ ôóíêö³îíàëüíî¿ â³äì³í-
íîñò³ ì³æ Ò- òà Â-ë³ìôîöèòàìè [3].

Äðóãèé êàíàë, ÿêèé ìè çàðåºñòðóâàëè,
ð³çêî â ³äð³çíÿâñÿ çà  õàðàêòåðîì ñâîº¿
àêòèâíîñò³ â³ä àí³îííîãî êàíàëó ³ î÷åâèäíî
ÿâëÿâ ñîáîþ íîâèé, ðàí³øå íå îïèñàíèé â
ÿäðàõ ë³ìôîöèò³â, ³îííèé êàíàë. Òîìó ìè
äîñë³äæóâàëè éîãî á³ëüø äåòàëüíî. Êàíàë
ìàâ äîñèòü øâèäêó ê³íåòèêó òà ³íàêòè-
âóâàâñÿ ïðè âåëèêèõ â³ä�ºìíèõ ïîòåíö³àëàõ
(-60 ìÂ ³  á³ëüøå).  Á³ëüø³ñòü ÷àñó â³í
ïåðåáóâàâ ó â³äêòðèòîìó ñòàí³ òà ñèëüíî

ôëóêòóâàâ,  õàðàêòåðèçóâàâñÿ âõ³äíèì
âèïðÿìëåííÿì (ðèñ.1).  Äëÿ âèçíà÷åííÿ
ñåëåêòèâíîñò³ êàíàëó ìè çàì³ñòèëè K+ ó
âíóòð³øüîï³ïåòêîâîìó ðîç÷èíi íà âåëèêèé
îðãàí³÷íèé êàò³îí N-ìåòèë-D-ãëþêàì³í
(NMDG). Çà òàêèõ óìîâ, êîëè çîâí³ ï³ïåòêè
çíàõîäèâñÿ  ñòàíäàðòíèé  ðîç÷èí  KCl ,
ðåºñòðóâàëèñÿ ïîîäèíîê³ êàíàëè âõ³äíîãî
ñòðóìó, ÿê³ íå ðåâåðñóâàëè â ä³àïàçîí³ â³ä
-80 äî 40 ìÂ (ðèñ.2). Ïðè àïë³êàö³¿ NMDG,
òîáòî ó ñèìåòðè÷íîìó ðîç÷èí³ NMDG, ö³
ñòóìè ïîâí³ñòþ çíèêàëè, àëå ï³ñëÿ â³äìè-
âàííÿ ó áàçîâîìó ðîç÷èí³ çíîâó ç�ÿâëÿëèñÿ
ëèøå âõ³äí³. Òàêèì ÷èíîì,  öåé êàíàë º
íåïðîíèêíèì äëÿ ³îí³â õëîðó, ùî é äàëî íàì
ï³äñòàâó ñòâåðäæóâàòè, ùî äîñë³äæåíèé
íàìè ³îííèé êàíàë º êàò³îí-ñåëåêòèâíèì.
Äëÿ âèçíà÷åííÿ ïðîâ³äíîñò³ öüîãî êàíàëó
äëÿ  Na + ìè  çàì³íèëè KCl  ó  âíóòð ³ø-
íüîï³ïåòêîâîìó ðîç÷èíi íà NaCl. Ïîòåíö³àë
ðåâåðñ³¿ ñòðóìó ÷åðåç ïîîäèíîê³ êàíàëè â
öèõ óìîâàõ çì³íþâàâñÿ íåñóòòºâî ïîð³âíÿíî
ç ðåºñòðàö³ÿìè ó ñèìåòðè÷íîìó ðîç÷èí³
KCl òà ñòàíîâèâ � 3,5 ìÂ (ðèñ.3). Çâàæàþ÷è
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Ðèñ. 1. Ðåºñòðàö³¿ êàò³îííîãî êàíàëó â ñèìåòðè÷íîìó 150 ììîëü/ë ÊCl. Ïóíêòèðíîþ ë³í³ºþ ïîêàçàíî â³äêðèòèé ³
çàêðèòèé ñòàíè êàíàëó, öèôðè á³ëÿ ñòð³ëî÷îê âêàçàþòü íà ê³ëüê³ñòü â³äêðèòèõ êàíàë³â. Àïìë³òóäè ñòðóì³â ïðè �
40ìÂ òà + 60ìÂ º ð³âíèìè, ùî ï³äòâåðäæóº, ùî öåé êàíàë ìàº âõ³äíå âèïðÿìëåííÿ: à � âõ³äíèé ñòðóì ÷åðåç
ïîîäèíîêèé êàíàë, ÿêèé ìàéæå âåñü ÷àñ çíàõîäèòüñÿ ó â³äêðèòîìó ñòàí³ òà ñèëüíî ôëóêòóþº; á � âèõ³äíèé ñòðóì
÷åðåç ïîîäèíîê³ êàíàëè, ÿêèõ ó äàí³é ðåºñòðàö³¿ ùîíàéìåíøå äâà
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íà çîâñ³ì íåçíà÷íó ð³çíèöþ ó ïîòåíö³àë³
ðåâåðñ³ ¿  êàíàëó ïðè êàë³é-  òà  íàòð³é-
âì³ñíîìó âíóòð³øíüîï³ïåòêîâîìó ðîç÷èí³,

ìîæíà ñòâåðäæóâàòè, ùî öåé êàíàë º ïðàê-
òè÷íî îäíàêîâî ïðîâ³äíèé ÿê äëÿ Ê+, òàê ³
äëÿ Na+.

Ìè íàìàãàëèñÿ âèçíà÷èòè ÷è º öåé êàíàë
ïðîíèêíèì äëÿ äâîâàëåíòíèõ êàò³îí³â,
íàïðèêëàä Ñà2+. Äëÿ öüîãî ìè çì³íèëè âíóò-
ð³øíüîï³ïåòêîâèé ðîç÷èí íà êàëüö³éâì³ñíèé.
Àëå, íåçâàæàþ÷è íà âåëèêó ê³ëüê³ñòü ñïðîá
(n > 70), íå âäàëîñÿ çàðåºñòðóâàòè ³îíí³
ñòðóìè ïðè çàäàíèõ óìîâàõ. Öå äàëî íàì
ï³äñòàâó ïðèïóñòèòè, ùî Ñà2+ ìîæå áëî-
êóâàòè òàê³ êàíàëè.

Çàëèøàºòüñÿ íå âèçíà÷åíîþ ô³ç³îëî-
ã³÷íà ðîëü êàò³îíñåëåêòèâíèõ ³îííèõ êàíàë³â
íà âíóòð³øí³é ÿäåðí³é ìåìáðàí³. Êàíàëè, ÿê³
ïðîíèêí³ äëÿ Ê+ òà ³íøèõ ìîíîâàëåíòíèõ
êàò³îí³â, àëå íåïðîíèêí³ äëÿ Ñà2+ áóëè
çíàéäåí³ íà ÿäåðí³é ìåìáðàí³ íåéðîí³â Ïóð-
ê³íüº [5], à òàêîæ ñõîæ³ êàíàëè áóëè îïèñàí³
äëÿ ìåìáðàí ñàðêîïëàçìàòè÷íîãî ðåòè-
êóëóìà êë³òèí áàãàòüîõ òèï³â [8]. Â³äîìî,
ùî ñàðêî-  òà  åíäîïëàçìàòè÷íèé ðåòè-
êóëóìè, à òàêîæ ÿäåðíà îáîëîíêà º  êàëü-
ö³ºâèìè äåïî, òîìó â íèõ ïîâèíåí áóòè
ìåõàí³çì, ÿêèé çàïîá³ãàº çì³í³ ìåìáðàííîãî
ïîòåíö³àëó ï³ä ÷àñ âèõîäó êàëüö³þ ç öèõ
îðãàíåë. Òàêèì ÷èíîì, ìîæíà çðîáèòè
ïðèïóùåííÿ, ùî êàíàëè, ÿê³ ìè îïèñàëè,

Ðèñ. 2. Âîëüò-àìïåðí³ õàðàêòåðèñòèêè ïðè ð³çíèõ âíóòð³øíüîï³ïåòêîâèõ ðîç÷èíàõ: a � ñòàíäàðòíèé áàçîâèé ðîç÷èí
(150 ììîëü/ë KCl); á � ðîç÷èí, â ÿêîìó KCl áóâ åêâ³ìîëÿðíî çàì³ùåíèé íà NMDG-Cl; çîâí³ ï³ïåòêè â îáîõ
âèïàäêàõ çíàõîäèâñÿ áàçîâèé ðîç÷èí
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Ðèñ. 3. Âîëüò-àìïåðí³ õàðàêòåðèñòèêè ïðè ð³çíèõ
âíóòð³øíüîï³ïåòêîâèõ ðîç÷èíàõ: áåçïåðåðâíà ë³í³ÿ �
ñòàíäàðòíèé áàçîâèé ðîç÷èí (150 ììîëü/ë KCl);
ïóíêòèðíà ë³í³ÿ � ðîç÷èí, â ÿêîìó KCl áóâ åêâ³ìîëÿðíî
çàì³ùåíèé íà NaCl; çîâí³ ï³ïåòêè â îáîõ âèïàäêàõ
çíàõîäèâñÿ áàçîâèé ðîç÷èí
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çàáåçïå÷óþòü ïîò³ê ìîíîâàëåíòíèõ êàò³î-
í³â, ÿêèé çàïîá³ãàº çì³í³ ïîòåíö³àëó ï³ä ÷àñ
òðàíñïîðòó ÷åðåç ìåìáðàíó ³íøèõ êàò³îí³â,
íàïðèêëàä Ñà2+. Êð³ì òîãî, ó ïîðîæíèí³
åíäîïëàçìàòè÷íîãî ðåòèêóëóìà â³äáó-
âàºòüñÿ ñèíòåç ³ ìîäèô³êàö³¿ âñ³õ á³ëê³â
êë³òèíè, à äëÿ ¿õ íàñòóïíîãî òðàíñïîð-
òóâàííÿ âåëèêå çíà÷åííÿ ìàº ìåìáðàííèé
ïîòåíö³àë. Òàêîæ º äàí³, ÿê³ ñâ³ä÷àòü, ùî
çì³íà âíóòð³øíüîêë³òèííî¿ êîíöåíòàðö³¿
ìîíîâàëåíòíèõ êàò³îí³â ëåæèòü â îñíîâ³
ìåõàí³çì³â àïîïòîçó. Çîêðåìà, áóëî âñòà-
íîâëåíî, ùî çá³ëüøåííÿ âì³ñòó ³îí³â íàòð³þ
ñïðè÷èíÿº íàáóõàííÿ ÿäðà, à çì³íè êîíöåíò-
ðàö³¿ ³îí³â êàë³þ çàéìàþòü ïðîâ³äíå ïîëî-
æåííÿ ó êîíòðîëþâàíí³ ïðîöåñ³â ïîøèðåííÿ
ð³çíîìàí³òíèõ çì³í ó êë³òèí³ ï³ä ÷àñ àïîï-
òîçó [1].

Òàêèì ÷èíîì, äîñë³äæåííÿ ³îííèõ êà-
íàë³â ÿäåðíî¿ îáîëîíêè äàº íàì çìîãó êðà-
ùå çðîçóì³òè ïðîöåñè, ùî ëåæàòü  â îñíîâ³
âíóòð³øíüîêë³òèííî¿ ñèãíàë³àö³¿. Õî÷à ÷³òêå
âèçíà÷åííÿ ô³ç³îëîã³÷íîãî çíà÷åííÿ íàÿâ-
íîñò³  íà âíóòð³øí³é ÿäåðí³é ìåìáðàí³
êàíàë³â, ÿê³ º ïðîíèêíèìè äëÿ ìîíîâàëåíòèõ
êàò³îí³â, çàëèøàºòüñÿ äîòåïåð íåç�ÿñîâàíèì.

O.A. Fedorenko, T.M. Volkova, S.M. Marchenko

NEW  CATION  CHANNEL  OF  THE
T-LYMPHOCYTE  NUCLEAR  MEMBRANE

There are little data on the properties of ion channels in the
inner nuclear membrane of lymphocytes, though the transport
system between cytoplasm and karyoplasm is of a great
importance for a complex genetic regulation in these cells.
Using the patch-clamp technique we have investigated ion
channels of the inner membrane of nuclei isolated from cultured
Ò-lymphoblasts. Our research has shown that there are anionic
(370 ðS) and cationic (152 ðS) channels on the inner nuclear

membrane. The latter were characterized by fast kinetics and
rapid fluctuations; they had high open probability and were
inactivated at large negative potentials. These channels were
permeable for K+ and Na+, but impermeable for Cl-. The physi-
ological role of the channels is not clear, but they may play an
important role in the ion balance between the cytoplasm and
the lumen of the endoplasmatic reticulume of the cell.

Î.Î. Bogomolets Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Bortner C.D., Cidlowski J.A. Uncoupling cell shrinkage
from apoptosis reveals that Na

+
 influx is required for

volume loss during programmed cell death // J. Biol.
Chem. � 2003. � 278. � P. 39176�39184.

2. Ñlements L, Manilal S, Love DR, Morris GE. Direct
interaction between emerin and lamin A // Biochem.
Biophys. Res. Commun. � 2000. � 267. � P. 709�714.

3. Franco-Obergon A., Wang H., Clapham D.E. Distinct
ion channel classes are expressed on the outer nuclear
envelope of T- and B-lymphocyte cell lines // Biophys.
J. �2000. � 79. � P. 202�214.

4. Gerasimenko O.V., Gerasimenko J.V., Tepikin A.V.,
Petersen O.H. ATP-dependent accumulation and
inositol trisphosphate- or cyclic ADP-ribose-mediated
release of Ñà

2+
 from the nuclear envelope // Cell. �

1995. � 80. � P. 439�444.
5. Marchenko S.M., Yarotsky V.V., Kovalenko T.N. åt al.

Spontaneously active and InsP
3
-activated ion channels

in cell nuclei from rat cerebellar Purkinje and granule
neurons // J Physiol. � 2005. � Mar 17.

6. Mazzanti M., Bustamante J.O., Oberleithener H. Elec-
trical dimension of the nuclear envelope // Physiol.
Reviews. � 2001. � 81, ¹1. � Ð. 1�19.

7.  Paul W.E., Seder R.A. Lymphocyte response and
Cytokines // Cell. � 1994. � 76. � P. 241�251.

8. Picard L., Cote K., Teijeira J. et al. Sarcoplasmic
reticulum K(+) channels from human and sheep atrial
cells display a specific electro-pharmacological pro-
file// J. Mol. Cell. Cardiol. � 2002. � 34. � P.1163�
1172.

9. Worman H.J. Components of the nuclear envelope and
their role in human disease // Novartis Found Symp. �
2005. � 264. � Ð. 35�50.

Î.À. Ôåäîðåíêî, Ò.Ì. Âîëêîâà, Ñ.Ì. Ìàð÷åíêî

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè,
Êè¿â

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 20.05.2005


